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“The strength of a family, like the strength of an army, 

lies in its loyalty to each other.” – Mario Puzo



SURFACE & GROUNDWATER SOURCES

Water source areas

• 22 water source 

areas on 8% of land 

providing 50% of our 

surface run-off



NATIONAL VULNERABILITY: WATER 

SERVICES CHALLANGES
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Supply: water mix approach with progressively 

increased use of unconventional water sources
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Acid mine drainage

Desalination

Return flows (irrigation
treated effuent)

Groundwater

Surface water

KEY MESSAGE: Percentage usage of unconventional sources (such as groundwater, reuse, 
desalination, etc.), is progressively increased with time, while reliance on the 

oversubscribed surface  water decreases.  Improved water security = adaptation

PARADIGM SHIFT IN WATER SUPPLY
As per National Water & Sanitation Master Plan



NOM- AN IMPOSSIBLY COMPLEX MATRIX THAT 

VARIES TEMPORALLY AND SPATIALLY

Humic acid

Fulvic acids

Proteins

Polysaccharides

Sugars

Fatty acids

Hydrocarbons

Charge
Molecular 

weight

Hydrophobicity
Reactivity

No one method will be suitable 
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Coagulation & 

flocculation Clarification

Filtration

Disinfection

Water Quality: Catchment 

Impact on treatment

By-product formation

Biofilms
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NOM IN THE ENVIRONMENT 

Terpenoid

Humic Acid

Amino Sugars

3-Acetonedicarboxylic acid

Tannic acid

D-xylose

Hydrophobic
HPO

Transphilic TPI Hydrophilic 
HPI



OUR APPROACH: URBAN WATER CYCLE AND 

WATER TREATMENT TECHNOLOGIES
NOM CHARACTERIZATION 
PROTOCOLS 

NOM REMOVAL 
AND 
DEGRADATION 
METHODS

OPTIMIZATION OF 
CONVENTIONAL 
METHODS

Enhanced coagulation

Filtration with various 
media 

AVDVANCED 
TECHNIQUES

Ceramic 
membranes

AOP

IEX

Sensors

Biological Methods

NOM 
TREATABILITY

Character, DBPs, 
Process selection 

UPSCALING 
TECHNOLOG
IES 

&

RESOURCE 
RECOVERY

1. Re-Use

2. Toxicology



SAMPLING - NOM CHARACTER 

1.EB
DOC:0.13; SUVA:5.6

3.FB
DOC:11.3; 

SUVA:1.87

11.RV
DOC:7.42;SUVA:3.14

10.MV
DOC:5.45;SUVA:2.29

5.PB
DOC:21.11;SUVA:48.7

5

4.P
DOC:6.19;SUVA:8.91

7.AM
DOC:4.26; SUVA:2.92

6.MT
DOC:3.75;SUVA:3.75

8.HL

DOC:4.82;SUVA:10.6

5

9.UM
DOC:4.46;SUVA:1.14

2.OL
DOC:3.04; 

SUVA:2.85

Units

DOC = mg/L C; SUVA = L.mg-1m-1C

1
2

3

11

10

987
6

54



TYPICAL RAW SURFACE WATER FEEM



COLORED DISSOLVED ORGANIC MATTER (CDOM)

C2: Humic acids

C1: Fulvic acids

C3: Tryptophan C: Tyrosine

✓ High MW
✓ Hydrophobic
✓ Highly 

Aromatic
✓ Adsorbed by 

Coagulants
✓ Main SUVA 

Component

✓ Lower MW
✓ Hydrophilic
✓ Less 

Aromatic

✓ Associated with 
Wastewater 
Effluent

✓ Biopolymers



FEED STREAM ANALYSIS 

❑ Identify: -Type/class/Character

❑ Fractionate into various Fractions

❑ Determine the treatability Influence of each



THREE-DIMENSIONAL CORRELATION BETWEEN NOM AND ITS 

HETEROGENEOUS  ADSORPTION BEHAVIOR ON ACTIVATED CARBON 

USING EEM-PARAFAC

Sampling in South African and 
Belgian WTPs influent

FEEM dataset

Indicators

PCA

PARAFAC model

NOM separation, online 
monitoring and prediction 

NOM 
characterization Ms Sikelelwa Ndiweni





WHAT ARE THE RESEARCH QUESTIONS AND 

RESEARCH GAPS?



