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Main photo (taken on 16 May 2012): 

Excessive water hyacinth, and green and blue-green algae collecting behind a floating biomass retaining barrier, which 
extends to a depth of ±7 m below surface, in the upstream vicinity of the Hartbeespoort Dam wall.  The buoyed 
barrier, visible further upstream, is the safety barrier that limits recreational access too close to the dam wall. 

Insert photo, bottom-left (taken on 26 January 2010): 

The release of nutrient-laden, green in colour algae-rich water from a full Hartbeespoort Dam through sluices in the 
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Insert photo, bottom-middle (taken on 5 May 2011): 

The removal of excessive water hyacinth and debris from the Hartbeespoort Dam surface over one of the sluice gates.  

Insert photo, bottom-right (taken on 4 February 2013): 

Excessive primary production in the vicinity of Estate D'Afrique, downstream of the Hartbeespoort Dam wall. 
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Foreword 

 

 The Department of Water and Sanitation (DWS) is proactively involved in 
programmes and innovations that continuously seek to improve the 
well-being of people and the environment; in partnership with the private 
sector and civil society to secure water that is fit for use for all.  To this end, 
DWS has developed the Eutrophication Management Strategy for 
South Africa (EMSSA) for effective management of eutrophication to protect 
aquatic eco-systems and secure water resources that are fit-for-use.  

Increased incidents of nutrient enrichment of water resources constitute a 
threat to all socio-economic water uses.  The EMSSA, therefore, seeks to 
propose solutions for all the identified existing nutrient enrichment 
challenges, gaps, and burning issues to achieve the Sustainable Development 

Goals (SDGs) by 2030.  ¢Ƙƛǎ ǊŜƛƴŦƻǊŎŜǎ ƎƻǾŜǊƴƳŜƴǘΩǎ ŎƻƳƳƛǘƳŜƴǘ to creating a conducive strategy that 
ensures political support and the introduction of a paradigm shift in dealing with eutrophication impacts. 

The EMSSA has identified key actions that need to be implemented in maintaining and improving the 
ŎƻǳƴǘǊȅΩǎ ǊŜǎƻǳǊŎŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ.  Firstly, amongst the key identified actions is the need to address the 
excessive enrichment of water resources with nutrients (such as nitrogen and phosphorus), emanating 
from land use activities from industries, mining, agriculture, and dense settlements (diffuse run-off) and 
from the wastewater treatment works.  Secondly, ensuring fitness-for-use of receiving water resources 
through the implementation of adaptive, systems-based eutrophication management at catchment level, 
and adjusting source control measures such as discharge standards that impact on the trophic status of 
receiving water resources. 

Implementation of this strategy will require a collaborative effort from the sector partners being 
government and the private sector as we work towards improved water resources management.  The 
strategy is part of a suite of tools required by the Integrated Water Quality Management Strategy (2017) 
and the National Water Resource Strategy to begin a water quality revolution that will enable partners to 
achieve a radical transformation in the water and sanitation sector regarding eutrophication management 
and pollution prevention. 
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Executive Summary 

"Eutrophication" is a traditional ecological term used to describe the process by which a waterbody 
becomes enriched with plant nutrients.  During this process, the waterbody accumulates organic matter 
and progressively changes its character from that of a deep waterbody to that of a wetland and, ultimately, 
to that of a terrestrial system ς a process that is also likely to cause changes to the original flow path or 
morphology of watercourses.  Eutrophication, therefore, is a term that is primarily associated with the 
process of natural ageing of lakes.  Naturally occurring eutrophication is not reversible and continues for 
the lifetime of a waterbody, albeit at a slow rate.  However, over the past ±100 years, human influences 
have greatly accelerated the rate of enrichment, thereby shortening the lifespan of waterbodies.  In 
contrast to naturally occurring eutrophication, human induced eutrophication (also called άŀƴǘƘǊƻǇƻƎŜƴƛŎ 
ŜǳǘǊƻǇƘƛŎŀǘƛƻƴέ), is reversible ς albeit at a cost.  This document ς i.e., the άEutrophication Management 
Strategy for South Africaέ ς primarily deals with the management of anthropogenic eutrophication. 

The άǘǊƻǇƘƛŎ ǎǘŀǘǳǎέ of water resources provides a measure of eutrophication and refers to the degree of 
nutrient enrichment in surface water resources and the amount of plant growth (or άǇǊƛƳŀǊȅ ǇǊƻŘǳŎǘƛƻƴέ) 
that can be sustained.  Importantly, the trophic status of water resources is affected by multiple abiotic, 
biotic, physico-chemical and biological factors ς not just by nutrient concentrations.  Though some success 
has been achieved with the manipulation of abiotic, biotic and biological factors (mostly as a reactive 
measure to remediate eutrophic water resources), the proactive control of nutrient-loading constitutes 
the primary means by which eutrophication is addressed worldwide; specifically, the control of excessive 
phosphorus and nitrogen loading. 

Anthropogenic nutrient enrichment is most evident in highly populated and developed areas where 
industrial effluent, water-borne sewage systems, wash-off from built-up areas, fossil fuel combustion, 
atmospheric fall-out and agricultural practices contribute to elevated loads of nutrients entering water 
resources.  Eutrophication challenges in South Africa are exacerbated by insufficient wastewater 
infrastructure maintenance and investment; deteriorating ecological infrastructure; recurrent droughts, 
driven by climatic variation, and an unavoidable need for water resource development; inequities in 
relation to access to safe sanitation (against the backdrop of a growing population); water use regulation 
that is not consistently and/or adequately protecting South !ŦǊƛŎŀΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΤ ŀƴŘ ŀ general lack of 
skilled water scientists and engineers. 

To date, eutrophication in South Africa has been dealt with under broad guidance by the overarching 
Integrated Water Quality Management (IWQM) Policy and Strategy for South Africa, 2017 (and preceding 
general policies for water quality management and pollution control).  Due to deteriorating water quality 
trends observed in recent years, specifically worsening occurrences of eutrophication, the need was 
identified to develop the first dedicated policy and strategy to explicitly and decisively address the 
escalating effects of excessive nutrient enrichment observed in many άƘƻǘ-ǎǇƻǘέ water resources and 
catchments in the country.  As such, the eutrophication management policy and strategy mustς   

u apply nationally (i.e., to the country as a whole); 

u address issues of anthropogenic nutrient-loading (i.e., predominantly phosphorus and 
nitrogen-related), which might have the following adverse effects (if left unattended):  

} Lead to excessive nutrient enrichment in water resources (i.e. surface and/or groundwater 
resources); 

} Impair the resource ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΤ 

} Give rise to water quality and nuisance concerns (thus negatively affecting property value, impairing 
fitness-for-use and restricting potential utility); 

} Cause eutrophication of surface water resources, and eventually the marine environment; 
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} Risk ecologically sustainable development; and 

} Ultimately, have undesirable social and economic consequences. 

Eutrophication management in South Africa subscribes to the IWQM Vision and Mission, viz.: 

Vision: άDƻǾŜǊƴƳŜƴǘΣ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ŀƴŘ ŎƛǾƛƭ ǎƻŎƛŜǘȅΣ ǎŜŎǳǊŜǎ ǿŀǘŜǊ ǘhat is 
fit -for-ǳǎŜΣ ŦƻǊ ŀƭƭΣ ŦƻǊ ŜǾŜǊΦέ 

Mission: ά¢ƻ ŀŘƻǇǘ ŀ ƎƻǾŜǊƴƳŜƴǘ-wide, adaptive and systems-based management approach, in alliance 
with the private sector and civil society, which will improve resource water quality, prevent 
pollution and ecological degradation, support ecologically sustainable economic and social 
ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŀƭƭƻǿ ŀƴ ƛƴŦƻǊƳŜŘ ǳǎŜ ƻŦ ǘƘŜ ƴŀǘƛƻƴϥǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦέ 

As such, eutrophication management has an important and specific role to play in the advancement of the 
above stated vision and mission.  This role is embodied in the following goal for eutrophication 
management in South Africa: 

Goal: ά¢ƻ ƳŀƴŀƎŜ ŜǳǘǊƻǇƘƛŎŀǘƛƻƴ ŜŦŦŜŎǘƛǾŜƭȅ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻǘŜŎǘ ŀǉǳŀǘƛŎ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ǘƻ ǎŜŎǳǊŜ 
water resources that are fit-for-ǳǎŜΦέ 

A collage of different objectives offers further context to the Goal.  This collage of different objectives can 
be grouped into two άƭŀȅŜǊǎέ of objectives and associated policy statements, pertaining to eutrophication 
management.  For practicality purposes, distinction is made between a άŦƛǊǎǘ ƭŀȅŜǊέ consisting of 
Chief Objectives, and a άǎǳǇǇƻǊǘƛƴƎ ƭŀȅŜǊέ consisting of Complementing Objectives for eutrophication 
management.  Collectively, these two distinct άƭŀȅŜǊǎέ of objectives for eutrophication management must 
strive to contribute towards realising the IWQM vision and mission and the national eutrophication 
management goal.  These objectives are listed below: 

The Chief Objectives for eutrophication management are toς 

u limit anthropogenic nutrient-loading of water resources; 

u reduce excessive primary production in surface water resources; 

u protect aquatic ecosystems and their biological diversity; 

u secure water resources that are fit-for-use on a continuous basis; and 

u support ecologically sustainable development and justifiable socio-economic growth. 

The Complementing Objectives for eutrophication management are toς 

u resource eutrophication management, inter alia, by securing funding, providing human capital and 
equipping responsible parties; 

u promote research in relation to management of eutrophication and control of anthropogenic sources 
of nutrient enrichment; 

u promote management cooperation within and between government, private sector and civil society; 

u promote transparency through stakeholder consultation, eutrophication-related communication and 
awareness creation; and 

u facilitate capacity building and empowerment of role-players. 

Fourteen technical and five supporting policy statements, which are regarded as most pertinent to 
eutrophication management in South Africa, were identified and developed.  These policy statements (see 
the άwh!5a!tέ below) define ground rules, delineate intent, and specify desired outcomes with respect 
to the management of eutrophication. 

Additionally, the strategy for management of eutrophication maps out overarching approaches for 
implementation that are aimed at realising all the strategic imperatives for eutrophication management.  
This strategy, inter alia, specifies authority (άǿƘƻΚέ), prescribes approach and action (άǿƘŀǘ ŀƴŘ ƘƻǿΚέ), 
and points to spatial (άǿƘŜǊŜΚέ) and temporal (άǿƘŜƴΚέ) scales of implementation. 
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The strategy is further structured into three types of interrelated and mutually supporting strategies for 
eutrophication management (see the άwh!5a!tέ above); these beingς  

u core strategies; 

u operational strategies; and 

u supporting strategies. 

The core strategies focus on άǘƘǊŜŜ ŦŀŎŜǎέ or characters of eutrophication management, namely 
Source Directed, Resource Directed and Remediation Directed Management.  They also highlight linkages 
among the three types of strategies. 

The focus of the operational strategies is on operational management of eutrophication, and, thus, provide 
strategic guidance on multiple operational aspects of eutrophication management.  These strategies are 
included by packaging them into an internationally accepted framework, known as the 
άPlan-Do-Check-AŎǘέ ƻǊ t-D-C-A cycle. 

The supporting strategies focus on strategic measures that support eutrophication management.  These 
strategies were developed for technical capacity building to give impetus to eutrophication management; 
research and technology development to address eutrophication-related challenges; and collaboration and 
management participation. 

The outlines of all these strategies (and their components) overlap and necessitate an integrated and 
comprehensive approach towards addressing anthropogenic eutrophication effectively in South Africa.  
Importantly, the implementation of measures to manage eutrophication need to take place in a holistic 
and cooperative manner, being cognisant of the requirements of integrated water quality management. 

Policy and strategy implementation will be facilitated by the careful roll-out of (and monitoring and 
evaluation against) one or more implementation plans that must specify the following: actions; necessary 
resources (including budget, human capital and equipment, as may be required); and an implementation 
time schedule.
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  WA (54:1956) Water Act, 1956 (Act No. 54 of 1956), as amended 

  WAR Water Allocation Reform 

  WARMS Water use Authorisation and Registration Management System 

  WDCS Waste Discharge Charge System 

  WDS Waste Discharge Standard 

  WLO Waste Load Objective 

  WMA Water Management Area 

  WMS Water Management System 

  WQPL Water Quality Planning Limit 

  WRCS Water Resources Classification System 
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  WSA Water Services Authority 

  WSA (108:1997) Water Services Act, 1997 (Act No. 108 of 1997), as amended 

  WSDP Water Services Development Plan 

  WSP Water Services Provider 

  WSSD World Summit on Sustainable Development (2002) 

  WTWs Water Treatment Works 

  WwTWs Wastewater Treatment Works 
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List of Chemical Symbols 

B  B  boron Is released through volcanic activity, and is present in the 
lithosphere, rivers, lakes and oceans.  In the environment, boron 
combines with oxygen and other elements in compounds called 
borates. 

Boron strengthens plant cell walls.  It is only required in small 
amounts, with excess being toxic. 

 

C  C  carbon Commonly found in the following major sinks: (1) As organic 
molecules in living and dead organisms in the biosphere; (2) As 
the gas - carbon dioxide - in the atmosphere; (3) As organic 
matter in soils; (4) In the lithosphere as fossil fuels and 
sedimentary rock deposits, such as limestone, dolomite and 
chalk; and (5) In the oceans as dissolved atmospheric carbon 
dioxide and as calcium carbonate shells in marine organisms. 

Both elemental and compounded carbon exists: 

(1) Elemental carbon exists in several forms, e.g., diamonds and 
graphite; and (2) Compounded carbon forms the backbone of 
most biomolecules, including proteins, starches and cellulose.  
Carbon is fixed through photosynthesis, whereby carbon dioxide 
from the air is converted into carbohydrates which are used to 
store and transport energy within plants. 

  Ca  calcium Present in the lithosphere, rivers, lakes and oceans.  It is the fifth 
most abundant element in the lithosphere.  It does not occur 
uncombined in nature, and minerals, such as limestone (calcium 
carbonate); dolomite (calcium magnesium carbonate); and 
gypsum (calcium sulphate), are formed. 

Calcium regulates the transport of other nutrients into the plant; 
is involved in the activation of certain plant enzymes; and is 
involved in photosynthesis and plant structure. 

  CHϞNϜO  urea Plays a key role in the metabolism of nitrogen-containing 
compounds by animals and is the main nitrogen-containing 
substance in the urine of mammals. 

  Cl  chlorine Present in the lithosphere, rivers, lakes and oceans.  It is highly 
reactive and does not occur uncombined in nature.  The 
negatively charged ionic form of chlorine is chloride (Cl-).  The 
only way it can be found in nature is when it combines with other 
elements to create compounds. 

As compounded chloride, it is necessary for osmosis and ionic 
balancing; and also plays a role in photosynthesis.  It is only 
required in small amounts. 

  CO2  carbon dioxide A colourless gas produced by aerobic organisms and used by 
autotrophs during photosynthesis. 
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  Co  cobalt Present in the lithosphere, rivers, lakes and oceans.  Sources 
range from trace amounts to geological deposits that can be 
mined.  It does not occur uncombined in nature and usually 
associates with other transition metals. 

Cobalt is beneficial to some plants; and is essential for nitrogen 
fixation by the nitrogen-fixing bacteria associated with legumes 
and other plants.  It is only required in small amounts. 

  Cu  copper Present in the lithosphere, rivers, lakes and oceans.  Sources 
range from trace amounts to geological deposits that can be 
mined.  Elemental copper metal occurs naturally, though the 
greatest source of copper, by far, occurs as minerals, e.g., 
chalcopyrite and bornite. 

Copper is important for photosynthesis; and is involved in many 
enzyme processes.  It is only required in small amounts. 

 

F  Fe  iron Present in the lithosphere, rivers, lakes and oceans.  It is the 
fourth most abundant element in the lithosphere.  Sources range 
from trace amounts to geological deposits that can be mined.  
Iron is reactive and does not occur uncombined in nature.  In 
water, iron is mainly present in two forms: either the soluble 
ferrous iron (Fe2+) or the insoluble ferric iron (Fe3+). 

Iron is essential for chlorophyll synthesis; and is present as an 
enzyme co-factor in plants. 

 

H  H  hydrogen It is the tenth most abundant element in the lithosphere and the 
most abundant element in the universe; present all around us.  
Very little hydrogen is found in elemental form due to its 
reactivity.  Most of the terrestrial hydrogen is locked up in water 
molecules and organic compounds like hydrocarbons. 

Hydrogen is necessary for the building of sugars; and is 
imperative for the proton gradient to help drive the electron 
transport chain in photosynthesis and for respiration. 

  H2S  hydrogen sulphide A colourless, toxic, corrosive, and flammable gas with a 
characteristic foul rotten egg odour that is produced from the 
microbial breakdown of organic matter in the absence of oxygen. 

  H2S2  hydrogen disulphide Decomposes readily to H2S and elemental sulphur. 

 

K  K  potassium Present in the lithosphere, rivers, lakes and oceans.  It is the 
seventh most abundant element in the lithosphere.  Sources 
range from trace amounts to geological deposits that can be 
mined.  It does not occur uncombined in nature and is found, 
inter alia, extensively as potash (KOH). 

Potassium has many roles in plants, including being involved in 
carbohydrate and protein synthesis; the regulation of internal 
plant moisture; acting as a catalyst and condensing agent of 
complex substances; acting as an accelerator of enzyme action; 
and contributing to photosynthesis. 
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M  Mg  magnesium Present in the lithosphere, rivers, lakes and oceans.  It is the 
eighth most abundant element in the lithosphere.  Sources range 
from trace amounts to geological deposits.  It does not occur 
uncombined in nature and combines with other elements to form 
minerals, such as dolomite (calcium magnesium carbonate). 

Magnesium is necessary for chlorophyll synthesis and 
photosynthesis; and is involved in many enzyme processes. 

  Mn  manganese Present in air, the lithosphere, rivers, lakes and oceans.  
Sources range from trace amounts to geological deposits that 
can be mined.  It does not occur uncombined in nature. 

Manganese is necessary for photosynthesis and is only required 
in small amounts. 

  Mo  molybdenum Present in the lithosphere, rivers, lakes and oceans.  Sources 
range from trace amounts to geological deposits that can be 
mined.  It does not occur uncombined in nature. 

Molybdenum is a co-factor to enzymes, important in building 
amino acids; and is involved in nitrogen metabolism.  It is only 
required in small amounts. 

 
 

 
N  N  nitrogen Is the most abundant element in the Earthôs atmosphere and 

constitutes ±78% of the air around us.  Is present in both 
elemental - i.e., diatomic nitrogen gas (N2) ï and in compounded 
- e.g., free ammonia (NH3), ammonium (NH4+), nitrite (NO2-) and 
nitrate (NO3-) - forms. 

Nitrogen plays an important role in plant biochemistry and 
physiology and is required in relatively large amounts, compared 
to micronutrients. 

  NH3  free ammonia This un-ionized form of ammonia is a colourless, acrid-smelling 
toxic gas at ambient temperature and pressure.  Ammonia in 
water comprises either free un-ionized ammonia (NH3) and/or 
ammonium ions (NH4+). 

  NH4+  ammonium This ionized form of ammonia is non-toxic and occurs as salts in 
water.  Ammonia in water comprises either free un-ionized 
ammonia (NH3) and/or ammonium ions (NH4+). 

  NO2-  nitrite A pervasive intermediate in the nitrogen cycle in nature. 

  NO3-  nitrate Salts containing this ion are called nitrates. 

 

O  O  oxygen Is the Earth's most abundant element and constitutes ±47% of 
the Earth's lithosphere in the form of oxides.  Is the second most 
abundant element in the Earthôs atmosphere, after nitrogen and 
diatomic oxygen gas (O2) constitutes ±21% of the air around us. 

Oxygen is produced during photosynthesis and is required 
during aerobic cellular respiration to metabolise glucose. 

 

P  P  phosphorus Present in the lithosphere, rivers, lakes and oceans.  It is the 
eleventh most abundant element in the lithosphere.  Sources 
range from trace amounts to geological deposits that can be 
mined.  It is highly reactive and does not occur uncombined in 
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nature.  An important source of phosphorus is phosphate rock, 
which contains compounded apatite minerals. 

Phosphorus is vital to plant growth and is found in every living 
plant cell.  It is involved in several key plant functions, including 
energy transfer, photosynthesis, transformation of sugars and 
starches, nutrient movement within the plant and transfer of 
genetic characteristics from one generation to the next.  It is 
required in relatively large amounts, compared to micronutrients. 

  PO43-  orthophosphate The form of phosphorus (P) that is water soluble, bio-available 
and that promotes primary production.   

Important component in ATP, RNA and DNA.  It is required in 
relatively large amounts compared to micronutrients. 

 

S  S  sulphur Present in the lithosphere, particularly in the vicinity of volcanoes 
and hot springs, in rivers, lakes and oceans.  Sources range 
from trace amounts to geological deposits that can be mined.  
Though sometimes found in uncombined form, sulphur on Earth 
usually occurs as sulphide and sulphate (SO42-) minerals.  
Sulphide is an inorganic anion of sulphur with chemical formula 
S²-. 

Sulphur is a structural component of some amino acids and 
vitamins; plays a role in photosynthesis; and is needed for N2 
fixation by legumes, and the conversion of nitrate into amino 
acids and then into protein. 

  Se  selenium Present in trace amounts in the lithosphere, rivers, lakes and 
oceans.  In nature, selenium is rarely found in its elemental form 
and predominantly occurs in mineral form. 

Selenium is beneficial to flowering plants; stimulates plant 
growth in some plants; improve tolerance of oxidative stress; 
and increase resistance to pathogens.  Selenium, however, is 
essential to animals and humans.  It is only required in small 
amounts. 

  Si  silicon Present in the lithosphere, rivers, lakes and oceans.  It is the 
second most abundant element in the lithosphere.  It does not 
occur uncombined in nature and is usually found in silicate 

minerals ï i.e., the family of anions consisting of silicon and 

oxygen, such as silica (SiO2). 

Silicon strengthens cell walls; and improves plant strength, 
health, and productivity.  The frustules of diatoms contain high 
concentrations of silica. 

  SiO2  silicon dioxide Also known as silica, silicic acid or silicic acid anhydride is an 
oxide of silicon or a silicate. 

Strengthens cell walls; and improves plant strength, health, and 
productivity. 

  SO42-  sulphate Occurs widely in everyday life.  A polyatomic ion.  Sulphates are 
salts of sulphuric acid (H2SO4). 
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V  Va  vanadium Present in the lithosphere, rivers, lakes and oceans.  Sources 
range from trace amounts to geological deposits, typically 
associated with other metals, from where it is usually mined as 
a by-product rather than the primary mineral.  In nature, 
vanadium is rarely found in its elemental form and predominantly 
occurs in mineral form. 

Vanadium may be required by some plants, but at very low 
concentrations.  It may also be substituting for molybdenum. 

 

Z  Zn  zinc Present in the lithosphere.  Small traces can also be present in 
the air, rivers, lakes and oceans.  Sources range from trace 
amounts to geological deposits that can be mined.  It does not 
occur uncombined in nature and is found in mineral form. 

Zinc participates in chlorophyll synthesis, and the activation of 
many enzymes.  It is only required in small amounts. 
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Glossary of Terms and Explanations 

Selected key concepts and terminology, in support of the Eutrophication Management Strategy for 
South Africa, are explained here.  The interpretations provided apply throughout the document.  In the 
main document text, where these key concepts and terminology are used for the first time in each part, a 
[red reference number in square brackets] has been added in superscript immediately after the particular terms.   The 
red reference numbers there link back to the corresponding numbered alphabetically listed terms and their 
explanations provided in the Glossary of Terms and Explanations below:

[1] Abioseston: (or ά¢riptonέ): Is the non-living 
particulate matter in waterbodies and 
includes detritus or bits of mineral matter or 
humus or organic remains. 

[2] Aerobic: Presence of free oxygen, i.e., O2 (g). 

[3] Allocatable Water Quality:  The maximum 

worsening change in any water quality 
attribute away from its present value that 
maintains it within a pre-determined range 
reflecting the desired future state, typically 
defined by the Resource Quality Objective.  If 
the present value is already at or outside the 
pre-determined range, this indicates that 
none is allocatable, and that (1) reduced 
pollution loads relating to the affected 
attribute(s); and/or (2) remediation of water 
resources, may be necessary. 

[4] Anaerobic: Without free oxygen, i.e., O2 (g), 

which occurs when the uptake or 
disappearance of oxygen is greater than its 
production by photosynthesis or diffusion by 
physical transport from the surrounding 
environment.  Oxygen is generally consumed 
by microbial respiration because of the 
availability of organic material. 

[5] Anoxic: Without molecular oxygen. 

[6] Anthropogenic: Positive or negative 

impacts of human activities on the 
environment.  

[7] Aquatic ecosystem(s): Complex of biotic 

and abiotic components associated with water 
resources.  The aquatic ecosystem is an 
ecological unit that includes the physical 
characteristics (such as flow or velocity and 
depth), the biological community of the water 
column and benthos, and the chemical 
characteristics such as dissolved solids, 

dissolved oxygen, and nutrients.  Both living 
and non-living components of the aquatic 
ecosystem interact and influence the 
properties and status of each component. 

[8] Assimilative capacity:  Refers to the 

capacity of water resources to assimilate 
discharged or disposed waste through 
processes, such as dilution, dispersion, and 
chemical and biological degradation, without 
water quality changing to the extent that 
fitness-for-use or ecosystem health is 
impaired. 

[9] Atmosphere: Is the layer or set of layers of 

gases surrounding the Earth that is held in 
ǇƭŀŎŜ ōȅ ǘƘŜ 9ŀǊǘƘΩǎ ƎǊŀǾƛǘȅΦ  Lǘ ŎƻƳǇƻǎŜǎ ƻŦ 
nitrogen (±78%), oxygen (±21%), argon 
(±0.9%), carbon dioxide (±0.03%) and other 
gases in trace amounts.  Oxygen is used by 
most organisms for respiration; nitrogen is 
fixed by bacteria and lightning to produce 
ammonia used in the construction of 
nucleotides and amino acids; and carbon 
dioxide is used by plants, algae and 
cyanobacteria in photosynthesis.  
Additionally, the atmosphere helps to protect 
living organisms from genetic damage by solar 
ultraviolet radiation, solar wind and cosmic 
rays. 

