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HAZARD vs RISK

Is there a difference between hazard and 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.
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Is there a potential risk exist?
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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)
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ELEMENTS OF RISK ASSESSMENT
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The Human Health Risk Assessment Process (Quantitative risk assessment)

STEP 1 - HAZARD IDENTIFICATION

Review of existing liturature - identification of reference dose

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

exposure index

A scenario of inhalation uptake ; EC=CA X ETx EFx ED/AT (HI) was calculated

as the summary

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

(HQ) of co-

Health risk (HQ) = EC/ RfC ; Cancer risk = [UR x EC exposure to

chemicals

STEP 4 — RISK MANAGEMENT :

Health surveillance, innovation/ OHS technology of risk assessment — hazardous zone
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RISK ASSESSMENT

U U

RISK CHARACTERIZATION

It reflects the qualitative aspects of all assessment.
Which kind of effects does the hazard induce?
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Semi-Quantitative Risk Assessment

Risk

Concentration Level % Ex:. Adverse effect

OEL-TWA

Frequency level of

exposure (symptom) level

Dr. Sunisa Chaiklieng, KKU
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Risk

Occupational health
rsk assessment is
based on semi-
guantitative risk
assessment

Occupational health risk
assessment I1s useful
for health surveillance
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Workers are classified into the Similar Exposure Group
(SEG) guidance for industrial hygiene monitoring data.
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Occupational health risk assessment

v

External dose Internal dose e Tek t
Quantitative risk assessment exposure exposure / Biomatrix - Qualitative risk assessmen
Human health risk assessment/ | |(Chaiklieng etal, | |(Chaiklieng etal, 2017, | | USING OHSAS 18001 & 150 45001
Industrial quantitative tool: FTA, 2015)) 2021) or other techniques (Checklist,

What-if, HAZOP)

$ 4 (]

Exposure concentration x frequency level Exposure level x Severity Opportunity x Severity

, §\§ STRATEGY ‘
S SN
N 5§ B S SRS
. S \V\ N
N = N

ETA, FMEA
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~ Assessing Exposure

~ Dispenser
" (no VRS)

Characterizing
Hazards

L)
§ S -1@115 ‘Questionnaire and Observation L = == Dispenser area

I

BTEX concentration estimated

1. NIOSH number 1501 (NIOSH
= y [2003) and analyzed GC-FID

4 2. Gasoline emission factors

/ By; Source EPA TANKSs and EPA420-F-07-017 (AP-42)
T \




INTRODUCTION
e

“* 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)

Risk management by health surveillance program . ww

and hazardous area classification

Chaiklieng S. PLoS ONE 2021; 16(4). e0249913..
Underground Fuel Storage Tank

38th Asia Pacific Occupational Safety and Health Organization Conference: APOSHO 2024
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Background of BTEX exposure at gasoline stations

Human Health Risk Assessment on Benzene exposure

" 9=l | International Journal of
‘* g Environmental Research

To Udon Thani ‘\‘ *)\ ¢ Knao Suan Kuang : Sabiibint slilicii
\ " " |:l: ral station
" e £ m\r'ﬂ ; | ( N 4 *\\ e Frong '{“ z:‘ba:\ station
ST - u( Ane 4 :~.\ Ubol Rananam % *“ w ) Mittraparp main road
X AN R % N .
Article 1 3 Ay & '.__
Risk Assessment on Benzene Exposure among Chum Phae | BanFang, % A R I .
Gasoline Station Workers & /oo S
\ on ia i - ' Muanﬁ\..‘
Sunisa Chaiklieng 1-*°, Pornnapa Suggaravetsiri 2 and Herman Autrup 3 ¥ i S i *):E &:::* *-; % ®
== £5 L s = £ = = S 3’.-?: *,:l:-' w *j X w
w o *
Waeng Yai % , * ........ ) %
Q‘ A " Chiang Yun
** High risk of adverse effects in 51.33% of workers and % aiad
70.76% of the workers had a life-time cancer risk. : Bt .
% Phon{™ i *
Waeng Noi *; ‘TO Bangkokﬂ
A *1
. . . : . : :
** Workers have increased health risks including the risk of leukaemia from benzene exposure and

health effects caused by long-term exposure at gasoline stations.
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Occupational Health Risk Assessment Models