WHAT IS THE PROPERTY OF INFLUENCE?

Coagulation Charge

Hydrophobicity

Ion-

exchange 
Charge

Molecular size

Membranes Molecular size

Hydrophobicity

Charge

Disinfection 

by-products
Molecular structure

Reactivity with chlorine

Biofouling Biodegradability



WHAT SHOULD AN IDEAL MEASUREMENT OF 

DOC TELL ME?

TREATABILITY

Is it removed by 

(different) treatment 

processes?

➢ Bulk DOC removal

➢ Specific fractions of 

DOC 

removed/untreated

PROCESS 

IMPACTS

Will it influence 

the performance 

of other 

processes?

➢ Delicate Floc

➢ Membrane 

fouling

➢ Competition 

for Binding 

sites

DOWNSTREAM 

REACTIVITY

What is the 

downstream 

influence of DOC 

in treated water?

➢ DBPs

➢ Biostability of 

water

➢ Taste & odour

PREDICTION 

BASED ON 

MODELS

Can it be 

measured 

online?

➢ Control 

systems

➢ Diagnostic 

tools



➢ Rapid
➢ Robust
➢ Portable
➢ Inexpensive

TO DEVELOP A RAPID TOOL TO IDENTIFY NOM 

TREATMENT LIMITS ACHIEVABLE BY ANY 

METHOD



Raw water

•Wide range of solid & 
dissolved components

Destabilisation

•Wide range of solid & 
dissolved components

Flocculation

•Dominated by                          
large aggregates

Solid/liquid separation

• Particles <100 mm

Filtration

• Breakthrough particles                 
<10 mm

UNDERSTANDING NOM TREATABILITY

High 
[NOM]

High [DBP’s], membrane fouling, higher 
coagulant and disinfectant dosages



BIODEGRADABILITY OF NOM

Investigate biodegradability of NOM

HP

O

TP

I

Simultaneously measure:

❑ Organic carbon available to 

bacteria in each fraction (BDOC

method)

❑ Bacterial growth

Identify:

❑ Problematic NOM fraction 

(abundant bacterial growth)

Develop:

❑ Characterization technique



Inoculum incubation

Core sampling of dirty 

filter media

Cleaning

Add inorganic salts

Biologically active sand 

(BAS)



SO WHAT ARE THE PROPERTIES OF 

NOM
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Easy to 

coagulate
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coagulate

Very 

difficult to 

coagulate



LOW COLOUR, MODERATELY HARD 

WATER 

Hydrophillic NOM

Hydrophobic NOM

Sweep Flocculation 

(high dose, high pH)

Charge Neutralisation 

(low dose, low pH)

Difference in 

DOC removal

Cost of pH correction is very high 

and so often reduced DOC 

removal is accepted. HPI low 

THM formation so probably OK



UNDERSTAND AND CONTROL THE IMPACT OF 

DOM IN ENGINEERING SYSTEMS



DWTP: Drinking water treatment plant 

WWTP: Wastewater treatment plant

“UWCC & WTT - De facto water re-use”

URBAN WATER CYCLE AND WATER 

TREATMENT TECHNOLOGIES

Risks

ARVs AntibioticsCoffee



COMPETITION FOR BINDING SITES ON 

ADSORBANTS (PORE BLOCKAGE)



NOM AND DBP CONTROL

Natural Organic

Mater
Anthropogenic

Chemicals
(PPCPs, Ag & 

industrial products)