[10] Autotroph: (or άǇǊƛƳŀǊȅ ǇǊƻŘǳŎŜǊέ) is an 

organism that can produce complex organic 
compounds from simple carbon sources, such 
as carbon dioxide.  Autotrophs convert abiotic 
sources of energy, e.g., light (photosynthesis) 
or inorganic chemical reactions 
(chemosynthesis), into energy stored in 
organic compounds which can be used by 
other organisms, e.g., heterotrophs.  
Autotrophs, such as plants or algae in water, 
are the primary producers in a food chain, in 
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contrast to heterotrophs as consumers of 
autotrophs or other heterotrophs. 

[11] Basin: See ά/ŀǘŎƘƳŜƴǘέ. 

[12] Benthic zone: Is the ecological zone 

association with the stream, river or lake 
bottom, including the sediment surface and 
some sub-surface layers. 

[13] Benthos: Is the community of organisms that 

live in, on, or in close association with the 
stream, river or lake bottom, also known as 
the benthic zone.  The main food sources for 
benthic organisms are algae and organic 
wash-off from land.  Benthos can be 
categorised according toς  

u Size, i.e., macrobenthos (comprising the 
larger, visible to the naked eye, benthic 
organisms greater than ± 1 mm in size; 
meiobenthos (comprising tiny benthic 
organisms that are less than ± 1 mm but 
greater than ± 0.1 mm in size); or 
microbenthos (comprising benthic 
organisms that are less than ± 0.1 mm in 
size). 

u Type, i.e., zoobenthos (comprising animals 
belonging to the benthos) or phytobenthos 
(comprising plants belonging to the 
benthos, e.g., benthic diatoms). 

u Location, i.e., hyperbenthos (living just 
above the sediment); epibenthos (living on 
top of the sediment); or endobenthos (living 
buried in the sediment, often in the 
oxygenated top layer). 

[14] Best Practicable Environmental Option:  

The option that provides the most benefit or 
causes the least damage to the environment, 
at a cost acceptable to society, in the long 
term, as well as in the short term. 

[15] Biomass: Renewable organic material that 

originates from organisms, such as plants and 
animals.  Biomass contains stored chemical 
energy from the sun.  Plants produce biomass 
through photosynthesis.  Biomass can be 
burned directly for heat or converted to 
renewable liquid and gaseous fuels through 
various processes. 

[16] Bio-physico-chemical: Relating to 

biological, physical and chemical properties or 
biophysical and biochemical properties. 

[17] Bioprospecting: (or άBiological diversity 

prospectingέ) Is the exploration of natural 
sources for small molecules, macromolecules 
and biochemical and genetic information that 
could be developed into commercially 
valuable products by industry for use, inter 
alia in agriculture, aquaculture, 
bioremediation, cosmetics, nanotechnology, 
or pharmaceuticals. 

[18] Bioseston: Is the living particulate matter 

suspended in waterbodies, and is often 
regarded as plankton, although it includes 
nekton as well. 

[19] Blue-greens: (or ά.ƭǳŜ-ƎǊŜŜƴ ŀƭƎŀŜέ; or 

ά.ƭǳŜ-ƎǊŜŜƴ ōŀŎǘŜǊƛŀέ).  See ά/ȅŀƴƻōŀŎǘŜǊƛŀέ. 

[20] Carcinogen: Is any substance, radionuclide, 

or radiation that promotes carcinogenesis, 
i.e., the formation of cancer. 

[21] Catchment: A catchment, in relation to a 

watercourse or watercourses or part of a 
watercourse, is defined as the geographical 
area from which any rainfall will drain into the 
watercourse or watercourses or part of a 
watercourse, through surface flow to a 
common point or common points.  This land 
area from which a river or reservoir is fed is 
also known as a drainage region, basin or 
watershed. 

[22] Chemocline: Is a type of cline, which is 

represented by a thin, but distinct, layer in a 
large body of water in which the vertical 
chemistry gradient changes more drastically 
with depth than it does in the layers above or 
below.  In bodies of water where chemoclines 
occur, the cline separates the upper and lower 
layers, resulting in different chemical 
properties, e.g., with respect to salinity or with 
respect to oxygen, in those layers. 

[23] Chlorophyll: Is a pigment found in plants and 

some microorganisms (e.g., cyanobacteria) 
that play an important role in the conversion 
of solar energy to chemical energy through a 
process known as photosynthesis. 

All oxygenic photosynthetic organisms use 
chlorophyll-ʰΣ ǿƘƛŎƘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ ƎǊŜŜƴ 
colour of most plants and algae, but differ in 
accessory pigments like chlorophyll- .̡ 
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[24] Civil society instrument(s): Play an 

important role in bringing emerging water 
quality issues to the attention of policy 
makers, raising public awareness, promoting 
innovative ideas and approaches, and 
promoting transparency as well as non-
corrupt activities in water management 
decision-making and governance. 

[25] Cline: In water science, a cline is a 

comparatively thin, typically horizontal, layer 
within a large waterbody in which a property 
of the water varies greatly over a relatively 
short vertical distance.  Such clines, and the 
respectively varying properties, include: 

u Chemocline ς chemistry; 

u Halocline ς salinity; 

u Pycnocline ς density; and 

u Thermocline ς temperature. 

[26] Command and control: Is the application 

of direct regulatory approaches, which has 
traditionally been the dominant method of 
pollution control, and later also of water 
quality management.  This approach affords 
legal authority and direction to responsible 
authorities over land and water users for the 
accomplishment of the integrated water 
quality management Vision, Mission and 
eutrophication management Goal, which are 
all rooted in the Bill of Rights, most notably the 
rights to an environment that is not harmful, 
as well as the availability of sufficient water for 
potable use. 

[27] Compliance monitoring: Monitoring to 

measure, assess and report, on a regular basis, 
the degree to which individual water users are 
complying with the conditions defined in their 
water use authorisations (e.g., in licences). 

[28] Compound(s): In chemistry, compounds are 

chemical substances composed of many 
identical molecules composed of atoms from 
more than one element held together by 
chemical bonds, e.g., H2O (water) and 
C12H22O11 (sugar).  A molecule consisting of 
atoms of only one element, therefore, is not a 
compound. 

[29] Conservative pollutant(s): (or 

άConservative constituentsέ; or ά/ƻƴǎŜǊǾŀǘƛǾŜ 
ŘŜǘŜǊƳƛƴŀƴǘǎέ) Are pollutants, which are not 

lost due to chemical reactions or biochemical 
degradation.  Such pollutants may include, for 
example, Total Dissolved Solids (TDS) and 
chlorides.  Conservative pollutants 
accumulate along the length of a waterbody in 
the direction of motion, so that amounts 
added at the most upstream point are still 
present at the most downstream point.  
Concentrations of conservative pollutants can 
be reduced only by dilution with water with a 
lower concentration. 

[30] Cost-Benefit Analysis: Is a systematic 

decision support process, used to measure the 
benefits of a decision or taking action minus 
the costs associated with taking that action.  A 
Cost-Benefit Analysis involves measurable 
financial metrics such as revenue earned or 
costs saved, as a result of the decision to 
pursue a project. 

[31] Cyanobacteria: (or άBlue-green algaeέ; or 

άBlue-green bacteriaέ) Is a major group of 
photosynthetic bacteria that are single-celled, 
but often form colonies in the form of 
filaments, sheets, or spheres and are found in 
diverse environments (such as salt, and fresh 
water, soils, and on rocks).  Under eutrophic 
conditions cyanobacteria can proliferate 
excessively and may produce tastes, odours 
and carcinogenic toxins under these noxious 
bloom conditions. 

[32] Deoxygenation: is a chemical reaction 

involving the removal of oxygen atoms from a 
molecule. 

[33] Destratification: See έLƴǾŜǊǎƛƻƴέ. 

[34] Detritus: Is dead particulate organic material 

that is suspended in the water column and 
that accumulates in depositions on the 
benthic floor.  Detritus typically includes the 
bodies, or fragments of bodies, of dead 
organisms and/or faecal material.  Detritus 
typically hosts communities of 
microorganisms that colonize and decompose 
(i.e., re-mineralise) it. 

[35] Diatom(s): Are photosynthetic eukaryotic 

micro-algae that occur in inland waters, 
oceans and soils.  In water resources, diatoms 
can occur as phytoplankton, living in the water 
column; or as phytobenthos, living in the 

https://en.wikipedia.org/wiki/Chemocline
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Halocline
https://en.wikipedia.org/wiki/Salinity
https://en.wikipedia.org/wiki/Pycnocline
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Thermocline
https://en.wikipedia.org/wiki/Temperature
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benthic zone.  They are unicellular species 
which exist individually, or in chains or in 
groups.  Depending on the species, their sizes 
can range from a few micrometǊŜǎ ό˃Ƴύ ǘƻ ŀ 
few hundred micrometres.  Living diatoms 
make up a sizeable portion of the Earth's 
biomass and annually generate ± 20 - 50% of 
the oxygen produced on the planet and 
annually take in over 6.7 billion metric tons of 
silica from the waters in which they live.  
Diatoms are used as indicator organism to 
monitor past and present aquatic health 
conditions and are commonly used in water 
quality studies. 

[36] Diazotroph(s): Are bacteria and archaea 

that fix atmospheric nitrogen gas into a more 
usable form, such as ammonia.  A diazotroph 
is a microorganism that can grow without 
external sources of fixed nitrogen. 

[37] Differentiated Approach: Acknowledges 

that catchments differ fundamentally- 

u in an ecological sense; 

u in the way they are used; and 

u in the extent of such use, 

the Differentiated Approach strives to ensure 
that catchment-specific conditions are 
considered in all management decisions. 

[38] Diffuse pollution: (or άbƻƴ-point source 

Ǉƻƭƭǳǘƛƻƴέ) Pollution that originates from 
wash-off over a relatively large area. Diffuse 
pollution sources can be divided into source 
activities related to either land or water use, 
including failing septic tanks, agricultural and 
improper animal-keeping practices, and urban 
and rural runoff. 

[39] Dissolved oxygen: Is the amount of oxygen 

dissolved in water and provides a measure of 
the amount of oxygen available for 
biochemical activity in a waterbody.  It is an 
indicator of the quality of that water. 

[40] Drainage region: See ά/ŀǘŎƘƳŜƴǘέ. 

[41] DPSIR Framework: The Driver-Pressure-

State-Impact-Response (DPSIR) framework 
provides a structure within which to present 
the indicators needed to enable feedback to 
policy makers on environmental quality and 
the resulting impact of the political and 

governance choices made, or to be made in 
the future. 

[42] Duty of care: A legal obligation that can be 

considered as a formalisation of the implicit 
responsibilities (social contract) held by 
individuals towards others within society.  For 
instance, Sections 28 of the National 
Environmental Management Act, 1998 (Act 
No. 107 of 1998) and 19 of the National Water 
Act, 1998 (Act No. 36 of1998) places an 
absolute duty of care on άŜǾŜǊȅ ǇŜǊǎƻƴέ in 
connection with άǇƻƭƭǳǘƛƻƴέ. 

[43] Ecological resilience: Is the capacity of an 

ecosystem to respond to a disturbance by 
resisting damage and recovering quickly. 

[44] Ecological water requirement: Are the 

quantity and quality of water required to 
protect aquatic ecosystems in order to secure 
ecologically sustainable development and use 
of the relevant water resource. 

[45] Economic instrument(s): Aim to bridge the 

gap between private and social costs by 
internalising all external costs, both depletion 
costs (User-Pays Principle) and pollution costs 
(Polluter-Pays Principle).  Economic 
instruments offer an alternative to the 
traditional άŎƻƳƳŀƴŘ-and-ŎƻƴǘǊƻƭέ 
instruments used in direct regulation. 

[46] Ecosystem: An interactive system that 

includes the organisms of a natural 
community, associated together with their 
abiotic physical, chemical, and geochemical 
environment. 

[47] Ecosystem services: Are the many and 

varied benefits to humans provided by the 
natural environment and from healthy 
ecosystems.  Ecosystem services are 
commonly divided into the following four 
categories: 

u Supporting services (e.g., primary 
production and nutrient cycling); 

u Provisioning services (e.g., water, food, 
drugs and genetic resources); 

u Regulating services (e.g., flood attenuation, 
herbivory, pest control and pollination); 
and 

u Cultural services (e.g., recreational, 
spiritual and cultural benefits) 

https://en.wikipedia.org/wiki/Diazotrophs
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[48] Effluent: Municipal sewage or industrial 

wastewater (untreated, partially treated, or 
fully treated) that flows out of a wastewater 
treatment works, septic system, pipe, etc. 

[49] Element(s): In chemistry, an element is a 

pure substance consisting only of atoms that 
all have the same numbers of protons in their 
atomic nuclei, e.g., P (phosphorus) or 
Cl (chlorine).  Unlike compounds, elements 
cannot be broken down into simpler 
substances by chemical means.  The number 
of protons in the nucleus is the defining 
property of a chemical element and is referred 
to as its atomic number.  Most chemical 
elements occur compounded, or in combined 
form, in nature. 

[50] Enforcement: The actions taken by 

government to achieve full implementation of 
environmental requirements (compliance) 
within the regulated community, and to 
correct or halt situations or activities that 
endanger the environment or public health. 

[51] Environment: NEMA (107:1998) defines the 

environment as the surroundings within which 
humans exist and that are made up ofτ 

u the land, water and atmosphere of the 
Earth; 

u micro-organisms, and plant and animal life; 

u any part or combination of the 
aforementioned and the interrelationships 
among and between them; and 

u the physical, chemical, aesthetic and 
cultural properties and conditions of the 
foregoing that influence human health and 
well-being. 

[52] Environmental Impact Assessment: Is a 

systematic decision support process, aimed 
at- 

u identifying, predicting and evaluating the 
ecological, social and economic impact(s) of 
development activities; 

u providing information on the 
environmental consequences for decision 
making; and 

u promoting environmentally sound and 
sustainable development through the 
identification of appropriate alternatives 
and mitigation measures. 

[53] Environmental offsetting: Is the process 

of establishing and quantifying the negative 
effects on the environment that result from 
(an) activity(ies), which remain after every 
effort has been made to avoid and prevent, 
minimise and then remediate these impacts.  
The process then counterbalances these 
remaining impacts through interventions, 
which avoid, prevent, minimise and remediate 
impacts or impacted areas elsewhere, in order 
to achieve a net environmental gain. 

[54] Environmental Risk Assessment: Overall 

process to- 

u identify environmental hazards and risk 
factors that have the potential to cause 
harm (hazard identification); 

u analyse the probability and extent of the 
risks associated with those hazards (risk 
analysis); and 

u determine appropriate ways to mitigate the 
hazards or control the risks when such 
hazards cannot be eliminated (risk control). 

[55] Epilimnion: (or άSurface layerέ) Is the top-

most water layer in a thermally stratified 
waterbody, above the thermocline.  The 
epilimnion is generally warmer, more prone to 
mixing due to wind action and typically has a 
higher pH and higher dissolved oxygen 
concentration than the deeper hypolimnion.  
Because the epilimnion receives the most 
sunlight it contains the most phytoplankton.  
As they grow and reproduce, the 
phytoplankton absorbs nutrients from the 
water.  When they die, they sink into the 
hypolimnion resulting in the epilimnion 
becoming depleted of nutrients. 

[56] Euphotic Zone: (or άtƘƻǘƛŎ ȊƻƴŜέ; or 

άSǳƴƭƛƎƘǘ ȊƻƴŜέ) is the uppermost layer of a 
waterbody that receives sunlight, allowing 
phytoplankton to perform photosynthesis.  It 
undergoes a series of physical, chemical, and 
biological processes that supply nutrients in 
the epilimnion.  The photic zone is home to 
most of the aquatic life due to its location. 

[57] Eutrophic: Is a state of an aquatic ecosystem 

rich in minerals and nutrients, very productive 
in terms of aquatic plant life and exhibiting 
increasing signs of water quality problems. 
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[58] Eutrophication: (from the Greek 

άŜǳǘǊƻǇƘƻǎέ meaning "well-nourished") Is the 
process of over-enrichment of waterbodies 
with minerals and nutrients, which (at the 
right temperatures, substrate availability, flow 
velocity and light penetration) increasingly 
induce primary production, e.g., algal and 
macrophyte growth.  Eutrophication can be 
regarded as either a natural aging process in 
waterbodies or an aging process that can be 
accelerated by anthropogenic activities. 

[59] Existing Lawful water Use: Means the 

lawful use of water authorised by, or under 
any law, and which took place at any time 
during the period from 1 October 1996 to 
30 September 1998, i.e., the two years before 
the National Water Act, 1998 (Act No. 36 of 
1998) came into effect. 

If a water user discontinued a water use, or 
took steps to implement a water use, but did 
not begin the water use before 
30 September 1998, the water use can be 
declared an existing lawful water use under 
the Act of 1998. 

Certain stream flow reduction activities and 
controlled activities also fall under the 
requirements of existing lawful water use. 

[60] Facultative anaerobic bacteria: Bacteria 

that can produce ATP by aerobic respiration, if 
oxygen is present, but can switch to 
fermentation, if oxygen is absent. 

[61] Flagellate(s): Are cells or organisms 

possessing one or more whip-like appendages 
called flagella. 

[62] Freshwater: Water that contains minimal 

quantities of dissolved salts (not sea water or 
brackish water).  It originates from 
precipitation of atmospheric water, vapour or 
melting snow, reaching inland surface and 
groundwater resources. 

[63] Frustule: Is the hard and porous cell wall or 

external layer of diatoms.  The frustule is 
composed almost purely of silica (SiO2), made 
from silicic acid, and is coated with a layer of 
organic substance, which is composed of 
several types of polysaccharides. 

[64] Geosmin: Produced inter alia by several 

blue-green algae (cyanobacteria).  Is an 
organic chemical compound having a 
distinctive earthy or musty odour.  Geosmin, 
along with 2-methylisoborneol, accounts for 
the majority of biologically caused taste and 
odour outbreaks in drinking water.  The 
geosmin odour detection threshold in humans 
is very low, ranging from 0.006 to 0.01 ˃ ƎκҚ in 
water. 

[65] Halocline: Is a type of cline, specifically a 

subtype of chemocline, which is represented 
by a thin, but distinct, layer in a large body of 
water in which the vertical salinity gradient 
changes more drastically with depth than it 
does in the layers above or below.  Because 
salinity (in concert with temperature) affects 
the density of water, it can play a role in its 
vertical stratification. 

[66] Heterocyst(es): Are specialised nitrogen-

fixing cells formed during nitrogen starvation 
by some filamentous cyanobacteria, such as 
Nostoc punctiforme, Cylindrospermum 
stagnale, and Anabaena sphaerica.  They fix 
nitrogen from diatomic nitrogen gas (N2) using 
the enzyme nitrogenase to provide the cells in 
the filament with nitrogen for biosynthesis. 

[67] Heterotroph: Is an organism that cannot 

produce its own food, instead taking nutrition 
from other sources of organic carbon, mainly 
plant or animal matter.  In the food chain, 
heterotrophs are primary, secondary and 
tertiary consumers, but not producers. 

[68] Hydrosphere: Is the combined mass of 

water found on, under, and above the surface 
of the Earth.  It has been estimated that there 
are ±1 386 million cubic kilometres of water 
on Earth, including water in liquid and frozen 
forms in groundwater, oceans, lakes and 
streams.  Saltwater accounts for ±97.5% of this 
amount, whereas freshwater accounts for 
only ±2.5%.  Of the freshwater, ±68.9% is in 
the form of ice and permanent snow cover in 
the Arctic, the Antarctic and mountain 
glaciers; ±30.8% is in the form of fresh 
groundwater; and only ±0.3% of the 
freshwater on Earth is in easily accessible 
lakes, reservoirs and river systems.  
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[69] Hypertrophic: Refers to a high degree of 

nutrient over-enrichment of surface water 
resources and excessive amounts of biological 
productivity that can be sustained.  The 
fitness-for-use of such water resources for 
many water users, such as the ecology, 
irrigated agriculture, domestic water use and 
recreation, is significantly impaired. 

[70] Hypolimnion: (or ά.ottom layerέ) Is the 

bottom-most water layer in a thermally 
stratified waterbody, below the thermocline.  
The hypolimnion is generally cooler, relatively 
stagnant and typically has a lower pH and 
lower dissolved oxygen concentration than 
the higher epilimnion.  During nutrient-rich 
conditions, dying phytoplankton may sink 
from the epilimnion into the hypolimnion to 
cause, or to exacerbate, anaerobic conditions. 

[71] Hypoxia: Lack of oxygen or deprived of 

adequate oxygen. 

[72] In-aquifer water quality objective(s): Is 

the collective name for Resource Water 
Quality Objectives, Water Quality Planning 
Limits and the water quality components of 
Resource Quality Objectives that are 
applicable to groundwater resources, only. 

[73] In-stream water quality objective(s): Is 

the collective name for Resource Water 
Quality Objectives, Water Quality Planning 
Limits and the water quality components of 
Resource Quality Objectives that are 
applicable to surface water resources, only. 

[74] In-water resource water quality 
objective: Is the collective name for 

Resource Water Quality Objectives, Water 
Quality Planning Limits and the water quality 
components of Resource Quality Objectives 
that are applicable to both surface and 
groundwater resources. 

[75] Integrated Units of Analysis: Are the 

spatial units that are defined to include 
significant water resources.  The objective of 
defining Integrated Units of Analysis is to 
establish broad scale units for assessing the 
socio-economic implications of different 
catchment configuration scenarios and to 
report on the ecological conditions at a 
sub-catchment scale.  An Integrated Unit of 

Analysis, thus, represents a homogenous 
socio-economic area which require its own 
specification of the Water Resource Class. 

[76] Inversion: (or άDestratificationέ; or άTurn-

overέ) Is the process of a water column turning 
over from top (epilimnion) to bottom 
(hypolimnion).  During the summer months, 
due to the sun's radiation, the epilimnion, or 
surface layer, is warming faster.  The deepest 
layer, the hypolimnion, is the coldest, because 
of the sun's radiation not reaching this cold, 
dark layer.  During late summer and autumn, 
the cooler air temperatures induce greater 
heat loss as compared to radiation heat influx, 
and the warm surface water gradually begins 
to cool down.  As water cools, it becomes 
denser, causing it to sink, where it is gradually 
mixed into the lower metalimnetic layer by a 
combination of convection currents and wind-
induced circulation of the depth-increasing 
epilimnetic layer.  The cooler, denser, mixed 
epilimnetic water weakens the metalimnion 
and the thermocline by changing the 
temperature characteristics to cooler water 
and pushes it down to the oxygen-poor, cooler 
water of the hypolimnion, until the 
temperatures are equal, causing "turn over" or 
έƛƴǾŜǊǎƛƻƴέ of the layers.  Inversion is more 
pronounced in water columns of greater 
depth, such as in deep lakes or dams.  A 
sudden inversion of the water layers can cause 
the death of aquatic fauna, e.g., fish kills, 
when introducing them to the oxygen poor 
water of the hypolimnion. 

[77] [ƛŜōƛƎΩǎ [ŀǿ ƻŦ ǘƘŜ aƛƴƛƳǳƳΥ States that 

growth is dictated not by total resources 
available, but by the scarcest resource (i.e., 
limiting factor). 

[78] Life Cycle Assessment: Is a systematic 

decision support process, aimed at analysing 
potential environmental impacts associated 
with products or services during their entire 
life cycle. 

[79] Lithosphere: Is the solid outermost shell of 

the Earth and is composed of the crust and the 
portion of the upper mantle that behaves 
elastically on time scales of thousands of years 
or greater.  The crust and upper mantle are 
distinguished based on chemistry and 
mineralogy.  The lithosphere is bounded by 
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the atmosphere, above, and the 
asthenosphere (another part of the upper 
mantle), below. 

[80] Macrophyte(s): Are higher plants that grow 

in water-saturated soil, in or near water 
sources, and can be emerged, submerged, or 
floating. 

[81] Maintenance of infrastructure: Includes 

planned maintenance; repairs; refurbishment 
and renewal; and provisioning for 
replacement.  Infrastructure maintenance 
must be included into the whole-life cycle 
costing of infrastructure development at the 
planning stage. 

[82] Management Unit(s): (or άWater resource 

Management Unitsέ) are geographical areas, 
principally defined by drainage region 
boundaries that are delineated by considering 
inherent catchment and socio-economic 
attributes, and for which one, or more 
in-water resource water quality objective(s), 
such as Resource Water Quality Objectives or 
Water Quality Planning Limits, and Waste 
Load Objectives, have been determined. 

The Management Unit for water resource 
classification is the άLƴǘŜƎǊŀǘŜŘ ¦ƴƛǘ ƻŦ 
!ƴŀƭȅǎƛǎέ and for the determination of 
Resource Quality Objectives, it is the 
άwŜǎƻǳǊŎŜ ¦ƴƛǘέ. 

[83] Mean annual runoff: The average volume 

of water that flows in a river per year (annum), 
expressed as cubic meters per annum. 

[84] Mesotrophic: Refers to a moderate degree 

of nutrient enrichment of surface water 
resources and a fair amount of biological 
productivity, which can occur with emerging 
signs of water quality impairment. 

[85] Metalimnion: (or άmiddle layerέ) Is the zone 

of rapid temperature change occurring 
between the upper epilimnion and the deeper 
hypolimnion in a thermally stratified 
waterbody.  The metalimnion contains the 
thermocline. 

[86] Methemoglobinemia: Or blue-baby 

syndrome is a disease where high nitrates 
interfere with blood-oxygen levels in infants.  
Due to the very high solubility of nitrates, and 

because soils are highly unable to retain 
anions, nitrates can enter groundwater.  
Elevated nitrate in groundwater is a concern 
for borehole drinking water use because of 
methemoglobinemia. 

[87] Mineral(s): Are building blocks of rocks and 

are typically solid, inorganic, have crystalline 
structures and are naturally formed by 
geological processes, e.g., sulphide minerals, 
ǎǳŎƘ ŀǎ ǇȅǊƛǘŜ ƻǊ ŦƻƻƭΩǎ ƎƻƭŘΦ  aƛƴŜǊŀƭ ǊŜǎŜŀǊŎƘ 
is called mineralogy. 

[88] Mineralisation: In biology, mineralisation is 

the process by which chemicals present in 
organic matter are decomposed or oxidized 
into easily available forms to plants to 
contribute to nutrient cycling. 

[89] Molecule: In chemistry, a molecule is an 

electrically neutral group of two or more 
atoms held together by chemical bonds, e.g., 
N2 (nitrogen) and O3 (ozone).  Molecules are 
distinguished from ions by their lack of 
electrical charge, e.g., PO4

3- (orthophosphate). 