Semi-Quantitative Risk Assessment

External dose of

Quantitative risk assessment exposure Internal dose of

o . . ualitative risk assessment
' Chaiklieng et al,, exposure /Biomatrix Q _
Human health “Sk assessment (2015) g (Chaik”eng ot al_’ 2021 USlng OHSAS18001 & ISO 45001

Open Acoess
Risk Assessment on Benzene EXPDSUI'E among Gasoline Station

Workers @

by @ Sunisa Chaiklieng '* E%5, £} Pomnapa Suggaravetsin 2 and ) Herman Autrup 2
1 Depariment of Environmental Health, Cccupational Heallh and Safety, Facully of Public Heaith, Knon Kaan - -
University, Khon Kaen 40002, Thailand

2 Department of Epidemiology and Biostatistics. Faculty of Public Health, Khan Kasn University. Khon Kasn 40002

Thailand

Exposure concentration x Frequency level

Author o whom comespondance should be addressed

inf . Environ. Res Public Health 2019, 16(14), 2545, hitps:/idoil.org10 3330 /(jerph16 142545

kil 0 : _ _ Severity level
Receive d: 6 June 2019/ Revised: 9 July 2019 / Accepted: 13 July 2019/ Published: 16 July 2019 ‘ Opportu n Ity
Moderate

_ ™\ level Low (1)
FE. SRSy x Likelihood 2)
Izvel of level of High (3) Moderate | Substantial
2 h A adverse ig
0 x| fx *x::: '_ % % eX Osure
AN it N effect P (3) (6)
| D b S g sTReT R "ﬁ Moderate Moderate | Substantial
".' - : %- \ \\ ) X \ = /:Rocﬁss
hon :' * ong Sih0. o - B — § S :\ L o o0 (2) (4) (6)
RevieWed 7 O, \m ‘Lﬂ% Moderate
Low (1) Trivial (1) )

38th Asia Pacific Occupational Safety and Health Organization Conference: APOSHO 2024
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Benzene Exposure at Gasoline Stations: Health Risk Assessment (Chaiklieng et al., 2015)

Concentration Frequency of exposure level FOT—

Human and Ecological Risk Assessment: An International
Journal

Opportunity level

level

1 2 3 a 5 (score)

- i 1S5N: T1080-7039 (Print) 1549-7860 {(Online) Journal homepage: htip://www.tandfonline.comy/lol/bherzo
9) ) 10 15 Highest (21-253) Benzene Exposure at Gasoline Stations: Health
Risk Assessment
. Sunisa Chaiklieng, Chatsuda Pimpasaeng & Suthasinee Thapphasaraphong
4 4 8 12 High (16-20)
To cite this article: Sunisa Chaiklieng, Chatsuda Pimpasaeng & Suthasinee Thapphasaraphong
(2015) Benzene Exposure at Gasoline Stations: Health Risk Assessment, Human

ard Ecological Risk Assessment: An International Journal, 21:8, 2213-2222, DO

10.1080/10807039.2015.1044538

3 3 6 9 1 2 1 5 MOderate (9_ 1 5) To link to this article: http://dx. doi,org/10.1080/10807039,2015,1044938

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

1 1 2 3 4q 5 Non=-exposure (1-5)
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| Risk t : The severity was based on the adverse
S it elselgasliient | symptoms that workers experienced due to
T B ‘ -~ . N benzene, toluene and xylene toxicity.
Likelihood Severity level
O  Adverse symptoms: self-reported symptoms
Ievel Of x Of adverse related to pesticides toxicity experienced by the
agriculturists which is classified into
_ exposure . effects + mild
= moderate,
The opportunity levels of exposure were obtained by s

multiplying the frequency of exposure and concentration
levels of exposure;
“* Inhaled BTEX concentration