Cl2
NaOCl

NH3

Br-, I-

OBr-, I3-

~90%

CO2 + Oxidized 

Organic 

Compounds
• Acids

• Aldehydes

• Ketones

• Nitrosamines

NH2Cl

The non-

halogenated 

DBPs

The Halogenated DBPs
• THMs

• HAAs and other haloacids

• Haloaromatics

• N-halo compounds

• Halo-nitriles, aldehydes, nitros

~10%

Water 

Treatment Plant



FORMATION OF DBPS

Colloid

TPI

HPO

HPI
Colloid

OH

Cl
2

Cl
2

Cl
2

Cl
2

Cl
2

Cl
2

DBPs
Trihalomethanes 

THMs

Haloacetic acids 

HAAs

…………….

NOM 

Characteristics

Disinfection 

parameters

HPI – hydrophilic

TPI – transphillic

HPO - hydrophobic



NOM FRACTION IN TREATED WATER & 

DBP RELATIONSHIP

HPI – present in 

greater proportions 

after disinfection

TPI – variable & different 

from stage to stage

HPO – very reactive & 

variable (thus easy to 

remove)

Use fractionation to identify 
“problematic” NOM fraction 
thus informing choice of 
treatment methods

Apply alternative 
combination regimes 
or specific treatment 
technologies



IMPORTANCE OF DOM REACTIVITY ON THE 

INCORPORATION OF Br AND I IN DBPs PRODUCED 

DURING CHLORINATION AND CHLORAMINATION



Dr Ali lunga

Nanocatalysts and Disinfection 

By-Products Degradation

“N a n o - D B P s ”



Membrane

FEED

FEE

D

Permeate

NOM

Coupling agent

Pharmaceuticals
Fungi multi-

enzyme

Membrane 

evaluation 

Culture growth and enzyme 

extraction 
Laboratory-scale polymer 

processing  

Membrane preparation 

Hollow 

fibre

❖Catalytic degradation and removal of NOM 

and Pharmaceuticals 

HIGH-PERFORMANCE MEMBRANES FOR NOM REMOVAL



LACCASE-COATED POLYETHERSULFONE 

MEMBRANES FOR ORGANIC MATTER REMOVAL

White rot fungi

Application:

• Bio-pretreatment of biomass

• Water and wastewater 

treatment

• Biodegradation of dyes

• Bio-pulping and bio-

bleaching



LACCASE-COATED POLYETHERSULFONE MEMBRANES FOR 

ORGANIC MATTER REMOVAL

Fungal isolation and enzyme extraction

Fungal 

collection
Plating and culturing

Pure fungal culturingFermentationEnzyme 

extraction

Enzyme purification

Isolates screening



NOM flocs

Pharmaceuticals

NOM and pharmaceutical 

interactions 

Enhanced Coagulation     

+
Low-pressure ultrafiltration Treated 

water

❖ Combined removal of NOM 

fractions and 

pharmaceuticals 

Hybrid system development 



THE MONITORING AND REMOVAL OF EMP’S AND NOM  THROUGH 

HIGH FLUX UF MEMBRANES

Part of projects Method Findings

Removal of EMPs through alum 

coagulation-flocculation

• 10 min rapid mix at 200 rpm

• 10 min slow mix at 20 rpm

• 10 min settling

• Humic acid fraction of NOM 

interacts better with EMPs

• Water with high DOC and ionic 

strength is more suitable for EMP 

removal

Membrane preparation and 

coagulation-ultrafiltration hybrid 

system

• Polymer dissolving at 60°C

• Casting at 150µm thickness

• Immersing in non-solvent solution

• Flux at 3 bar and rejection of DOM

• Membrane filtration post coagulation-

flocculation.

