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FRONTISPIECE

“In an age when man has forgotten his origins and is blind even to his most essential needs
for s urvival, w ater al ong w ith ot her r esources h as bec ome t he victim of hi s i ndifference”
(Carson, 1962: 39).

stream of Mpophomeni
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ABSTRACT

Freshwater in adequate supply and quality is vital to life on Earth; however, land-based activities such
as development, agriculture, mining and industry, and their as sociated contaminants, pose a m ajor
threat t o t he qu ality of freshwater water r esources and he alth of aquatic ec osystems. The upper
uMngeni catchment draining into Midmar Dam is a strategically significant water resource, supplying
clean drinking water to the eThekwini, uMgungundlovu and Ms unduzi m unicipalities. The quality of
this resource is under threat from current land-based activities such as Mpophomeni settlement and
agriculture and emerging threats in the form of the Khayalisha social housing project. Monitoring sites
were established in varying land use types in three sub-catchments of the upper uMngeni, to assess
water quality and ecosystem health impacts of current land uses on Midmar Dam. A suite of physical,
chemical and biological water parameters were sampled in conjunction with SASS5 bio-monitoring to
assess the associated impacts. Water quality and ecological condition were highest in forested land
use and upstream of Mpophomeni where natural land cover and sparse settlement occurred. Marked
declines i n water q uality and ecological ¢ ondition w ere o bserved a t ar eas und er c ommercial
agriculture, indicated predominantly by rises in nutrient concentrations and declines in the SASS5
indices. The most notable declines in water quality and ecological condition were observed at sites
downstream of Mpophomeni settlement as a result of severe sewage contamination, indicated by high
E. c oli counts. N utrient concentrations d ownstream of Mpophom eni s ettlementr anged from
mesotrophic to hypertrophic, with nitrogen to phosphorus ratios indicative of nitrogen limitation.
Ecological ¢ ondition r emained i n t he ‘ seriously/critically m odified’ ¢ ategory o ver t he s tudy per iod.
Nutrient | oads produced by Mpophomeni ar e the highest of all the land us es, followed by t hat of
commercial agriculture; both should be viewed as a concern, more so when viewed in terms of their
compound ef fect on Mi dmar D am water q uality. C urrent w ater qu ality dr aining t he c ommissioned
Khayalisha social housing development area is good and although not natural, is of no contamination
concern to Midmar Dam. Results indicate that with current land use activities, urban development and
agriculture p ose a potential threatt ot he qu ality of Mi dmar D am r esource andt hat f urther
developmentinthe form of t he K hayalisha s ocial housing pr oject m ay r eplicate i mpacts al ready

prevailing in Mpophomeni, whereby a principle water resource may be threatened by eutrophication.

Keywords: Khayalisha s ocial h ousing p roject, land u se, Mpophomeni s ettlement, nutrient
loading, SASS5, water quality
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CHAPTER ONE
INTRODUCTION

1.1. Introduction

“Water is critical for sustainable development, including environmental integrity and the

eradication of poverty and hunger, and i s indispensable for human he alth and well-being
(United Nations, 2003).

Freshwateri sv italt oal || ifeonea rth,be ita quatico r terrestrial (Departmento f
Environmental a ffairs a nd T ourism [DEAT], 2006); however w ater r esources and t he
ecosystems they support are severely threatened and poorly understood (Dudgeon, et al.,
2006). Good quality water in adequate supply is central not only to survival on earth but to
the functioning of economies and communities (United Nations [UN]-Water, 2011a). Humans
have drastically polluted, degraded and altered the natural state of freshwater systems with
social, economic and en vironmental consequences (Dudgeon et al., 2006). Less than one
percent of freshwater resources are available for use by humans, yet globally the rate of
water usage has increased at twice the rate of population growth placing pressure on
valuable and finite r esources (UN-Water, 2011b). The United Nations (2011b) have
highlighted that by 2025, 1 800 million people will be faced with water scarcity and a
staggering two-thirds of t he world’s popul ation could pot entially be und er w ater s tressed
conditions. Water scarcity occurs when the total amount withdrawn is so great that supplies
for human and ecosystems requirements can no longer be met; furthermore scarcity
increases as resource quality declines (United Nations Environmental Programme [UNEP],
2011). Access to safe freshwater is regarded as a universal and fundamental human right
and the sustainable utilization and management thereof is of global importance

(Intergovernmental Panel on Climate Change [IPCC], 2007).

The small percentage of freshwater that is available for human use is declining in quality as
ar esult of humans ettlements, andi ndustrial and ag ricultural a ctivities ( UN-Water,
2011a). Worldwide, two million tons of human waste is disposed of into water courses every
day andi n de veloping countries seventy percent o f un treated i ndustrial w aste ent ers

freshwater systems (UN-Water, 2011b). Anthropogenic i mpacts not only affect the quality



and q uantity o f water available f or hum an us e, but di srupt the s tructure o f t he aq uatic
ecosystem affecting the ability of organisms to survive while compromising the integrity of
the system (Amisah and Coux, 2000). According to the Millennium Ecosystem Assessment,
biodiversity i n f reshwater environments ar e de graded m ore than t hat of any ot her (UN-
Water, 2011a). The pressure of s ecuring quality freshwater r esources into the future for
purposes 0 fhum an consumptiona ndaq uatic bi odiversity c onservationi sev er
increasing (UN-Water, 2011a; Dudgeon et al., 2006; Allan, 2004). Water quality challenges
therefore deserve as much priority as issues of quantity and present management

challenges of global attention (UN-Water, 2011a).

Freshwater ec osystems pr ovide i mportant resources for ec onomic d evelopment, s ocio-
economic well-being and ecosystem functioning, however South Africa’s freshwater systems
are in poor health with eighty-two percent of main river ecosystems declared as threatened
(DEAT, 2009). The state of freshwater resources in South Africa is predominantly as a result
of flow modification, alien invasive species and pollution from a multitude of human activities.
In addi tion, landt ransformation and poor | and m anagements urrounding w aterways
contribute to the decline in system quality (DEAT, 2009). The Department of Environmental
Affairs and Tourism (2006) states that water will increasingly become the limiting resource in
South A frica, and s upply will bec ome a m ajor r estriction t o t he future s ocio-economic
development of the country, in terms of both the amount of water available and the quality of
what is available. It is projected that by 2025 South Africa will experience water deficits
whereby dem and ex ceeds av ailable s upply ( DEAT, 2009). Access to p otable w ater and
water based sanitation in South Africa is plagued by social, socio-political and economic
inequalities, m aking t he bal ance bet ween m anaging t his s carce r esource and r ectifying

historical social disparities, a complex and dynamic task (Swatuk, 2002).

South Africa is classified as a ‘water stressed’ country bordering on ‘water scarce’ (DEAT,
2009), whereby uneven rainfall distribution and external pressures on water resources result
in m anagement bec oming an increasing p riority; while t he needs for s ocio-economic
development and s ound environmental management need to be bal anced simultaneously
(DEAT, 2006). To achieve this, itis a priority to understand the impacts development and
other land use practices have on water quality and aquatic ecosystem health, and to collect
baseline dat a to inform management initiatives. Int he f ace of on-going pressuresto

freshwater s ystems, pr edominantly through ant hropogenic f orces, w ater q uality and r iver
2



health monitoring is of increasing relevance (Malherbe et al., 2010). Furthermore, the lack of
baseline data in South Africa on freshwater threats, quality and constraints, fu rther limits
management and ¢ onservation ef forts (Collares-Pereira, 2004). T horough m onitoring o f
freshwater resources is therefore of increasing management importance to ensure

sustainable utilisation and mitigation against emerging threats.

The uMngeni catchment in Kwazulu-Natal is representative of the impacts facing freshwater
resources i n S outh Africa, with current and future | and us e appl ications t hreatening t he
quality and quantity of available resources. The upper uMngeni dominated by Midmar Dam
is a key resource unit of the uMngeni, for supplying safe, clean drinking water to the
eThekwini, uMgungundlovu and M sunduzi m unicipalities, with c urrent d emand bei ng 268
million litres per day (Ramnath, 2010). Increases in future demand will only place greater
pressure on an already pressured water resource. With threats from land use change and
urbanisation emerging in this catchment, management can not only focus on future demands
with regards to q uantity required for domestic consumption, but needs to emphasise the
quality of the upper uMngeni resource, due to its immediate influence on Midmar Dam and
the cumulative downstream impacts on the lower uMngeni system. Presently, urbanisation
poses a potential threatto the quality of the Midmar D am water resource, predominantly
through high density low cost housing. Mpophomeni s ettlement is one such high density
development where a combination of elements ranging from inadequate sewage
infrastructure to the lack of s olid w aste m anagement contributes to ne gative i mpacts on
water q uality of s urrounding s tream net works and s ubsequently Midmar D am. T he
commissioned Khayalisha social housing project in the same catchment could represent a
threat of a similar nature and m agnitude al ready po sed by Mpophomeni and ¢ ould

compound water quality threats already present in the catchment.

The research that follows carried out water quality and aquatic ecosystem health monitoring
at s elected s ites t 0 as sess t he i mpact o f M pophomeni settlement a nd ot her | and us e
practices on water quality entering Midmar Dam, while illustrating the danger of developing
high density urban areas in close proximity to water resources in light of the Khayalisha

social housing project.



1.2. Aim and objectives

1.2.1. Aim

To undertake water quality assessment and SASS5 bio-monitoring to investigate the impact

of Mpophomeni settlement and other land uses on water quality of stream networks draining

into Midmar Dam

1.2.2. Objectives

1.

2.

Establish sites isolating areas of pollution concern.

Assess the impact of Mpophomeni settlement and other land uses on water quality
and ecological integrity of the Mthinzima and Gqishi sub-catchments draining into

Midmar Dam.

Assess the status of water quality entering Midmar Dam from the Khayalisha sub-

catchment.

Measure, predict and compare n utrient | oads ent ering M idmar Dam from the

Mthinzima, Gqishi and Khayalisha sub-catchments.

Evaluate the sampling and analysis techniques used.

1.3. Conclusion

Freshwater r esources andt he ec osystems they s upport are i ncreasingly pr essurised,

predominantly by hum an ac tivity and t he need f or s tringent, i ntegrated m anagement o f

freshwater r esources has r eached g lobal s ignificance. S outh Africais a ‘ water s tressed’

country in which freshwater is becoming a | imiting resource, with regards to quantity and

resource quality. The uMngeni catchment is of vital importance in terms of KwaZulu-Natal

freshwater supply and requires management and conservation from source to mouth. The

upper uMngeni is unde r t hreat from hu man related land-based ac tivities s uch as ur ban

development and agriculture; such impacts must be assessed to understand the affects they

have on the water quality of Midmar Dam.



1.4. Thesis structure

The thesis follows a | ogical progression whereby literature relevant to the topicis critically
reviewed and, where appropriate, documented in the thesis. The thesis presents methods
applied, whereby the study area and s ites are described. Thereafter, the methods of data
collection, m anipulation and anal vysis ar e presented andj ustified, followedb yt he
presentation of the results and prevailing trends. The results are discussed in the context of
the study area and t he literature reviewed, followed by the implications of the findings. The
conclusion addr esses the aim and objectives of the thesis, discussing their achievement,
concluding with the implications of the findings, in terms of water quality and ecosystem
integrity i n t he upper uMngeni catchment and t he b roader s cale i mplications o f w ater

resources in South Africa.



CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

The chapter reviews freshwater resources in South Africa with regards to requirement, future
demand and supply dy namics, followed by t he | egal frameworkt hat ac ts to p rotect
freshwater resources, its users and the ecosystems they support. P hysical, chemical and
biological p arameters determining w ater quality ar e out lined, followed by t heus eo f
biological indicators in water quality and river health assessment. An overview of threats to

freshwater resources and the ecosystems they support conclude the chapter.

2.2. Freshwater resources in South Africa

Freshwater is the most essential natural resource to all life on earth (Strydom and King,
2009). South Africa is defined as a water ‘stressed country’, bordering on ‘water scarce’
according to the United Nations definitions of the terms (DEAT, 2006). South Africa receives
approximately 450 mm of rain per annum however; rainfall distribution within the country is
uneven with the eastern and southern regions of the country receiving larger quantities than
that of the northern and western regions (DEAT, 2006). The country consists of 19 w ater
management areas and due t o the uneven distribution of water resources, a considerable
amount of water is transferred between these water management areas to meet freshwater
demands ( DEAT, 2006). Watert ransfersi nvolvet he m ovemento f freshwater f rom
catchments with good water supply to those with supply deficits (Strydom and King, 2009).
The majority of South Africa’s water demands are supplied by surface water bodies which

include approximately 320 major dams (DEAT, 2006).

2.2.1. Water requirements

Estimated water requirements (DEAT, 2006) suggest that agricultural irrigation accounts for
the highest per centage of the total w ater r equirements, followed by ur ban r equirements,
rural, m ining and bul k i ndustry, pow er g eneration and af forestation i n des cending or der
(Table 2.1).



Table 2.1: Water requirements (2000) in South Africa

Irrigation Urban Rural Mining & Power Afforest Total local
bulk generation -ation require-
industry ments

Total for
South
Africa(million
m*/annum)
7920 2897 574 755 297 428 12871
% of total 62 23 4 6 2 3 100

(Adapted from DEAT 2006)

Of the 19 water management areas, over half ran at a deficit for the year 2000 with regard to
local requirements versus reliable local yield, further illustrating the uneven distribution of
water and the inherent risks of generalising with regards to South Africa’s water supply.
Furthermore, these s urpluses and de ficits ac ross w ater management ar eas do no t
necessarily balance each other, resulting in dynamic management issues presented to water

management agencies (DEAT, 2006).

2.2.2. Future demand

Future w ater dem and i s dependent on a nu mber of v ariables i ncluding c limate, nat ional
economy and population growth, to name a few. Future prediction on potable water
requirements are difficult, yetitis c ertain t hat with c urrent p rojections o f ec onomic and
population growth, water stresses will only increase, presenting further management issues
(DEAT, 2006). Water supply and demand imbalances are projected to increase with the
resultant inability of supply yields to meet socio-economic development needs and living
standard improvements (Strydom and K ing, 2009). Inter-catchment transfers form a v ital
component of meeting water demands in a country with imbalanced water distribution, with
more than 50 percent of all water management areas relying on transfers to augment each
other's demand and to avoid supply deficits (DEAT, 2006). Future predictions for the year
2025 at 1.5% GDP growth per annum show water deficits of 234 million cubic meters per
annum (m*annum), while predictions at 4% GDP growth per year show deficits of 2044
million m*/annum (DEAT, 2006).



2.2.3. Water quality in South Africa

Water r elated i ssues in S outh Africa are not confined to p roblems of scarcity or i ssues
related to demand and supply. Water pollution poses a major threat to freshwater quality
(DEAT, 2009). In South Africa, the primary sources of surface water pollution are domestic
and ¢ ommercial s ewage, i ndustrial ef fluent, ac id m ine dr ainage, ag ricultural r un-off
containing fertilisers and pesticides and solid waste (DEAT, 2009; DEAT, 1999; Kidd, 2008).
Eutrophication of rivers and dams is a major threat through anthropogenic nutrient loading
(DEAT, 2009; 1999). Furthermore, a large portion of sewage originating from urban areas is
improperly t reated p rior t o di scharge, r esulting i n poor water g uality i n m any dens ely
populated areas (Oberholster and Ashton, 2008).

2.3 Legislative framework in South Africa

South African law covers a number of elements pertaining to the protection of freshwater
resources and t he a quatic environment and those m aking us e of them. The legislation

protects the resources themselves and the users thereof.

2.3.1 The Constitution

The Constitution of the Republic of South Africa (Act. No. 108 of 1996) is the supreme law
and cannot be superseded by any other. Among other things the Constitution states that

everyone has the right to:

e an environment that is not harmful to their health or well-being; and

¢ to have the environment protected, for the benefit of present and future generations.
The Constitution places responsibility on local authorities to provide citizens with

e Refuse removal, refuse dumps and solid waste disposal;

e Water and sanitation services;

¢ Domestic waste-water and sewage disposal; and

e Socio-economic development.



2.3.2 The National Environmental Management Act (NEMA)

The National E nvironmental Management Act (NEMA) (Act No. 107 of 1998) (Republic of
South Africa [RSA] 1998a) provides | egislation that ens ures everyone has the right to an
environment t hati s not har mful t o hi s or her heal th and well-being; w hile protecting,
promoting and fulfilling social, economic and en vironmental rights of everyone and meeting
the needs of the previously disadvantaged. The legislation acknowledges that s ustainable
development must integrate social, economic and environmental factors and t hat everyone
has the right to an environment that is protected for the benefit of present and future
generations. T he legislation prevents pollution and ec ological deg radation, promotes
conservation, and secures ecologically s ustainable de velopment and us e of na tural

resources, while promoting justifiable economic and social development.

2.3.2.1. The National Environmental Management: Waste Act

The N ational E nvironmental M anagement: Waste Act (Act No. 59 of 20 08)(RSA, 1998b)
provides legislation regulating waste management to protect health and the environment by
providing measures to prevent pollution and ecological degradation and secure ecologically
sustainable dev elopment t hrough nor ms and s tandards, licensing and control, r egulating
waste m anagement ac tivities, w hile pr oviding r emediation o f ¢ ontaminated | and. The

objectives of the Act are:

a) To protect health, well-being and the environment by providing reasonable
measures for

¢ minimising the consumption of natural resources;

e avoiding and minimising the generation of waste;

e reducing, re-using, recycling and recovering waste;

o treating and safely disposing of waste as a last resort;
e preventing pollution and ecological degradation

e securing ecologically sustainable development while promoting justifiable
economic and social development;

e promoting and ensuring the effective delivery of waste services;

e remediating land where contamination presents, or may present, a significant
risk of harm to health or the environment; and

e achieving integrated waste management reporting and planning.



b) To ensure that people are aware of the impact of waste on their health, well-being
and the environment

c) To secure an environment that is not harmful to health and well-being.

2.3.4 The Water Services Act and the Municipal Structures Act

In terms of Section 11 of the Water Services Act (Act No. 108 of 1997) (RSA, 1997), and
Sections 84 and 85 of the Municipal Structures Act (Act No. 117 of 1998) (RSA, 1998b),

local authorities have a responsibility to provide water supply and sanitation services.

2.3.5 The National Water Act (NWA)

The National Water Act (NWA) (Act No. 36 of 1998) (RSA, 1998c) provides legislation that
ensures that both the nation and the nation’s water resources are protected, so that they can
be used, developed, conserved, managed and controlled in a manner that accounts for the

following factors:

¢ meeting the basic human needs of present and future generations;

e promoting equitable access to water;

e redressing the results of past racial and gender discrimination;

e promoting the efficient, sustainable and beneficial use of water in the public interest;
¢ facilitating social and economic development;

e providing for growing demand for water use;

e protecting aquatic and associated ecosystems and their biological diversity;

e reducing and preventing pollution and degradation of water resources;

e meeting international obligations;

e promoting dam safety; and

e managing floods and droughts

Water-related | egislation in S outh Africa has the over-arching aim of sustainable use and
management of water resources to ensure that sufficient amounts of these scarce resources
are available in good quality, to meet the needs of people and the environmentinto the

future (Kidd, 2008).
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2.4. Water quality

The term ‘water q uality’ is used to describe the microbiological, physical and chemical
properties of water that determine its fitness for a specific use, determined by substances
which are either dissolved or suspended in the water (DWAF, 2001). Water of an acceptable
quality is essential to the health and survival of all life forms. To understand the effects
external pressures have on w ater resources it is important to understand what constitutes
water quality (Strydom and King, 2009). The National Water Act (Act No. 36 of 1998) (RSA,

1998c) defines water quality as:

a) The quantity, pattern, timing, water level and assurance of instream flow;

b) The water quality, i ncluding the phy sical, c hemical and bi ological characteristics of the
water;

¢) The character and condition of the instream and riparian habitat; and

d) The characteristics, condition and distribution of the aquatic biota.

2.4.1. Physical water quality determinants

Physical water q uality pr operties i nclude det erminants s uch a st urbidity, t emperature,
electrical conductivity, pH, dissolved oxygen and colour, taste and odour (Department of
Water Affairs and Forestry [DWAF], 2001).

2.4.1.1. Dissolved oxygen

Oxygen enters the a quatic env ironment fromt he at mosphere ora s abi -producto f
photosynthesis from aquatic pl ants and phytoplankton and is r elatively s oluble in water.
Saturation solubility is however non-linearly variable with temperature, salinity, atmospheric
pressure and other site specific chemical and physical parameters (DWAF, 1996a). Aerobic
aquatic organisms depend on the maintenance of sufficient levels of dissolved oxygen (DO)
for r espiratory r equirements ( DWAF, 1996a ). D O c oncentrations ar e a bal ance bet ween
oxygen produced through in situ photosynthesis and atmospheric supply, against the
amounts us ed in the aquatic environment by aerobic organisms (Kalff, 2002). “Dissolved
oxygen is critical for the survival of aquatic organisms and low DO is known to be a
modifying factor of toxicant impacts” (Landman and van den Heuvel, 2003: 4337). DO
measurements are represented as milligrams per litre (mg/?) or as percentage of saturation.

Concentrations o f| ess than 100% poi nt towards depl etion whereas ex cess or super-
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saturation of oxygen may indicate eutrophication of a water column (DWAF, 1996a).
Systems una ffected by pol lution usually di splay D O ¢ oncentrations close t o saturation;
however c oncentrations w ill f luctuate on a d aily bas is according t o p hotosynthetic an d
respiratory cycles of aquatic biota. DO levels decline in the evenings and reach a minimum
at dawn then rise to a maximum by mid-day, whilst seasonal fluctuations may be influenced
by temperature and biological productivity (DWAF, 1996a). Decreases in DO will result from
re-suspension of anoxic sediments, release of anoxic bottom water from deep water bodies,
and t he presence o f ox idisable or ganic m atter f rom ei ther nat ural or unnat ural s ources
(DWAF, 1996a). The ability for organic wastes to deplete DO is measured as biochemical
oxygen demand (BOD) and chemical oxygen demand (COD) with COD being frequently
used to measure effluent as an indicator of the amount of oxygen required by organisms to
degrade organic matter (DWAF, 1996a; Kalff, 2002).

“The am ount o f s uspended m aterial i n t he water a ffects the s aturation ¢ oncentration o f
dissolved o xygen, ei ther ¢ hemically, throught he ox ygen-scavenging a ttributes o ft he
suspended particles, or physically through reduction of the volume of water available for
solution” (DWAF, 1996a: 53). In instances where suspended solids contain a high organic
concentration, t he s ubsequent on-site dec omposition will dep lete D O | evels, which m ay
result in concentrations below that suitable to aquatic life during low flow conditions (Bilotta
and Brazier, 2008). High water temperatures, along with low DO concentrations, will multiply
stress on aquatic organisms. When DO is low the toxicity of substances such as zinc, lead,
copper, cyanide, sulphide and ammonia in the water column will increase, resulting in a
compound s tress response from a quatic bi ota. D O concentrations w ill i ncrease t hrough
natural atmospheric diffusion and through turbulence in the water column. The impact of DO
depletions is dependent on the frequency and duration of the depletion which will, in turn,
determine behav ioural and phy siological s tress r esponses o f aquatic or ganisms ( DWAF,
1996a). The sensitivity of organisms such as fish and i nvertebrates are dependent on t he
species specific tolerances to fluctuation in DO, and the life and behavioural stages of the
organism’s development. For instance, juveniles of many aquatic species are vulnerable to
depletion in DO concentrations through physiological strain and the subsequent vulnerability
to predation and di sease due to weakened physiology (DWAF, 1996a). Conversely super-
saturated w aters c an c ause g as bubbl e di sease i n fish s pecies (Lampert and S ommer,
1997). Super-saturated conditions also hinder green algae species from photosynthesising
thus al lowing m ore t olerant s pecies s uch as b lue-green al gae t o c olonise, becoming a
nuisance in water bodies (Kalff, 2002).
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Minimal allowable values and target water quality ranges (TWQR) are set out by DWAF
(1996a) as a guideline for aquatic organism’s exposure to DO depletions. Minimal allowable
values create boundaries within which the protection of aquatic organisms can be ensured
(Table 2.2).

Table 2.2: Target water quality range for dissolved oxygen

TWQR and Concentration Condition Application

criteria

Target water  80% - 100% of 06h00 s ampleor lowest Will protect all life stages of

quality range saturation instantaneous most s outhern African aquatic
concentration recorded in a biota end emic to, or adapted
24 hour period to,aer obic warmw ater

habitats. Always applicable to
aquatic ecosystems of high
conservation value.