[90] Monitoring: Periodic or continuous 

surveillance or testing to determine the level 
of compliance with statutory requirements 
and/or pollutant levels in various media or in 
humans, plants, and animals. 

[91] Mutagen: Is a physical or chemical agent that 

changes the genetic material (i.e., RNA or 
DNA) of an organism, increasing the frequency 
of mutations above the natural background 
level.  As many mutations can cause cancer, 
mutagens are often also carcinogens. All 
mutagens have characteristic mutational 
signatures with some chemicals becoming 
mutagenic through cellular processes. 

[92] Nekton: (or άNŜƪǘƻƴέ) Refers to the actively 

swimming aquatic organisms in waterbodies.  
The term is used to differentiate between 
active swimmers and passive organisms, such 
as plankton, which are carried along by the 
water current. 

[93] Nitrogen: (or άNέ) Is a colourless and 

odourless element found in the soil and 
atmosphere in gas and water.  In fact, nitrogen 
is the most abundant element in the Earth's 
atmosphere ς approximately 78% of the 
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atmosphere is nitrogen.  Nitrogen supports 
growth and reproduction. 

[94] Non-conservative pollutant(s): (or άNon-

conservative constituentsέ; or άbƻƴ-
ŎƻƴǎŜǊǾŀǘƛǾŜ ŘŜǘŜǊƳƛƴŀƴǘǎέ) Are pollutants 
that decay with time due to mechanisms, such 
as chemical reactions; bacterial degradation; 
radio-active decay; or settling of the 
particulates out of the water column.  Many 
pollutants exhibit non-conservative 
behaviour, including nutrients, oxidisable 
organic matter, volatile chemicals and 
bacteria.  The amount of a non-conservative 
pollutant decreases with time and/or over 
distance from the point of input. 

[95] Non-point source pollution: See ά5ƛŦŦǳǎŜ 

Ǉƻƭƭǳǘƛƻƴέ. 

[96] Noxious: Harmful, poisonous, or very 

unpleasant. 

[97] Nutrient: Is a substance used by an organism 

to survive, grow, and reproduce.  In aquatic 
biology, the most important nutrients are 
nitrogen, phosphorus, silica and carbon. 

[98] Nutrient cycle: (or ά9ŎƻƭƻƎƛŎŀƭ ǊŜŎȅŎƭƛƴƎέ) is 

the movement and exchange of organic and 
inorganic matter back into biomass 
production.  Energy flow is a unidirectional 
and non-cyclic pathway, whereas the 
movement of nutrients is cyclic. 

[99] Nutrient depletion: Reduction of essential 

nutrients through uptake and removal of plant 
and animal residues.  Nutrients are usually the 
first link in the food chain, thus a loss of 
nutrients in a habitat will affect nutrient 
cycling and eventually the entire food chain. 

[100] Nutrient enrichment: A form of water 

pollution, which refers to contamination by 
excessive nutrient inputs.  It is the primary 
cause of eutrophication of surface waters, in 
which excess nutrients, usually nitrogen or 
phosphorus, stimulates growth of algae and 
other aquatic plants. 

[101] Nutrient limitation:  Phosphorus is usually 

considered the άƭƛƳƛǘƛƴƎ ƴǳǘǊƛŜƴǘέ in aquatic 
ecosystem.  The available quantity of this 
nutrient controls the pace at which algae and 
aquatic plants are produced.  

[102] Nutrient-loading: Refers to the input of 

nutrients into the aquatic ecosystem from 
numerous anthropogenic and non-
anthropogenic sources. 

[103] Oligotrophic: Refers to surface water 

resources low in nutrients and low levels of 
biological productivity that can be sustained. 

[104] Oligotrophication: The process of nutrient 

depletion, or reduction in rates of nutrient 
cycling in aquatic ecosystems.  It often arises 
because of acidification, typically the result of 
pollution and most notably associated with air 
pollution and acid precipitation. 

[105] Participatory management: Is the 

practice of empowering members of a group, 
such as community members, to participate in 
decision-making.  It is used as an alternative, 
or to support traditional vertical management 
approaches, which has shown to become less 
effective when participants grow less 
ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŀǳǘƘƻǊƛǘƛŜǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎ, due to 
a lack of recognition of participant's efforts or 
opinions. 

[106] Periphyton: Is a complex mixture of algae, 

cyanobacteria, heterotrophic microbes, and 
detritus that is attached to submerged 
surfaces in most aquatic ecosystems.  
Periphyton serves as an important food source 
for invertebrates, tadpoles, and some fish.  It 
can also absorb contaminants, removing them 
from the water column and limiting their 
movement through the environment and is 
also an indicator of water quality. 

[107] Phosphorus: (or άPέ) Is a chemical element 

that is highly reactive and, consequently, is 
never found as a free element on Earth.  
Phosphorus is essential for life.  Phosphates 
(compounds containing the phosphate ion 
PO4

оҍ) are found in genetic material, i.e., 
deoxyribonucleic acid (DNA) and ribonucleic 
acid (RNA), the energy-carrying molecule 
adenosine triphosphate (ATP) that fuels 
cellular processes, and phospholipids that 
constitute a key component of cell 
membranes. 

[108] Photic zone: See έ9ǳǇƘƻǘƛŎ ȊƻƴŜέ. 

[109] Physico-chemical:  Relates to physics and 

chemistry, or to physical chemistry. 
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[110] Phytoplankton: Are the autotrophic (self-

feeding) component of the plankton 
community found floating in freshwater and 
marine ecosystems.  Most phytoplankton are 
too small to be individually seen with the 
unaided eye.  However, when present in high 
enough numbers, some varieties may be 
noticeable as coloured patches on water 
surfaces due to the presence of chlorophyll 
within their cells.  About 1% of the global 
biomass consists of phytoplankton and they 
are an important source of atmospheric 
oxygen.  Diatoms and cyanobacteria are 
examples of phytoplankton. 

[111] Plankton: Are the diverse collection of small 

organisms drifting in water, which are unable 
to propel themselves against a current.  
Plankton can be divided into the following 
broad functional groups: 

u Phytoplankton (autotrophic algae); 

u Zooplankton (protozoans or metazoans); 

u Mycoplankton (fungi); 

u Bacterioplankton (bacteria and archaea); 
and 

u Virioplankton (viruses). 

[112] Point source pollution: Pollutant loads 

discharged at a specific location by means of 
pipes, outfalls, or conveyance channels 
inter alia delivering wastewater from 
municipal and industrial Wastewater 
Treatment Works.  Point sources can also 
include pollutant loads contributed by 
tributary streams to main-stem streams or 
rivers. 

[113] Polluter-Pays Principle: The principle that 

advocates for payment, by those responsible 
or potentially responsible for damage to the 
environment and/or human health, of repair 
costs and costs of preventive measures to 
avoid and prevent and/or minimise further 
pollution and environmental damage. 

[114] Precautionary Principle: An approach that 

exercises caution when uncertainties exist, 
generally assuming a worst-case scenario. 

[115] Primary production: In ecology, primary 

production is the synthesis of organic 
compounds from atmospheric or aqueous 
carbon dioxide.  It principally occurs through 

the process of photosynthesis, which uses 
light as its source of energy, but can also occur 
through chemosynthesis, which uses the 
oxidation or reduction of inorganic chemical 
compounds as its source of energy.  Almost all 
life on Earth relies directly or indirectly on 
primary production.  The organisms 
responsible for primary production are known 
as primary producers or autotrophs and form 
the base of the food chain. 

[116] Primary productivity: The rate at which 

light energy is incorporated into plant cells. 

[117] Pycnocline: Is a cline, which is represented 

by a thin, but distinct, layer in a large body of 
water in which the vertical density gradient 
changes more drastically with depth than it 
does in the layers above or below.  Below the 
mixed layer, a stable density gradient (or 
pycnocline) separates the upper and lower 
water, hindering vertical transport.  

[118] Quinary drainage region(s): Are 

altitudinally based fifth level sub-quaternary 
drainage regions that are utilised as planning 
units for operational decision making and 
general coordination purposes; hydrological 
modelling; and integrated water resource 
management. 

[119] Receiving Water Quality Objectives 
Approach:  This approach recognises that 

many receiving water resources have a certain 
dilution capacity that can accommodate both 
point and diffuse sources of pollution without 
serious detriment to the water quality 
requirements of the recognised water users.  
Appropriate source controls must be 
instituted upstream in order to ensure 
compliance to the downstream Water 
Resource Class (and RQOs/ Reserves), as may 
be supported by Resource Water Quality 
Objectives and/or Water Quality Planning 
Limits. 

[120] Recycle: Utilization of treated or untreated 

wastewater for the same process that 
generated it, i.e., it does not involve a change 
of user.  For instance, recycling the effluents in 
a paper and pulp mill. 
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[121] Remediation: Means correcting to improve, 

vs. ά!ƳŜƭƛƻǊŀǘƛƻƴέ that means making better 
to improve. 

In environmental management, άremediationέ 
addresses legacy sources of pollution, or 
affected ecological infrastructure.  As such, 
άǊŜŎƭŀƳŀǘƛƻƴέ or έrŜƘŀōƛƭƛǘŀǘƛƻƴέ involves the 
removal of contaminants from surface water, 
groundwater, soil, sediment, etc. , whereas 
άrŜŎƻƴǎǘǊǳŎǘƛƻƴέ or άǊŜǎǘƻǊŀǘƛƻƴέ involves 
returning ecological infrastructure to their 
original or near-original conditions. 

[122] Reserve: Means the quantity and quality of 

water required to satisfy basic human needs 
and the aquatic ecosystem. 

[123] Resource: In water resource management, 

άǊŜǎƻǳǊŎŜέ refers to άǿŀǘŜǊ ǊŜǎƻǳǊŎŜέ. 

[124] Resource quality: Means the quality of all 

the aspects of a water resource, includingς 

u the quantity, pattern, timing, water level 
and assurance of instream flow; 

u the water quality, including the physical, 
chemical and biological characteristics of 
the water; 

u the character and condition of the instream 
and riparian habitat; and 

u the characteristics, condition and 
distribution of the aquatic biota; 

[125] Resource Quality Objective(s): May 

relate toς  

u the Reserve; 

u the instream flow; 

u the water level; 

u the presence and concentration of 
particular substances in the water; 

u the characteristics and quality of the water 
resource and the instream and riparian 
habitat; 

u the characteristics and distribution of 
aquatic biota; 

u the regulation or prohibition of instream or 
land-based activities which may affect the 
quantity of water in or quality of the water 
resource; and 

u any other characteristic, of the water 
resource in question, if so declared. 

Resource Quality Objectives provide a balance 
between the need to use and develop water 
resources, and the need to protect them. 

Resource Quality Objectives are gazetted. 

[126] Resource Unit:  Is the Management Unit of 

assessment for the Resource Quality Objective 
and encompasses a stretch of a river that is 
sufficiently ecologically distinct to warrant its 
own specification of Ecological Water 
Requirement. 

[127] Resource Water Quality Objective(s): 
Are the water quality component of the 
Resource Quality Objective.  Are numeric 
and/or descriptive objectives, which address 
the physical, chemical and/or microbiological 
properties of waterbodies that should be met 
in receiving water resources to ensure that the 
water quality requirements of the recognised 
water users and the aquatic ecosystem are 
sufficiently protected. 

Resource Water Quality Objectives are not 
gazetted, per se. 

[128] Respiration: In physiology, respiration 

constitutes the movement of oxygen from the 
outside environment to the cells within 
tissues, and the transport of carbon dioxide in 
the opposite direction. 

[129] Reuse: Utilization of treated or untreated 

wastewater for a process other than the one 
that generated it, i.e., it involves a change of 
user.  For instance, the re-use of municipal 
wastewater for agricultural irrigation.  Water 
re-use can be direct or indirect, intentional or 
unintentional, planned or unplanned, local, 
regional or national in terms of location, scale 
and significance, involve various kinds of 
treatment (or not) and be used for a variety of 
purposes. 

[130] Root nodules: Are found on the roots of 

plants that form a symbiosis with nitrogen-
fixing bacteria.  Under nitrogen-limiting 
conditions, capable plants form a symbiotic 
relationship with a host-specific strain of 
bacteria known as rhizobia. 

[131] Runoff:  Runoff is the flow of water occurring 

on the ground surface when excess rainwater, 
stormwater, meltwater, or other sources, can 
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no longer sufficiently rapidly infiltrate in the 
soil.  Surface runoff replenishes groundwater 
and surface water resources as it percolates 
through soil profiles or moves into streams 
and rivers. 

[132] Secchi disk depth: A 20 cm disk, with 

alternating black and white quadrants, is 
lowered into the water of a river or dam until 
the observer can no longer see it.  The depth 
of disappearance is called the Secchi depth.  
Secchi disk depth is a measure of the clarity, 
transparency or turbidity of water. 

[133] Self-regulation: An organization regulating 

itself without intervention from external 
bodies. 

[134] Seston: Are the organisms (bioseston) and 

non-living matter (abioseston) swimming or 
floating in a waterbody. 

[135] Social Impact Assessment: Is a systematic 

decision support process of research, planning 
and management of social change or 
consequences (positive and negative, 
intended and unintended) arising from 
policies, plans, developments and projects. 

[136] Source: In water resource management, 

άǎƻǳǊŎŜέ refers to the source of an impact, 
usually on a water resource.  The relationship 
between ά{ƻǳǊŎŜέ and άwŜǎƻǳǊŎŜέ is similar to 
the relationships between ά/ŀǳǎŜέ and 
ά9ŦŦŜŎǘέ or ά!ǎǇŜŎǘέ and άLƳǇŀŎǘέ, as per the 
ISO 14001 definitions.  The άwŜǎƻǳǊŎŜέ or the 
άǿŀǘŜǊ ǊŜǎƻǳǊŎŜέ is part of the receiving 
environment. 

[137] Standard(s): See ά²ŀǎǘŜ 5ƛǎŎƘŀǊƎŜ 

{ǘŀƴŘŀǊŘέ. 

[138] Strategic Environmental Assessment: Is 

a systematic decision support process, aimed 
at ensuring that sustainability aspects are 
considered in policy-strategy, plan and 
program making.  The focus is deliberately 
wide because many of the pressures are as a 
result of custom, tradition, and institutional 
factors. 

[139] Stratification: Occurs when water with 

different properties, viz. salinity (halocline); 
oxygenation (chemocline); temperature 
(thermocline); and density (pycnocline), forms 

layers that can act as barriers to water mixing.  
The terms in brackets refer to the transition 
layers or boundaries that exist in water with 
respect to the different properties. 

[140] Subsidiarity: The principle of subsidiarity 

requires that socio-political issues be dealt 
with at the most immediate or local level, 
consistent with its resolution. 

[141] Systems thinking: Is a way of making sense 

of the complexity of the world by looking at it 
in terms of wholes and relationships rather 
than by splitting it down into its parts.  
Systems thinking has been used to explore and 
develop effective action in complex contexts 
to enable systems change. 

[142] Thermocline: Is a cline, which is represented 

by a thin, but distinct, layer in a large body of 
water in which temperature changes more 
drastically with depth than it does in the layers 
above or below.  The thermocline divides the 
upper generally warmer and mixed layer 
(epilimnion) from the deeper cooler and more 
stagnant layer (hypolimnion) and occurs in the 
metalimnion. 

[143] Total Maximum Daily Load: (or άPollutant 

load allocationέ) Is the total maximum daily 
load of a pollutant that a waterbody can 
assimilate before undesirable physical, 
chemical and/or biological thresholds are 
ŜȄŎŜŜŘŜŘ ŀƴŘ ǘƘŜ ΨŦƛǘƴŜǎǎ ŦƻǊ ǳǎŜΩ ƻŦ ǘƘŜ ǿŀǘŜǊ 
resource becomes impaired. 

[144] Sunlight zone: See ά9ǳǇƘƻǘƛŎ ȊƻƴŜέ. 

[145] Trophic status: Refers to the degree of 

nutrient enrichment of surface water 
resources and the associated amount of 
primary productivity that can be sustained. 

[146] Turn-over: See άLnversionέ. 

[147] User-Pays Principle: Variation of the 

Polluter-Pays Principle that calls upon the user 
of a natural resource to bear the cost of 
running down natural capital. 

[148] Vascular plant(s): (or άTracheophytaέ) form 

a large group of land plants with lignified 
tissues (the xylem) for transporting water and 
minerals throughout the plant and specialized 
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non-lignified tissue (the phloem) to transport 
products of photosynthesis. 

[149] Waste Discharge Standard(s): Are rules, 

criteria or limits that are established to 
regulate the unnatural altering of the water 
quality of water resources by wastewater that 
needs to be discharged; and ensure that such 
discharges are compatible with receiving 
water quality requirements. 

[150] Waste Load Objective(s): Are objectives 

relating to incremental reduction; 
maintenance; or under special circumstances, 
incremental increase in waste loads, 
calculated to give effect to relevant in-water 
resource water quality objectives.  Waste Load 
Objectives refer to the water resource 
Management Unit as a whole and not to 
specific water users, though they do consider 
technical, economic and administrative 
realities. 

[151] Wastewater: Any water used from 

domestic, industrial, commercial or 
agricultural activities, surface runoff or 
stormwater, which may contain physical, 
chemical and biological pollutants. 

[152] Wastewater treatment: Chemical, 

biological, and mechanical procedures applied 
to an industrial or municipal discharge, or to 
any other sources of contaminated water, to 
remove, reduce, or neutralize contaminants. 

[153] Watercourse: Means ς 

u a river or spring; 

u a natural channel in which water flows 
regularly or intermittently; and 

u a wetland, lake or dam into which, or from 
which, water flows; 

u A reference to a watercourse includes, 
where relevant, its bed and banks. 

[154] Water Management Institution:  Means a 

Catchment Management Agency, a Water 
User Association, a Body Responsible for 
International Water Management or any 
person (i.e., a natural person, a juristic person, 
an unincorporated body, an association, an 
organ of state and the Minister of Water and 
Sanitation) who fulfils the functions of a Water 
Management Institution, in terms of the 
National Water Act, 1998 (Act No. 36 of 1998); 

[155] Water pollution: Means the direct or 

indirect alteration of the physical, chemical or 
biological properties of water resource so as 
to make it less fit for any beneficial purpose for 
which it may reasonably be expected to be 
used; or harmful or potentially harmful to: 

u the welfare, health or safety of human 
beings: 

u any aquatic or non-aquatic organisms; 

u the resource quality; or 

u property. 

[156] Water quality: The biological, chemical, and 

physical conditions of a waterbody.  It is a 
measure of a waterbody's ability to support 
beneficial water use. 

[157] Water Quality Planning Limit(s): Are 

Resource Water Quality Objectives utilised for 
water quality planning purposes. 

[158] Water resource: Includes a watercourse, 

surface water, estuary, or an aquifer, but 
excludes coastal marine waters. 

[159] Water Services Institution: Means a 

Water Services Authority, a Water Services 
Provider or a Water Board established under 
the Water Services Act, 1997 (Act No. 108 of 
1997). 

The need for Water Services Committees has 
fallen away with the promulgation of the 
Municipal Structures Act, 1998 (Act No. 117 of 
1998) that provides for the establishment of 
wall-to-wall municipalities. 

Water Services Intermediaries are not 
regarded as Water Services Institutions, but 
are entities that are defined in the Water 
Services Act, 1997 (Act No. 108 of 1997). 

[160] Water user group(s): (or άWater user 

sectorsέ) There are five recognised broad 
water user groups, some with sub-groups, 
namely the- 

u Agricultural water user group: 

} Irrigation according to soil and crop type; 

} Stock watering; and 

} Aquaculture. 

u Domestic water user group: 

} Drinking water, and water used for 
washing and cleaning, gardening, etc. 
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u Industrial water user group: 

} Category 1 ς Strictest requirement, e.g., 
evaporative cooling (high rate of 
recycling); 

} Category 2 ς E.g., water heating; 

} Category 3 ς E.g., firefighting; and 

} Category 4 ς Water of more or less any 
quality, e.g., dust suppression. 

u Recreational water user group: 

} No-contact recreation, e.g., fishing; 

} Intermediate contact recreation, e.g., 
boating, water skiing and traditional or 
religious ceremonies; and 

} Full contact recreation, e.g., swimming. 

u Aquatic ecosystem: 

} Although not a water user, per se, the 
ŀǉǳŀǘƛŎ ŜŎƻǎȅǎǘŜƳΩǎ instream and 

riparian habitat and biota water quality 
requirements (the Reserve, where 
available) are being co-considered with 
the water quality requirements of the 
other water user groups in water quality 
management. 

[161] Watershed: See ά/ŀǘŎƘƳŜƴǘέ. 

[162] Zooplankton: Are the heterotrophic (other-

feeding) component of the plankton 
community in freshwater and marine 
ecosystems and consists of small protozoans 
(single-celled eukaryotes) and metazoans 
(multicellular eukaryotic organisms).  
Zooplankton are generally larger than 
phytoplankton, mostly still microscopic, but 
some are a few millimetres long and can be 
seen with the naked eye.
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 : THE EUTROPHICATION CHALLENGE 

BOX 1: ñWhat is eutrophication?ò 

Eutrophication is the process of nutrient enrichment of waters which results in the stimulation of an array of symptomatic changes, 
amongst which increased production of algae and aquatic macrophytes, deterioration of water quality and other symptomatic 
changes found to be undesirable and to interfere with water users [OECD, 1982]. 

This document will focus on ways to control eutrophication that is caused by human activities ï also known as ñanthropogenic 
eutrophicationò. 

1.1 Key challenges associated with eutrophication 

Anthropogenic[6] nutrient enrichment[100] of water resources[158] is a global water resource problem [Rast 
& Thornton, 1996].  It is most evident in highly populated and developed areas where: industrial 
effluent[48]; water-borne sewage systems; wash-off from built-up areas; fossil fuel combustion; 
atmospheric fall-out; and agricultural practices contribute to elevated loads of nutrients[97] entering 
receiving water resources.  Elevated nutrient-loading promotes excessive primary production[115] in natural 
systems, causing a wide array of biological diversity [Cook, et al., 2018] and water quality problems [Dunst, 
et al., 1974].  South Africa itself has some of the most highly enriched surface waters in the world [Ashton, 
et al., 1985; Van Ginkel, et al., 2000b].  A contemporary analysis of eutrophication[58] in South Africa 
revealed that some 75% of the raw water stored in the major national impoundments was either 
eutrophic[57] or hypertrophic[69] [Harding, 2015].  Read together with the fact that the National Water 
Resource Strategy (NWRS) ranks eutrophication as the highest amongst thirteen tiers of water quality 
concern, that include salination and Acid Mine Drainage (AMD) [DWS, 2021], this is a most damning finding 
for a semi-arid country in which impounded water largely underpins the quality of socio-ecological and 
economic existence. 

Eutrophication challenges in South Africa are exacerbated by insufficient wastewater infrastructure 
maintenance[81] and investment; deteriorating ecological infrastructure; recurrent droughts, driven by 
climatic variation, and an inescapable need for water resource development; inequities in access to safe 
sanitation, against the backdrop of a growing population; water use regulation that is not consistently and 
adequately protecting South !ŦǊƛŎŀΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀƎŀƛƴǎǘ ŜǳǘǊƻǇƘƛŎŀǘƛƻƴΤ ŀƴŘ ŀ ƭŀŎƪ ƻŦ ǎƪƛƭƭŜŘ ǿŀǘŜǊ 
scientists and engineers.  Poor water quality[156], including eutrophication, is already having significant 
impacts on economic growth and on the well-being of South Africans [DWS, 2017b]. 

PHOTO 1:ñSOME FOR ALL FOR EVER!ò © J.J. VAN WYK 
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1.1.1 Insufficient wastewater infrastructure maintenance 

One of the most often quoted opening lines on water issues in South Africa typically reads άΧ {ƻǳǘƘ !ŦǊƛŎŀ 
is a water scarce (or semi-ŀǊƛŘύ ŎƻǳƴǘǊȅ ǿƛǘƘ ǎŜǾŜǊŜƭȅ ƭƛƳƛǘŜŘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ Χέ.  What is not so often 
mentioned is that wastewater return-Ŧƭƻǿǎ ŎƻƳǇǊƛǎŜ ŀ ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǿŀǘŜǊ ōǳŘƎŜǘ 
and that discharges of water containing waste are required to be returned to surface water resources for 
indirect reused further downstream [Harding, 2017]. 

The importance of well-functioning municipal wastewater infrastructure1 is embedded within the fact that 
it acts as the last barriers and final interface between untreated urban wastewater[151] and healthy aquatic 
ecosystems[7]; other receiving water users[160] that optimally contribute towards economic growth; and the 
ƘŜŀƭǘƘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǇƻǇǳƭŀǘƛƻƴΦ  ²ƘŜǊŜŀǎ ǇƻƻǊ ǿŀǎǘŜǿŀǘŜǊ ƘŀƴŘƭƛƴƎ ƛǎ ƪƴƻǿƴ ǘƻ ōŜ ŀ ƭŜŀŘ ŎŀǳǎŜ ƻŦ 
nutrient over-enrichment, this cause of eutrophication is also intertwined with other water quality 
challenges, such as microbial pollution and concomitant health risks; elevated Chemical Oxygen Demand 
(COD); and others that affect wastewater reuse[129] and recycling[120] strategies.  It was found that up to 
70%, and sometimes even more, of the water abstracted by cities, returns as polluted effluent [SA 
Commission of Enquiry into Water Matters, 1970].  Municipal urban wastewater return-flow profiles 
include residential, commercial, business and industrial users; as well as schools, hospitals, sports and 
recreation facilities, parks and government institutions.  This implies that poor urban wastewater handling 
affects society at multiple levels. 

South Africa possesses an extensive network of collection and sewer network systems, pumping stations, 
and WwTWs.  These systems, must collectively, ensure that the quality of waterborne urban wastewater 
complies with authorised levels prior to it being discharged and/or reused or recycled.  However, 
approximately 56% of the over 1 150 municipal WwTWs in the country are in a poor or critical condition 
and in need of urgent rehabilitation [DWS, 2018b, p. 5.1].  Additionally, the facilities previously provided 
to some households have become inadequate due to various factors (including poor facilities operation 
and infrastructure operating above its design capacity (FIGURE 1); vandalism, ageing infrastructure and 
insufficient maintenance (FIGURE 2); poorly constructed and operated on-site sanitation systems; and 
ventilated improved pit latrine (VIP) pits and septic tanks not being emptied regularly).  Compliance with 
the Green Drop requirements (assessed in 2021 as part of the 2022 Green Drop Assessment 2) was 
generally very poor ς with 828 WwTWs out of a total of 850 WwTWs being unable to achieve Green Drop 
Certification [DWS, 2022]. 

