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Main photo (taken on 16 May 2012)

Excessivavater hyacinth,andgreen andblue-green algaeollecting behind a floatingiomassretaining barrierwhich
extendsto a depth oft7 m belowsurface in the upstreamvicinity of the Hartbeespoort Damvall. The buoyed
barrier, visible furtheupstream is the safety barrier that limitecreational access too close to the dam wall.

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

The release of nutriedaden,green in coloualgaerich water from afull Hartbeespoort Darthrough sluices in the
dam wall.

Insert photo, bottom-middle (taken on 5 May 2011)

The emoval of excessiwwater hyacinth and debris from the Hartbeespoort Dam surface over one of the sluice gi

Insert photo, bottom-right (taken on 4 February 2013)
Excessive primary production in the vicinityssftate D'Afriquedownstreamof the Hartbeespoort Dam wall.
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The Department of Water and Sanitation (DWS) is proactively involved in
programmes and innovations thatcontinuously seekto improve the
well-beingof peopleand the environment; in partnership with the private
sector and civil society to secure water that is fit for use for®&dl.this end,
DWS has developed the Eutrophication Management Strategy for
Souh Africa (EMSSA) for effective management of eutrophication to protect
aguatic ecesystems and secure water resources that arédituse.

Increased incidents ofutrient enrichment of water resources constitute a

threat to all socieeconomic water uses.The EMSSA, therefore, seeks to

propose solutions for all the identified existing nutrient enrichment
challenges, gaps, and burning issteeachieve the Sustainable Development

Goals (SDGs) by 2030.K A & NBAY T2 NDOSa 3 2t08adfy Bonduch@ strédegy thiak (i Y Sy (i
ensures politicasupportand the introduction of a paradigm shift in dealing with eutrophicafiopacts

The EMSSA has identified key actions that need to be implementetiimaining and improving the
O2dzy 1 NBE Q& NB a2 dNiy Smongst ihS kel illediifidd adiighs is the need to addriss
excessiveenrichmentof water resources witmutrients (such as nitrogen and phosphorusjnanating
from land use activities fronmdustries, mining, agriculturend densesettlements(diffuse runoff) and
from the wastewatertreatment works. Secondly, ensuring fitheger-use of receiving water resources
through the implementation of adaptive, systerhased eutrophication managemeat catchment level
and adjustingsourcecontrol measures such as discharge standards thmggact on the trophic status of
receiving water resources.

Implementation of this sategy will require a collaborative effort from the sector partndseing
government and the private sect@s we work towards improved water resources managemerie
strategy ispart of a suite of tools required by the Integrated Water Quality Managensrategy (2017)
and the National Water Resource Strategy#gin a water quality revolution that will enabpartnersto
achievearadical transformation in the water and sanitation seategardingeutrophication management
and pollution prevention

Dr Sean(PhiIIips

DIRECTORBENERAL:
DEPARTMENT OF WATER AND SANITA’
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"Eutrophication"is a traditional ecologicalerm 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 @ndtel,

to that of a terrestrial systeng 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 lakeNaturally occurring eutrophication is not reversible and continfegs

the lifetime ofa waterbody, albeit at a slow rate. However, over the past £100 years, human influences
have greatly accelerated the rate of enrichment, thereby shortening tlesgddn of waterbodies. In
contrast to naturally occurring eutrophication, human induced eutrophicagso calledt I y i KNR LJ2 A Sy A
S dzii NP2 LJR,As @eveilisivl&; fliseit at a cost.This document; i.e., the ¢Eutrophication Management
Strategy forSouthAfricaé ¢ primarily deals with the management of anthropogenic eutrophication.

Thed i NP LLJK daBwateriresources provides a measure of eutrophication and refers to the degree of

nutrient enrichmentin surface water resources and the amount of plant grofathd LINR Y I NB )LINE RdzO
that can be sustained. Importantly, the trophic status of evatesources is affected by multiple abiotic,

biotic, physicechemical and biological factogsot just by nutrient concentrations. Though some success

has been achieved with the manipulation of abiotic, biotic and biological fa¢teostly as a reacte

measure to remediate eutrophic water resourgehie proactive control ofnutrient-loading constitutes

the primary means by which eutrophication is addressed worldwide; specifically, the control of excessive
phosphorus and nitrogetoading.

Anthropogenicnutrient enrichment is most evident in highly populated and developed areas where
industrial effluent, watetborne sewage systems, waeff from builtup areas, fossil fuel combustipn
atmospheric falout 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 ecologicabsifucture; recurrent droughts,

driven by climatic variation, and an unavoidable need for water resource development; inequities in
relation toaccess to safe sanitatiqagainst the backdrop of a growing populatjpwater use regulation

that is not conistently andor adequately protecting South ¥ NA OF Qa ¢ I ( SdéhenlBck 8fdzZNDSa T
skilled water scientists and engineers.

To date, eutrophication in South Africa has been dealt with under broad guidant®e overarching
Integrated Water Qualitflanagement (IWQM) Policy and Strategy for South Africa, 2A¥idpreceding
general policies for water quality management and pollution cojtr@lue to deteriorating water quality
trends observed in recent years, specifically worsening occurrencestafpbication, the need was
identified to develop the first dedicated policy and strategy to explicity and decisively address the
escalating effects of excessive nutrient enrichment observed in ntaya liJ2wiater resources and
catchments in the countryAs suchthe eutrophication management policy and strategy nqust

apply nationally(i.e., to the country as a whole);
address issues of anthropogenic nutrientloading (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. 6urface and/or groundwater
resources);
Impair theresourcelj dzF ft Aie@ 2F GKS O2dzyiNEQa ¢ §SNJ NB&az2dz2NOS
Give rise tavater quality andnuisance concerns (thus negatively affecting property value, impairing
fitnessfor-use and restricting potential utility);
Cause eutrophication of surface water resources, and eventually the marine environment;
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Risk ecologically sustainable dey@mhent; and
Ultimately, have undesirable social and economic consequences.

Eutrophication management in Souitirica subscribes to the IWQM Vision and Missian,

Vision: aD2@SNYYSy iz Ay LI NIGYSNBRKALI gAGK LINMh#lisiS &
fitfor-dzZAa ST F2NJ Ff £ F2NJ SGSNIWE

Mission: d ¢ 2 I R2 LJi kwidd ada@iivedind §/stdmbased management approach, in alliance
with the private sector and civil society, which will improve resource water quality, prevent
pollution and ecological degradation, support ecologically sustainablemamic and social
RSOSt2LIVSyld IyR tt2¢ Iy AYF2N¥VSR dzaS 2F (KS vy
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 infdtlewing goal for eutrophication
management in SouthAfrica:

(0p))
O«

Goal: da¢2 YIyYylF3S SdziNRPBLKAOFGAZ2Y STFSOUAGStE Ay 2NRS|
water resources that are fifor-dza S @ ¢

A collage of different objectives offers further contéatthe Goal. This collage of different objectives can
be grouped into twai f | SoSokjBictives and associated policy statements, pertaining to eutrophication
management. For practicality purposes, distinction is made betweein TaA NA (icondisting & NE
ChiefObjectives, and at & dzLJLJ2 NJi Boyisisting of E@nglEmentingbjectives for eutrophication
management. Collectively, these two distidct | SoSoljictves for eutrophication management must
strive to contribute towards realising the IWQMsion and mission and the national eutrophication
management goal. These objectives are listed below:

TheChief Objectives for eutrophication managemeate tog

limit anthropogenimutrient-loadingof water resources;

reduce excessive primary productionsurface water resources;

protect aquatic ecosystems and their biological diversity;

secure water resources that are-fibr-use on a continuous basis; and

support ecolaically sustainable development and justifiable saxgonomic growth.

TheComplementing Objectivefor eutrophication managementre tog

resource eutrophication managemeripter alia by securing funding, providing human capital and
equipping responsible parties;

promote research in relation to management of eutrophication aodtrol of anthropogenic sources
of nutrient enrichment;

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

promote transparency through stakeholder consultation, eutrophicatielated communication and
awareness creation; and

facilitate capacity building and empowerment of rqliayers.

Fourteen technical and five supporting policy statements, which are regarded as most pertinent to
eutrophication management in South Africa, were identified and developed.eTiwiEy statements (see
thed wh ! 5 abelaw§ define ground rules, delineate intent, and specify desired outcomes with respect
to the management of eutrophication.

Additionally, the strategyfor management of eutrophicatioimaps out overarching approaches for
implementation that are aimed at realising all the strategic imperatives for eutrophication management.
This strategyinter alia, specifesauthority ( ), prescribs approach and actioni( ),
andpoints to spatial ( Nenditemporal )\scales of implementation.
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EUTROPHICATION MANAGEMENT POLICY EUTROPHICATION MANAGEMENT STRATEGY
CORE STRATEGIES
1 | Application of management instruments for environmental © Source Directed | @ Resource Directed |© Remediation Directed
POLICYSTATEMENT 2 | compliance in eutrophication management it Manag 1t

poLicysTATEMENT 2 | The mitigation hierarchy for decision-making on eutrophication

The differentiated approach for the control of excessive OPERATIONAL STRATEGIES
POLICY STATEMENT 3 nutrient-loading PP

O Assessment
poucy sTaTement4 | The application of the precautionary principle «0 ®
@ -
5 The Receiving Water Qualit\‘: Objectives Approach applied to ] ; fovardiplanning
AT ENTY eutrophication managemen o= © Goal setting
6 | Alife cycle view on nutrient-loadin,
FOLCY STATEMENT o s ¥ O Intervention planning
7 | Incentive based regulation -
POLICY STATEMENT 8 - © Best management practice
. i
POLICYSTATEMENTS | Nature-based solutions © O @ Water use authorisation & conditional regulation
pouicy sTatement 9 | The application of the Best Practicable Environmental Option ' © Incentive-based regulation
isti icati International & trans-boundary resource quality status & trend
pouicy statement 10 | Holistic eutrophication management o o mnnitoringrg’nd repurtiﬁg Y
pouicy starement 11 | Eutrophication management responsibility and accountability EE e Domes}'ljccaeifg:.li:‘cgeaqnl.lljap;\‘;gﬁﬁtnugs Srend
©
pouicystarement 12 | Monitoring = © Management performance monitoring and reporting
poucysrarevent 13 | Information management E 2 @ Data acquisition and information management
Water resource assessment and planning to inform @ Retroactive action
POLICY STATEMENT 14 decision-making P e E R
]
Policy statements in support of the COMPLEMENTING OBJECTIVES = Bleniorcemant
for eutrophication management in South Africa G © Management review

poLicy sTATEMENT 15 | Resourcing of eutrophication management

SUPPORTING STRATEGIES

© Research &
technology

poLicY STATEMENT 16 | Promotion of eutrophication-related research

O Technical capacity

17
POLICY STATEMENT Transparency building to give

© collaboration &

" development to
roucy statement 18 | Technical capacity to take eutrophication management action et:;‘g:;?csat?on address :\:;iacgi::t\%:
eutrophication-related
o - — management pchallen -
POLICY STATEMENT Cooperative eutrophication management €

The strategy is further structured into three types of interrelated and mutually supporting stratigies
eutrophication managemer{see thed wh ! 5 aabowed; these being

core strategies;
operational strategies; and
supporting strategies.

The core strategies focus ond (i K NB S or Tha@&elisé of eutrophication management, namely
SourceDirected, Resource Directed and Remediation Diredadagement They alsdighlight linkages
amongthe three types ofstrategies.

The focus of theperationalstrategiesis on operational management of eutrophicati@nd, thusprovide
strategic guidance on multiple operational aspects of eutrophicatiamagement These strategies are
included by packaging them into an internationally accepted framework, known as the
éPlan-Do-CheckAO (i ¢ -DENLytle.

Thesupporting strategiesfocus on strategic measures that support eutrophication managem&hese
strategieswere developedor technical capacity building to give impetus to eutrophication management
research and technology development to address eutrophicatadated challengesandcollaboration and
management participation

The outlines of all thse strategiegand their componentsoverlap and necessitate an integrated and
comprehensive approach towards addressing anthropogenic eutrophication effectively in South Africa.
Importantly, the implementation of measures to manage eutrophication neethke 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 carefulawtl of (and monitoring and
evaluation again3tone or more implementation plans that muspecifythe following:actions necessary
resources (including budget, human capital and equipment, as may be regyisettlan implementation
time schedule
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Currently DWS, previously the Department of Water Affairs and Forestr

Department of Water Saditation

Environmental Impact Assessment
Existing Lawful water Use
Environmental Management Framework
Environmental Management Inspector
Environmental Management Framework

Environmental Managememgramme Report for mining

Earth Observation National Eutrophication Management Programme

United States Environmental Protection Agency

Employee Performance Management and Development System

Environmental Ri&sfsessment
Ecological Water Requirement
Energy and Water Sector Education and Training Authority

Freshwater Ecosystem Priority Area

Framework Programme for Education and Training in Water

Generaluthorisation

Gross Domestic Product

Green Drop System

Global Environmental Monitoring System
Global Freshwater Quality Database
Government Gazette

Global Partnership for Good Agrideitactidce
Government Notice

Gross National Product

Higher Education and Training Management Information System

Integrated Development Plan
Index for Habitat Integrity method
Integrated Regulatofprmation System

International Organisation for Standardisation
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IUCMA
IUA
IWQM
IWRM

LCA
LGSETA
LIMCOM

MDG
MERIS
MISA

NAEHMP
NDMC

NDP

NEM
NEMA107:1998)

NEM ICMA (24:20C
NEM WA (59:2008)

NEMP
NEsMP
NFEPA

NGO

NIWIS

NIWR

NLO

NPC

NPDF

NPS

NQF

NRF

NTU

NWE&S MP
NWA (36:1998)
NWMP
NWQMF
NWRS

NWSF

o&M

InkomadUsuthu Catchment Management Agency
Integrated Units of Analysis
Integrated Water Quality Management

Integrated Water ResoMaaagement

Life Cycle Assessment
Local Government Sector Education and Training Authority

Limpopo Watercourse Commission

Millennium Development Goal
Medium Resolution Imaging Spectrometer

Municipal Infrastructure Support Agent

National Aquatic Ecosystem Health Monitoring Programme
National Disaster Management Centre

National Development Plan, 2030

National Environmental Management

National Environmental Management Act, 1998 (Act No. 107 of 1998),
NEM: Integrated Coastal Management Act, 2008 (Act No. 24 of 2008),
NEM: Waste Act, 2008 (Act No. 59 of 206&)ndsch

National Eutrophication Management Programme

National Estuaries Monitoring Programme

National Freshwater Ecosystem Priority Areas
NonGovernmental Organisation

National Integrated Whitfarmation System

National Institute of Water Research

Nutrient Load Objective

National Planning Commission

National Policy Development Framework

NonPoint Source

National Qualifications Framework

National Research Foundation

Nephelometric Turbidity Unit

National Water and Sanitation Master Plan

National Water Act, 1998 (Act No. 36 of 1998), as amended
National Wetland Monitoring Programme

National Water Quality Management Forum

National Water Resource Strategy

National Water Security Framework

Operation and Maintenance
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OECD
Opex
ORASECOM

PICC
PMC
PSC

R&D
RDI
RDM
RDP
REMP
RHP
RNA
RQIS
RQO
RSA
RU
RWQO

S.

SABS
SADC
SALGA
SANBI
SANParks
SAPS
SAQA
SARS
SAWQG
SDBIP
SDC
SDG
SEA
SEIAS
SEMA
SETA
SIA
SMART

Organisation for Economic Cooperation and Development
Operationakpenditure
Orange Senqu River Commission

Presidential Infrastructure Coordinating Commission
Project Management Committee

Project Steering Committee

Research and Development
Researctlpevelopment and Innovation
(statutory) Resource Directed Measure
Reconstruction and Development
River Ecstatus Monitoring Programme
River Health Programme

Ribonucleic acid

Resource Qualibformation Services
Resource Quality Objective

Republic of South Africa

Resource Unit

Resource Water Quality Objective

Section

South African Bureau of Standards

Southern African Develop@emmunity

South African Local Government Association
South African National Biodiversity Institute

South African National Parks

South African Police Service

South African Qualifications Authority

South African Revenue Service

South African Water Quality Guideline

Service Delivery Budget and Implementation Plans
Source Directed Control

Sustainable Development Goal

Strategic Environmental Assessment
SocieEconomic Impact Assessment System
Specific Environmental Management Act

Sector Education and Training Authorities

Social Impact Assessment

Specific, Measurable, Agupeah, Realistic and Foased
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SO

spp.
SRP
SSC

TDS
THM
TIA
TIN
TKN
TMDL
N
TNS
TON
TON
TP
TPTC
TSI
TSP
TTT

UN
UNCED
UNEP
UNESCO
URL

V&V
VIP

W

WA (54:1956)
WAR
WARMS
WDCS
WDS
WLO
WMA
WMS
WQPL
WRCS

Strategic Objective, as per the IWQM Strategy for South Africa (2017)
Botanical shorthand for multiple species
Soluble Reactive Phosphorus

Strategy Steering Committee

Total Dissolved Solids
Trihalomethane

Technology Innovation Agency
Total Inorganic Nitrogen

Total Kjeldahl Nitrogen

Total Maximum Daily Load

Total Nitrogen

The Natural Step, as in TNS funnel
Threshold Odour Number

Total Organic Nitrogen

Total Phosphorus

Tripartite Permanent Technical Committee
Trophic State Index

Trophic Status Project

Technical Task Team

United Nations

United Nations Conferendenmironment and Development (1992)
United Nations Environment Programme

United Nations Educational, Scientific and Cultural Organization

Uniform Resource Locator, colloquially termed an internet web address

Validation and Verification of water use

Ventilated improved pit latrine

Weight

Water Act, 1956 (Act No. 54 of, E85&nended

Water Allocation Reform

Water use Authorisation and Regid#tatiagement System
Waste Discharge Charge System

Waste Discharge Standard

Waste Load Obijective

Water Management Area

Water Management System

Water Quality Planning Limit

Water Resourc€fassification 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 Sustairiaelelopment (2002)

WTWs Water Treatment Works

WwTWs Wastewater Treatment Works
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B boron Is released through volcanic activitys amesenin the
lithosphere, rivers, lakes and ackeath® environment, bo
combines with oxygen and other elements in compou
borates.

Boron sengthens plant cell watls dnly required small
amounts, with excess being toxic.

C carbon Commonly fouind the following major sinks: (1) As o
molecules in living and dead organisms in the biosphe
the gas carbon dioxiden the atmosphere; (3) As or¢
matter in soils; (4) In the lithosphere as fossil fu
sedimentary rock deppsii€h as limestone, dolomite
chalk; and (5) In the oceans as dissolved atmosphel
dioxide and as calcium carbonate shells in marine orc

Both eementadnd compounded carbon exists:

(1) Elementalrb@an exists in several foengsdianonds anc
graphiteand (2) Compoundadbondrms the backbone
most biomolecules, including proteins, starches and
Carbon is fixed through photosynthesis, whereby carb
from the air is converted into carbohydrates which ar
store and transport energy withia plant

Ca calcium Present in the lithosphere, rivers, lakes andlbtetmesfiftl
mostabundantlement in the lithosphdtedbes not occt
uncombined in natared minerals, suahlimestone (calcit
carbonate)dolomite (calcium magnesium carbcsnade
gypsum (calcium sulphate) formed

Calciumegulates the transport of other nutrients into tl
is involved in the activation of certain plant enzyme
involvedh photosynthesis and plant structure.

CHANFO urea Playsa key rolén the metabolism of nitragemaining
compounds by animals and is the main -cibrdgarng
substance in the urine of mammals.

Cl chlorine Presenin the lithosphere, rivers, lakes and .otaahighly
reactive andoes not occwncombined in naturelhe
negatively charged ionic form of chlorine is chjoritleel
only way it can be found in nature is gdmehiitewith othe|
elementcreate compounds.

As compounded chloride, it is necessary for osmosis
balaging and also plays a role in photosyntltesignly
required in small amounts.

Ca carbon dioxide A colourless gas produced by aerobic organisms ani
autotrophs during photosynthesis.
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Co cobalt Presenin the lithosphenévers, lakes and oceans. Sol
range from trace amounts to geological dbpbsite be
mined It ces not occur uncombined in nature and
associaswith other transition metals.

Cobalt isdmeficial to sorpkants; and is essential for nitr
fixation by the nitrodiging bacteria associated with leg
and other plants$.slonly required in small amounts.

Cu copper Present in the lithosphere, rivers, lakes and oceans.
range frortrace amounts to geological defuatitsan be
mined Elementalopper metal ocsuraturallythoughthe
greatest souras copper, by far, occuramaseralse.g.,
chalcopyrite and bornite.

Coppeisiimportant for photosynthesis; emwoliged in mar
enzyme processess bnly required in small amounts.

Fe iron Present in the lithosphere, rivers, lakes and ticsamns.
fourth mostbundarglement in the lithosph&eurces rang
from trace amountgy@mlogical depoditat can be mine
Iron is reactive anoked not occur uncombined in ndtul
watey iron is mainly presentwo forms: either the sol
ferrous iroffF&*) or the insoluble ferric {Fer).

Iron $ essential for chloropyithesis; and is present a
enzyme cfactor in plants.

H hydrogen It is the tenth most abundant element in the lithosphe
most abundant element in the uniyeesent all around
Very little hydrogen is found in elemental form di
reactivity. Most of the terrestrial hydrogen is locked u
molecules and organic compounds like hydrocarbons

Hydrogensinecessary for the building of sugars;
imperative for tipeoton gradient to help drive the el
transport chain in photosynthesis and for respiration.

HS hydrogen slide A colourless, toxic, corrosive, and flammable gas
characteristic foul rotten egg odour that is produced
microbial bakdown of organic matter in the absence of

HS hydrogen diglide = Decomposes readily 46 &hd elementalsuir.

K potassium Present in the lithosphere, rivers, lakes and dcisatie
seventimostabundanelementn the lithosphere. Sourc
range from trace amounts to geological deposits th:
mined. It does not occur uncombined in nature and
inter aligextensively as potash (KOH).