Minimum >60% (sub lethal) 7-day mean minimum (see The 7-day mean minimum and
allowable data interpretation) the 1-day mi nimum should
apply together. Violation of
values o these minimum values is likely
>40% (lethal) 1-day m inimum ( see dat a {5 cguse acute toxic effects on

interpretation) aquatic biota.

(DWAF, 1996a)

2.4.1.2. Water temperature

Temperature plays a crucial role in water bodies with regards to chemical reactions and the
metabolic r ates o f or ganisms (Lushchak, 2011) and i st herefore a ¢ ontrolling factor of
aquatic species distribution (DWAF, 1996a). “Natural variations in water temperature occur
in response to s easonal and di el c ycles and o rganisms us e t hese c hanges as cues for
activities s uch as m igration, em ergence and s pawning” ( DWAF, 1996a: 103). U nnatural
perturbations in water temperature can impact severely on aq uatic organisms and i ndeed
entire communities. Inland water temperatures in S outh Africa g enerally range from 5-30
degrees Celsius and are dependent on a number of variables, including hydrological factors,
climate factors and the structural characteristic of the river and catchment. Human induced
temperature changes can be brought about by discharge of heated irrigation water, industrial
effluent and heat ed po wer s tation e ffluent, channel and r iparian m odification, i nter-basin

transfer and discharges from impoundments (DWAF, 1996a).
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Rises in temperature bring about a reduction in dissolved o xygen solubility, decreasing its
availability to aquatic organisms. Elevated water temperatures bring about increases in the
metabolic r ates of or ganisms t hus i ncreasing oxygen dem and, ul timately | eadingto a
decrease in supply (DWAF, 1996a). “The toxicity of most substances, and the vulnerability of
organisms to t hese s ubstances, are intensified as w ater t emperature i ncreases” (DWAF,
1996a: 104). Water t emperature s erves as a k ey driverin aq uatic systems, i nfluencing
organism metabolism, growth, feeding, fecundity, em ergence and ov erall s urvival ( Dallas
and K etley, 2011). A quatic or ganism s urvive under as eto f temperature t olerances,
temperatures out of this range can hinder their ability to perform natural processes and can
ultimately be | ethal (Dallas and K etley, 2011). Severe changes in the natural temperature
can result in mass mortality of aquatic biota while less severe changes may result in a s hift

in community structure (DWAF, 1996a).

2.4.1.3. Electrical Conductivity

The electrical conductivity (EC) of water is a measure of its capacity to conduct an electrical
current, as a result of ions such as carbonate, bicarbonate, chloride, sulphate, nitrate,
sodium, potassium, calcium and magnesium in solution (DWAF, 1996a). EC is often used
as a substitute measure for Total Dissolved Solids (TDS) as the two are directly related
(Chapman, 1996).E Co faw aterbody i ses tablished by m easuring the el ectrical
conductance represented as milli-Siemens per metre (mS/m) (DWAF, 1996a) and is a useful

in determining pollution zones (Chapman, 1996).

2.4.1.4. pH (acidity and alkalinity)

pH values represent the amount of hydrogen ion activity in water expressed on a log-scale of
1 - 14. The pH of pure water containing no solutes is 7 at 24 degrees Celsius, at this point
the number of H+ and O H- ions are equal and t he water is considered electrochemically
neutral. pH values in surface waters range between 4 and 11 and South African freshwaters
range between 6 and 8 (DWAF, 1996a). pH will vary diurnally and s easonally, the former
caused by varying photosynthetic rates in productive systems and the latter caused by the
hydrological c ycle. Industrial a ctivity generally causes acidification of rivers rathert han
alkalization; this is as a result of industrial effluent, mine drainage and acid rain from fossil
fuel burning. Raised pH values may point towards increased levels of biological activity or

productivity i n eut rophics ystems.| ns tandingw aters, extremely e levated r ates of
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photosynthesis, whether natural or anthropogenically induced, can cause high pH values
(DWAF, 1996a). pH determines which chemical compounds are available and t heir relative
toxicity in the aquatic environment. Non-toxic ammonium ions (NH,") are the main form in
which plants take up nitrogen, however under conditions of high pH (>8) ammonium ions are
converted to toxic un-ionised ammonia (NH3) (DWAF, 1996a). Changes in background pH
levels c an hav e c hronic e ffects on a quatic bi ota w hich s urvive under set pH tolerances.
Long-term changes will result in a shift in community structure and ecosystem functioning.
pH can vary spatially across geographic regions and longitudinal stages of a river course
and at various depths (DWAF, 1996a).

2.4.1.5. Suspended solids

Suspended solids (SS) are the mass or concentration of inorganic and organic material,
which is held in turbulence suspended by a water column, in the form of particulate matter
(DWAF, 1996a). All water bodies carry some degree of natural suspended solids; however
anthropogenic forces alter natural concentrations affecting the physical, chemical and
biological properties of the water body. Physically, unnatural increases in suspended solids
can result in reduced light penetration, affecting primary production, temperature changes
and sedimentation of channels and reservoirs (Bilotta and Brazier, 2008). Suspended solids
may i nterfere w ith feeding mechanisms o f filter f eeders and gill f unctioning o f fish and
feeding efficiency of visual feeders. Suspended solids alter the composition of the substrata,
thus changing the structure of aquatic communities due to microhabitat preferences (DWAF,
1996a). C hemically, unnat ural i ncreasesi ns uspended s olids ¢ auset her elease of
contaminants s uch a s heav y m etals, pes ticides and nut rients s uch as phos phorus.
Furthermore, if suspended solids have high organic matter content, their decomposition can
deplete dissolved oxygen concentrations affecting aquatic biota (Bilotta and Brazier, 2008).
Suspended solids increase with rainfall r un-off and re-suspension of deposited sediment,
governed by the hydrology and geomorphology of a r egion. N atural suspended solids are
comprised of soil particles from land surfaces, through natural erosive processes however,
land use practices such as overgrazing, non-contour ploughing, removal of riparian
vegetation and forestry increase erosion and thus suspended solids entering waterways.
Other an thropogenic sources o f s uspended s olids i nclude s ewage di scharges, i ndustrial
effluents, mining discharges and aquacultural discharges (DWAF, 1996 a). DWAF (1996a)
has set out target environmental water quality ranges in which aquatic integrity is retained
(Table 2.3).
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Table 2.3: Target water quality range for suspended solids

All Aquatic Ecosystems Target Water Quality Range

Background TSS concentrations Any increase in TSS concentrations must be limited
are <100 mg/ to < 10% of the background TSS concentrations at

a specific site and time

(DWAF, 1996a)

2.4.2. Chemical water quality determinants

Chemical water quality determinants refer to the chemical compounds dissolved in water, in
the f orm of metallic s ubstances, i norganic non -metallic s ubstances, aggregate or ganic

substances and aggregate inorganic substances (DWAF, 2001).

2.4.2.1. Nitrogen

Inorganic nitrogen refers to all nitrogen compounds including NH3;, NH,4, NO, and NO3; that
are presentin a water column (DWAF, 1996a) and which play an important role in aquatic
ecosystems with regards to nutrient cycling (Kalff, 2002). Ammonia (NH3) and a mmonium
(NH4) are reduced forms of inorganic nitrogen with their relative proportions depending on
the water temperature and pH. Nitrite (NO,) is an intermediate form of nitrogen with nitrate
(NO3) being the end product of the oxidation process of organic nitrogen and ammonia. NO;
is m ore s table than N O, due t o the r apid c onversion of NO, to NO ; in the a quatic
environment ( DWAF, 1 996a). Ammonia ( NH3)i sa b y-product formed by b iological
degradation o f ni trogenous m atter and forms an i mportant element of the nitrogen c ycle
(Batley and Simpson, 2009) and can be presentin an un-ionised form (NH3) and i onised
form as ammonium ion (NH,4+). Both of these forms are reduced forms of inorganic nitrogen
derived f rom aer obic a nd anaer obic dec omposition o f o rganic matter ( DWAF, 1996a ).
Ammonia toxicity is directly dependant on t he concentrations of un-ionised ammonia (NH3;)
as ionised ammonium ion (NH4+ ) has little or not oxicity with r egards t o a quatic bi ota
(Batley and Simpson, 2009). The total Kjeldahl nitrogen (TKN) is a measure of the total
ammonia nitrogen plus the total organically bound nitrogen (Chapman, 1996). Ammonia is a
common ¢ hemical pol lutant and a nut rient ¢ ontributor t o eut rophication. Anthropogenic
sources of ammonia include effluent containing human or animal wastes, agricultural

sources, discharges from industry and atmospheric deposition originating from distillation
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and ¢ ombustion o f ¢ oal ( Barimo and W alsh, 2005; DWAF, 1996a ). Many ¢ ommercial
fertilisers c ontain high concentrations of s oluble am monia, If these concentrations exceed
the requirement of the plants the excess will be transported by surface flows (natural or
irrigation) o r | eached i nto aquatic sy stems (DWAF, 1996a ). The toxicity of un-ionised
ammonia is affected by water temperature and pH, with an i ncrease in either causing an
increase i nt he r elative pr oportion o f un-ionised ammonia i n s olution t hus r esulting i n
increased toxicity. Ammonia toxicity is influenced by dissolved oxygen, carbon dioxide and
dissolved solids with t oxicity in creasing as dissolved o xygen dec reases, due to am monia

being oxidised into nitrate in oxygenated systems, thus decreasing toxicity (DWAF, 1996a).

Effluent di scharges ¢ ontaining hu man and ani mal ex crement, a gricultural fertilizers and
organic industrial wastes contribute to inorganic nitrogen pollution entering aquatic systems
(DWAF, 1996a). Nitrogen compounds form a crucial element of the nutrient cycle in aquatic
ecosystem, making nutrients available for uptake by plants (Camargo and Alonso, 2006).
Ammonification, nitrification, denitrification, and the active uptake of nitrate by organisms are
all influenced by temperature, oxygen availability and pH (DWAF, 1996a). Inorganic nitrogen
in unimpacted systems is g enerally | ow as av ailable nitrogenis taken upas soonas it
becomes av ailable. As ar esult, ni trogenac tsas am ajorl imiting factor drivingt he

biodiversity and functioning of an ecosystem (Vitousek et al., 1997).

In South Africa, inorganic nitrogen concentrations are usually below 0.5 milligrams per litre
(mg N/?) in unimpacted, systems but may increase to above 5 - 10 mg N/¢in enriched waters
(DWAF, 1996a ). | norganic nitrogen concentrations below 0.5 mg N /£ are c onsidered | ow
enough to prohibit the onset of eutrophication and the rapid growth of nuisance blue-green
algae and o ther a quatic pl ants. N itrogen t ransforming pr ocesses are pr edominantly
governed by temperature, pH, oxygen av ailability and bac terial activity (DWAF, 1996a). In
unimpacted, well-oxygenated systems (80-120% saturation) the majority (>80%) of inorganic
nitrogen is present as nitrate, with ammonia concentrations typically being below 0.1 mg N/£.
Systems affected by effluent discharges containing high ammonia or nitrate concentrations
will experience decreases in dissolved oxygen and i ncreases in biological oxygen demand,
chemical ox ygen dem and and pH ( DWAF, 1996a ). Increasesi ni norganic ni trogen
compounds in freshwater systems can have detrimental effects on the quality of the water
resource and the ecological state of the system through alteration of its trophic status (Table
2.4).
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Table 2.4: Changes in aquatic systems trophic status associated with an increase in

nitrogen concentrations

Average summer

inorganic nitrogen

concentration (mg Effect
N/€)

<0.5 Oligotrophic ¢ onditions; usually moderate levels of
species d iversity; us ually low productivity s ystems with
rapid nutrient cycling; no nuisance growth of aquatic
plants or blue-green algae.

0.5-2.5 Mesotrophic ¢ onditions; usually hi gh | evels of species
diversity; usually productive systems; nuisance growth of
aquatic plants and blooms of blue-green algae; algal
blooms seldom toxic.

2.5-10 Eutrophic conditions; usually low levels of species
diversity; us wually highly pr oductive s ystems, with
nuisance growth of aqu atic plants and blooms of blue-
green algae; algal blooms m ay include s pecies which
are toxic to man, livestock and wildlife.

>10 Hypertrophic conditions; usually very low levels of
species diversity; usually very highly productive systems;
nuisance growth of aqu atic plants and blooms of blue-
green algae, often including s pecies which are toxic to
man, livestock and wildlife.

(DWAF, 1996a)

2.4.2.2. Total organic carbon

Total organic carbon is a measure of the sum of all forms of organic matter in a water body
and consists of dissolved and particulate material. Organic carbon arises from living material
in the aquatic environment or as matter enters from the terrestrial environment, andis a
constituent of organic wastes and effluents. Total organic carbon can be a useful indicator of
unnatural discharges into a water body arising from industrial or sewage sources (Chapman,
1996).

2.4.2.3. Phosphorus

Orthophosphates, polyphosphates, metaphosphates, pyrophosphates and organically bound
phosphates are all present in natural water bodies. Of these forms of phosphates, soluble

reactive phos phorus (SRP) or orthophosphates are those available for uptake by aq uatic
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biota. Forms of phosphorus are continually changing in a water column due to processes of
decomposition and s ynthesis am ong or ganically bound and inorganic ox idised forms o f
phosphorus. Phosphorusi s anes sential m acronutrient ac cumulated by m any | iving
organisms; in unimpacted systems it is readily taken-up by plant species and converted to
cell s tructures t hrough photosynthetic pr ocesses ( DWAF, 1996a ). P hosphorus is of ten
viewed as the limiting nutrient in inland freshwaters, thus playing an influential role in
eutrophication (Srivastava et al., 2009). Natural sources of phosphorus in aquatic systems
originate f rom land, throughw eathering p rocesses, at mospheric depos ition and
decomposing organic matter (Kalff, 2002). P hosphorus concentrations in S outh Africa are
rarely high in unimpacted systems with concentrations of between 10 a nd 50 micrograms
per litre (ug P/f) being common, including levels as low as 1 ug P/£ in pristine waters. High
levels may result from point source discharges such as domestic and industrial effluents and
non-point s ources such as ur ban r un-off, at mospheric pr ecipitation a nd dr ainage from
agricultural | and w here fertilisers ar e us ed ( DWAF, 1996a ). Increases i n phos phorus
compounds i n freshwater systems have t he s ame e ffect on s ystem quality as ni trogen
through a shift in trophic status (Table 2.5). The effect is however dependent on the form of
phosphorus, as notall phosphorus compounds are available f or immediate uptake by
organisms. Inorganic phosphorus concentrations of less than 5 yg P/f are considered to be
low enoug h to limit the nuisance growth of aquatic algae and the onset of eutrophication
(DWAF, 1996a).
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Table 2.5: Changes in aquatic systems trophic status associated with an increase in

phosphorus concentrations

Average summer

inorganic
phosphorus Effect
concentration (ug
P/€)
<5 Oligotrophic ¢ onditions; usually moderate levels of
species d iversity; us ually low productivity s ystems with
rapid nutrient cycling; no nuisance growth of aquatic
plants or blue-green algae
5-25 Mesotrophic ¢ onditions; usually hi gh | evels of species
diversity; usually productive systems; nuisance growth of
aquatic plants and blooms of blue-green algae; algal
blooms seldom toxic.

25-250 Eutrophic conditions; usually low levels of species
diversity; us ually highly pr oductive s ystems, with
nuisance growth of aqu atic plants and blooms of blue-
green al gae; algal blooms m ay include s pecies which
are toxic to man, livestock and wildlife.

>250 Hypertrophic ¢ onditions; usually very low levels of

species diversity; usually very highly productive systems;
nuisance growth of aquatic plants and blooms of blue-
green algae, often including s pecies which are toxic to
man, livestock and wildlife.

(DWAF, 1996a)

2.4.3. Microbiological water quality

“Water-related microbial diseases have been a major cause of human misery since time
immemorial, and microbial water quality needs to be managed in order to safeguard people
from the hazards of drinking contaminated water” (DWAF, 2003: 5).

Microbial water quality refers to the presence or absence of micro-organisms in a water
column and is, for the most part, reported as the count of an indicator organism per given
volume of water (DWAF, 2003). There are numerous micro-organisms that can potentially
contaminate water, as a growing form ( vegetative), r esting form ( spores o f fungi and
bacteria) or f aecal m aterial of human or ani mal origin ( DWAF, 2003). Microbiological
pollution ¢ an or iginate f rom poi nt-source s uch as di scharges o f treated and unt reated

sewage and from non-point sources such as urban and agricultural run off (Kirschner et al.,
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2009). Faecal matter contains especially high abundances of micro-organisms and requires
safe t reatment and di sposal t o0 av oid water ¢ ontamination ( DWAF, 2003). Theuseof
bacterial indictors of water quality is widely recognised (Noble et al., 2003), their presence
and r elative abundanc e poi ntt owards sources of contamination (DWAF, 2003). These
indicator organisms may not pose a di rect threat of disease how ever their presence may

point towards the presence of more hazardous pathogens (Noble et al., 2003).

2.4.3.1. Escherichia coli (E. coli)

“Microbiological indicators have been used for decades to monitor faecal pollution of water
as well as the possible presence of other microbiological pathogens” (Omar and Barnard,
2010: 172).

Escherichia coli (E. coli) is af aecal bacterium located in the intestinal tracts of
homoeothermic animals and is used as an indicator of faecal contamination in water bodies
(Yost etal ., 2011). This bac terium c an be s ubdivided i nto t hree c ategories, namely
commensal, diarrheagenic, and ex tra-intestinal, of which s ome are harmless while ot hers
can cause intestinal tract disease or infections outside the intestinal tract (Carrero-colon et
al., 2011; Omar and Barnard, 2010). The bacterium is common in the natural environment as
it forms part of a mammal’s intestinal bacterial communities (Table 2.6); however they are
commonly detected in systems outside of their hosts where they become indicators of faecal
contamination. Since the 1980s E. coli has been us ed extensively as an indicator of faecal
contamination for water treatment s afety purposes (Carrero-colon et al., 2011). Studies of
factors affecting the survival of E. coli in natural waters are of interest due to the importance
of these microorganisms as indicators of faecal pollution in natural waters (Wcisto and
Chrost, 2000). The survival of E. coli outside of a host depends on numerous factors
including temperature, protozoa grazing, exposure to UV radiation and nutrient availability.
Under favourable temperature (15-18 degrees Celsius), nutrient and micro-floral conditions

E. coli can survive in water from 4-12 weeks (Carrero-colon et al., 2011).
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Table 2.6: Concentration of E. coli in various hosts

Indicator Host Concentration
bacterium

(CFU/g faeces) *
Escherichia coli Human 10°
Escherichia coli Bovine 10°-10°
Escherichia coli Swine 10’
Escherichia coli Poultry 10"-10°

(Adapted from Yost et al., 2011)

The survival of E. coli, and indeed other microorganisms outside of their indigenous habitat,
depends upon their ability to tolerate an alien set of biological, physical and chemical
conditions (Flint, 1987). Variables such as |ight, temperature, pH, and t oxicity of heavy
metals are believed to have a significant impact on bacterial mortality (Harwood et al., 2011).
Rainfall is another external variable significantly impacting on the concentrations of E. coli in
surface waters, predominantly due to overland run-off and the subsequent transport of
material containing these bacteria. E. coli can be harboured in large quantities in soils along
river banks and beaches commonly leaching into waterways and can survive from a couple
of dayst o five months dependi ngont he en vironmental c onditions and t he s oil t ype
(McElhany and Pillai, 2011).

Faecal contamination of waterways can result in negative environmental impacts originating
from a nu mber of sources, namely municipal sewage, livestock, wildlife and urban run-off
into surface waters (Harwood et al., 2011). Water with high concentrations of E. coli pose
public health concerns (Table 2.7) with regards to exposure to human enteric pathogens and
the risk of contracting waterborne diseases originating from animals and transmittable to
humans (Harwood et al., 2011). Gastroenteritis is a ¢ ommon di sease associated with a
particular E. coli strain, the disease is accompanied by chronic vomiting, watery diarrhoea,
fever and stomach cramps. The incubation period is short, lasting 8-48 hours with recovery
in healthy individuals being good. Elderly, young and immuno-compromised individuals are
those most at risk from gastroenteritis; whereby the disease can become life threatening in
some cases (DWAF, 2003).
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Table 2.7: Recommended E. coli counts for full human recreational contact and

associated health implications

E. coli range Effects

(counts/100m¢é)

Target Quality A low risk of gastrointestinal illness is indicated for contact recreational

Range 0 - 130 water use. This is not expected to exceed a risk of typically < 8
illnesses/1 000 swimmers

130 - 200 A slight risk o f gas trointestinal ef fects among s wimmers and bat hers
may be expected. Negligible effects are expected if these levels occur in
isolated instances only

200 - 400 Some risk of gastrointestinal effects exists if geometric mean or median
E. coli levels are in this range, particularly if this occurs frequently. The
risk is minimal if only isolated samples fall in this range. R e-sampling
should be conducted if individual results > 400/100 m{ are recorded

> 400 Risks of health effects as sociated with c ontact r ecreational water use
increase as E. coli levels increase. The volume of water which needs to
be ingested in order to cause ill effects decreases as the E. coli density
increases. Gastrointestinal iliness can be expected to increase

(DWAF, 1996b)

2.5. Aquatic bio-indicators

Aquatic organisms are affected by external forces imposed on the freshwater environment
that alter the phy sical, ¢ hemical and bi ological pr ocesses o f freshwater s ystems, with
resultant changes in floral and faunal c ommunities (Karr, 1991 ). A quatic or ganisms are
effective biological i ndicators o f the quality of the system they i nhabit and point towards
external pr essures i mpacting ona quatic ecosystems. Measurement of phy sical and
chemical water q uality variables al one m ay ne glect the i nteractions a nd e ffects ex ternal
forces have on localised aquatic biota. Bio-monitoring using aquatic biological communities
can contribute to traditional physical, chemical and bi ological w ater q uality m easurements
(Karr, 1991 ). Furthermore spot w ater quality s ampling o f streams and r ivers w ill r eflect
conditions for the time of sampling whereas aquatic biological communities provide insight
into conditions preceding sampling, illustrating ecosystem integrity not only water quality at a
given pointin time (Hooda et al., 2000). In South Africa, bio-indicators form the basis of
indices such as the South African scoring system version 5 (SASS5) (Dickens and Graham,
2002), Fish A ssemblage | ntegrity | ndex ( FAIl) (Kleynhans, 1999), t he Macroinvertebrate
Response Assessment Index (MIRAI) (Thirion, 2007) and the Fish Response Assessment
Index (FRAI) (Kleynhans, 2007).
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2.5.1. Aquatic macroinvertebrates

“Aquatic macroinvertebrates have been u sed to as sess t he bi ological i ntegrity of stream
ecosystems w ith relatively good s uccess t hroughout t he world, m ore commonly t han any

other biological group” (Thirion, 2007: 1).

The term ‘aquatic macroinvertebrates’ includes all organisms that do not have vertebra in
their anatomical make-up, including arthropods, molluscs and annelids, all inhabiting aquatic
environments for all or partof theirlife cycle (Thirion, 2007). Aquatic i nvertebrates play
crucial roles in aquatic ecosystems including the retention, breakdown and transportation of
organic material and exchange energy along trophic levels as predators and prey (Malherbe
et al., 2010; Thirion, 2007; Welch, 1992). Aquatic invertebrates are sensitive to physical and
chemical changes in the aquatic environment and thus prove useful in inferring the quality or
health of an aquatic system (Azrina et al., 2006; Hooda et al, 2000). The distribution and
community s tructure o f aquatic i nvertebrate pop ulations is pr edominantly det ermined t he
physical-chemical tolerances of v arious s pecies, illustrating their applicability as biological
indicators o f w ater q uality and river c ondition (Thirion, 2007). The adv antages o f us ing
macroinvertebrates as bio-indicators include theirw idespread di stribution, range of

ecological requirements, low mobility (Malherbe et al., 2010), range of life cycles, visibility to
the naked eye and ease of identification (Dickens and Graham, 2002). Aquatic invertebrates
include grazers, detrital feeders and predatory species all forming functional units within the

aquatic ecosystem (Welch 1992).

2.5.1.1. Aquatic Invertebrate habitat

“Habitat functions as a temporally and s patially variable phy sical, ¢ hemical, and bi ological

template within which aquatic invertebrates can exist” (Thirion, 2007: 2).

The aquatic habitat is a set of physical, chemical, biological and hy drological variables all
interacting ov er s pace and time, structuring s uitable conditions for the survival of aquatic
biota. This includes physical and chemical variables, water velocity, depth and substrate, all
of which form interactive roles at various stages of an invertebrates’ life cycle (Thirion, 2007).
The availability, quality and diversity of aquatic habitats therefore structure the aquatic biotic

communities. The survival of any aquatic organism can be hindered by one or a combination
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of unfavourable environmental conditions that m ake-up its optimum habitat template
(Thirion, 2007). “Suitable env ironmental ¢ onditions and r esources ( quantity, quality and
timing) have to be available in order to sustain a viable long-term population” (Thirion, 2007:
2).