) = ISSM: 1080-7032 (Print) 1549-7860 (Online) jsurnal hemepage: hteps/ /. tandfonline. com/floi/bher20
“* the tt-muconic acid and hippuric acid biomarkers Benzene Exposure at Gasoline Statlons: Health

Risk Assessment

of benzene and toluene exposure, respectively, AR S S S

() Taylor & Francis
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Matrix of Health Risk Assessment On Benzene Exposure at Gasoline Stations:

Chaiklieng et al, 2015; 2017

Mild (2) Severe (4)
non-symptoms symptom (1) (3) (5)
H|ghest Moderate Moderate High
2 mild symptoms (20)

Exposure level Moderate Very severe

Moderate = Moderate High
(20)

High
3 moderate symptoms ---
Moderate Acceptable
4 severe symptoms - -- (15)
Aceptable Moderate
5 . No exposure Acceptable Acceptable Acceptable

Moderate Moderate
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Fire risk assessment in fire hazardous zones Jourmal o D e

" i ' e - i == ORIGINAL ARTICLE = & Open Access @ ®
TABLE 1 Fure nisk assessment matrix multiphiers for fire hazardous zone-1 and zone-1l (FHZ-1 and FHZ-11) & . 2 2 g .
Fire risk assessment in fire hazardous zones of gasoline stations

R i i Sunisa Chaiklieng & Thawatchai Dacherngkhao, Pornnapa Suggaravetsiri, Vichai Pruktharathikul
Severity of incident to the gasoline station (FHZ-1 and IT) o ® P s
Dppﬂﬂllﬂ.it}' of hazard occurrence Likelihood of hazard occurrence First published: 27 July 2020 | https://doi.org/10.1002/1348-9585.12137
(FHZ-1) (FHZ-II) Slightly harmful (1) Harmful (2) Extremely harmful (3)  Catastrophic (4) = Journal of Occupational Health \A/y| £y | sors
Likely (3) (OP: score of >3) Likely (3) (LO: 275%) Moderate (2 = score of ihstantial ris % TABLE 3  Fire risk factors as a likelihood of occurrence (LO) in
1-6) — FHZ-II and their respective scores (n = 47 stations)
: e T e _ : .*;.E_ Fire risk factors (summation score; ) SL = 30) n (%)
Unlikely (2) (OP: score of 2) Unlikely (2) (LO: 250%-74%) Moderate (2 =scoreof  Moderate (2 = score of ;
i E Number of workers per station (persons) (L1)
4-b) 4-b) i = 1-3 (score of 1) 2 (4.26)
=
Highly unlikely (1) (OP: score of 1) Highly unlikely (1) (LO: <50%) Moderate (2 = score | e 9 (19.15)
of 4-6) g More than 7 (score of 3) 36 (76.60)
: R, Working hours and frequency (h/day or hfyear) (L2)
OCCU atl O n al Health rIS k aSSGSS I,.n ent OHS% $11,.80.®E1&i<180 45003: h/day or <1300 h/year (score of 1) 0(0)
p j‘:_m\w. Lot 1] 0%0) ¥ h/day or 1300-2500 h/year (score of 2) 0 (0)
=38 (score of 3) 47 (100}
requency of using and carrying electronic devices workers {h) >8 hfda}" or >25{]{] h"!year (SC’DI’E Df 3) 4? (U)
Opportunity Severity level Chaiklieng S, Dacherngkhao T, - .
<1 h/day using and carrying (score of 1) 0 (o) Spﬂ]’klﬂg ﬂﬂd ﬁre frequency (LB)
level Low (1) Moderate (2) Suggaravetsiri P, Pruktharatikul V. i::jj‘::i‘l’fi'::::f:f::::i: 43 Eij <1 time every 5 years (score of 1) 26 (55.32)
Flre r'sk assessment at f're ha ardous Maximum level ufl:‘]n:cuu;tatti-.' discharpe on materials (ohm) (L7) 3 2 5 g
. SUbStantiaI l : . <5 ohm (score of 1) : AT :nJ 1 time per }’e&r (Score Df } (1{] 64)
High (3) Moderate (3) zone of gasoline stations. J Occup =5 ohm (score of 3) 0 () >1 time per year (score of 3) 16 (34.04)
Maximum level of electrostatic discharge on workers' bodies )
(6) Health 2020:62:00:12137, (ohm) (L8) Range of % LEL-UEL of flammable gas (1.3%-7.4%) (L4)
<5 ohm (score of 1) 47 (0] -
Mod ¢ (2) Mod ¢ (4) Substantial https.//doi.org/10.1002/1348- TR oM Le:f[:; A HOEICIE Bngiol B EEESURE (Hetns: 019
o era e 0 era e Electrostatic discharge installation (L9) '8}
(6) 9585 1 2 1 37' Installed in more than 85% of an area (score of 1) 2 (4.26) .
Installed in 50%-85% of an area (score of 2) 22 (46 80) Level 2: in the range of % LEL-UEL (score of 3) 47 (100)
.. Installed in <50% of area (score of 3 23 (48.94)
LOW (1 ) TrIVIaI (1 ) MOderate (3) Lightming conductor installation (LEO'J' Mean (SD) 6. 19 (51?)
llns.ltu::ej :m;i ru:.lliz.mlyllr.nu_:':l:it-md (s:_'[.::uuf 1 :f: Ei:l'.:tz: Median (Mlﬂ Max] 5 (226}