South Africa is one of the most unequal countries in the world, with extremely high levels of poverty.  
Sixty-three percent of households earn less than R 38 000 per year (i.e. being at indigent level) resulting in 
high levels of grant dependency with related impacts on affordability and services viability.  Some 77% of 
rural households are indigent and are not required to pay for basic municipal services.  The percentage of 
individuals that benefited from social grants in 2003 consistently increased from 12.7% to 29.7% in 2016 
[DWS, 2018b], placing an ever-increasing burden on already limited government financial resources to 
finance operation and maintenance of municipal WwTWs.  Today, effective administrative and 
management practices are also hampered by systemic corruption that is associated with many 
municipalities in South Africa [Muller & Erasmus, 2020]. 

This resulted in a lack of proper operation and maintenance of άǊŜƎǳƭŀǘŜŘέ WwTWs, as well as 
άǳƴǊŜƎǳƭŀǘŜŘέ sanitation services (such as on-site sanitation systems) in most municipalities.  The discharge 
or leaking of sub-standard return-flows or untreated sewage to the environment is a frequent occurrence 
that significantly contributes towards nutrient-loading of water resources ς hence the prevalence of 
eutrophication.  Consistent operation and maintenance of wastewater infrastructure, coupled with good 

 

1 Municipal infrastructure includes wastewater network and pump systems, and treatment works (WwTWs) [152]. 
2 The Green Drop Certification Programme has been relaunched by the Department of Water and Sanitation with a full Green Drop audit 

conducted in 2021/22. 
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FIGURE 1: Streams of poorly treated and untreated sewage and industrial wastewater, exacerbating the 
effects of anthropogenic eutrophication, have become an all too familiar face in many parts of 
the country. 

 
Photos: © P. Venter. 

practices, is essential for enhancing principles of health, dignity and protection of water resources, towards 
an improved quality of life for all in South Africa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 FIGURE 2: Vandalism, ageing infrastructure and insufficient maintenance of sewage infrastructure cause 
water pollution, which contributes to eutrophic conditions in receiving water resources. 

Main photo: © P. Venter; Insert photo: © J.J. van Wyk. 
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1.1.2 Deteriorating ecological infrastructure 

The basic hydrological unit for water resource quality[124] management is the catchment[21] and it is 
necessary to recognise the unity of the water cycle and the interdependence of its elements, where 
evaporation, clouds and precipitation are linked to groundwater, rivers, lakes, wetlands and the sea [DWAF, 
1997].  Every catchment relies heavily on extensive ecological infrastructure to maintain healthy 
functioning aquatic ecosystems and to provide much needed services, or άnature-based solutionsέ, to 
people.  Ecological infrastructure includes, for instance, mountain catchment areas, streams, rivers and 
sub-surface water movement, floodplains, lakes, wetlands, estuaries, coastal dunes, and the marine 
environment, as well as beds and banks of water resources, and nodes and corridors of natural habitat, 
which together form a network of interconnected structural elements in the landscape [SANBI, 2014].  The 
ecological infrastructure in catchments renders valuable services, such as freshwater for domestic, 
industrial, agricultural and recreational use; ecotourism; soil formation; medicine and food (including fish, 
wild foods and others) provisioning; hydropower generation; climate variability regulation; flood and 
drought risk reduction; purification of air; crop pollination; pest and disease control; waste decomposition 
and detoxification; and water quality improvement functions (including nutrient cycling and dispersal); and 
much more!  It is the nature-based equivalent of built or hard infrastructure, and is just as important for 
providing services, ensuring water security and underpinning socio-economic development.  Because the 
services derived from ecological infrastructure are effectively άŦǊŜŜ ǎŜǊǾƛŎŜǎέ, we tend to take their benefits 
for granted.  Indeed, few, if any, authorities or utilities list catchments as assets anywhere on their books, 
and landowners are not rewarded for good management practices that result in downstream user benefits 
[WRC, 2014]. 

A healthy aquatic ecosystem is one that is intact in its physical, chemical and biological components, and 
their interrelationships, such that it is resilient to withstand changes and stressors.  It is a system that is not 
experiencing: abnormal growth or decline of native species; persistence of elevated concentrations of 
contaminants (such as excessive orthophosphate, as shown in FIGURE 3 3); or drastic anthropogenic 
changes to its landscape or ecological processes [Baron & Poff, 2004]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 The Reserve, as per IUA 3/ RU 3.1/ EWR 3 in Drainage Region A21J [GN R.1388, 2017], that has application to the Hartbeespoort Dam 
was used.  An average of 15 samples per month, taken close to the dam wall, were used for the statistical analysis.  The samples taken 
at depths ranging from the surface up to 5 metres were all treated equally, and were regarded as representative of the water quality of 
the dam, i.e. the assumption is that the dam acts a completely mixed body of water for the purpose of representing the data on the graph. 

FIGURE 3: The aquatic ecology is the most sensitive water user with respect to orthophosphate.  The graph shows 
that the Reserve, determined to protect the Hartbeespoort Dam ecology, is being exceeded frequently. 

Insert photos: (Left) © P. Venter; (Right) © J.J. van Wyk. 
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FIGURE 4: Annual phosphorus and nitrogen loading of, and primary production in six large South African dams. 

 

Unfortunately, much needed socio-economic development and growth are often synonymous with 
adverse impacts on ecosystem health and concomitant ecological infrastructure.  Human-induced impacts 
accelerate the effects of nutrient-loading and eutrophication.  FIGURE 4 4 shows increasing trends for both 
nitrogen[93] loading and primary production across six large South African dams.  The reasons for the slight 
improvement in phosphorus loading is unclear, although the possibility that this may be caused linked to 
the introduction of phosphate free detergents a few years ago in South Africa, cannot be discounted [DWS, 
2015b].  An average annual phosphorus[107] load of ~600 tons and a nitrogen load of ~2 000 tons across the 
six large dams are evident. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Eutrophication, as one of the importunate environmental hazards of aquatic ecosystems, causes 
pronounced cascading deterioration of water quality and poses risks to biotic components, which, amongst 
others, include [Schmutz & Sendzimir, 2018; Clark, et al., 2017; Padedda, et al., 2017; Chamier, et al., 2012; 
Baron & Poff, 2004; Walmsley, 2000]: 

u Increased occurrences of floating and rooted aquatic macrophytes[80]; 

u Native plant species loss and replacement with alien plant species, often also affecting resource water 
quality through reduced dilution capacity, resulting from increased evapotranspiration; altered nutrient 
cycling, especially due to nitrogen fixers such as Acacia spp.; and increased occurrences of soil erosion, 
associated with the increased fire hazards; 

u Increased occurrences and intensity of nuisance algal blooms; 

u Increasing dominance of cyanobacteria[31] and the occurrence of toxic cyanobacteria; 

u The abundance of cyanobacteria impacts greatly on the aesthetic quality and general consumer 
acceptability of drinking water due to the presence of major organic pollutants, such as Geosmin and 
2-methylisoborneol (2-MIB), that are responsible for undesirable taste and odour in water.  Geosmin 

 

4 Loads were calculated for the Hartbeespoort, Roodeplaat, Bloemhof, Vaal, Vanderkloof and Sterkfontein Dams.  The first three of these 
dams, compared to the latter three, are known to experience elevated trophic conditions.  For the load calculations, it was assumed that 
the epilimnions of the six dams each acts as a completely mixed system.  Averaged surface water quality samples taken at the dam 
walls and daily dam total outflow volumes were used to calculate monthly load estimates. 
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and 2-MIB are some of the most difficult compounds to remove during water treatment.  They increase 
filter clogging, the requirements for dosing activated carbon and greatly affect water treatment costs; 

u Undesirable aesthetic conditions, include discolouration, increased turbidity and loss of clarity, 
foaming, presence of odours, etc.; 

u Severe shading and light attenuation, caused by blooms of both macro-algae and phytoplankton[110]; 
and the presence of debris hinder the photosynthetic processes in benthic[12] plants, which leads to 
benthic habitat stress and destruction; 

u Loss of benthic diversity affects and lead to stressed bottom-feeding fish and other animals; 

u Increased occurrences of deoxygenation[32] in reservoir bottom waters leads to elevated levels of 
hydrogen sulphide, heavy metals and nutrients;  

u The decomposition of organic matter leads to an over-supply of CO2, which, in turn, also enhances water 
acidification; 

u 9ȄŎŜǎǎƛǾŜ ŀƭƎŀƭ ōƭƻƻƳǎ ŀǊŜ ƘŀǊƳŦǳƭ ǘƻΣ ŀƴŘ ƭŜŀŘ ǘƻ ƛƴƧǳǊȅ ƻŦ ŀǉǳŀǘƛŎ ŀƴƛƳŀƭǎΣ ǎǳŎƘ ŀǎ ǘƘŜ ŎƭƻƎƎƛƴƎ ƻŦ ŦƛǎƘΩǎ 
gills, poisoning by toxins secretion, and localized anoxia[5] that effects subsistence and sports fishing; 

u Increased fish and invertebrate mortality; 

u Changes of ecological community structure and loss of biological diversity; and 

u Mortality of domestic and wild animals, drinking hypertrophic[69] waters that contains toxins. 

The White Paper on a National Water Policy for South Africa (1997) states: ά¢ƘŜ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ǿŀǘŜǊ 
resources means that, even where the immediate demands for development are very high, society must 
find different development approaches which make sure that the use of water resources does not destroy 
ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ǊŜŎƻǾŜǊέ [DWAF, 1997].  Protecting our ecological infrastructure is not optional but 
obligatory! 

1.1.3 Recurrent droughts (driven by climatic variation) and an inescapable need for 
water resource development 

Large parts of South Africa suffer from relatively low rainfall and water resources are highly developed, 
especially surface water systems, through a myriad of large dams around the country [DWS, 2018b, p. 3.9].  
Dams are a άƴŜŎŜǎǎŀǊȅ ŜǾƛƭέ that, together with many other water supply interventions, must assist to 
ensure continued water security in the country [Venter, 1971, p. 29; DWA, 1986, p. 6.45].    However, the 
damming of surface water resources greatly modifies the ecological functioning of river systems.  In 
particular ς dams sequester nutrient elements and, hence, reduce downstream transfer of nutrients to 
floodplains, wetlands, lakes and the coastal marine environment.  Additionally, impoundment influence 
regional nutrient limitation[101] patterns, food web dynamics and trophic conditions, often resulting in the 
presence of hypertrophic conditions in reservoirs [Maavara, et al., 2015]. 

The Hartbeespoort Dam was constructed in 1923, about 35 kilometres north-west of Johannesburg and 
20 kilometres west of Pretoria, and first overflowed in March 1925 [De Beer, 1975, p. 405].  Originally 
constructed for irrigation purposes, and today, also utilised for domestic, recreational and industrial 
purposes, the dam has been experiencing nuisance algae and floating water plant problems since the late 
1950s [Pers. coms. Silberbauer, 2022].  Impacts emanating from the upstream urban zones are increasingly 
affecting the resource quality of the Hartbeespoort Dam.  FIGURE 5 attests to this by showing how the 
trophic conditions are affecting the fitness-for-use of the Hartbeespoort Dam for recreational purposes; 
also affecting the regional economy and property values in the vicinity of the Dam. 

Drought conditions in South Africa, driven by climate variation are expected to have a major impact on 
South Africa, with resulting consequences for ecosystems[46], people and the economy.  Water is the 
primary medium through which the impact of climate change is going to be experienced [DWS, 2013].  
Climate change is expected to result in changing rainfall patterns; changing storm intensities and the 
extremes of floods and droughts; higher solar radiation intensities; higher ambient air temperatures; 
increasing evaporation; changes in soil moisture and runoff[131]; higher demands for water in some areas 
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and changes in water availability; changing water quality conditions (including the water temperature of 
aquatic systems); and increasing climate variability [DWS, 2015a].  Climate change is expected to amplify 
deteriorating trophic conditions in water resources by changing the internal and external nutrient-
loadings[102], as an impact of ambient temperature rise; changing precipitation patterns; altered solar 
radiation intensity; and altered wind speeds [Nazari-Sharabian, et al., 2018]. 

Warmer water temperatures, resulting from heat exchange between a warmer ambient atmosphere[9] and 
the water column, influence the chemical and physical properties of water.  For instance: pH decreases; 
salinity decreases; the solubility of solids increases and the solubility of gasses, such as oxygen, decreases; 
diffusion rates increase; and the rates of biochemical processes initially increase as water temperatures 
start to rise.  When water temperature and nutrient concentrations increase, primary production is 
stimulated, leading to eutrophic[57] conditions and algal blooms [Mooij, et al., 2007], especially within 
stratified reservoirs that act as nutrient traps [Schmutz & Sendzimir, 2018]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As temperatures rise, precipitation is not expected to change uniformly.  In areas with projected higher 
precipitation, it is possible that intense precipitation events will occur and cause more erosion and 
resuspension of sediments and mobilisation of diffuse sources of pollution[38], ultimately resulting in higher 
concentrations of sediments and nutrients ending up in receiving water resources [Whitehead, et al., 2009; 
Vogel, et al., 1999].  In areas with projected lower precipitation, it is possible that lower minimum flows, 
coupled with higher rates of evaporation and evapotranspiration, will occur, resulting in less dilution 
capacity in receiving water resources.  As a result, increased concentrations of contaminants can cause 
deoxygenation, by lowering dissolved oxygen (DO)[39] concentrations and increasing biological oxygen 
demand (BOD).  Consequently, the risk of eutrophication, especially in water resources with limited 
re-aeration capacity, will be increased.  Therefore, under climate change conditions and due to the 
alteration of regional precipitation patterns, water resources can be expected to be exposed to increased 
nutrient-loading, which can ultimately lead to increased primary production and hypertrophic conditions 
[Whitehead, et al., 2009]. 

FIGURE 5: Excessive primary production in the epilimnion, measured as chlorophyll-ŭ concentrations per single 
sample, has an adverse effect on recreational water use in the Hartbeespoort Dam. 

Insert photos: © P. Venter. 
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Global warming and solar radiation have mutual connections.  As an important source of energy, solar 
radiation drives photosynthesis in most ecosystems and is an essential factor for the growth of 
phytoplankton and other aquatic plants.  If phytoplankton and aquatic plants do not receive enough 
sunlight, they start to consume oxygen leading to the depletion of DO in the water column.  Under 
anaerobic[4] conditions, phosphorus released from sediments can lead to eutrophication.  Algae 
distribution is also dependent on the intensity of solar radiation received at different depths, resulting in 
increased algae growth up to a maximum growth rate [Craig, et al., 2014]. 

The wind will also be affected by climate change and will have direct and indirect effects on the trophic 
status[145] of water resources.  The direct effects of wind include the blowing of surface algae to shores, 
forming thick algal mats and changing environmental conditions.  The indirect effect relates to the mixing 
effect created in the water column that enhances the mixture of nutrients and accelerates the release of 
nutrients from sediments.  Also, as the air temperatures rise, wind mixes the warmer upper layers of water 
with the colder lower layers, which can speed up solubility, diffusion and transformation of pollutants.  
Changing wind action can also cause inversion[76] of stratified layers[139] in water columns to occur more or 
less frequently, causing oxygen starvation near the water surface.  On the other hand, intense and high-
speed winds can also restrain the formation of algal blooms by dissipating algal blooms and weakening 
their aggregation [George, et al., 2007]. 

Therefore, poor trophic conditions[145] in water resources are likely to be exacerbated by climate change; 
the protection of our invaluable water resources in a changing climate is a big and significant challenge for 
policymakers today, and deserves considerable attention for the sake of future generations.  However, 
three important questions related to eutrophication in a changing climate remain to be addressed, viz. 
(1) Which are the critical climate change factors that most affect eutrophication in freshwater[62] 
ecosystems; (2) How to completely differentiate the impact of climate change from that of anthropogenic 

activities on eutrophication and feedback mechanisms; and (3) What are the best and most feasible 
adaptation counter-measures for dealing with climate change effects on eutrophication? [Nazari-
Sharabian, et al., 2018]. 

1.1.4 Inequities in relation to access to safe sanitation (against the backdrop of a 
growing population) 

The provision of safe sanitation is a key requirement for sustainable and healthy communities.  It is critical 
in the protection of water resources, in the promotion of social and economic benefits that are aligned to 
national development goals [NPC, 2012] and in meeting the human rights [RSA, 1996] of all who live in 
South Africa. 

While population growth is on average 1.2% per annum, it varies from negative to positive across 
communities.  The growth in the number of households, however, is much higher and is currently at around 
3% per annum, nationally.  This is due to migration, mainly urbanisation.  Urbanisation continues to 
increase the demand for sanitation provision, with many rural people moving to urban centres in search of 
jobs and improved services.  The demand for sanitation provision can also be attributed to the dedicated 
housing programme of government that inter alia lead to the sub-division of previous large households.  
Additionally, while only 33% of the population currently live in rural areas, they represent 81% of the 
national count of settlements due to their often small and scattered nature, making it spatially challenging 
to provide a good coverage of sanitation services to all [DWS, 2018b; Stats SA, 2016]. 

Baseline figures on access to reliable sanitation service delivery are regularly surveyed by 
Statistics South Africa through the national census and through their General Household Surveys.  Since 
1994, and particularly after 2001, an estimated 5.15 million households have been provided with safe and 
acceptable sanitation facilities.  In 2008, approximately 27% of the population received sanitation services, 
below the Reconstruction and Development (RDP) standard (FIGURE 6).  [Schreiner & Hassan, 2011]. 



 
 
Eutrophication Management Strategy for South Africa 
Project Report No. 4.2 

Part 1: The South African context 
Chapter 1: The eutrophication challenge 

 
 

 
 

Edition 2 
 

 Page 9 February 2023 

 

FIGURE 6: Access to sanitation in South Africa, 2008 [Stats SA, 2007; DWAF, 2008]. 

The backlog in 1994 was estimated at 4 million households, whereas in April 2017 it was estimated that 
there were still 3.96 million unserved households [DWS, 2018b].  The South African population increased 
from around 40 million, in 1994, to a total of 55.6 million, as recorded in the 2016 Census [Stats SA, 2016].  
Progress in the reduction of this backlog has been hampered by the substantial population growth and by 
households becoming smaller (i.e. growing at a faster rate than the population).  It is estimated that 
approximately 14.1 million people do not have access to safe sanitation in South Africa, today [DWS, 
2018a].  The sanitation crisis threatens the health and well-being of the poor and the vulnerable in 
South Africa, while also contributing towards eutrophication of water resources ς and also retarding the 
ŎƻǳƴǘǊȅΩǎ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΦ 

 

 

 

 

 

 

 

 

 

 

1.1.5 Water use regulation that is not consistently and/or  adequately protecting 
South !ŦǊƛŎŀΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀƎŀƛƴǎǘ anthropogenic eutrophication 

In the Republic of South Africa, government is constituted of national, provincial and local spheres.  These 
spheres of government are distinctive, interdependent and interrelated [RSA, 1996, S.40(1)]. 

The Constitution of the Republic of South Africa, 1996 (Act No. 108 of 1996)5 designates the executive 
authority to provide water and sanitation services to local government [RSA, 1996, S.156(1)(a)].  In terms 
of the Water Services Act, 1997 (Act No.108 of 1997), Water Services Authorities (WSAs), i.e., the relevant 
municipalities, are accountable for ensuring access to water and sanitation services in their areas of 
jurisdiction.  It is expected that WSAs, through Water Services Providers (WSPs), ensure access to safe 
water and dignified sanitation services [RSA, 1997]. 

The lawfulness of discharging water containing waste, including municipal wastewater, is essentially  
determined by whether such a discharge is permissible in terms of the NWA (36:1998) and whether it 
complies with applicable authorisation requirements, such as relevant Waste Discharge Standards 
(WDSs)[149].  These discharges should be conducted in accordance with the conditions, as stipulated in: the 
Municipal Approval (in the case of Schedule 1 water use); or an authorisation issued within a 24-month 
period prior to 30 September 1998 (in the case of an Existing Lawful water Use[59]); or any 
General Authorisation (GA); or any water use licence in question; or an alternative authorisation, if 
dispensing with the requirement for a licence to be issued under the NWA (36:1998) [RSA, 1998, S.22(1)]. 

One of the biggest causes of excessive nutrient enrichment[100] in water resources by a single water use 
sector in the country can be ascribed to poor municipal wastewater handling [Harding, 2017; Mudaly & 
van der Laan, 2020].  The socio-economic impacts associated with poor resource water quality can be 

 

5 Hereafter referred to as the Constitution (108:1996). 
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severe.  The authorisation of municipal water uses and the enforcement[50] of conditional water use 
authorisations thus are critical! 

Although the Constitution (108:1996) calls on all spheres of government and all organs of state within each 
sphere to co-operate with one another in mutual trust and good faith by fostering friendly relations; 
assisting and supporting one another; and avoiding legal proceedings against one another [RSA, 1996, 
S.41(1)(h)], the Constitution also grants citizens specific rights to access sufficient water, an environment[51] 
not harmful to health and well-being and the protection of the environment from degradation [RSA, 1996, 
S.27 and 24].  The right to basic sanitation is not an explicit constitutional right.  However, the right to 
sanitation could be derived from the right to a clean environment, read together with the right of access 
to clean water.  Many other constitutional rights in the Bill of Rights overlap with, and support the rights 
to water supply and sanitation services. These include the rights to equality, dignity, access to information 
and just administrative action [Algotsson, et al., 2009, p. 2]. 

The NWA (36:1998) designates the authority to act as the trustee of the nation's water resources to the 
National Government, acting through the Minister of Water and Sanitation to ensure that water is 
protected, used, developed, conserved, managed and controlled in a sustainable and equitable manner, 
for the benefit of all persons [RSA, 1998, S.3(1)].  Part of the purpose of the NWA (36:1998) is to prevent 
and to reduce pollution[155] and degradation of water resources [RSA, 1998, S.2(h)].  Any person that 
unlawfully and intentionally or negligently commit any act or omission which pollutes or is likely to pollute 
a water resource is guilty of an offence [RSA, 1998, S.151(1)(i)].  The Act, further, compels responsible 
authorities to give effect to any determination of a class of a water resource and the associated Resource 
Quality Objectives (RQOs)[125] [RSA, 1998, S.15] in order to ensure that South !ŦǊƛŎŀΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ 
remain fit-for-use. 

Although the legislation should be applied in a just, fair and consistent manner to both private and public 
sector water users alike, the Constitution (108:1996) also places an obligation on national and provincial 
governments to, by legislative and other measures, support and strengthen the capacity of municipalities 
to manage their own affairs, to exercise their powers and to perform their functions [RSA, 1996, S.154(1)].  
The intention, however, was not to make it possible for municipalities in contravention of environmental 
legislation to avoid accountability through continuously appealing for support, especially in cases where 
such support is required post compliance monitoring[27] and enforcement, as undertaken by the 
Department of Water and Sanitation (DWS). 

A notable degree of dysfunction exists in many municipalities, for a range of institutional, technical and/or 
management incapacity, financial and political reasons [DWS, 2017a].  The fact that up to 828 WwTWs 
(FIGURE 7) could not achieve Green Drop certification in 2021, is a reflection of the poor condition of 
municipalities in South Africa [DWS, 2022].  There is an urgent need to address issues of accountability, 
coordination and leadership, poor cooperative governance and inadequate cross-regulatory interfacing 
with the DWS, as well as the appropriate actions to be put in place where WSAs show consistent failure in 
the delivery of universal and reliable water services. 

Challenges with the authorisation of water use, that have significant impacts on aquatic ecosystems and 
other receiving water users, includeς 

u the prevalence of water uses that are not permissible under the NWA (36:1998); 

u incidences of poor authorisation administration; 

u lack of regulatory integration and poor cooperation amongst relevant authorities; 

u periodic backlogs with the issuing of water use authorisations; 

u poor quality of some water use authorisations (e.g., authorisation conditions that do not appropriately 
integrate with water resource requirements), and ELU with water use authorisations that contain 
inadequate or outdated conditions; and 

u poor compliance with water use authorisation conditions, often coupled with insufficient compliance 
monitoring and/or inadequate enforcement. 
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FIGURE 7: Wastewater Treatment Works that have been awarded different Green Drop scores, ranging from 
ñexcellentò to ñcritical stateò [DWS, 2022]. 

Annexure A provides a summary of: some eutrophication-related pollutant parameters; associated water 
user concentration requirements; and effects on human and aquatic ecosystem health, and other water 
users (should such pollutants be present at unacceptable high levels in receiving water resources). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.6 Lack of skilled water scientists and engineers 

Skilled water scientists and engineers are indispensable to the development and implementation of 
eutrophication management solutions.  This is particularly true when dealing with complex systems (i.e., 
having to engineer infrastructure solutions, conducting multi-criteria decision-making, executing forward 
planning, or devising interventions that integrate with receiving water resource requirements).  In the 
battle against water pollution and eutrophication, the value of skilled water scientists and engineers is 
essential as these experts are resources to be drawn upon by both the public and private sectors, including 
civil society. 

In the public sector, the DWS (as the sector leader) and local government (as the Water Services 
Authorities), are key role-players that must collectively oversee and regulate the entire water value chain 
up to before the coastal marine water environment.  Several other public water institutions (such as the 
Water Services Providers, the Water Boards, the Catchment Management Agencies and the 
Water User Associations) must also be suitably staffed to complement the water resource and water 
services functions of government, especially with respect to implementation of progressive measures.  In 
the private sector, knowledgeable scientists and engineers must see to environmental compliance 
management, engineering of infrastructure solutions and development of innovative approaches to 
address technical challenges. 

The water sector is both inter-sectoral and multi-disciplinary in nature [DWS, 2018b, p. 11.1].  When dealing 
with eutrophication at inter-sectoral level, collaboration is necessary among sectors, such as water and 
sanitation; agriculture; health; education; forestry; aquaculture; industry; mining and environment; and 
government (be it national, provincial or local government).  From a multi-disciplinary perspective, 
collaboration is necessary across a range of focus areas (to name but a few, policy and regulation; planning 
and information; capital works design, construction, operation and maintenance; ecological protection; 
chemistry and microbiology; social and economic analysis; financial and project management). 
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FIGURE 8: Levels of capacity [Adapted from Matachi, 2006]. 