2.6. Threats to freshwater resources

Freshwater ec osystems and the s pecies they support are of the most endangered in the
world ( Saunders et al., 2002; Dudgeon et al., 2006), as a result of their v ulnerability to
human activities and environmental change (Vorosmarty et al, 2010). Human activities
include o verexploitation, water pol lution, f low m odification, des truction or degradation o f
natural habitats and the introduction of invasive alien species (Dudgeon et al., 2006). These
threats are of concern in terms of both biodiversity conservation and resource management
for human consumption, with hum an activities and t he as sociated i mpacts, predominantly

responsible for the decline in quality of freshwater systems (Table 2.8).
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Table 2.8: Human activities responsible for impacts on aquatic ecosystems

Human Activity Impacts on Aquatic Ecosystem
Population and consumer growth Increased water demand, increased water
diversion, increased cultivation

Infrastructure development (e.g. dams, Lossof ec osystemi ntegrity andr iver

levees, diversions, weirs etc.) connectivity, a Iteration of f low r ates a nd f low
quantities. Changes in water temperature,
nutrient and sediment exchange.

Land conversion and poor land use (e.g. Loss of ecosystem integrity, ecosystem function

wetland drainage, deforestation) and associated good a nds ervices. L oss of
habitats and associated biodiversity. Alteration in
flow patterns and run-off rates.

Overharvesting and overexploitation Depletion of natural resources and biodiversity.
Ecosystem function and structure compromised.

Introduction of exotic species Elimination of native flora and fauna. Alteration of
natural pr oduction, n utrientc yclinga nd
biodiversity.

Release of chemical and biological pollutants  Pollution of water bodies and associates

to water, land and air changes i n ¢ hemical, phy sical a nd b iological
water quality. Resultant ¢ hanges i n f reshwater
ecology and ecosystem functioning.

Greenhouse gas emissions inducing climate  Long-term changesi nr ainfall, e vaporation,
change transportation, temperature.

(Adapted from Dailey (1997) in Gleick et al., 2001)

Pollution of water resources is a hum an-induced impact and de fined by the National Water
Act No. 107 of 1998 (RSA, 1998c) as ‘the direct or indirect alteration of the physical,

chemical or biological properties of a water resource so as to make it —

a) Less fit for any beneficial purpose for which it may reasonably be expected to be
used;

b) Harmful or potentially harmful -

i) to the welfare, health or safety of human beings;
ii) to any aquatic or non-aquatic organisms;
iii)) to the resource quality; or

iv) to property.
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Pollutants can enter the aquatic environment from point sources (discrete and defined) or
non-point s ources ( diffuse) and stem from a n umber o f c auses, s uch as surface w ater
pollution or iginating from agr icultural, ur ban r un-off, i ndustries and m ining ( Strydom and
King, 2009). Land cover and land use has a major role to play in water quality, as various

activities are associated with different pollutants (Table 2.9) (Hohls et al., 2002).

Table 2.9: primary pollution sources and associated causes

Pollution Source Pollution Cause

Agricultural Irrigation return flows, fertilizers, pesticides, and run-off
from feed lots

Urban Urban r un-off ( storm w ater s ystems, r oads etc., e ffluent
return f lows (bacteriological contamination, s alts and
nutrients)

Industrial Discharge of chemical substances in watercourse

Mining Discharge of acids and salts

(Strydom and King, 2009)

The ex tentand s everityt o which po inta nd non -point's ource pol lutants a ffect th e
environment is dependent on the nature of the source. Some pollution sources have far

reaching effects whereas others are localised (Table 2.10).

Table 2.10: Anthropogenic sources of pollution and geographic significance

Industrial
Organic
Trace Pesticides/  micro- Oils and

Source Bacteria Nutrients  elements  Herbicides  pollutants greases
Atmosphere X xxxG xxxG xxxG
Point sources
Sewage XXX XXX XXX X XXX
Industrial effluent X xxxG xxxG XX
Diffuse sources
Agriculture XX XXX X xxxG
Dredging X XXX XX XXX X
Navigation and
Harbours X X XX X XXX
Mixed sources
Urban run-off and
Waste disposal XX XX XXX XX XX XX
Industrial waste
Disposal sites X XXX X XXX X
X — Low local significance XXX — High local/regional significance
XX — Moderate local/regional significance XXXG — Global significance

(Chapman, 1996)
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As water runs off al and surface it carries with it pol lutants as sociated with the land use
practices of the area. This flushing of residues from the land surface is a common form of
non-point source pollution, enriching the nearby water systems with various contaminants.
Nutrient or sediment loads can calculated using export coefficients, which are presented as
the quantity of the parameter per unit area per unit time (kg/ha/annum), which is useful in
land use and water quality studies (McFarland and Hauck 2001). Land use therefore has an
influential role in determining the physical, chemical and biological nature of the run-off that
enters a r eceiving w ater body ( Tong and C hen, 2002). “Changing | and us e and | and
management p ractices are t herefore regarded as one o f the main factors in altering the
hydrological system, causing changes in run-off, surface water supply yields, as well as the

quality of receiving water” (Tong and Chen, 2002: 378).

2.6.1. Eutrophication

Eutrophication refers to the nutrient enrichment of a w ater body with plant nutrients, most
notably nitrogen and p hosphorus compounds (Van Ginkel, 2002). Nutrient enrichmentis
regarded as the most widespread water quality problems impacting freshwater and coastal
ecosystems (UN-Water, 2011a). Eutrophication is a natural and gradual process through
which lakes age (Van Ginkel, 2002; Oberholster and Ashton, 2008) as they move through a
natural succession from one trophic status to the next (low productivity to high). Although the
process is natural over al arge t emporal s cale, hum an ac tivities within catchments have
drastically ac celerated eut rophication by al tering nat ural bi ochemical ¢ ycling of nut rients
(Oberholster and Ashton, 2008). This accelerated form of eutrophication is termed cultural
eutrophication and can originate from agricultural and urban run-off and municipal and
industrial wastewater effluents (Van Ginkel, 2002; 2011) (Figure 2.1). In freshwater systems,
phosphorus i s pr edominantly ¢ onsidered t he f oremost | imiting nu trientin t erms o f pl ant
growth, although nitrogen plays an important role in terms of primary production in aquatic
systems ( DWAF, 1996a ; C orrell, 1998 ; C amargo and A lonso, 2006) . N utrient enr iched
systems are presented with an excess of usable plant nutrients which promote the growth of

nuisance aquatic plants such as algae (Van Ginkel, 2002) (Figure 2.1).
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(Adapted from Van Ginkel, 2011)

Figure 2.1: Process of eutrophication in aquatic systems

This high productivity is accompanied by large bacterial populations and elevated respiration
rates, which increase biological oxygen demand resulting in decreased levels of dissolved
oxygen (hypoxia or anoxia) (Correll, 1998). The excessive growth of algae as aresultof
elevated nutrient inputs may cause toxicity in aquatic environments, directly effecting aquatic
biota and transferred through trophic levels to terrestrial organisms through bio-accumulation
(Table 2. 11) (Camargo and A lonso, 2006). A mong t he v arious gr oups o f toxic al gae,
cyanobacteria, di noflagellates and di atoms ar et he m ost p redominant. C yanobacterial
blooms are associated with am ple s unlight, w arm w ater t emperatures and hi gh nut rient
concentrations (phosphate, a mmonium, n itrate), conditions eas ily pr oduced by hum an
activities (Camargo and Alonso, 2006).
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Table 2.11: Ecological and toxicological effects of eutrophication on aquatic

ecosystems

Ecological and toxicological effects

- Reductions in water column transparency and light availability
- Increased sedimentation of organic matter

- Decreased concentrations of dissolved oxygen (hypoxic or anoxic conditions) in bottom
waters and sediments

- Formation of reduced (toxic) chemical compounds in bottom waters and sediments
- Phosphorus releases from sediments that can reinforce eutrophication
- Increased biomass and productivity of phytoplankton

- Shifts in ph ytoplankton composition to bloom-forming s pecies, some of which may be toxic
(e.g., cyanobacteria in freshwaters and Alexandrium dinoflagellates in coastal waters)

- Increased biomass, and changes in productivity and species composition, of freshwater
periphyton, be ing us ually favoured filamentous s pecies at t he ex pense of ot her at tached
microalgae

- Increased biomass, and changes in productivity and species composition, of freshwater
macrophytes, often with proliferation of weeds

- Increased biomass and productivity, and shifts in species composition

- Losses of s pecies d iversity in ph ytoplankton, p eriphyton, m acrophyte and macroalgae
communities

- Changes in biomass, productivity and species composition of benthic invertebrates and fish,
often with mass mortality events in sensitive populations and reductions in the area of suitable
habitat for reproduction

- Losses of species diversity in zooplankton, benthic invertebrates and fish communities

- Alterations in the food web structure of freshwater, estuarine, and coastal marine ecosystems,
with ramifying effects on every trophic level

(Adapted form Camargo and Alonso, 2006)

Assessment of a system’s susceptibility to eutrophication should involve an assessment of
the nitrogen: p hosphorus (N: P) ratios (DWAF, 1996a), as a means of understanding the
limiting nutrient in a system (Van G inkel, 2002). I n unimpacted systems N: P ratios are
typically greater than 25-40:1 (DWAF, 1996a), which indicates phosphorus limitation, a
desirable state from a eutrophication pe rspective ( Van G inkel, 2002). | mpacted systems

experiencing unnatural nutrient inputs have N: P ratios of less than 10:1, indicating nitrogen
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limitation, a state less desirable from a eutrophication perspective. At such low N: P ratios
nitrogen is likely to be fixed, resulting in additional nitrogen availability in the system (DWAF,
1996a). At N: P ratios of less than 10:1 cyanobacteria are able to fix atmospheric nitrogen

promoting their development, posing toxic environmental impacts (Van Ginkel, 2002).

2.7. Conclusion

Freshwateris avital and finite r esource undert hreat from dec lining quality and s upply
deficits predominantly as a result of human related activities and population growth. South
Africa is a water-stressed country in which water related services are plagued by inequality
and demand for freshwater is ever increasing. South African legislation does protect water
resources and the users thereof, while promoting the equal distribution of water and other
basic needs . Understanding t he det erminants of w ater quality i s par amount i n en suring
sound freshwater monitoring and management. Water quality is a set of physical, chemical,
and biological properties of a water body, which determines its fithess for a s pecific us e.
Aquatic bio-indicators can prove to be successful contributors or alternatives to conventional
water quality analysis as a means of understanding external forces impacting on the aquatic
environment. Threats to freshwater systems are predominantly as a result of human activity
and t he as sociated di scharge o f pol lutants i nto w ater ¢ ourses, o f w hich eut rophication

through anthropogenic nutrient loading is a major threat.
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CHAPTER THREE
METHODS

3.1 Introduction

The c hapter describes the study area and as sociated biophysical attributes. The specific
sites selected for the study are discussed along with reasons for their selection; thereafter,
data collection, analysis, and interpretation techniques are presented. Statistical techniques
used are presented, with reference to their application and justification of use, followed by

the methods of nitrogen to phosphorus ratio and nutrient load calculation.

3.2. Study area

The study region lies within the upper uMngeni catchment draining into Midmar Dam in the
KwaZulu-Natal pr ovince of S outh Africa. The U pper uMngeni System, supplies w ater to
various regions within the uMgungundlovu, Msunduzi and eThekwini (Outer West) municipal
areas (Figure 3.1) (Ramnath, 2010).

Upper uMngeni
System (inland)
v
Midmar WTP D.V. Harris WTP
Howick North Howick West Midmar WTP to Umlaas Sub- Wartburg Sub-
Sub-System Sub-System Umlaas Road Sub- System System
Svstem
uMgungundlovu uMgungundlovu The Msunduzi LM uMgungundlovu DM uMgungundlovu DM
DM DM eThekwini MM The Msunduzi LM

(Ramnath, 2010)

Figure 3.1: Supply reach of the upper uMngeni resource unit (WTP-Water Treatment
Plant, LM-Local Municipality, DM-District Municipality)

32



The upper uMngeni catchment’s water supply is dominated by the uMngeni River and i ts
tributaries draining into Midmar Dam, with periodic supplementation from the Mooi-uMngeni
transfer scheme (MMTS). W ater is treated at two water treatment plants (WTP); Midmar
WTP in Howick and DV Harris WTP in Pietermaritzburg. T he design c apacity of Midmar
WTP is 250 megalitres per day (M{f/day), with a current (2010) utilisation of 173 M¢/day.
The Pietermaritzburg WTP has a design capacity of 140 M¢{/day, with a current utilisation of
80 M{/day in the main plant and an additional 15 M#/day in dissolved air flotation (Ramnath,
2010). Currently w ater dem and from t he U pper uMngeni system i s a pproximately 268
M¢/day, which is distributed among three major water supply areas, namely the Msunduzi,

eThekwini and uMgungundlovu municipalities (Figure 3.2).

eThekwini,

76.5

Umgungundlovu,

54.45

(Ramnath, 2010)
Figure 3.2: Water demand from the upper uMngeni resource unit (Mé/day)

Due to increases in water demand, eThekwini municipality will require further supply from
the upper uMngeni system in the form of a | oad-shifting oper ation, w hich s hould be f ully
commissioned by 2013. This operation will place increased pressure on the Upper uMngeni
supply r egion, as ar eas of eThekwini municipality c urrently bei ng s erved by t he Low er
uMngeni system will be transferred to the Upper system served under gravity from Midmar
WTP. This load-shifting will save eThekwini pumping costs whilst increasing available water
resources in the Lower uMngeni. This load-shift will however place greater pressure on the
Upper uMngeni system and s pecifically Midmar Dam (Ramnath, 2010). Followingt he
second phase of the Mooi-uMngeni transfer scheme, to be commissioned in 2013, the yield
of the uMngeni system at Midmar will increase from 322.5 M{/day to 476.2 M{/day. T his

increase will not support the requirements of the load-shift to supply eThekwini’s increasing
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demand for any s ignificant time period (Ramnath, 2010). Currently t he trophic status of
Midmar D am is m esotrophic, one t rophic | evel abov e ol igotrophic, the most desirable in
terms of drinking water supply and one t rophic | evel be low eutrophic (Hohls et al., 2002).
The freshwater ecosystem health of the upper uMngeni resource unit was most recently

assessed according to Table 3.1.

Table 3.1: General health of the upper uMngeni resource unit

Attribute Description

Water quality Generally good
Riparian habitats Degraded by invasive trees such as wattles, gums and pi nes but are in good
condition

Instream habitats Good, although the large number of farm dams have modified water flow, which
in turn affects downstream habitats.

Invertebrates Close to natural. F or most biota the up per reaches of the uMngeni and Lions
rivers are in better condition than downstream towards Midmar Dam.

Fish Good condition b ut lower down are only in fair condition due to the impact of
aliens (trout, carp and bass) and invasive indigenous catfish. For most biota the
upper r eaches of the uMngeni and L ions Rivers are in better c ondition than
downstream towards Midmar Dam.

Wetlands Damage to wetlands i s widespread. Many of the c atchment's w etlands ha ve
been d estroyed b y human ac tivities and t he s tate of the remaining wetlands
varies greatly. Some are in good condition while others are degraded and their

original functions impaired

(Adapted from Water Research Commission [WRC], 2002)

The study area under research consists of three sub-catchments within the upper uMngeni
catchment where mixed land uses, dominated by commercial agriculture, forestry, livestock
and urban development are prevalent. The investigation focused on three river networks

feeding Midmar Dam, all of the same order, altitudinal belt and ecoregion (Table 3.2).

34



Table 3.2: Midland Foothill streams ecoregion

Characteristic

Description

Veld Type

Terrain

Geology

Soil

Average
Altitude

Average air
temp

Mean annual
precipitation

41% N gongoni v eld of N atal m ist-belt w ith
30% highland sourveld and Dohne sourveld

Low mountains (41%) and undulating hills
and lowlands (40%)

42% shale and siltstones with 35% dolerite &
16% sandstones

64% well-drained soils, 25% shallow soils on
weathering rock

1200 m

15°C

930 mm

(WRC, 2002)
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3.2.1. Mthinzima sub-catchment

The Mthinzima system has its source in the foothills above the Mpophomeni settlement, a 6
000 unit settlement developed in the 1960s. The river flows adjacent to the settlement where
it is met by a tributary that dissects Mpophomeni, after which it flows under the district road
(R617), through a w etland system and i nto Midmar Dam (Figure 3.3). Mpophomeni has a
wastewater treatment plant located adjacent to the Mthinzima River which historically treated
the settlements dom estic wastewater. Observed and potential water quality impacts within
Mpophomeni range from solid waste in and around water courses, damaged and inadequate
sewage infrastructure, surcharging sewage manholes and river bank erosion, many of which
have been publ ished i n popul ar pr ess ( Appendix A ) (Douman, 2008; B eaver, 2 011;
Govender, 2011; Radebe, 2012). Analysis of the National Land Cover (NLC) database
(South African National Biodiversity Institute [SANBI], 2009) shows that urban development;
particularly M pophomeni settlement forms a large portion of the Mthinzima s ub-catchment
and i ndeed t he | argest hi gh den sity ur ban de velopmenti nt he greater upper uMngeni
catchment. Although the Mthinzima s ub-catchment only forms 1.92% of the greater upper
uMngeni catchment, the urban areas comprise 22.32% of development in the upper
uMngeni catchment (SANBI, 2009) (Table 3.3).

Table 3.3: Land use in the Mthinzima sub-catchment

Land Cover Area (ha) % of Total
Natural 1021 57.4
Cultivated 159 8.9
Degraded 16 0.9
Urban 577 32.4
Water bodies 3 0.2
Plantations 3 0.2
Total 1776

% of total upper
uMngeni catchment 1.92
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3.2.2. Khayalisha sub-catchment

The second system is |ocated to the east of the Mthinzima system and is impounded by
small dams from source to inflow into Midmar Dam. This system is located adjacent to the
commissioned K hayalisha s ocial hous ing pr oject, a p roposed 1 500 unitdev elopment
(Figure 3.3). The National Land Cover (NLC) database (SANBI, 2009), shows that this sub-
catchment i s do minated by nat urall and ¢ over ( 51%) and ¢ ultivation ( 23%). | ft he
development is fully implemented, urban areas in this sub-catchment will increase from 1.6%
to 18.4% and K hayalisha will be the second largest high density urban development in the

greater upper uMngeni catchment after Mpophomeni (Table 3.4).
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Table 3.4: Land use in the Khayalisha sub-catchment

Land Cover Area (ha) % of Total
Natural 543 51.2
Cultivated 317 29.9
Degraded 66 6.2
Urban 17 1.6
Water bodies 43 4.1
Plantations 74 7
Total 1060

% of total upper

uMngeni

catchment 1.15

The K hayalisha s ocial hous ing p roject w as commissioned w ith t he i ntention t o relocate
informal s ettlers from areas in Howick. EIA-5349 of the Khayalisha social housing project
stipulated ( ROD 10. 10) t hatt he M pophomeni w astewater t reatment pl antw as t o be
upgraded. The plant was decommissioned in 1999 and raw sewage generated by the
settlement was pum ped to Howick w astewater treatment plant for treatment (Terry, 2011,
pers. comm). The R30 million upgrade was to be launched by the end of 2008 to solve
sewage issues at Mpophomeni and relieve pressures imposed by new housing
developments such as Khayalisha (Appendix A) (Naidoo, 2008). Mpophomeni would then
treat its own sewage instead of piping it to Howick and the sewage generated by the new
Khayalisha development would be piped to Howick for treatment. The Howick plant is due
for up grade du e t o un derperformance and ha s r un bet ween 18% a nd 63% compliant
between 2003 and 2007 (Umgeni Water, 2010). The development of Khayalisha has begun
without the commencement of either the Mpophomeni or Howick wastewater treatment plant

upgrades.

3.2.3. Ggishi sub-catchment

The Gqishi River systemislocatedtothewestof the M thinzima s ystem. The upper
catchment is dominated by forestry, thereafter proceeding through areas of mixed agriculture
and |l ivestock p roduction where itis met by at ributary t hat di ssects ar eas of a griculture

before entering Midmar Dam. The system is impounded by three small dams in its upper,
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middle and lower reaches on its path to Midmar Dam (Figure 3.3). According to the National
Land Cover (NLC) database (SANBI, 2009) the sub-catchment is dominated by natural land
cover (64%), plantations (21%), and cultivation (15%) (Table 3.5).

Table 3.5: Land use in the Ggishi sub-catchment

Land cover Area (ha) % of Total
Natural 3863 63.9
Cultivated 884 14.6
Degraded 2 0.03
Urban 42 0.7
Water bodies 18 0.3
Plantations 1239 20.5
Total 6048.00

% of total upper
uMngeni catchment 6.54

3.3. Study sites

Nine sites were selected for phy sical, chemical and bi ological water quality monitoring, of
which six were SASS5 bio-monitoring sites ( Figure 3.5). Sites were located in the upper,
middle and lower reaches of the respective systems, based on accessibility and ability of the
site to isolate areas of potential pollution contamination associated with changes in land use.
It was al so ensured t hat S ASS5 s ites had comparable bi o-tope av ailability, g uality and

diversity, thus ensuring a similar habitat template at each site.
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3.3.1. Upper Mthinzima (UM)

Located in the upper reaches of the Mthinzima River prior to it flowing adjacent to
Mpophomeni s ettlement. T his site is in a relatively und isturbed area s urrounded by | ow
density per i-urban/rural s ettlement (SANBI, 2009) (Figure 3.5). The site was s elected to
understand the s tatus of the s ystem with r egards t o w ater q uality and ec ological heal th
before enc ountering an y i mpacts as sociated with t he s ettlement do wnstream. The s ite
therefore acts as a reference point against which sites downstream can be compared. The
site is notintended to represent | ocal uni mpacted r eference conditions but to represent
conditions pr evailingi nt he Mthinzima s ystem withoutt he i mpacts associated w ith

Mpophomeni settlement.

3.3.2. Mthinzima tributary (M-trib)

Located on a tributary of the Mthinzima River that dissects Mpophomeni settlement before
entering the main Mthinzima channel (Figure 3.5). The site was established to assess its
contribution to water quality of the Mthinzima system and SASS5 was not carried out at this
site (Table 3.6).

3.3.3. Middle Mthinzima (MM)

Located in the middle reaches of the Mthinzima River below the Mpophomeni settlement, in
areas of natural land cover (SANBI, 2009) (Figure 3.5). This site was selected to assess the
impact of the settlement on water quality and ecological health by accounting for pollutant
inputs between upper Mthinzima and this point. The site is located downstream of Mthinzima
tributary thus accounting for the cumulative impacts of Mpophomeni settlement including the

main channel and tributary.

3.3.4. Lower Mthinzima (LM)

Located in the lower reaches of the Mthinzima River prior to it entering Midmar Dam (Figure
3.5). This site was selected to assess water quality and nutrient loads entering the Midmar

Dam considering upstream impacts associated with the settlement.
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3.3.5. Lower Khayalisha (LK)

Located in the lower reaches of the river system draining the Khayalisha development area
(Figure 3.5), thisisthe only site sampled in this system, and s erves as aw ater q uality
monitoring site and not a SASS5 site (Table 3.6), with the intention of assessing the current
status of water quality and nutrient loads entering Midmar Dam from this sub-catchment. The
site was selected to compare current conditions at this site to that of lower Mthinzima and
highlight the consequences associated with developing high density settlements adjacent to

water courses.

3.3.6. Upper Ggishi (UG)

Located in the upper reaches of the Ggqishi River in a forested land use (Figure 3.5), this site
allows for a comparison with upper Mthinzima and between downstream sites in the Gqishi,
located in commercial agriculture. Although the land cover is categorised as natural (Figure

3.5) forestry does extend around the site.

3.3.7. Middle Gqishi (MG)

Located in the middle reaches of the Gqishi River where the land cover is in transition to
commercial cultivation (Figure 3.5). This site was selected to compare with upper Gqishi to

illustrate changes in water quality as land use changes along the river gradient.

3.3.8. Gqishi tributary (G-trib)

Located on a tributary of the Gqishi River, prior to it entering the Gqishi main channel (Figure
3.5), this site was selected to assess the water quality inputs from this region of the Gqishi
sub-catchment, where commercial agriculture is prevalent, and S ASS5 was not carried out
(Table 3.6).