Potassiumals many roles in plants, including being inv
carbohy@ite and protein synthesis; the regulation of
plant moisture; acting as a catalyst and condensing
complex substances; acting as an accelerator of enzy
and contributing to photosynthesis.
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Mg

Mo

NH

NH*

NG

NG

magnesium

manganese

molybdenum

nitrogen

free ammonia

ammonium

nitrite

nitrate

oxygen

phosphorus

Present ithelithosphere, rivers, lakes and oceans. |
eighth moabundarglemernin the lithospher8ources ranc
from trace amounts to geological depodidss tiot occt
uncombinead naturandcombines with other elemefdsnc
mirerals, such as dolomite (calcium magnesium carbc

Magnesiums i necessary for chlorophyll synthesis
photosynthesis; and is involved in many enzyme proc

Present irair, the lithosphere, rivers, lakes and oc
Sources rangeom trace amounts to geological dépats
can be minedt does not occur uncombined in nature.

Manganess necessary for photosynthesis only require
in small amounts.

Present in the lithosphere, rivers, lakeseams$. Source
range from trace amounts to geological dbpbsite be
mined It cbes not occur uncombined in nature.

Molybdenurs acofactorto enzymesmportant in buildi
amino acids; and is involved in nitrogen metdibslmmy
required in small amounts.

Il s the most abundant el «
constitutes78% of the air around us. present in bo
elemental.e. diatomic nitrogen gag {ldndincompounde
-e.g.free ammon{dH), ammonium (MK nitrite (N and
nitratg§NQ) - forns.

Nitrogen lays an important role in plant biochemisi
physiologgnd$ required ielativellarge amountsomparec
to micronutrients.

This w-ionizedorm ohmmonia is a colourless,-anralling
toxic gas at ambient temperature and pressumenia il
watercomprisesitherfreeunrionized ammor(isiH) andor
ammonium isiNH").

Thisanizedorm ohmmonia isoritoxic and occurs as salt
water. Ammonia in wateomprise®itherfree unionized
ammoni@\H) andbér ammonium fo¢NH").

A pervasive intermediate in the nitrogen cycle in natul

Salts containing this ion are called nitrates.

Is the Earth's most abundant element and constitutes
the Earthlghospheri@ the form of oxidésthe second mc
abundant el ement ,adfter nittopend
diatomic oxygen gas)@nstitutes +21% of the air anosr

Oxygenis produced during photosynthesisisaratjuired
during aerobic cellular respiration to metabolise gluco

Present in the lithosphere, rivers, lakes and dcéeaitse
eleventh most abundant element lithtisphere. Sourc
range from trace amounts to geological deposits th:
mined. It igdhly reactive addes not occur uncombine

Edition 2

Pagexxxii Februan202:



Eutrophication Management Strategptarth Africa

Project Report Nd2

List of Chemical Symb

PO

Se

Si

SiQ

SQ>

orthophosphate

sulphur

selenium

silicon

silicordioxide

sulphate

nature An important source of phosphorus is phosphi
which contains compounded apatite minerals.

Phosporuss vital to plant growth and is found in evel
plant cell. It is involved in several key plant functions
energy transfer, photosynthesis, transformation of st
starches, nutrient movement within the plant and tr
geretic characteristics from one generation to the e
required irelativellarge amountoompared to micronutrie

The form of phosphorus (P) thattéssolublebicavailable
and that promotes primary production.

Important component in &RNA andNA. It s required il
relatively large amounts compared to micronutrients.

Present in the lithosphere, particularly in the vidratyosf:
and hot springs, in rivers, lakes and o&aunses rang
from trace amounts to geological deposits that can t
Though sometimes founth@ombingdrm, sphur on Eartt
usually occurs allphideand sulphate(SQ?) minerals
Sulphide is an inorganic anion of sulphur with chemic
Sz

Sulphursi a structural component of some amino ac
vitamins; plays a role in photosynthesis; and is neec
fixation by legumes, and the conversion of niaatena
acids and then into protein.

Present in trace amounts in the lithosphere, rivers, |
oceansln nature, selenium is rarely found in its eleme|
and predominantly occurs in mineral form.

Seleniumsi beneficial to flowering plants; stimulate:
growth in some plants; improve tolerance of oxidati
and increase resistance toogatts. Selenium, howeve
essential to animals and humarss.only required in sn
amounts.

Present in the lithosphere, rivers, lakes and oceans.
second mosbundarglement in the lithosphétebes not
occur uncombinéd nature and is usually found in s
mineral$ i.e.,the family of anions consisting of silico
oxygen, such as silica{SiO

Silicon gengthens cell walls; and improves plant s

health, and productivithe frustules of diatoms contair
concentrations of silica.

Also known as silica, silicic acid or silicic acid anhyd
oxide of silicamasilicate

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

Occuswidely in everyday |Agolyatomic io&ulphatesra
salts of sphuric acid @3Q).
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Va vanadium Present in the lithosphere, rivers, lakes and 8oemoss
range from trace amounts to geological deposits,
associated with other meftals) whereig usually mined
a byproductrather than thprimary mineralln nature
vanadium is rarely found in its elemental form and prec
occurs in mineral form.

Vanadium ay be required by some plants, but at ve
concentrations. It may also be substituting for molybc

Zn zinc Present ithelithosphereSmall tracesanalsobe present i
the airrivers, lakeandocean. Sources range from tri
amounts to geological deposits that can be mined. i
occur uncombined in nature and is found in mineral fc
Zinc prticipates in chlorophyll synthesis, and the acti
many enzymed.slonlyequired in small amounts.
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Glossary of Terms and Explanat

Selectedkey concepts and terminology, in support of tHeutrophication Management Strategy for
SouthAfrica are explainechere. The interpretations provide@pply throughout the documentin the
main documentext, where thesekey concepts and terminologyeusedfor the first time in each parta
[red referencenumberin square bracketshag heenaddedin superscripimmediately afterthe particularterms. The
red reference numbertherelink backto the correspondingiumberedalphabetically listed terms and their
explanations provided in th&lossary of Termand Explanationbelow:

(1]

Abioseston:(or & gptoné): Is the noHdiving
particulate matter in waterbodies and
includes detritus or bits of mineral matter or
humus or organic remains.

Aerobic:Presence of free oxygene.,0,(g). (8]

Allocatable Water Quality:The maximum
worsening change in any water quality
attribute away from its present value that
maintains it within a predetermined range
reflecting the desired future statetypicaly
defined bythe Resource Quality Objectivef
the present value is already at or outside the

pre-determined range, this indicates that [l

none is allocatable, and thatl) reduced
pollution loads relatingto the affected
attribute(s) and/or (2) remediation ofwater
resources, may be necessary.

Anaerobic:Without free oxygeni.e., 0x(g),
which occurs when the uptake or
disappearance of oxygen is greater than its
production by photosynthesis or diffusion by
physical transport from the surrounatj
environment. Oxygen is generally consumed
by microbial respirationbecause of the
availability of organic material.

Anoxic:Without molecularoxygen.

Anthropogenic: Positive or
impacts of human activities on
environment

negative

Aguatic ecosyster(s). Complex of biotic

and abiotic componentassociated witlwater

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,

the 10

dissolved oxyen, and nutrients. Both living
and nonliving components of the aquatic
ecosystem interact and influence the
properties and status of each component.

Assimilative capacity: Refers to the
capacity of water resources to assimilate
discharged or disposed w& through
processes, such as dilution, dispersion, and
chemical and biological degradation, without
water quality changing to the extent that
fitnessfor-use or ecosystem health is
impaired.

Atmosphere:ls the layer or set of layers of
gases surroundinghe Earth that is held in
LX I OS o0& (GKS 9FNIKQa
nitrogen (x78%), oxygen (x21%), argon
(x0.9%), carbon dioxide (+0.03%) and other
gases in trace amounts. Oxygen is used by
most organisms for respiration; nitrogen is
fixed by bactea 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 damaly solar
ultraviolet radiation, solar wind and cosmic
rays.

Autotroph: (or & LINA Y I NEB ) iJN® R dzOS NE

organism thatcan produce complex organic
compounds fromsimplecarbonsourcessuch

as carbon dioxide Autotrophsconvert 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 fooahain, in
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[11]

[12]

[13]

contrast to heterotrophs as consumers of 177 Bioprospecting: (or dBiological diversity

autotrophs or other heterotrophs
Basin:iSeea / I G OKYSy ¢

Benthic zone: Is the ecological zone
association with the stream, river or lake

bottom, including the sediment surface and
some subsurface layers.

Benthos:ls the community of organisms that

live in, on, or in close association witthe [18]

stream, river orlake bottom, #so known as
the benthic zone. The main food sources for
benthic organismsare algae and organic
washoff from land. Benthos can be

prospecting) 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 usater
alia in agriculture, aguaculture,
bioremediation, cosmets, nanotechnology,
or pharmaceuticals.

Bioseston:Is the living particulate matter
suspended in waterbodies, and is often
regarded as plankton, although it includes
nekton as well.

ng Blue-greens: (or ¢ . IS Sy ; lof A S¢

categorised according & G. tXMEB Sy 9.1SEeh BBRA Y 2 0.1 Ol SNA I

[14]

[18]

[16]

Sze, i.e.,, macrobenthos(comprising the

larger, visible to the naked eye, benthic [20]

organisms geater than L mm in size;
meiobenthos (comprising tiny benthic
organisms that are less thanl#nm but
greater than 0.1mm in size) or
microbenthos  (comprising benthic
organisms that are less thanGtLmm in
size).

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

Location, i.e., hyperbenthos (living just
above the sediment)epibenthog(living on

top of the sediment); oendobenthogliving (22]

buried in the sediment, often in the

oxygenated top laygr

Best Practicable Environmental Option:
The option that provides the mostenefit or
causes the least damage to teavironment,
at a costacceptable to society, in théong
term, as well as in thehort term

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.

Bio-physicachemial: Relating to
biological, physical and chemical propertigs
biophysical and biochemicpfoperties

[21]

Carcinogenis any substance, radionuclide,
or radiation that promotes carcinogenesis,
i.e.,the formation of cancer.

Catchment: A catchment, in relation to a
watercourse or watercourses or part of a
watercourse, is defined as the geogragdi
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 pointsThs land
area from which a river or reservoir is fésl
also known as a drainagesgion, basin or
watershed.

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 bodes 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 oxygenn those layers.

Chlorophylt Is a pigment found in plants and
some microorganismse(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
chlorophylth =
colour of most plants and algadut differ in
accessory pigments lilkehlorophylb .
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[24]

[25]

[26]

[27]

[28]

[29]

Civil society instrument(s): Play an
important role in bringing emerging water
quality issues to the attention of policy
makers, raising public awareness, promoting
innovatve ideas and approaches, and
promoting transparency as well as nron
corrupt activities in water management
decisiormakingand governance

Cline: In water science,a cline is a
comparatively thin, typically horizontdayer
within a large waterbodyn which a property
of the water varies greatly over a relatively
short vertical distance. Such clines, and the
respectively varying properties, include:

Chemocling; chemistry

Haloclineg salinity;

Pycnocline; density, and

Thermocline; temperature

Command and antrol: Is the application
of direct regulatory approacheswhich has
traditionally been the dominant method of
pollution control and later also of water
qguality management. This approach affords
legal authority and direction to responsible
authorities overland and water users for the
accomplishment of the integrated water
quality mangement Vision, Mission and
eutrophication managemen@oal, which are
all rooted inthe Bill of Rightsmostnotably the
rights to an environment that is not harmful
as well as the availability ebifficient water for
potableuse

Compliance monitoring: Monitoring to

measure, assess and report, on a regular basis, 33l

the degree to which individual water users are
complying with the conditions defined in their
water use authorisationse(g.,in licences).

Compounds). In chemistry, compoundsa
chemical substance composed of many
identicalmolecules composed of atoms from
more than one element held together by
chemical bonds e.g., HO (water) and
GioH22011 (sugar) A molecule consisting of
atoms of only one elementherefore, isnot a
compound

Conservative pollutants): (or

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 ofveaterbodyin
the direction of motion, so that amoust
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.

CostBenefitAnalysis: Is a systematic
decision support preess, used to measure the
benefits of a decision or taking action minus
the costs associated with taking that action. A
CostBenefit Analysis involves measurable
financial metrics such as revenue earned or
costs savedas a result of the decision to
pursLe a project.

Cyanobacteria (or éBlue-green algaé; or
oBlue-green bacterid) Is a major group of
photosynthetic bacteria that are singtelled,
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 canproliferate
excessively and may producastes, odours
and carcinogenic toxins under these noxious
bloom conditions.

Deoxygenation: is a chemical reaction
involving the removal of oxygen atoms from a
molecule.

Destratification:See¢ Ly S NR A 2 y £

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
organismsand/or faecal material. Detritus
typically hosts communities of
microorganisms that colonize and decompose
(i.e.,re-mineralise) it.

Diatom(s): Are photosynthetic eukaryotic
micro-algae that occur in inland waters,
oceans and soilsln water resources,idtoms

éConservativeconstituents; ord / 2 y & S NI | (can@&ur as phytoplankton, living in the water

R S G S NI WAYel pglliitanes whichare not

column or as phytobenthos, living ithe
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benthic zone. They are unicellular species governancechoices made, or to be made in
which exist individually, or in chains am the future.

groups. Depending on the species, their sizes . L
can range from a few micromsits & 6 > Y 0“2 PYY Qf care:A legal obligation thatan be
considered as a formalisation of the implicit

few hundred micrometres. Living diatoms R }
g responsibilities (social contract) held by

make upa sizeable portionof the Earths o I, .
biomass andannuallygenerate 420 - 50% of individuals towards others within society. For
the oxygen produced on the planet and instance, Sections 28 of the National
annuallytake in over 6.7 billion metric tons of Environmental ManagementAct,_ 1998 (Act
silica from the waters in wich they live. No.107of 1998)and 19 of the MitionalWater
Act, 1998 (Act No. 36 0f1998) places an

Diatoms are used as indicator organism to T FgEs .
monitor past and present aquatic health absolute duty of care om S,QS NE IISNR 2 VY E
connection witha LJ2 £ €. dzU0 A 2 Yy €

conditions andare commonly used imvater
quality studies 43 Ecological resiliences the capacity of an

ecosystem to respond to a disturbance by

6] Diazotroph(3: Are bacteria and archaea Y o
resisting damage and recoveriggickly.

that fix atmospheric nitrogen gas into a more
usable form, such as ammonia. A diazotroph [44] Eco|0gica| water requirement'Are the

is @ microorganism thatan grow without quantity and quality of water required to
external surces of fixed nitrogen. protect aquatic ecosystems in order to secure
7 Differentiated Approach Acknowledges ecologically sustainable development and use
that catchments differ fundamentaHly of the relevant water resource.
in an ecological sense; s Economidnstrument(s):Aim to bridge the
in the way they are used; and g between private and social costs by
in the extent of such use internalising all external costs, both depletion
costs UserPays Principleand pollution costs
the Differentiated Approaclstrives to ensure (PolluterPays  Principle Economic
that  catchmentspecific  coditions  are instruments offer an alternative to the
consideredn all management decisions. traditional G02 Y Yangd2 vy (i N2t ¢
s Diffuse pollution: (or & b 2pgint source instrumentsused in direct regulation.
L32 f t Yzipdlldtight that originates from .o Ecosystem: An interactive system that
washoff over a relatively large area. Diffuse includes the organisms of a natural
pollution sources can be divided into source community, associated together with their
activities related to eithetand or water use, abiotic physical, chemical, and geochemical
including failing septic tanks, agricultural and environment.
improper animakeeping practices, and urban )
and rural runoff. [47] EcosystemserV|CeS: Are the many and

varied benefits to humans provided by the

s91 Dissolved oxygenis e amount of oxygen natural environment and from healthy

dissolved in wateand providesa measure of ecosystems. Ecosystem services are
the amount of oxygen available for commonly divided into the following four
biochemical activity in avaterbody. Itis an categories:

indicator of the quality of that water. Supporting  services (e.g. primary

4o Drainage regionSeeda / | 4 OKY Sy i ¢ production and nutrient cycling);
Provisioning services(e.g., water, food,
drugs and genetic resources)

Regulating service¢e.g.,flood attenuation,
herbivory, pest control and pollination)
and

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

411 DPSIRFramework: The DriveiPressure
StatelmpactResponse (DPSIRframework
providesa structure within which to present
the indicators needed to enable feedback to
policy makers on environmental quality and
the resulting impact of the politicalnd
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[48]

[49]

[50]

[51]

[52]

Effluent: Municipal sewage or industrial
wastewater (untreated, partially treated, or
fully treated) that flows out of avastewater
treatment works septic system, pipe, etc.

Elemen(s). In chemistry,an element isa
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 (54

property of achemicaklement ands referred
to as its atomic number. Most chemical
elements occucompounded, ofin combined
form, in nature.

Enforcement: The actions taken by
government to achieve full implemeritan of
environmental requirements (compliance)
within the regulated community, and to
correct or halt situations or activitieshat
endanger the environment goublic health.

Environment:NEMA (107:1998) defines the [55]

environment aghe surroundings withimvhich
humans exist and that are made up of

the land, water and atmosphere of the
Earth

micro-orgarisms, and plant and animal life;
any part or combination of the
aforementionedand the interrelationships
among and between thepand

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

Environmental Impact Assessment a

systematic decision suppofprocess, aimed
at-
identifying, predicting and evaluating the
ecological, social and economic impagbf
development activities;

providing information on the

environmental consequences for decision
making; and

promoting environmentally sound and
sustaindle development through the

identification of appropriate alternatives
and mitigation measures.

[57]

53 Environmental offsetting:ls the process

of establishing and quantifying the negative
effects on the environmenthat result from
(an) activity(ies), which reman after every
effort has been made to avoid and prevent,
minimise and then remediatéhese impacts
The process thencounterbalanes these
remaining impacts through interventions
whichavoid prevent, minimise and remediate
impacts or impacted areas elshere in order

to achieve a net environmental gain.

Environmental Risk Assessmertverall
process te

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

analysethe probability and extent othe
risks associated with thse hazarg (risk
analysis); and

determine appropriate ways tmitigatethe
hazards orcontrol the risls when such
hazard cannot be eliminated (risk control).

Epilimnion (or cQurface layeg) Is he top-
most water layer in a thermally stratified
waterbody, above the thermocline The
epilimnion isgenerallywarmer, more prone to
mixing due to wind actiomnd typically has a
higher pH and higher dissolved oxygen
concentration than the deeper hypolimon.
Because the epilimnion receives the most
sunlight it contains the most phytoplankton.
As they grow and reproduce the
phytoplankton absorts nutrients from the
water. When they digthey sink into the
hypolimnion resulting in the epilimnion
becomirg depleted of nutrients.

Euphotic Zone:(or 6t K2GA O orl 2y Sé

6Hzy f A 3 K is the Bpyedndost layer of a
waterbody that receives sunlight, allowing
phytoplankton to perform photosynthesis. It
undergoes a series of physical, chemical, and
biological proesses that supply nutrients in
the epilimnion. The photic zone is home to
most of theaquatic life due to its location.

Eutrophic:ls astate of an aquatic ecosystem
rich inminerals anchutrients, very productive
in terms of aquatic plant life and exhilvit
increasing signs of water quality problems.
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[58]

[59]

[60]

[61]

[62]

[63]

Eutrophication  (from  the  Greek
& S dzii NBEnkeakiggdwéll-nourished) Is the
process ofover-enrichment of waterbodies
with minerals and nutrientswhich (at the
right temperatures, substrate availability, flow
velocity and light penetration)increasingly
induce primary production e.g., algd and
macrophyte growth. Eutrophication can be
regarded as either a natural aging process in
waterbodies oran aging process thatan be
accelerated by anthropogenictivities

Existing Lawful water UseMeans the
lawful use of water authorised by, or under
any law, and which took place at any time
during the period from Dctoberl996 to
30 Septemberl998,i.e.,the two years before
the National Water Act, 1998 (Act No. 36 of
1998) came into effect.

If awater user discontinued a water use, or
took steps to implement a water use, but did
not begin the water use before
30Septemberl998, the water use can be
declared an existing lawfubater use under
the Act of 1998

Certain stream flow reduction activiseand
controlled activities also fall under the
requirements of existing lawfuVvater use.

Facultative anaerobic bacteriaBacteria
that can produceATP by aerobic respiration, if
oxygen is present, butcan switch to
fermentation, if oxygen is absent.

Flagellate(s): Are cells or organisms
possessing one or more whifke appendages
called flagella.

Freshwater: Water that contains minimal
guantities of dissolved salts (not sea water or
brackish water). It originates from
precipitation of atmospheric watewvapour or
melting snow, reaching inlangdurface and
groundwaterresources

Frustule:lsthe hard and porous cell wall or
external layer of diatoms. The frustule is
composed almost purely of sili¢8iQ), made
from silicic acid, and is coated with a layer of
organic substance, which is composed of
several types of polysaccharides.

[64]

[65]

[66]

[67]

[68]

Geosmin: Produced interalia by several
blue-green algae (cyanobacteria) Is an
organic chemical compound having a
distinctive earthy or musty ode. Geosmin,
along with 2methylisoborneol, accoustfor
the majority of biologically caused taste and
odour outbreals in drinking water The
geosmin odar detection threshold in humans
is very low, ranging from 0.006 to 0.613 inK
water.

Halocline: Is atype of cline, specifically a
subtype of chemocline, which is represented
by athin, 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 belovBecause
salinity (in concert with temperature) affects
the density of water, it can play a role in its
vertical stratification.

Heterocyst(es): Are specialised nitrogen
fixing cells formed during nitrogen starvation
by some filamentous cyanobacteria, such as
Nostocpunctiforme Cylindrospermum
stagnale and Anabaenasphaerica They fix
nitrogen from diatomé nitrogen gas () using
the enzyme nitrogenase to provide the cells in
the filament with nitrogen for biosynthesis.

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.

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 far97.5% of this
amount, whereasfreshwater 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]

[70]

[71]

[72]

[73]

[74]

[78]

Hypertrophic: Refers to a high degree of
nutrient overenrichment of surface water
resources an@xcessivamounts of biological
productivity that can be sustained. The
fitnessfor-use of such waterresources for
many water users, such as the ecology,
irrigated agricuure, domestic watemuse and
recreation, issignificantly impaired

Hypolimnion: (or & ottom layeg) Is the
bottom-most water layer in a thermally
stratified waterbody, below the thermocline.
The hypolimnioris generallycooler, relatively
stagnant and tpically has a lower pH and
lower dissolved oxygen concentration than
the higher epilimnion. During nutrientrich
conditions, dying phytoplankton may sink
from the epilimnioninto the hypolimnion to
cause or to exacerbateanaerobic conditions

Hypoxia: Lack of oxygen or deprived of
adequate oxygen.