In 2015, the Water Research Commission (WRC) conducted a sample public sector skills gap analysis with 
the aim of developing an integrated water sector skills intervention map.  The skills gap analysis 
distinguished between άŎŀǇŀŎƛǘȅέ (which was used in the context of the number of staff per job title within 
an institution) and άǎƪƛƭƭǎέ (which referred to the ability of individuals).  The capacity and skills gaps were 
determined by subtracting the supply from the demand (i.e., by considering the capacity necessary vs. 
capacity available).  The skills gap was determined by comparing necessary skills vs. skills available to 
manage water resources and services.  It was found that the capacity gaps for the analysed Catchment 
Management Agency (CMA) and local municipality were 44% and 92%, respectively, and the skills gaps for 
the analysed CMA, water board and local municipality were 36%, 60% and 55% respectively [Vienings, et 
al., 2015, p. 220]Φ  Lƴ ŀ ǎǘŀŦŦ ƳŜƳōŜǊǎΩ ƻǿƴ ǊŀǘƛƴƎ ŜȄŜǊŎƛǎŜ ǘƻ ŀƴŀƭȅǎŜ ŀǾŀƛƭŀōƭŜ ǎƪƛƭƭǎ ƛƴ ǘƘŜ 5²{Σ ŀ ǊŀǘƛƴƎ ƻŦ 
71% was recorded [Win-SA, 2015, p. 9].    The vacancies in technical departments of water institutions that 
were analysed, averaged at 24% [Vienings, et al., 2015]. 

In local government, about 144 municipalities have been assigned the function of Water Services 
Authorities (WSAs).  At least 33% of municipalities are regarded as being dysfunctional while more than 
50% have very limited to no technical capacity [DWS, 2018b] ς this in spite of legal requirements that, as 
an example, the process control function at Wastewater Treatment Works (WwTWs) must be performed 
by skilled personnel [GN R.813, 2013; GN R2834, 1986]. 

It is critical to define skills and capacity building beyond individual capacity (FIGURE 8) to include 
organisational capacity and an enabling environment [Morgan, 1998].  Capacity at the individual level is 
the most fundamental element of capacity.  It becomes the foundation for organizational capacity and 
refers to the will and ability of an individual to set objectives and to achieve them using their own 
knowledge and skills.  Capacity at the organization level will determine how individual capacities are utilized 
and strengthened.  It refers to anything that will influence an organization's performance.  Capacity at the 
environment level refers to the environment and conditions necessary for demonstrating capacity at the 
individual and organizational level [JICA Task Force on aid approaches, 2004, p. 16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5ŀǘŀ ŦǊƻƳ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IƛƎƘŜǊ 9ŘǳŎŀǘƛƻƴ ŀƴŘ ¢ǊŀƛƴƛƴƎΩǎ ό5I9¢ύ ƳŀƴŀƎŜƳŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳ 
(HETMIS) showed that the supply of Civil Engineering graduates doubled over a five-year period from 
approximately 1 000 to 2 000 graduates per year.  The number of other graduates with qualifications that 
apply to the water sector also increased dramatically over the same period.  Although the supply of science 
graduates has improved significantly, water institutions still lack skilled water scientists and engineers, and 
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the inadequate environment and organisational capacities associated with many of these water institutions 
continue to hinder effective service delivery [Van Baalen, et al., 2015]. 

Eutrophication management capacity has become diminished throughout the country as staffing 
transformation and human resource turnover within institutions has meant that there is limited 
background knowledge or practical experience of the problem.  There have been few capacity-building 
special projects aimed at rehabilitating the eutrophication status of any aquatic system.  The country has 
regressed in terms of its capacity and ability to deal with eutrophication [Moss, 1999]. 

A progressive water sector requires skilled individuals empowered by a conducive organisational culture 
and an enabling external environment that supports excellence and άBatho PŜƭŜέ principles6.  Without 
necessary intervention, poor service delivery trends in many water institutions are likely to continue (such 
as increased procrastination and growing incidences of fruitless, wasteful, irregular and unauthorised 
expenditure of public funds [Muller & Erasmus, 2020]. 

1.2 Problem declaration and potential policy and strategy responses 

Causal chain analysis [Rogers, 2000], often also called root cause analysis [Rooney & Van den Heuvel, 2004], 
is closely related to systems thinking[141] [Arnold & Wade, 2015], life cycle assessment[78] [Guinee, et al., 
2011] and the DǊƛǾŜǊπPǊŜǎǎǳǊŜπSǘŀǘŜπIƳǇŀŎǘπResponse (DPSIR)[41] approach [Kristensen, 2004].  At its most 
basic, a causal chain is an ordered sequence of events linking the causes of a problem with its effects.  Each 
link in the causal chain is created by repeatedly answering the question: ά²ƘȅΚέ 

FIGURE 9 7 shows a simple theoretical causal chain example for phosphorus loading of receiving water 
resources.  Note how the causes of water quality issues, as well as their ultimate effects, almost always 
reside within the socio-economic domain, implying that poorly planned and un-managed human 
development and progress are often the enemy of prosperous and healthy societies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 ñBatho Peleò is Sotho-Tswana for "People First".  The Batho Pele White Paper is national governmentôs White Paper for Transforming 
Public Service Delivery [DPSA, 1997]. 

7 More complex causal chains are usually depicted in tree-format with a particular ñcauseò that can branch-off into one or more ñeffectsò.  
The numbering of the cause-and-effect elements in FIGURE 9 reflects this relationship.  ñCauseò 9 branches-off into ñEffectsò 10.1 up 
to 10.3.  ñEffectsò 11 can follow on from any of the ñCausesò 10.1 through to 10.3.  The ñeffectò following a preceding ñcauseò, constitutes 
the ñcauseò of the next ñeffectò, forming a causal chain. 

FIGURE 9: Example of a possible causal chain for phosphorus loading. 
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The DǊƛǾŜǊπPǊŜǎǎǳǊŜπSǘŀǘŜπIƳǇŀŎǘπResponse (DPSIR) framework constitutes a structured approach to 
describe environmental problems, by defining relationships between anthropogenic activities and the 
environment [Smeets & Weterings, 1999, p. 7].  According to the DPSIR framework, there is a chain of 
causal links, starting with άŘǊƛǾƛƴƎ ŦƻǊŎŜǎέ, leading to άǇǊŜǎǎǳǊŜǎέΣ that alter the άǎǘŀǘŜέ of 
bio-physico-chemical[16] conditions, causing άƛƳǇŀŎǘǎέ on the environment and eventually necessitating 
appropriate policy, strategy and/or political άǊŜǎǇƻƴǎŜǎέ [Kristensen, 2004]. 

An analysis of eutrophication in South Africa, based on the DPSIR framework and, in part, utilising input 
obtained from a country-wide survey which involved the nine DWS regional offices having completed 
questionnaires that addressed areas concerning eutrophication policy and strategy [Walmsley, 2003], is 
presented in TABLE 1. 

TABLE 1: An analysis of anthropogenic nutrient enrichment and the effects of eutrophication in South Africa, 
based on the DPSIR framework. 

 

DRIVER _ PRESSURE _ STATE _ IMPACT _ RESPONSE Q 

i.e., the socio-economic or 
demographic developments, 

OR production or 
consumption practices that 

trigger ñpressuresò. 

i.e., the anthropogenic 
activities that disturb the 
ñstateò of ecosystems. 

i.e., the physical, chemical or 
biological condition of 

ecosystems that causes 
ñimpactsò on the 

environment. 

i.e., effects on habitats, 
biota, ecosystem goods and 

services and ultimately 
society that require control, 

management and/or 
mitigation, through 

appropriate responses. 

i.e., the societal measures 
aimed at preventing, 

minimising or mitigating 
negative ñimpactsò by 
feeding back to the 

ñdriversò, ñpressuresò and 
ñstateò  8 

Mining: 

u Opencast mines to 
supply demand for 
minerals; and 

u Underground mining 
operations to supply 
demand for minerals. 

u Blasting; 

u Exposing of 
phosphorus bearing 
rock; and 

u Disturbance of habitat 
and soil layers. 

u Soil properties, such 
as pH, affects P 
availability.  Under 
some condition a high 
soil pH can increase 
P mobility and 
availability, whereas, 
acid precipitation can 
reduce P mobility, 
holding P back until 
the pH rises again; 

u Water properties, 
such as pH, 
temperature and O2 
affect the NH3 1  NH4

+ 

equilibrium.  Free 
un-ionised ammonia 
(NH3) is toxic to 
aquatic organisms 
and predominates 
when the pH and 
water temperatures 
are high, or when O2 

u Shading leads to 
benthic habitat 
destruction; 

u Fish and other 
aquatic animals 
become stressed, 
and are susceptible to 
parasites; 

u Aquatic animals are 
subjected to bacterial 
infections; 

u Excessive algal 
blooms are harmful 
to, and lead to injury 
of aquatic animals, 
such as the clogging 
of fishôs gills, 
poisoning by toxin 
releases, and 
localized anoxia[5] 
that effects 

IMPLICATIONS FOR 
POLICY 
FORMULATION: 

Chief imperatives: 

u Limit anthropogenic 
nutrient-loading; 

u Reduce excessive 
primary production;  

u Protect aquatic 
ecosystems and their 
biological diversity; 

u Secure water 
resources that are fit-
for-use; and 

u Support ecologically 
sustainable 
development and 
justifiable socio-
economic growth. 

Industry: 

u Industrialisation and 
industrial expansion; 

u More industrial waste 
and wastewater; and 

u Growing potential for 
air pollution. 

u Discharge of 
substandard 
wastewater; 

u Atmospheric 
emissions of NH3 and 
NO2 affecting the 
nutrient content of 
precipitation; 

u Atmospheric 
emissions of NO2 and 
SO2 generating acid 
precipitation; and 

u Habitat disturbance. 

 

8 After examining the identified responses, they were grouped according to their nature, i.e. (1) those that typically support policy 
formulation vs (2) those that typically support strategy establishment.  The policy supporting responses were again subdivided into the 
following sub-groups: (1.1) ñchief imperativesò; and (1.2) ñcomplementing imperativesò.  The strategy supporting responses were 
subdivided according to the following sub-groups: (2.1) ñcore approachesò (as ñsourceò, ñresourceò or ñremediationò directed 
management); (2.2) ñoperational approachesò (as per the Plan-Do-Check-Act cycle [Moen & Norman, 2009]); and (2.3) ñsupporting 
approachesò. 
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DRIVER _ PRESSURE _ STATE _ IMPACT _ RESPONSE Q 

Agriculture: 

u Increased dry-land 
and irrigated crop 
production to 
maintain food 
security; 

u More dairies and 
intensive animal 
feeding units needed 
to maintain food 
security; 

u Expanding 
aquaculture to 
provide an alternative 
source of protein and 
to maintain food 
security;  

u The intensification of 
farming practice to 
maintain a favourable 
economy of scale and 
to remain profitable; 

u A lack of capacity 
hindering effective 
farm advisory 
services; and 

u Lack of capacity with 
respect to on-farm 
best management 
practices. 

u Poor fertilising 
practices and over-
fertilising causing 
fertilizer-laden 
diffuse[38] runoff from 
agricultural fields; 

u Prevalence of 
erosion, mobilising 
sediments on which 
chemical elements[49] 
are adsorbed; 

u Over-irrigation to 
satisfy leaching 
requirements; 

u Feedlot waste 
disposal and 
wastewater 
discharged; 

u Habitat disturbance; 

u Organic waste, food 
leftovers, and excreta 
associated with 
aquaculture; 

u Inadequate farm 
advisory and 
extension services; 
and 

u Poor farming 
practices. 

levels are low (i.e., 
low O2 levels inhibit 
nitrification).  Factors, 
such as alkaline 
drainage, thus, may 
have an aggravating 
influence;  

u Elevated P; 

u Elevated N, also in 
groundwater 
resources that feed 
surface water 
resources; 

u Elevated Chl-Ŭ; 

u Occurrences and 
intensity of nuisance 
algal blooms; 

u Occurrences of 
floating and rooted 
aquatic 
macrophytes[79]; 

u Native plant species 
loss and replacement 
with alien invasive 
plant species; 

u Dominance of 
cyanobacteria and 
the occurrence of 
toxic cyanobacteria; 

u Undesirable aesthetic 
conditions (viz. 
discolouration, 
increased turbidity 
and loss of clarity, 
foaming, presence of 
odours, etc.); 

u Impoundments 
sequester nutrients; 

u Sequestration of 
nutrients in the 
sediment; 

u Severe shading and 
light attenuation 
caused by excessive 
macrophyte growth, 
blooms of 
macro-algae and 
phytoplankton, and 
the presence of 
debris hinder the 
photosynthetic 
processes in benthic 
plants; 

subsistence and 
sports fishing; 

u Changes of 
ecological community 
structure and loss of 
biological diversity; 

u The proliferation of 
alien invasive plant 
species affects 
resource water quality 
through reduced 
dilution capacity, and 
altered nutrient 
cycling; 

u Increased 
occurrences of taste 
and odour problems 
in final drinking water; 

u Increased water 
treatment costs to run 
water treatment 
works (WTWs) to 
remove odours, 
tastes, toxins, etc.; 

u Toxic levels of free 
ammonia (NH3) may 
kill fish and other 
aquatic organisms;  

u Inorganic chemicals, 
such as ammonia, 
nitrites, hydrogen 
sulphide, etc. that 
induce the formation 
of harmful 
substances, such as 
nitrosamines, 
suspected of being 
mutagenic[91], during 
the production of 
potable water; 

u The sequestration of 
nutrients in 
impoundments 
reduces the 
downstream transfer 
of nutrients to 
floodplains, wetlands, 
lakes and the coastal 
marine environment; 

u The destruction of 
habitat and ecological 
infrastructure, such 
as wetlands, may 
liberate and 

Complementing 
imperatives: 

u Resource 
eutrophication 
management; 

u Promote research; 

u Promote 
management 
cooperation; 

u Promote 
transparency; and 

u Facilitate capacity 
building and the 
empowerment of 
role-players. 

IMPLICATIONS FOR 
STRATEGY 
ESTABLISHMENT: 

Core approaches: 

Source[136] Directed 
Management: 

u Improved regulation; 

u Operationalising of 
the Receiving Water 
Quality Objectives 
Approach; and 

u Integration across 
sectors. 

Resource[123] Directed 
Management: 

u Determine Resource 
Directed Measures; 
and 

u Improved regulation. 

Remediation[121] 
Directed 
Management: 

u Develop and 
implement a 
Remediation 
Strategy to address 
cases of legacy 
nutrient pollution; 
and 

u Improved regulation. 

Tourism: 

u Seasonal trends 
peaking during 
holiday periods; and 

u Increased demands 
for water services 
during peak times. 

u Fluctuating and 
increased waste and 
wastewater 
production; and 

u Fluctuating and 
increasing pressure 
on urban wastewater 
handling. 

Local government: 

u Growing and 
deteriorating 
industrial wastewater 
handling, feeding 
municipal sewer 
network systems; 

u Deteriorating urban 
wastewater handling; 
and 

u Waste management. 

u Inadequate operation 
and maintenance of 
offsite and onsite 
sanitation systems; 

u Theft and vandalism 
of wastewater 
infrastructure; 

u Discharge or loss of 
untreated and/or 
substandard 
wastewater; and 

u Poor waste practices. 
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Human settlement 
areas: 

u Expansion of paved 
areas and generation 
of stormwater. 

u Nutrient-laden diffuse 
runoff from built-up 
areas; and 

u Habitat disturbance. 

u Elevated COD; 

u Oxygen depletion, 
especially in the 
deeper layers of 
water resources 
during the end of 
summer; 

u Loss of benthic 
diversity affects and 
lead to stressed 
bottom-feeding fish 
and other animals; 

u The decomposition of 
organic matter leads 
to an over-supply of 
CO2, which, in turn, 
also enhances water 
acidification; 

u Increased 
occurrences of 
elevated levels of 
hydrogen sulphide 
and heavy metals in 
deoxygenated 
hypolimnia; 

u Increased fish and 
invertebrate stress 

u Undue exposure to 
pathogens that are 
present and 
associated with 
faeces; and 

u Diminishing state of 
ecological 
infrastructure. 

reintroduce previously 
sequestered 
pollutants back into 
receiving water 
resources; 

u Increased occurrence 
of human health 
problems (i.e., 
gastroenteritis, skin 
irritations, etc.); 

u Increased incidence 
of Bilharzia, due to 
increased habitat, 
which may be 
associated with the 
proliferation of 
aquatic plants and 
macrophytes; 

u Increased 
interference with 
recreational activities 
(i.e., boating, fishing, 
swimming, etc.); 

u Increasing risk to 
human health 
affecting traditional 
ceremonies and 
rituals performed in 
rivers and wetlands; 

u Struggling tourism 
due to foul odour and 
turbidity issues, skin 
irritations, etc.; 

u Loss of property 
values;  

u Interference with 
irrigation and 
livestock agriculture 
(i.e., clogging of 
irrigation nozzles and 
livestock mortalities);  

u Mortality of domestic 
and wild animals, 
drinking hypertrophic 

waters that contain 
toxins; 

u Reduced income from 
agriculture, tourism 

Operational 
approaches: 

Plan: 

u Holistic water 
resource system and 
catchment planning; 

u Structured planning 
to ensure that 
WwTWs are 
timeously upgraded 
to not exceed design 
capacities; 

u Validation and 
verification (V&V) of 
all water uses with a 
water quality impact 
potential; and 

u Waste load 
accounting to be 
introduced as a 
planning measure. 

Do: 

u Integration of 
authorisation 
conditions with water 
resource 
requirements; 

u Increased reuse and 
recycling of waste 
and water containing 
waste; 

u Revision of nutrient 
discharge standards; 

u Ensure that all water 
uses with a potential 
to contribute towards 
eutrophication are 
permissible, 
compliant and lawful; 

u Improved water use 
authorisation and 
administration; 

u Improved regulation; 

u Enforcement of 
conservation 
agriculture; 

Other land uses: 

u Establishment of 
more golf courses. 

u Fertilizer and nutrient-
laden diffuse runoff 
from golf courses; 
and 

u Habitat disturbance. 

Population dynamics: 

u Depopulation of rural 
areas; 

u Constant stream of 
foreign nationals in 
search of a better 
future moving to 
South Africa;  

u Increasing 
urbanisation; 

u Increasing 
development; 

u Replacement of 
ecological 
infrastructure with 
grey infrastructure; 

u Growing demands for 
potable water and 
water resource 
development; 

u Demand for western 
style foods and fast 
foods, e.g., growing 
consumption of 
meats; 

u Use of 
phosphate-free 
detergents; 

u Escalating 
unemployment; and 

u Inadequate levels of 
education or less 
skilled and aspiring 
employees being 
absorbed. 

u Habitat disturbance; 

u Increased urban 
waste production; 

u The nutrient-loading 
character of 
wastewater is 
changing; 

u Pressure on urban 
wastewater handling; 

u Negative effect on the 
affordability of rural 
water services 
infrastructure, 
affecting operation 
and maintenance; 

u Altered flow and 
water quality regimes 
associated with the 
establishment of 
impoundments and 
related infrastructure; 

u Lack of skilled water 
scientists and 
engineers; and 

u Inadequately 
capacitated water 
institutions. 



 
 
Eutrophication Management Strategy for South Africa 
Project Report No. 4.2 

Part 1: The South African context 
Chapter 1: The eutrophication challenge 

 
 

 
 

Edition 2 
 

 Page 17 February 2023 

 

DRIVER _ PRESSURE _ STATE _ IMPACT _ RESPONSE Q 

Climate variability: 

u Extended dry spells; 

u Extended hot spells; 

u Extreme wind action; 

u Increasing demands 
for water resource 
development; and 

u Potentially changing 
climatic conditions. 

u More frequent mixing 
of stratified layers and 
inversion of 
epilimnion[55] and 
hypolimnion[70] may 
lead to more regular 
recycling of nutrients 
from the anaerobic 
hypolimnion; and 

u Exacerbated poor 
trophic conditions. 

and other effected 
sectors; 

u Impaired social 
development; and 

u Economic loss. 

u Enforcement of 
buffer zones and 
other best 
management 
practices; and 

u Implementation of 
the Waste Discharge 
Charge System. 

Check: 

u Improved 
monitoring[90] 
programmes and 
reporting for local 
and national 
government; 

u Regular and targeted 
compliance 
monitoring; and 

u Appropriate 
information 
management 
systems are in place. 

Act: 

u Effective 
enforcement of big 
and regular 
offenders; 

u Rehabilitation and 
restoration of 
ecological 
infrastructure; 

u Rehabilitation of hard 
infrastructure; and 

u Adequate 
maintenance of 
water resource and 
services 
infrastructure. 

Supporting 
approaches: 

u Skills development 
training and capacity 
building; 

u Appointment of 
employees, who 
possess appropriate 
skills levels, in 
technical positions; 

u Research and 
technology 
development; 

Administrative and 
political instability: 

u Fading institutional 
capacity in many 
government 
departments and 
agencies; 

u Failing corporate 
management and 
governance; 

u Systemic corruption; 

u Escalating collapse of 
local government; 

u More frequent service 
delivery protests; and 

u Shrinking availability 
of funds or capital 
(capex) and 
operational 
expenditure (opex). 

u Exceeding the design 
capacity of WwTWs; 

u Destruction of water 
resource and services 
infrastructure;  

u Failing operation and 
maintenance of water 
resource and services 
infrastructure; 

u Discharge of 
untreated and/or 
substandard urban 
wastewater; and 

u Operating rules for 
the water resource 
infrastructure that 
promote enrichment. 
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Poverty and 
criminality: 

u Increasing vandalism 
of water services 
infrastructure; and 

u Declining affordability 
of social 
infrastructure. 

u Washing in streams 
and in rivers; 

u Inappropriate onsite 
sanitation and bush-
toileting; 

u Theft and destruction 
of sanitation services 
infrastructure; 

u Overflowing utility 
access holes caused 
by sewer system 
blockages and 
sabotage; and 

u Discharge of 
untreated and/or 
substandard urban 
wastewater. 

u Creation of an 
informed, supportive 
and responsible 
public; 

u Behavioural change 
communication 
programmes to 
facilitate behavioural 
change and a sense 
of responsibility in 
communities aimed 
at limiting and 
preventing excessive 
nutrient-loading; and 

u Management 
participation and 
cooperative 
governance. 

TABLE 1 provides a succinct definition of the eutrophication problem in South Africa, which incorporates 
causes, effects and their causal relationships in tabular format.  Additionally, TABLE 1 provides a άōǊƛŘƎŜέ 
between άǇǊƻōƭŜƳέ and άǇƻǘŜƴǘƛŀƭ ǎƻƭǳǘƛƻƴέ (addressed in Parts 2 and 3 of this document) by proposing 
potential eutrophication management policy, strategy and intervention solutions in the last column.  These 
potential solutions are to be developed further in Parts 2 and 3 of this document, in order to establish a 
concrete framework for the reduction of excessive nutrient enrichment of water resources and the control 
of anthropogenic eutrophication in South Africa. 

The above summation of causes, effects and challenges that are associated with over enrichment and the 
occurrence of hypertrophic conditions in water resources in South Africa, has highlighted multiple 
inter-causal-linkages.  FIGURE 10 is a graphical representation of some of these inter-causal-linkages.  Most 
importantly, it has been shown that uncontrolled, and poorly planned and managed development 
ultimately affects the sustainability of such development to the detriment of society.  The cumulative 
effects of water pollution on aquatic ecosystems, society and the economy are significant, and measures 
need to be put in place to control and to manage the occurrence of anthropogenic eutrophication. 
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FIGURE 10: Prominent detrimental impacts associated with eutrophication [Adapted from DWAF, 2002]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

South Africa has about 56 million inhabitants who live in more than 28 thousand communities [Stats SA, 
2016].  All the citizens in each of these communities have basic rights that are guaranteed in the 
Constitution (108:1996) through the Bill of Rights, which enshrines the rights of all people in South Africa 
and that affirms the democratic values of human dignity, equality and freedom [RSA, 1996, Bill of Rights: 
Section 7(1)].  The slogan: ά²ŀǘŜǊ ƛǎ ƭƛŦŜΗ  {ŀƴƛǘŀǘƛƻƴ ƛǎ ŘƛƎƴƛǘȅΗέ is the embodiment of the contribution of 
water, as a common good, towards achieving these lofty democratic values.  Eutrophication is incompatible 
with these values, and, thus also with the slogan: ά²ŀǘŜǊ ƛǎ ƭƛŦŜΗ  {ŀƴƛǘŀǘƛƻƴ ƛǎ ŘƛƎƴƛǘȅΗέ.  Poor sanitation 
constitutes a significant source of nutrient over-enrichment that leads to eutrophication which, in turn, is 
one of leading threats to fitness-for-ǳǎŜ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦ
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FIGURE 11: Illustration of ñnaturalò and ñanthropogenicò eutrophication [Holdren, et al., 2001, p. 42]. 

 : DEFINING THE SUBJECT 

2.1 Eutrophication 

"Eutrophication" is an ecological term used to describe the process by which a waterbody becomes 
enriched with plant nutrients [Walmsley, 2000, p. 4].  During this process the waterbody accumulates 
organic matter (both living and decaying) and progressively changes its character from that of a deep 
waterbody to that of a wetland, and ultimately to that of a terrestrial system.  Eutrophication[58] is therefore 
a term that is primarily associated with the process of natural ageing of lakes [Holdren, et al., 2001].  Under 
natural conditions this process (FIGURE 11) takes place over tens of thousands of years.  However, over 
the last ±100 years, human influences have greatly accelerated the rate of enrichment, thereby shortening 
the lifespan of waterbodies.  Importantly, two types of eutrophication can be distinguished [Walmsley, 
2000; Walmsley, 2003], viz.: 

u Naturally occurring eutrophication that is dependent on the geology and natural features of a 
catchment.  It is not reversible and continues ad infinitum, albeit at a slow rate; and 

u Human-induced eutrophication that is related to anthropogenic activities.  Some references also refer 
to the latter process as "cultural eutrophication", as it is associated with human activities (social and 
economic) and as it accelerates the rate of ageing of waterbodies.  Anthropogenic eutrophication is 
reversible, albeit at a cost. 
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Anthropogenic eutrophication was first recognised as a problematic environmental phenomenon when 
scientists were able to associate problem conditions in waterbodies with increased nutrient enrichment 
from human activities [Stewart & Rohlich, 1967; Vollenweider, 1968].  The process of eutrophication also 
became associated with a wide array of water resource problems [Dunst, et al., 1974].  This led to many 
definitions of the term and a rather confused understanding of what it meant.  One of the most widely 
accepted definitions of eutrophication is that of the Organisation for Economic Cooperation and 
Development [OECD, 1982] which describes the process as: "... the nutrient enrichment of waters which 
results in the stimulation of an array of symptomatic changes, amongst which increased production of 
algae and aquatic macrophytes, deterioration of water quality and other symptomatic changes are 
found to be undesirable and interfere with water users". 