3.3.9. Lower Ggqishi (LG)

Located in the lower reaches of the Ggqishi River before entering Midmar Dam (Figure 3.5),

this site w as s elected t o as sess water quality and nutrient | oads entering Midmar Da m
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considering upstream land use. The site also chosen for comparison with lower Khayalisha
and lower Mthinzima to highlight differences in water quality and nutrient loads associated

with land use practices.

3.4. Data collection

Sampling was conducted at bi-monthly intervals starting in October of 2010 and concluding
in July of 2011 (i.e. five sample periods) to a ccount for s easonal v ariability. C hemical,
physical and bi ological parameters were sampled at the same sites at the same sampling

frequency to ensure consistency over the sampling period.

3.4.1. Water quality

Water q uality dat a falls withint hree categories, nam ely ¢ hemical, phy sical and
microbiological (Table 3.6); Data within these categories required different collection and

processing techniques.

3.4.1.1. Physical and chemical samples

Water samples for chemical analysis were collected in 2¢ plastic bottles in accordance with
the Umgeni Water sampling protocol (Terry, 2011, pers. comm) (Table 3.6). Samples were
placed in a c ooler on i ce prior to delivery to Umgeni Water for laboratory analysis. In situ
physical water parameters were measured and recorded using a Ysi handheld water meter
(Table 3. 6). The pr obe w as pl aced under the w ater and al lowed to stabilise before

recordings were taken.

3.4.1.2. Microbiological samples

Microbiological water samples were collected to measure E. coli concentrations (Table 3.6).
Water samples for microbiological analysis were collected in 500m¢{ sealed/sterilised plastic
bottles in accordance with the Umgeni Water sampling protocol (Terry, 2011, pers. comm).
Sample bot tles w ere placedinac ooleroni ce priortodeliveryto Umgeni Water f or

laboratory analysis.
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Table 3.6: Physical, chemical and biological variables sampled

Site

NH3 (mg N/?)

NO, (mg N/?)

NO; (mg N/f)

TKN (mg N/?)

TP (ug P/?)

SRP (ug P/¢)

TOC (mg C/?)

E. coli (count/100m¢)
SASS5

pH

Temperature (°C)
SS (mg /?)

DO (% saturation)
Conductivity(mS/m)

c
=
=
=

M-trib

|—
=
-
P
c
@
=
@

G-trib

l_
(9]

<\

Chemical

N N N N N R RN
SR NN NN
N NN N N R RN

Bio

Physical
NN N N N N N N N U N N NN

A N N N N S N N N RN
S N N N N N N N N N RN
AN N N N N N N N NN
S N N N N N N N R NN
NN

AN N N N S N N N Y

NN
R R X

NH3- Ammonia SRP - Soluble Reactive Phosphorus SASS5 — South African Scoring
System (version 5)
NO. - Nitrite TKN - Total Kjeldahl Nitrogen
SS - Suspended Solids
NO; _Nitrate TOC — Total Organic Carbon
DO - Dissolved Oxygen
TP - Total Phosphorus E. coli - Escherichia coli

3.5. SASS5: The South African Scoring System Version 5

The South African Scoring System is a bi otic index originally de veloped by Chutter (1994;
1998) and refined by Dickens and Graham (2002) to produce its current version SASS5. The
system is a rapid bio-assessment method for determining the health or condition of rivers
based on aquatic macroinvertebrate communities. It can be applied to river health and water
quality monitoring (Dickens and Graham, 2002), and to gauge the ecological state of aquatic
ecosystems (Thirion, 2007). The system m akes use o f s ensitivity scores as signed t o
macroinvertebrates at family | evel. T he s coresrangeonas cale from1t o 15, with 1
assigned to tolerant taxa with low sensitivity to changes in water quality and 15 bei ng taxa
that ar e i ntolerant t o poor w ater q uality and h ighly s ensitivity to fluctuations thereof. The
SASS5 methodology has under gone field testing and is us ed extensively in South Africa
(Dallas, 1997; Vos et al., 2002).
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Site selection is important when using SASS5 as results are positively influenced when a
diversity of a quatic hab itats ar e s ampled, a Ithough habi tat poor rivers produce v aluable
results. Data cannot be interpreted i ndependently but m ust be v iewed in |ight o f habi tat
availability, quality and diversity, and overall ecoregion and season (Dickens and Graham,
2002). Biotopes fall into three broad categories, namely vegetation, stones and GSM (gravel,
sand and mud) which are further subdivided (Table 3.7).

Table 3.7: SASSS5 biotope groups

SASS Biotopes Abbr. Description
Stones in current SIC Stones in flowing water, may include bedrock
Stones out of current SO0C Stones out of any perceptible current (with visible

silt s een ac cumulating o n s tone surfaces), m ay
include bedrock

Marginal vegetation in current  MV-IC Emerged and s ubmerged v egetation inf ast
current, at the river's edge or on the edge of the
in-channel islands

Marginal vegetation out of MV-OC  Emerged and s ubmerged v egetation out ofany
current perceptible c urrent, at the river's edge or ont he
edge of the in-channel islands

Aquatic vegetation AQV Submerged or partially submerged vegetation
within the channel, normally in flowing water

Gravel G Stones <2cm in diameter
Sand S Sand grains >2mm in diameter
Silt/Mud/Clay M Particles <0.06mm in diameter

(Dallas, 2005)

The operator scores the taxa identified under each biotope group by ticking its presence on
the s core s heet under t he appr opriate bi otope. A bundances of identified taxa are noted
using a 1 for one specimen present, an ‘A’ for 2-10, a ‘B’ for 10-100, a ‘C’ for 100-1 000 and
finally a ‘D’ for >1 000 specimens. SASS5 scores can be produced on-site or preserved for
laboratory analysis (Dickens and G raham, 2002). The system makes use of three indices
namely the SASS5 score, number of taxa (No. Taxa) and average score per taxa (ASPT).
The SASSS5 score is calculated by totalling the individual scores assigned to the respective
invertebrate families, without duplication if the family occurs at two or more biotopes. The

number of taxa is the total number of different families collected which is used to calculate
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the ASPT by dividing the SASS5 score by the number of taxa. For taxa that require the
number of species to be recorded (Baetidae and Hydropsychidae), the total column must
only show the total number of species per site, e.g. a single species A may be present in the
Veg bi otope and s ingle s pecies B m ay be pr esent S IC and t he S OC bi otope, t he t otal
column must reflect two species without duplication if the species was present in more than

one biotope (Appendix B) (Dickens and Graham, 2002).

Invertebrates were collected in accordance with the SASS5 protocol (Dickens and Graham,
2002) at available biotopes, for each site. A standard SASS5 net of 30 x 30 cm with a 1 000
um mesh was us ed along with waders and a stopwatch. At pol luted sites w here f aecal
contamination was prevalent, face masks, gloves, goggles and ear plugs were used to avoid
contact with water. Stones in current (SIC) were sampled for two to five minutes and stones
out of current (SOOC) and bedrock were sampled for one minute. The ‘kick method’ was
used t o under take t his s ampling, w hereby t he net i s pl aced do wnstream o ft he field
technician’s feet and the substrata disturbed dislodging invertebrates and allowing them to
flow into the net. Two metres of marginal vegetation in and out of current was swept and 1m?
of gravels and and mud w as sweptand s tirred. S ASS5 s amples w ere t aken i n c lose
proximity to water quality samples to ensure accurate representation of the water quality
conditions under which invertebrates occurred. Samples from the three biotope groups
(stones, vegetation and GSM) were analysed and scored on the SASS score sheet
(Appendix B).

3.6. IHAS: Invertebrate Habitat Assessment System

A habitat assessment evaluates a s et of variables which collectively make-up conditions in
which invertebrates can exist. Invertebrates have evolved to survive in a particular suite of
conditions m aking i t es sential t o as sess t he qual ity, di versity and a vailability of a quatic
habitats when making deductions regarding aquatic invertebrate communities (Kleynhans et
al., 2005). IHAS is a habitat assessment technique developed by McMillan (1998) used to
collect habitat information when sampling aquatic invertebrates. IHAS assesses the SASS5
biotopes s ampled and t he det ails t hereof and i s r epresented as a s core or per centage
(Dallas, 2005). It has been recognised that IHAS (McMillan, 1998) does require refinement;
however as an i nterim measure it has been modified for continued use (Kleynhans et al.,
2005; Dallas, 2005). Data gathered regarding invertebrate communities (i.e. SASS5 scores)

were interpreted i n c onjunction with | HAS r esults t 0 ac count for ¢ hanges or di fferences
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brought about by changes in the aquatic habitat (Thirion, 2007). IHAS score s heets were
filled out on-site following the collection of the SASS5 samples. IHAS scores the availability,
diversity and quality of the SASS5 site sampled based on the biotopes sampled. It was
however ens ured that during the site selection, sites represented all three biotope groups
(stones, veg, GSM), at each site and every sample period to ensure consistency and

comparability across sites.

3.7. Statistical analysis

Multivariate techniques were chosen to analyze the data due to the size of the dataset and
the interrelatedness of the variables. “The multivariate treatment of data is widely used to
characterise and ev aluate s urface and freshwater quality andi tis us eful f or evidencing
temporal and s patial v ariations c aused by na tural and ant hropogenic f actors | inked t o
seasonality” (Singh et al., 2004: 3981).

3.7.1. Principle component analysis

Principal component analysis (PCA) is a multivariate analysis technique applied to large data
sets with numerous interrelated variables with the goal of extracting key information from the
data set, while creating new orthogonal values known as principle components (Abdi and
Williams, 2010). Thus, the di mensionality o f the dat a seti s reduced while r etaining a
maximum am ount o f v ariability within t he data set ( Singh et al, 2004). T hese are then
displayed as a pattern of similarity in the variables as points on a graph (Abdi and Williams,
2010).

Physical and ¢ hemical data s ets were | 0g4o transformed to reduce s kewness as not all
variables represented normal distributions. pH, dissolved oxygen and temperature were not
log transformed as these variables displayed a normal distribution. A standardised PCA was
performed on all physical and chemical water quality variables. Invertebrate data including
SASSS5 score, number of taxa and ASPT and E. coli data were represented along the PC1

axis indicating biological changes along PC1.
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3.7.2. Non-metric multidimensional scaling

Non-metric multidimensional scaling (NMS) is a method of data analysis that constructs
a spatial representation of a set of elements on the basis of a table of 'proximities' that
define the relations between the elements (Young et al., 1995). NMS was conducted on
invertebrate pr esence/absence dat a bas ed on Sgrensen’s distance m etric to g enerate
dissimilarities between sites. Sites representing close spatial proximity are regarded as
similar in taxa composition (Laurance et al., 2002). NMS was e xecuted using Canoco 4.5

and Canocodraw 4.1 software (ter Braak and Smilauer, 1997).

3.7.3. Cluster analysis

Cluster analysis is a broad term collectively given to a number of techniques used to create
classification w ithin a d ataset by em pirically f orming gr oups (clusters) of s imilar ent ities
(Aldendefer and B lashfield, 1984). The dataset is summarised into a set of groups while
retaining important patters in similarity and dissimilarity (Everitt et al., 2011). Hierarchical
algorithmic clustering produces a graphical output known as a dendrogram illustrating the
underlying g rouping o f patterns, w hile i llustrating the s imilarity | evels a t w hich g roupings
differ (Abonyi and Fei I, 2007). Agglomerative c luster dend rogram ( using av erage | inking
algorithm) bas ed on S grensen’s di stance for presence o f families w as under taken o n
invertebrate da tabas edont heirp resence ateac hs ite. The Agglomerative c luster
dendrogram was produced using PRIMER 6 (PRIMER, 2009).

3.8. Water quality and SASSS5 interpretation guidelines

Water quality variables were analysed in terms of ‘Target water quality ranges’ set out by the
Department of Water Affairs and Forestry (DWAF, 1996a). SASS5 data were compared to
reference conditions in the relevant ecoregion as set out by Dallas (2007) in South African
scoring system (SASS) data interpretation guidelines. The study area fell within the South
Eastern U plands-Lower ec oregion, whichw asus ed fori nterpretation (Figure 3. 6).
Interpretation makes use of a SASS5 score and the ASPT, whereby if either of the metrics
falls within the band value, the site will be in that biological band (Figure 3.6; T able 3.8)
(Dallas, 2007).
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Figure 3.6: Reference conditions for South East Uplands - Lower

Table 3.8: Ecological categories for interpreting SASS5 data

Ecological Category

Ecological Category Name

Description

A
B

E/F

Natural

Good

Fair
Poor

Seriously Modified/ Critically
Modified

Unmodified natural

Largely natural with few
modifications

Moderately modified
Largely modified

Seriously modified/Critically
modified

(Dallas, 2007)
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3.9. Nutrients

Nutrient data refers to nitrogen and phosphorus compounds measured and used to calculate

nitrogen to phosphorus ratios and nutrient loads entering Midmar Dam.

3.9.1. Nitrogen to phosphorus ratios

By calculating the nitrogen: phosphorus (N: P) ratios, it could be established which of the
nutrient c ompounds w ere t he | imiting nutrients in t he r espective s ystems and this c ould
provide insight into the potential concern of eutrophication. From a eutrophication
perspective, phosphorus limitation (N: P of 25-40: 1) is desirable whereas nitrogen limitation
(N: P of >10:1) is of increasing eutrophication concern (DWAF, 1996a; Van Ginkel, 2002).
Mean total nitrogen and mean total phosphorus concentrations over the five sample periods

were used for calculating the overall N: P ratios for the three systems for the study period.

3.9.2. Nutrient loading

Nutrient | oads at M idmar i nflow s ites were calculated us ing s imulated s tream flow data
generated by Warburton et al., (2010). Simulated flow data did not cover the sample period
(2010 - 2011) therefore simulated mean daily flow (M*/day) from 1990 - 1999 was calculated
and converted to litres per day. Mean nutrient c oncentrations for ammonia (NH3), nitrate
(NO,), total phosphorus (TP) and s oluble reactive phosphorus (SRP) were standardised to
milligrams per litre (mg/¢) and multiplied by mean daily flow (#/day) to generate daily nutrient
loading. Daily loads were multiplied by 365 and converted to kilograms (kg’s) to generate
nutrient loads (kg/annum). Loads were analysed per catchment and assessed based on land

use and load per hectare (ha).

Simulated flow dat a fort he K hayalisha sub-catchment w as unav ailable and f low was
generated based on the simulated flow of the Mthinzima and Gqishi sub-catchments, by
means o f c alculating a f actor us ing c atchment size and s imulated f low, which c ould be
applied t o t he K hayalisha s ub-catchment. T he f actor ¢ alculated for c atchment s ize and
simulated flow for the Mthinzima and Ggqishi were comparable and thus a mean between the

two was calculated and applied to the Khayalisha sub-catchment.
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3.10. Conclusion

The upper uMngeni catchment drains into Midmar Dam, a principle water resource supplying
water to the uMgungundlovu, Msunduzi and eThekwini municipal areas. The resource is
under pressure from domestic demand which is projected to increase. The three researched
sub-catchments all drain into Midmar Dam and are characterised by land uses, ranging from
natural t o ur ban, forestry and agr iculture. Study s ites w ere s trategically located int he
respective sub-catchments to isolate pollution zones and suggest sources of inputs from
land-based activities. Physical, ¢ hemical and biological water q uality parameters w ere
assessed al ongside the us e of S ASS5 to und erstand the drivers of water q uality in the
respective s ystems. Nitrogen to phosphorus ratios and nu trient | oads were calculated to
assess the eut rophication v ulnerability of Midmar Da m. The multi-metric approach to
analysis and interpretation included various methods of displaying and pr esenting data, to
generate a broad understanding of the water quality and related ecosystem effects of land-

based activities in the upper uMngeni.
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CHAPTER FOUR
RESULTS

4.1. Introduction

The ¢ hapter presents graphical s ummaries of the physical and ¢ hemical water g uality
variables and an overview of trends (section 4.2) using mean values over the five sampling
periods to illustrate trends between sites (Appendix C). Data for lower Khayalisha (LK) on
May 2011 are not available due to logistical reasons and m eans were calculated excluding
this data. Seasonal biological water quality ( E. coli) ( section 4. 3), macroinvertebrate data
and the SASS5 related indices (SASS5 score, number of taxa and A SPT) are presented
(section 4.4). Following the descriptive section, multivariate results are presented in both
graphical and tabular form, including physical-chemical principle component analysis (PCA)
and sites seasonal trajectories along the PCA (section 4.4.1). SASS5 score, number of taxa,
ASPT and E. coli are displayed along the PC1 axis to as sess their relationships (section
4.5.2 and 4.5.3). Seasonal trajectories from the non-metric multidimensional scaling (NMS)
for macroinvertebrate families are presented along with the prevalence of families across the
NMS plot as are SASS5 scores, number of taxa, ASPT, E. coli and PC1 and P C2 (section
4.5.3). Agglomerative cluster dend rogram results ar e displayed i llustrating similarity a nd
dissimilarity in macroinvertebrate family composition across all sites (section 4.5.3). Nutrient
results are presented illustrating nitrogen to ph osphorus ratios ( section 4.6.1) followed by

nutrient load results produced by each sub-catchment (section 4.6.2).

4.2. Physical and chemical water quality

Summary gr aphs are p resented bel ow (Figure 4. 2; 4. 3) foral | s ites ( Figure 4 .1) with
associated data in Appendix C. Trends in similarity a nd d issimilarity a cross all sites are

presented using mean concentrations over the five sample periods.
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4.2.1. Ammonia (NH;)

NH; concentrations in the Mthinzima were lowest upstream of Mpophomeni at UM (mean
0.14 mg N/f) with elevated concentrations downstream at MM and M-trib (mean 6.60 and
8.06 mg N/f respectively), with similar NH; trends across all seasons. NH3; concentrations at
LM (Midmar inflow) were lower than those at MM and M-trib yet still substantially elevated
(mean 2.30 mg N/f). NH; concentrations at LK were relatively low (mean 0.17 mg N/¢) with
concentrations m arginally hi ghert hanU Ma ndU G (mean 0.14a nd0. 15m gN /£
respectively). UG, located in f orestry, had low c oncentrations w ith hi gher ¢ oncentrations
present at MG (mean 0.37 mg N/¢) where agriculture begins. The highest concentrations in
the Gqishi system were present at G-trib and LG (mean 0.48 and 0.20 mg N/£ respectively)
which drain dense commercial agriculture (Figure 4.2; Appendix C). NH 3 should typically be
> 0.1 mg N/£ (DWAF, 1996a) making UM, UG, LK marginally above this level. MG, G-trib
and LG were in excess of 0.1 mg N/£ however not as severe as the excess at MM, M-trib
and LM.

4.2.2. Nitrite (NO,)

Nitrite trends were relatively homogenous across all sites and s easons with UM, LM, LK,
UG, MG, G-trib, LG representing mean concentrations ranging between 0.05 — 0.18 mg N/¢,
with sites below Mpophomeni (MM and M-trib) having the highest mean concentrations of
0.23 and 0.74mg N/¢ respectively (Figure 4.2; Appendix C).

4.2.3. Nitrate (NO5)

Nitrate concentrations in the Mthinzima were lowest upstream of Mpophomeni at UM (mean
0.85 mg N/f) with elevated concentrations dow nstream of Mpophomeni at MM, M-trib and
LM ( mean 2.02,1 .32 and 2. 66 m g N /£ respectively). U M demonstrated little s easonal
variation in NOj3 concentrations whereas MM and M-trib show large seasonal fluctuations.
Concentrations at LK were the lowest across all sites with a mean of 0.20mg N/Z. Inthe
Gqishi catchment, similar concentrations exist at UG and MG (mean 0.47 and 0.43mg N/
respectively) and the same similarity exists between G-trib and LG (mean 1.16 and 1.14mg

N/¢ respectively) (Figure 4.2; Appendix C).
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LK, UG and MG had mean concentrations representative of oligotrophic concentrations (<
0.5mgN/f), UM, MM, M-trib, G -trib and LG h ad mean c oncentrations r epresentative o f
mesotrophic concentrations (0.5 — 2.5 mg N/¢), although UM falls on the lower end of these
ranges. LM ( Midmar i nflow) i s r epresentative of eu trophic ¢ oncentrations ( >2.5 m g N /?)
(DWAF, 1996a).

4.2.4. Total Kjeldahl Nitrogen (TKN)

Total Kjeldahl nitrogen concentrations at UM, LK, UG, MG, G-trib and LG were relatively
uniform with seasonal means, ranging from 1.44 to 1.88 mg N/¢. The highest concentrations
were present at MM and M-trib (mean 8.90 and 13.98mg N/ respectively) followed by LM
(mean 3.03mg N/f). MM and M-trib boast large seasonal fluctuations in comparison to the

remainder of the sites (Figure 4.2; Appendix C).

4.2.5. Total Phosphorus (TP)

TP concentrations in the Mthinzima were lowest upstream of Mpophomeni at UM (mean 21
ug P /) with elevated concentrations downstream of the settlement at MM, M-triband L M
(mean 751, 1264 and 399 ug P/f respectively). LK, UG and MG all represent concentrations
within a s imilar range with means of 42, 31 and 28 ug P /¢ respectively. G -trib and LG
located in high density agricultural areas were substantially higher (mean 181 and 68 ug P/f

respectively), with the highest concentrations in the Gqishi system (Figure 4.2; Appendix C).

4.2.6. Soluble Reactive Phosphorus (SRP)

SRP trends were similar to those of TP as SRP forms a portion of TP. Concentrations in the
Mthinzima were lowest at UM (mean 3.6 ug P/{) with elevated concentrations downstream of
Mpophomeni at MM, M-trib and LM (mean 536, 772 and 228 ug P/f respectively). LK, UG
and MG represent concentrations within a similar range with seasonal means of 4.05, 7.14
and 4.61 ug P /¢ respectively. G-trib and L G, draining the highest density c ultivated ar eas
were substantially higher (mean 47.06 and 16.13 ug P/f respectively), boasting the highest
concentration in the Gqishi system (Figure 4.2; Appendix C). Mean concentrations at UM, LK
and MG are considered oligotrophic (< 5 yg P/f), UG and LG had mean concentrations

representative of mesotrophic concentrations (5 — 25 ug P /{) although UG marginally falls
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within this category (DWAF, 1996a). LM (Mthinzima Midmar inflow) and G-trib (commercial
agriculture) were representative of eutrophic concentrations (25 — 250 ug P/{) whereas sites
downstream o f M pophomeni ( MM and M-trib) were representative of h ypertrophic
concentrations (> 250 ug P/¢) (DWAF, 1996a).

4.2.7. Total Organic Carbon (TOC)

Total or ganic c arbon concentrations w ere lowest ups tream o f M pophomeni (UM) and in
areas under f orestry (UG) (mean 1.50 and 2.95 mg C/f respectively), with the highest
concentrations downstream of Mpophomeni at MM and M-trib (mean 7.38 and 8.97 mg C/¢
respectively). LM and LK had similar concentrations (mean 5.64 and 5.64 mg C/¢
respectively), with MG, G-trib and LG (mean 3.45, 3.41 and 4.12 mg C/{ respectively) falling
within the middle range. In general, sites in the Mthinzima, downstream of Mpophomeni,
showed larger seasonal fluctuations than the remainder of the sites (Figure 4.3; Appendix
C).

4.2.8. PH

The range of pH values for all sites and seasons are 6.56 — 8.01; however these values do
not represent the general trends of pH values with means per site ranging from 7.23 — 7.63
(Figure 4.3; Appendix C).

4.2.9. Suspended Solids (SS)

Suspended solids concentrations were seasonally variable across all sites; however m ost
variability e xists at G -trib and LG , where t he highest m ean SS c oncentrations occurred
(mean 43.60 and 40 .28 m g/f respectively). T his was followed by LK, M-trib, MM and LM
(mean 19.20, 22.28, 29.04 and 30.44 mg/¢ respectively), with UM, UG and MG measuring
the lowest seasonal averages (mean 7.52, 11.84 and 11.04 mg/¢ respectively) (Figure 4.3;
Appendix C). Although large variation occurs between sites and seasons, all sites fell within
the target water quality range of < 100 mg/¢ (DWAF, 1996a).
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4.2.10. Water Temperature

The most prominent trend is the temperature changes in conjunction with seasonal change.
For the most part, the seasonal trends were homogeneous with a few exceptions, whereby
the time of sampling and t he prevailing w eather c onditions w as the c ause. Mean w ater
temperatures across all s ites reached t heir hi ghest in D ecember 2010 and March 2011

(mean 20.5 and 21°C respectively) with lowest temperatures being experienced in July 2011

(mean 8.6 °C) (Figure 4.3; Appendix C).