In-aquifer water quality objectivés). 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 togroundwater resources, only.

In-stream water quality objectivégs). 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 tosurface water resources, only.
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 o

that are applicable to both surface and
groundwater resources.

Integrated Units of AnalysisAre 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
sociceconomic implications of different
catchment configuration scenarios antb
report on the ecological conditions at a
sub-catchment scale. An Integrated Unit of

[76]

[77]

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

Inversion: (or dDestratificatiore; or &Turn-
over) 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 gradyabegins
to cool down. As water cools, it becomes
denser, causing it to sink, where it is gradually
mixed into the lower metalimetic layer by a
combination of convection currents and wind
induced circulation of the deptincreasing
epilimnetic layer. fie 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 oxygeaoor, cooler
water of the hypolimnion, until the
temperatures are equal, caing"turn over"or

¢ Ay @S oiHhg Byérs. Inversion is more
pronounced in water columns of greater
depth, such as in deep lakes or dams. A
suddeninversion of the water layers can cause
the death of aquatic faunae.g., fish Kills,
when introducingthem to the oxygen poor
water of the hypolimnion.

[ ASOATQA [ ¢ FRtdsthal KS
growth is dictated not by total resources
available, but by the scarcest resourdee.(
limiting factor).

) Life Cycle Assessments a systematic

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

79 Lithosphere:ls 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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(80]

[81]

[82]

[83]

[84]

[85]

[86]

the  atmosphere, above, and the
asthenosphee (another part of the upper
mantle), below.

Macrophyte(s): Are higher plants that grow
in watersaturated soil, in or near water

sources, and can be emerged, submerged, or [s7]

floating.

Maintenance of infrastructure:includes
planned maintenance; repairs; gbishment
and renewal;, and provisioning for
replacement.  Infrastructure maintenance
must be included intothe whole-life cycle
costing of infrastructure development at the
planning stage.

Management Unis). (or dWater resource
Management Unig) are geographical area
principally defined by drainage region
boundarieghat are delineated byconsidering
inherent catchment and socieconomic
attributes, and for which one, or more
in-water resource water quality objecti(s),
such as Resource Water QtialObjectives or
Water Quality Planning Limits, and Waste
Load Objectiveshave been determined.

The Management Unit for water resource
classification is thea Ly G4 SaANI G SR
I 'y I £ eaad\ foE the determination of
Resource Quality Objectives, it is the
GwSaz2daNDOS ' yAlé

Mean annual runoff: Theaveragevolume

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

Mesotrophic: Refers to a moderate degree
of nutrient enrichment of surface water
resources and a faimmount of biological
productivity, which can occur withemerging
signs of water qualitimpairment

Metalimnion: (or émiddle layeg) Is the zone
of rapid temperature change occurring
between the upper epilimnion and the deeper
hypolimnion in a thermally shtified
waterbody. The metalimnion contains the
thermocline

Methemoglobinemia Or  bluebaby
syndrome is a disease where high nitrates
interfere with bloodoxygen levels in infants.
Due to the very high solubility of nitrates, and

(88]

(89]

[90]

[91]

[92]

[93]

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

Mineral(s). Are building blocks of rocks and
are typically solid, inorganic, have crystalline
structures and are naturally formed by
geological processes,g., sulphideminerals,

adz0K | a
is called mineralogy.

Mineralisation: In biology, mineralisatiorsi
the process by which chemicals present in
organic matter are decomposed or oxidized
into easily available forms to plantso
contribute to nutrient cycling.

Molecule: In chemistry a moleculeis an
electrically neutral group oftwo or more
atoms held together by chemical bondsg.,
N (nitrogen) and @(ozone) Molecules are
distinguished from ions by their lack of
electrical chargee.g.,PQ?* (orthophosphate)

Monitoring:  Periodic or  continuous

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

Mutagen:Is a physical or chemical agent that
changes the genetic aterial (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 somechemicals becoming
mutagenic through cellular processes.

Nekton: (or 6NS | {)ZR¢férs 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.

Nitrogen: (or &\¢) Is a colourless and
odourless elementfound in the soil and
atmospherein gas and water In factnitrogen
is the most abundant element in the Earth's
atmosphere ¢ approximately 78% of the
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atmosphere isnitrogen Nitrogen supports  102) Nutrient-loading Refers to the input of
growth and reproduction. nutrients into the aquatic ecosystem from

s Non-conservative pollutants): (or éNon- numerous anthropogenic  and  nen
conservative  constituends or ab 2y anthropogenic sources.
O2y aSNII G A DY Ade PdliGands A yubs Olightiophic: Refers to surface water
that decay with time due to mechanisms, such resources low in nutrients andvolevels of

as chemical reactiondacterial degradation biological productivity that can be sustained.
radic-active decay or settling of the . L ]
particulates out of the water column. Many [0 Oligotrophication: The process of nutrient

pollutants exhibit norconservative depletion, or reduction in rates of nutrient
behaviour, including nutrients, @isable cycling in aquatic ecosystems. It often arises
organic matter, volatile chemicals and because ohcidification, typically the result of
bacteria. The amount of a neronservative pollution and most notably associated with air
pollutant decreases with timeand/or over pollution and acid precipitation.
distance from the point of input. 105 Participatory management: Is  the
s; Non-point sourcepollution: Seed 5 A T F dza 8ractice of empowering members of a group,
L2t f dzGA2Y € such as community members, to participate in
] _ decisionmaking. It is used as an alternative,
ve) Noxious: Harmful, poisonous, or very or to support traditional vertical management
unpleasant. approaches, which has shown to become less

effective when participnts grow less
AYUSNBaliSR Ay | dzdus®NRX (A Sac
alack of recognition of participant's efforts or

opinions.

77 Nutrient: Is a substance used by an organism
to survive, grow, and reproduceln aquatic
biology, the mostimportant nutrients are
nitrogen, phosphorus, silica and carbon.

se Nutrient cycle:(ora 9 92 £ 2 3 A O)list Wﬁ%%'?i;%’tﬂny'il 2 mixtu
the movement and exchange of organic and cyano acteria, _heterotrophlc microbes, and
inorganic matter back into biomass detritus that is attached to submerged

. . - . surfaces in most aquatic ecosystems.
production. Energy flow is a unidirectional . .
i Periphyton serves as an important food source
and noncyclic pathway, whereas the

! . . for invertebrates, tadpoles, and some fish. It
movement of nutrients is cyclic. : .
can also absorb contaminants, removing them

a complex mixture of algae,

9] Nutrient depletion: Reduction of essential from the water column and limiting their
nutrients through uptake and removal of plant movement through the environment and is
and animal residuesNutrients are usually the also anindicator of water quality.

first link in the food chain, thus a loss of
nutrients in a hab#t will affect nutrient
cycling and eventually the entire food chain.

o7 Phosphorus (or éF%) Is a chemical element
that is highly reactive andconsequently is
never found as a free elemenvtn Earth

oo} Nutrient enrichment: A form of water Phosphorus is essential for life. Phosphates
pollution, which refers to contamination by (compounds containing the phosphate ion
excessive nutrieninputs. It is the primary PQeY are found ingenetic material,i.e.,
cause of eutrophication of surface waters, in deoxyribonucleic acidDNA)and ribonucleic
which excessutrients, usually nitrogen or acid (RNA), the energycarrying molecule
phosphorus, stimulategrowth of algee and adenosine triphosphate (ATPj}hat fuels
other aquatic plants. cellular processesand phospholipids that

. L _ constitute a key component of cell
no1) Nutrient limitation: Phosphorus is usually _membranes

considered thed £ A YA U A y @ aqyadizii NA Sy U € o A
ecosystem. The available quantity of this [0s) Phatic zone:Seeé 9 dzZLIK2 G.A O 1 2y S¢é
nutrient controls the pacetawhich algae and

aquatic plants are produced. rog) Physicechemical: Relates to physics and

chemistry, or to physical chemistry.

Edition 2 Pagexliii Februan202:



Eutrophication Management Strategptarth Africa
Project Report Nd2

Glossary of Terms and Explanat

10 Phytoplankton: Are the autotrophic (self

feeding) component of the plankton
community found floating in freshwaterand
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%fahe global
biomass consists of phytoplanktand they
are an important source of atmospheric
oxygen Diatoms and cyanobacteria are
examples of phytoplankton.

1111 Plankton Are the diverse collection aimall

organismdrifting in water, whichare unable
to propel themselves against a current.
Plankton can be divided intathe following
broad functional groups:

Phytoplankton(autotrophic algae)
Zooplankton(protozoans or metazoans)
Mycoplankton(fungi)
Bacterioplankton(bacteria and archaega)
and

Virioplankton(viruses)

12 Point source pollution: Pollutant loads

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

13 Polluter-Pays PrincipleThe principle that

advocates for paymenby those responsible
or potentially responsibldor damageto the
environmentand/or human health of repair
costs and costs of preventive measures to
avoid and preventand/or minimise further
pollution and environmental damage

141 Precautionary PrincipleAn approach that

exercises caution when uncertainties exist,
generally assuming worstcase scenario.

u1s) Primary production: In ecology, primary

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

n1g Quinary

the process of photosynthesis, which uses
light as its source of energy, but can also occur
through chemosynthsis, 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 produers orautotrophs andform

the base of the food chain.

6] Primary productivity: The rate at which

light energy is incorporated into plant cells.

171 Pycnoclineils a cline, which is represented

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

drainage region(s) Are
altitudinally based fifth level subuaternary
drainage regions that are utilised as planning
units for operational decision making and
general coordination purposes; hydrological
modelling; and integrated water resource
management.

mi9 Receivig Water Quality Objectives

Approach This approach recognises that
many receiving water resources have a certain
dilution capacity that can accommodal®th
point and diffuse sources of pollutiomithout
serious detriment to the water quality
requirements ofthe recognised water users.
Appropriate source controls must be
instituted upstream in order to ensure
compliance to the downstream Water
Resource Clagand RQOs/ Reservess may
be suppoted 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. Forinstance, recycling the efflueim

a paper and pulp mill.
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211 Remediation Meanscorrectingto improve,

vs.a ! YSt A 2tiat ndeAnBmAkKing better
to improve.

In environmental managemenitemediatiorg
addresses legacy sources of pollution or
affected ecological infrastructure. As such,

GNB Ot | WEr@ KRR § & t Aviblved the2 v £

removal of contaminants frorsurface water,
groundwater, soil, sediment, etc, whereas

&S 02y a i Naz@iNGS2y(¢2 Nivolvds 2 y ¢

returning ecological infrastrutire to their
originalor nearoriginal conditions

1221 Reserve:Means the quantity and quality of

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

11231 Resource:n water resource management,

Resource Quality Objectives provide a balance
between the need to use andevelop water
resourcesand the need to protect them

Resource Quality Objectivase gazetted.

126) ResourceUnit: Is the ManagementUnit of

assessment for thResource Quality Oljéve
and encompasses giretch of a river that is
sufficiently ecologically distinct to warrant its
own specification of Ecological Water
Requirement.

271 Resource Wier Quality Objectivés).

Are the water quality component ofthe
Resource QualityObjective. Are numeric
and/or descriptive objectives which address
the physical, chemicand/or microbiological
propertiesof waterbodiesthat should be met

a NB 3 2refeddo® & | § S NI NB a 2 dzND dhgeceiving water resources to ensure that the

1241 Resource qualityMeans the quality of all

the aspects of a water resource, including

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

the water quality, including the physical,

water quality requirements of the recognised
water users and the aquatic ecosystesme
sufficiently protected

Resource Water Quality Objectives amet
gazetted,per se

chemical and biological characteristics of [12s) Respiration: In physiology, respiration

the water;

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

the  characteristics, condition and
distribution of the aquatic biota;

1251 Resource Quality Objective(syay

relate tog
the Reserve;
the instream flow;
the water level;

the presence and concentration of
particular substances in the water;

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

the characteristics and distribution of
aquatic biota;

the regulation or prohibition of instrearar
land-based activities which may affect the
guantity of water in or quality of the water
resource; and

any other characteristic, of the water
resource in questionif so declared

constitutes the movement of oxygen from the
outside environment to the cells within
tissues, and the transport of carbon diogith
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 1gse 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, $ea
and significance, involve various kinds of
treatment (or not) and be used for a variety of
purposes.

1130 Root nodules:Are found on the roots of

plants that form a symbiosis with nitrogen
fixing bacteria. Under nitrogelimiting
conditions, capable plantform a symbiotic
relationship with a hosspecific strain of
bacteria known as rhizobia.

(311 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 rapidlynfiltrate in the
soil. Surface runoffeplenistes groundwater
and surface wateresourcesas it percolates

layersthat can act as barriers to water mixing
The terms in brackets refer to the transition
layers or boundaries thatxést in waterwith

through soil profilesor moves intostreams respect to the different properties.
andrivers. T . e
40 Subsidiarity: The principle of subsidiarity
nsz Secchi disk depth:A 20cm disk with requires that socigpolitical issues be dealt
alternating black and white quadrantss with at the most immediate or local leyel
lowered irto the water of ariver or dam until consistent withits resolution.

the observer can no longer see ifhe depth
of disappearance is called the Secchi dept
Secchi disk depth is a measuretioé clarity;
transparencyor turbidity of water.

h, 1241 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.

33 Selfregulation: An organization regulating Systems thinkinbas been usetb explore and
itself without intervention from external develop effective action in complex contexts
bodies. to enable systems change

1134) Seston:Are the organisms (bioseston) and (142 Thermoclineis a cline, which is represented
non-living matter (abioseston) swimming or by a thin, but distinct, layein a large body of
floating in a waterbody. 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 deepercooler andmore
stagnant layefhypolimnion)andoccurs in the
metalimnion

3s) Social Impact Assessmens: a systematic
decision support procesd cesearch, planning
and management of social change or
consequences (positive and negative,
intended and unintended) arising from
policies, plans, developments and projects.

43 Total Maximum Daily Load: (or éPollutant
load allocatio) Is the total maximum daily
load of a pollutant that awaterbody can

[136) SOUrce: In water resource management,
G a 2 daNedrs o the source of an impact,

usually on a water resource. The relationship - : .
. A A i A assimilate before undesirable physical,
betweend { 2 dzMEILSAES & 2 iSZNIES © chemical and/or biological thresholds are

PR Gl R kot SEOSSRSR IyR (KS wiAlySaa
a9 ¥ ToSoO!ga-e-LJB] L,‘SY I:J:a@perst e resource becomes impaired.

ISO14001 definitiors. Thed w S d 2 @zthd S € L A
61 GSNI NS pa#t dZNIDES eeceiving 1144 Sunlight zoneSeed 9 dzZLIK2 G.A O T 2y S¢

environment. :
ras) Trophic status: Refers to he degree of

ns7 Standards). See a2 a0 S 5 A & O Kutridid Senrichment of surface water
{G1 YRINRE resources and the associatedamount of

. . rimaryproductivity that can be sustained
13g) Strategic Environmental Assessmen: P yp Y

a systematic decision support process, @iin  [146] TUrn-over: Seedrversior.
at ensuing that sustainability aspects are
considered in policgtrategy plan and
program making. The focus is deliberately
wide because many of the pressures asa
result of custom, tradition, and institutional

factors. as) Vascular plant(s)or dTracheophytd) form

(139) Stratification: Occurs when water with a large group of land plants with lignified
different properties, viz. salinity (halocline) tlgsues (the xylem) fdransportingwater gn_d
oxygenation  (chemocling) temperature minerals throughout the plant and specialized

(thermocline); andlensity (pycnoclingforms

na71 UserPays Principle Variation of the
PolluterPays Principlthat calls upon the user
of a natural resourceto bear the cost of
running down natural capital.
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ns2; Wastewater

non-lignified tissue (the phloem) transport
products of photosynthesis.

n49) Waste Discharge Standai@): Are rules

criteria or limits that are established to
regulate the unnatural altering ahe water
quality of water resources byastewater that
needs to be discharge@dnd ensure that such
discharges are compatible with receiving
water quality requirements.

nso Waste Load Objective(s)Are objectives

relating to incremental reduction;
maintenance; or nder special circumstances,
incremental increase in waste loads,
calculated to give effect to relevant-imater
resource water quality objectives. Waste Load
Objectives refer to the water resource
Management Unit as a wholand not to
specific water userghough they do consider

technical, economic and administrative
realities.

usiyy Wastewater: Any water used from
domestic, industrial, commercial or
agricultural activities, surface runoff or

stormwater, which may contain physical,
chemical and biological potants.

treatment: Chemical,
biological, and mechanical procedures applied
to an industrial or municipal discharger to
any other sources of contaminated wat¢o
remove, redee, or neutralize contaminants.

us3; Watercourse:Meansg

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

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

sq) Water Services

nss) Water pollution: Means the direct or

indirect alteration of the physical, chemical or
biological prperties 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:

the welfare, health or safety of human

beings:

any aquatic or noraquatic organisms;

the resource quality; or

property.

se] Water quality: The biological, chemical, and

physical conditions of a waterbodylt is a
measure of awaterbodys ability to support
beneficialwater use.

ns77 Water Quality Planning Lim{s): Are

Resource Water Qualif@bjectives utilised for
water quality planning purposes.

use Water resource:Includes a watercourse,

surface water, estuary, or an aquifebut
excludes coastal marine waters.

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 provids for the estabishment of
wall-to-wall municipalities.

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

A reference to a watercourse includes, s0) Water user group(s): (or dwater user

where relevant, its bed and banks.

s Water Managementnstitution: 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 Mister of Water and
Sanitatior) who fulfils the functions of a Water
Management Institution in terms of the
National Water Act, 199@Act No. 36 of 1998);

sectorg) There are fiverecognised broad
water user groups some with subgroups
namelythe-
Agricultural water usergroup:
Irrigation according to soil and crop type;
Stock wateing; and
Agquaculture
Domesticwater usergroup:
Drinking water and water used for
washing and cleaning, gardening, etc.
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Industrial water usergroup:

Category 1¢ Srictest requirement,e.g.,
evaporative cooling (high rate of

recycling)

Category z; E.g.,water heating
Category 3 E.g. firefighting, and

Category 4¢ Water of more or less any

quality,e.g.,dust suppression

Recreationawater usergroup:

No-contact recreatione.g.,fishing
Intermediate contact recreatigne.g.,
boating water skiingand traditional or
religious ceremonigsand

Fullcontact recreatione.g.,swimming

Aquatic ecosystem

Although not a water userper se the

Fljdzt GAO

S Oatgea@ma (laBdy Q &

riparian habitat and biotavater quality
requirements (the Reserve, where
available) are being econsidered with
the water quality requirements of the
other water user groupg water quality
management

ey Watershed:Seea / | § OKY Sy (i €

ez Zooplankton Are theheterotrophic (other-

feeding) componet of the plankton
community in freshwater and marine
ecosystemsand consists of small protozoans
(singlecelled eukaryotes) and metazoans
(multicellular eukaryotic organisms)
Zooplankton are generally larger than
phytoplankton, mostly still microscopidut
someare a few millimetres long andan be
seen with the naked eye.
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PART 1: THESOUTHAFRICAN CONTEXT

PHOTQ:f SME FOR ALL FOR EVE®& ©J.J. VAN W

CHAPTER 1: THEEUTROPHICATION CHALLENGE

BOX1: fWhat is eutrophicatich 0

Eutrophication is the proo&sstrient enrichment of waters which results in the stimulation of an array of sympt
amongst which increased production of algae and aquatic macrophytes, deterioration of water quality an
changes found to be undesirathteiaterfere with waterm$@ECD, 1982]

This document will focus on ways to control eutrophication that is caused by fivatenkacwitiegsa nt h r
eutrophicationo

1.1 Key challenges associated widutrophication

Anthropogeni€! nutrient enrichment'® of water resource$®! is a global water resource problefRast
& Thornton, 1996] It is most evident in highly populated and developed areas whieastrial
effluent*®l; water-borne sewage systemswashoff from builtup areas fossil fuel combustion
atmospheric fakout; and agricultural practices contribute to elevated loads of nutri€fitentering
receiving water resources. Elevateatrient-loadingpromotes excessive primary productiéilin natural
systems, causing a wide array oflbgicaldiversity[Cook, et al., 2018Ind water quality problemfDunst,
et al., 1974] SouthAfrica itself has some of the most highly enriched surface waters in the pfstdon,
et al.,, 1985; Van Ginkel, et al., 20006 contemporary analysisf eutrophicatior® in South Africa
revealed that some75% of the raw water stored in the major national impoundments weither
eutrophid®” or hypertrophié®® [Harding, 2015] Read together with the fact that th&lational Water
Resource StrategyNWR$ rankseutrophication as the highest amongst thirteen tiersvediter quality
concern thatincludesalination andAcid Mine Drainage(AMD)[DWS, 2021 }this is a most damning finding
for a semtarid country in which impounded water largely underpins the qualitys@ficecologicaland
economic existence.

Eutrophication challenges in South Africa are exacerbated by insufficient wastewater infrastructure
maintenanc& and investment; deteriorating ecological infrastructure; recurrent droughts, driven by

climatic variation, andn inescapableneed forwater resource development; inequities in access to safe
sanitation, against the backdrop of a growpgpulation; water use regulation that is not consistently and
adequately protecting South ¥ NA O Q& 4 GSNJ NBaz2dzNOSa 3 Ayald SdziNE
scientists and engineers. Poor water quélify, including eutrophication, is already having significant

impacts on economic growth and on the wiedling of SouttAfricansg|DWS, 2017b]
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One of the most often quoted opening lines on water issues in South Africa typicallyorééds{ 2 dzi K ! F NA
is a water scarce (or sethiNA R0 O2dzy i NBE 6A 0K &S Q@S MEBa 8 nofsh ofteni SR g |
mentioned is that wastewater retusf f 2 6 & O2 YLINA &S | YI 22N 02YLRYSyild 2
and that discharges of water containing waste are required to be returned to surface water resources for

indirect reused furthedownstream[Harding, 2017]

The importance of weflunctioning municipal wastewateénfrastructure' is embedded within the fact that

it actsas the last barriers and final interface between untreated urban wastewateand healthy aquatic
ecosystemd!; other receiving water use¥$® that optimally contribute towards economic growtmathe
KSFfGK 2F GKS O2dzyiNRBQa&a LRLIzZ I GA2Yy @ 2 KSNBF a LJ22NS
nutrient overenrichment, this cause of eutrophication is also intertwined with other water quality
challenges, such as microbial pollution and @nitant health risks; elevated Chemic&kygen Demand
(COD); and others that affect wastewater reti&&and recycling®” strategies. It was found that up to
70%, and sometimes even more, of the water abstracted by cities, returns as polluted effifent
Commission of Enquiry into Water Matters, 1970Municipal urban wastewater retusflow profiles
include residential, commercial, business and industrial ysessvell as schools, hospitals, sports and
recreation facilites, parks and government institutiong hismpliesthat poor urban wastewater handling
affects society at multiple levels.