Mot installed (score of 3) 25 (53.19)



https://doi.org/10.1002/1348-9585.12137
https://doi.org/10.1002/1348-9585.12137
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Biomatrix of Occupational Health Risk assessment

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.

*"m: ':L:::"‘# St 1 A ettt 200K | AT eprienly N Becreatier 0123 60f9 | .
ORTIGINAL ARTICLE JM‘W‘_““?J&E@ WILEY Wl LEY_ Journal of "cwpatmni“e:m?g
Biomatrix of health risk assessment of benzene-exposed 4
workers at Thai gasoline stations 80 A
—
g 70 -
E 60 .
i i =
Likelihood of exposure g ®
level (5 levels of tt-MA 5 L
% 5 levels of exposure g .
N 30
hours) Health risk 8,
10
Adverse symptom level 1 2 3
0 L) L) L) L) L)
= p : 0 500 1,000 1.500 2.000 2,500
5: Very high 5 10 15 T
= e tt-Muconic acid (ug/g Creatinine)
4: High 4 8 12
- FIGURE 1 The correlation between the trans, trans-Muconic
3: Moderate acid (tt-MA) metabolite and air benzene concentration. The
2 Low significance was identified at a P < .001, and the Pearson’s
1.' Hﬂn‘ E_‘!."mp Iomat |'|:' 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,

Note: .-’"!-.PFIHE'E'. from Ehﬂ;il-:]i-E]ig et .:I.J.3 doi:10.1080/10807039.2021.1910010.




¥\|’()@|-|():;:= Finding of 3 models

OHSAS &45001 Internal dose External dose

exposure model | exposure model

Q
Q ()
g 7
Q 18 8 6 o)
— 4 O
o 2 2
O 16 = ~ 6
X 14 Q 5 =
N2 S L 5
= 12 f' 4 S
L S \<—E| 4
a 10 . S
o < 3 =
o 8 @) < 3
2]
X = O
o 6 o 2 )
Q p o 2
o 4 = =
=) 3 1 S
— 2 o3} 1 oo 0o
© 2 =
c %) 2
B 0 T 0 < 0
0 2 4 6 8 10 4 6 8 10 n
= | O 0 2 T 0 5 10 15 20
e External dose exposure risk score External dose exposure risk O

Internal dose exposure risk score
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RESULTS

RESEARCH ARTICLE

Risk assessment of workers’ exposure to BTEX
and hazardous area classification at gasoline
stations

Sunisa Chaiklieng~ *
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https://doi.org/10.1371/journal.pone.0249913.4001
38th Asia Pacific Occupational Safety and Health Organization Conference: APOSHO 2024
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FACCHEM-Health Risk Assessment (HRA) Program

To develop health surveillance

program on chemical exposure to
among workers.