4.2.11. Dissolved Oxygen (DO)

Dissolved oxygen concentrations were high with mean saturation levels at UM, LK, UG, MG,
G-trib and LG of 87%, 79%, 98%, 84%, 90% and 87% respectively. The lowest saturation
levels were present downstream of Mpophomeni at MM, M-trib and LM (mean 68, 58 and 68
% respectively) (Figure 4.3; Appendix C). T he Ggqishi system is well-oxygenated in
comparison to the Mthinzima, with the exception of UM. UM, LK, UG, MG, G-trib and LG had
mean DO saturations of 80% and above, all within target water quality ranges, whereas MM,
M-trib and L M are all below target water quality ranges and long term exposure can prove
harmful to aquatic biota (DWAF, 1996a).

4.2.12. Conductivity

The lowest conductivity readings were recorded at UM and UG (mean 7.02 and 8.56 mS/m
respectively), followed by G-trib, LG, MG and LK (mean 10.40, 12.40, 13.62 and 14.8 mS/m
respectively). The highest readings and seasonal variability were present downstream of
Mpophomeni at MM, M-trib and LM (mean 26.82, 30.32, 20.42 mS/m respectively) (Figure
4.3; Appendix C).

4.3. Biological water quality
4.3.1. Escherichia coli

E. coli counts were highly variable across seasons. UM, UG and LK had the lowest E. coli
counts (mean 319, 246 and 236 counts/100m¢ respectively), followed by that of MG, LG and
G-trib (mean 500, 543 and 663 counts/100m¢ respectively). Concentrations downstream of
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Mpophomeni at MM, M-trib and LM were the highest with means of 318 606, 294 259 and 26
269 counts/100m¢ respectively. M M and M-trib both r eached maximums o f816 000
counts/100m¢ with L M reachinga m aximum o f 126 000 counts/100m/, al though LM ’s
maximum was somewhat of an outlier as the next highest E. coli count recorded at LM was 1
960 counts/100m¢. In comparison to the high maximums recorded at MM, M-trib and LM ,
collectively, the remainder of the sites E. coli counts did not exceed 1 380 counts/100m¢ over
all seasons. Majority (67%) of sites reached maximum E. coli counts in October (LK, G-trib
and LG) and December (MM, M-trib and LM ), with the remaining sites reaching maximums
in March (UM and UG) and May (MG) (Figure 4.4; Appendix C).
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Figure 4.4: Seasonal E. coli counts, DWA target water quality range indicated (graph

in log scale due to data range)

MM, M-trib and L M were consistently in excess of target water quality ranges and although
the remaining sites did exceed target water quality ranges in some instances, the risks are
less severe (DWAF, 1996b) (Figure 4.4; Table 2.7). The target water quality range is for that

of full recreational contact as environmental w ater q uality target ranges are not available
(DWAF, 1996a).
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4.4. Aquatic macroinvertebrates

During the sample period a t otal of 56 different taxa were collected from all sites over all
seasons (Table 4.1; Appendix D). UM, UG, MG and LG had the highest total number of taxa
over all seasons with 38, 39, 38 and 35 taxa respectively. MM and L M have substantially

lower total number of taxa over all seasons (17 each).

Table 4.1: Macroinvertebrate families and associated SASS5 sensitivity scores for all
sites and seasons (figures refer to frequency of occurrence of families out of a total of

five sampling periods)

Group/Order Family g:nss?t?vity UM MM LM UG MG LG
Turbellaria 3 0 2 2 3 2 4
Annelida Oligochaeta 1 2 3 5 4 1 4
Hirudinea 3 0 2 5 2 0 4
Crustacea Potamonautidae 3 5 0 5 4 4 3
Atyidae 8 5 1 5 5 5 5
Hydracarina 8 0 0 1 0 0 0
Plecoptera Perilidae 12 4 0 0 5 0 1
Ephemeroptera Baetidae 4 5 2 3 5 5 5
Caenidae 6 5 0 0 4 4 5
Leptophlebiidae 9 3 0 0 4 5 3
Polymitarcyidae 10 0 0 0 0 0 1
Tricorythidae 9 5 0 0 4 3 3
Odonata Chlorolestidae 8 0 0 0 0 2 0
Coenagrionidae 4 5 1 1 4 4 3
Protoneuridia 8 0 0 0 1 0 0
Aeshnidae 8 5 1 1 4 4 5
Corduliidae 8 0 0 0 0 1 0
Gomiphidae 6 1 1 0 4 1 1
Lepidoptera Pyralidae 12 2 0 1 5 1 1
Hemiptera Corixidae 3 1 0 1 0 0 1
Gerridae 3 3 0 0 3 2 2
Naucoridae 7 5 0 0 5 3 5
Nepidae 3 0 1 0 0 0 0
Notonectidae 3 4 0 0 0 0 0
Pleidae 4 1 0 0 0 0 0
Veliidae 5 1 0 0 2 3 2
Trichoptera Ecnomidae 8 1 0 0 0 1 0
Hydropsychidae 4 5 0 0 5 5 5
Philopotamidae 10 1 0 0 0 1 0
Psychomyiidae 8 1 0 0 0 0 0
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Hydroptilidae 6 1 0 0 1 0 0
Leptoceridae 6 0 0 0 2 2 3
Sericostomatidae 13 0 0 0 0 0 1
Coleoptera Dytiscidae S 0 0 2 0 1 3
ElmidaelDryopidae 8 3 0 0 5 4 5
Gyrinidae S) 5 1 0 5 5 5
Helodidae 12 0 0 0 2 1 0
Hydraenidae 8 0 0 0 1 1 1
Hydrophilidae 5 1 2 0 2 4 3
Psephenidae 10 5 0 0 5 1 0
Diptera Athericidae 10 2 0 0 4 0 1
Chironomidae 2 3 5 5 4 3 2
Culicidae 1 2 3 1 0 2 0
Dixidae 10 1 0 0 1 0 0
Muscidae 1 1 1 2 1 1 2
Psychodidae 1 0 0 0 0 1 0
Simulidae 5 3 3 3 1 3 3
Tabanidae S 2 0 0 5 4 0
Tipulidae 5 4 0 0 4 5 1
Gastropoda Ancylidae 6 3 2 0 4 2 3
Lymnaeidae 3 0 0 0 1 0 0
Physidae 3 0 5 3 1 3 2
Plectropoda Corbiculidae 5 2 0 0 1 2 5
Sphaeriidae 3 1 0 0 2 0 0
Unionidae 6 0 0 0 0 0 1
Total number of
Taxa 56 38 17 17 39 38 35

4.4.1. SASS5

UM, ups tream o f M pophomeni, and U G, located i n forestry, recorded the highest m ean
SASS5 scores for all seasons (mean 139.8 and 165 respectively), followed by MG and LG
(116 and 119.6 respectively), with the lowest scores present at MM and LM (25 and 34
respectively). N umber of taxa collectedat UM, UG, MG and LG for all s easons range
between 18 — 29, with a substantially | ower range recorded at MM and LM (3 and 13 ).
Average score per taxa (ASPT) is a function of the SASS5 score and the number of taxa
(SASS5 + number of taxa). The highest mean ASPT were present at UM and UG (6.48 and
6.41 respectively) followed by MG and LG (5.72 and 5. 60 respectively), with t he | owest
present at MM and M-trib (3.07 and 3.57 respectively) (Figure 4.5; Table 4.2).
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4.4.2. SASS data interpretation guidelines

According to the South African Scoring System data interpretation guidelines (Dallas, 2007),
UM (upstream of M pophomeni) and U G (forestry) were in t he best ec ological ¢ ondition,
followed by MG and LG and finally MM and LM. On average, UM and UG fell under
ecological category B, classified as ‘largely natural w ith few m odifications’. UG tends
towards the upper ex tento ft he categoryand 60% o ft he sample per iods fell under
ecological category A, classified by ‘unmodified natural’ conditions. On average MG and LG
fell under ec ological ¢ ategory C , ¢ lassified b y ‘moderately m odified’ conditions. Sites
downstream of Mpophomeni (MM and LM) fell under ecological category E/F classified by
‘seriously/critically modified’ conditions. UM was consistent, falling under category B 60% of
the sample periods, whereas the remaining sites were more variable. SASS5 indices did
increase downstream o f M pophomeni in MayandJ uly, however remainedi nt he
‘seriously/critically modified’ category for all sample periods. Sites located in agriculture (MG
and LG) were represented by the greatest seasonal variation in ecological condition based
on the SASS5 indices, evident by the range of ecological categories from ‘good’ to ‘poor’
during the five sample periods at both MG and LG (Table 4.2).

4.4.3. IHAS: Invertebrate Habitat Assessment System

IHAS results do not yield significant differences in habitat scores across sites, as sites were
selected and s ampled based on their similarity and c omparability to other sites. As a result
habitat scores based on the IHAS were similar (65 - 75%) and could not form the basis for
explaining differences in invertebrate family composition or SASS5 related indices. This is
not necessarily due to inefficiencies in the system itself but rather to specific site selection,
whereby sites were representative of similar biotope availability, diversity and quality.
Differences in invertebrate family composition and SASS5 related scores could therefore be

attributed to other variables sampled (physical, chemical and biological water quality).
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Table 4.2: Ecological condition (Dallas, 2007) of all sites and seasons based on
SASS5 score and ASPT

SASS Ecological
Site  Date No.Taxa score ASPT category Condition
25/10/2010 18 124  6.89 B Good
20/12/2010 20 126 6.3 C Fair
um 15/03/2011 25 165 6.6 B Good
23/05/2011 24 157 6.54 B Good
14/07/2011 21 127  6.05 C Fair
25/10/2010 3 8 2.6 E/F Seriously/critically modified
20/12/2010 6 20 3.33 E/F Seriously/critically modified
MM 15/03/2011 5 15 3 E/F Seriously/critically modified
23/05/2011 12 43 3.58 E/F Seriously/critically modified
14/07/2011 13 37 2.85 E/F Seriously/critically modified
25/10/2010 7 20 2.86 E/F Seriously/critically modified
20/12/2010 8 28 3.5 E/F Seriously/critically modified
LM 15/03/2011 8 29 3.63 E/F Seriously/critically modified
23/05/2011 13 50 3.85 E/F Seriously/critically modified
14/07/2011 11 45 4.09 E/F Seriously/critically modified
25/10/2010 28 176  6.29 A Natural
20/12/2010 23 134 583 C Fair
UG 15/03/2011 29 178 6.14 A Natural
23/05/2011 25 158  6.32 B Good
14/07/2011 24 179  7.46 A Natural
25/10/2010 19 115  6.05 C Fair
20/12/2010 24 146  6.08 B Good
MG 15/03/2011 19 108 5.68 D Poor
23/05/2011 21 121 5.76 C Fair
14/07/2011 18 91 5.05 D Poor
25/10/2010 20 116 5.8 C Fair
20/12/2010 24 131 5.45 C Fair
LG 15/03/2011 23 137  5.96 C Fair
23/05/2011 22 107 4.86 D Poor
14/07/2011 18 107 5.94 D Poor

4.5. Multivariate analysis

Multivariate anal ysis extracts key i nformation and r epresents maximum v ariability in t he

dataset while allowing spatial and temporal trends to be highlighted.
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4.5.1. Physical and chemical variables

The principle component analysis (PCA) of all physical and chemical variables revealed that
52.2% of all variability across all sites occurred along the first axis (PC1) with 11.9%, 10.3%
and 8. 8% occurring on P C2, PC3 and P C4 respectively. PC1 and P C2 account for the

majority (64.1%) of the variation in the dataset and will be the basis for analysis (Figure 4.6).
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Figure 4.6: Plot of all physical and chemical parameters along the first two axes of a

standardised Principal Component Analysis (PCA)

NH3, NO,, NO3, TKN, SRP, TP, TOC, COND, SS and TEMP all made positive contributions
towards P C1, with only pH and D O having ne gative contributions. TOC, COND, SS, pH,
TEMP and DO made positive contributions to PC2, whereas NH3;, NO,, NO3, TKN, SRP and
TP contribute negatively to PC2. PC1 can be viewed as a pollution gradient whereby water
quality det eriorates al ong the P C1 axis. T his was evident from the i ncreases i n nu trient
compounds, and t he associated high levels of other variables. NH;, TKN, SRP, TP, TOC,
COND and D O account for most variability across PC1 with NO; and TEMP accounting for

the majority of variability across PC2 (Figure 4.6).
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Table 4.3: Correlation matrix of all physical and chemical variables (r values shaded

significant at P=0.01 using Pearson’s Product Moment Correlation)

n=44 NH; NO, NO; TKN SRP TP TOC COND SS pH TEMP
NO. 0.38

NO; 0.01 0.09

TKN 0.94 0.34 -0.07

SRP 0.78 0.13 -0.12 0.9

TP 0.76 0.35 -0.01 0.87 0.95

TOC 0.74 021 -0.15 0.83 0.88 0.85

COND 0.88 0.41 0.14 0.84 0.77 0.79 0.82

SS 0.11 0 0.23 0.06 0.04 0.08 0.19 0.18

pH -0.06  -0.01 0.01 -0.06 -0.21 -0.2  -0.11 -0.14 0.03

TEMP 0.33 0.19 -0.06 0.35 0.39 043 0.56 048 03 0.18

DO% -0.53 -0.34 -044 -051 -052 -06 -0.49 -0.71 -0.2 031 -0.36

A number of significant (p=0.01) positive and negative correlations exist within the dataset
(shaded in T able 4. 3) however the strongest exist among NH; TKN, SRP, TP, TOC and

COND (Table 4.3). DO had negative correlations with the majority of the remaining variables

with the exception of pH, although the strongest negative correlations exist between DO and
NH;, NO; TKN, SRP, TP, TOC and COND. TEMP was positively correlated with NH; TKN,
SRP, TP, TOC, COND and SS. NO; had no correlation with any variable with the exception

of DO. SS and pH had no correlation with the remaining variables (Table 4.3).

68



PC2

@ uv [] mm O muib [ v
4 WG <4+ VG @ ctv X G

LK

Jul X(oa
Oct Oct

T8 ot A0t
Oct
Oct
Jul
Jul Jul o
Jul Jul K Jul
\EIJUI

PC1

Figure 4.7: Site seasonal trajectories along first two axes of a PCA for physical and

chemical parameters.

Most notable from the sites’ seasonal trajectories was the distinctness of sites downstream
of Mpophomeni (MM, M-trib and LM) from the remainder of the sites. MM, M-trib and LM
were distributed on t he positive end of P C1 where pollution concentrations were highest.
Furthermore, MM and M-trib show consistency across seasons, following similar seasonal
trajectories. On the opposite of the pollution gradient, UM and UG were distributed where
pollution c oncentrations w ere at t heir | owest r elative proportions. LK, MG, G -trib and LG
occur in the mid-ranges with G-trib and L G tending m ore towards the higher end of the
pollution gradient. Temperature and N O; were responsible for the majority of the seasonal

variability in the dataset, illustrated by the shift along the PC2 axis (Figure 4.7).
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4.5.2. Escherichia coli (E. coli)

E.c oli had apos itive | inearr elationship with P C1, i llustrating th e e ffect o f faecal
contamination (indicated by E. coli counts) on water quality and the contribution of E. coli to
PC1 (Figure 4.8).

4.5.3. Macro-invertebrate data

Number of taxa, SASS5 scores and ASPT displayed a negative linear relationship with PC1,
indicative of a decline in all three indices along PC1 (pollution gradient) (Figure 4.8). Number
of taxa, SASS5 score and ASPT had a strong neg ative correlation with PC1and E. coli
(Table 4.4) and are strongly correlated with each other; however this is not significant due to

the interdependence of the indices.

Table 4.4: Correlations between PC1 and PC2 and biological data (r values shaded

significant at P=0.01)

n=30 PC1 PC2 SASS5 No.Taxa ASPT
PC2 0.075
SASS5 -0.844  0.324
No.Taxa -0.852  0.279 0.971
ASPT -0.848  0.268 0.952 0.882
logE. coli 0.806 -0.039 -0.773 -0.759 -0.808
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Figure 4.8: (a) SASS5 score, (b) Number of Taxa (No. Taxa), (c) Average Score Per Taxa (ASPT) and (d) logE. coli across PC1
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Figure 4.9: Site seasonal trajectories for all sites in a non-metric multidimensional
scaling (NMS) ordination (rotated to maximum variance along horizontal axis by PCA)

based on Sgrensen’s distance for the presence and absence of families.

Most not able fromt he seasonalt rajectories o f pr esence o f di fferent taxa, was the
distinctness and seasonal variability in presence of invertebrate families at MM and L M in
comparison t o the remainder o ft he s ites (Figure 4 .9; 4.10). M M and LM ’s s easonal
variability was accounted for by declines on both axes from October 2010 to July 2011. The
remainder of the sites were clustered with UM and UG demonstrating homogeneity and less
seasonal v ariability t han M G and LG . U pstream o f M pophomeni (UM) and ar eas un der
forestry (UG) were represented by little variation in family composition whereas MG and LG,
situated in areas of agriculture, were more variable (Figure 4.9).
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Figure 4.10: Trend in the prevalence of taxa (families) across the NMS ordination, taxa

with correlation 0.5<r>-0.5 are not displayed (Table 4.1 for full family names)

MM and L M were distributed on the positive end of the NMS plot where the most prevalent
taxa (Nepidae, Physidae, Hirudinea and Oligochaeta) (Figure 4.9; 4.10), are those tolerant of
a wide range o f w ater quality conditions, det ermined by t heir r elative s ensitivity s cores
(Dickens and Graham, 2002) (Table 4.1). On the opposite end o f the trajectory, UM, UG,
MG, and LG (though still variable to some de gree) were distributed where taxa are more
sensitive to poor water quality conditions (Figure 4.10), illustrated by their sensitivity scores
(Dickens and Graham, 2002). Taxa most prevalent on the positive end of Axis 1 where MM
and LM were distributed hav e s ensitivity s cores ranging from 1 - 3, whereas t axa m ost
prevalent on the negative end of Axis 1, where UM, UG, MG and LG were distributed, have

sensitivity scores ranging from 5-12.
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Table 4.5: Correlations in biological data and water quality variables (PC1 and PC2)
variables with the NMS plot (r values shaded significant at P=0.01)

NMS Axis 1 NMS Axis 2
PC1 0.8301 0.0996
PC2 -0.3218 0.4903
Log E. coli 0.7998 0.1588
SASS5 -0.9268 0.1444
No. Taxa -0.9245 0.0221
ASPT -0.9336 0.1290

PC2
SASSS logE.col

ASPT — _______——% pc1

No.Taxa

Axis 1
Figure 4.11: SASS5, No. Taxa, ASPT, E. coli and water quality variables (PC1 and PC2)
projected across the NMS plot

UM, UG, MG and LG were distributed towards the negative side of Axis 1 of the NMS and
have the highest SASS5 scores (determined by taxa sensitivity scores), number of taxa and
ASPT, with UM and UG distributed the furthest along the negative side (Figure 4.11). On this
side of the NMS plot, PC1 and E. coli were least prevalent illustrating better quality water
and the link between water quality and t he SASS5 indices. MM and L M occurred on the
positive side of Axis 1 of the NMS and were represented by the highest counts of E. coli and
the highest pollution concentrations, illustrated by the prevalence of PC1 on this side of the
plot (Figure 4.11). SASS5, number of taxa and ASPT had strong negative correlations with
Axis 1 of the NMS, whereas PC1 and E. coli had a strong positive correlation with Axis 1
(Table 4.5).
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Figure 4.12: Trends in taxa (fitted by locally weighted least-squares regression
smoother) in SASS5 score across the NMS (1-25/10/2010, 2-22/12/2010, 3-15/03/2011,
4-23/05/2011, 5-14/07/2011)

SASSS5 scores shifted along the NMS plot in conjunction with prevailing pollution conditions.
A clear gradient emerged whereby MM and LM (downstream of Mpophomeni) occurred on
the positive side of NMS, where PC1 scores and E. coli counts were highest and S ASS5
scores were lowest. In the mid-ranges of the SASS5 scores LG was most prevalent with the
highest s cores present at UM and U G. The SASSS5 results reinforce those of the physical
and ¢ hemical PCATr esults, whereby as imilar pattern e merges, whereby sites bel ow
Mpophomeni were those m ost affected by poor water quality conditions and t herefore the
lowest SASS5 scores, number of taxa and ASPT (Figure 4.12). The homogeneity between
the PCA results and the NMS results illustrates the coincidence between SASS5 data and

physical and chemical water quality data.
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The cluster dendrogram (Figure 4.13) further illustrates the distinctness in macroinvertebrate
family composition between sites. The first major grouping distinguishes sites downstream of
Mpophomeni (MM and L M) as statistically distinct from all remaining sites. Homogeneity in
invertebrate family composition exists downstream of Mpophomeni, although MM1 and MM3
were statistically distinct from the remaining MM and LM samples. Further grouping exists
between MM4, LM4, MM5, LM3 and LM5 and between MM2, LM1 and LM2 (Figure 4.13).

Remaining sites (UM, UG, MG and LG), were clustered by a second major grouping and
deemed statistically indistinguishable in terms of invertebrate family composition. However,
within this grouping similarity did exist between the upstream sites (UM and U G) and the
agricultural sites (MG and LG). All UM and UG (except UG5) samples are grouped with
another grouping among UG5, MG2, LG1, LG4, and LG5. Further groupings between LG2,
MG3 and LG3; and MG4 and MG5 also prevailed.
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Figure 4.13: Agglomerative cluster dendrogram based on Sgrensen’s distance for presence of families, branches with dotted lines

are not statistically distinguishable (p=0.05) (1-25/10/2010, 2-22/12/2010, 3-15/03/2011, 4-23/05/2011, 5-14/07/2011)
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4.6. Nutrients
4.6.1. Nitrogen: phosphorus ratios

Nitrogen: phosphorus (N: P) ratios in the Mthinzima were highest upstream of Mpophomeni
(UM), suggesting phosphorus limitation in these reaches of the stream, a state desirable in
terms of eutrophication (DWAF, 1996a). The lowest N: P ratios in the Mthinzima were all
sites below Mpophomeni which suggests a system in which nitrogen was increasingly the
limiting nutrient, an undesirable state in terms of eutrophication (DWAF, 1996a; Van Ginkel,
2002) (Table 4.6).

N: P ratios in the Gqishi were highest upstream in forested areas (UG) and in the transition
from forestry to agriculture (MG), where phosphorus was the limiting nutrient. G-trib draining
agricultural areas had the lowest N: P ratios depicting nitrogen limitation. At LG the N: P
ratios were representative of phosphorus limitation (DWAF, 1996a; Van Ginkel, 2002) (Table
4.6).

Table 4.6: Nitrogen: phosphorus ratios for all sites

mean total mean total
Site nitrogen (mg/€) phosphorus (mg/¥€) N: P ratio
UM 1.14 0.02 1:57
MM 8.85 0.75 1:12
M-Trib 10.13 1.26 1:8
LM 5.14 0.4 1:13
LK 0.54 0.04 1:14
UG 0.76 0.03 1:25
MG 0.94 0.03 1:33
G-Trib 1.69 0.18 1:9
LG 1.48 0.07 1:21

4.6.2. Nutrient loading

Results i nclude nut rient | oads ( kg/annum) and nut rient | oads per he ctare ( kg/annum)

discharged by the three systems into Midmar Dam.
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4.6.2.1. Nutrient loads

Ammonia (NH;) loads entering Midmar from the Mthinzima system were the highest among
the three sub-catchments (4 602 kg/annum), followed by the Gqishi (1 406 kg/annum) and
the Khayalisha system (206 kg/annum). NO; loads were highest in the Gqishi system (7 998
kg/annum) followed by the Mthinzima (5 331 kg/annum) and the Khayalisha systems (245
kg/annum) (Table 4.7; Figure 4.14).

Phosphorus loads entering Midmar were highest from the Mthinzima (TP — 800 and SRP —
455 kg/annum), followed by the Gqishi system (TP — 480 and SRP - 113 kg/annum), with
the lowest loads emanating from the Khayalisha system (TP — 51 and SRP — 5 kg/annum).
The Mthinzima s ub-catchment g enerated the highest total nutrient |oads ( phosphorus and
nitrogen) of t he t hree s ub-catchments, as a result o f the Mpophomeni s ettlement an d

associated effluent inputs (Table 4.7; Figure 4.14).