South Africa possessen axtensivenetwork of collection and sewer network systemsimping stations
andWwTWs These systems, ust collectively, ensure that the quality @faterborneurban wastewater
complies with authorised levels prior to it being dischargewl/or reused or recycled. However,
approximately 56% of the over160 municipaWwTWSsin the country are in a poor oritical condition
and in need of urgent rehabilitatiofpWs, 2018b, p. 5.1]Additionally, the facilities previously provided
to some households have become inadequate due to various faitaisiding poor facilities geration
and infrastructure operaing above its design capacitffIGURE); vandalism,ageing infrastructure and
insufficient maintenancFIGURR); poorly constructed and operated esite sanitation systemsand
ventilated improved pit latrine (VIP) pigd septic tanksot being emptiedegularly. Compliance with
the Green Drop requirementg@ssessedn 21 as part of the 2022 Green Drop Assessnmig¢nwas
generally very poog with 828 WwTWs out of a total of 850 WwTWSs beimgble toachieveGreen Drop
Certification[]DWS, 2022]

South Africa is one of the most unequal countries in the world, with extremely high levels of poverty.
Sixtythree percent of households earn less thaB&000 per yeari(e. being atindigent level) resulting in
highlevels 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 grarits2003consistently increased from 12.7% to 29.7% in 2016
[DWS, 2018h]placing an eveincreasing burden omlreadylimited government financial resources to
finance operation and maintenance of municipal WwTWs. Today, teffe@dministrative and
management practices are also hampered by systemic corruption that is associated with many
municipalities in Soutifrica[Muller & Erasmus, 2020]

This resulted in a lack of proper operation and mainterea of & NB 3 dzfWwliVEsR @s well as
& dzy’ NB 3 sahitatiorEsééicegsuch as orsite sanitation systen)sn most municipalities. The discharge
or leaking of sustandard returnflows or untreated sewage to the environment is a frequent occurrence
that significantly contributes towardsutrient-loading of water resources; hence the prevalence of
eutrophication. Consistenpperation and mainenance ofwastewater infrastructure coupled withgood

1 Municipal infrastructure includes wastewater network and pump sestenesitanarks (WwTHRA)

2 The Green Drop Certification Programme has been reldhabeedioyent vater an@anitatiomith a full Green Drop audit
conducted in 2021/22
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practices is essential for enhancipginciples of healthdignity and protection of water resourcdswards
an improved quality of life for all in Souiirica.

y | \

F : \
N A constant stream of raw Sewage: R

joining a river!

FIGUREL Streams of poorly treated and untreated sewage and industrial wastewater, exace
effects ofanthropogenic eutrophication, have become an all too familiar face in man

the country. photoso P. Venter.

/ Detritus and raw sewag
> ended-up in a watercourse
due to infrastructure problems!
1 v

——

FIGURE2 Vandalismageing infrastructure and insufficient maintenaficeewage infrastructure ca
water pollution, which contributes to eutrophic conditions in receiving water resources

Main phot®P.Venter; Insert photo: © J.J. van W
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1.1.2 Deteriorating ecological infrastructure

The basichydrological unit for water resource qual§¥! management is the catchméeft and it is
necessaryto 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 {d/¢A&,
1997] Every catchment relies heavily on extensive ecological infrastructure to maintain healthy
functioning aquatic ecosystemand to provide much needed services dnature-based solutiors to
people. Ecological infrastructure includésr instance, mountain catchment areas, streamigers and
subsurface water movementfloodplains, lakes, wetlands, estuaries, coastal dunes, and the marine
environment, as well as beds and banks of wais=ources, and nodes and corridors of natural habitat,
which together form a network of interconnected structural elements in the landsfafaIBI, 2014]The
ecological infrastructure in catchments renders valuab@&vices such asfreshwater for domestic,
industrial, agricultural and recreational use; ecotourism; soil formatiogglicine andood (including fish,

wild foods and othersprovisioning hydropower generation; climate variability regulation; flood and
drought rik 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 naturbased equivalent of ldlt or hard infrastructure, and is just as important for
providing services, ensuring water security and underpinning ssmaomic development. Because the
services derived from ecological infrastructure are effectidcely N5 S A8 tedd to GuSabiedr benefits

for granted. Indeed, few, if any, authorities or utilities list catchments as assets anywhere on their books,
and landownerare notrewarded 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 compaments
their interrelationships, such that it is resilient to withstand changes and stressors. It is a systésmtiiat
experiencing abnormal growth or decline of native specigersistence of elevated concentrations of
contaminants(such as excessiverthophosphate as shown inFIGURB 2); or drastic anthropogenic
changes to its landscape or ecological procef8ason & Poff, 204].
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FIGURE3: The aquatic ecology is the most sensitive water user with respect to orthophosphate. The g
that the Reserve, determined to protect the Hartbeespoort Dam ecology, is beingfeeaaeidy

Insert photos: (L&tP.Venter; (Right) © J.J. van W

3 The Reserve, as per BJRB.1/ EWR in Drainage Region AGNR1388201], that has applicatio the Hartbeespduam
was used. An average of 15 samples per month, taken close to the dam wall, were used for the statistidalsataslyrsis. The samp
at depths ranging from the surface up to 5 metres were all treated equally, andisverpresgatdéde of the water quality of
the dam,e.the assumption is that the dam acts a completely mixed body of water for the purpose of representing the data on the gr

Edition 2 Pages Februan202:



Eutrophication Management Strategptarth Africa Part 1: The South African cont
Project Report Nd2 Chapterl:The eutrophication challer

Unfortunately, much needed saeskeconomicdevelopment andgrowth are often synonymous with
adverse impacts on ecosystem health and concomitant ecological infrastrudtiimaninduced impacts
accelerate the effects afutrient-loadingand eutrophication.FIGURR * showsincreasing trends fdpoth
nitrogen® loadingand primary productionacross six large Souffrican dams The reasons for the slight
improvement inphosphorus loadings unclear, although the possibility that this may be caused linked to
the introduction of phosphate free detergendsfew years agim South Africacannot be discountefDWS,
2015b] An average annual phosphoftigl load of~600 tonsanda nitrogenloadof ~2000 tonsacross the
sixlargedamsare evident
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Eutrophication, as one of the importunate environmental hazards of aquatic ecosystems, causes
pronounced cascading deterioration of watgrality andposesisksto biotic components, which, amongst
others, includgSchmutz & Sendzimir, 2018; Clark, et al., 2017; Padedda, et al., 2017; Chamier, et al., 2012;
Baron & Poff2004; Walmsley, 2000]

Increased occurrences of floating and rooted aquatic macropk¥tes

Native plant species loss angplacement withalien plant species, oftealsoaffecting resource water
quality throughreduced dilution capacity, resulting froimcreased evapotranspiratigaltered nutrient
cycling especiallydue tonitrogen fixers such a&caciaspp.; andncreasedccurrences of soil erosion,
associated with the increased fire hazards

Increased occurrences and intensity of nuisance algal blooms;

Increasing dominance of cyanobactéiitand the occurrence of toxic cyanobacteria;

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 asnideand
2-methylisoborneol(2-MIB), that are responsible for undesirable taste and odour in wa@eosmin

4 Loads were calculated for the Hartbeespoort, Roodeplaaly 8dednueaikloof and Sterkfontein Dams. The first three of these
dams, compared to the latter three, are known to experience elevated trophic conditions. For theviasassatoektioats, it
theepilimnions of thix damgachact asa 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 2MIB are some of the most difficult compounds to remove during water treatm&heyincrease
filter cloggingthe requirements for dosing aiwated carbonand greatly affectvater treatment costs

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

Severe shading and light attenuatiaraused by blooms of both mep-algae and phytoplanktdht?;
and the presence ofeabris hinder the photosynthetic processes in benthicplants whichleads to
benthic habitatstress andlestruction;

Loss of benthic diversity affects and lead to stressed bofieeding fish and other animals;

Increased occurrences of deoxygenatidnin reservoir bottom waters leads to elevated levels of
hydrogen sulphidgheavy metalsand nutrients

The decomposition of organic matter leads to an esepply of Cg which, in turn, also enhances water
acidification;

9EOSaaArA@gsS f3alt o6f22Ya FNB KIFNXNTFdZ (25 FyR tSFR i
gills, poisoning by toxins secretion, and localized affbxiat effects subsistence and sports fishing;

Increased fish and invertebrate mortality;

Changes of ecological community structure and logsaégical diversityand

Mortality of domestic and wild animals, drinking eypophid®® waters that contains toxins.

The White Paper on a National Water Policy for South Africa (1997) state« S adza Gl Ayl 0t S dza
resources means that, even where the immediate demands for development are very high, society must

find different development approaches which makesghiat the use of water resources does not destroy
OKSANI | 60Af ADWAF, 1997] RBw€athg SuNEcological infrastructure is not optional but
obligatory!

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 cw8; 2018b, p. 3.9]
Dams ae ad y S O S & & thatlBogetheéd hithémany other water supply interventions, must assist to
ensure continued water security in the counfiyenter, 1971, p. 29; DWA, 1986, p. 6.45However, the
damming of surface water resources greatly modifies the ecological functioning of river systems. In
particular ¢ dams sequester nutrient elements and, hence, reddognstreamtransfer of nutrients to
floodplains, wetlands, lakes and the coastal marine emvitent. Additionallyjmpoundmentinfluence
regional nutrient limitatiofit® patterns, food web dynamics and trophic conditions, often resulting in the
presence of hypertrophic conditions in reservdiaavara, et al., 2015]

The Hartbeesport Damwas construatd in 1923,about 35kilometres northwest of Johannesburg and
20kilometres west of Pretoriaand first overflowed in Marctii925[De Beer, 1975, p. 405]Originally
constructed for irrigation purposesand today, also utilised for domestiaecreationaland industrial
purposes, the dam haseenexperienéng nuisance algae and floating water plant problems sihedate
1950s[Pers. coms. Silberbauer, 202%hpacts emanating frorthe upstream urban zones are increasingly
affecting the resource quality of the Hartbeespoort DaFIGURE attests to this byshowing how the
trophic conditionsare affecting the fithesdor-use of the Hartbeespoort Dam for recreational purpgses
also affecingthe regional economy and property valuiesthe vicinity of the Dam

Drought conditions in Southfrica, driven byclimate variation are expected to have a major impact on
SouthAfrica, with resulting consequences for ecosystéfhspeople and the economy. Watés the
primary medium through which the impact of climate change is going to be experigbs®, 2013]
Climate change is expected to result in changing rainfall patterns; changing storm intensities and the
extremes of floodsand droughts; higher solar radiation intensities; higher ambient air temperatures;
increasing evaporation; changes in soil moisture and riid8ffnigher demands for water in some areas
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and changes in water availability; changing water quality conditions (including the water temperature of
aguatic systems); and increasing climate variadilitys, 2015a] Climate change is expected to amplify
deteriorating trophic conditions in water resources by changing the internal and exteutgkent-
loadingg'??, as an impact of ambient temperature risghanging precipitation patterns; alted solar
radiation intensity; andilteredwind speed [NazariSharabian, et al., 2018]

Warmer water temperatures, resulting from heat excharmptween a warmer ambient atmosphéieand

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 temperaturand nutrient concentrations increase, primary production is
stimulated, leading to eutrophft! conditions and algal bloom@looij, et al., 2007] especially within
stratified reservoirs that act as nutrient trafiSchmutz & Sendzimir, 2018]
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FIGURES: Excessive primary productionthe epilinnion measured as chlorophyll ¢ o n ¢ e pet singl
sample has an adverse effect on recreational watenubke Hartbeespoort Dam.

Insert photo®P.Venter.

As temperatures rise, precipitation ot expected to change uniformlyln areas with projected higher
precipitation, it is possible that intense precipitation events will occur and cause more erosion and
resuspension of sediments and mobilisation ofidié sources of pollutidff!, ultimately resulting in higher
concentrations of sediments and nutrients ending up in receiving water resoMittétehead, 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, resultingsgdilution
capacity in receiving water resources. As a result, increased concentrations of contaminants can cause
deoxygenation, by lowering dissolved oxygen (B5Qjoncentrations and increasing biological oxygen
demand (BOD). Consequently, the risk of eutrophication, especially in water resources with limited
re-aeration capacity, will be increased. €féfore, 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 hypertropinditions
[Whitehead, et al., 2009]
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Global warming and solar radiation have mutual connections. As an important source of energy, solar
radiation drives photosynthesis inmost ecosystems and is an essential factor for thewdlo of
phytoplankton and other aquatic plants. If phytoplankton and aquatic plants do not reeeeegh
sunlight, they start to consume oxygen leading to the depletion of DO in the water column. Under
anaerobi® 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 f&eaig, et al., 2014]

The wind will also be affected by climate change and will have direct and indirect effects on the trophic
status'*®! of water resources. The direct effects of wimdludethe blowing ofsurfacealgae to shores,
formingthick algalmatsand 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, wings 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 invef&iauf stratified layer§2°/in water columns to occur more or

less frequently, causing oxygen starvati@anthe 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 aggregatiorjGeorge, et al., 2007]

Therefore, poor trophiconditionsg!*®! in water resourcesire 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 eutroptation in a changing climate remain to be addressez,
(1)Which are the critical climate change factors thaiost affect eutrophication in freshwaté!
ecosystems; (2) How to completely differentiate the impact of climate change from that of anthropogenic
activities on eutrophication and feedback mecharésrand (3) What are the best and most feasible
adaptation countemmeasures for dealing witktlimate change effects on eutrophicatioqNazart
Sharabian, et al., 2018]

The provision of safe sanitation is a keguirement for sustainable and healthy communitidsis critical

in the protection of water resourced the promotion of social and economic benefits that are aligned to
national development goalgNPC, 2012and in meeting the human rights [RSA, 1996] of all who live in
South Africa.

While population growth is on average 1.2% per annitrvaries from negative to positive across
communities. The growth in the number of households, however, is much higher anckistiyuat around

3% per annum, nationally. This is due to migration, mainly urbanisation. Urbanisation continues to
increase the demand faranitation provision, with many rural people moving to urban centres in search of
jobs and improved serviceShe demand for sanitation provision can also be attributed to tleglicated
housing programme of government thatter alialead to the sukdivision of previous large households
Additionally, while only 33% of the population currently live in rural ardlasy trepresent 81% of the
national count of settlements due to thedften small and scattered nature, making it spatially challenging

to provide a good coverage of sanitation services tfLANS, 2018b; Stats SA, 2016]

Baseline figures on access to reliable sanitation service delivery are regsianeyed by
StatisticsSouthAfrica through the national census and through their General Household Surveys. Since
1994, and particularly after 2001, an estimated 5.18ion households have been provided with safe and
acceptable sanitation facilitiesn 2008, approximately 27% of the population received sanitation services,
below the Reconstruction and Development (RDP) standdf@RB). [Schreiner & Hassan, 2011]
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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 househo[@NVS, 2018b] The Soutk\frican population increased

from around 40 milbn, in 1994, to a total of 55.6 million, as recorded in the 2016 CdSsats SA, 2016]
Progress in the reduction of this backlog has been hampered by the substantial population growth and by
households becoming smalleirg( growing at a faster rate than the population)k is estimated that
approximately 14.1 million people do not have access to safe sanitation in Afyigh, today[DWS,
2018a] The sanitation crisis threatens the healthdawellbeing of the poor andhe vulnerable in
SouthAfrica, while also contributing towards eutrophication of water resourcesd alsoretarding the
O2dzy iNEQa SO2y2YAO INRSIKOD

4% 2% 1%
8%

27% 9 58%

H Flush toilet d Below RDP standard or no toilet
H VIP toilet M Unclear
i Chemical toilet M Bucket toilet

FIGUREG: Access to sanitation in South Africa, 78@8ts SA, 2007; DWAF, 200

1.1.5 Water use regulatiorthat is not consistently andor adequately protecting
South! F NA OF Q& &I (i S Nantingpaganizdidtofhicationd | A y &

In the Republic of South Africa, government is constitutexdational, provincial and local sphere$hese
spheres of government ardistinctive, interdependent and interrelated [RSA, 1996, S.40(1)].

The Constitutiorof the Republic of South Africa, 1996 (Act No. 108 of Pafgjignates the executive
authority to provide water and sanitation services to logalernment [RSA, 1996, S.156(1)(a)]. In terms

of the Water Services Act, 1997 (Act No0.108 of 1997), Watices Authorities (WSAs).,the relevant
municipalities, are accountable for ensuring access to water and sanitation seivitiesir areas of
jurisdiction It is expected that WSAs, through Water Services Providers (WSPs), ensure access to safe
water anddignifiedsanitation services [RS2997].

The lawfulness of dischairgy 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
comgdies with applicable authorisation requirements, such as relevant Waste Discharge Standards
(WDSS¥*9l. These discharges should be condudtedccordance with the conditions, apulated in the
Municipal Approval(in the case of Schedulewater usg; or an authorisation issued withiam24-month

period prior to 30Septemberl998 (in the case ofan Existing Lawful water U%¥); or any
GeneralAuthorisation (GA); oany water use licene in question; or an alternative authorisation, if
dispensing with the requirement for a licence to be issued under the KB&A998) [RSA, 1998, S.22(1)].

One of the biggest causes of excessive nutrient enrichi¥@rih water resources by a single water use
sector in the country can be ascribed to poor municipal wastewater hanffiagling, 2017; Mudaly &
van der Laan, 2020] The socigeconomic impacts associated with poor resourcater quality can be

5 Hereafter referred to as the Cons{it0#h996).
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severe The authorisation of municipal water uses and the enforce@mf conditional water use
authorisations thus are ¢i¢al!

Although the Constitutiorf108:1996calls on all spheres of government and all organs of state within each
sphere to ceoperate with one another in mutual trust and good faith by fostering friendly relations;
assisting and supporting one anothendaavoiding legal proceedings against one another [RSA, 1996,
S.41(1)(h)], the Constitution also grants citizens specific rights to access sufficient water, an envifdnment
not harmful to health and welbeing 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 couldbe 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 includeitigs to equality, dignityaccess to information

and just administrative actiopAlgotsson, et al., 2009, p..2]

The NWA36:1998) designates the authority to act as the trustee of the nation's water resour¢hs to
National Government, acting through the Minister Wfater and Sanitatiorto 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(Rgrt of the purpose of the NWB6:1998) is to prevent

and to reduce pollutio>®! and degradation of water resources [RSA, 1998, S.2(h)]. Anynptrab
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 angletermination of a class of a water resource and the associated Resource
Quality Objectives (RQ®MSEY [RSA, 1998, S.15] in order to ensure thattBd F NA OF Qa &1 (G SNJ
remain fitfor-use.

Althoughthe legislation should be applied in a just, fair and consistent manner to both private and public
sector water users alike, th@onstitution (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 SL298(1)].

The intention, however, was not to make it possible for municipalities in contravention of environmental
legislation to avoid accountability through continuduappealing for support, especially in cases where
such support is required post cqiance monitoring”! and enforcement as undertakenby the
Department of Water and SanitatioD\V§.

A notable degree of dysfunctiaxistsin manymunicipalities for a range of institutional, technicahd/or
management incapacity, financial and political reasfip@/S, 2017a] The fact thaup to 828WwTWs
(FIGURE) couldnot achieve Green Drop certification in 20) is a reflection of the poor condition of
municipalities in South AfrigWS, 2022] There is an urgent need to address issues of accountability,
coordination and leadership, poor cooperative governance and inadequate-ragskatory interfacing
with the DWS, as well as the appropriate actions to be put in plaegeWSAs show consistent failure in
the delivery of universal and reliable water services.

Challengeswith the authorisation of water use, that have significant impacts on aquatic ecosystems and
other receiving water users, incluge

the prevalence of watenses that are not permissible under the N\({88:1998);
incidences of poor authorisation administration;

lack of regulatory integration and poor cooperation amongst relevant authorities;
periodic backlogs with the issuing of water use authorisations;

poor quality of some water use authorisatioeg., authorisation conditions that do not appropriately
integrate with water resource requirementsand ELU withwater use authorisations that contain
inadequate or outdated conditions; and

poor compliance with &ter use authorisation conditions, often coupled with insufficient compliance
monitoring andor inadequate enforcement.
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AnnexureA provides a summary osome eutrophicatiorrelated pollutant parameters; associated water
user concentration requirements; and effects on human and aquatic ecosystem jesadttother water
users(should such pollutants be present at unacceptable high levels in receiving water regources

Excellent (90 to 100%) a 22x WwTWs

96x WwTWs

Good (80 to <00% ) m

Average (50 to <80%) | 22% 190x WwTWs

T

4 1oz v uonedYIe) doig ussun

Poor (30 to <50%) [|25%|

208x WwTWs

T
juawssasse doiq uaaig ZZoZ 2Y3 Jo 1ed se
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2A3|YIe J0U pP|Nod SWsAs 8z8

Critical state (0 to <30%) m 334x WwTWs

0 50 100 150 200 250 300 350
Number of Wastewater Treatment Works (WwTWs)

Skilled water scientists and engineers are indispensable to the development and implementation of
eutrophication manageent solutions. This is particularly true when dealing with complex sys{ees
having to engineer infrastructure solutionsonducting multicriteria decisioamaking executingforward
planning or devisng interventions that integrate with receiving wateesource requiremenis In the

battle against water pollution and eutrophicatipthe value of killed water scientists and engineeis
essentiabs these experts amesourcesto be drawn upon by both the public and private sectams|uding

civil sciety.

