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What is an “Emerging Contaminant” ? 

• May not be a “new” chemical

• Significance only recognised now 

• These chemicals  have been released into the 

environments as long as they have been in use 

• “Everything can be Found Everywhere” 
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Definitions 

• “Contaminants with a potential threat to health and 

environment that have no regulatory standard.” 

• “A chemical or material that has pathways to enter the 

environment and presents potential unacceptable human 

health or environmental risks, and either does not have 

regulatory peer-reviewed human health standards or the 

regulatory standards are evolving due to science, 

detection capabilities, or new pathways.”
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“New Emerging Contaminants”… Acronyms… 

• “Dirty Dozen” – the original list 

• POPs - Persistent Organic Pollutants 

• PBTs – Persistent Bioaccumulative Toxic 

• EDCs – Endocrine Disruptor Chemicals 

• PCPPs – Pharmaceutical & Personal Care Products 
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“Emerging Contaminants” 
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Endocrine Disruptor Chemicals 
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“The Chemical Universe”

> 30 million chemicals 
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Emerging Contaminants in Environmental Waters
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Research on EDCs - Malaysia
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Research on EDCs - Malaysia
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What we know and don’t know  

• Encompasses many classes of chemicals

• Not all are currently regulated

• Unknown or incomplete knowledge of environmental 

fate and toxicity in tropical countries 

• Different consumption behavior, temperature, 

climate conditions 
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“Emerging Contaminants”  

• “Emerging Awareness”

• Most are not new to the Environment 

• New chemicals (new drugs / pesticides) 

• New advances in Chemical Analysis 

• Ability to detect existing pollutants at lower concentrations 
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Detection Challenges 
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Units of Measurement – in Water 

1 mg/ L = 0.0001 %

1 ng/L = 
0.0000000001 %

1 ug/L = 0.0000001 %
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The Chemical Universe
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Analytical Methodologies 

17
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Analytical Method References

18
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Trace Organic Contaminants - Examples 
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General Analytical Protocol for Identification 
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Extractions / Clean-Ups 
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Analytical Detection Methods…. More Acronyms 

- Mostly mass-spectrometry based methods

• GC-MS

• HPLC-MS

• HPLC-UV

• GC-MS/MS

• LC-MS/MS

• LC-MS/TOF
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Preparation and Analytical Detection Methods…. 

Even More Acronyms …

Extract / clean-up / pre-concentrate / analyze 

• SPE - GC-MS/MS

• SPME – GC-MS/MS

• SPE - LC-MS/MS
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Detection of  Ultra-Trace Organic Contaminants 
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Preparation / Detection – Method Selection 
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PFAS (Polyfluorinated Alkyl Substances)    
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• Man-made chemicals 

• Thousands of variations 

• Chemistry of Fluorocarbons – extensive and complex 

• ~ 10,000 types 

• Used commercially for 50+ years

PFAS



28 Right Solutions • Right Partner

Detection in Drinking Water – EPA 537.1  
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Methodologies - PFAS

Method EPA 537 EPA 
537.1

ASTM 
D7979-17

ASTM 
D796
8-17

EPA 8327 EPA 
8328

EPA 
8329

EPA 
“Short 
Chain”

Sample Drinking 
Water

Drinking 
Water

Ground/
Surface/
Waste 
Water

Effluent

Soil
Sludge

Ground/
Surface/

Waste Water
Effluent

EPA 
8327
Soil

Sludge

Soil
Sludge

Water

Target 14 18 21 21 24 
(EPA 

537+10)

25 
(EPA 

8327+
GenX)

24
(EPA 
537+
10)

25
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Regulated Tests – in the US 
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Inorganics - Arsenic Species

• Arsenic exist in various chemical forms. Classified as 2 major group:

• The toxicity decreases with increasing methylation

As 
species

LD 50 
(mg/kg)

As(III) 34.5

As(V) 41 

DMA 1200 

MMA 1800 

AsB 10,000 

To
xi

ci
ty

m
et

h
yl

at
io

n

Inorganic As > Organic As

As(III) > As(V) > MMA > DMA > Arsenobetaine

• As (III)

• As (V)
Inorganic 
Arsenic

• MMA

• DMA

• AsB and etc.

Organic 
Arsenic

Toxicity
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Inorganics – Mercury Species 

• Mercury exist in 3 chemical forms 

Elemental Mercury < Inorganic Hg < Organic Hg

• Hg⁰Elemental 
Mercury

• Hg 2+

• Hg +
Inorganic 
Mercury

• Methyl Mercury

• Ethyl Mercury
Organic 
Mercury

Toxicity
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Elemental speciation by LC-ICPMS 
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Plastics Pollution  
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Types of plastics 

From https://learn.eartheasy.com/articles/plastics-by-the-numbers/

https://learn.eartheasy.com/articles/plastics-by-the-numbers/
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Microplastics
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Microplastics Contamination 

"We urgently need to know more about the health 
impact of microplastics because they are everywhere 
— including in our drinking-water,"

Dr Maria Neira, WHO Director of Public Health 
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Plastic Pollution - Oceans
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“Plastic Pandemic” 