Table 4.7: Nutrient loading from Mthinzima, Gqishi and Khayalisha sub-catchments

LM LG LK

Mean daily
flow (€ /day) 5482391 19254005 3320588
Catchment
size (ha) 1779 6048 1060

kg/annum kg/ha/annum kg/annum kg/ha/annum kg/annum kg/ha/annum
NH; 4602.47 2.60 1405.54 0.23 206.04 0.19
NO; 5330.86 3.00 7997.54 1.32 244.89 0.23
TP 800.24 0.45 480.02 0.08 51.15 0.05
SRP 455.43 0.26 113.34 0.02 4.90 0.005

79



900
2000 7997.5 B NH3 800.2 =P
8000 800 - SRP
7000 700 -
6000 600 -
500 - 2.4 450
£ 5000 E
E 4000 § 400 -
E" 3000 Eﬂ 300 -
2000 200 - 133
1000 100 - 512
0 0 - -
LM LG Lk LM LG Lk
Inflow site Inflow site

Figure 4.14: Nitrogen and Phosphorus loading at Midmar inflow sites (kg/annum)

(graph scales differ)

4.6.2.2. Nutrient loads per hectare

The highest nitrogen loads per hectare emanated from the Mthinzima sub-catchment (NH; -
2.6 and NOj; - 3 kg/ha/annum), where urban development is prominent, whereas the Gqishi
and Khayalisha sub-catchments were similar, with the exception of NO; loads in the Gqishi
which we re higher (NO; — 1.32 kg/ha/annum) (Table 4.7; Figure 4 .15). Phosphorus w as
highest in the Mthinzima (TP — 0.45 and SRP — 0.26 kg/ha/annum), w hile the | oads per
hectare emanating from the Ggishi and Khayalisha were similar, with marginally higher loads
from the Gqishi sub-catchment (Table 4.7; Figure 4.15).
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Figure 4.15: Nitrogen and phosphorus loading at Midmar inflow sites (kg/ha/annum)

(graph scales differ)
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4.7. Conclusion

There are distinct differences between water quality drivers in the three sub-catchments.
Most notable f rom t he s uite o f phy sical, chemical and bi ological parameters w as the
predominance o f nutrient ( nitrogen and phos phorus ¢ ompounds) i nputs into t he s ystems
from different sources. The concentrations of other parameters reinforce the presence of
anthropogenic nutrient inputs, which deserve discussion in the chapter that follows. Both the
Mthinzima and the Gqishi sub-catchments display a decline in water quality from upstream
to downstream sites. Int he M thinzima sub-catchment the magnitude of E. c oli counts
downstream o f M pophomeni poi ntt owards substantial faecal ¢ ontaminationo ft he
waterways, s ubsequently nut rient c ompounds and ot her w ater quality par ameters a re
elevated. Int he G qishi sub-catchment the de cline of w ater quality c oincides w ith t he
prevalence of commercial agricultural, with increases in nutrient and ot her compounds, yet
not to the same extent in the Mthinzima s ub-catchment. The SASSS indices in both sub-
catchments r espond ac cording to w ater q uality t rends, w ith dec lines dow nstream o f

Mpophomeni and in areas of commercial agriculture.

The principle component analysis provides a clear pollution gradient (PC1) whereby sites
downstream of Mpophomeni were distributed on the positive side of the pollution gradient,
and the site upstream of Mpophomeni and the site in forestry occurred on the opposite side
of the pollution gradient. Sites in commercial agriculture were distributed in the mid-ranges of
the pollution g radient, although tending towards the ne gative side as a r esult of pollution
inputs. All SASS5 indices were at their lowest on the positive side of the pollution gradient

illustrating the link between SASS5 indices and water quality.

The non -metric m ultidimensional s caling (NMS) o fi nvertebrate families i llustrated t he
distinctness in family composition at sites downstream of Mpophomeni, comprised primarily
of t olerant taxa. The r emaining s ites, al though v ariable, w ere r epresented by i ncreased
family di versity and less tolerant taxa. The cluster dendrogram further illustrates the
distinctness in i nvertebrate family c omposition at s ites dow nstream of Mpophomeni. T he
most no table trend i n t he nitrogen to phosphorus ratios w as the pr evalence o f ni trogen
limitation at sites downstream of Mpophomeni, whilst the nutrient loads from the Mthinzima

were the highest, followed by the Ggishi and the Khayalisha.

81



CHAPTER FIVE
DISCUSSION

5.1. Introduction

This chapter focuses on t he water quality and S ASS5 trends of the three sub-catchments
and pr esents pos sible reasons for the observed and measured trends. The link between
water q uality and S ASS5 indices ar e di scussed, c ommenting on t he appl icability of t he
SASS5 methodology in depicting water quality trends. The role of land use in determining
water quality is put forward and justification for differences in inter-catchment water quality
and nutrient loads discussed. The implications of the findings are placed in the context of the

upper uMngeni catchment, the greater uMngeni system and South African water resources.

5.2. Mthinzima sub-catchment

The recurring theme in the Mthinzima sub-catchment was the deterioration of water quality
and ecological condition from sites upstream to downstream of the Mpophomeni settlement.
The data clearly illustrates a system in which water quality is driven by point source sewage
inputs, both within the Mthinzima main channel (MM) and the ftributary that dissects
Mpophomeni ( M-trib). At t hese poi nts, the w ater q uality and ec ological integrity was the
poorest c onsistently ov er t he s ampled period. Escherichia c oli (E. ¢ oli) counts recorded
support this, with counts upstream of Mpophomeni negligible in comparison to downstream
sites, isolating Mpophomeni as the source. The observation of damaged and s urcharging
sewer m anholes di scharging i nto the w ater course s upports t his viewpoint. E. coli are a
bacteria abundant in the intestinal tracts of humans and ot her endothermic mammals (Yost
et al., 2011), and are released into the environment by excretion. E. coli counts at LM were
substantially lower than those at MM and M-trib, which could be attributed to bacterial die-

off, as they are not naturally occurring in aquatic systems (Flint, 1987).

The presence of faecal material in the water course downstream of Mpophomeni resulted in
high ¢ oncentrations o f other ¢ hemical and phy sical w ater g uality parameters. T he most
notable was the phosphorus and n itrogen compounds, conductivity, suspended solids and
total organic carbon which were elevated at downstream sites (MM, M-trib and LM). Raw
sewage entering an aquatic system contains high concentrations of urea, which accounts for
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the elevated ammonia (NH3) concentrations at MM, M-trib and LM. Ammonia is oxidised by
bacteria into nitrite (NO,) and rapidly into the end-product of the oxidisation process, nitrate
(NO3) (DWAF, 1996a). All sites had a similar range of nitrite concentrations due to the rapid
inter-conversion of nitrite to nitrate, however nitrate concentrations were high downstream of
Mpophomeni, most notably at LM where the Mthinzima flows into Midmar. At this point raw
sewage discharged into the water course upstream has been oxidised into nitrate, the end-
product of nitrogen cycling and a nutrient readily available for uptake by lower order aquatic

organisms such as macrophytes (Van Ginkel, 2002).

Sewage effluent contains high concentrations of phos phorus compounds as measured at
sites downstream of Mpophomeni. The analysis of total phosphorus versus soluble reactive
phosphorus, de monstrates that a | arge portion of all phos phorus compounds entering the
Mthinzima, as a result of Mpophomeni, were in a soluble form, readily available for uptake by
aquatic plants. Excess of soluble forms of phosphorus in conjunction with excess nitrogen
compounds at MM, M-trib and LM pose a eutrophication threat, as phosphorus and nitrogen
compounds are regarded as the limiting nutrients in aquatic systems (DWAF, 1996a). The
high total organic carbon, suspended solids and conductivity at sites downstream of
Mpophomeni, demonstrate the presence of sewage discharges in the water course. A water
body will contain some degree of suspended solids, and organic matter (Bilotta and Brazier,
2008); however in comparison to upstream of Mpophomeni (UM), sites downstream had
very high concentrations. Sewage contains high organic matter content, which was
represented by the high concentrations of total organic carbon and total Kjeldahl nitrogen
(TKN), which measures the ammonia nitrogen and organically bound ni trogen (Chapman,
1996). The presence of sewage in the w ater course explains t he |ow dissolved o xygen
concentrations at sites downstream of Mpophomeni, as bacterial organisms degrade organic
matter in the process of oxidisation, thus lowering the amount of dissolved oxygen available
(DWAF, 1996a).

There w ere improvements in water g uality f rom t he sites immediately do wnstream of
Mpophomeni (MM and M-trib) and the Mthinzima Midmar inflow (LM). This was evident by
the reduction in physical and chemical concentrations, namely conductivity, ammonia, total
phosphorus, soluble reactive phosphorus and total organic carbon and the increase in
dissolved oxygen. A wetland is present downstream of Mpophomeni prior to the inflow site

(LM), which could explain the reduction in some of the pollutants’ concentrations, due to the
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purification functions o fw etland s ystems. However, t he functionalityo f thew etland i s
impeded as it is for the most part channelised, thus minimising retention times for pollutants.
The i mprovements in w ater quality from sites directly downstream of M pophomeni to the
inflow into Midmar Dam cannot be entirely explained by the presence of a marginally
functioning wetland. The system itself is altered and degraded to the point whereby bacterial
communities dominate t he aquatic environment, thus oxidising pollutants and partially

treating the raw sewage (Terry, 2011, pers. comm).

The macroinvertebrate data and the associated SASS5 indices reiterated the water quality
trends depi cted by the physicaland c hemical water q uality r esults. U pstream o f
Mpophomeni (UM), the number of taxa, SASS5 score and average score per taxa (ASPT)
were substantially higher then sites downstream of Mpophomeni (MM and LM), illustrating a
decline in the ecological i ntegrity o ft he s ystem as w ater quality det eriorates. This was
supported by the principle component analysis (PCA) and the non-metric multidimensional
scaling (NMS). Sites downstream of Mpophomeni were representative of tolerant taxa with
low sensitivity scores, whereas upstream, taxa had higher sensitivity scores as illustrated by
ASPT ( Table 4. 1; Fi gure 4. 2; Appendix B). Taxa ups tream were more s ensitive t o
perturbations in water quality and exist within a narrower range of environmental tolerances,
whereas taxa downstream of Mpophomeni were more tolerant to a wide range and poorer
water q uality conditions. The seasonal variationi ni nvertebrate family ¢ omposition
represented in the NMS plot (Figure 4.9) was greater downstream of Mpophomeni (MM and
LM), w hich w as structured by t he s ame s easonal v ariation i n water q ualitytrends a s
depicted in the PCA (Figure 4.7). Upstream of Mpophomeni, less seasonal variation exists in
invertebrate family composition, again possibly accounted for by the low seasonal variability
in water quality (Figure 4.7; Figure 4.9). Water quality improvements between MM and LM
were depicted in the SASS5 indices, with improvements in the number of taxa, SASS5 score
and ASPT from MM to LM (Table 4.2; Figure 4.12). This improvement coincides with the

improvement in physical and chemical water quality.

Dissolved oxygen can be viewed as one of the reasons for the low SASS5 indices at sites
downstream of Mpophomeni, as a result of sewage inputs. Oxidisable organic matter in the
aquatic environment is degraded through bacterial action using oxygen, thus decreasing the
available oxygen to other organisms. Low dissolved oxygen saturations have far reaching

impacts on a quatic bi ota s uch as invertebrates, m ost no tably t hose with gills. E xtended
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periods of | ow di ssolved ox ygen | evels c an prove intolerable or fatal t o i nvertebrates by
restricting re spiratory re quirements (Landman a nd van den H euvel, 2003). Fu rthermore,
reduced di ssolved oxygen i ncreases the toxicity of am monia w hich was also in h igh
concentrations at sites downstream of Mpophomeni, causing compound stress on a quatic
organisms (DWAF, 1996a).

5.3. Gqgishi sub-catchment

The Gqishi system was represented by a clear decline in water quality from sites upstream
at its source in forestry to downstream areas dominated by mixed agriculture. Nutrient (NH;,
NO3, TP and S RP) concentrations were lowest in areas under plantation (UG) and w here
land use changes from plantation to cultivation (MG). Mean concentrations of NO3;, TP and
SRP were marginally higher under plantations (UG) than at MG (transition to agriculture);
however concentrations at both sites were sufficiently low not to be of serious environmental
concern. The presence of a dam 500 metres upstream of MG could explain the marginally
lower nutrient concentrations, as nutrients entering the impoundment are retained and taken
up by aquatic organisms, thus reducing their availability downstream. Furthermore, MG was
located at the transition from forestry to agriculture and the cumulative effects of this change
are not yet felt, furthermore MG does not receive run-off from a sizable area of agriculture.
The major distinguishing variables between UG and MG were ammonia, dissolved oxygen,
total organic carbon and conductivity which were all higher at MG, with the exception of
dissolved o xygen which was higher at UG. Lower dissolved oxygen at MG could be as a
consequence of increased levels of ammonia and total organic carbon which point towards a

rise in organic matter content, likely as a result of livestock faeces entering the water course.

The e ffects o f i ntensive c ultivation and | ivestock become i ncreasingly evident at s ites
downstream. G-trib and LG illustrate the cumulative impact commercial agriculture has on
nutrient pollution with substantially higher NH3;, NO3, TP and SRP concentrations compared
to the upstream reaches of the Ggqishi system. Commercial agriculture i s as sociated with
high nutrient inputs due to the use of fertilisers, pesticides and run-off containing nutrient rich
feeds and faecal matter (Strydom and King, 2009). Water from irrigation or rainfall runs-off
the | and s urface, flushing residues from the s urrounding agr icultural practicesintot he
aquatic environment, disrupting the nutrient balance and altering the physical and chemical

properties of t he water ( Tong and C hen, 2002). E. c oli counts suggested that f aecal
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contamination w as notam ajor ¢ ontributor t o nut rient ¢ oncentrations, al though s ome
contribution was made, | ikely as a result o fr un-off f rom livestock lots. T he f oremost
contributors to nutrient concentrations were the us e of inorganic fertilizers in s urrounding
areas of cultivation. Fertilizers contain high levels of nitrogen, potassium and phos phorus,
which are applied to cropped land as a means of increasing the productivity of soil and thus
increasing yield (Shortle and Abler, 2001). Nutrient concentrations flowing into Midmar (LG)
were lower t han G -trib, w hich c an be at tributed t o t he pr esence ofa dam 450 m etres
upstream of LG, retaining nutrients and allowing for their degradation and uptake by aquatic

plants.

Suspended solids were a distinguishing variable between upstream sites (UG and MG) and
sites downstream (G-trib and LG ) where agriculture dominates, with approximately a 400%
increase from upstream to downstream sites. This increase was possibly as a consequence
of r un-off from cultivated | and c ontaining s ediment and ot her r esidues, oc curring du ring
rainfall periods, or as irrigation return flow. Natural suspended solids are comprised of soil
particles pr oduced t hrough e rosive processes; however, land us e practices such as

agricultural m ay i ncrease s uspended s olids t hrough removal of riparian v egetation, non -
contour ploughing, over-grazing and increased surface flow through irrigation (DWAF,
1996a).

SASSS results were, for the most part, representative of water quality changes in the Gqishi
system, with dec lines in S ASS5 indices f rom ups treami n forested ar eas (UG)t o
downstream in commercial agricultural (LG). However MG was an exception, predominantly
as a result of physical disturbance, through the failure of the dam wall directly upstream of
MG a week prior to the March 2011 sample period. SASS5 results prior to the breakage fell
into the ‘Fair’ (C) and ‘Good’ (A) categories of ecological condition (Dallas, 2007); following
the breakage, the aquatic habitat had been altered and although biotopes were available for
sampling, the system had been flushed and scoured and biotopes were silted. As a result, all
three SASSS5 indices declined, with the following sample period yielding a ‘ Poor’ ecological
condition (Dallas, 2007). Due to the rapid life cycles and unique life stages of many aquatic
invertebrates, their populations recovered rapidly, which was evident in the increase in the
SASSS5 indices the following sample period. Although an improvement was seen, continued
repairs being carried out on t he dam wall meant that MG was continually affected by fine

particulate matter which covered most biotopes. Although the breakage had localised effects
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on biota and water quality, the influential driving trends within the catchment remain; that is
the decline in t he s ystems w ater quality from areas of forestry to areas of high dens ity
commercial agriculture and t he as sociated dec line i n ec ological c ondition o f the system,

based on the SASS5 responses to water quality.

5.4. Khayalisha sub-catchment

The Khayalisha sub-catchment was sampled at the inflow into Midmar Dam as a means of
understanding the current status of water quality entering the impoundment. By
understanding the present water quality inputs from this system, baseline data was collected
for t his sub-catchment, w hich ¢ an be ut ilisedi ntot he futuret o un derstand i mpacts
associated with the Khayalisha s ocial housing project. Furthermore, the state of the water
quality was compared to that entering Midmar Dam from the Mthinzima system, highlighting
concerns as sociated w ith dev eloping hi gh dens ity ur ban ar eas adj acent t o w aterways of
strategic significance. E. coli counts were low suggesting the lack of faecal contamination in
the system. Present land use in the Khayalisha sub-catchment is dominated by natural cover
and agriculture (SANBI, 2009), similar, yet on a smaller scale, to the Gqishi sub-catchment.
Conductivity at LK was consistently higher than the majority of the sites, with the exception
of the sites downstream of Mpophomeni and could be explained by low flow conditions and
the pr esence o f o rganic m atter. T otal organic ¢ arbon ¢ oncentrations w ere highan d
comparable with that of the Mthinzima Midmar inflow (LM); this was accompanied by |ow
dissolved o xygen poi nting towards t he pr esence o f ox idisable or ganic m atter. Nutrient
concentrations (nitrogen and phosphorus compounds) at the Khayalisha inflow were low,
falling within the lower third of all sites sampled, with concentrations representative of
oligotrophic conditions (DWAF, 1996a). Current water quality trends in the Khayalisha sub-
catchment present no threat of pollution to Midmar Dam. The dam directly upstream of the
sample point likely acts as a retainer of pollutants whereby they are taken-up by lower order

aquatic organisms or absorbed into the sediment (Van Ginkel, 2011).

5.5. SASSS5 applicability

SASSS5 proved successful as a bio-monitoring technique to assess water quality and the
ecological integrity of the aquatic environment. In both the Mthinzima and Ggishi sub-
catchments, SASS5 results reflected changes in physical and chemical water quality. Both

systems displayed declines in SASS5 indices associated with declines in water quality from
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upstream t o downstream sites. | nt he M thinzima system thiswasas ar esultof the
settlement, whereas in t he G qishi system, the prevalence of agriculture was t he c ause.
Further det ailed anal ysis concurred with this observation t hrough t he em ergence o fa
pollution g radient (PC1) int he principle c omponent anal ysis ( PCA) o f t he physical and
chemical variables (Figure 4.6; Figure 4.7). The correlation between the SASSS indices and
the PCA (Table 4.4; Figure 4.8) illustrated that the SASSS5 indices were an effective method
of detecting changes (both declines and improvements) in water quality, evident by the linear
decline in SASS5 indices along PC1. This was evident in the strong positive c orrelations
between PC1 of the PCA and Axis 1 of the non-metric multidimensional scaling (Table 4.5;
Figure 4. 11), w hich illu strates that P C1 (pollution gr adient) was highest where al |t hree
SASSS indices were at their lowest and macroinvertebrate families present were tolerant of
poor water quality conditions (Figure 4.10). Furthermore, the SASS5 sampling methodology
yielded other aquatic biota not intended to be sampled, including amphibians and fish. Most
notable was the presence of indigenous fish species at upstream sites in both the Ggishi and
the Mthinzima sub-catchments. In the Gqishi sub-catchment an Amphilius natelensis (Natal
mountain catfish) was recorded and in the Mthinzima Barbus viviparous (bow-striped barb)
were recorded on a number of occasions. The presence of these species point towards long-
term ecosystem stability and quality, as fish life stages are entirely water bound. The sites at
which the indigenous fish were recorded were the sites at which the SASSS5 indices were

highest.

5.6. Land use, water quality and nutrient loading

At a catchment scale, the three systems were distinct in their drivers of water quality. The
Mthinzima s ub-catchment, ¢ ontaining t he hi ghest dens ity dev elopment w ithin t he g reater
upper uMngeni catchment, is as ystem driven by point s ource e ffluent di scharges from
broken and dy sfunctional sewage infrastructure. E. coli counts point towards this deduction,
as do the resultant high levels of nutrients and other physical and chemical variables. E. coli
counts recorded downstream of Mpophomeni were consistently in excess of the target range
(DWAF, 1996b), at levels posing a risk of serious gastrointestinal illness (DWAF, 1996b), in
an area lacking in service delivery. This was especially alarming due to the observed
abstraction of water for irrigation and the use of the waterway by the community dogs and

livestock, all of which are potential hosts to a number of diseases.
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The Gqishi sub-catchment is a system in which the water quality was governed by non-point
source discharges as a result of run-off from mixed agricultural practices, accompanied by
high nu trient ( nitrogen and p hosphorus) ¢ oncentrations. Water quality i n t he up stream
reaches of the Gqishi in areas of forestry was consistently good. Streams in forested areas
are recognised to have exceedingly lower nitrogen and phos phorus levels in comparison to
streams draining agricultural areas. The forestry industry makes use of fewer fertilizers as
compared to agricultural practices, which could explain the differences in nutrient
concentrations (Binkley et al., 1999). The three sub-catchments all vary in size, flow and
land use and variations in nutrient loads occur accordingly. The highest ammonia (NH;)
loads ( kg/annum) w ere generated within the M thinzima sub-catchment followed b y t he
Gqishi and lastly the Khayalisha sub-catchment. In the case of NO; loads, the Gqishi
produced the highest loads per annum followed by the Mthinzima and lastly that produced
by the Khayalisha s ub-catchment (Table 4.7). Nitrogen loads (NH3; + NO ;) were greatest
from the Mthinzima sub-catchment. A similar trend exists with regards to phosphorus loading
with the largest loads (kg/annum) emanating from the Mthinzima followed by the Ggqishi and

lastly the Khayalisha sub-catchment (Table 4.7).

Although the Ggishi sub-catchment is 3.4 times larger than the Mthinzima, nitrogen (with the
exception of NO3) and phosphorus |oads generated by the Mthinzima were in e xcess of
those produced by the Ggishi. Water quality results at sites specifically located along the
river gradient isolated areas responsible for nutrient inputs, with Mpophomeni as the source
in the Mthinzima and agriculture the source in the Ggishi. Based on the size of the source
land use, urban development in the Mthinzima produced higher nutrient loads as compared
to agriculture per hectare land use. Although the Mthinzima discharges higher nutrient loads
into Midmar D am annually, t he magnitude of the loads from the Ggqishi are of c oncern.
Nitrogen to phosphorus (N: P) ratios upstream of Mpophomeni (UM) illustrate that before the
system flows adjacent to the settlement, phosphorus is the limiting nutrient, which suggests
a system in better condition, which has already been established. N: P ratios downstream of

Mpophomeni point towards a state under which nitrogen is becoming the limiting nutrient.

From a eutrophication perspective, nitrogen limitation is concerning as nitrogen is likely to be
fixed r esulting i n addi tional av ailable n itrogen ( DWAF, 1996a ). C yanobacteria ar e on e
bacterium able to fix nitrogen in a nitrogen limited system; their growth is thus promoted and

there is at hreat of their toxins entering the aquatic environment (Van Ginkel, 2002). T he
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concentrations of nutrients av ailable in the Mthinzima coupled, with the potential nitrogen
limitation, increases the risk of eutrophication. The Khayalisha-Midmar inflow site (LK) points
towards a N: P ratio closer to nitrogen limitation as opposed to phosphorus limitation,
however the nutrient concentrations recorded at this site ar e of ne gligible eut rophication
concern, further solidified by the marginal nutrient loads discharged at the site. N: P ratios in
the G gishi were highest at forested sites, whereby phos phorus is t he limiting nu trient, a
desirable state from a eutrophication perspective (Van Ginkel, 2002). G-trib draining a large
area of agriculture had an exceedingly low N: P ratio indicating nitrogen limitation (DWAF,
1996a; Van Ginkel, 2002). At the Ggishi-Midmar inflow site (LG) the system shifted towards
a state tending to phosphorus limitation, however the N:P ratio cannot be considered of no
concern, especially in light of the nutrient concentrations and | oads entering Midmar at this

site.