In the public sector, the DW&s the sector leadey and local governmentas the Water Services
Authorities), are key roleplayers that must collectively oversee and regulate ¢ndéire water value chain
up to before the coastal marine water envinment. Severabther public water institutiongsuch ashe

Water Serviceroviders the WaterBoards the CatchmentManagementAgencies and the

WaterUserAssociations must also be suitably staffed to complement the water resource aater

servicesfunctions of government especially with respect to implementation pfogressivemeasures In

the private sector, knowledgeable scientists and engineers must see to emgrdal compliance
management engineering of infrastructure solutions ardevelopment ofinnovatve approaches to
address technical challenges.

The water sector iBoth inter-sectoral and multdisciplinary in natur¢DWS, P18b, p. 11.1] When dealing

with eutrophication atinter-sectoral leve] collaborationis necessaryamongsectors such as water and
sanitation; agriculture; health; education; forestry; aquaculture; industry; mining and environment; and
government (be it national, provincial or local governmgnt From amulti-disciplinary perspective,
collaborationis necessargcross a range of focus argés name but a fewpolicy and regulation; planning
and information; capital works design, construction, aga@n and maintenance; ecological protection;
chemistry and microbiology; social and economic analysis; financial and project managjement
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In 2015, the Water Research Commission (WRC) conducted a sample public sector skills gap analysis with
the aim of deeloping an integrated water sector skills intervention map. The skills gap analysis
distinguished betwee O I LJ-(Whichiwiag used in the context of the number of staff per job title within

an institution) anda a 1 whidh eferred to the ability of individuals The capacity and skills gaps were
determined by subtracting the supply from the demafie., by considering the capacity necessasy

capacity available The skillsgap was determined by comparimgecessanyskillsvs. skills available to
manage water resources and servicdswas found that the capacity gaps for the analysed Catchment
Management Agency (CMA) and local municipality were 44% angr@28éctively, and the skills gaps for

the analysed CMA, water board citocal municipality were 36%, 60% and 55% respectiVénings, et

al., 2015, p. 220h Ly | &adGFFF YSYOSNRAQ 26y NIGAy3d SESNDAES
71% was recordefWin-SA, 2015, p. 9] The vacancies in technical departments of water institutions that
were analysed, averaged at 24%enings, et al., 2015]

In local governmentabout 144 municipalities have been assigned thmction of Water Services
Authorities (WSASs). At least 33% of municipalities are regardéeiag dysfunctionalwhile more than
50% have very limitetb notechnical capacityDWS, 2018bg this in spite of legal requiremesthat, as
an examplethe process controfunction at Wastewater Treatment Works (WwTWsst be performed
by skilled personnel [GN R.813, 2013; GN R2834, 1986].

It is critical to define skills and capacity buildingydsed individual capacityF{GURB) to include
organisationakapacityand anenabling environmenfMorgan, 1998] Capacityat 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 tisaigown
knowledge and skills. Caqity 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 conditioncessary for demonstrating capacity at the
individual and organizational levi@ICA Task Force on aid approaches, 2004, p. 16]
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FIGUREB: Levels otapacityfAdapted from Matachi, 200

5FdF FNRY GKS S5SLINIYSYydG 2F 1 A3IKSNI 9RdzOF A2y | yR
(HETMIS) showed that the supply of Civil Engineering graduates doubled ovetyeafiygeriod from
approximately 1000 to 2000 graduates per yeaiThe numbe of other graduate 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 andemgiand
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the inadequate environment and organisational capacities associated with many of these water institutions
continue to hinder effective service delivdiyan Baalen, et al., 2015]

Eutrophication management capacity shébecome 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 céyoildityy
specid 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 eutrophicddoss, 1999]

A progressive water sector requirelsiled individuals empowered by a conducive organisational culture
and an enabling external environment that supports excellence d@atho PS f fiéiciple$. Without
necessary intervention, poor service delivegndsin many water institutionsre likely to continue (such
asincrea®d procrastination and growing incidences of fruitless, wasteful, irregular and unauthorised
expenditure of public fundgviuller & Erasmus, 2020]

1.2  Problem declaation and potential policy and strategy responses

Causal chain analy$Rogers, 200Qpften also called root cause anal\jgteoney & Van den Heuvel, 2004]

is closely related to systems thinkiifg [Arnold & Wade, 2015]life cycle assessméfit [Guinee, et al.,
2011]and theDNJA @nEBNata8naNEE it Beépunse (DPSIR) approachKristensen, 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 questidenK € K ¢

FIGURR ” shows a simple theoretical causal chaixamplefor phosphorus loadingf receiving water
resources. Note how the causes of water quality issues, as well as their ultimate effects, abheays
reside within the soci@conomic domain, implying that poorly planned and-raanaged human
development and progresare often the enemy of prosperous and healthy societies.

f'—b Root cause

Personnel with technical and financial management capacity shortcomings;
Poor infrastructure planning, and financial planning and management;

Poorly operated and maintained sewer network systems and WwTWs;

21LLIOU029-0170G

Poor urban wastewater handling;
Discharge of sub-standard effluent;
Excessive nutrient enrichment of receiving water resources;

Excessive primary production, causing hypertrophic conditions;

Declining biodiversity;

ulewop
|ea180j003

Failing ecological infrastructure;

(2
\&/
Causal chain

.1 Elevated animal mortality;
.2 Elevated risk to human health;
.3 Clogging of irrigation systems;

Increasing treatment and management costs;

Rising input-cost and shrinking surplus funds/ profits;

3]UIOU033-01905

ujewop

Increasing risk to job security and adverse socio-economic consequences.

Lr Ultimate effect

FIGURBS: Example of a possible causal chairpfarsphorus loading

6 fBathoPeleis SotheTswaa for"People FirstThe Batho Pele White Paper is national go@wihienPaper for Transforming
Public Service Delij@)SA, 1997]

7 More compleausal chains are usually depictedfiortne¢ with a particéilas a that ead branciff into one or mdree fsd e c t
The numbering of the cameffect elementsRIGURB reflects this relationskiipC a @ branohesff intdi E f fl@kup s o
t0 10.3f4 E f flkocar fdlaw on from any éf thex uld.gthrough to 10.3. Atef fbllevang a preceding a ,.cangtitites
thefl csaenfthe next e f, foening adcausal chain.
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The DNJA @EBNata8naNGE it Resipunse (DPSIR) framework constitutes a structured approach to
describe environmental problems, by defining relationships betwasthropogenic activities and the
environment[Smeets & Weterings, 1999, p.. 7According to the DPSIR framework, there is a chain of
causal links, starting withd R NA @A y 3 leading NAOSLANS & atdaNJBltere the ¢ & G Fof S ¢
bio-physicechemical® conditions causingd A Y LJlo®theiehvironment and eventually necessitating
appropriate policy, strategy and/quoliticald NB & LIKyistesang 2004]

An analysis of eutrophication in Souffrica, based on the DPSIR framework and, in part, utilising input
obtained from a countrwide survey which involved the nine DWS regional dadfibaving completed
guestionnaires that addressed areas concerning eutrophication policy and stifgi&dsnsley, 2003]is
presented inTABLH.

DRIVER PRESSURE STATE_ IMPACT. RESPONSB

i.e. .the socieconomic ol i.e.,effects on habitats, i.e.the societal measur

i.e.,the anthropogenic i.e.the physical, chemice

demographic developme
OR production or

consumption practices t
triggefi pr e s s u

Mining:

Opencast mines to|
supply demand for
minerals; and

Underground minin
operations to supp
demand for minerg

activities that disturb tr
fi s t checasystems.

Blasting;

Exposing of
phosphorus bearin
rock; and

Disturbance of hab
and soil layers.

Industry:

Industrialisation an
industrial expansio

More industrial wa:
and wastewater; a

Growingotential fo
air pollution.

Discharge of
substandard
wastewater;

Atmospheric
emissions of hl&hd
NQ affecting the
nutrient content of
precipitation;

Atmospheric
emissions of Nand
SQ generating acidg
precipitation; and

Habitat disturbancq

biological condition of

ecosystembdt causes

fili mponthe s O
environment.

Soil properties, sud
as pH, affects P
availability. Under
some condition a h
soil pH can increas
P mobility and
availability, whered
acid precipitation ¢
reduce P mobility,
holdng P back until
the pH rises again;

Water properties,
such as pH,
temperature and O
affect the NH NH*
equilibriumi-ree
un-ionised ammoni
(NH) is toxic to
aguatic organisms
and predominates
when the pH and
water temperature
are high, or when (

biota, ecosystem goods
services and ultimatel)
society that require cont
management and/or
mitigation, through
appropriate responses

Shading leads to
benthic habitat
destruction;

Fish and other
aquatic animals
become stressed,
and are susceptiblg
parasites;

Aquatic animals ar
subjected to bhadal
infections;

Excessive algal
blooms are harmfu
to, and lead to inju
of aquatic animals,
such as the cloggin
of fishosg
poisoning by toxin
releases, and
localized anokia
that effects

aimed at preveigtin
minimising or mitigatir
negativé i mpby c
feeding back to the
i d r jfAvper ressasdu
fistéteo

IMPLICATIONS FO
POLICY
FORMULATION

Chief imperatives

Limit anthropogen
nutrientbading

Reduce excessiveg
primary productior

Protect aquatic
ecosystems and tl
biological diversityj

Secure water
resources that are)
foruse; and

Support ecological
sustainable
development and
justifiable soeio
economic growth.

8 After examining the identified responses, they were grouped according toeth@y thaseethat typically support policy
formulation vs (2) those that typically supportesta@téglyment. The policy supporting responses were again subdivided into the
following stdroups: (1.f)c h imefe r; andi (MB s o mp | e me nt.i fdhe stiateyy suppoitinig vesporses were
subdivided according to the followirgyosys:(2.1) ftore approache&@sfi s 0 ufi rc & © @wfrrceende dlireatédi o n O
management); (Xi2p p e r approachégasl per the PioCheckAct cycléMoen & Norman, 2pjd(2.3)i suppor ti ng
approachés

Edition 2 Pagel4 Februan202:



Eutrophication Management Strategptarth Africa
Project Report Nd2

Part 1: The South African cont
Chapterl:The eutrophication challer

DRIVER. PRESSURE STATE_ IMPACT. RESPONSB
. i levels are love(, subsistence and | Complementing
. Poor fertilisin P S - -
Agriculture: practices andgover low Qlevels inhibit| sports fishing; imperatives
Increased dfgnd fertilising causing | Nitrification). Factq, cpanges of Resource
and irrigated crop |  fertilizetaden such as alkhahne ecological commur| eutrophication
production to diffus&drunoff fron| drainage, thus, mal - g,cture and loss management;

maintain food
security;

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

Expanding
aquaculture to
provide an alternat
source of protein a|
to maintain fdo
security;

The intensification
farming practice to
maintain a favoura
economy of scale 4
to remain profitable

A lack of capacity
hindering effective
farm advisory
services; and

Lack of capacity w
respect to elarm
best management
practices.

agricultural fields;

Prevalence of
erosionmobilising
sediments on whic
chemical eleméffis|
are adsorbed;

Oveiirrigation to
satisfy leaching
requirements;

Feedlot waste
disposal and
wastevater
discharged;

Habitat disturbancq

Organic waste, foo
leftovers, and excr
associated with
aquaculture;

Inadequate farm
advisory and
extension services
and

Poor farming
practices.

Tourism:

Seasonal trends
peaking during
holiday periods; an
Increased demand
for water services
during peak times.

Fluctuating and
increased waste arf
wastewater
production; and

Fluctuating and
increasing pressur
on urban wastewat
handling.

Local government:

Growing and
deteriorating
industrialiastewate
handling, feeding
municipal sewer
network systems;

Deteriorating urbar
wastewater handli
and

Waste manageme

Inadequate operati
and maintenance d
offsite and onsite

sanitation systems

Theft and vandalis
of wastewater
infrastructure;

Dicharge or loss 0
untreated and/or
substandard
wastewater; and

Poor waste practic

have an aggravatir]
influence;

Elevated P;

Elevated N, also in
groundwater
resources that feeq
surface water
resources;

Elevated Ghl ;

Occurrencesd
intensity of nuisand
algal blooms;

Occurrences of
floating and rooted
aquatic
macrophyt&s;

Native plant specie
loss and replacemg
with aén invasive
plant species;

Dominance of
cyanobacteria and
the occurrence of
toxic cyanobacteria

Undesirable aesthg
conditionwig.
discolouration,
increased turbidity
and loss of clarity,
foaming, presence
odours, etc.);

Impoundments
sequester ments;

Sequestration of
nutrients in the
sediment;

Severe shading an
light attenuation
caused by excessi
macrophyte growtt
blooms of
macrealgae and
phytoplankton, ang
the presence of
debris hinder the
photosynthetic
processes in benth
plants;

biological diversity;

The proliferation of
alien invasive plan
species affects
resource water qug
through reduced
dilution capacity, a
altered nutrient
cycling;

Increased

occurrences of tas
and odour problem
in final drinking wal

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

Toxic levels fike
amnonia(NH) may
kill fish and other
aquatic organisms;

Inorganic chemical
such as ammonia,
nitrites, hydrogen
sulphide, etc. that
induce the formatid
of harmful
substances, such 4
nitrosamines,
suspected of being
mutagenie], during
the production of
potable water;

The sequestration
nutrients in
impoundments
reduces the
downstream transf
of nutrients to
floodplains, wetlan
lakes and theastal
marine environmer

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

Promote research

Promote
management
cooperation;

Promote
transparency; and

Facilitate capacity
building and the
empowerment of
roleplayers.

IMPLICATIONS FO
STRATEGY
ESTABLISHMENT:

Core approaches

Sourcé&3¢IDirected
Management:

Improved regulatic

Operationalising 0
the Receiving Wat
Quality Objectives|
Approach; and

Integration across
sectors.

Resourcéz3Directed
Management:

Determine Resout
Directed Measure
and

Improved regulatic

Remediatioi?!!
Directed
Management:

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

Improved regulatic

Edition 2

Pagel5

Februan202:



Eutrophication Management Strategptarth Africa

Project Report Nd2

Part 1: The South African cont
Chapterl:The eutrophication challer

Expansion of pave
areas and generati
of stormwater.

Habitat disturbancq

Other land uses:

Establishment of
more golf courses.

Fertilizer and nutrig
laden diffuse runoff
from golf courses;
and

Habitat disturbancd

Population dynamics

Depopulation of ru
areas;

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

Increasing
urbanisation;

Increasing
development;

Replacement of
ecological
infrastructure with
grey infrastructure;

Growing demands
potable water and
water resoce
development;

Demand for weste
style foodand fast
foodse.g. growing
consumption of
meats;

Use of
phosphat&ree
detergents;

Escalating
unemployment; an

Inadequate levels
education or less
skilled and aspiring

Habitatlisturbance;

Increased urban
waste production;

Thenutrientoading
character of
wastewater is
changing;

Pressure on urban
wastewater handli

Negative effect on
affordability of rura]
water services
infrastructure,
affecting operation
and maintenagic

Altered flow and
water quality regim
associated with the
establishment of
impoundments ang
related infrastructu

Lack of skilled watg
scientists and
engineers; and

Inadequately
capacitated water
institutions.

deeper layers of

water resources

during the end of
summer;

Loss of benthic
diversity affects an
lead to stressed
bottorfeeding fish
and other animals;

The decomposition
organic matter lead
toan ovesupply of
CQ, which, in turn,
also enhances wat|
acidification;
Increased
occurrences of
elevated levels of
hydrogen sulphide
and heavy metals i
deoxygenated
hypolimnia;

Increased fish and
invertebrate stress

Undue exposure tg
pathogens thate
present and
associated with
faeces; and

Diminishing state @

ecological
infrastructure.

DRIVER PRESSURE STATE_ IMPACT. RESPONSB
Human setlement Nutrientaden diffus|© Elevated COD; reintroduce previoy Operaipnal
i runoff from bl Oxygen depletion, | Seduestered — fapproaches

areas; and especially in the pollutants back intg Plan:

receiving water
resources;

Increased occurrer
of human health
problems.é.,
gastroenteritis, skir
irritations, etc.);

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

Increased
interference with
recreational activiti
(i.e.,boating, figthg,
swimming, etc.);

Increasing risk to
human health
affectingaditional
ceremonies and
rituals performed ir
rivers and wetland

Struggling tourism
due to foul odour &
turbidity issues, ski
irritations, etc.;

Loss of property
values;

Interference with
irrigation and
livestock agricultur
(i.e.,clogging of
irrigation nozzles &
livestock mortalitie

Mortality of domes
and wild animals,

drinking hypertroph
waters that contain
toxins;

Reduced incomentif
agriculture, tourism

Holistic water
resource system 3
catchment plannin

Structured plannin
to ensure that
WwTWs are
timeously upgrade
to not exceed des
capacities;

Validation and
verification (V&V)
all water uses with
water quality impa
potential; and

Waste load
accounting to be
introduced as a
planning measure

Do:

Integration of
authorisation
conditions with wa
resource

requirements;

Increased reuse al
recycling of waste
and water contain
waste;

Revision of nutrier
discharge stdards

Ensure that all wa
uses with a potent
to contribute towa
eutrophication are
permissible,

compliant and law|

Improved water us
authorisation and
administration;

Improved regulatig

Enforcement of
conservation

: agriculture;
employees being
absorbed.
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DRIVER PRESSURE STATE_ IMPACT. RESPONSBH
. o More frequent mixi and other effected |u Enforcement of
Climaiez varznline of stratifigd layers sectors; buffer zones and
Extended dry spellf  jnyersion of Impaired social other best
Extended hot spell] epilimnid#and development; and g"rz'gfi‘cgsg_‘zrr‘ltd
Extreme wind actid YPolimniéfmay Economic loss. L
) lead to more regulg Implementation of
Increasing demanq  recycling of nutrien the Waste Discha
for water resource| from the anaerobic Charge System.
development; and imni
P : hypolimnioand Check:
Potentially changin ., Exacerbated poor
climatic conditions]  trophic conditions. Improved
monitoriny!
L . A programmes and
Administrative and Excee_dmg the digrs reporting for local
pO”tical InStablllty capacity of WwWTW and national
Fading institutional Destruction (cj)f wats government;
capacity in many _refsource and servi Regular and targe
government infrastructure; compliance
departments and Failing operatiand monitoring; and
agencies; malntenanced of w3 Appropriate
Failing corporate _refsource and servi information
management and | 'Nfrastructure; management
governance; Discharge of systems are in pla|
Svstemic corruptio] Untreated and/or .
4 ) P substandard urban| Act:
local government; | aSteate: and enforcen
9 ' |u Operating rules for enforcement of big
More frequent serM  thewater resource and regular
delivery protests; & infrastructure that offenders;
Shrinking availabilii promote enrichmer Rehabilitation and
of funds or capital restoration of
(capex) and ecological
operational infrastructure;
expenditure (opex) Rehabilitation of h
infrastructure; and
Adequate
maintenance of
water resource an
services
infrastructure.
Supporting
approaches
Skills developmen|
training and capad
building;
Appointment of
employees, who
possess approprig
skills levels, in
technical positions
Research and
technology
development;
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DRIVER.

PRESSURE

STATE_

IMPACT.

RESPONSBR

Poverty and
criminality:

Increasing vandalis
of water services
infrastructure; and

Declining affordabi
of social
infrastructure.

Washing in stream
and in rivers;

Inappropriate onsit
sanitation and bus
toileting;

Theft and destructi
of sanitation servic|
infrastructure;

Overflowing utility
access holes caus
by sewer system
blockages and
sabotage; and

Creation of an
informed, supporti
and responsible
public;

Behavioural chang
communication

programmes to

facilitate behaviou
change and a sen
of resporikility in

communities aime
at limiting and
preventing excess|
nutrientbadingand

Discharge of Management
untreatednd/or participation and
substandard urban| cooperative
wastewater. governance.

TABLH provides a succinct definition of the eutrophicatiproblemin SouthAfrica,whichincorporaes

causes, effects and their causal relationships in tabular format. AdditiomalBi.B provides ax 6 NA R3S ¢
betweend LINE cahd®iY.d2 (i Sy (i A Kaddreds2d indBarks2 yirdd 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 @fdbcument, in ordeto 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 withriclement and the
occurrence of hypertrophic conditions in water resources in Sédtita, has highlighted multiple
inter-causallinkages.FIGURHEOisa graphical representation of some of these intausallinkages. 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 societye cimulative
effects of water pollution oraquatic ecosystems, society atite economyare significant and measures
need to be put in place to control and to manage the occurrence of anthropogenic eutrophication.
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—‘ Economic impact
Recreational impact Increased

water treatment \‘,\‘_t.'*,'
or supply cost \ﬁ“
¥, ni?
3 | Corrective
action cost

Decreased access
to waterways

L

Invasive aliens causing
increased water
losses

Decreased
recreational use

Eutrophication Blockages |
inirrigation )=

systems

| Nutrient enrichment

Domestic
& wild animal
deaths

Macrophyte

Invasions

Algal & non-toxic
cyanobacterial Loss of

bioom:

Toxic

cyanobacterial
blooms invertebrate

Phosphate
release from
sediments

Low dissolved
oxygen in surface
& bottom waters

Cyanotoxins
in raw water

Decaying algae &
non-toxic cyanobacteria
anobacteria

T —
\ \‘ Ecological impact )

Morbiditvi mortality

(if water treatment is inadequate)
]
+

Human health impacts

Unsightly scum

| Odours & taste problems

Aesthetic impacts

FIGURELQ Prominent detrimental impacts associated with eutrophication [Adapted from DWA

South Africehas about56 million inhabitantsvho live in more ttan 28 thousand communitigS$tats 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 Rightshichenshrines the rights of all peapin South Africa

and that affirms the democratic values lofiman dignity equalityand freedom[RSA, 1996, Bill of Rights:

Section 7(1)]. Theslogaim:2 I 4§ SNJ A& f A ¥ SH is tHe lergbbdinterit &f thg corftrbutidd dfA y A (G & H
water, as a common ga towards achieving these lofty democratic values. Eutrophication is incompatible

with these valuesand, thus also with the sloga:2 | G SNJ A& f A TSH. Pdrbkayiitatiod G A 2y A
constitutes a significant source of nutrient owemrichment tat leads to eutrophication which, in turn, is

one of leadinghreats tofitnessfor-dza S 2F (G KS O02dzy i NBE Q& o G§SNJ NBaz2dzNDS
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CHAPTER 2: DEFINING THE SUBJECT

2.1  Eutrophication

"Eutrophication"is an ecological term used to describe the process by whiockaterbody becomes
enriched with plant nutrient§Walmsley, 2000, p. 4] During this process theaterbody accumulates
organic matter (both living and decaying) ancgressively changes its character from that of a deep
waterbodyto that of a wetlandand ultimately to that of a terrestrial system. Eutrophicatis therefore

a term that is primarily associated with the process of natural ageing of [Bleddren, et al., 2001]Under
natural conditions this proces§IGURERL1) takes place over tens of thousands of years. However, over
the last+100 years, human influences have greatly accelerated the rate of emeitth thereby shortening

the lifespan ofwaterbodies Importantly, two types of eutrophication can be distinguisiié¢almsley,

2000; Walmsley, 2003¥iz.:
u Naturally occurring eutrophicationthat is dependent on the geology and natural features of a
catchment. It is not reversible and continuas infinitum, albeit at a slow rate; and

Humaninduced eutrophicatiorthat is related to anthropogenic activities. Some references also refer
to the latter process ascultural eutrophication;' as it is associated with human activities (social and
economic) andhs itaccelerates the rate of ageing wiaterbodies Anthropogenic eutrophication is

reversible, albeit at a cost

NATURAL EUTROPHICATION ANTHROPOGENIC EUTROPHICATION

Low levels of
primary production

-+

& Urban run-off;

& Urban wastewater;
é

[ ]

Low levels of
primary production

1000’s of years

Industrial wastewater;

Fertilizer-laden run-off from
agricultural fields;

Erasion and sediment;

10’s of years

Growing levels of
primary production

100's of years

Excessive levels of
primary production

High levels of
primary production

FIGURELZ lllustration ofi n a t andfiaal ndt h r o quivoghécatiofieladren, et al., 2001, p..4.
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Anthropogenic eutrophicationvas first recognised as @oblematic environmental phenomenorhen
scientists were able to associate problem conditionsvaterbodieswith increased nutrient enrichment
from human activitiegStewart & Rohlich, 1967; Voleeider, 1968] The process of eutrophication also
became associated with a wide array of water resource probl@nsst, et al., 1974] This led to many
definitions of the term and a rather confused understanding of wihateant. One of the most widely
accepted definitions of eutrophication is that of the Organisation for Economic Cooperation and
DevelopmenfOECD, 1982}hich describes the process ds: the nutrient enrichment of watersvhich
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 us&'.

