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Lecture outline 

• 
	  
• 
	  
• 
	  
• 	  
• 

Introduction, definitions 
	  
Risk assessment methodology 
	  
Assessing risk for carcinogens 
	  
Assessing risk for non-carcinogens 	  
Limitations of risk assessments 
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Introduction 
	  	  	  	  	  
•   Do you think this 

	  small stream 
	  dangerous? 
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Introduction 
	  	  	  	  	  
•   What type of risk 

	  illustrated in this 
	  cartoon? 
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Malaysia 

Why high cancer rates? 

“Almost 20% of the population 
would suffer from at least one form 
of cancer, the first National Cancer 
Registry report revealed today.” 
Due to: 
	  	  	  
	  Contaminated food & water 	  
	  Polluted environment 	  
	  Lifestyle 
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The greatest risk? 
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	   	  Lecture 4a: Introduction to Risk Assessment by © Prof. Ir. Dr. Zaini Ujang 

Chronological scientific issues 
	  Target water pollutants, and technology options 

Era Pollutants Solutions 

1800s Pathogenic bacteria Sewer system 

1900s BOD, COD Biological wastewater plants 

1950s Heavy metals, biodegradable 
substances 

Treatment at source 

1970s Eutrophication N and P control 
1980s Trace substances, 

carcinogens, flavor, taste 
Activated carbon, 

membrane technology 
1990s CO2, NH4, N2O, CFCs, NOx, 

SOx 

Energy saving, photosyntetic 
bacteria, biotechnology, MBR 

2000s Endocrine disrupting chemicals 
(EDCs), eco-hazard 

Membrane technology 
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Municipal wastewater 
management for developing 
countries 

Z. Ujang & M. Henze (2006) 
IWA Publishing, London 
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Endocrine disrupting chemicals (EDCs) 
	  	  
How endocrine disruptors interfere with the normal 
functioning of the endocrine system? 

Hormone Cell 

Nucleus 

Hormone 
Receptor 

Natural 
response 

Hormone 
mimic Cell 

Nucleus 

Agonistic response 
e.g. oestrogenic 
response 

Hormone blocker 

Nucleus 

Antagonistic 
response – normal 
response inhibited. 
e.g. anti-oestrogenic 
response 
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What is EDCs? 
	  	  

	  – Exogenous substance (Ozaki, 2004) 
	  – Cause adverse health effects (Ikejima et al., 2005, 
	   	  Jiang et al., 2005) 
	  – Natural EDCs are most potent & have biological 
	   	  activity (Jiang et al., 2005) 
	  – May lead to early death (Zhang & Zhou, 2005) 
	  – Effects are not seen until adulthood (Aquatic 
	   	  Toxicology) 
	  – Disruption of sex hormones (Stuart et al., 2005) 
	  – Other hormones can also be affected (Liu et al., 2005, 
	   	  Jiang et al., 2005) 
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EDC in perspective 
	  	  	  	  

•   Hazardous organic chemicals 
	  
•   More than 38,000 types 
	  
•   Disruption in endocrine system in animals & 

	  human being 
•   Examples: Bisphenol A (BPA), 17β-estradiol 

	  (E2), Nonylphenol (NP), Dioxins, PCBs etc. 
	  
•   Exposure via water medium most common 

	  due to contaminated water sources, sewage 
	  effluents 
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Sources of EDCs Treatment Techniques 
Household products 	  
Detergents, 

surfactants, breakdown 
products 

	  Industrial chemicals 
and metals 	  

	  Fungicides 
	  Insecticides 

Adsorption (Zhang & Zhou, 2005) 	  
	  - GAC 
- Chitin 
- Chitosan 
	  	  - Ion exchange resin 	  
	  	  - Carbonaceous adsorbent 	  
	  Preliminary trials with ferrate (VI) & 

electrochemical oxidation (Jiang et al., 2005) 
	  Nanofiltration (Yoon et al., 2005, Kimura et 

al., 2004) 	  
	  Ultrafiltration (Yoon et al., 2005, 	  
	  Reverse Osmosis (Kimura et al., 2004, 	  
	  LPROM (Ozaki, 2004, Ikejima et al., 2005) 
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EDC Compounds 	  	  

17β-estradiol 
	  	  
Bisphenol A 
	  	  
Nonylphenol 
	  	  	  
Diethyl phthalate 
	  	  	  
2,4-dichlorophenol 

	  Abbrev. 	  	  	  
	   	  	   	  	  E2 
	  	  
	   	  	  BPA 
	  	  
	   	  	   	  NP 
	  	  	  
	   	  DEP 
	  	  	  
2,4-DCP 

	  	   	  MF 	  	  	  
	  C18H24O2 
	  	  
	  C15H16O2 
	  	  
	  	  C15H24O 
	  	  
	  C12H14O4 
	  	  
C6H4Cl2O 

	  MW 	  	  	  
272.38 
	  	  
228.29 
	  	  
220.35 
	  	  	  
222.24 
	  	  	  
163.00 

	  	  pKa 
	  	  	  
10.27 
	  	  
	  9.73 
	  	  
10.14 
	  	  	  
	  	   	  - 
	  	  	  
	  8.05 
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Risk in reality 
	  	  
•   People take risks all the time 
	  
•   Many risks are taken voluntarily, but others are not 

	  under our immediate control 
	  
•   Involuntarily harm – government established and 

	  enforced “safe” levels for drinking water quality, air 
	  quality, food quality etc which known or potential risks 
	  to human health and safety 