By controlling the anthropogenic triggers of excessive nutrient enrichment, eutrophication can be 
managed.  In contrast to anthropogenic eutrophication, natural eutrophication cannot be readily managed, 
though, in some instances, it may be possible to influence naturally occurring eutrophication with 
management measures, such as stream-flow manipulation and remediation[121] strategies. 

Some see nutrient enrichment as having far wider implications than just water quality problems associated 
with water resources.  This is because of the extent by which anthropogenic nutrient-containing materials 
impact on continental air, and terrestrial and aquatic eco-systems[7].  Nutrient enrichment, therefore, can 
be understood to influence sustainable natural resource use (i.e. the use of material sources of nutrients), 
nutrient flow through ecosystems, and multiple impacts on air, land and water [EPA, 2008; EPA, 2001; EPA, 
2000a; EPA, 2000b]. 

In contrast to eutrophication, oligotrophication[104] is άŜǳǘǊƻǇƘƛŎŀǘƛƻƴ ƛƴ ǊŜǾŜǊǎŜέ and refer to the process 
of nutrient depletion[99] and reducing levels of primary production.  Oligotrophication can result [Stockner, 
et al., 2000], inter alia, from ς the removal of primary nutrient inputs, such as the decommissioning of 
wastewater treatment works (WwTWs); inter-basin transfers; vegetation clearance and removal; the 
channelisation and drainage of wetlands and streams; acidification or liming of waterbodies, and soils; etc. 

2.2 Nutrients 

In the previous discussions general references were made to nutrient-loading[102] as the cause of both 
natural and anthropogenic eutrophication, to introduce the concept.  Next, it is important to clarify the 
relative importance of the individual nutrient elements in this process. 

Living organisms require approximately 40 different nutrient elements, which naturally occur, collectively 
in both the Earth's crust, i.e., the lithosphere[79], and in the atmosphere, to sustain growth and 
reproduction.  These essential nutrient elements are usually considered in two groups [Harper, 1992], viz.: 

u Macronutrients (or major elements), such as calcium (Ca), magnesium (Mg), potassium (K), carbon (C), 
hydrogen (H), oxygen (O), nitrogen (N), phosphorus (P), sulphur (S), iron (Fe), as well as silica (Si), used 
in cell frustules[63] by diatoms[35] and a few other algal species.  These nutrient elements are the most 
important of the macronutrients, and are required in larger quantities; and 

u Micronutrients (or trace elements), such as copper (Cu), cobalt (Co), molybdenum (Mo), 
manganese (Mn), zinc (Zn), boron (Br), vanadium (Va), chlorine (Cl), selenium (Se) and vitamin 
complexes, being the most important of the micronutrients, are required in smaller quantities. 

The most important nutrient element, carbon, is usually considered separately from the others, because it 
is the energy locked into the chemical bonds between carbon atoms and those with oxygen and hydrogen 
atoms, which is the basis of the photosynthetic conversion of solar energy into living tissue [Post, et al., 
1990].  Additionally, oxygen and hydrogen are freely available in water under most circumstances [Miller, 
1998]. 

Out of all the nutrient elements derived from the lithosphere[79], and that are present in plant tissue, 
phosphorus and selenium are those whose proportional abundance is lower in the lithosphere than in plant 
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tissue [Harper, 1992].  Phosphorus, thus, is a prime candidate for a macronutrient that would potentially 
limit primary production.  Selenium, followed by zinc, molybdenum and manganese are potentially likely 
to be limiting micronutrients [Atlas & Bartha, 1987]. 

Out of all the nutrient elements derived from the atmosphere or hydrosphere[68], such as carbon, nitrogen, 
oxygen and hydrogen ς nitrogen[93] is regarded as a prime contender to potentially limit primary 
ǇǊƻŘǳŎǘƛƻƴΦ  ¢Ƙƛǎ ƛǎ ŘǳŜ ǘƻ ƴƛǘǊƻƎŜƴΩǎ ǇǊŜǾŀƭŜƴǘ ƎŀǎŜƻǳǎ ŦƻǊƳΣ i.e.  nitrogen gas (N2ύΣ ƳŀƪƛƴƎ ǳǇ ǘƘŜ ƭƛƻƴΩǎ 
share of nitrogen on the planet, and because nitrogen gas (N2) cannot be assimilated directly by most 
plants, whereas carbon is unlikely to be limiting because of its prevalent gaseous form, i.e. carbon dioxide 
gas (CO2), being water soluble and bio available under most circumstances [Harper, 1992]. 

Anthropogenic eutrophication and the construction of dams have led to decreased downstream silicate 
availability and silicate availability for input to estuaries and oceans [Bennekom & Van Salomons, 1981].  
Furthermore, phosphorus and nitrogen are recycled more rapidly in the water column than is silicon, and 
along with increased eutrophication in receiving rivers and estuaries, and in coastal areas, increased P:Si 
and N:Si ratios are expected [Egge & Aksnes, 1992].  Officer & Ryther (1980) notes that phytoplankton 
communities can generally be divided into two basic categories, i.e. those dominated by diatoms and being 
dependent on the presence of silicate, and those dominated by flagellates[61] (or non-diatomaceous forms) 
and normally not being dependent on the presence of silicate.  It, thus, is conceivable that the P:Si and N:Si 
ratios influence the composition of phytoplankton communities, and that low ratios (i.e. high silicon 
availability) is generally being associated with diatom dominance.  Additionally, the presence of 
flagellate communities is often associated with the undesirable effects of anthropogenic eutrophication, 
while diatom communities are not [Officer & Ryther, 1980].  The presence and composition of diatom 
communities are indicative of past and present aquatic health conditions and are useful as indicator of 
resource quality. 

2.3 Nutrient cycling and anthropogenic interference 

Cycling of the limiting nutrients[98], phosphorus and nitrogen, is discussed next: 

2.3.1 Phosphorus 

On land, over thousands of years, phosphorus is gradually becoming less available to plants since it is slowly 
lost in runoff to the marine environment.  Humans have caused major changes to the global 
bio-geochemical phosphorus cycle through mining and the utilisation of phosphorus minerals[87], inter alia, 
as phosphorus fertilizer; in detergents; and also the export of food from farms to cities, where it is lost, 
inter alia, as effluent.  Phosphorus does enter the atmosphere in very small amounts when dust is dissolved 
in rainwater and seaspray, but the element remains mostly on land and in rock and soil minerals.  
Phosphates move quickly through plants and animals.  However, the processes that move phosphorus 
through the soil or oceans are very slow, making the phosphorus cycle, overall, one of the slowest 
bio-geochemical cycles.  The global bio-geochemical phosphorus cycle (FIGURE 12) includes five major 
processes [Miller, 1998; Atlas & Bartha, 1987], viz.: 

u Tectonic uplift, leading to exposure of phosphorus-bearing rocks, such as apatite, to surface 
weathering; 

u Geological cycling caused by physical erosion, and chemical and biological weathering of 
phosphorus-bearing rocks, enhanced by anthropogenic activities, such as mining, to expose dissolved 
and particulate phosphorus in soils and water resources; 

u Cycling through terrestrial organisms, causing sedimentation of particulate phosphorus 
(e.g., phosphorus associated with organic matter and oxide/ carbonate minerals) and eventual burial in 
soils on land; 

u Riverine and subsurface transportation of phosphorus to receiving lakes and runoff to the ocean; and 
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FIGURE 12: The bio-geochemical phosphorus cycle. 

u Cycling through aquatic organisms to cause sedimentation of particulate phosphorus (e.g., phosphorus 
associated with organic matter and oxide/ carbonate minerals) and eventually burial in the sediments 
in freshwater resources and the marine environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Elemental phosphorus is extremely reactive and does not occur in the natural environment.  Phosphorus 
occurs in natural water as orthophosphates, polyphosphates, metaphosphates, pyrophosphates and 
organic phosphates, either dissolved or bound to particulate material.  Of these, the orthophosphate 
species H2PO4 and HPO4-2 are the only forms of soluble inorganic phosphorus that are directly utilizable by 
aquatic biota.  Soluble Reactive Phosphorus (SRP), or orthophosphate (PO43-) is generally considered to be 
the most immediately available form of phosphorus [DWAF, 1996; Walmsley, 2000].  In eutrophic lakes and 
under anaerobic conditions, there is a marked increase in soluble phosphorus (orthophosphate) content in 
the lower hypolimnion, since the oxidised microzone between the sediment and water phase is lost, with 
the resultant release of phosphate and ferrous iron into the water [Wetzel, 2001].  However, 
mineralisation[88]; adsorption onto suspended material or sediment; desorption under aerobic[2] 
conditions; assimilation by plants; and precipitation with calcium or iron, under aerobic conditions, to form 
relatively insoluble compounds that precipitate out of the water, are all processes that influence the 
concentration of available phosphorus in fresh and marine waters [Walmsley, 2000; Wetzel, 2001]. 

2.3.2 Nitrogen 

Most of the Earth's atmosphere (±78%) consists of atmospheric nitrogen, making it the largest source of 
nitrogen.  Nitrogen occurs in surface waters in several forms, e.g., ammonium (NH4

+), nitrite (NO2
-), nitrate 

(NO3
-), urea (CHјNіO), and diatomic nitrogen gas (N2).  All freshwater algae can assimilate the first four 

forms, but nitrogen gas can only be utilised by certain species of blue-green algae and bacteria (e.g., 
cyanobacteria such as Anabaena species) [Brock & Madigan, 1988]. 



 
 
Eutrophication Management Strategy for South Africa 
Project Report No. 4.2 

Part 1: The South African context 
Chapter 2: Defining the subject 

 
 

 
 

Edition 2 
 

 Page 24 February 2023 

 

FIGURE 13: The bio-geochemical nitrogen cycle. 

The nitrogen cycle is extremely important in determining the availability of nitrogen (timing and quantity) 
in surface waters [Walmsley, 2000].  Human activities, such as fossil fuel combustion, the use of artificial 
nitrogen fertilizers, and the release of nitrogen in wastewater have dramatically altered the global nitrogen 
cycle.  Human modification of the global bio-geochemical nitrogen cycle can negatively impact on 
ecosystems and adversely affect human health. 

The bio-geochemical nitrogen[93] cycle (FIGURE 13) incorporates processes by which nitrogen is converted 
into the other chemical forms, as it circulates among the atmosphere, terrestrial, and marine ecosystems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The bio-geochemical nitrogen cycle [Miller, 1998; Brock & Madigan, 1988; Atlas & Bartha, 1987; Davis, et 
al., 1980; Wetzel, 2001] includes: 

u Nitrogen fixation, which entails the conversion of nitrogen gas (N2) into nitrites (NO2
-) and 

nitrates (NO3
-) through atmospheric, industrial and biological processes.  Atmospheric nitrogen must 

be processed, or "fixed", into a usable form before it can be assimilated by plants.  A significant amount 
of nitrogen is fixed by lightning strikes, but most fixation is done by free-living or symbiotic bacteria 
known as diazotrophs[36] and certain heterocyst containing filamentous cyanobacteria; 

u Assimilation, by which plants absorb nitrates (NO3
-) or ammonium (NH4+) from the soil or sediment 

through the cell walls of their root hairs.  When nitrate (NO3-) is absorbed, it is first reduced to nitrite 
ions (NO2

-) and then ammonium ions (NH4
+) for incorporation into amino acids, nucleic acids, and 

chlorophyll.  In some plants, nitrogen (N2) can be assimilated in the form of ammonium ions (NH4+) 
directly from the root nodules[130]; 

u Ammonification or mineralisation, which takes place when a plant or animal dies, or when an animal 
expels waste, and bacteria or fungi convert the initial organic nitrogen within the remains back into 
ammonium (NH4+); 

u Nitrification, constituting the conversion of ammonium (NH4
+) to nitrate (NO3

-), which is performed 
primarily by soil-living and other nitrifying bacteria.  In the primary stages of nitrification, the oxidation 

https://en.wikipedia.org/wiki/Nitrogen_fixation
https://en.wikipedia.org/wiki/Lightning
https://en.wikipedia.org/wiki/Symbiosis
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Diazotrophs
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of ammonium (NH4+) is performed by bacteria, such as the Nitrosomonas species, which convert free 
ammonia (NH3) to nitrites (NO2

-).  Other bacterial species, such as Nitrobacter, are responsible for the 
oxidation of the nitrites (NO2

-) into nitrates (NO3
-).  Under aerobic conditions certain cyanobacterial 

species (e.g., Anabaena, one of the filamentous species with heterocysts), in addition to the soil 
bacteria, which also occur in water resources, namely, Azetobacter and Clostridium can perform 
nitrification and convert N2 in the epilimnion of impoundments to compounds that are readily available 
for uptake.  It is important for the free ammonia (NH3) to be converted to nitrites (NO2

-) or nitrates 
(NO3

-), because free ammonia (NH3) gas is toxic to plants; and 

u Denitrification, by which nitrates (NO3-) are reduced back into nitrogen gas (N2), which is inert and 
mostly unavailable to plants, completing the bio-geochemical nitrogen cycle.  This process is performed 
by bacterial species, such as Pseudomonas and Paracoccus, under anaerobic conditions, e.g., in 
waterlogged soils.  These facultative anaerobic bacteria[60] can also live in aerobic conditions. 

2.4 Phosphorus and nitrogen as limiting factors for biomass proliferation 

The rate and extent of aquatic plant growth is dependent on the concentration and ratios of the nutrients 
present in the water.  Plant growth is generally limited by the concentration of that nutrient that is present 
in the least quantities relative to the growth needs of the plant [Walmsley, 2000].  This is known as the 
[ƛŜōƛƎΩǎ [ŀǿ ƻŦ ǘƘŜ aƛƴƛƳǳƳ[77], or the limiting nutrient concept, and is the basis of the Eutrophication 
Management Strategy for South Africa. 

The overall composition of aquatic plant tissue is C106; H263; O110; N16; and P, yielding a C:N:P w (weight):w:w 
ratio of 41:7:1.  The ambient optimal N:P, w:w ratio for algal growth in surface waters is in the range of 
between 8:1 and 12:1.  Because of nutrient supply and demand in nature, it has been observed that 
phosphorus and nitrogen are the most frequent limiting nutrients in freshwater systems.  Increases in the 
levels of either of these two nutrients in a waterbody will raise the risk (extent and frequency) of 
experiencing eutrophication problems.  Control of nitrogen and phosphorus inputs to the aquatic 
environment, therefore, is regarded as the key to the management of catchment eutrophication problems.  
Other nutrients can be important as limiting nutrients, but usually only under special circumstances 
[Walmsley, 2000]. 

In freshwater systems, phosphorus is normally limiting, whereas nitrogen is normally limiting in marine 
waters.  This is mostly caused by centuries of phosphorus supply through surface runoff from land and the 
enhanced iron (Fe) sequestration by sulphide (S2-) in high sulphate (SO42-) containing marine waters, which 
reduces the availability of iron for phosphate (PO4

3-) precipitation in marine waters, in comparison to 
freshwater systems.  In the oxidative hydrolysis of iron and the concomitant precipitation of phosphate, a 
minimum of two iron (Fe) atoms are needed to precipitate one phosphate (PO4

3-) molecule[89], i.e., Fe:P=2.  
However, dissolved  Fe:P<2  predominates  in  anoxic[5]  marine  waters, whereas most  freshwater  lakes  
show  Fe: P>2, allowing almost complete phosphate sequestration on oxygenation in freshwater systems 
[Blomqvist, et al., 2004]. 

Stratification of water is a natural phenomenon in freshwater systems and the more saline environments.  
This is due to temperature or saline gradients that has different density properties.  In freshwater it is 
primarily prevalent during summer periods due to temperature increases.  In estuarine and coastal marine 
waters, it is particularly evident due to salinity or temperature gradients, when less dense freshwater from 
rivers meets heavier more dense seawater.  Limited vertical mixing between these water layers restricts 
the supply of oxygen from surface waters to more saline bottom waters, leading to hypoxic conditions and 
the creation of άŘŜŀŘ ȊƻƴŜǎέ.  The formation of the άdead zonesέ is exacerbated by excessive nutrient-
loading (particularly nitrogen loading as the limiting nutrient in seawater) and the consequential primary 
production that results in an accumulation of particulate organic matter, which encourages microbial 
activity and the further depletion of dissolved oxygen in hypolimnetic waters.  Limiting nitrogen in effluents 
under such circumstances, thus, constitutes an important eutrophication management measure [Diaz & 
Rosenburg, 2008]. 
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2.5 Measurement of phosphorus and nitrogen 

To determine the levels of phosphorus and nitrogen in effluents, wash-off from land areas or in water 
resources, or for the purposes of determining compliance to Waste Discharge Standards[149] or in-water 
resource water quality objective [74], different parameters can be analysed and assessed. 

The measurement of algal biomass, usually by means of analysing the Chlorophyll-ʰ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛƴ 
surface water resources ς even though the percentage of Chlorophyll-ʰ ǾŀǊƛŜǎ ōŜǘǿŜŜƴ ǎǇŜŎƛŜǎ ƻǊ ŘǳǊƛƴƎ 
the lifecycle of a species, provides a direct indication of primary production and an indirect indication of 
the phosphorus (P) and nitrogen (N) levels in the water resources. 

For the determination of phosphorus in wastewater and in water resources, Total Phosphorus (TP) and 
orthophosphate analysis are routinely performed [Pers. coms. Louw, 2022] for the following purposes 
(TABLE 2): 

TABLE 2: Phosphorus determination in water and wastewater 
 

PARAMETER DESCRIPTION PURPOSE 

Total Phosphorus 
(TP) 

All phosphorus (P) found in a water sample, 
whether dissolved or in the form of condensed 

phosphates. 

Commonly analysed when sampling 
wastewater and water resources to indicate 
the total potentially available phosphorus. 

Orthophosphate 
(PO4

3-) 

Form of water-soluble P produced by natural 
processes or through human-influenced 

sources, like untreated sewage, and that is 
readily bioavailable. 

Commonly analysed when sampling water 
resources to indicate the nutrient status of 
natural raw water. 

For the determination of nitrogen in wastewater and in water resources, the most relevant substances are 
ammonium-nitrogen, organic-nitrogen, nitrate-nitrogen (NO3

-) and nitrite-nitrogen (NO2
-).  Depending on 

the purpose, the following are analysed [Pers. coms. Louw, 2022] and/or assessed (TABLE 3): 

TABLE 3: Nitrogen determination in water and wastewater 
 

PARAMETER DESCRIPTION PURPOSE 

Total Kjeldahl Nitrogen 
(TKN) 

= Total Organic Nitrogen + Ammonium (NH4
+) 

Typically analysed when sampling 
wastewater that is associated with biological 
treatment processes. 

Total Nitrogen 
(TN) 

= TKN + Nitrate (NO3
-) + Nitrite (NO2

-) 
Commonly analysed when sampling 
wastewater and water resources to indicate 
the total potentially available nitrogen. 

Total Organic Nitrogen 
(TON) 

= TKN ï NH4
+ 

Organic nitrogen is generally of concern 
more as Biological Oxygen Demand (BOD) 
than as a source of nitrogen. 

Total ammonia 
 

= NH3 + NH4
+ 

Provides an indication of the aerobic and 
anaerobic decomposition of organic 
material. 

Free un-ionized ammonia 
(NH3) 

= Total ammonia ï NH4
+ 

Provides an indication of ammonia toxicity 
(which is pH and temperature dependant) 
that for instance affects the aquatic ecology. 

Dissolved Inorganic Nitrogen 
(DIN) 

= (NO3
- + NO2

-) + NH3 
Commonly analysed when sampling water 
resources to indicate the nutrient status of 
raw water. 
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2.6 The trophic status of waterbodies 

Trophic status refers to the degree of nutrient enrichment[100] in surface water resources and the amount 
of primary productivity[116] that can be sustained.  Important to note; is that the trophic status of water 
resources is affected by multiple abiotic, biotic, physico-chemical[109] and biological factors (FIGURE 14) 
that impact on the nutrient concentrations within the water resource.  Natural factors [Carlson & Simpson, 
1996] that influence the trophic status of waterbodies, include: 

u Atmospheric precipitation, such as rainfall, hail, snow, etc., containing soluble nutrients 
(predominantly nitrates) that promotes primary production; 

u The properties of the geology and the soils, and the extent of essential nutrient(s) mobilisation, which 
contribute to high natural background levels of phosphorus and nitrogen from mineral sources, and the 
promotion of primary production; 

u Geohydrological and hydropedological characteristics that enable and assist with nutrient transport 
through the soil profile to promote primary production; 

u Hydrology that causes either the flushing or the concentration of nutrients in aquatic ecosystems, with 
well-flushed systems, generally, tolerating higher nutrient inputs; 

u Residence time and hydraulics that affect cell growth and primary production; 

u Ecological infrastructure, such as wetlands, which provide natural attenuation and water quality 
improvement functions; 

u Water chemistry, primarily the concentrations of the limiting nutrients ς phosphorus or nitrogen ς that 
affect primary production; 

u The remobilisation of nutrients from the bottom sediments into the water columns of rivers and 
reservoirs, which often exacerbates and/or prolongs eutrophication problems.  The release rates from 
sediments for phosphorus and nitrogen, however, differ; 

u The availability of sunlight that affects plant growth.  An abundance of sunlight supports primary 
production; 

u Inorganic turbidity , which reduces water clarity and light penetration all affect the amount of available 
light for plant growth.  Turbid systems can tolerate higher levels of nutrients; 

u Changing temperature regimes, which can affect stratification[139] of the water column and algal growth 
patterns; 

u Seasonal variation that causes the responses of algae and aquatic macrophytes to available nutrients 
to vary according to the time of the year; 

u The morphology of the waterbody, which influences the impacts of eutrophication through both depth 
and shape.  Deep waterbodies can tolerate higher inputs of nutrients; and 

u Primary production. 

Interestingly, whereas turbidity affects the penetration of sunlight, turbidity does not necessarily affect 
total algal growth [Robarts & Zohary, 1992].  Robarts and Zohary (1984) demonstrated that the 
Hartbeespoort 5ŀƳΩǎ euphotic zone[56] becomes compressed under turbid conditions, i.e. reduces from 
what in a clear water reservoir would have been 6.4 m to 0.6 m, but with primary production remaining at 
levels consistent with the nutrient status of the particular waterbody. 

The presence of nutrients constitutes a common factor that plays a role in most of the natural influences 
on eutrophication discussed above.  This phenomenon supports the management of anthropogenic 
ŜǳǘǊƻǇƘƛŎŀǘƛƻƴΩǎ ŦƻŎǳǎ ƻƴ ǘƘƻǎŜ two nutrients that are limiting to primary production in water resources 
and that play a key role in causing anthropogenic eutrophication. 
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FIGURE 14: Natural factors that affect the trophic status of water resources.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The causes and effects of eutrophication are very complex and vary somewhat for different aquatic 
systems.  However, there are some general trends in lakes becoming eutrophic.  The relationships among 
phosphorus input; primary production, usually phytoplankton biomass[15];, density of benthos[13]; 
submerged macrophytes[80]; dissolved hypolimnetic[70] oxygen[39]; biological diversity; and trophic status 
are shown conceptually in FIGURE 15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 15: Conceptualisation of freshwater eutrophication [Adapted from Roos, 2009 and Correll 1998]. 
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The observation, that the trophic status of water resources is affected by multiple abiotic, biotic, 
physico-chemical and biological factors, highlights the importance of adapting eutrophication management 
to the conditions in individual ecosystems. 

A Trophic State Index (TSI) is a classification system designed to rate waterbodies based on the amount of 
biological productivity they sustain.  Although the term "trophic index" is commonly applied to lakes, any 
surface waterbody may be indexed.  Trophic classification makes it possible to describe waterbodies in 
terms of the primary production continuum, to predict system behaviour, to judge fitness-for-use and to 
assign perceived utility [Fosberg & Ryding, 1980]. 

Unfortunately, the biological structure of most waterbodies does not respond in a linear fashion to nutrient 
additions.  For instance, algal biomass is usually concentrated in the benthos of fast-flowing, gravel or 
cobble bed streams (i.e. periphyton[106] dominated) and measured as benthic Chl-  hper unit area of stream 
substrate, whereas  in slow-moving, sediment-depositing rivers and lakes (i.e., plankton[111] dominated), 
algal biomass is suspended in the water column and measured as sestonic[134] Chl-  hper unit water volume 
[EPA, 2000a, p. 26]. 

Toerien, et al όмфтрύ ƴƻǘŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎƭŀǎǎƛŦȅƛƴƎ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ 
trophic status for eutrophication management purposes.  Carlson (1977), followed by 
Fosberg & Ryding (1980), Walmsley (2000) and endorsed by [DWAF, 2002], proposed the following 
definitions to describe the degrees of nutrient enrichment and the primary production that it can sustain: 

u Oligotrophic means the presence of low levels of nutrients, the least amount of biological productivity 
and άƎƻƻŘέ water quality; 

u Mesotrophic means intermediate levels of nutrients, moderate levels of biological productivity and 
άŦŀƛǊέ water quality; 

u Eutrophic means high levels of nutrients, high levels of biological productivity and άǇƻƻǊέ water quality; 
and 

u Hypertrophic means excessive levels of nutrients, excessive levels of biological productivity, plant 
production being governed mostly by physical factors and water qualities ranging between άǇƻƻǊέ and 
άǳƴŀŎŎŜǇǘŀōƭŜέ.  The water quality problems in hypertrophic waterbodies are almost continuous. 

Vollenweider and Kerekes (1980) used a statistical approach to quantify probability ranges for several 
variables within each trophic designation to produce bell-shaped curves per trophic class for each 
variable.  The overlap that resulted emphasized that waterbodies of the same concentrations may be 
in more than one trophic class [EPA, 2000b].  FIGURE 16 depicts the primary production continuum for 
total phosphorus (TP) in lakes [OECD, 1982]. 

Although probabilistic curves are handy to typify waterbodies in terms of the relationships of selected 
parameters and trophic status, its usefulness, as basis for the development of a general TSI, is limited 
because of the number of parameters that must be measured and the assumption that specific waterbody 
types exist [Carlson & Simpson, 1996].  TABLE 4 lists examples of key physical, chemical and biological 
parameters and their expected changes in response to increasing eutrophication.  Initially, biological 
activity is expected to increase as eutrophication increases.  This will be the case up to a point where 
increasing biological stress is likely to be incurred as eutrophication continues to increase. 
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TABLE 4: Trophic criteria and their responses to increased eutrophication 9  [Rast, et al., 1989]. 
 