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 possibleinluence naturally occurring eutrophication with
management measures, such as strefionv manipulation and remediatidit®! strategies.

Some see nutrient enrichment as having far wider implications than just water quality proassosiated
with water resources. This is because of the extent by which anthropogeliientcontaining materials
impact on continental air, and terrestrial and aquatic eystem§!. Nutrient enrichment therefore,can

be undersbodto influencesustainable natural resource usee(the use ofmaterial sources of nutrients),
nutrient flow through ecosystems, and multiple impacts on air, land and vj&feA, 2008; EPA, 2001; EPA,
2000a; EPA, 2000b]

In contrast to eutrophication, lotrophicatiot’®? isa S dzii NP LIK A O iarid 2efer tdi thie pidde8 S N& S €
of nutrient depletior®® andreducing levels of primary production. Oligotrophication can rgSitickner,

et al., 2000] inter alia, from ¢ the removal of primary nutrient inputs, such as the decommissioning of
wastewater treatment works WwTWS$; inter-basin transfers; vegetation clearance and removal; the
channelgation and drainage of wetlands and streams; acidification or liming of waterbodies, and soils; etc.

In the previous discussions general references were madeutnient-loading'®? as the cause of both
natural and anthropogenieutrophication,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 different nutrient elements, which naturally occur, collectively
in both the Eath's crust, i.e., the lithospheré®], and in the atmosphere, to sustain growth and
reproduction. These essential nutrient elements are usuallgicened in two groupfHarper, 1992)viz:

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 frustule8®! by diatom&®! and a few other algal specieShese nutrient elements are tmeost

important of the macronutrientsandare required in larger quantities; and

Micronutrients (or trace elements), such as copper (Cu), cobalt (Co), molybdenum (Mo),
manganes€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 digent

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 photoskatic conversion of solar energy into living tis§Rest, et al.,

1990] Additionally, oxygen and hydrogen are freely available in water under most circumsiifiibes

1998]

Out of all the nutient elements derived from the lithosphef@, and that are present in plant tissue,
phosphorus and selenium are those whose proportional abundance is lower in the lithosphere than in plant

Edition 2 Page21 Februan202:



Eutrophication Management Strategptarth Africa Part 1: The South African cont
Project Report Nd2 Chapter2:Defining the subje

tissue[Harper, 1992] Phosphorus, thus, is a prime candidate for a macronuttteett would potentially
limit primary production. Selenium, followed by zinc, molybdenum and manganese are potentially likely
to be limiting micronutrientgAtlas & Bartha, 1987]

Out of all the nutrient elements derived frothe atmosphere or hydrosphelél, such as carbon, nitrogen,

oxygen and hydrogem nitrogen®® is regarded as a prime contender to potentially limit primary

LINE RdzOiG A2y ® ¢CKAAa Aa RdzS (e nitybget GRENGOSSY OQval {LANGID | dzlS yiiiK &
share of nitrogen on the planet, and because nitrogen gay ¢hhnot be assimilated directly byost

plants, whereas carbon is unlikely to be limiting because of its prevalent gaseous.éooarbon dioxide

gas (Ce@), being vater soluble and bio availablender most circumstancegsiarper, 1992]

Anthropogenic eutrophication and the construction of dams have led to decredeedstreamsilicate
availability andsilicate availabilityfor input to estuaries andceans[Bennekom & Van Salomons, 1981]
Furthermore, phosphis and nitrogen are recycled more rapidly in the water column than is siewh
along with increased eutrophication meceiving rivers anéstuaries andin coastal areas, increased P:Si
and N:Sratios are expected[Egge & Aksnes, 1992Dfficer & Ryther (1980) notes thatptoplankton
communitiescan generallype divided intdwo basic categories.e.those dominated by diatomand being
depencent on the presence of silicatand thosedominated by flagellaté®! (or nondiatomaceous forms)
and normally not being depermdt on the presence of silicatdt, thus,is conceivable that thE:Si andN:Si
ratios influence the composition of phytoplanktocommunities and that low ratios (i.e. high silicon
availability) is generally beingassociated withdiatom dominance Additionally, the presence of
flagellatecommunitiesis often associated witlthe undesirable effects oAnthropogeniceutrophication
while diatomcommunities are not[Officer & Ryther, 1980] The presence and composition ofatbm
communitiesare indicative ofpast and present aquatic health conditioand are useful as indicataf
resource quality

Cycling of the limiting nutrien!, phosphorus ad nitrogen,is discussed next:

On land, over thousands of years, phosphorus is gradually becoming less avaijtddnedgincat is slowly

lost in runoff to the marine environment. Humans have caused major changes to the global
bio-geochemicaphosphorus cycle through mining and the utilisation of phosphorus min&taiister alia,

as phosphorus fertilizer; idetergents; 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, buhe elementremains mostly on land a@hin 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. Théolgal bicgeochemical phosphorus cyclEIGURE?2) includes five major
processe$Miller, 1998; Atlas & Bartha, 198%jz:

Tectonic uplift leading to exposure of phosphorbgsaring rocks, such as apatite, to surface
weathering;

Geological cyclingcaused by physical erosion, and chemical and biological weathering of
phosphorusbearing rocks, enhanced by anthropogenic activities, such as mining, to expose dissolved
and particulate phosphorus in soils and water resources;

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;

Riverine and subsurface transportatiasf phosphorus taeceivinglakes and ruoff to the ocean; and
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u  Cycling through aquatic organisnise cause sedimentation of particulate phosphoragy(,phosphorus
associated with organic matter and oxide/ carbonate minerals) and eventually burial in the sediments
in freshwaterresourcesandthe marineenvironment

‘g 1444441
Phosphorus \
_loading -]t« ;

Assimilation| 4 Fertilisers
s Riverine & Detergents|
‘ sub-surface —‘

transportation

Cycling
through

Assimilation e isind
‘ organisms

Sedimentary rock
land & water bodies)}

FIGUREL2 The biegeochemical phosphorus cycle

Elemental phosphoruss extremely reactive andoes not occur in the natural environmenPhosphorus
occursin natural wateras orthophosphats, polyphosphates metaphosphates, pyrophosphatesd
organic phosphates, either dissolved or bound to particulate mater@{.these, the orthophosphate
species BPQ and HP@? are the only forms of soluble inorganic phosphorus that are directly utilizable by
aquatic biota. SolublReactive Phospitus(SRP), oorthophosphate (PGY) is generally considered to be
the most immediately available form of phosphofVAF, 1996; Walmsley, 2000} eutrophic lakes and
under anaerobic conditions, there is a marked increase in soluble phosphorus (orthophosphate) content in
the lower hypolimnionsincethe oxidised microzone between the sedimemidawater phase is lost, with
the resultant release of phosphate and ferrous iron into the waf@fetzel, 2001] However,
mineralisatior?®l; adsorption onto suspended material or sediment; desorption under aefdbic
conditions; assimilation by plants; and precipitation with calcium or,iumer aerobic conditions, to form
relatively insoluble compounds that precipitate out of the watare all processethat influene the
concentration of available phosphorus in fresh and marine wdisiamsley, 2000; Wetzel, 2001]

2.3.2 Nitrogen

Most of the Earth's atmosphere (£78%) consist atmospheric nitrogen, making it the largest source of
nitrogen. Nitrogen occurs in surface waters in several foreng,,ammonium(NH,*), nitrite (NQ), nitrate
(NQ), urea CHNiIO), anddiatomicnitrogen gas (By. All freshwater algaean assimihte the first four
forms, but nitrogen gas can only be utilised by certain species ofdsken algaeand bacteria(e.g.,
cyanobacteria such @nabaenaspecies]Brock & Madigan, 1988]
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The nitrogen cycle is extremely important in determining the availability of nitrogen (timing and quantity)
in surface water§Walmsley, 2000] Human activities, such as fossil fuel combustion, the use of artificial
nitrogen krtilizers, and the release of nitrogen in wastewater have dramatically altered the global nitrogen
cycle. Human modification of the global fgieochemical nitrogen cycle can negatively impact on
ecosystemsndadversely affect human health.

The biegeoctemical nitrogef°! cycle FIGURE3) incorporates processes by which nitrogen is converted
into the other chemical forms, as it circulates among the atmosphere, terrestrial, and marine ecosystems.

Atmospheric
nitrogen
Y Emissions from
1/ s industrial & internal
/ ’/Rai“i N combustion engines
W]
'y
Lightning| NO, ).
/ o [ \‘\k X g
\ - NN YAV
LA L VYA A ‘& % Y
Soi 3 i brotei E) A ¥
' >0 S Fossil ©.© Fertilise
Assimilation < g o fuels
Urine & faeces| A.).|=
Nitrogen-fixing Nitrogen-fixing Del":g'efﬂgi
bacteria in bacteria in Deaiarin —
soil root nodules 9; T::\Tsa s|
£ NO;-
i Nitrates|
Decomposing | & ‘
fungi & pacteria FR™ Industrial &
Ammonification {é(‘\ Nitﬁfying' dome;tic
v ) bacteria | return-flows)
\mmoni NO,”
g Nitrites
Nitrifying Key
bacteria B Natural activities
E— Il Anthropogenic activities

FIGUREL3 The biegeochemical nitrogen cycle

The biegeochemical nitrogen cyc[#iller, 1998; Brock & Madigan, 1988; Atlas & Bartha, 1987; Davis, et
al., 1980; Wetzel, 2001icludes:

u Nitrogen fixation, which entailsthe conversion of nitrogen gas {Ninto nitrites (N@) and
nitrates (NQ’) through atmospheric, industrial and biological processes. Atmospheric nitrogen must
be processed, difixed’, into a usable form before it can be assimilated by plants. A significant amount
of nitrogen is fixed byightning strikes, but most fixation is done by frdiwing orsymbioticbacteria
known asdiazotroph&®! and certain heterocyst containing filamentous cyanobacteria;

u Assimilation by which plants absorb nitrates (MPor ammonium (N&) from the soilor sediment
throughthe cell walls otheir root hairs. When nitrate (N£) is absorbed, it is first reduced to nitrite
ions (N@) and then ammonium ions (N for incorporation into amino acids, nucleic acids, and
chlorophyll. In some plants, nitrog€N,) can be assimilated in the form of amniom ions (NH)
directly from the root nodule$®?;

u  Ammonificationor 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 rerbaitis into
ammonium (NH");

u Nitrification, constituting the conversion of ammonium (NHto nitrate (NQ@), whichis performed
primarily by soHiving and other nitrifying bacteria. In the primary stages of nitrification, the oxidation
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of ammonium (NH) is performed by bacteria, such as tNe&rosomonasspecies, which conveftee
ammonia(NH) to nitrites(NQ»). Other bacterial species, suchMisrobacter, are responsible for the
oxidation of the nitrites(NG) into nitrates (N@). Under aerobic conditions certain cyanobacterial
species €.9., Anabaena one of the filamentous species with heterocysts), in addition to the soil
bacteria, which also occun water resources, namelzetobacterand Clostridiumcan perform
nitrification and convert Kin the epilimnion of impoundments to compounds that are readily available
for uptake. It is important for thefree ammonia(NHs) to be converted to nitrite§NQy) or nitrates
(NQ), becausdree ammoniaNHs) gas is toxic to plants; and

Denitrification, by which nitrates (N§ are reduced back into nitrogen gasy)Nwhich is inert and
mostly unavailable to plants, compiegthe bio-geochemical nitrogen cycle. This process is performed
by bacterial species, such &#seudomonasnd Paracoccusunder anaerobic conditions.g., in
waterlogged soils. These facultative anaerobic badt€rian also live in aerobic conditions.

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 thgrowth needs of the planfwalmsley, 2000] This is known as the

[ ASo0A3Qa [ I ¢[20F thelliritihg ratrieyt Xoviaf and is the basis of thEutrophication
Management Strategy fdsouthAfrica

The overall composition of aquatic plant tissueiis;Ebs3; Oi10; Nis; and P, yielding a C:N:Rweight):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 obdeted t
phosphorus and nitrogen are the most frequent limiting nutrients in freshwater systems. Increases in the
levels of either of these two nutrients in waterbody will raise the risk (extent and frequency) of
experiencing eutrophication problems. Coritrof 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 thsoufgterunoff from land and the
enhanced iron (Fe) sequestration byghitle ($) in high sulphate (S8) containing marine waters, which
reduces the availability of iron for phosphate @PPDprecipitation in marine waters, in comparison to
freshwater systems. In the oxidative hyfrais of iron and the concomitant precipitation of phosphate, a
minimum of two iron (Fe) atoms are needed to precipitate one phosphaté*{Rbleculé), i.e.,Fe:P=2.
However, dissolved Fe:P<2 predominates in afbxi@arine wates, 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 periodselto temperature increases. In estuarine and coastal marine
waters, it is particularly evident due to salinity or temperature gradient®enless dense freshwater from
riversmeetsheaviermore denseseawater Limited vertical mixing betweethese water layers restricts

the supply of oxygen from surface waters to more saline bottom waters, leading to hypoxic conalittbns
the creation ofd R S I R . ITReyfoBation ofthe cdead zonekis exacerbated byexcessivenutrient-
loading(particularlynitrogenloadingas thelimiting nutrient in seawater) and the consequentg@imary
production that results in an accumulation of particulate organic matter, which encourages microbial
activity and thefurther depletionof dissolved oxygeim hypolimnetic watersLimiting nitrogen in effluents
under such circumstancethus, constituts an important eutrophication management measyi@iaz &
Rosenburg, 2008]
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To determine the levels gfhosphorus and nitrogeim effluents, waskoff from landareasor in water
resources, or for the purposef determiningcompliance toWaste Discharge StandaFdd or in-water
resource water quality objectivié’], different parameters can be analysed and assessed.

The measurement oflgal biomass, usually by means of analysing the Chloréphyll0O2 y OSy G NI G A 2y
surfacewater resources; even though thepercentage of Chlorophyl @1 NASa 06SGsSSy aLISo
the lifecycle of a species, providesligect indicationof primary productionand anindirect indication of

the phosphorugP) ancdhitrogen (N) levelsn the water resourcs.

For thedetermination of phosphorus in wastewatand in water resourcesTotal Phosphorus (TP) and
orthophosphate analysis amoutinely performed [Pers.coms.Louw; 2022] for the following purposes
(TABLE):

PARAMETER DESCRIPTION PURPOSE

All phosphorus (P) foundiatasample, | Commonlgnalysed@hen sampling

Total Phosphorus whether dissolvedrothe form of conden{ wastewatemd water resources to indi

(TP)

phosphates thetotal potentially available phospho
Form ofvatersolubld® produced by natur .
Orthophosphate processes or through huimiduenced f;%?ﬂ:gggtnoailﬁ?cﬂfgui?i?npt“s?t%t\;vlsa 19
(PQ?®) sources, like untreated sewage, and t

readily bioavailable. naturataw water.

For the determination of nitrogen iwastewater and inater resourcesthe most relevant substances are
ammoniumnitrogen, organieitrogen, nitratenitrogen (NQ’) and nitrite-nitrogen (NQy). Depending on
the purpose, the following are analysf@ers.coms.Louw, 2022] and/or assessedlABLE):

PARAMETER DESCRIPTION PURPOSE

Typicallgnalysed/hen sampling
= Total Organic NitrogémmoniufNH*) |wastewatehat isassociated with biolog
treatment processes

Total Kjeldahl Nitrogen
(TKN)

Commonlnalysewhen sampling
= TKN + NitratdQ) + Nitrit¢NQ’) wastewater and water resources to in
thetotal potentially available nitrogen.

Total Nitrogen
(TN)

Organic nitrogen is generally of concq
= TKN NH* more as Biological Oxygen Demanyi
than as a source of nitrogen.

Total Organic Nitrogen
(TON)

Provides an indication of the aerobic
= NH+ NH* anaerobic decomposition of organic
material.

Total ammonia

Provides an indication of ammonia to
= Total ammoni&H* (which is pH and temperature depend
that for instance affects the aquatic e

Free m-ionized ammonia
(NH)

Commonpnalysedvhen sampling watg
= NQ +NQ) +NR resources to indicate the nutrient stat
raw water.

Dissolved Inorganic Nitroge
(DIN)
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Trophic status refers to the degree of nutrient enrichmi&litin surface water resources and the amount
of primary productivit{*'¢! that can be sustained. Importatd note; is thatthe trophic status of water
resourcesis affected by multiple abiotic, biotic, physiechemicalt®! and biological factorsfIGURE4)
that impact on the nutrient concentrations within the water resourddatural factordCarlson & Simpson,
1996]that influence the trophic statusf waterbodiesjnclude:

Atmospheric precipitation, such asrainfall, hail, snow, et¢ contairing soluble nutrients
(predominantly nitrate}that promotes primary production

The properties of thgeology and the soilsand the extent of essentialutrient(s)mobilisation which
contribute to high natural background levels of phosphorus and nitrogen from mineral spancethe
promotion of primary production

Geohydrological and hydropedologicaiharacteristicsthat enable and assist with nutrient transport
through the soil profildo promote primary production

Hydrologythat caugseither the flushing or the concentration of nutrientsaquaticecosystemswith
well-flushed systems, generally, toleinag higher nutrient inputs;

Residence time and hydraulidkat affect cell growth and primary production;

Ecological infrastructure such as wetlandswhich provide natural &enuation and water quality
improvement functions;

Water chemistry primarily the concenttions of the limiting nutrientg phosphorusor nitrogeng that
affect primary production

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

The availability ofsunlight that affects plant growth. An abundance of sunlight suppopsmary
productiort

Inorganicurbidity , which reducesvater clarity andlight penetration all affect the amount of available
light for plant growth. Turbid systems can tolerate higher levels of nutrients;
Changingemperatureregimes, which can affect stratificatio#! of the water column and algal growth
patterns;

Seasonal variatiorthat caugsthe responses of algae and aquatic macrophytes to available nutrients
to vary according to the time of the year;

Themorphology of thewaterbody, which influences the impacts of eutrophication through both depth
and shape. Deepaterbodiescan tolerate higher inputs of nutrients; and

Primary production

Interestingly, vinereasturbidity affects the penetration of sunlight, turbidity does not necessarily affect
total algal growth[Robarts & Zohary, 1992] Robarts and Zohary (1984) demonstrated thiag¢
Hartbeespoor | Y €éuphotic zon€®! becanes compressedunder turbid conditions i.e. reducesfrom
what in a clear water reservoir woulthvebeen 6.4 m to 0.6 m, but with primary production remaiimg at
levek consistent with the nutrient status of thgarticularwaterbody.

The presence of nutrients constitutes a comnfantor that plays a rolén most of the naturainfluences

on eutrophicationdiscussed above.This phenomenon supports the management of anthropogenic
Sdzli NB LIKA OF (i A 2 y® autrigngs dhdrare Bmyjfingiokp@nda§y production in water resources
and that play a key role in causing anthropogenic eutrophication
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FIGUREL4 Natural factors that affect the trophic status of water resol

The causes and effects of eutrophication are very complex 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 biomal%, density of benthos?;
submerged macrophyté¥]; dissolvedhypolimneti¢’® oxyger£?; biological diversityand trophic status

are shown conceptually iIRIGURES.
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FIGURELS Conceptualisation of freshwater eutrophicdéalapted from Roos, 2009 and Correll 19

Edition 2 Page28 Februan202:



Eutrophication Management Strategptarth Africa Part 1: The South African ctaxi
Project Report Nd2 Chapter2:Defining the subje

The observationthat the trophic status of water resources is affected by multiple abiotic, biotic,
physicachemical and biological factors, highlights the importance of adagtitigphication 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 tetrophic index'is commonly applied to lakes, any
surface waterbody may be indexed. Tropbiassification makes it possible to describe waterbodies in
terms of the primary production continuum, to predict system behaviour, to judge fitf@sgse and to

assign perceived utiliffFosberg & 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-fibWasy, gravel or
cobble bed streams.€. periphytori'® dominated) and measured as benti@tth per unit area of stream
substrate, whereas in slomoving, sedimentlepositing rivers and lakesd., planktori*'l] dominated),

algal biomass is suspended in the water column and measured as sé&td@idh per unit water volume
[EPA, 2000a, p. 26]

Toeriengtaldo MpT p0 Yy2GSR GKS AYLERNIIYyOS 2F Oflaairfery3
trophic status for eutrophication management purposes. Carlson (1977), followed by
Fosberg& Ryding(1980) Walmsley(2000) and endorsed by[DWAF, 2002] proposel the following
definitions to describe the degrees of nutrient enrichment and the primary production that it can sustain:

Oligotrophicmeans the presence of low levels of nutrients, thast amount of biological productivity
andd 3 2 fv&ler quality;

Mesarophic means intermediate levels of nutrientsjoderate leved of biological productivity and

a T rwatbiduality;

Eutrophicmeans high levels of nutrients, high levels of biological productivitydiahd? ®a&E quality;

and

Hypertrophic means excessivievels of nutrients, excessive levels of biological productivity, plant
production being governed mostly by physical factors and water qualities ranging betwkéa anilE

G dzy I OO S Mhie water Gidlity problems in hypertrophic waterbodies are alrostinuous.