	  
•   Risk assessment and decision analysis methods are 

	  among the policy now used to address difficult or 
	  complex environmental problems 
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Definitions 
•   Risk involves a chance of injury or loss (death) 

Risk = probability of a specific undesired consequence 

•   Risk levels vary by many orders of magnitude 

Risk = probability of undesired consequence x size of loss 
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Risk of death from various activities (US) 

Cause of death No. each year Odds of death 
from this cause 

Lifetime risk of death 
from this cause 

Disease (all) 2,000,000 1 in 1.1 9.1 x 10-1 

Heart disease 770,000 1 in 2.7 3.7 x 10-1 

Cancer (all kinds) 480,000 1 in 4.4 2.3 x 10-1 

Accidents (all kinds) 95,000 1 in 22 4.5 x x 10-2 

Diabetes 37,000 1 in 57 1.8 x 10-2 

Suicide 31,000 1 in 68 1.5 x 10-2 

Drowning 5900 1 in 360 2.7 x 10-3 

Fire 4800 1 in 440 2.3 x 10-3 

Asthma 4000 1 in 530 1.9 x 10-3 
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… Risk of death from various activities (US) 

Cause of death 	  	  	  
Viral hepatitis 
	  	  
Electrocution 	  	  
Car-train 
accident 

No. each year 	  	  	  
	  1000 

	  	  
	  	  850 	  	  
	  	  570 

	  Odds of death 
from this cause 
	  
	   	  1 in 2100 	  	  
	   	  1 in 2500 	  	  
	   	  1 in 3700 

Lifetime risk of death 
	  from this cause 

	  
	   	  4.8 x 10-4 	  	  
	   	  4.0 x 10-4 	  	  
	   	  2.7 x 10-4 

Appendicitis 	  	  
Pregnancy etc 	  	  
Lightning 	  	  
Flood 	  	  
Tornado 	  
Fireworks 

510 	  	  
470 	  	  
	  78 	  	  
	  58 	  	  
	  58 	  
	  	  8 

	   	  1 in 4100 	  	  
	   	  1 in 4500 	  	  
	  1 in 27,000 	  	  
	  1 in 36,000 	  	  
	  1 in 36,000 	  
1 in 260,000 

2.4 x 10-4 
	  
2.2 x 10-4 
	  
3.7 x 10-5 
	  
2.8 x 10-5 
	  
2.8 x 10-5 
	  
3.8 x 10-6 
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	   	   	   	   	   	  Degree of risk 
	  	  	  	  
The risk of a nuclear power plant accident might be 
	  viewed differently for a plant located in a sparsely 
	   	  populated rural area as compared to one near a 
	   	   	   	   	   	   	  major urban center. 
	  
	   	   	   	   	   	   	   	   	  Or 
	  
	   	   	   	  An investment in the stock market might be 
	   	   	  considered riskier if the amount invested were 
	   	   	   	   	  $100,000 as compared to $1000 
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	  	   	  	  Perception of risk 
	  	  People’s mind: Risk depends on factors other than 
	  	   	  probability and size of loss: 

	  	  	  	  	  	  
•   How well the risk is understood 
	  
•   How well the people can control their exposure to the 

	  risk 
	  
•   How equitably the exposure is distributed across the 

	  population at risk 
	  
•   etc 
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	  Lecture 4a: Introduction to Risk Assessment by © Prof. Ir. Dr. Zaini Ujang 	  	  	  	  

Risk to swim, drink in polluted lake? 
WARNING SIGNPOST: 

“Lake water contains 
high level of arsenic. 
Public is strongly 
advised not to fish, 
swim and bathe in 
the lake or to use 
lake water for 
drinking or other 
purposes” 
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Results and discussion (cont.) 
	  	  	  
	  •   Arsenite 
	  	  	  
	   	  0 

-1 1 2 

	  -30 	  
	  -40 	  
	  -50 	  
	  -60 	  
	  -70 	  
	  -80 	  
	   	  Concentration (mg/L) 	  	  	  	  	  

UNIVERSITI TEKNOLOGI MALAYSIA 
Institute of Environmental & Water Resource Management (IPASA) 

AsO2- Mar-03 
AsO2- Aug-03 
AsO2- Feb-04 
AsO2- Sep-04 
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Results and discussion (cont.) 
	  	  	  
