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Is there a difference between hazard and risk?

HAZARD vs RISK

The hazard is an intrinsic feature of the agent under defined condition 

(e.g. working environments)

The risk corresponds to the probability for a population of 

experiencing adverse effects once exposed to the toxic agent.



potential exposureno exposure

Is there a potential risk exist?



RISK = HAZARD x EXPOSURE

Hazard (high concern) x Exposure (minimal) = low risk => (1)

Hazard (low concern) x Exposure (high) =  low risk => (2)

Hazard (moderate concern) x Exposure (high)= Potential risk exists >(3)



ELEMENTS OF RISK ASSESSMENT
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Case study

at gasoline 

station



STEP  1 - HAZARD IDENTIFICATION

Review of existing liturature - identification of reference dose

STEP 2 - EXPOSURE ASSESSMENT: all scenerios : worst case, median, low 

          A scenario of inhalation uptake ; EC = CA x ET x  EF x  ED / AT

STEP 3 - RISK ANALYSIS/CHARACTERIZATION: information from step 1 and 2

Health risk (HQ) = EC/ RfC ; Cancer risk = IUR x EC

STEP 4 – RISK MANAGEMENT : 

Health surveillance, innovation/ OHS technology  of risk assessment - hazardous zone

The Human Health Risk Assessment Process (Quantitative risk assessment)
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The hazard 

exposure index 

(HI) was calculated 

as the summary 

hazard quotient 

(HQ) of co-

exposure to 

chemicals



RISK ASSESSMENT
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Dr. Sunisa Chaiklieng, KKU

Semi-Quantitative Risk 

Assessment matrix



EFFECT ASSESSMENT

• Hazard identification

• Human and ecological

• Dose-response assessment

RISK CHARACTERIZATION

RISK ASSESSMENT

Dr. Sunisa Chaiklieng, KKU

It reflects the qualitative aspects of all assessment.
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Which kind of effects does the hazard induce?

EXPOSURE ASSESSMENT

• Workers

• Consumers

• In-direct via environment



Risk

Opportunity level Severity level

Frequency level of 

exposure

Concentration Level % 

OEL-TWA 

Ex: Adverse effect 

(symptom) level
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Semi-Quantitative Risk Assessment

Dr. Sunisa Chaiklieng, KKU



Risk 

1. 8 hours in office

2. 20 min - 2 hours /day in process

3. >2-4 hours /day in process

4. >4 hours /day in process

The likelihood exposure level

Occupational health risk 

assessment is useful 

for health surveillance
Similar hazard exposure 

Occupational health 

risk assessment is 

based on semi-

quantitative risk 

assessment

Similar Exposure Group

Workers are classified into the Similar Exposure Group 
(SEG) guidance for industrial hygiene monitoring data. 



Occupational health risk assessment 
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Exposure concentration x frequency level Exposure level x Severity Opportunity x Severity

External dose 
exposure

(Chaiklieng et al., 
2015))

Internal dose 

exposure / Biomatrix 
(Chaiklieng et al., 2017, 

2021)

Qualitative risk assessment 

using OHSAS 18001 & ISO 45001 

or other techniques (Checklist, 

What-if, HAZOP)

Quantitative risk assessment 

Human health risk assessment/ 

Industrial quantitative tool: FTA, 

ETA, FMEA

Dr. Sunisa Chaiklieng, KKU
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Dispenser

(no VRS)



Underground Fuel Storage Tank

Gasoline station

Fuel truck

VOCs

Toluene

Toluene

Risk management by health surveillance program 
and hazardous area classification

Chaiklieng S. PLoS ONE 2021; 16(4): e0249913..

❖ The number of gasoline stations has risen by an average of 4–5 percent a year to 27,230

stations in Thailand (Ministry of Energy, 2024)



Dr. Sunisa Chaiklieng, KKU
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❖ High risk of adverse effects in 51.33% of workers and 

70.76% of the workers had a life-time cancer risk.

Human Health Risk Assessment on Benzene exposure

❖ Workers have increased health risks including the risk of leukaemia from benzene exposure and 

health effects caused by long-term exposure at gasoline stations.