• Rapid phase inversion produces 

highly permeable membranes

• Hybrid system enhances removal 

of NOM
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HA: Humic acid
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BSA: Bovine Serum Albumin

HZ: Hazelmere raw water
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UNLOCKING THE POTENTIAL APPLICATION OF SOUTH 

AFRICAN CLAYS TO THE WATER TREATMENT INDUSTRY



Adsorption

Ceramic Membrane Filtration

1. Removal of natural organic matter fractions by low cost adsorptive asymmetric

ceramic membrane functionalized with in situ phytogenic nanoscale zero valent

iron (In Preparation)

2. Characterization and performance low cost ceramic membrane functionalized

with in situ phytogenic nanoscale zero valent iron for efficient Fenton

degradation and filtration of natural organic matter fractions (In Preparation)

FOR COMMUNICATION

Integrated processes

Coagulation – Adsorption - Membrane



WHICH NOM FRACTION(S) IS RESPONSIBLE 

FOR MF & UF MEMBRANE FOULING?



EXPLORING AOP FOR NOM REMOVAL

❑Production of OH°-> 

react with organic pollutants

(to CO2, or partial)



ULTRASONIC-ASSISTED SYNTHESIS OF BINARY 

NANOCOMPOSITES FOR PHOTOCATALYTIC WATER 

TREATMENT

(JULY 2018-AUGUST 2021)

AIM: To design and prepare visible light active photocatalysts using ultrasound-

assisted synthesis for the abatement of emerging pollutants in water

Catalyst A

Solvothermal/s

ol-gel

Catalyst B

Solvothermal/s

ol-gel

+ +
AB binary

nanocomposite

Ultrasound

Characterization

(SEM, TEM, UV-Vis 

DRS, EIS, PL, XPS, 

MS and XRD)

Photocatalysis/Visible

light

EMPs/Cr(VI)



DETERMINING THE EXTENT OF DE FACTO WATER RE-USE IN SOUTH 

AFRICA: THE CASE OF CITIES IN GAUTENG, WESTERN CAPE AND 

KWA-ZULU NATAL PROVINCE

DWTP: Drinking water treatment plant 

WWTP: Wastewater treatment plant

De facto water re-use

ARVs AntibioticsCaffeine



Upstream  Wastewater effluent Downstream

SAMPLING AREAS 



Calculation model for wastewater tracers



DE FACTO WATER RE-USE: LESSONS 

LEARNED
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0

20

40

60

80

100

120

 

 

D
e

 f
a

c
to

 r
e

u
s

e
 %

Years

 Driefontein (0.39 m
3
/s)

 Northern (4.63 m
3
/s)

 Darville (0.87 m
3
/s)

 Richmond (0.17E-2 m
3
/s)

 Stellenbosch (0.23 m
3
/s)



Non-solvent phase separation – similar to 

membrane casting using water as non-solvent.

plastics

Materials and Methodology

Hydrothermal
Metastable crystallization -

hierarchical precipitation

Electrochemical Galvanization

Copper(II)oxide

Humic acid

ELECTROCHEMICAL DETECTION AND 

DEGRADATION OF NOM IN WATER

Dr Olayemi Fakayode



SUSTAINABLE MATERIALS AS 

SENSORS/DEGRADING TOOLS FOR NOM



KEY POINTS TO REMEMBER

1. NOM is a complex, heterogeneous mixture, but not hopelessly complex

– Faster progress can be made by treating it as such

– Categorize based on underlying structural features rather than methods of 

extraction

– Recognize the distinction between microstructure and macrostructure

2. Sources set the stage

– Terrestrial    → Atmospheric

– Aquatic

3. Processes change the outcome

– Natural Systems

• Aerobic degradation  &  Anoxia (sediments)

– Engineered Systems (Treatment – topic for another day)

4. Innovation and adaptability

– New and emerging trends

– Costs (effectiveness vs performance)

– Abundace, scarcity and Innovation

Anthropogenic  (EfOM, etc.)

Role of Climate Change?



To all my past and present students & PDF’s:

“I am because you are”



STRATEGIC PARTNERS AND MOU’S



1. Nanotechnology 

2. Water sustainability
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