5.7. Upper uMngeni catchment implications

The Khayalisha sub-catchment is the smallest of the three sub-catchments and is under
threat f rom land transformation in the form of the Khayalisha social housing project.
Currently the land cover is dominated by natural grassland and cultivation (SANBI, 2009).
The Khayalisha s ocial h ousing project will transform the land cover in the sub-catchment
with the addition of 178 hectares of high density urban development; an increase from 1.6 %
of the catchment under urban land use to 18.4%. On completion, the development will be the
second largest in the greater upper uMngeni catchment, after thatof the adjacent
Mpophomeni. Water quality anal ysis at sites downstream o f M pophomeni i llustrate the
detrimental nat ure o f d eveloping hi gh dens ity ur ban ar eas i n ¢ lose p roximity t o w ater
courses, even more so when the water courses feed a principle drinking water resource. The
nature of the Khayalisha development poses a threat of duplicating the issues and i mpacts
witnessed at Mpophomeni, which themselves have not been fully addressed. Furthermore,
the s ewage contamination issues pr esent at M pophomeni, and sewage t reatment pl ant
upgrade, have not yet been addressed (Appendix A) (Douman, 2008; Beaver, 2011;
Govender, 2011; Radebe, 2012). Presently the water quality, and the nutrient loads entering
Midmar from the Khayalisha sub-catchment are of little concern in terms of eutrophication
but evident from Mpophomeni, the presence of development could drastically alter this state.
Both t he M thinzima andt he Ggishi sub-catchments ar e pr oducing nut rient | evels of
eutrophication ¢ oncern, w itht he M thinzimat he more extreme o f thet wo. N utrient

concentrations flowing into Midmar from the Gqishi were mesotrophic or eutrophic, whereas
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those f rom t he Mthinzima were eutrophic t o hy pertrophic (DWAF, 1 996a). The uppe r
uMngeni catchment is representative of the land use practices occurring in the Gqishi sub-
catchment, dominated by natural cover, plantation and cultivation (SANBI, 2009). In isolation
the nutrient loads from the Mthinzima or that of the Gqgishi may seem of marginal concern
considering the scale of the catchments, however when viewing the broaders cale
implications, the compound effect of Mpophomeni, the nutrient inputs from the Gqishi and
that of t he g reater upper uMngeni, c oupled with t he i mpact of the e merging K hayalisha
development, a tipping point may be reached whereby a principle water resource could be
compromised. This will come at ac ostto all us ers bot h dom estic and r ecreational and

municipalities will bear the burden of increased purification costs or deficits in supply.

Pressure on the upper uMngeni resource unit is already emerging in the form of increases in
demand from the eThekwini municipality, whereby areas of the eThekwini municipality are to
be s erved by M idmar Dam instead o f the | ower uMngeni, i nal oad s hifting exercise
(Ramnath, 2010). The Mooi-uMngeni transfer scheme to be commissioned in 2013, aims to
generate more yield from the upper uMngeni resource unit; however it has been realised that
the scheme will not sustain the demand presented by the load shift for extended periods
(Ramnath, 2010). It is evident that from a supply perspective, the upper uMngeni is under
pressure from domestic demand; this, along with the emerging water quality threats poses

both environmental and socio-economic issues in the catchment.

The desirability of an impoundments trophic status is dependent on the intended use of the
water body . O ligotrophic s ystems ar e m ost des irable f or dom estic ¢ onsumption as they
require theleast a mount oftreatment. At the opposite end o fthe scale, eutrophic and
hypertrophic systems are the least desirable due to purification requirements (Hohls et al.,
2002). Currently Midmar Dam is in a mesotrophic state, between these extremes, which can
be characterised by high productivity, high species diversity, and nuisance growth of aquatic
plants and algae, although seldom toxic (DWAF, 1996a). Observed nutrient loads generated
from the catchments under study have the potential to contribute to the shift of Midmar Dam
into a eut rophic s tate, accompanied by high productivity, | ow s pecies diversity and al gal
blooms that can prove toxic (DWAF, 1996a). The nutrient enrichment taking place promotes
the growth of low order aquatic organisms such as macrophytes (Van Ginkel, 2002); this
increase in productivity will be ac companied by large bacterial communities using available
oxygen and i ncreasing biological ox ygen dem and, while decreasing oxygen av ailability to
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other aquatic organisms (Correll, 1998). This will alter the structure of aquatic communities
at the cost of aquatic biodiversity. Under enriched conditions, the growth of toxic species of
algae will be favoured within the impoundment, toxins which will affect both terrestrial and
aquatic biota and ar e transferred al ong trophic | evels t hrough bio-accumulation (Camargo
and Alonso, 2006). In terms of the usability of the resource, extreme circumstances such as
this will have far r eaching i mpacts for t his s trategically significant resource, one al ready

pressured by increases in domestic demand.

5.8. Conclusion

The impacts assessed in the upper uMngeni catchment pose a severe long-term risk to the
state of Midmar Dam as a f reshwater drinking resource, not only in terms of the elevated
risks associated with n utrient i nputs from M pophomeni, but t he c ompound i mpacts from
agricultural practices in the greater upper uMngeni and the emergence of new developments
such as Khayalisha in the future. The uMngeni catchment is of vital importance with regards
to Kwazulu-Natal's water supply and needs to be managed accordingly, from source to river
mouth. Midmar Dam supplies safe, clean drinking water to the eThekwini, uMgungundlovu
and Msunduzi municipalities, with a current demand of 268 million litres per day (Ramnath,
2010). The i mportance o ft he i mpoundment as a pr imary w ater r esource ¢ annot be
overstated. In a eutrophic state the strategic importance of Midmar Dam as a drinking water
supply will be compromised, furthermore, of the four major impoundments along the
uMngeni River, two (Albert Falls and Inanda) are moving to a eutrophic state (Hols, 2002).
The importance of conserving a strategic water resource such as the uMngeni River inits

headwaters is of vital importance due to its cumulative downstream affects.
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CHAPTER SIX
CONCLUSIONS

6.1. Introduction

This chapter addresses the aim and objectives of the research, assessing if and how
objectives w ere m et. The ¢ hapter ¢ oncludes by considering the gener alt rends by

addressing the outcome of each objective and the over-arching aim.

6.2. To undertake water quality assessment and S ASS5 bio-monitoring to investigate
the impact of Mpophomeni settlement and other land uses on water quality of stream

networks draining into Midmar Dam

The site pl acement, sampling t echniques an d anal ytical m ethodology us ed al lowed
deductions to be made with regards to the i mpact of M pophomeni s ettlement and o ther

mixed land uses on water quality and ecosystem health of river networks.

6.3. Establish sites isolating areas of pollution concern

Sites in the Mthinzima and G qishi systems were effective in isolating areas responsible for
pollution inputs into the relative systems and the Khayalisha site acted as a baseline site for
current water quality conditions in this sub-catchment. In the Mthinzima sub-catchment, the
site upstream of the settlement provided a baseline against which sites downstream could
be compared. Water quality and ecosystem health of sites downstream could be attributed to
the presence of urban development in the form of Mpophomeni. In the Gqishi sub-
catchment, sites located along the stream gradient recorded pollution inputs into the system
by accounting for changes in land use and associated non-point source inputs from
upstream in areas of forestry to downstream in areas of commercial agriculture. P hysical,
chemical and bi ological w ater quality anal ysis and S ASS5 results, illustrated th at s ite

location proved successful in pointing towards land-based sources of water quality impacts.
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6.4. Assess the impact of Mpophomeni settlement and other land uses on water
quality and ecol ogical integrity of the Mthinzima and Gqishi sub-catchments draining

into Midmar Dam

The impact of Mpophomeni settlement on stream water quality and ecological integrity in the
Mthinzima f lowing i nto Midmar D am was es tablished t hrough w ater quality and S ASS5
monitoring. It was established that sewage discharges from broken and blocked sewage
infrastructure w as ent ering t he M thinzima m ain ¢ hannel and t he t ributary t hat di ssects
Mpophomeni. This was evident through visual observation, backed-up by the elevated E. coli
counts. Water quality was poor at sites immediately downstream of the settlement with some
improvement before flowing into Midmar Dam. The most notable impact of the s ettlement
was the increased concentrations of nitrogen and phosphorus compounds as a result of raw
sewage. E xcess nutrients (nitrogen and phos phorus) entering an aquatic environment can
alter the trophic status of the system and cause a structural change in aquatic communities.
Excess oxidisable organic matter ent ering the stream network causes decreases in
dissolved oxygen and dominance of bacterial communities. The response of the Mthinzima
ecological condition was evident in the SASS5 results, which responded in accordance to
water quality, illustrating a system poor in invertebrate diversity, where only highly tolerant
taxa were prevalent. This was the case for all sites downstream of Mpophomeni, a marked
change from the upstream site w hich represented a di verse s ystem of better q uality and

ecological condition.

Selected s ites i n the Gqishi system showed t hat prevailing s tream w ater quality and
ecological integrity could be attributed to surrounding land use activities. It was established
that sites located in forestry had exceedingly better water quality and ecosystem health.
Nutrient concentrations were | owest i n forestry and di ssolved ox ygen was highest as a
result, invertebrate communities were diverse and families with higher sensitivity were more
prevalent. Agriculture had the most notable impact on s tream water quality with a m arked
decline from areas of forestry. This decline was mirrored by declines in SASS5 indices, most
notable by a shift to less sensitive invertebrates. In contrast to the Mthinzima sub-catchment,
the nutrient concentrations were as a result of agricultural inputs rather than faecal matter
entering the system, evident by relativity low E. coli counts but high nitrogen and phosphorus

concentrations.
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6.5. Assess the status of water quality entering Midmar from the Khayalisha sub-

catchment

The Khayalisha inflow site was established as a means of assessing the current status of
water quality originating from t his s ub-catchment in light of the Khayalisha s ocial housing
project. Currently the water quality is good and although not pristine, due to prevailing land
uses, is of marginal water quality concern to Midmar Dam. Nutrient (nitrogen and
phosphorus) concentrations and loads were sufficiently low to be of little concern in terms of
eutrophication. C urrent land-based activitiesin t hes ub-catchmentar eno tp roving
detrimental to the quality of water in Midmar Dam. The current state of water quality in this
sub-catchment is under threat from land transformation in the form of the Khayalisha social
housing pr oject; which duet oits placement could r eplicate t he ¢ onditions pr evailing at

Mpophomeni.

6.6. Compare nutrient loads entering Midmar from the Mthinzima, Gqishi and

Khayalisha sub-catchments

By establishing sites at the Midmar inflow of the three respective sub-catchments, nutrient
(nitrogen and phos phorus) concentrations c ould be us ed to c alculate nutrient | oading by
using simulated flow data (Warburton et al., 2010). The nutrient loads from the three sub-
catchments varied, with the highest loads from the Mthinzima sub-catchment as a result of
sewage inputs from inadequate sewage infrastructure in Mpophomeni. This was deduced by
the high E. coli counts at sites downstream of Mpophomeni, as compared to sites upstream
which were predominantly unaffected. As a result, nutrient concentrations were substantially
high which resulted in high nitrogen and phosphorus loads entering Midmar Dam. Nutrient
loads were sufficiently hi gh t o w arrant eu trophication ¢ oncern w hereby Midmar D am, a

principle water resource, is under threat.

Nutrient | oads from the G gishi s ub-catchment were lower than that of the Mthinzima; not
sufficiently low enough, however, to be of no management concern, especially in the case of
Nitrate (NO3) loads. The level of E. coli counts established that faecal matter was not the
primary s ource o f nu trient | oading. It w as t herefore deduc ed t hat fertilisers c ontaining
nitrogen and phos phorus compounds, used in commercial agricultural practices, were the
source of the nutrient inputs. The most notable trend in nutrient loads was the nitrate loads

which in contrast, to the other nutrient loads, were higher than those from the Mthinzima.
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Loads entering Midmar from the Khayalisha sub-catchment were negligible in comparison to
those produced by the Mthinzima and the Gqishi. This was both as a result of low nutrient
concentrations and low stream discharge. Land use in the Mthinzima is dominated by urban
development in the form of Mpophomeni, which was the source of the poor water quality in
surrounding streams. Upstream in peri-urban/grassland areas, water quality and ecological
integrity of the system was good. In the Gqishi sub-catchment water quality was governed by
prevailing land activities, whereby upstream areas, dominated by forestry represented good
quality water and ecological health. The change in land use to commercial agriculture was

coupled by a decline in water quality and ecological health.

6.7. Evaluate the sampling and analysis techniques used

Site s election, s ample s trategy, and methods o f anal ysis andi nterpretation pr oved
successful in understanding the effects of the Mpophomeni settlement and other mixed land
uses on w ater quality entering Midmar Dam. The multi-metric approach to the methods of
analysis and i nterpretation allowed f indings t o r einforce eac h o ther and i llustrate da ta
interrelatedness. Furthermore, the use of bio-monitoring techniques alongside conventional
physical, chemical and biological water quality analysis, illustrated the link between water
quality and ec ological i ntegrity o f freshwater systems. T his r esulted in a comprehensive
understanding of the e ffects land us e (such as development and ag riculture) on v arious

facets of the freshwater systems in the upper uMngeni.

6.8. Conclusion

The issues surrounding Mpophomeni are rooted in municipal service delivery based around
solid waste and sewage infrastructural issues. The Khayalisha EIA (EIA-5349) stipulated
(ROD 10.10) that the M pophomeni wastewater treatment plant was to be upgraded if the
project was to go ahead. The upgrade was commissioned in 2008 an d has not yet been
addressed. C urrently dom estic w astewater f rom M pophomenii s p ipedt o H owick for
treatment, w hich i tself i s pl agued by under performance an d r equires an upgrade. T he
justification for the development of the Khayalisha social housing project is to relocate
informal settlers from areas in Howick. This is of undeniable importance in a country striving
to eradicate past social inequalities and promote socio-economic development; however the
lessons learned from the water quality analysis in Mpophomeni illustrate that further

development in the area is unsustainable and p oorly located, unless relevant services are
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adequately provided. In a rapidly developing country the issues raised herein illustrate the
necessity of bal ancing development with en vironmental pr otection; whereby i f one m ust
supersede the other, the impacts must be minimised. This is of vital importance due to the
transformation of land near waterways and requires integrated management of water
resources whereby past lessons and proactive monitoring forms the basis of decisions. With
freshwater supply deficits projected in South Africa by 2025, water quality must be managed

to ensure available water is in a usable state for both humans and ecosystem functionality.
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Appendix A — The Witness Newspaper (2008, 2011, 2012) and Carte Blanche (2011)

THE WITNESS

Overhaul for sewage works

30 Jul 2008
Nalini Naidoo

A Bao million project is to be lannched before the end of this year to sobre Mpophomeni's
sewage problems and deal with increazed efflnent from the new honsing developments
being established in the Howick/Mermrivale area.

It involves the opening and nperading of the Mpophomeni waste water treatment works,
which were de izsioned by the Transitional nMngeni Council in 1506, Umzeni
Water, Umgnnsundlowmn District Muonicipality and nMngeni Municipality are working
jointly on the project.

Umgnngundlevn acting municipal manager Shu Ehnrwayvo said Umpeni Water will be the
service provider for the project on the basis of BOTT (build, operate, train and transfer):
they will build the waterworks, operate it, train mmmnicipal staff and tran=fer the complex
to the municipality within 10 or 15 vears, He said capital will be provided by Umgeni
Water and the mmnicipalities will repay it on a monthly basis,

ulMngeni municipal manager Dumizani Vilakazi =ays the Mpophomeni waste treatment
plant was decommissioned becanss in the apartheid era, effluent from blacks and whites
was not allowed to mix, so townships had their own waterworks,

When the transiticnal conuncil came into being it was felt this was a huge waste of water
and resources as both the Mpophomeni and Howick waterworks were ronning at half-
capacity. The Mpophomeni plant was decommissioned and the Howick plant served both
areas.

Vilakari said that with developments in the Howick and Marrivale area, it became clear
that there was an urgent need to re-open the Mpophomeni plant.

107



THE WITNESS

Midmar Dam will be contaminated, experts warn
30 Jul 2008

Melissa Douman

Despite doubts over funding, poor location, a land ownership dispute and the
potentially disastrous effect on water quality of building 4 ooo low-cost houses too
close to Midmar Dam, the uMngeni Municipality says the project has been
approved and will commence as soon as they have the budget for it.

“We have got very astute ... people who have approved building, and as soon as we are
ready we will go ahead,” said uMngeni municipal manager Dumisani Vilakazi.

The municipality started the Khavelisha Housing Project six vears ago with plans to build

4 000 low-cost houses on Hollywood Farm, situated on the Boston road between

Mpophomeni and Howick. The farm is about 500 metres from wetlands, small dams and

Midmar Dam.

Each house will accommodate about five people. If all the houses are occupied, this will

translate into 20 ooo people staying on a few acres of land close to natural sites that need

to be conserved.

Environmentalists object that building so many houses so close to the dam and other
wetlands will seriously affect the quality of water in the dam and contaminate the
drinking water of residents from Howick all the way down to Durban.

Vilakazi said a new settlement has to be built as Mpophomeni has reached its limits and

cannot be expanded.

Lin Gravelet-Blondin, deputy director of water quality management at the Water Affairs
and Forestry Department, said: “Although we fully support citing of development further
away from the dam, the implications of a sewage spill or storm- and rainwater runoff into

either the wetlands or the dam are that the quality of the water will be spoiled.

“The dam will become as unclean as the Duzi, only the negative consequences will be on a
much larger scale ... swimming in the dam will not be safe and this will rule out annual
events like the Midmar Mile.”

Vilakazi reacted to eritieism that the municipality has failed to maintain sewage systems
in Mpophomeni and the Prospect road settlement, saving: “We have had oeccasional bursts
and leakages; you cannot call that failure.”

Another obstacle is funding.

Nottingham Road councillor Moira Grueneberg said the uMngeni Municipality already
owes uMgungundlovu District R23,9 million.

“In order for the building to be approved, they need to upgrade sewerage facilities. They
do not have this money and will have to borrow it from the district.

“But the district will not loan them any more money until they repay the money that is
still outstanding,” said Grueneberg.

Advocate and bird lover Rob MeCarthy says Hollywood Farm was unlawfully aequired by
the municipality.

Advocate Keith Khoza, who was also head of the KZIN Housing Department four years
ago, is alleged to have acquired 17 properties without the department’s authority.

Hollywood Farm, a former dairy farm, was allegedly one of them. Though Khoza was
arrested, Hollywood Farm is now owned by the department. “The transaction was
unlawfully acquired with the help of advocate Khoza ... I don't see how they can build land
on property that isn’t lawfully theirs,” MeCarthy said.

Local Government and Housing Department spokesman Lennox Mabaso told The
‘Witness that he would have to check on the legal ownership of the land, but said that
issues relating to properties acquired by Khoza are currently being dealt with.

“I don’t want to talk about it, but building has been approved and I can promise you that
we are definitely going ahead,” he said.
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THE WITNESS

Threat to Midmar

oz Jan a0

Trish Bemuer

MIDLAR Dam may
become a stinking
pool of sewage if a
new honsing

environmental
lawyer, who has
fought this
development tooth
and nail,

McCarthy has been
watching the plans
for Ehayelizha
become reality with
ground being
brokan recently to lay fonndations for the low-cost honses planned by nMronzundlovn
Mumnicipality, 300 metres from the shore of the frech-water dam.,

Envircnmental experts, as well as the Department of Water Affairs have expreszed grave
concarms abont the future of the wetlands surrounding the dam, and, more importantly,
say that the development eonld poison the main water supphy, aﬁach.ugtnum
downstream like Howick and the greater Pietermaritzbure area.

If Midmar becomes polluted, events like the Midmar Mile, which attracts visitors to the
dam and injects income into the local economy, will be severely compromized. Leisure
activitios cantred aronnd the Midlands Meander will alzo be nepatively affected.

MeCarthy, who zrew up enjoying the beauty of the dam, iz horrified by the onfolding
dizaster, He says poor water and sanitation management of the nearby township of
Mpophomeni has already canzed =ignificant sewage seepage into the dam.

Drains are blocked, mabbish has been thrown into manholes and broken sewerage pipes
have bean laft nnattendad. This is all dus to poor maintenance by obngeni Municipality.

Mpophomeni is two kilometres from Midmar, and the filth is carried to the dam by a
small tributary. “This second housing development will canse complete and ntter
devastation of the fanna and flora — and that is not just what I think — the
environmentalists said it in their report.” said McCarthy.

The Ehayelisha site was chosen from one of several sites, reportedly becanse the
municipality wizhes to otilize and extend the existing sewerage infrastructare.

MeCarthy allegas the land (Hollywood Farm) is also contentious as it belonged to a former
politician, who never went through official tender processes when he sold it to the
Department of Housing,

Dz Mark Graham, a scientist working for GroundTroth, an eovironmental consultancy,
told The Witness that an environmental aszezsment impact (EIA) was done as part of the

pIOCess.

“The Department of Water Affairs ['WA] gave the go-ahead, but with very stringent
conditions imposed, which were put into the Record of Decision [RoD].

He =aid: “Construoction work has begun on the site, but the RoD issues have not been met.
If we lock at other areas like Mpophomeni, which i= adjacent to Ehayelisha, and in the
same catchment area, thers is a poor record of environmental management, and thera is
ongeing faecal and motrient pollution into Midmar Dam.”

EwaZuln-Watal Depariment of Water Affairs acting director Manicsha Maharaj, said they
would be constantly menitoring the water-catchment areas to see if the development
would negatively affect Midmar Dam.

She said: “Althongh the DWA supports niMngeni Municipality's efforts to supply low-cost
honsing, we do not support its choice of location, Other locations downstream of Midmar
wiould have been more snitable.”

Research has shown Mpophomeni contributes almost 51% of the E. coli loads that are
found in Midmar Dam. The sewage also increases the concentration of phosphates in
Midmar Dam cansing the development of blus-green alzae, which has devastated other
dams like Hartebeespoort Dam (see box),

uMegnngundlovn Municipal Manager Sibusiso Khuzwayo gave his side of the story to The
Witmess,

“Development of this natnre is the outcome of an intensive community participation.
Community needs are articulated and expressed. A social, environmental and tachnical
assessment is performed to assist commmnities to make informed choices, The =site
location is the cnlmination of a long-winded process.”
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Ehurwayo admitted there was a need for the entire ulngeni sanitation and sewerage
system to be upzradad. “We have just completed our Water Services Development Flan
and quantified all the new capital works and nperades to be done over the next five years.

“Then a systematic bot comprahensive process to respond to the water services issnes will
roll cut on a phased implementation basis.”

Ehurwayo denisd that housing got more priority than water and environmental affairs.
“We have a legal and moral obligation to uphold the environment health of all areas in our
jurisdiction. But honsing is also a priority, from the nMngeni Municipality’s point of view.
We therefore have a constitutional obligation to support one another as organs of state.”

Ehuzrwayo agreed they were currently experiencing a staff problem in the water and
sanitation department. He said: “We have increaszad cur capacity through maintenance
contracts from the private sector, as well as the Development Bank of Southern Africa
[DEEA). Wrthihere—cunshtuhun of the new conncil, the freering of posts will be
revisited.”

“The Department of Water has created a suppert-funding programme to help
pay for nupgrades. DWA's Manicha Maharaj said Ry5 million had been
allocated for the next three vears and was prioritized for municipalities like nMngeni.”

But McCarthy remains unconvinced that the district municipality or the WA will be able
to prevent a disaster from happening,

“It's a time bomb waiting to explode! We'll all be buying drinking water — how will the
poor afford that™

ACCORDING to Dr Mark Graham, phosphata loading of water sources is the primary
cansa of entrophication of water in which blue-green algae mmltiplies, producing a serions
toxin known as cyanotoxin, which has been linked to nenrological disorders. The
Hartebeespoort Dam experience has shown that under extreme conditions, the water
becomes extremely difficulf to treat for drinking water, Many of South Africa’s water
resources are already polluted by this alzae.

Scientizts have established that theze cyanotoxins can be linked to Alzheimer’s dizeazs
and Parkinson's disease. People and animals that are exposed to these at low doses over a
long time suffer from nerve and liver damage.

High phosphata loads were detected in 2006 on satellite images of Mpophomeni cn

DUZI uMingeni Conservation Trust (Duct) volunteer, Liz Taylor, who along with other
team members, carries out water-quality tests, said there are many contributing factors to
the deterioration of the uMngeni municipal water and sanitation services.

« Water purification systems need to be upgraded, especially outlying water pumps that
break down regularly after rain storms. The estimated cost of this would be R25 million
for the uMngeni area.

« The recruitment of plumbing staff. There are allegedly only 18 qualified plumbers on the
municipal payroll due to a wage dispute created by the previous administration. No new
staff can be hired until this is resolved. There are 62 open vacancies in the sanitation
department.

« Due to a manpower shortage, broken pipes and sewage spills cannot be attended to, and
the end result is filth and poor hygiene.

« Informal settlements and townships have no access to regular refuse removal and no
landfill or dumping site near their homes. Consequently, they resort to burning their
rubbish or leaving it in the street, where it gets washed into the rivers by rain storms.
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22 May 2011 0700

MNguni Productions
Presenter:  Dewi Sankaree Gowvender
Show: Carie Blanche

Busy attomey Rob McCarthy and high schood head boy Gareth Gardiner hawve neser
meet.

But both hawe a similsr goal - to protect one of KeaZulu-Matal's pimary water sourcas
from potentisl dissster.