40 Right Solutions • Right Partner

“Plastic Pandemic” 
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Facemask Comparison …. 
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Microplastics Analysis – Challenges   

• No established standard method references

• Depends on type and size of microplastic particles

• Huge variation in density, shapes, size 

• Cleanup steps are difficult  
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Microplastics Detection 
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Microplastics Detection 
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Microplastic Detection – Challenges  

Abundance of microplastic depends on method used 

No standardized method for sampling, clean-up and detection 

Combine microscope with analytical instruments to better 
identify microplastics

Challenge in quantification of smaller‐sized plastic particles

Suitable analytical methods should be developed locally

Need to collect more data on MP contamination in our rivers
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COVID-19 Virus in Wastewater

Tian, Y., Rong, L., Nian, W., & He, Y. (2020). gastrointestinal features in COVID‐19 and the possibility of faecal transmission. Alimentary 
pharmacology & therapeutics, 51(9), 843-851.

SARS-CoV-2 has been 
detected in faeces

Asymptomatic/          
pre/post-symptomatic 
individuals can shed 
virus in their feces

Where did it come from? 
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Wastewater-Based Epidemiology

• Early warning

• Identifying high risk areas

• Estimating infected 

population

• Assessing the effectiveness 

of mitigation plans
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COVID-19 WBE: What has been done?

Study
City/

Country
Scale Output

Qualitative 

Medema et 

al., 2020
Netherlands

7 WWTPs, serving 54,000 -

1,400,000 inhabitants
Presence/absence

Quantitative

Wurtzer et 

al., 2020

Paris, 

France

3 WWTPs, serving >100,000 

inhabitants

103 – 107 viral 

genomes/L

Randazzo et 

al., 2020
Spain

6 WWTPs, serving 29,133 -

370,593 inhabitants
5.1 -5.1 log

10
gc/L

Kocamemi et 

al., 2020

Istanbul, 

Turkey

8 WWTPs, serving 7,000 -

1,500,000 inhabitants

7.35 x 102 – 1.13 x 

104 copies/L

Estimating the infected population

Ahmed et al., 

2020
Australia

1 suburban pumping 

station, 2 WWTPs, serving 

231,643 & 504,529 

171 -1,090 infected 

individuals

Wu et al., 

2020

Massachuset

ts, US
1 major WWTP

0.1% - 5% disease 

prevalence
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COVID-19 Sewage Testing : Singapore

• Study : foreign worker 

dormitories.

• Findings: 

– Viral load in wastewater 

reflects the prevalence of 

COVID-19 cases
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Sample

Collection

•Time/flow

composite

•Grab sample

Concentration

•Filtration

•Centrifugal

ultrafiltration

•Flocculation

RNA Extraction

•Commercial

viralRNA

extraction kit

•Trizol

RT-qPCR

Quantification

•Copy of

targeted gene

→ No. of viral

particles

WBE

•Estimating

infected

population

Whole Genome

Sequencing

•Source tracking

COVID-19 Sewage Testing Workflow
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As Technology Gets Better….

• Rapid, Sensitive, and Simplified Analysis

• New developments in analytical methods 

• Refinement in extraction and purification procedure

• Improvement in instrument sensitivity

• To support research in the fate, transport, and biological 

effects of these substances
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Einstein on:  Environmental Monitoring….

“Not everything that can be counted counts, and 
not everything that counts can be counted.“    

(attributed to Albert Einstein)

Not everything that can be measured is worth 
measuring, and not everything worth measuring 

is measurable.

52
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Tip of the Iceberg 

• Only a small fraction of hundreds of thousands of 

chemicals identified in our environmental waters 
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Key Points

• What one finds usually depends on what one aims 

to search for.

• Only those compounds targeted for monitoring 

have the potential for being identified and 

quantified.

• Those compounds not targeted will elude 

detection.

• The spectrum of pollutants identified in a sample 

represent but a portion of those present and they 

are of unknown overall risk significance.

54
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Challenges in the Laboratory - Ultra Ultra Trace Analysis

Avoiding contamination !  False Positives ! 

• Sources of contamination :

1. Sampling (Sampling bottles used)

2. Deionized water used for analysis and preparation of 

reagent

3. Contamination from airborne particulate matter

4. Reagent consumption

5. Carry over contamination (on the instrument)

6. Contamination by indirect contact
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Challenges in the Laboratory - Ultra Ultra Trace Analysis

1. Method Selection 

2. Extraction efficiency 

3. Cleanup to remove chemical interferences 

4. Availability of Calibration Reference Standards 

5. Linearity, Repeatability, Selectivity, Sensitivity, Accuracy 

6. Selection of instrument – sensitivity, precision  $$ -

$$$$$$$

False Negatives ! False Positives ! 
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Final Thoughts : 

• Strengthen our Scientific Knowledge on ECs Detection

• We need to collect more environmental data ! Still many 

scientific uncertainties on “old and new contaminants” in 

our local surface and drinking water supplies 

• More studies required on validating analytical methods 

for detection of Emerging Contaminants 

• Greater collaboration between private and public 

institutions – combine the diverse talents ! 
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