	  •   Arsenate 
	  	  
	   	  0 

0 -10 	  
-20 	  
-30 	  
-40 	  
-50 

1 2 

-60 	  
-70 	  
-80 	  

	  Concentration (mg/L) 

AsO43- Mar-03 
AsO43- Aug-03 
AsO43- Feb-04 
AsO43- Sep-04 
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Risk and standards 
•    Public policy – identify safe levels of the most common 

contaminants in air and water 
•    Environmental Quality Act 1974: National-health based 

environmental quality standards (latest trend is “ecosystem 
health”) 

•    Many chemicals have been identified as hazardous or toxic 
•    Contaminants concentrations below the standards are generally to 

be free of known health risk although this is not always the case 
•    Waste disposal sites, disused mining pools, etc. 
•    Risk assessment and management helps to prioritize problems 

and identify solutions in the face of limited resources and capability 
to respond to a potentially massive problems. 
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Focus of risk assessment 

•   Focus: Assess and reduce risk to human health 
•   Two categories of human health: 

– Carcinogens 
	  
– Non-carcinogens 

•   Damage to particular organs or tissue such as 
liver, kidney or nerves 
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	   	   	   	  How safe is safe? 
	  	  
•   Almost no zero risk! 
•   Eliminating risk, e.g. shutting down factory, abolishing 

	  dams, remediating all contaminated soils etc., is 
	  technically difficult or prohibitively expensive 

•   Solution: Minimize the risk to an acceptable levels of 
	  risk 

•   People are willing to accept a higher level of risk in 
	  activities over which they 
	   	  –  have direct control (skiing) or 
	   	  –  from which they derive a direct benefits (take air planes) 
	   	   	  compared to risks that are imposed involuntarily or that confer 
	   	   	  no direct benefits 
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	   	   	   	  How safe is safe? 
	  	  
•   Numerical criteria has been endorsed to assess whether 

	  a particular exposure to chemicals in the environment 
	  poses an acceptable or unacceptable risk to public 
	  health: 
	   	  –  Food Act 1983 - Drinking water quality 
	   	  –  Environmental Quality Act 1974 – Hazardous waste 
	   	  –  Environmental Quality Act 1974 – Stream water quality 

	  	  
•   Criteria for acceptability are different for carcinogenic 

	  and non-carcinogenic chemicals. 
	   	  –  For carcinogens, a one in a million chance (10-6 probability) of an 
	   	   	  additional human cancer over a 70-year lifetime is the level of 
	   	   	  risk considered acceptable 
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Risk assessment methodology 

• 
	  
• 
	  
• 
	  
• 

Hazard assessment 
	  
Development of dose-response relationship 
	  
Exposure assessment 
	  
Risk characterization 
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Elements of risk assessment 
	  	  	  	  

	  Hazard assessment 

	  Exposure 
assessment 

Dose-response 
	  assessment 

Risk characterization 
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Hazard assessment 
	  	  	  
	  •   To determine whether there is any potential problem 
	   	  (observable increase in some illness or health 
	   	  condition) from exposure to a given chemical 
	  
	  •   Use all available data from laboratory studies, animal 
	   	  studies and epidemiological studies 
	  
	  •   Outcome: Evaluation and description of the nature 
	   	  and severity of any effects that might be caused by 
	   	  exposure to a particular chemical 
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Is low pH dangerous as drinking water? 
	  	  	  

	  Yong Peng 2/3 WTP - Raw Water pH ( January 2005- May 2005) 

0 

1 

2 
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7 
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1-Jan-05 1-Feb-05 1-Mar-05 1-Apr-05 1-May-05 1-Jun-05 

Month 

High 

Low 
Standard 

Standard 

min value : 2.89 
10/ 5/2005 

max value : 7.57 	  1/2/05 
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Is high aluminum dangerous as drinking water? 

200.00 

300.00 

1-Jan-05 1-Feb-05 1-Mar-05 1-Apr-05 1-May-05 1-Jun-05 

Month 

250.00 	  	   	  High 

Low 

9/5/2005 

	  	   	   	  Standard 	  
150.00 	  	  	  
100.00 

	  	   	  min value : 0 	  	  50.00 	  	  	  	  	  0.00 

	  Aluminum 2/3concentrationin Rawraw water intake 
	  
350.00 	  

	   	  max value : 305 

in      Water (January 2005- Yong Peng         WTP - Aluminium Content                                                                      May 2005) 
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Guidelines for Drinking-water Quality 
	  

	   	   	  	  Third Edition 
	  

	   	   	  	   	  Volume 1 	  
	   	  Recommendations 	  	  	  	  	  	  	  	  	  
	  WORLD HEALTH ORGANIZATION 
	   	   	  	   	   	  Geneva 

	   	   	  	   	   	  	  2004 
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	  Previous 
	  0.05 mg/l 
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