Vollenweider and Kerekes (19803ed a statistical approach to quantify probability ranges for several
variables within each trophic designatioo produce beHshaped curves per trophic class for each
variable. The overlap that resulted emsiied that waterbodies of the same concentrations may be
in more than one trophic claggPA, 2000b]FIGUREG6 depicts the primary production comtiium for
total phosphorus (TP) in lakfOECD, 1982]

Although probabilistic curves are handy to typify waterbodies in termthefrelationships 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 lists examples of key physical, chemical and biological
parameters and their expected changes in response to increasing eutrophication. Initially, biological
activity is expected to increasss 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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FIGURELG The primary production continuum [adapted ®&BD, 1982

TABLE4: Trophic criteria and their responses to increased eutrophi@dirast, et al., 1989]

PHYSICAL CHEMICAL BIOLOGICAYL
Transparency (Sedchansparenés?) A Nutrient concentrati@s Algal bloom frequeacy
Suspended Solils Chlorophyilz3la Algal species diverdity
Electrical conductivity @&C) Dissolved solids Phytoplankton biomass

Hypolimneti® oxygen deficit Littoral vegetatitra
Epilimneti¢loxygen supersaturatir] Zooplanktéfrla
Fishi2a

Bottom faurida

Bottom fauna diveraity
Primary productin

Multi-parameter indices are onerous, and the linear relationship assumed between the parameters in
some of these indices does not h¢arlson, 1977] On the other hand, indices based on a single criterion
potentially could le 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 3 signifies that the value of the péeagenerally increases with the degree of eutrophicatioA; sipeifeesthat the value
generally decreases with the degree of eutrophication.

10 Biological criteria have important quaktatigpécies) changes as well as quantéajiyEqmass) changes, as the degree of
eutrophication increases

11 Aquatic plants in shallow, nearshoserergdecrease in the presence of higieseingityoplankton.

12 May be decreased in numbers and species in bottom waters (hypolinaniceryaieyadegiee of eutrophication, because of
hypolimnetic oxygen deplétiotie initial increase may be reversed under hypertrophic conditions.

13 Bottom fauna may be decreased in numbers and species in high concentrations of hyd&)gewethaphif@Hbt carbon
dioxide (C) or low concentrations of oxygeim (@ypolimnetic waters.
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parameter would be widely accepted. The ideal TSI shimglorporate the best of both approaches,
retaining the expression of the diverse aspects of trophic state found inHpaiéimeter indices, yet still
having the simplicity of a single parameter index. This can be done if the commonly used trophg criteri
are interrelated.

Carlson (1977) developed such adex TS) that is both simplein terms of the limitednumber of
parametersbeingconsideredas well adbeingappreciative of the multdimensional nature dhe d i N2 LIK A O
a 0 I cawept,by consideringthe interrelatednessof the selected parameters andther factors that

influence biological activityAccording toCarlson (1977)waterbodesare rated on a scale from zero to
onehundred Each major divisionlQ, 20, 30, etc.) representsdoubling in algal biomassThe index

number can k calculated from any of several parameters, including Secchi disk transpgfesmog
chlorophylth, and total phosphorugoncentrations(TAB.E5). 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 br trophic state is necessary.

TABE 5. Trophic State Indé€XSland associated parametéoswaterbodies
[Carlson, 1977, p. 365; Carlson & Simpson, 1996]
TROPHIC STATE IN[ SECCHI DI TP CHL=cb .
5 5 Trophic Class
(TS [m] [ug/l] g/ ] P
0 64 0.75 0.04
10 32 1.5 0.12 _ .
Ol igot
20 16 3 0.34
30 8 6 0.94
40 4 12 2.6
50 2 24 6.4 _
NEutro
60 1 48 20
70 0.5 96 56
80 0.25 192 154 A H ert
90 0.12 384 a2 "7V P
100 0.064 768 1183

Thetrophic state of waterbotksaffectsits use or perceived utilittFIGURR7).

Oligotrophic Il

e, T

esotrophic B  cEutrophic

wk,

0-<12pg/e

Clarity: 4->2m

FIGURELT: The trophictate ofwaterbodies affects their use and perceived utility
[adaptedfrom Fosberg& Ryding, 1988nd Carlson, 19]7

TSI=Trophic State Index-@hChlorophyll TP=Total Phosphorus; Cla@gcchi Dey
O=0ligotrophic; #Mesotrophic;ZEutrophid¢d = Hypertrophic

14 Parameters, such as clarity and transparency, should be used with circumspectdissmged atgeneic compounds, (
tannins) wuspended Bds are present in significant amasrgach resutigy be misleadidiggivinghe impressidhatthe
waterbody is mdmielogically productive than it actually is.
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TABLE summariseshe perceived utilityof waterbodies residing in different trophic classes

TROPHIC STATE INLC

(TSI) UTILITY OF THE WATERBODY

Such waterbodies are good for water sports and good sources for drinking water. T
exhibit clear water with gaesitilitybutmaypotentiallpot provide the necessary nutrien
algae to maintain a healthy environment fonitdiitend

Such waterbodibave an adequate amount of nytmdnitssuppogta fairnumbenof algag
aguatic plants, birdsh finsects and other wildlife.

Such waterbodibave a greater amountugfientswhictcansupport an abundance of g
aquatic plants, birdsh finsects and other wildlife.

Such waterbodieave the highdstels ofiutriers, and havéhe potential to support the h
leves of biological productity.@n abundance of algae, aquatic plants, birds, fish, in
other wildlifelJhese waterbodié®wevehave the greatest potential for widely ranging
oxygen gulitions, which can have a detrimental dffeligical diversiand naturplants an
animals.

As per the TSI set oudtAB_E5.

Van Ginkel, et al (2000b) uses the criteria, noteGABLE, for the concentrations of phosphorus (as total
phosphorus); and planktonic algae and oylacteria (aschlorophylh), to classify the trophic status of
impoundmentsin South AfricdDWAF, 2002]

VARIABLE UNIT OLIGOTROPHI{ MESOTROPHI{ EUTROPHIC | HYPERTROPHI
Me%ﬁ%”“al g/ a o<chiid 10 10<chid 2q 20<chiid 3d  chii>30
% of time . .
] 9 U= ¥ ¥ ¥
Chki> 30ug / | ) %ChHi=0 0<%ChHiO 8 8 <%ChHiO 5 %ChHi > 50
Mean annual TF mg/ & TPO 0. 01 0.0159PO 0. | 0.0479PO O. TP> 0.130

Applying theabovetrophic status classificationriteria (TABLE) to 393 South Africaimpoundments
37.7% of the reservoirs were classified as hygtiic; 28.2% as eutrophic; 21.9% as mesotroffiiand
12.2% as oligotrophi€?], for the 2019/2020 hydrological ye@#FGURES). AdditionallyFIGURES8shows
a consistent deteriordon in the trophic status of thesadmpoundmentsfor the 2019/2020 hydrological
year, compared to the 2016/2017 hydrological yfaata obtained from NVIS, 2021]
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1 October 2016 t0 30 S ber 2017 P 1 October 2019 to 30 September 2020

M Oligotrophic i Mesotrophic M Eutrophic M Hypertrophic

FIGUREL8 Comparson ofthe trophic status of 393 South Afrisapoundmentsor the 2016/2017 and 2019/
hydrological years.

This TYITABLE), whichwas developed for National Eutrophication Monitoring Programme (NEMP), was
establishedfor impoundments. The application thereof tivers and streamsnust be done with
circumspectionas it will have to be adaptegrior to applying he TSto such water resourcesTSlIs for
rivers and streammay be available internationally, but will have to be adapted to South African condlitions
with the aridity of the country in mind.

2.7 The ole of the catchment

ltisoftensaida! &l GSNDB2R& Aa | NJdlded @lalk 2001 2F AdGa O GOKYSy

Ariver or a lake is not an isolated body of water, but part of a larger systeéanincludes the surrounding

land that drains into such waterbodies. The geographical area from which rain and surface water drain
toward a common receiving water resource galled a basit), drainage regiof, watershed'", or

catchment#!l. In addition to the natural factors affecting the trophic status of waterbodies (mentioned in
Section2.6,Partl0 = | YOGKNR LR IASYAO F+OGABAGASE GAGKAY I gl (SN
the amount of nutrients that enter the waterbody and, therefore, the primary productijifyA, 2000b]

This constituts the primary reasorwhy appropriate nutrient standards and objectives are required to

control human activity and to manage eutrophication in catchments.

Anatural 6 G SND2R&@ Q& ydzi NA Sy i, porgayily) SyytheNaduiiign? gonterkt &af | FF S O
precipitation, the rate ofweatheringof geologic formations and the dissolution of natural minerals from

soilsin 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 temcentration 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 wel[EPA, 2000b]

Human activity has at leasitree effects on the nutrient load inputto waterbodies:

u It disturbs theoverlying vegetation, exposing the soil to increased weathering and erfiSih, 20000h)]

u It adds easily erodible nutriestontaining material, such as fertilizesnd human andnimal waste,
into the catchmen{EPA, 2000hjand

u Itincreases tharea 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 bé a dzHILEYS\(liitl& &t ©io material is aailable to be transported) and in low
rainfall areas, the transport can ke i NJ Y& SALY2ANIESWater volume or runoff is insufficient to
result in the transport of available materia[®ers.coms.Thomton, 2021].
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As the biological surface of an ustilirbed catchment is disruptedr 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 coursethe degree of disturbance relative to the size of thetevhody will affect the
impact of the disturbance; building a summer cottage would not have the same impact on a lake as would
clearcutting of natural vegetation or dense urban development. Sometimes the teima & A YAt | G A @
Ol LJ- [®ia us&ddo imply that the waterbody has a certain capacity to absorb the impact of disturbance.
In a eutrophicationcontext, this concept, although comforting, probably has little basis ab. fdmpact,

until demonstrated otherwise, is probably better thought of as a continuous response to nutrient increases
(FIGURRY9). The degree of chaagvill depend on other factorgor examplethe size of the waterbodgr

any of the other factors mentioned iBection2.6, and the change may not immediately or even ever
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 waterbodyg.chan
Clearly, biological impact within the waterbody will be directly related to the increased amonuatra@nt-

loading and that impact will occur, whether or not it is detectEdPA, 2000b]

Prevailing weather conditions itatchments also affect nutrient regimes and eutrophicatiorstieams

rivers and impoundments. Additionally, Soutfrican impoundmentseven in the hypolimnetic layer,
seldomreachtemperatures below 9°C The potential for hcterial activityincreasessignificantlyat
temperatures exceedin@0°C and increasexponentially with every 1°C increaabove1l0°C This can

have a serious impact on the anaerobic conditions, especially in hypertrophic impoundments, where
anaerobic areas push through the theooline and thus recycle nutrients to the epilimnetic waters during
summer alghand cyanobacterial blooms [Pecems.Van Ginkel, 2022].

Low turbidity and good clarity;

High levels of light penetration;
Low nutrient concentrations;
Limited phytoplankton;

Thriving phytobenthos;

Thriving fish;

High levels of dissolved oxygen; and
Rich in bio-diversity.

A
TYY¥9yFTYY¥yT"T

Natural levels of
primary production

Reducing clarity;

Reducing levels of light penetration;

Increasing nutrient concentrations;

Thriving phytoplankton;

Limited phytobenthos;

Reducing levels of dissolved oxygen;

Stressed fish community; and

Presence of monocultures and strained biodiversity.
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Excessive
nutrient-loading

Poor light penetration;

Nutrient rich;

Rapid turn-over of phytoplankton;
Accumulation of detritus and dead algae;
Decomposers feed on detritus;
Depletion of dissolved oxygen;

Fish suffocating and dying; and
Collapsing ecosystem.

Impact of anthropogenic eutrophication

Excessive levels of
primary production

FIGURELQ The effects of eutrophication on aquatic ecologpatahical diversity

Human population growth and associated economic activities are the main drivingsfoetend
eutrophication problems. Humans use numerous products and resources which contain phosphorus and
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nitrogen®3, converting them inteelemental compound$’ (or, available phosphorus and nitrogen) and
ultimately releasing them through various pathways into the aquatic environnmiéfgimsley, 2000]
FIGURRO O llustrates the linlagesbetween human activity and eutrophication.

Products containing
phosphorus and

nitrogen Discharge of phosphorus

/ and nitrogen

¥ \Nastewater processes

Consumers Loading to

e surface waters
Industry Natural " Leaching of nitrogen
environment and phosphorus

Agriculture Loading to

Emissions of ammonia groundwater

Transport
“~. Emissions of oxides of
nitrogen
Power generation __—/ Loading to
coastal and

Deposition of phosphorus marine waters
and nitrogen

There are two main ways in which nutrienteantroduced to the aquatic environmentiz. pointl*'? and
diffuse€®® (non-point)& sources ohutrients FIGURR):

Point sourcesof pollution are directly discharged to receiving water resources at discrete losation
such asthrough pipes and ditches from WTWs, industrial sites and confined intensivieektock
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 redaseell as
during stormevents,whenuncontrolled gwer overflowsoccurmore frequently; and

Diffuse sourcesof pollution are indirectly discharged to receivisgrfacewater and groundwater
resources, via surface flowsubsurface flow (leachinghd atmospheric deposition during periods of
rainfall and irrigation.Soil properties, such as the soil pH, and iron, aluminium and calcium centent
affect the mobility of nutrients, such as phosphorus, through sollee 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 s[Rieese,
2020}

Models are usefiwhen engaging in forward planning and comparing scenarios on a catchment basis with
the aim of preactively recommending and implementing appropriate management interventions and
timeously preventing and addressing the effects of eutrophication. Nusjeumnlike salts and other
conservative pollutant®’, however, act in a nononservativ€* manner FIGURR2). This is due to
nutrients, such as phosphorus and nitro§féln changing concentrain 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 ctanges. For example, ammonia is oxidized to nitrisdschin turn are oxidized to nitrates. The
nitrates cannot be eliminated, except by chemical replacement, absorption or biochemically, as is how
done in some wastewater treatment processes. Simplegrmlance modelling, therefore, is mostly not
readily possible.
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"

Suburban development

FIGURE21 Point and diffuse sources of nutrients in a catchment cfRtesdouw & Forster, 200

Theterm& Y I @laf I y OS amBsSrbni the/a3séimption 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 againgtnisome 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 availabldor primary production.
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nitrogen and sulphate trends @mcentratiorovertime andconcentratioroverdistancegraphs.

Thornton et al. (2013) outline eutrophication as a complex®@rg A O1 SR (RAN&weB)Saciag
society, which cannot simply be fixed with only engineeringtgmis, such as the application of suitable
wastewater treatment technolags By adopting a blankeapproach to eutrophication management, the
characteristics ofhis complexproblemwould be ignored.To be more explanatory, complex problems

like eutrophication, can have multiple resolutions, depending on a variety of fatdrsrnton, et al.,
2013] and a national approach to eutrophication management must include catchment and focused water
resource planningvith local action
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To date, eutrophication in South Africa,dtaeendealt withunder the broad guidance of the overarching
Integrated WaterQuality Management Policy and Strategy for South Africa, 2DWS, 2017b; DWS,
2017d]and the other general policies for water quality management and pollution control beffgMAF,
1991] Due to deteriorating water quality trendseingobserved in recent years, specifically worsening
occurrences of eutropbation, the needhas been identified to develop the first dedicated policy and
strategy for a particular water pollutictype, viz.to explicitly and decisively address the escalating effects
of excessive nutrient enrichment observed in many-fjpdt areasn the country.

(1) To give directionwith respect to the management of eutrophication, in particular the control of
anthropogenic sources of excessive nutrient enrichm&nom a strategic countride perspective;

(2) Toprovide a referencdor 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 fa operational consistencyat the Water Management Area (WMA),
subcatchment and local levels, by stipulating ground rules and prescribing overarching
implementation approaches for the management of eutrophication;

(4) To address pertinent issues tife integration and alignmentof eutrophication managemenivith
other processes;

(5) To facilitate improved eutrophication managemeéhtoughcooperation and participation

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

(7) To facilitatecapacity buildingin respect of the control of the causes of excessive natr@mrichment
and eutrophication management; and

(8) To provide a point of departure for theonitoring and evaluationof eutrophication management
strategy implementation progress.

The general practice of utiligy policy to define ground rules, to delineate intent and to specify desired

outcomes, coupled witl strategyto map out overarching implementation approachegealise the said

policy objectives, is also applicable here. In addition tcetteophication management policyhat seeks

to review and express the SouthF NA Ol y 3I2FSNYYSy (i Qa LIRfA0eé 202S00GAC¢
management and nutrient reduction, theutrophication management strategyursues concomitant

approaches to implement thebjectives of the eutrophication management policy over time.

apply nationally(i.e., to the country as a whole);
address issues of anthropogenic nutrientloading (i.e., predominantly phosphorus and
nitrogenrelated) which might have the following adverse effects (if left unattended

Lead to excessive nutrient enrichment in water resources. éurface and/or groundwater
resources);
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Impair theresourcelj dzI t AG& 2F GKS O2dzy iNEQA 4 GSNJ NB&2dz2NDOS
Give rise tavater quality anchuisance concerns (thus negatively affecting property value, impairing
fitnessfor-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.

focus onthe regulation andcontrol of land-basedanthropogenicsources ohutrient-loading

set outresource water quality planning and management measures to balance the needs for water use
with the needs tgrotect water resourcesand

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

source-specifi

local,

sub-catchment up toWater Management Areg WMA);
national, and

transboundaryandinternational.

TheSrategy should ideally be complemented with a water resource planpiogrammethat scheduls

the development and implemenétion of water resource systerand/or sub-catchment stréegies. This is
essential to accommodateiffering andchanging catchment and local dynamics expected to unfold over
time when evaluating, selecting and prioritising suitable operational intervention options feoublh
eutrophication chotspot areas. Additionally, dap-day eutrophication management relatedvater
resource and services activities will have to be executed in accordance wipblibg and strategputline
provided in thisdlocument

Whilst the DWSA & (G KS OdzaG2RALFY 27F (i KSEudphiztiacnNBatagemant G S NJ N
Strategy forSouthAfricais directed at all three spheseof governmenti.e.,local, provincial and national

government) Furthermore, in support of thentegrated management of eutrophicatipmanagement

collaboration between different rolplayers is required,including between shared watercourse
institutions,non-governmental organisations, the private sector, the research community and civil society.
Although it is acknowledged th&outh! F N&A O Q& & dzNF I OS 41 G§SNJI NHzy2FF | FFS
management of marineutrophicationper seis excluded from theurrentscope. Thisdocument is aimed

at all that have a role to play in South¥ NJ& O I-e@anomic Zrowkhzand developmerthat impact on, or

that areimpacted by eutrophicationf water resource$®®, or thathavel &G F 1S Ay GKS O2dzyi

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 actigwhere in existencgand progressively

shift to planning more strategicallyprovidirg overall regulatory oversightinstitutional support
coordination in aid of enhanced aperative governanceand 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 managemerdtrategy document

The document consists &ife consecutive parts Partsl to 4 (FIGURER3) contain the technical narrative,
whereasPart5 (not depicted inFIGURR?3) contains the bibliographyCollectively, theeindividualparts

of the document strive to help the reader to comprehendthe measures necessary to manage
eutrophication countrywide, and ultimately to control and to reduce eutrophication in kggiot areas.

Part1 starts off witha focused discussion to highligtegyeutrophicationrelated challenges SouthAfrica
followed bya broad problem declaration that takes the form of an analysigutfophicationrelated
causesand effects in South Africa. The introduction Rartl, also, defineseveralimportant concepts
pertaining to the subject of eutrophication. An ensuing discussionthe strategydocumentand its
development, sheds lighton the scope, purposeanatomy and the development processf the
Eutrophication Management Strategy f8outhAfrica This igollowed by focused discussions on relevant
international commitments and key policy and legislative provistbat give guidance to eutrophication
management in South AfricaPartl concludes with an assessment of the evolution of eutrophication
measures in South Africahereby extrapolaing the past and current eutrophication management
paradigms and trends to an enhanced paradigm for the future management amiglcof eutrophication

in South Africa.

Part2 buildsthe broad context sketched ipart1into an overall policy vision and solution orientated policy
statements for eutrophication management in South Africa.

Part3 focusses on advancing the eutrophication management policy, as elaborated Rad@r in order

to prepare the way for full implementationCore, functional and supporting strategies for eutrophication
management in SouthAfrica are discussed and are related to achieving the overall policy vision, given in
Chapter2, Part2. Governance requirements are explored with the aim of identifying governance
responsibility and accouability.

Part4 pursues short, medium and lofigrm implementation imperatives and ends with concluding
remarks.

PART 1 PART 2 PART 3 PART 4

THE SOUTH AFRICAN CONTEXT EUTROPHICATION MANAGEMENT EUTROPHICATION MANAGEMENT THE WAY FORWARD
POLICY FOR SOUTH AFRICA STRATEGY FOR SOUTH AFRICA

Addressing eutrophication in South Africa

The eutrophication challenge Introduction Introduction 1 Introduction
Defining the subject Visionary perspective Core strategies 2 Implementation
Towards a Eutrophication Policy intent Operational strategies 3 Conclusion
Management Strategy for Eonclus| s e et oal

South Africa onclusion upporting strategies

The wider policy, strategy and Governance
law context Conclusion

Evolution of eutrophication
management in South Africa

Conclusion Towards action?