—

Severity

Likelihood of exposure

Risk

PO 75 V o D
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(1) minln (2) wnalmsussuiuanuden (4) mans1aTnastall (5) szeulanma (6) HRA-Program (R3.2) l:{-]

Score

16-20

10-15

high 4

4-9

medium 3

3

low 2

1-2




METHODS

S O ccUpational health risk assess..

Primary study
(screening phase of
Tongsantia et al.,
2021)

151 Gasoline station

workers [

rlf i i‘ i

e Urine sampling (tt-MA
biomarker) —

e Adverse effects

e Questionnaire and air
benzene concentration

measurement

e Risk matrix of HRAB

RN

Representative
workers (n=20) from
each HRAB level

e Level 1=3 (8.1%)

o Level 2=11 (12.5%)
e Level 3=6(23.0%)

Secondary (this) study
(n=20)

e Blood sample

e Urine sample

e Adverse symptoms

e Risk matrix of HRAB

level tevel AT
Level 1 =237 (24.5%) ’r
Level 2 = 88 (58.3%)
Level 3 =26 (17.3%) e e
level (5 levels of tt-MA
x 5 levels of exposure
hours) Health risk

Adverse symptom level 1 2 3 4 5 Score Risk
Chaiklieng et al. Altered haematological parameters in S: Very high = 0 i 3.5

gasoline station workers due to benzene exposure. Safety 4 sigh 4 16 !
2024, 10, 38. https://doi.org/10.3390/safety10020038

17-20

B _
3: Moderate 6 9 12 15 9-16 Medium
2: Loy 4 & B 10 4-8 Low
1: Non-symptomatic 4 5 -3 _

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

Benzene __ b tt_M?( tt-MA HRAB -
iomarker ' i
exposure —— - biomarker i avel
‘/ \ level
.7 /Neutrophil 4 Eosinophil : / x
Adverse health ™ * _ :
Eries p =0.022 p =0.007 +MCV 4 SGOT
s p = 0.043 p =0.023
Adverse
symptoms
level

Chaiklieng, et al. Altered haematological parameters in gasoline station workers due to benzene
exposure. Safety 2024, 10, 38. https://doi.org/10.3390/safety10020038

S Thailand 27
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METHODS

38th Asia Pacific Occupational Safety and Health

Postural ergonomic

risk assessment

MSDs ity and Frequency Questionnaire (MSFQ)

Using the body diagram ou the left below. please circle any areas of POl midiscomfort that hove been caysed bay S cctmred during work

Then. plesss mark e symsbol te signify MSD severity (question 1, MSDs SeVerny T aiE wo0s trequeney (questien 2, MSDs frequency)

e [ ] wil

regions. and i guestion 3, and 4,

L. MSDs severity 1. MSDs frequency
Pirts of the body If you experienced pain, aching, or disconifort, Honw frequently did you experience pami. acl
which have heen how severs was this? (Refer i the mosr painfil (Refer o the most frequent experience of pair
affected by pain, rimees i the prast marth) i atre week)
aching or discomfort i e S vary 12 34 nnce daily
sevire tinsiweak | fmosiwesk | or wvory day | |
1. Mek
2 Shoulders
3. Upper back
4. Lower back

5. Uppsr aivns
')

C W) VYol 4
g — N <# ASNOCSHITIC]T]