Background of BTEX exposure at gasoline stations



38th Asia Pacific Occupational Safety and Health  Organization Conference: APOSHO 2024

Occupational Health Risk Assessment Models 

Semi-Quantitative Risk Assessment

External dose of 
exposure

(Chaiklieng et al., 

2015)

Internal dose of 

exposure /Biomatrix 
(Chaiklieng et al., 2021

Exposure concentration x Frequency level
Opportunity x Severity

Qualitative risk assessment 
using OHSAS18001 & ISO 45001

Quantitative risk assessment 

Human health risk assessment

Opportunity 
level

Severity level

Low (1)
Moderate
(2)

High (3)

High (3)
Moderate 
(3)

Substantial 
(6)

Intolerable 
(9)

Moderate 
(2)

Tolerable 
(2)

Moderate 
(4)

Substantial 
(6)

Low (1) Trivial (1)
Tolerable 
(2)

Moderate 
(3)

Likelihood 

level of 

exposure

Severity 

level of 

adverse 

effect



Benzene Exposure at Gasoline Stations: Health Risk Assessment (Chaiklieng et al., 2015)

18

18

Concentration 

level

Frequency of exposure level Opportunity level

(score)1 2 3 4 5

5 5 10 15 20 25 Highest (21-25)

4 4 8 12 16 20 High (16-20)

3 3 6 9 12 15 Moderate (9-15)

2 2 4 6 8 10 Low  (6-8)

1 1 2 3 4 5 Non-exposure (1-5)



Risk assessment

Severity level 

of adverse 

effects

Likelihood 

level of 

exposure

❑ Adverse symptoms: self-reported symptoms 

related to pesticides toxicity experienced by the 

agriculturists which is classified into 

▪ mild, 

▪ moderate, 

▪ severe,

▪ very severe

The severity was based on the adverse 
symptoms that workers experienced due to 
benzene, toluene and xylene toxicity. 

The opportunity levels of exposure were obtained by 
multiplying the frequency of exposure and concentration 

levels of exposure; 

❖ Inhaled BTEX concentration

❖ the tt-muconic acid and hippuric acid biomarkers 
of benzene and toluene exposure, respectively, 

RISK = EXPOSURE x HAZARD (effects) 



Matrix of Health Risk Assessment on Benzene Exposure at Gasoline Stations: 

Chaiklieng et al, 2015; 2017

Severity level Symptoms

1 non-symptoms

2 mild symptoms

3 moderate symptoms

4 severe symptoms

5
very severe / 

chronic symptoms

Exposure level
Severity

Non 
symptom (1)

Mild (2)
Moderate
(3)

Severe (4)
Very severe 
(5)

Highest
(5)

Low
(5)

Moderate 
(10)

Moderate 
(15)

High
(20)

Highest
(25)

High
(4)

Low
(4)

Low 
(8)

Moderate 
(12)

Moderate 
(16)

High
(20)

Moderate
(3)

Acceptable
(3)

Low
(6)

Low
(9)

Moderate
 (12)

Moderate 
(15)

Low
(2)

Aceptable 
(2)

Low 
(4)

Low 
(6)

Low 
(8)

Moderate 
(10)

No exposure
(1)

Acceptable 
(1)

Acceptable 
(2)

Acceptable 
(3)

Low 
(4)

Low
(5)

External dose of exposure assessment



Fire risk assessment in fire hazardous zones
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Chaiklieng S, Dacherngkhao T, 

Suggaravetsiri P, Pruktharatikul V.

Fire risk assessment at fire hazardous 

zone of gasoline stations. J Occup 

Health 2020;62:00:e12137,  

https://doi.org/10.1002/1348-

9585.12137.

Opportunity 
level

Severity level
Low (1) Moderate (2) High (3)

High (3) Moderate (3)
Substantial 
(6)

Intolerable 
(9)

Moderate (2) Tolerable (2) Moderate (4)
Substantial 
(6)

Low (1) Trivial (1) Tolerable (2) Moderate (3)

Occupational Health risk assessment (OHSAS 18001 & ISO 45001)

https://doi.org/10.1002/1348-9585.12137
https://doi.org/10.1002/1348-9585.12137


Biomatrix of Occupational Health Risk assessment 
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The Biomatrix model of health risk assessment by the biological monitoring on benzene exposure assessment 

of all routes of entries is encouraged to be used for the stage of risk management. 