PHYSICAL CHEMICAL BIOLOGICAL 10 

Transparency (Secchi transparency[132]) Ă Nutrient concentrations  ā Algal bloom frequency ā 

Suspended Solids ā Chlorophyll-ɹ[23] ā Algal species diversity Ă 

Electrical conductivity (EC) ā Dissolved solids  ā Phytoplankton biomass ā 

 Hypolimnetic[70] oxygen deficit  ā Littoral vegetation 11 ā 

 Epilimnetic[55] oxygen supersaturation  ā Zooplankton[162] ā 

  Fish 12 ā 

  Bottom fauna 13 ā 

  Bottom fauna diversity Ă 

  Primary production ā 

Multi-parameter indices are onerous, and the linear relationship assumed between the parameters in 
some of these indices does not hold [Carlson, 1977].  On the other hand, indices based on a single criterion 
potentially could be both unambiguous and sensitive to change.   However, there is currently no consensus 
as to what the single criterion of trophic status should be, and it is doubtful that an index based on a single 

 

9 ā signifies that the value of the parameter generally increases with the degree of eutrophication; whereas Ă signifies that the value 
generally decreases with the degree of eutrophication. 

10 Biological criteria have important qualitative (e.g., species) changes as well as quantitative (e.g., biomass) changes, as the degree of 
eutrophication increases. 

11 Aquatic plants in shallow, nearshore areas may decrease in the presence of high densities of phytoplankton. 
12 May be decreased in numbers and species in bottom waters (hypolimnion) beyond a certain degree of eutrophication, because of 

hypolimnetic oxygen depletion, i.e. the initial increase may be reversed under hypertrophic conditions. 
13 Bottom fauna may be decreased in numbers and species in high concentrations of hydrogen sulphide (H2S), methane (CH4) or carbon 

dioxide (CO2), or low concentrations of oxygen (O2) in hypolimnetic waters. 

FIGURE 16: The primary production continuum [adapted from OECD, 1982]. 
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parameter would be widely accepted.  The ideal TSI should incorporate the best of both approaches, 
retaining the expression of the diverse aspects of trophic state found in multi-parameter indices, yet still 
having the simplicity of a single parameter index.  This can be done if the commonly used trophic criteria 
are interrelated. 

Carlson (1977) developed such an index (TSI) that is both simple, in terms of the limited number of 
parameters being considered, as well as being appreciative of the multi-dimensional nature of the άǘǊƻǇƘƛŎ 
ǎǘŀǘǳǎέ concept, by considering the interrelatedness of the selected parameters and other factors that 
influence biological activity.  According to Carlson (1977), waterbodies are rated on a scale from zero to 
one hundred.  Each major division (10, 20, 30, etc.) represents a doubling in algal biomass.  The index 
number can be calculated from any of several parameters, including Secchi disk transparency,14 and 
chlorophyll- ,h and total phosphorus concentrations (TABLE 5).  The TSI can be a valuable tool in the 
management of surface water resources, but it is also a valid scientific tool for investigations where an 
objective for trophic state is necessary. 

TABLE 5: Trophic State Index (TSI) and associated parameters for waterbodies 
[Carlson, 1977, p. 365; Carlson & Simpson, 1996]. 

 

TROPHIC STATE INDEX 
(TSI) 

SECCHI DISK 
[m] 

TP 

[µg/Ǐ] 
CHL-ȸ 

[µg/Ǐ] 
Trophic Class 

0 64 0.75 0.04 

ñOligotrophicò 
10 32 1.5 0.12 

20 16 3 0.34 

30 8 6 0.94 

40 4 12 2.6 ñMesotrophicò 

50 2 24 6.4 
ñEutrophicò 

60 1 48 20 

70 0.5 96 56 

ñHypertrophicò 
80 0.25 192 154 

90 0.12 384 427 

100 0.062 768 1183 

The trophic state of waterbodies affects its use or perceived utility (FIGURE 17). 

 

 

 

 

 

 

 

 

 

14 Parameters, such as clarity and transparency, should be used with circumspect in cases where dissolved organic compounds (e.g., 
tannins) or suspended solids are present in significant amounts, as such results may be misleading ð giving the impression that the 
waterbody is more biologically productive than it actually is. 

FIGURE 17: The trophic state of waterbodies affects their use and perceived utility 
[adapted from Fosberg & Ryding, 1980 and Carlson, 1977]. 

 TSI = Trophic State Index; Chl-Ŭ = Chlorophyll-Ŭ; TP = Total Phosphorus; Clarity = Secchi Depth 
 O = Oligotrophic; M = Mesotrophic; E = Eutrophic; H = Hypertrophic 
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TABLE 6 summarises the perceived utility of waterbodies residing in different trophic classes: 

TABLE 6: Trophic classes and their associated perceived utility [Fosberg & Ryding, 1980]. 
 

TROPHIC STATE INDEX 
(TSI) * 

UTILITY OF THE WATERBODY 

< 30 
Such waterbodies are good for water sports and good sources for drinking water.  These waterbodies 
exhibit clear water with good visibility, but may potentially not provide the necessary nutrients and 
algae to maintain a healthy environment for fish and wildlife. 

between 
30 to 45 

Such waterbodies have an adequate amount of nutrients, which supports a fair number of algae, 
aquatic plants, birds, fish, insects and other wildlife. 

between 
46 to 70 

Such waterbodies have a greater amount of nutrients, which can support an abundance of algae, 
aquatic plants, birds, fish, insects and other wildlife. 

between 
71 to 100 

Such waterbodies have the highest levels of nutrients, and have the potential to support the highest 
levels of biological productivity (e.g., an abundance of algae, aquatic plants, birds, fish, insects, and 
other wildlife.)  These waterbodies, however, have the greatest potential for widely ranging dissolved 
oxygen conditions, which can have a detrimental effect on biological diversity, and natural plants and 
animals. 

* As per the TSI set out in TABLE 5. 

Van Ginkel, et al (2000b) uses the criteria, noted in TABLE 7, for the concentrations of phosphorus (as total 
phosphorus); and planktonic algae and cyanobacteria (as chlorophyll- )h, to classify the trophic status of 
impoundments in South Africa [DWAF, 2002]: 

TABLE 7: South African classification of trophic status according to total phosphorus (TP) and chlorophyll-ŭ 
(Chl-ŭ) concentrations in lakes [DWAF, 2002]. 

 

VARIABLE UNIT OLIGOTROPHIC MESOTROPHIC EUTROPHIC HYPERTROPHIC 

Mean annual 
Chl-ŭ 

Õg/ǎ 0 < Chl-ŭ Ò 10 10 < Chl-ŭ Ò 20 20 < Chl-ŭ Ò 30 Chl-ŭ > 30 

% of time 
Chl-ŭ > 30 µg/Ǐ 

% %Chl-ŭ = 0 0 < %Chl-ŭ Ò 8 8 < %Chl-ŭ Ò 50 %Chl-ŭ > 50 

Mean annual TP mg/ǎ TP Ò 0.015 0.015 < TP Ò 0.047 0.047 < TP Ò 0.130 TP > 0.130 

Applying the above trophic status classification criteria (TABLE 7) to 393 South African impoundments, 
37.7% of the reservoirs were classified as hypertrophic; 28.2% as eutrophic; 21.9% as mesotrophic[84]; and 
12.2% as oligotrophic[103], for the 2019/2020 hydrological year (FIGURE 18).  Additionally, FIGURE 18 shows 
a consistent deterioration in the trophic status of these impoundments for the 2019/2020 hydrological 
year, compared to the 2016/2017 hydrological year [Data obtained from NIWIS, 2021]. 
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FIGURE 18: Comparison of the trophic status of 393 South African impoundments for the 2016/2017 and 2019/2020 
hydrological years. 

 

 

 

 

 

 

 

 

 

This TSI (TABLE 7), which was developed for National Eutrophication Monitoring Programme (NEMP), was 
established for impoundments.  The application thereof to rivers and streams must be done with 
circumspection, as it will have to be adapted prior to applying the TSI to such water resources.  TSIs for 
rivers and streams may be available internationally, but will have to be adapted to South African conditions, 
with the aridity of the country in mind. 

2.7 The role of the catchment 

It is often said: ά! ǿŀǘŜǊōƻŘȅ ƛǎ ŀ ǊŜŦƭŜŎǘƛƻƴ ƻŦ ƛǘǎ ŎŀǘŎƘƳŜƴǘΗέ [Holdren, et al., 2001]. 

A river or a lake is not an isolated body of water, but part of a larger system which includes the surrounding 
land that drains into such waterbodies.  The geographical area from which rain and surface water drain 
toward a common receiving water resource is called a basin[11], drainage region[40], watershed[161], or 
catchment[21].  In addition to the natural factors affecting the trophic status of waterbodies (mentioned in 
Section 2.6, Part 1ύΣ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘƛƴ ŀ ǿŀǘŜǊōƻŘȅΩǎ ŎŀǘŎƘƳŜƴǘ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦŜŎǘ ƻƴ 
the amount of nutrients that enter the waterbody and, therefore, the primary productivity [EPA, 2000b].  
This constitutes the primary reason why appropriate nutrient standards and objectives are required to 
control human activity and to manage eutrophication in catchments. 

A natural ǿŀǘŜǊōƻŘȅΩǎ ƴǳǘǊƛŜƴǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛǎ ŀŦŦŜŎǘŜŘ, primarily, by the nutrient content of 
precipitation, the rate of weathering of geologic formations and the dissolution of natural minerals from 
soils in the catchment.  If the underlying geology is mostly granitic, then the rates of weathering will be 
slow and both the productivity of the terrestrial vegetation and the concentration of nutrients in the runoff 
from the catchment will be low.  On the other hand, if the underlying bedrock is sedimentary, the 
weathering rates will be higher and the fertility of the soil and the nutrient content of the runoff water will 
be higher, as well [EPA, 2000b]. 

Human activity has at least three effects on the nutrient load input into waterbodies: 

u It disturbs the overlying vegetation, exposing the soil to increased weathering and erosion [EPA, 2000b]; 

u It adds easily erodible nutrient-containing material, such as fertilizers, and human and animal waste, 
into the catchment [EPA, 2000b]; and 

u It increases the area of impervious surfaces and compacts soils making them less pervious and leading 
to increased runoff that acts as conveyance mechanism for sediments and nutrients.  In high rainfall 
areas, transport can be άǎǳǇǇƭȅ-ƭƛƳƛǘŜŘέ (little or no material is available to be transported) and in low 
rainfall areas, the transport can be άǘǊŀƴǎǇƻǊǘ-ƭƛƳƛǘŜŘέ (the water volume or runoff is insufficient to 
result in the transport of available materials) [Pers. coms. Thornton, 2021]. 
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FIGURE 19: The effects of eutrophication on aquatic ecology and biological diversity. 

As the biological surface of an undisturbed catchment is disrupted or converted to impervious surfaces, 
and as people move into the catchment, it can, thus, be expected that there will be increased soil and 
nutrient runoff.  Of course, the degree of disturbance relative to the size of the waterbody will affect the 
impact of the disturbance; building a summer cottage would not have the same impact on a lake as would 
clear-cutting of natural vegetation or dense urban development.  Sometimes the term άŀǎǎƛƳƛƭŀǘƛǾŜ 
ŎŀǇŀŎƛǘȅέ[8] is used to imply that the waterbody has a certain capacity to absorb the impact of disturbance.  
In a eutrophication context, this concept, although comforting, probably has little basis in fact.  Impact, 
until demonstrated otherwise, is probably better thought of as a continuous response to nutrient increases 
(FIGURE 19).  The degree of change will depend on other factors, for example the size of the waterbody or 
any of the other factors mentioned in Section 2.6, and the change may not immediately or even ever be 
detectable to humans or their monitoring instruments.  However, whether detected or not, changes do 
occur.  It is for this reason that catchment disturbance is a sensitive early warning of waterbody change.  
Clearly, biological impact within the waterbody will be directly related to the increased amount of nutrient-
loading, and that impact will occur, whether or not it is detected [EPA, 2000b]. 

Prevailing weather conditions in catchments also affect nutrient regimes and eutrophication in streams, 
rivers and impoundments.  Additionally, South African impoundments, even in the hypolimnetic layer, 
seldom reach temperatures below 9°C.   The potential for bacterial activity increases significantly at 
temperatures exceeding 10°C and increases exponentially with every 1°C increase above 10°C.  This can 
have a serious impact on the anaerobic conditions, especially in hypertrophic impoundments, where 
anaerobic areas push through the thermocline and thus recycle nutrients to the epilimnetic waters during 
summer algal and cyanobacterial blooms [Pers. coms. Van Ginkel, 2022]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Human population growth and associated economic activities are the main driving forces behind 
eutrophication problems.  Humans use numerous products and resources which contain phosphorus and 
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FIGURE 20: The routes by which nutrients from various sources enter waterbodies [Walmsley, 2000]. 

nitrogen[93], converting them into elemental compounds[28] (or, available phosphorus and nitrogen) and 
ultimately releasing them through various pathways into the aquatic environment [Walmsley, 2000].  
FIGURE 20 illustrates the linkages between human activity and eutrophication. 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are two main ways in which nutrients are introduced to the aquatic environment, viz. point[112] and 
diffuse[38] (non-point)[38] sources of nutrients (FIGURE 21): 

u Point sources of pollution are directly discharged to receiving water resources at discrete locations, 
such as through pipes and ditches from WwTWs, industrial sites and confined intensive livestock 
operations.  The most severe water quality impacts from point source pollution typically occur during 
the summer or dry periods, when river flows are low and the capacity for dilution is reduced, as well as 
during storm events, when uncontrolled sewer overflows occur more frequently; and 

u Diffuse sources of pollution are indirectly discharged to receiving surface water and groundwater 
resources, via surface flow, subsurface flow (leaching) and atmospheric deposition during periods of 
rainfall and irrigation.  Soil properties, such as the soil pH, and iron, aluminium and calcium contents, 
affect the mobility of nutrients, such as phosphorus, through soils.  The most severe water quality 
impacts from diffuse source pollution occur during storm periods, particularly after a dry spell, when 
rainfall induces hillslope hydrological processes and runoff of pollutants from the land surface [Reese, 
2020]. 

Models are useful when engaging in forward planning and comparing scenarios on a catchment basis with 
the aim of pro-actively recommending and implementing appropriate management interventions and 
timeously preventing and addressing the effects of eutrophication.  Nutrients, unlike salts and other 
conservative pollutants[29], however, act in a non-conservative[94] manner (FIGURE 22).  This is due to 
nutrients, such as phosphorus and nitrogen[93], changing concentration naturally.  Some react chemically 
to result in different salts.  Sometimes oxygen is taken out of the water to release hydrogen gas, which is 
more volatile and escapes.  Oxygen content, be it depletion or overabundance, in water is the cause of 
many changes.  For example, ammonia is oxidized to nitrites, which in turn are oxidized to nitrates.  The 
nitrates cannot be eliminated, except by chemical replacement, absorption or biochemically, as is now 
done in some wastewater treatment processes.  Simple mass balance modelling, therefore, is mostly not 
readily possible. 
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FIGURE 21: Point and diffuse sources of nutrients in a catchment context [Rossouw & Forster, 2008]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The term άƳŀǎǎ ōŀƭŀƴŎŜ ƳƻŘŜƭƭƛƴƎέ comes from the assumption that a substance, such as phosphorus, 
cannot just appear or disappear from a reservoir; it must come from somewhere and it must go 
somewhere.  The phosphorus going into the reservoir must either go out again through some outflow, be 
sedimented to the bottom, incorporated into biomass, or remain in the waterbody in either dissolved or 
particulate forms.  It is this phosphorus that remains in the water that is of interest because it is the amount 
that is available for primary production. 
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Thornton, et al. (2013) outline eutrophication as a complex or άǿƛŎƪŜŘ ǇǊƻōƭŜƳέ (Annexure B) facing 
society, which cannot simply be fixed with only engineering solutions, such as the application of suitable 
wastewater treatment technologies.  By adopting a blanket approach to eutrophication management, the 
characteristics of this complex problem would be ignored.  To be more explanatory, complex problems, 
like eutrophication, can have multiple resolutions, depending on a variety of factors [Thornton, et al., 
2013], and a national approach to eutrophication management must include catchment and focused water 
resource planning with local action. 

FIGURE 22: A theoretical comparison between non-conservative and conservative water pollution, comparing 
nitrogen and sulphate trends on concentration-over-time, and concentration-over-distance graphs. 



 
 
Eutrophication Management Strategy for South Africa 
Project Report No. 4.2 

Part 1: The South African context 
Chapter 3: Towards a eutrophication management strategy for South Africa 

 
 

 
 

Edition 2 
 

 Page 38 February 2023 

 

 : TOWARDS A EUTROPHICATION MANAGEMENT 
STRATEGY FOR SOUTH AFRICA 

3.1 Purpose of the eutrophication management strategy document 

To date, eutrophication in South Africa, has been dealt with under the broad guidance of the overarching 
Integrated Water Quality Management Policy and Strategy for South Africa, 2017 [DWS, 2017b; DWS, 
2017d] and the other general policies for water quality management and pollution control before it [DWAF, 
1991].  Due to deteriorating water quality trends being observed in recent years, specifically worsening 
occurrences of eutrophication, the need has been identified to develop the first dedicated policy and 
strategy for a particular water pollution type, viz. to explicitly and decisively address the escalating effects 
of excessive nutrient enrichment observed in many hot-spot areas in the country.  

To this end, the purpose of the eutrophication management strategy document is: 

(1) To give direction with respect to the management of eutrophication, in particular the control of 
anthropogenic sources of excessive nutrient enrichment, from a strategic country-wide perspective; 

(2) To provide a reference for the control of triggers that cause excessive primary production in receiving 
water resources and for eutrophication management, in general, in South Africa; 

(3) To provide the foundation for operational consistency at the Water Management Area (WMA), 
sub-catchment and local levels, by stipulating ground rules and prescribing overarching 
implementation approaches for the management of eutrophication; 

(4) To address pertinent issues of the integration and alignment of eutrophication management with 
other processes; 

(5) To facilitate improved eutrophication management through cooperation and participation; 

(6) To provide the basis for identifying priority actions and interventions necessary to control significant 
triggers of anthropogenic eutrophication and their root causes of failure, acknowledging the need for 
the efficient and wise utilisation of scarce resources; 

(7) To facilitate capacity building in respect of the control of the causes of excessive nutrient enrichment 
and eutrophication management; and 

(8) To provide a point of departure for the monitoring and evaluation of eutrophication management 
strategy implementation progress. 

3.2 Scope of the eutrophication management strategy 

The general practice of utilising policy to define ground rules, to delineate intent and to specify desired 
outcomes, coupled with a strategy to map out overarching implementation approaches to realise the said 
policy objectives, is also applicable here.  In addition to the eutrophication management policy that seeks 
to review and express the South !ŦǊƛŎŀƴ ƎƻǾŜǊƴƳŜƴǘΩǎ ǇƻƭƛŎȅ ƻōƧŜŎǘƛǾŜǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ŜǳǘǊƻǇƘƛŎŀǘƛƻƴ 
management and nutrient reduction, the eutrophication management strategy pursues concomitant 
approaches to implement the objectives of the eutrophication management policy over time. 

As such, the Eutrophication Management Strategy for South Africa mustς   

u apply nationally (i.e., to the country as a whole); 

u address issues of anthropogenic nutrient-loading (i.e., predominantly phosphorus and 
nitrogen-related), which might have the following adverse effects (if left unattended):  

} Lead to excessive nutrient enrichment in water resources (i.e. surface and/or groundwater 
resources); 
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} Impair the resource ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΤ 

} Give rise to water quality and nuisance concerns (thus negatively affecting property value, impairing 
fitness-for-use and restricting potential utility); 

} Cause eutrophication of surface water resources, and eventually the marine environment; 

} Risk ecologically sustainable development; and 

} Ultimately, have undesirable social and economic consequences. 

The management measures in the Eutrophication Management Strategy for South Africaς 

u focus on the regulation and control of land-based anthropogenic sources of nutrient-loading; 

u set out resource water quality planning and management measures to balance the needs for water use 
with the needs to protect water resources; and 

u outline remedial measures (for both water resource focused remedial measures or focussing on the 
remediation of nutrient pollution sources of impacts) that must be implemented reactively, in order to 
control nutrient-loading. 

The Eutrophication Management Strategy for South Africa, furthermore, provides an outline for the 
management of anthropogenic eutrophication at the following scales:   

u source-specific; 

u local; 

u sub-catchment, up to Water Management Area (WMA); 

u national; and 

u trans-boundary and international. 

The Strategy should ideally be complemented with a water resource planning programme that schedules 
the development and implementation of water resource system and/or sub-catchment strategies.  This is 
essential to accommodate differing and changing catchment and local dynamics expected to unfold over 
time when evaluating, selecting and prioritising suitable operational intervention options for roll-out in 
eutrophication άhotspotέ areas.  Additionally, day-to-day eutrophication management related water 
resource and services activities will have to be executed in accordance with the policy and strategy outline 
provided in this document. 

Whilst the DWS ƛǎ ǘƘŜ ŎǳǎǘƻŘƛŀƴ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΣ ǘƘŜ Eutrophication Management 
Strategy for South Africa is directed at all three spheres of government (i.e., local, provincial and national 
government).  Furthermore, in support of the integrated management of eutrophication, management 
collaboration between different role-players is required, including between shared watercourse 
institutions, non-governmental organisations, the private sector, the research community and civil society.  
Although it is acknowledged that South !ŦǊƛŎŀΩǎ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ǊǳƴƻŦŦ ŀŦŦŜŎǘǎ ƻǳǊ Ŏƻŀǎǘŀƭ ƳŀǊƛƴŜ ǿŀǘŜǊǎΣ ǘƘŜ 
management of marine eutrophication per se is excluded from the current scope.  This document is aimed 
at all that have a role to play in South !ŦǊƛŎŀΩǎ ǎƻŎƛƻ-economic growth and development, that impact on, or 
that are impacted by eutrophication of water resources[158], or that have ŀ ǎǘŀƪŜ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŦǳǘǳǊŜΦ 

The DWS is gradually adapting its water resource management approach to review and develop policy and 
strategy (where lacking), to convert policy and strategy into action (where in existence) and progressively 
shift to planning more strategically, providing overall regulatory oversight; institutional support; 
coordination in aid of enhanced co-operative governance; and improved regulatory control.  This changing 
emphasis aims for greater involvement of water services and management institutions, and other 
role-players, within the water sector. 
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3.3 Anatomy of the eutrophication management strategy document 

The document consists of five consecutive parts.  Parts 1 to 4 (FIGURE 23) contain the technical narrative, 
whereas Part 5 (not depicted in FIGURE 23) contains the bibliography.  Collectively, these individual parts 
of the document strive to help the reader to comprehend the measures necessary to manage 
eutrophication country-wide, and ultimately to control and to reduce eutrophication in hot-spot areas. 

Part 1 starts off with a focused discussion to highlight key eutrophication-related challenges in South Africa, 
followed by a broad problem declaration that takes the form of an analysis of eutrophication-related 
causes and effects in South Africa.  The introduction to Part 1, also, defines several important concepts 
pertaining to the subject of eutrophication.  An ensuing discussion, on the strategy document and its 
development, sheds light on the scope, purpose, anatomy and the development process of the 
Eutrophication Management Strategy for South Africa.  This is followed by focused discussions on relevant 
international commitments and key policy and legislative provisions that give guidance to eutrophication 
management in South Africa.  Part 1 concludes with an assessment of the evolution of eutrophication 
measures in South Africa, thereby extrapolating the past and current eutrophication management 
paradigms and trends to an enhanced paradigm for the future management and control of eutrophication 
in South Africa. 

Part 2 builds the broad context sketched in Part 1 into an overall policy vision and solution orientated policy 
statements for eutrophication management in South Africa. 

Part 3 focusses on advancing the eutrophication management policy, as elaborated under Part 2, in order 
to prepare the way for full implementation.  Core, functional and supporting strategies for eutrophication 
management in South Africa are discussed and are related to achieving the overall policy vision, given in 
Chapter 2, Part 2.  Governance requirements are explored with the aim of identifying governance 
responsibility and accountability. 

Part 4 pursues short, medium and long-term implementation imperatives and ends with concluding 
remarks. 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 23: The anatomy of the Eutrophication Management Strategy for South Africa document. 
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FIGURE 24: Eutrophication Management Strategy for South Africa development process. 

3.4 Eutrophication management strategy development process and 
stakeholder involvement 

An iterative four phase process (FIGURE 24), supported by consultation at multiple levels, was adopted to 
develop the Eutrophication Management Strategy for South Africa.  This process commenced with an 
inception phase that was used to define a final and mutually agreed description of the scope of work, 
project programme and project resource requirements to effect efficient and structured project execution.  
The Inception Phase was followed by Phase 2, which consisted of a high-level literature review; an 
identification and evaluation of the emerging causes, effects and challenges associated with 
eutrophication; and a data and information gap analysis that was accompanied by the formulation of 
measures to overcome such identified gaps.  Utilising the information base put together during the 
Situation Assessment and Gap Analysis Phase, Phase 3 set out to develop a Eutrophication Management 
Strategy for South Africa.  The development approach followed during Phase 3 culminated in two editions 
of the policy and strategy document; a first edition that was presented to various groups of stakeholders 
and the final edition that was produced after the various consultative exercises.  The project concluded 
with Phase 4, which had as its goal the investigation of measures and production of a plan to ensure policy 
and strategy roll-out and implementation. 

Due to the important roles of the public and private sectors, as well as civil society, in eutrophication 
management, a Stakeholder Consultation and Communication Strategy was developed to inform; consult; 
involve; collaborate with; and, where possible, empower relevant key role-players to take part in the 
development of the Eutrophication Management Strategy for South Africa.  Additionally, the Stakeholder 
Consultation and Communication Strategy had to establish ownership of, and buy-in to both project 
process and outcomes, and information sharing had to take place throughout the project duration to 
ensure robust debate and scientific rigour (FIGURE 25).  A database of stakeholders consulted, and a 
comments register was maintained and has been compiled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The abbreviated terms of reference of the various components of the project structure that oversaw the 
policy and strategy development process were as follows: 
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FIGURE 25: Stakeholder consultation. 

u Project Steering Committee (PSC): Responsible for indicating overall direction and 
sanctioning of all project deliverables prior to 
departmental endorsement; 

u Project Management Committee (PMC): Responsible for project management tasks; 

u Technical Task Team with Sub-Task Teams: Responsible for thematic specialist support; and 

u External stakeholder group/ public: Responsible for wider stakeholder input and public 
participation. 
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FIGURE 26: Natural Step Funnel demonstrating converging global supply and demand [Adapted from Robért, 2008]. 