Midmar Dam in the KwaZule-Matal Mdlands provides water to Pietermaritzburg and
Durban. That's 374 million kilolitres o water to 4.8 million pecple every year.

Mosy this vital water source could be severely compromised by a new low cost housing

development.

Rob MeCarthy (Lawyer): "The research and the opmions of the experts are clear: do not
do this project”

Gareth Gardiner {Howick High School Head boy): "That is compleiely crazy - if you are
poing to put in anather housing develzpment like that, when you haven't even sorted out
camment issaes "

Dewi Sankaree Govender: "In an attempt to relocate squatters from the informal
cettlements near Howick, local authoaties have begun building the first phase for 1 500
unit lowe cost housing development right here at Midmar Dam.”

Even the Depariment of Water Affairs thinks the plan is foolhardy - it's siding with
residents against the kecal ulMnpeni Municipsality.

Manisha Mahargj is acting assistant cirector for Water Resounce Managemant.

Manisha Maharaj (Department of YWaer Affairs): "The location is unsuitsble, mainky
because it is in such close proximity t3 3 strategic water rescurce such as Midmar
Dram.”

Mark Grahanm is a water qualty scienlist and knows all about the appaling concition of
KFM s waterays.

His Riwers report shocked viewers in 2008 whan he exposed that only three of the 81
rivers in grester Durkan were still in 3 natural condition.

He glso tested water from the Limsinduwsi River, site ofthe anneal Duzi Zance
Marathon. | k2 revealed an Cooli count an astounding 7 000 times higher than the

acceptable lewel.
Feoety percant of the feld had sither chronic disrhoea or vomiting.

[Car r= Blamdme 3 February 2008] On Men b Gl s {Aajualic Scenlisl Sround Tiuth).
The canoeists are th2 red flag to indieate there are preblams and Bssues anound water
and contamination that many of our rivers suffer from in the country.”

Mark wams that conEmination of the Midmar would pese an even greater sk because
of 1= key postion.

Mr Craham (Water neality soped)- "Wdmar is the top-snd of this rReraide nf dams [an
scresn) going down the Umgeni River system. It cascedes from here down to Albert
Faliz [Oam], which is Durban's main water supply; and then from Albert Falis down o
Maged Dam, and on fom therz to Inarda Dam So we hawve gol this sequence of

cascading of key dams. We want to pesenve quality and guanity at the top, rafer than
to daal with i 2 problamatic Jownsbrem

Treating polisted water is a costly exercise and of course ratepayers will have to cough
up.

A= itis, there ane already twao low co= howsing projects in the znea with outdated and
overncaded sewapge systems, poliuting Midmar and its rivers.

Mpophomen is 3 6 000 houss setfiement built in the s, three ldomeires shove
Midmar Dam.

Siphumede iz 8 35T low cost housing unit developmeni complated four years agp - built
1.4 iometres downstream from Midmar and jest 100 metres fiom the Umgeni River's
edpe.

Khavelisha will b2 bult below Mpophemen.




Drewi: "The fear is that the new controversial 'slum clearage’ project will only add to the
problem.”

Rob says he got involved in 2002 when authorities first announced plans to build
Khayelisha.

He grew up on the banks of the dam and says recreational activities will be a thing of
the past if plans go ahead. s also host to the famous Midmar Mis.

Riob: "Sailing, swimming, fishing.... it is a tremendously beauiiful area.”
Today he is meeting a young ally with similar concems.

Gareth goes to school in Howick. Asked to do a progect on pollution in the area, he was
chocked at what he found.

Gareth: "You come here and it is really revolting... it's a stenchl”

Drewi: "Gareth started his investigation here at Siphonomela, which s 3 low cost housing
development just below Midmar Dam.”

Here he met Cyril Hiele, a lecal resident who has had to deal with 3 burst manhole in his
yard and raw sewsage flowing out of his toilet.

Cyril Hiele {Sphonomela resident); "... Coming sTaight nto the house,”

These cellphone video clips of the muck were part of Gareth's project. The overfiow
included human fasces.

Gareth: "It coverad the issue of the sewerage spling out of his house and then flowing
inte the LUmpgeni River, which is located a hundred metres. away.”

He says if sewage leaks into the river here - then Midmar is doomed, with Khayelisha
built metres from the shore.

Dewi: "Wz are going up in the air to see the prodmity of Khayelisha to Midmar Dam.”
Mot only will howses be built just under 200 metres from the shores of Midmar, the plan

is fior more houses to be built only 150 metres from a cascade of smaller dams on the
cite.

O Graham: "They would be the first receptacis. They would hold the water for some
Bme, but witmstedy that water drains from there into Midmar Dam, which is now our
primary drinking water sowce "

Ha says it's mewitable that any sewerage spills or ifier from Khayeksha will contaminate
the water.

Gareth: "| am no Expert on sanitation of ;ﬂrlhlhu ke that. but | can sea why the
municipality cant see it, when | can essdy see it on 3 couple of wisits to 3 place ke
Siphonomela ~

Thangs aren much beftler 3t Mpophomeni

Dewi: "This is 3 typical example of what exactly is going on here at Mpophomeni- you
have got the sewerage pipe here and 3n overflowing manhole jusi ower the Ede bush
there, and, strasght line in the distance, Medmar Uam. | can't even begin o desonibe
what it smeds e "

Manisha: "Cumently Mpophomeni is... okay, | can't think of any nice word... tisa
dsaster. We have a failing sanitabon system, a failing waste dsposal management

SysiEm.”

D Graham: "M th waste hasnt been colscted, often it lands up in the sewerage
system.”

And it blocks the pipes. As 3 result, burst storm water drains overfiow, polluting streams
and tha water tbie, then i fow into Madmar

Rob: "Thers are condoms, sanitary pads, dead animals and the e flowing through the
waler systems there, It really is a8 disgraceful situaton ™

Or Graham: "Widmar has monessed by about B2% n terms of its phosphate loading n
the last ien years.”

Phosphates are a by-product of human and animal faeces The‘f Can Caise an
explosion in sigae growth

Cang Blanche has highlighted the dangers associated with algas blooms befors
Hartebeespoort Dam in Gauteng has been poisoned with phosphate overloadng
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Or Graham: “We are going to end up with Midmar looking ke Harebesspoort. And that
wll be: wall 1o wall covered in weter hyscnth, blue-green aigse parculsdy

Studes show that inoons in blue-gresn sigae can cauce iver dibpase. especaally m
chddren

Manssha: “A special study was conducted by the Inst#ute of Natural Resources and
these studies show that from the kKhayelsha development a 50% increase of
phosphorous will emanate from that development alone.”

Erie Svensson from the uMngeni Municipality disputes the ressanh

Eric Swensson (uMngeni Municipality): "The advice from our sciantists has indicated that
the majonty ol phosphate loading is actually from farm ands,”

He says only @ small amount of Mpophomeni's waste lands up in the dam and that it's
nat necessary o calculste Khayelisha's potential phosphate contribution

Devi: “So are you refuting what the Department of Wter Affars & sayng ™™
Eric Tm not sware exactly of their shudy that they are reflerring io.”

hisrsha says the sudes she & refeming o were done last year, Studes backed up by
Enc's own wster management team - Umgeni Vister

Thesr March 2011 Wister Quslity Report on Rivers and Dams marks Midmar 25 having
poor water quality status 'due to high algal counts” a5 a result of ‘phosphate

conoenirations arising from sewer problems in Mpophameni’

Erie: “Well, we would have to have a look st that study and how detailed that study
was,”

Residents say there are other places to put much-neaded housing

Rab: “We have made the municipality aware of seven different sles that we consadered
Mo Appropriae.

And iI's not as if people are dying o move o Khayelisha

Dt Mot only &5 the Khayelisha development far sway from town, but hey S3y here
aren any employment opporhunities, or ensport aclites ™

Dewic "YWhat was wrong with the other proposed locations?
Eric- There were no servioes svslsble In other words ol services” ™
Desi e

Eric: "The water supply was inadequate, There was no waterbome sewerage, or the
WatEThOME SEWSTage Was nsteguite ™

One wonders when last councillors visitied Mpophomeni or Siphumele
Even the Record of Decision giving permission to go ahead recognises the problem

According to the RoD, Khayslisha can only be built if the Mpophomeni Waste Water
Works is upgraded

The Works were decommiasioned 10 years ago
Robr "And that is & 25-millon o 30-milkon rend exercise ”

Mo upgrade has started. yet bullding of the first 500 unils &= bulldoring ahead. And

thers's no way the Howick Trestment Ywors will cope with these additonal houses

Manisha Thermefore the Department has recommended that the Howick waske wates
worls: be upgraded as well as Mpophomeni.

The sewage systems of the remaining thowsand units will have to form part of the
upgrade.

But. the municipality wants them io be built in the meantime - provided they remain
unoccupied.

Enc: "Obwinusly there is nobody can move in because there won't be any sanitation
seqvices provided.”

And not everyone beleves that the municipality will eventually upgrade the system
Manishar “Promises ane not good enough. 'We want io see physical action. Our major

concam s, § whatever & happeneng 5 Mpophomeni happens in khayelisha, we wil
have 3 deaster in Msdmar Dam.”




THE WITNESS

Sewage seeps into Midmar

13 Jul 2642

Mlondi Radebe

THE main sewage
pipe coming from
Mpophomeni has
burst. and has not
only created a foul
smell near the
township along the
R617, but is seeping
into a stream that
feeds Midmar Dam.

Umgeni Water
discovered only on
Monday that the
pipe had burst and
then began isolating
the pipe, resulting in the valves being shut off to stop the flow of sewage, said the utility’s
corporate stakeholder manager, Shami Harichunder.

Contractors were sent to repair the pipe and it was expected that the work would be
completed by last night.

Harichunder said there was no risk to the quality of the water supply to Pietermaritzburg
and Durban because the water underwent treatment as normal before it was supplied in

bulk to municipalities.

The pipe burst near the road a kilomatre away from the dam and water leakad into the
stream that flows into the dam.

It is believed that the pipe has been faulty since last week.
The stench leads one to a stream with foamy water and signs o pollution.

Duzi-uMngeni Conservation Trust spokesperson Liz Taylor, said that if the sewage flowed
into the dam all the time, it would canse a problem.

Taylor said: “We are working with uMgungundlova Munieipality and are trying to identify
the nature of the blockage.

“We are mapping all the sewage pump stations and manholes in Howick, Howick West,
Merrivale and Mpophomeni to set up a surveillance system that will hopefully ensure
early detection.”

Taylor said there were two problems that could cause the pipe to burst: excessive pressure
or misuse.

“Hesidents flush plastic and other things that block the pipes like nappies, which should
not be putin toilets.”

She said poor water and sanitation management in Mpophomeni had already caused
significant sewage seepage into the dam.

uMgzungundlovu municipal manager Sbu Khuzwayo said he would respond to questions
from The Witness today.

= mlondi.radebe@witness.co.za

114



Appendix B — SASS5 score sheet

ASS Version 5 Score Sheet Taxon S | veg [GSM| TOT|Taxon S | veg |GSM| TOT |Taxon S | veg |GSM|TOT
PORIFERA 5 HEMIPTERA DIPTERA
Date: ! 1200__ COELENTERATA 1 Belostomatidae* 3 Atheriadae 10
TURBELLARIA 3 Cornxidae® 3 Blepharoceridae 15
ollector: . ; ANNELIDA Germidae” 5 Ceratopogonidae | &
Ofigochaeta 1 Hydrometridae* 6 Chironomidae 2
|Grid Reference: |WGS-84|Cape datum  |Leeches 3 Naucoridae® 7 Culicidae® 1
| S 5 e R ! .7 |CRUSTACEA Nepidas* 3 Dixidag* 10
Amphipoda 13 Notonectidae*® 3 Empididae 6
ISite code: Potamonautidae * 3 Pleidae’ 4 E phydridae 3
Atyidae 8 VelidaeM.. veliidae* 5 Muscidae 1
JRiver... .. ..{Palaesmonidae 10 MEGALOPTERA P sychodidae 1
HYDRACARINA 8 Corydalidae 8 Simuliidae 5
|Site description:......................ccc............|PLECOPTERA Sialidae 6 Syrphidae* 1
|Notonemouridae 14 TRICHOPTERA | Tabanid ae 5
Weather Condition:.....................cccceeeo.e...|Periidae 12 Dipseudopsidae 10 Tipulidae 5
EPHEMEROPTERA Ecnomidae 8 GASTROPODA
Fampt v ®C  pic s Baetidae 1sp 4 Hydropsychidae 1 sp 4 Ancyhidae 6
Baetidae 2 sp 6 Hydropsychidae 2 sp ] Bulininae® 3
IDO:-........cceeoe...mgl Cond:..........mS/m Baetidae > 2 sp 12 Hydropsychidae > 2sp | 12 Hydrobidae*® 3
Caenidae 6 Philopotamidae 10 Lymnaeidae® 3
|Biotopes sampled: Ephemerndae 15 Polycentropodidae 12 Physidae” 3
IC ... TiMEL.......oe.c.... MiNULES Heptageniidae 13 Psychomyiidae/Xiphocen| 8 Planorbinae* 3
OG: e TR Gsasa minutes Leptophlebidae 9 Cased caddis: Thiandae* 3
JAverage size of stones.....................cm Oligoneuridae 15 Barbarochthonidae SWC| 13 \Viviparidae* ST 5
10 Calamoceratidae ST 1 PELECYPODA
15 Glossosomatidae SWC | 11 Corbiculidae 5
12 Hydroptilidae 6 Sphaenidae 3
9 Hydrosalpingidae SWC | 15 Unionidae 5
Lepidostomatidae 10 ASS Score
ud. ... Calopterygidae ST.T | 10 Leptocandae 6 No. of Taxa
|Hand picking/Visual observation................ Chiorocyphidae 10 Petrothnncidae SWC 1 JASPT
ow: Low/Medium/High/Flood Chlomlestidae 8 Pisuliidae 10
urbidity: Low/Medium/High Coenagrionidae 4 Sericostomatidae SWC | 13 Sample collection effort exceeds method? ...
iparian land use: Lestidae 8 COLEOPTERA
Platycnemidae 10 Dytiscidae® 5
isturbance in the river: eg. sandwinning Protoneuridae 8 Elmidae/Dryopidae” 8 (Other biota including juveniles:
@ drinking point, floods etc. Aeshnidae 8 Gyrinidag” 5
Corduliidae 8 Haliplidae*® 5
Gomphidae 6 Helodidae 12
servations: eg. smell and colour of Libellulidae 4 Hydraenidae * 8 Comments:
. petroleum, dead fish, etc. LEPIDOPTERA Hydrophilidae® 5
Pyralidae 12 Limnichidae 10
s 5

Procedure: 'Kick SIC & bedrock for 2 mins, max. 5 mins; Kick SOOC & bedrock for 1 min; Sweep marginal vegetation (IC & OOC) for 2m total and aquatic veg
1m?2; Stir & sweep gravel, sand, mud for 1 min total; * = airbreathers; Hand picking & visual observation for 1 min — record in biotope where found;
Score for 15 mins/biotope but stop if no new taxa seen after 5 mins; 'Estimate abundances: 1 =1, A=2-10, B = 10-100, C = 100-1 000, D = >1
000; S = Stone, rock & solid objects; Veg = All vegetation; GSM = Gravel, sand, mud; SWC = South Western Cape; T = Tropical;, ST = Sub-tropi-
cal; Rate each biotope sampled: 1 = very poor (i.e. limited diversity), 5 = highly suitable (i.e. wide diversity)
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Appendix C — Physical, chemical and biological water quality parameters

NHsz (mg NO2(mg NOsz(mg TKN(mg SRP(ug TP (ug TOC COND SS pH TEMP DO(% . fé)/i

N/#) N/#) N/#) N/#) P/?) P/f) (mg Clt)  (mS/m)  (mglt) (°C) saturation) . ints/100me)

25/10/2010 0.52 0.5 1.29 3 5.3 245 1.95 10.2 10 7.86 17.84 83.75 620
20/12/2010 0.04 0.05 0.33 14 3.15 26.28 1.19 5.4 10.4 7.68 18.8 94.6 160

UM 15/03/2011 0.06 0.05 1.14 1 34 255 1.9 6.4 9.2 7.64 22.53 87.65 649
23/05/2011 0.05 0.05 0.55 1 3.36 15 1.23 6.5 4 7.35 12.85 77.59 160
14/07/2011 0.05 0.05 0.95 1 3 15 1.23 6.6 4 7.66 8.1 90.38 6

mean 0.144 0.14 0.852 1.48 3.642 21.256 1.5 7.02 7.52 7.638 16.024 86.794 319
25/10/2010 17.33 0.5 0.5 18.81 880 1180 12.8 424 34 7.67 22.85 67.86 540000
20/12/2010 4.8 0.05 6.38 5.79 178.23 397.31 4.93 26.9 51.2 7.56 22.88 53.12 816000

MM 15/03/2011 6.6 0.05 0.07 13 1360 1670 12.6 31.2 17.6 7.3 25.27 66.2 173300
23/05/2011 0.72 0.12 1.91 1.03 79.23 164 2.42 15.1 28.4 7.14 13.94 71.41 12030
14/07/2011 3.54 0.43 1.23 5.87 183.87 341 4.17 18.5 14 7.59 10.77 82.98 51700

mean 6.598 0.23 2.018 8.9 536.266 750.462 7.384 26.82 29.04 7.452 19.142 68.314 318606
25/10/2010 20.05 0.5 0.5 26.72 1310 1510 12.9 43.9 39 7.47 22.38 53.98 365000
20/12/2010 6.84 2.29 2.54 8.95 285.31 1341.25 5.06 29.8 244 7.35 22.93 48.21 816000

1Mr-ib 15/03/2011 6.7 0.05 0.05 19 1745 2500 16.8 30.3 21.6 7.18 25.79 57.58 24190
23/05/2011 0.46 0.28 2.61 1.97 116.4 229 344 21.6 16 7.31 13.8 53.2 24190
14/07/2011 6.27 0.6 0.89 13.27 401.48 738.32 6.64 26 10.4 7.46 10.27 78.43 241900

mean 8.06 0.74 1.32 13.98 771.64 1263.71 8.97 30.32 22.28 7.35 19.03 58.28 294256
25/10/2010 3.59 0.5 1.53 3 280 580 8.86 27.6 51 7.19 25.51 62.07 1150
20/12/2010 1.2 0.05 3.74 3.14 98.27 349.87 4.65 18.2 68 7.85 20.82 50.19 126000

LM 15/03/2011 4.2 0.24 1.09 438 463 595 6.93 23.4 12.8 7.34 21.02 68.97 1203
23/05/2011 0.04 0.05 34 1 89.5 170 3 14.6 15.6 7.19 12.68 77.54 1960
14/07/2011 2.45 0.05 3.56 3.22 207.2 300.4 4.74 18.3 4.8 7.44 9.1 79.13 1034
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mean 2.3 0.18 2.66 3.03  227.59  399.05 5.64 20.42 30.44 7.4 17.83 67.58 26269.4
25/10/2010 0.5 0.5 0.5 6.99 31.2 7.22 10.2 8 7.8 16.34 101.65 130
20/12/2010 0.04 0.05 1.31 1.18 8.22 60.94 2.57 8.2 308  7.56 17.38 104.93 330

UG  15/03/2011 0.07 0.05 0.05 10 30 2.09 9.4 124 795 18.68 101.2 687
23/05/2011 0.04 0.05 0.33 1 7.49 19.19 1.68 8 4 7.4 11.26 79.46 60
14/07/2011 0.08 0.05 0.18 1 3 15 1.2 7 4 7 5.59 104.66 22

mean 0.15 0.14 0.47 1.44 7.14 31.27 2.95 8.56 11.84  7.51 13.85 98.38 2458
25/10/2010 0.5 0.5 0.5 3 3.5 245 3.13 11.7 14 7.78 18.78 92.64 50
20/12/2010 0.06 0.05 0.09 1.62 3 30.02 3.4 11 56  7.82 20.85 85.31 160

MG 15/03/2011 1 0.05 0.09 1.3 8.8 26 4.96 27.1 84 7.1 22.13 84.75 148
23/05/2011 0.23 0.05 0.61 1 4.75 26.6 2.79 10 104  7.31 11.95 70.43 1110
14/07/2011 0.05 0.05 0.88 1.32 3 33.3 2.96 8.3 168  7.05 6.25 88.21 1034

mean 0.368 0.14 0.434 1.648 461  28.084 3.448 13.62 11.04 7.514 15.992 84.268 500.4
25/10/2010 1.96 0.05 1.26 372  123.25 500 3.84 13.3 4 8.1 218 92.57 1380
20/12/2010 0.19 0.05 1.51 1.25 32.62  128.27 3.97 10.4 656  7.82 20.14 91.72 930

?r'ib 15/03/2011 0.15 0.05 0.83 1 47 124 5.22 11.2 576  7.81 19.92 90.98 579
23/05/2011 0.04 0.05 13 1 16.9 121.5 2.34 10.4 824 745 12.54 84.88 310
14/07/2011 0.08 0.05 0.88 1.28 15.52 29.89 17 9.6 84  7.66 8.42 91.54 114

mean 0.48 0.05 1.16 1.65 47.06  180.73 3.41 10.98 436 7.75 16.56 90.34 662.6
25/10/2010 0.5 0.5 0.5 3 12.11 73.7 6.97 14.8 41 7.8 20.51 93.61 1080
20/12/2010 0.07 0.05 1.66 3.05 31.91  107.92 4.38 11.4 48 7.8 19.41 86.63 980

LG 15/03/2011 0.32 0.05 0.05 1 12.4 87.6 4.24 14.4 912 712 20.17 85.84 411
23/05/2011 0.04 0.05 1.95 1 125 46.3 2.71 11 13.2 7.2 13.03 77.75 190
14/07/2011 0.07 0.05 1.53 1.36 11.72 26 2.29 10.4 8 773 8.12 91.55 56

mean 0.2 0.14 1.14 1.88 16.13 68.3 412 12.4 4028  7.53 16.25 87.08 543.4
25/10/2010 0.5 0.5 0.5 3 6.58 15 7.22 175 24 7.4 19.5 84.71 640
20/12/2010 0.08 0.05 0.21 2.07 3 53.34 5.61 18 14 765 25.91 71.62 170
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LK 15/03/2011 0.07 0.05 0.05 1 3.6 44.6 4.75 11.5 11.6 7 25.53 81.46 74
14/07/2011 0.04 0.05 0.05 1.23 3 55.88 4.99 12.7 27.2 7.66 11.03 78.43 60

mean 0.17 0.16 0.2 1.83 4.05 42.21 5.64 14.93 19.2 7.43 20.49 79.06 236
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Appendix D — Presence and absence of macroinvertebrate taxa (1: present, 0: absent)

Mthinzima sub-catchment

Turbellaria
Oligochaeta
Leeches
Potamonautidae
Atyidae
Hydracarina
Perilidae
Baetidae
Caenidae
Leptophlebiidae
Polymitarcyidae
Teloganodidae
Tricorythidae
Chlorolestidae
Coenagrionidae
Protoneuridia
Aeshnidae
Corduliidae
Gomiphidae
Pyralidae
Corixidae
Gerridae
Naucoridae
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Lymnaeidae
Physidae
Corbiculidae
Sphaeriidae
Unionidae
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Ggqishi sub-catchment

Turbellaria
Oligochaeta
Leeches
Potamonautidae
Atyidae
Hydracarina
Perilidae
Baetidae
Caenidae
Leptophlebiidae
Polymitarcyidae
Teloganodidae
Tricorythidae
Chlorolestidae
Coenagrionidae
Protoneuridia
Aeshnidae
Corduliidae
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Psychodidae

Simulidae

Tabanidae

Tipulidae

Ancylidae

Lymnaeidae

Physidae

Corbiculidae

Sphaeriidae

Unionidae
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Appendix E - Map disclaimer
FIGURE 3.3: Study sub-catchments within the upper uMngeni catchment

FIGURE 3.5: Land cover and study sites in the three sub-catchments under study,

study sites illustrated

Ross van Deventer and/or Colin Holmes make no warranty, representation, or guarantee of
any kind regarding either any maps ( Figures s tated above) or other i nformation provided
herein or the sources of such maps or other information. Ross van D eventer and/or Colin
Holmes specifically disclaim all representations or warranties, express or implied, including,
without | imitation, t he i mplied w arranties or merchantability and fitness for a par ticular

purpose.

Ross van Deventer and/or Colin Holmes assume no liability either for any errors, omissions,
or i naccuracies i n the i nformation p rovided r egardless o f the c ause o f s uch or for any
decision made, action taken, or action not taken by the user in reliance upon any maps or

information provided herein.

Colin Holmes

Ross van Deventer
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