Chaiklieng S, Suggaravetsiri P, Kaminski N, Autrup H. Exposure to benzene and toluene of gasoline 

station workers in Khon Kaen, Thailand and adverse effects. Hum Ecol Risk Assess: An Inter J 2021, 

doi:10.1080/10807039.2021.1910010.



OHSAS &45001
model

Internal dose 
exposure model

External dose 
exposure model
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Fig 1. 

Hazardous area-I and 

area-II classification (HZ) 

to cover HHZ and FHZ.

https://doi.org/10.1371/jou

rnal.pone.0249913.g001

Underground Fuel Storage Tank

Fuel truck
Health zoneHHZ-I = 3 m.

HHZ-II = 3-5 m.

Fire zone
FHZ-I = 2 m.

FHZ-II = 2-5 m.

HZ-I = 3 m.
HZ-II = 3-5 m. Hazardous area

Hazardous Area at Fuel Storage Tanks



FACCHEM-Health Risk Assessment (HRA) Program

Program owner Sunisa Chaiklieng, Khon Kaen University E-mail: csunis@kku.ac.th

Severity

Likelihood of exposure Risk

1 2 3 4 5 score

5 5 10 15 20 25 16-20 very high 5

4 4 8 12 16 20 10-15 high 4
3 3 6 9 12 15 4-9 medium 3
2 2 4 6 8 10 3 low 2
1 1 2 3 4 5 1-2 acceptable 1

Dr. Sunisa Chaiklieng, KKU
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To develop health surveillance 

program on chemical exposure to 
among workers.



Occupational health risk assess..

Chaiklieng et al. Altered haematological parameters in 

gasoline station workers due to benzene exposure. Safety 

2024, 10, 38. https://doi.org/10.3390/safety10020038

https://doi.org/10.3390/


27Sunisa Chaiklieng, Khon Kaen University, Thailand

Occupational Health Surveillance program         

Chaiklieng, et al. Altered haematological parameters in gasoline station workers due to benzene 

exposure. Safety 2024, 10, 38. https://doi.org/10.3390/safety10020038

https://doi.org/10.3390/
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❖ These findings show that an alternative choice of risk assessment can be provided to 

enterprise owners through the use of occupational health risk tools in the risk 

management.

❖ The finding suggests an early detection of health effects by health and biological effect 

monitoring through regular health surveillance program and the decision of control 

measures through hazardous zone classification. 

Suggestions

No VRS

with VRS



Other health hazards, risk 

Postural ergonomic 
risk assessment

Self assessment



Ergonomics risk assessment
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Musculoskeletal Disorders (MSDs) risk assessment

FACERGO-MSDs Surveillance

Chaiklieng S. (2019). Health risk assessment on musculoskeletal disorders among potato-chip processing 

workers. PLOS ONE 14(12): e0224980. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224980

Dr. Sunisa Chaiklieng, KKU
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observational technique

Ergonomics risk 

assessment

the likelihood

self-reported 

questionnaire

the  severity 
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•

• Workload level from 

heat exposure dose 

• Heat (WBGT)

Likelihood

Severity level of symptomsSeverity

Health Risk Matrix of Heat Related Illness

Agro-heat illness surveillance program 

OCCUPATIONAL HEALTH RISK ASSESSMENT ON EXPOSURE TO HEAT

Workload Likelihood
WBGT 1 2 3 score level

4 4 8 12 8-12 Very high
3 3 6 9 3-6 high
2 2 4 6 2 medium
1 1 2 3 1 low

32



Primary Care Unit/ Hospital

Cloud
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Report

Self assessment

and report

Poochada & Chailklieng.

Self-reported musculoskeletal disorders 

questionnaire for agriculturists: An online 

self-assessment tool development. PLoS 

ONE 17(12): e0277548. 

MSDs 
Surveillance 

Report
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Thank you for your attention ! 

APOSHO38, Thailand https://aposho2024.com/

APOSHO38, Thailand

 https://aposho2024.com/

https://aposho2024.com/
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