How should we achieve it?

‘G What do we want to achieve?

Where are we?

FIGURE23 The anatomy of thHeutrophication Management StrategpourthAfricadocument.
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3.4  Eutrophication management strategy development process and
stakeholder involvement

An iterative four phase procesBIGURE24), supported by consultation at multiple levels, was adopted to
develop theEutrophication Management Strategy f&outhAfrica This process commenced with an
inception phase thatvasused to define a final and mutually agreed description of the scope of work,
project programme and project resource requirements to effect effitend structured project execution.
The Inception Phase was followed by Phase 2, which consisted of devwjliterature review; an
identification and evaluation of the emerging causes, effects and challenges associated with
eutrophication; and a dat and informationgap analysis thatvas accompanied by the formulation of
measures to overcome such identified gapbltilising the information base put together during the
Situation Assessment and Gap Analysis Phase, Phase 3 set out to delzetoppaication Management
Strategy forSouthAfrica The development approach followed during Phaseiiminated in two editions

of the policy and strategy document; a first edition thedspresented to various groups of stakeholders
and the final edition thatvasproducedafter the various consultativexercises. The project concluded
with Phase 4, which had as its gda investigaton of measures angrodudion of aplan to ensure policy
and strategy rotbut and implementation.

Due to the important roles ofthe public and private sectors, as well @sil society, in eutrophication
managementa Stakeholder Consultation and Communication Strateagdeveloped to inform; consult;
involve; collaborate with; and, where possible, empower relevant key-plaigers to take part in the
development of theEutrophication Management Strategy fBouthAfrica Additionally, the Stakeholder
Consultation and Communication Strategy had to estabtisnership of, and buin to both project
process and outcomes, andformation sharing had to take place throughout the project duration to
ensure robust debate and scientific rigolflGURRS5). A database of stakeholdecansulted,and a
comments registewasmaintained anchas beercompiled.

PHASE 1

» Clarification of project scope and expectations.

Project inception

» Comprehensive literature survey;
PHASE 2 » Identification of emerging issues, causes, effects and
Situation assessment challenges, associated with eutrophication ; and

and gaps analysis » Identification of data and information gaps, together
with measures to address such gaps.

Consultation

PHASE 3
¥ Policy definition; and

Policy and strategy > Strategy formulation.

PHASE 4
» Development of a plan to implement, monitor and
Strategy into practice evaluate policy and strategy execution.

FIGURE24 Eutrophication Management StrategytmrthAfricadevelopment process

The abbreviated terms of reference of thariouscomponents of theproject structure that overaw the
policy and strategy development process were as follows:
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Project Steering Committee (PSC): Responsible for indicating overall direction and
sanctioning of all project deliverables prior to
departmental endorsement;

Project Management Committee (PMC): Responsible for project management tasks;
u  Technical Task Team with Slask Teams: Responsible for thematic specialist support; and

u Externalstakeholder group/ public: Responsible for widerstakeholder input and public
participation.

c

c

Sub-Technical Task Teams
(Sub-TTT)

» Teams established according Meet to discuss activities

to areas of expertise; and
» Sector representation & DWS,

Technical Task Team

(TTT) Meet as the need arises to

B T e e (0 discuss deliverables and milestones

directorate functions, as is necessary,

Project Management Committee
(PMC) Meet quarterly

» Department of Water and Sanitation (DWS)

Project Steering Committee
(PSC) Meet every six months

» Sector representation & DWS

Registered stakeholders
(Public meetings) Communication to the
» Announcement of the project via a Background Information Document (BID) larger group, at least
» Call to register and to provide input (Registration/ Comments sheets) once during the project life
» Six monthly updates via letters and web site;
» Invitation to public meetings.

FIGURE2S Stakeholder consultation
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POLICY, STRATEGY AND LAW CONTEXT

The purpose of the ensuing discussion is to highlight the most prominent pstliategy and legislate
elements deemed to begivingdirection to eutrophication management, and to highlight some important
aspectswith which to align eutrophication managementTo this end, linkagesre pursuedwith the
international sustainable deV@pment 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 Soutifrica (2017).

4.1  The nternational sustainable developmenagenda

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 strategior moving towards a more sustainable
pattern of development. Agenda 2dasone of the key outputs of UNCED abHapter 18 of this agenda
identifies freshwater resources as an essential component of the Earth's hydrosphere and as an
indispensable partfaall terrestrial ecosystem&NCED, 1992]

Sustainable development was the solution to the problems of environmental degradation discussed by the
Brundtland Commission in their preceding 1987 reporOur Common FuturdBrundtland, 1987]

According to Brundtland (198%,a dza i I Ay I 0 f & aRE@SHE 2ULWSWiie G K & YSSia i
LINBaASyild o6AGK2dzi O2YLINBYAAAY3I GKS oAt AdGe THEST Fdzidz
interpretation of sustainable development has been adopted in theoBl#ights in the Constitution of

democratic Souttifrica andorms a central theme in all our environmental legislation and policy.

The Natural Step Framework, colloquially known asNéuerral Step (TNS) FunnEIGURRG6), provides a
conceptual model for easy reference and discussion of the concepts of sustaiaatl@nsustainable
development. The TNS Funnel is based on four system conditions, also known as the principles of
sustainability TABLB), to be met if sustainability i® be reached and maintaingéllathan, 2018]

Supply Decreases:
Natural resources, bio-diversity,

climate, air, water, soil, fossil
fuels, minerals, allocatable water
quality, etc.

ired » Economic growth +
_____ Desire, » Social development +
trajectory | » Ecological integrity.

]—Unsuﬁainahle

: I
The margin )
for action = =1 “ ngand Increases:
sl 4 o Population, technology, resource

consumption, intensity, quantity,
footprint, pollution, wastes,

space, etc.

2000 2010 2020 2030 2040 Future generations...

FIGURE26 Natural Step Funnel demonstratingwergingglobalsupplyanddemandAdapted fronRobért, 20Q¢
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IN A SUSTAINABLE SOCIETY

ExplanationEcosystem functions and processes are altered when society mines and disperses materi
than they are beiegleposited back into the Earth's crust. (Examples of these materials are phosphorus
such as lead.)

Principle 1

ExplanationEcosystem functions and processes are altered when society produces substances faste
broken down by natural processes, if they can be broken down at all (for @xampleytidniis in the enviror
causing eutraphtion).

Principle 2

ExplanationEcosystem functions and processes are altered when society extracts resources at a faste
replenished (for example, overharvesting trees or fish), or by other forms of ecosystem manipulation (fak
erosion or paviager fertile land).

Principle 3

ExplanationBy considering the first three principles of sustainability, within whichupponidmliééructures
functions are being altered, threghbasiples for maintaining essential ecological processes have been defdr
recognizes that social and economic dynamics fundamentally drive the actions that lead to ecosystem,
therefore, focuses on the smaoomic miension in terms of the importance of meeting human needs wo
integral and essential part of sustainability.

Principle 4

In September 2000, the historic Millennium Declaration, in which countries cdednd 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 actiofUN, 2015a] The World Summit on Sustainable Development (WSSD) was held in
Johannesburg in 2002 to assess progress $icmitial RioSummit 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 sanitatin, and energfWSSD, 2002]The Ri¢?° conference (UNCED) in Rio de Janeiro, June
2012, subsequently galvanized a process to develop a new set of 17 Sustainable Development Goals (SDGSs)
to carry on the momentum generated byé MDGs, beyond 2015, and fit into a global development
framework, called Agenda 2030N, 2015b]

The SDG programme, endorsed by Heads of State (including by/Snc#), serves asreporting platform

to measure the sustairmlity of countries; to prompt action in cases where poor performance or where
deteriorating trends emerge; to bolster local accountability; and for global comparison purposess SDG
focuses on clean water and sanitation, and must ensure availabilitgusidinable management of water
and sanitation for all. SD&was unpacked into six SDG targets and 2 additional supportinge&iz&.

Of these, the followindgour SDGTargets specifically relate to eutrophication managema@ABLED). A
series oftwelve indicators, some global, some domesticated and other additional indicatorere
proposed to collectively measure progress against the fsaidSDG targets:

15 The annotatidn:DodfDomest@mandf AodAdditionglas per UN convention, is used to identify the india&bEDinIn cases
where neithér Dhorfi Asadenoted, the global indicator wordirejairsed, as proposed by the UN, sindemaadopted without
change for Souilfrica.
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SDG 6: Ensure availability and sustainable management of water and sanitatig
SDG TARGET 6.2 SANITATION AND HYGIENE

By 203@chieve access to adequate and equitable sanitation and hygiene for all and end open defecation, pd
to the needs of women and girls and those in vulnerable situations.

Indicator 6.2.1: Proportion of population using safely mamaggiwsaervices, including a handwashing fa
soap and water.

SDG TARGET 6.: WATER QUALITY AND WASTEWATER

By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release of haz
materials, halving the proportion of untreated wastewater and substantially increasing recycling and safe rg

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

Indicator 6.3.2D:  Proportion of bodies of watecdhgilies 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.ft WAER RESOURCES MANAGEMENT

By 2030, implement integrated water resources management at all levels, including through transbou
appropriate.

Indicator 6.5.1: Degree of integrated water resources management implem&d@tion (0

Indicator 6.5.2: Proportion of transboundary basin area with an operational arrangement for water cooperatio|
SDG TARGET 6.¢ WATERELATED ECOSYSTEMS

By 2020, protect and restore-reddibed ecosystems, including mountains Wetksids, rivers, aquifers and lakes.

Indicator 6.6.1D(1) Change in the spatial extent of-wektrd ecosystems over time, including wetlands, reservoir
estuaries as a percentage of total land area.

Indicator 6.6.1D(2) Number alystems 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 ynergy between the SDG programme, aifieally the SDG targets and indicators summarised

in TABLB, andthe management o&utrophicationmust be encouraged particularly in relation to the
following:

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

Reporting on compliance to phosphorus and nitrogen Waste Discharge Standards (WDSSs);
Reporting on the fitnesfor-use of water resources, with respect to phosphorus aitidbgen loading
Reporting on the application of wastewater recycling and reuse strategies;

Reporting on the degree of integration of water resource management efforts; an

Reporting orthe status ofecological systems affected by phosphorus aitibgen loading
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The Bill of Rights contained in tl®nstitution(108:1996) applies to all law, and binds the legislature, the
executive, the judiciary and all organs of state.

Section24 (TABLELQ) in the Bill of Rightplaces a duty on the state to implement reasonable legislative
and other measuresn order to protect water resourcegnd to ensure that hey are not harmful to
Fye2ySQa KSIFf aKiK$RI ¥is thigod=sBgfldethe ralut and implementation of
eutrophication management strategy to protect water resources and to ensurethiesgtarenot harmful
G2 Lye2ySQa -beEi®yl t iK I yR 4SSt ¢

ENVIRONMENT WATER RESOURCES
i51]
541
Everyone has the right Everyone has the right
(a) to an that is not harmful to their heg| (a) to that are not harmful to their hed
welibeincand welbeingand
(b) to have the protected, for the benefit of pif (b) to have protead, for the benefit of pre
and future generations, through reasonable legis| and future generations, through reasonable legis
other measures that other measures that
(i) prevent pollution and ecological degradation; (i) prevent pollution and ecological degradation;
(i) promote pand (i) jeand
(iii) secure ecologically sustainable development (iif) secure ecologically sustainable development
of while promoting justifii of while promoting justifi
economic and social development. economic and social development.

Additionally, Sectio27 in the Bill of Rightglaces a duty on thetate to take reasonable legislative and
other measureswithin 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. Howeveighhe

to sanitation could be derived from the right to a clean environment (Se@#nread together with the

right of access to clean water (Sect®r). Again, it is inferred that 2 K S NJ YnSlidé&tlzNdd-éug

and implementation o eutrophication management strategy to ensure fitneéss-use of receiving water
resourcesjnter aliathrough effective sanitation services.

Many other constitutional rights in the Bill of Rights overlap with, and support the rights to clean water
resources, and ater supply and sanitation services. These include the rights to equality (Sektabgnity
(Sectionl0), access to information (Secti88) and just administrative action (Secti8®) [Algotsson, et

al., 2009, p. 2]

Rolling-out and implementing thé&utrophication Management Strategy f8outhAfrica certainly, should
promote theseconstitutional rights. It must protect water resources against the effects of eutrophication,
thereby contributing towardsecuring ecologically sustaible development and use @fater resources
while promoting justifiable economic and social development
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According to Glazewski (2005), environmental law encompasses the following thrigectdisut
interrelated areas of general concern:

Landuse planning and development;
Resource conservation and utilisation; and
Waste management and pollution control.

Overseeing these three areas affects eutrophicatidrmanagement. The National Environmental
Management Act, 1998 (Act No. 107 of 1998) a framework Act and, therefore, provides for overarching
mechanisms, principles and procedures which inform other acts, particularly the Specific Environmental
Management Acts (SEMASs) of which the National Water Act, 1998 (Act No. 36 of 19198) angart,
subordinate or subsidiary regulations. Additionally, the statutory mechanisms, principles and procedures
so established by NEMAQ7:1998) would also apply to subsequent environmental policy and strategy
being established, including theutrophication Management Strategy f®outhAfrica

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

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

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

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

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

that the use and exploitation of norrenewable natural resourcess responsible and equitable, and
considerghe consequences of the depletion of the resource;

that the development, use and exploitation of renewable resourcasd the ecosystems of which they
are part do not exceed the lewsdbeyond which their integrity ipopardised;

that arisk-averse and cautious approads applied, whicttonsidergthe limits of current knowledge
about the consequences of decisions and actions; and

that negative impactson the environment and on people's environmental rightsdeicipated 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 managemenihes principlesserve as guidelines
which any organ of state muapply in any function, or wheiaking any decisigrtoncerning the protection

of the environment (sednnexureQ).

In addition, NEMA107:1998) calls fotco-operative environmental governanced 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 dmnsideredin all decisionmakingprocesses
affecting the environment.

NEMA(107:1998) plays erucial role in providing for eoperative environmental governance by

establishing principles for decisianaking on matters affecting the environment; and

16 Hereafter referred to as NEMA (107:1998).
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establishing institutions that will promote eaperative governance and procedures foraalinating
environmental functions exercised by organs of state.

Key environmental regulatory authorities include:

Departmentof Agriculture, Land Reform and Rural Developn{®®&LRRD);
Department of ForestryFisheriesand the Environmen{DFIE);

Department of Mineral Resources and Energy (DMRE); and
Department of Water and Sanitation (DWS).

All spheres of government and all organs of state musberate, consult and support one another on
matters involving or affecting the environmerncludingmatters relating to eutrophication Ceoperative
environmental governance must promote the right to an environment that is not harmfuhsmhot be
usedas a mechanisrto evadeaccountability'’

The National Water Act, 1998 (Act No. 36 of 1998pgether with the Water ServiseAct, 1997
(ActNo.108 of 1997)'° promotes sustainability and equity, as central guiding principle in dealing with
water resources and services. The NV88:1998) deals with the protection, use, development,
conservation, management and control of water resources and is focustst, alia, on promoting
efficient, sustainable and beneficial use of water in the public interestlitating 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 (\MBAL997)contains
provision for basic ater supply and sanitation services.

Water law in South Africa is based 28 fundamental principles and objectiyes approved by Cabinet in
November 1996DWAF, 1997] Eutrophication management policy and strategy should thus conform to
these fundamental principles and objectives, especially #Beprinciples and objectivethat are of
foremost relevanceo the management of eutrophicatiofAnnexureD). Accordingly, eutrophication
management policy and strategy mefgt

acknowledgethat eutrophication management is nested within the broader concept of catchment
managemenf{links to Principle5 and finds expression in the NWA (36:1998) inter alia in Chapter 2]
strive to contribute towards longerm ecologically sustainable social and economic developiftiaks

to Principles7 and 9 and finds expression in the NWA (36:1998) inter alia in Chapters 3 and 4]
contribute towards water resource use, development, management and control that is in the public
interest, sustainable, equitable and efficient, vehdlso honouring relevant international obligations
[links to Principlel3 and finds expression in the NWA (36:1998) inter alia in Chapter 2 and 4]
where desirable, promote wastewater reuse and recydliims to principle 14 and finds expression in
the NWA (36:1998) inter alia in Chapter;4]

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

17 Refer t®#OLICY STATEMENTELitrophication 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 th@id@ples and objectives, regarded as most relevant to eutrophication management policy and
strategy, as listeddimexureD.
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employ financidincentive systems, such as the Waste Discharge Charge System (WDCS), to limit and
prevent excessive primary production in receiving water resoufiiglss to Principle 16 and finds
expression in the NWA (36:1998) inter alia in Chapter 5]

consider land se management and management cooperation, as a means of limiting and preventing
anthropogenic eutrophicatioflinks to Principlel8 and finds expression in the NWA (36:1998) inter
alia in Sections 12 and 26(1)(g)]

promote effective water use authorisatiofinks to Principlel9 and finds expression in the NWA
(36:1998) inter alia in Chapter 4]

acknowledge the roles of disaster management in limiting danger to life and profiatkg to
Principle21 and finds expression in the NWA (36:1998) inter ali€hapter 14]

enable roleplayers and other stakeholders to participdtianks to Principle 23 and finds expression
throughout the NWA (36:1998)hnd

ensure that water services are provided in a manner consistent with the goals of water resource
managementlinks to Principle®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 oflthéundamental principles and
objedives that are most relevant to eutrophication managemerdye further contextualised in
Section5.2.10f Part1, specificallyalso inAnnexureE

The National Water Resources Strategy (NWRS) is a statutory strategy, required in terms of the
NWA(36:1998), is binding oall 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 Natiotet sv& Sanitation

Master Plan (NW&SIP) constitutes the rolbut mechanism for NWRS implementation and spesif

inter alia, priority budget items, scheduled up to 2030 and beyond, for the entire water s¢DiIS,

2018c] Collectively, the NWRS and NWEIB is the primary mechanism to manage water across all
ASOG2NA (261 NRa I OKASOGAY3I GKS yINPC22012ff F2FSNYYSY(Q

The Eutrophication Management Strategy f@outhAfrica and the NWRS;, NW&SMP duo have a
bi-directional relationship. On the one hand, tB®itrophication Management Strategy f8outhAfrica
supports the NWRSNW&SMP with greater resolution on eutrophication management, whereas, on the
other hand, the NWRSNW&SMP informs eutrophication managemewin the bigpicture integrated
water resource management priorities and perspective.

The National Development Plan (NDP), finalised in 2012, articulates the visimveddpment 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 strategic framework to form the basis of future government detailed
planning. The NDP envisions a South Africa where everyone feels free yetdiondthers; where
everyone embraces their full potential, a country where opportunity is determined ndifdy, but by

ability, education and hard wofloWS, 2018b]
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The NDP recognises the role of water in contributing to poverty eradication and social development. The
most relevant programmes and targets articulated by the WDRis regard includéo-

ensuringthat people have access to clean potable water and that there is sufficient water for agriculture
and industry, recognizing traegffs in the use of water;

redudngwater demand in urban areas to 15% belthe businessasusual scenario by 2030;

implemening a comprehensive management strategycluding an investment programme for water
resource developmentandbulk supply and wastewater management for major centres by 2012 with
review every five years;

develofng regional markes for food, energy and water and pirig in place water management
agreemens with neighbouring countries; and

developngregional utilities to deliver some local government services on an agency basis where local
or district municipalities lackapacity.

Additionally, the National Water Security Framework (NWSF) for South Africa refiectsgh-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, 2013jz.a 6 KS O LJ OAde& 2F | LJ2 Lddz |
sustainable access to adequate quantities of acceptable quality water for sustaining livelihoods, human
well-being, and socieconomic development, for ensuring protection against whtane pollution and

water-NSf F G§SR RA&AFIAGSNAZ YR F2N) LINBASNDAy3 .Stee2aeaidsSy
NWSF supports the view of Jepsenal.(2017) thatdt X &+ G SNJ aSOdzNA (& Aa fSaa | o
more about fostering human capabilitiestagy relate to water... It is not simply a state of adequate water

¢ however defined, to be achieved, but rather a relationship that describes how individuals, households,

and communities navigate and transform hyeacial relations to access the watbat they need and in

waysthat support the sustained development of human capabilities and wellbeing in their full breadth and

& O 2 .LT§is resonates with the ultimate visi@spoused by the NDBf rising living standardsiecreasing

poverty and inequiity, 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 thatuarently important, as

depicted iNFIGURR7. The NWSF endeavours to focus on national priorities, underpinned by a thriving
economy[Nepfumbada & Seetal, 2020]

Increasing incidents of ov@mrichment ofwater resources constitute a threat to all seven sesimnomic

water uses depicted ifFIGURR7, and hence also to a thriving South Africa economy, requiring the
Eutrophication Management Strategy outhAfricato echo the sentiments of the NWSFiil K SNE y 24 KI
G2 6S I RSEAOGSNIGS IFyR O2yOSNISR STFF2NI (2 SyadzNE
sociesS 02y 2YA O RS@OSt2LIYSyli ySSRae

Environment

Small-scale
livelihoods

Irrigation . Industry

Ecosystem
services

Energy generation
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As of 2017, the Integrated Wat&uality Management (IWQM) Policy and Strategy constitutes the apex
policy and strategy for water quality management in Soifiica FIGURES).

The IWQM Policy aiMfpWS, 2017c, p. 4]

to provide a coherent, consolidated, current and inclusive approach to water quaityagement;

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

to guide the further development of legislative and regulatmrstruments;

to inform the water resource management function;

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

to provide the required framework for the development of related policies and strategigsfor the
development otthe Eutrophication Management Strategy f8outhAfrica as a sukstrategy

Additionally, the IWQM Strategy considers and outlines the short, medium anetidamgactions 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
[DWS2017e, p. 3] The IWQM Strategy identified eutrophication as a priority water quality issue, requiring
intervention as a matter of urgendpWws, 2017d, p. 9] Various Strategic Objectivésin the IWQM

21 The Strategic Objective (SO) unique identifier numbers, used in the Integrated Water Quality Management Strategy
SouthAfricg2017), are given in brackets for ea$erefce.
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