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NOM load is increasing 

and character is changing 



What impact has this had on water treatment? 
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What impact has this had on water 

quality? 

THMs 

THMs not the only DBP 



What about the others 

22

Figure 3: Percentage distribution of DBPs within TOX

Figure 3 represents the percentage distribution of measured DBP categories, including,

trihalomethanes (THMs), haloacetic acids (HAAs), haloacetonitriles (HANs),

haloacetaldehydes (HALs), haloketones (HKs) halonitromethanes (HNMs) and

halofuranones (HFs) within total organic halide (TOX). The pie chart represents the

average amount of DBPs produced after chlorination when all DBPs represented on the

pie chart are measured with TOX, data points from The Nationwide Occurrence Study

(Weinberg et al. 2002). TOX is a measure of the total organic halide and a

representation of the total amount of compounds containing chlorine within the

mixture and hence 100% of the total DBP mixture. 34% of the halogenated DBP

mixture is unknown giving an indication of the amount of DBPs yet to be discovered.

Each DBP category measured has its own analytical method as can be seen in table 10,

sample preparation method and is usually measured by gas chromatography-electron

capture detection (GC-ECD), gas chromatography-mass spectrometry (GC-MS), gas

chromatography- tandem mass spectrometry (GC-MS/MS) and liquid chromatography -

tandem mass spectrometry (LC-MS/MS). Analytical methods continue to be developed

to measure target DBPs as research continues to uncover the unknown fraction of the

total chlorine present, the missing fraction of DBPs not accounted for to date.

Represents

Unknown DBPs



Now it is about risk assessments 

Relative 
importance of 
different DBPs 

How does 
water quality 
impact DBPs 

How does 
treatment 

impact DBPS 

Can 
THMs/HAA be 
used to infer 

all DBPs 



A strong link between 

hydrophobic organics and THMs 
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Different NOM, different 

formation potential 

 

WTWs X WTWs Y 

HPI - Stable at 

site and between 

WTWs 

TPI – variable & 

different from site to 

site 

HPO – very reactive & 

variable 



Removal is very similar yet DBP 

formation is very different 



Treatability map: can we target 

pre cursors 

Process Selectivity Good for Example Important 
factors 

Coagulation Charged species Large, anionic 
precursors 

Optimisation  

MIEX Highly and 
moderate 

charged species 

b-dicarbonyl 
acids? 

Effective for 
THMFP  

(maybe HAA) 

GAC Hydrophobic 
compounds 

Neutral 
hydrophobics 

Pore size and 
charge of 

carbon 

Membrane Size Amino acid, 
carbs 

Need NF (Cost) 

AOP Reactivity to free 
radicals 

ALL Can increase 
DBP 

Biotreatment Uptake by 
organisms 

Amino acids limited 

Ozone aromatics Activated 
aromatics 

Limited at 
typical doses 

	



Conventional approach 

Chlorination 

Distribution 

Remove formed 
DBPs 

Catchment 
management 

Control chlorination 
chemistry Remove DBP 

precursors 

Alternative 
disinfectant 

Coagulation 

Hydrophobic 

Hydrophilic 



The efficacy of coagulation is 

controlled by charge 
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Difficult to deliver optimum at all 

works 



Despite our best efforts…. 

Hydrophobic bleed  



Removal of organic compounds 
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Removal of organic compounds….  

How do you respond with coagulation 
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Good coagulation practice 

• Hydrophobic content 

• Charge load 
How much coagulant 

do I need? 

• Zeta potential 
How do I optimise 

the process? 

• Hydrophilic content 

• No idea! 

 

How much DOC 
will remain? 

What DBPs will 
form? 

 



A number of alternative 

treatments are being trialled 

AOPs 

PAC & coagulation 

Zr Coag –  

New coagulants 

IEX & 

coagulation 



New Processes - IEX 
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New Processes 

SIX® 

http://pwntechnologies.com/wp/wp-content/uploads/2015/03/slider-foto-six.jpg


Implications of findings 

NOM 

 

- Complex mixture & 

spikes are not 

consistent 

- Routine organic 

characterisation 

(SUVA, fractionation, 

HPSEC etc) not 

sensitive enough 

- Surrogates can help 

inform on likely 

changes  to treatment 

- Residuals & flocs  

- More of a data base 

needed 

 

IMPACT ON 

COAGULATION 

 

- Easy to coagulate 

organics  don’t need 

more coagulant until 

very high spike 

- Some organics 

interfere with others 

and reduce overall 

removal 

- Large increases in 

coagulant needed – 

very impractical 

- Flocs can be affected 

- Aspartic acid 

(no floc formed on its 

own) 

 
 
 

THE FUTURE 

 

- Characterisation of 

organics into 

chemical groups 

- IEX, adsorption, 

biological needed 

for difficult organics 
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