 : POLICY, STRATEGY AND LAW CONTEXT 

The purpose of the ensuing discussion is to highlight the most prominent policy, strategy and legislative 
elements, deemed to be giving direction to eutrophication management, and to highlight some important 
aspects with which to align eutrophication management.  To this end, linkages are pursued with the 
international sustainable development agenda; key pieces of national legislation, with respect to applicable 
law principles; selected executive strategies; and the Integrated Water Quality Management Policy and 
Strategy for South Africa (2017). 

4.1 The international sustainable development agenda 

The concept of sustainable development formed the basis of the United Nations Conference on 
Environment and Development (UNCED) held in Rio de Janeiro in 1992.  The summit marked the first 
international attempt to draw up action plans and strategies for moving towards a more sustainable 
pattern of development.  Agenda 21 was one of the key outputs of UNCED and Chapter 18 of this agenda 
identifies freshwater resources as an essential component of the Earth's hydrosphere and as an 
indispensable part of all terrestrial ecosystems [UNCED, 1992]. 

Sustainable development was the solution to the problems of environmental degradation discussed by the 
Brundtland Commission in their preceding 1987 report ς Our Common Future [Brundtland, 1987].  
According to Brundtland (1987), άǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘέ is: άŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ ƳŜŜǘǎ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ 
ǇǊŜǎŜƴǘ ǿƛǘƘƻǳǘ ŎƻƳǇǊƻƳƛǎƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜƛǊ ƻǿƴ ƴŜŜŘǎέ.  This 
interpretation of sustainable development has been adopted in the Bill of Rights in the Constitution of 
democratic South Africa and forms a central theme in all our environmental legislation and policy. 

The Natural Step Framework, colloquially known as The Natural Step (TNS) Funnel (FIGURE 26), provides a 
conceptual model for easy reference and discussion of the concepts of sustainable- and unsustainable 
development.  The TNS Funnel is based on four system conditions, also known as the principles of 
sustainability (TABLE 8), to be met if sustainability is to be reached and maintained [Nathan, 2018]. 
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TABLE 8: The four principles of sustainability [Robèrt, 2008], related to eutrophication. 
 

IN A SUSTAINABLE SOCIETY ï   

P
ri
n

c
ip

le
 1 

nature is not subjected to systematically increasing concentrations of substances extracted from the Earth's crust; 

Explanation: Ecosystem functions and processes are altered when society mines and disperses materials at a faster rate 
than they are being redeposited back into the Earth's crust.  (Examples of these materials are phosphorus, coal, and metals, 
such as lead.) 

P
ri
n

c
ip

le
 2 

nature is not subjected to systematically increasing concentrations of substances produced by society; 

Explanation: Ecosystem functions and processes are altered when society produces substances faster than they can be 
broken down by natural processes, if they can be broken down at all (for example, a build-up of nutrients in the environment 
causing eutrophication). 

P
ri
n

c
ip

le
 3 

nature is not subjected to systematically increasing degradation by physical means; and 

Explanation: Ecosystem functions and processes are altered when society extracts resources at a faster rate than they are 
replenished (for example, overharvesting trees or fish), or by other forms of ecosystem manipulation (for example, causing soil 
erosion or paving over fertile land). 

P
ri
n

c
ip

le
 4 

human needs are being met worldwide. 

Explanation: By considering the first three principles of sustainability, within which human life-supporting structures and 
functions are being altered, three basic principles for maintaining essential ecological processes have been defined.  Principle 4 
recognizes that social and economic dynamics fundamentally drive the actions that lead to ecosystem changes.  Principle 4, 
therefore, focuses on the socio-economic dimension in terms of the importance of meeting human needs worldwide as an 
integral and essential part of sustainability. 

In September 2000, the historic Millennium Declaration, in which countries committed to achieving a set 
of eight measurable goals, called the Millennium Development Goals (MDGs), which included halving the 
population that had no sustainable access to water and basic sanitation before 2015 (Target 7c), were 
signed into action [UN, 2015a].  The World Summit on Sustainable Development (WSSD) was held in 
Johannesburg in 2002 to assess progress since the initial Rio Summit.  The Johannesburg Summit delivered 
three key outcomes: a political declaration, the Johannesburg Plan of Implementation, and a range of 
partnership initiatives.  Key commitments included those on sustainable consumption and production, 
water and sanitation, and energy [WSSD, 2002].  The Rio+20 conference (UNCED) in Rio de Janeiro, June 
2012, subsequently galvanized a process to develop a new set of 17 Sustainable Development Goals (SDGs) 
to carry on the momentum generated by the MDGs, beyond 2015, and fit into a global development 
framework, called Agenda 2030 [UN, 2015b]. 

The SDG programme, endorsed by Heads of State (including by South Africa), serves as a reporting platform 
to measure the sustainability of countries; to prompt action in cases where poor performance or where 
deteriorating trends emerge; to bolster local accountability; and for global comparison purposes.  SDG 6 
focuses on clean water and sanitation, and must ensure availability and sustainable management of water 
and sanitation for all.  SDG 6 was unpacked into six SDG targets and 2 additional supporting SDG targets.  
Of these, the following four SDG Targets specifically relate to eutrophication management (TABLE 9).  A 
series of twelve indicators, some global, some domesticated and other additional indicators,15 were 
proposed to collectively measure progress against the said four SDG targets: 

 

15 The annotation: ñDò for ñDomesticò and ñAò for ñAdditionalò, as per UN convention, is used to identify the indicators in TABLE 9.  In cases 
where neither òDò nor ñAò is denoted, the global indicator wording was retained, as proposed by the UN, and has been adopted without 
change for South Africa. 
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TABLE 9: SDG 6 targets and indicators, with direct relevance to eutrophication management. 
 

SDG 6: Ensure availability and sustainable management of water and sanitation for all. 

SDG TARGET 6.2: SANITATION AND HYGIENE 

By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open defecation, paying special attention 
to the needs of women and girls and those in vulnerable situations. 

Indicator 6.2.1: Proportion of population using safely managed sanitation services, including a handwashing facility with 
soap and water. 

SDG TARGET 6.3: WATER QUALITY AND WASTEWATER 

By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release of hazardous chemicals and 
materials, halving the proportion of untreated wastewater and substantially increasing recycling and safe reuse globally. 

Indicator 6.3.1D: Proportion of water containing waste lawfully discharged. 

Indicator 6.3.2D: Proportion of bodies of water that complies with water quality objectives. 

Indicator 6.3.3A: Proportion of water containing waste recycled or reused. 

Indicator 6.3.4A: Proportion of waste lawfully disposed of. 

Indicator 6.3.5A: Proportion of waste recycled or reused. 

SDG TARGET 6.5: WATER RESOURCES MANAGEMENT 

By 2030, implement integrated water resources management at all levels, including through transboundary cooperation as 
appropriate. 

Indicator 6.5.1: Degree of integrated water resources management implementation (0 - 100). 

Indicator 6.5.2: Proportion of transboundary basin area with an operational arrangement for water cooperation. 

SDG TARGET 6.6: WATER-RELATED ECOSYSTEMS  

By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers and lakes. 

Indicator 6.6.1D(1): Change in the spatial extent of water-related ecosystems over time, including wetlands, reservoirs, lakes and 
estuaries as a percentage of total land area. 

Indicator 6.6.1D(2): Number of systems affected by high trophic and turbidity states. 

Indicator 6.6.1D(3): Change in the national discharge of rivers and estuaries over time. 

Indicator 6.6.1A(1): Change in the ecological condition of rivers, estuaries, lakes and wetlands. 

Importantly, it has been observed that water pollution affects each of the other 16 SDGs, underscoring the 
inter-relatedness and importance of water resources that are fit for use in sustainable development.  
Enhanced synergy between the SDG programme, specifically the SDG targets and indicators summarised 
in TABLE 9, and the management of eutrophication must be encouraged ς particularly in relation to the 
following: 

u Reporting on the safe management of faecal waste along the entire sanitation chain, from containment 
to final treatment and disposal; 

u Reporting on compliance to phosphorus and nitrogen Waste Discharge Standards (WDSs); 

u Reporting on the fitness-for-use of water resources, with respect to phosphorus and nitrogen loading; 

u Reporting on the application of wastewater recycling and reuse strategies; 

u Reporting on the degree of integration of water resource management efforts; and 

u Reporting on the status of ecological systems affected by phosphorus and nitrogen loading. 
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4.2 Key pieces of national legislation 

4.2.1 Constitution of the Republic of South Africa, 1996 (Act No. 108 of 1996) 

The Bill of Rights contained in the Constitution (108:1996) applies to all law, and binds the legislature, the 
executive, the judiciary and all organs of state. 

Section 24 (TABLE 10) in the Bill of Rights places a duty on the state to implement reasonable legislative 
and other measures in order to protect water resources, and to ensure that they are not harmful to 
ŀƴȅƻƴŜΩǎ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭōŜƛƴƎΦ  άhǘƘŜǊ ƳŜŀǎǳǊŜǎέ, in this case, include the roll-out and implementation of 
eutrophication management strategy to protect water resources and to ensure that they are not harmful 
ǘƻ ŀƴȅƻƴŜΩǎ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭ-being. 

TABLE 10:  Constitution of the Republic of South Africa, 1996 (Act No. 108 of 1996): Bill of Rights: 
Implications for water resources 

 

ENVIRONMENT WATER RESOURCES 

Section 24 addresses the ñenvironmentò [51] in its broad 
context, considering the ecology, social and economic 

dimensions. 

Section 24 paraphrased to address the ñfreshwater 
environmentò, as a subset of the ñenvironmentò[51], 

considering the ecology, social and economic dimensions. 

Everyone has the right- Everyone has the right- 

(a) to an environment that is not harmful to their health or 
well-being and 

(a) to water resources that are not harmful to their health or 
well-being and 

(b) to have the environment protected, for the benefit of present 
and future generations, through reasonable legislative and 
other measures that- 

(b) to have water resources protected, for the benefit of present 
and future generations, through reasonable legislative and 
other measures that- 

 (i) prevent pollution and ecological degradation;  (i) prevent pollution and ecological degradation; 

 (ii) promote conservation; and  (ii) conserve water; and 

 (iii) secure ecologically sustainable development and use 
of natural resources while promoting justifiable 
economic and social development. 

 (iii) secure ecologically sustainable development and use 
of water resources while promoting justifiable 
economic and social development. 

Additionally, Section 27 in the Bill of Rights places a duty on the state to take reasonable legislative and 
other measures, within its available resources, to achieve the progressive realisation of providing sufficient 
water to everyone.  The right to basic sanitation is not an explicit constitutional right.  However, the right 
to sanitation could be derived from the right to a clean environment (Section 24), read together with the 
right of access to clean water (Section 27).  Again, it is inferred that άƻǘƘŜǊ ƳŜŀǎǳǊŜǎέ include the roll-out 
and implementation of a eutrophication management strategy to ensure fitness-for-use of receiving water 
resources, inter alia through effective sanitation services. 

Many other constitutional rights in the Bill of Rights overlap with, and support the rights to clean water 
resources, and water supply and sanitation services.  These include the rights to equality (Section 9), dignity 
(Section 10), access to information (Section 32) and just administrative action (Section 33) [Algotsson, et 
al., 2009, p. 2]. 

Rolling-out and implementing the Eutrophication Management Strategy for South Africa, certainly, should 
promote these constitutional rights.  It must protect water resources against the effects of eutrophication, 
thereby contributing towards securing ecologically sustainable development and use of water resources 
while promoting justifiable economic and social development. 
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4.2.2 National Environmental Management Act, 1998 (Act No. 107 of 1998) 

According to Glazewski (2005), environmental law encompasses the following three distinct but 
interrelated areas of general concern: 

u Land-use planning and development; 

u Resource conservation and utilisation; and 

u Waste management and pollution control. 

Overseeing these three areas affects eutrophication[58] management.  The National Environmental 
Management Act, 1998 (Act No. 107 of 1998)16 is a framework Act and, therefore, provides for overarching 
mechanisms, principles and procedures which inform other acts, particularly the Specific Environmental 
Management Acts (SEMAs) of which the National Water Act, 1998 (Act No. 36 of 19198) is part, and 
subordinate or subsidiary regulations.  Additionally, the statutory mechanisms, principles and procedures 
so established by NEMA (107:1998) would also apply to subsequent environmental policy and strategy 
being established, including the Eutrophication Management Strategy for South Africa. 

NEMA (107:1998) defines "sustainable development" as "the integration of social, economic and 
environmental factors into planning, implementation and decision-making so as to ensure that 
development serves present and future generations".  NEMA (107:1998), further, provides that sustainable 
development requires the consideration of all relevant factors including- 

u that the disturbance of ecosystems and loss of biological diversity are avoided, or, where they cannot 
be altogether avoided, are minimised and remedied; 

u that pollution and degradation of the environment are avoided, or, where they cannot be altogether 
avoided, are minimised and remedied; 

u that the disturbance of landscapes and sites that constitute the nation's cultural heritage is avoided, 
or where it cannot be altogether avoided, is minimised and remedied; 

u that waste is avoided, or where it cannot be altogether avoided, minimised and re-used or recycled 
where possible and otherwise disposed of in a responsible manner; 

u that the use and exploitation of non-renewable natural resources is responsible and equitable, and 
considers the consequences of the depletion of the resource; 

u that the development, use and exploitation of renewable resources and the ecosystems of which they 
are part do not exceed the levels beyond which their integrity is jeopardised; 

u that a risk-averse and cautious approach is applied, which considers the limits of current knowledge 
about the consequences of decisions and actions; and 

u that negative impacts on the environment and on people's environmental rights be anticipated and 
prevented, and where they cannot be altogether prevented, are minimised and remedied. 

NEMA (107:1998), further, sets out a number of supporting national environmental management 
principles, also having relevance to eutrophication management.  These principles serve as guidelines 
which any organ of state must apply in any function, or when taking any decision, concerning the protection 
of the environment (see Annexure C). 

In addition, NEMA (107:1998) calls for "co-operative environmental governance"; a phrase derived from 
the constitutional mandate [RSA, 1996, Chapter 3] that all spheres and organs of government are obliged 
to co-ordinate their actions by establishing principles to be considered in all decision-making processes 
affecting the environment. 

NEMA (107:1998) plays a crucial role in providing for co-operative environmental governance by- 

u establishing principles for decision-making on matters affecting the environment; and 

 

16 Hereafter referred to as NEMA (107:1998). 
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u establishing institutions that will promote co-operative governance and procedures for co-ordinating 
environmental functions exercised by organs of state. 

Key environmental regulatory authorities include: 

u Department of Agriculture, Land Reform and Rural Development (DALRRD); 

u Department of Forestry, Fisheries and the Environment (DFFE); 

u Department of Mineral Resources and Energy (DMRE); and 

u Department of Water and Sanitation (DWS). 

All spheres of government and all organs of state must co-operate, consult and support one another on 
matters involving or affecting the environment, including matters relating to eutrophication.  Co-operative 
environmental governance must promote the right to an environment that is not harmful and may not be 
used as a mechanism to evade accountability.17 

4.2.3 National Water Act, 1998 (Act No. 36 of 1998) and 
Water Services Act, 1997 (Act No.108 of 1997) 

The National Water Act, 1998 (Act No. 36 of 1998),18 together with the Water Services Act, 1997 
(Act No. 108 of 1997),19 promotes sustainability and equity, as central guiding principle in dealing with 
water resources and services.  The NWA (36:1998) deals with the protection, use, development, 
conservation, management and control of water resources and is focused, inter alia, on promoting 
efficient, sustainable and beneficial use of water in the public interest; facilitating social and economic 
development; protecting aquatic and associated ecosystems and their biological diversity; and reducing 
and preventing pollution and degradation of water resources, whereas the WSA (108:1997) contains 
provision for basic water supply and sanitation services.   

Water law in South Africa is based on 28 fundamental principles and objectives, as approved by Cabinet in 
November 1996 [DWAF, 1997].  Eutrophication management policy and strategy should thus conform to 
these fundamental principles and objectives, especially the 13 principles and objectives that are of 
foremost relevance to the management of eutrophication (Annexure D).  Accordingly, eutrophication 
management policy and strategy must20ς   

u acknowledge that eutrophication management is nested within the broader concept of catchment 
management [links to Principle 5 and finds expression in the NWA (36:1998) inter alia in Chapter 2]; 

u strive to contribute towards long-term ecologically sustainable social and economic development [links 
to Principles 7 and 9 and finds expression in the NWA (36:1998) inter alia in Chapters 3 and 4]; 

u contribute towards water resource use, development, management and control that is in the public 
interest, sustainable, equitable and efficient, while also honouring relevant international obligations 
[links to Principle 13 and finds expression in the NWA (36:1998) inter alia in Chapter 2 and 4]; 

u where desirable, promote wastewater reuse and recycling [links to principle 14 and finds expression in 
the NWA (36:1998) inter alia in Chapter 4]; 

u acknowledge interrelatedness between eutrophication and water quantity, i.e., water flow, level and 
pattern [links to Principle 15 and finds expression in the NWA (36:1998) inter alia in Sections 13]; 

 

17 Refer to POLICY STATEMENT 11: Eutrophication management responsibility and accountability. 
18 Hereafter referred to as the NWA (36:1998). 
19 Hereafter referred to as the WSA (108:1997). 
20 A consolidated summary of the 13 principles and objectives, regarded as most relevant to eutrophication management policy and 

strategy, as listed in Annexure D. 
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u employ financial incentive systems, such as the Waste Discharge Charge System (WDCS), to limit and 
prevent excessive primary production in receiving water resources [links to Principle 16 and finds 
expression in the NWA (36:1998) inter alia in Chapter 5]; 

u consider land use management and management cooperation, as a means of limiting and preventing 
anthropogenic eutrophication [links to Principle 18 and finds expression in the NWA (36:1998) inter 
alia in Sections 12 and 26(1)(g)]; 

u promote effective water use authorisation [links to Principle 19 and finds expression in the NWA 
(36:1998) inter alia in Chapter 4]; 

u acknowledge the roles of disaster management in limiting danger to life and property [links to 
Principle 21 and finds expression in the NWA (36:1998) inter alia in Chapter 14]; 

u enable role-players and other stakeholders to participate [links to Principle 23 and finds expression 
throughout the NWA (36:1998)]; and 

u ensure that water services are provided in a manner consistent with the goals of water resource 
management [links to Principles 25 and 27 and finds expression in the NWA (36:1998) inter alia in 
Chapter 2 and in the WSA (108:1997) inter alia in Chapter 3]. 

The water law provisions, as paired above with the implications of the 13 fundamental principles and 
objectives that are most relevant to eutrophication management, are further contextualised in 
Section 5.2.1 of Part 1, specifically also in Annexure E. 

4.3 Selected executive strategies, plans or frameworks 

4.3.1 National Water Resource Strategy and National Water and Sanitation Master 
Plan 

The National Water Resources Strategy (NWRS) is a statutory strategy, required in terms of the 
NWA (36:1998), is binding on all authorities and institutions implementing the Act and provides the 
framework for integrated water resource management for the country as a whole, and also within which 
water resources will be managed at the regional or catchment level.  The National Water and Sanitation 
Master Plan (NW&S MP) constitutes the roll-out mechanism for NWRS implementation and specifies, 
inter alia, priority budget items, scheduled up to 2030 and beyond, for the entire water sector [DWS, 
2018c].  Collectively, the NWRS and NW&S MP is the primary mechanism to manage water across all 
ǎŜŎǘƻǊǎ ǘƻǿŀǊŘǎ ŀŎƘƛŜǾƛƴƎ ǘƘŜ ƴŀǘƛƻƴŀƭ ƎƻǾŜǊƴƳŜƴǘΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻōƧŜŎǘƛǾŜǎ [NPC, 2012]. 

The Eutrophication Management Strategy for South Africa and the NWRS ς NW&S MP duo have a 
bi-directional relationship.  On the one hand, the Eutrophication Management Strategy for South Africa 
supports the NWRS - NW&S MP with greater resolution on eutrophication management, whereas, on the 
other hand, the NWRS - NW&S MP informs eutrophication management on the big-picture integrated 
water resource management priorities and perspective. 

4.3.2 National Development Plan (2030) and National Water Security Framework 

The National Development Plan (NDP), finalised in 2012, articulates the vision of development for the 
country and identifies key milestones and targets to be achieved in the various sectors.  It sets out a 
detailed blueprint for how the country can eliminate poverty and reduce inequality by the year 2030.  It 
was endorsed by Cabinet as a strategic framework to form the basis of future government detailed 
planning.  The NDP envisions a South Africa where everyone feels free yet bonded to others; where 
everyone embraces their full potential, a country where opportunity is determined not by birth, but by 
ability, education and hard work [DWS, 2018b]. 
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FIGURE 27: Important socio-economic water uses requiring water security 
[Nepfumbada & Seetal, 2020]. 

The NDP recognises the role of water in contributing to poverty eradication and social development.  The 
most relevant programmes and targets articulated by the NDP in this regard include to- 

u ensuring that people have access to clean potable water and that there is sufficient water for agriculture 
and industry, recognizing trade-offs in the use of water; 

u reducing water demand in urban areas to 15% below the business-as-usual scenario by 2030; 

u implementing a comprehensive management strategy, including an investment programme for water 
resource development, and bulk supply and wastewater management for major centres by 2012 with 
review every five years; 

u developing regional markets for food, energy and water and putting in place water management 
agreements with neighbouring countries; and 

u developing regional utilities to deliver some local government services on an agency basis where local 
or district municipalities lack capacity. 

Additionally, the National Water Security Framework (NWSF) for South Africa reflects the high-level 
principles, scope and recommendations, distilled from the NDP and the work of the National Planning 
Commission (NPC), tasked with reviewing and ensuring its implementation.  The NWSF endorses the UN 
Water definition of water security [UN Water, 2013], viz. άǘƘŜ ŎŀǇŀŎƛǘȅ ƻŦ ŀ ǇƻǇǳƭŀǘƛƻƴ ǘƻ ǎŀŦŜƎǳŀǊŘ 
sustainable access to adequate quantities of acceptable quality water for sustaining livelihoods, human 
well-being, and socio-economic development, for ensuring protection against water-borne pollution and 
water-ǊŜƭŀǘŜŘ ŘƛǎŀǎǘŜǊǎΣ ŀƴŘ ŦƻǊ ǇǊŜǎŜǊǾƛƴƎ ŜŎƻǎȅǎǘŜƳǎ ƛƴ ŀ ŎƭƛƳŀǘŜ ƻŦ ǇŜŀŎŜ ŀƴŘ ǇƻƭƛǘƛŎŀƭ ǎǘŀōƛƭƛǘȅέ.  The 
NWSF supports the view of Jepson, et al. (2017) that άΧ ǿŀǘŜǊ ǎŜŎǳǊƛǘȅ ƛǎ ƭŜǎǎ ŀōƻǳǘ ƻōǘŀƛƴƛƴƎ ǿŀǘŜǊΣ ŀƴŘ 
more about fostering human capabilities as they relate to water... It is not simply a state of adequate water 
ς however defined ς to be achieved, but rather a relationship that describes how individuals, households, 
and communities navigate and transform hydro-social relations to access the water that they need and in 
ways that support the sustained development of human capabilities and wellbeing in their full breadth and 
ǎŎƻǇŜέ.  This resonates with the ultimate vision, espoused by the NDP, of rising living standards, decreasing 
poverty and inequality, as well as restoring the dignity of the people of South Africa.  The NWSF seeks to 
ensure the water security of the nation, and considers all the water uses that are currently important, as 
depicted in FIGURE 27.  The NWSF endeavours to focus on national priorities, underpinned by a thriving 
economy [Nepfumbada & Seetal, 2020]. 

Increasing incidents of over-enrichment of water resources constitute a threat to all seven socio-economic 
water uses depicted in FIGURE 27, and hence also to a thriving South Africa economy, requiring the 
Eutrophication Management Strategy for South Africa to echo the sentiments of the NWSF: άǘƘŜǊŜ ƴƻǿ Ƙŀǎ 
ǘƻ ōŜ ŀ ŘŜƭƛōŜǊŀǘŜ ŀƴŘ ŎƻƴŎŜǊǘŜŘ ŜŦŦƻǊǘ ǘƻ ŜƴǎǳǊŜ ǿŀǘŜǊ ǎŜŎǳǊƛǘȅ ŦƻǊ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ 
socio-ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƴŜŜŘǎέ. 
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FIGURE 28: Relationship between the Integrated Water Quality Management (IWQM) Policy and Strategy for 
South Africa and the Eutrophication Management Strategy for South Africa. 

4.4 The Integrated Water Quality Management Policy and Strategy for 
South Africa (2017) 

As of 2017, the Integrated Water Quality Management (IWQM) Policy and Strategy constitutes the apex 
policy and strategy for water quality management in South Africa (FIGURE 28). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The IWQM Policy aims [DWS, 2017c, p. 4]- 

u to provide a coherent, consolidated, current and inclusive approach to water quality management; 

u to align water quality management policy with current legislation and overarching policy, and provide 
resolution on matters not adequately addressed in current policy; 

u to guide the further development of legislative and regulatory instruments; 

u to inform the water resource management function; 

u to address key operational aspects, such as adopting an integrated approach, broadening finance 
mechanisms, and improving knowledge and information in the execution of water quality management;  

u to provide guidance on sustainable water use, especially, in as far as it relates to water quality 
management; and finally 

u to provide the required framework for the development of related policies and strategies, e.g., for the 
development of the Eutrophication Management Strategy for South Africa, as a sub-strategy. 

Additionally, the IWQM Strategy considers and outlines the short, medium and long-term actions and 
interventions that need to be implemented to move the country forward towards achieving the IWQM 
Policy, and to ensure that the trajectory of declining water resource quality is arrested and turned around 
[DWS, 2017e, p. 3].  The IWQM Strategy identified eutrophication as a priority water quality issue, requiring 
intervention as a matter of urgency [DWS, 2017d, p. 9].  Various Strategic Objectives,21 in the IWQM 

 

21 The Strategic Objective (SO) unique identifier numbers, used in the Integrated Water Quality Management Strategy for 
South Africa (2017), are given in brackets for ease of reference. 
































































































































































































































































































































































































































