Factory ergonomics & MSDs surveillan~

7. Wrists' Palms' Fingers

8. Hips' Thighs

9. Knees’ Calves

10, Ankies' Fext

Ansorsrion: il = ssmoyisg, ineecfering lirle with weeking, moderate = pain of shon duntion wiederng sunificmely with posters sdaptation

severe = perastear pas affectng sbily 1o werk, very severe = peraisiens pan |

hours) caussng usabdiry po perform work and affscneg qualiry of Lfe

3. During fhe last T dnys of work, did you cxperience pain, aching, 4. Regnvding questions No. | and 2, was your pain, aching or discomfort ouly from work in the

or discomfort? past month? [ ] Yes [ ] Notsure [ | No " did you

[ ¥t¥o [ ]¥es in the body region(s) of the . .:oouucuiievicicien i the following. [ ] Sports [ ] Habbies [ ] Housework [ ] Oiber.

mxy pam. aching or discomfort from

Reference: Chaikling. 5. Health risk arssgsment on mmsculosieletal Sisorders smang poeats -chip processing workers PLaS One 2019 14, #0274980. hetps-/idod.arg/10.1 371 osmal pose. 0272980
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Musculoskeletal Disorders (MSDs) risk assessment

FACERGO-MSDs Surveillance

Level of ergonomics risk (RULA)

MSDs risk 1
ﬁ; wiliBeti ;;Rv;_:e‘,,_ ;’
? 3 3 3
.'1 wTimerhrsauwiu r\
ST Level of 2 2
\ S sk | discomfort
b e, 0 0 0 I* 2
;):,’ ) féi -
Kpwwros e Remark: Colors simply notice the zone as the risk level from the calculated scores of that; green is an acceptable risk,
vellow is low risk, orange 15 a medium risk, brown is high risk, and red is very high nsk
*notice low risk of M5Ds when workers rated no discomfort, and RULA indicated high to very high risk [15].
the severity the likelihood . PEATIN e
nitps:/doi.org/10.1371/journal pone 0224380 100
self-reported observational technique
: . y Chaiklieng S. (2019). Health risk assessment on musculoskeletal disorders among potato-chip processin
questionnaire Ergonomics risk g5 ) 2P 1% .

workers. PLOS ONE 14(12): e0224980. https:/ /journals.plos.org/plosone/article?id=10.1 37 1 /journal.pone.0224980
assessment
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) & [ Agro-heat illness surveillance program
%ﬁt 5 fr 2 b "’ : B )
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Health Risk Matrix of Heat Related Illhess WBGT

a4

® Workload level from

3
2
1

of i

1

N W B

Matrix of Risk Assessment on Heat lliness

Severity

liness

4

3

2

' OCCUPATIONAL HEALTH RISK ASSESSMENT ON EXPOSURE TO HEAT

Workload Likelihood
2 3 score level
8 12 8-12 Very high
6 9 3-6 high
i 6 2 medium
2 3 1

Likelihood of exposure
(WBGT x Workload)

Risk

1 2 3 4 score Risk level

4 8 1216 4-very high

3 6 8.9 3-high

2 4 6 8 36 2-medium

1 2 3 = 1-2 1-low

0 0 e ) 0 Acceptable
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Self assessment

Factory ergonomics & MSDs surveillan~

Primary Care unit/ Hospital

Farmer O-Care — ] r rt
Farmer health clinic [aié 40 ey
UrsSrunrnadonen wiu o
ol B, FAOIECE | Eanterheali Couc ( :l d b ONERTARERE || ) SECUSt S
- ) = A - IR s TN
P » i ( nat r ( \
C_S ‘;_%9 Site: Project Coordinating Center (00000) Ou \ - Bl SRS T
e’ Project Coordinating Center (00000) v @I /
. 3 . =) -
Role: Not yet assigned

i

730X
=5 gl & )
i —"._*-)5@.19= J-)‘E».

Morbidity Rate
(per 100,000 persons) S
< 3,000
3,001 - 5,00 [ ]
N Surveillance
Re Or‘t 7,001 - 9,000
P 3 R
w 3,001 - 15,000 I
Vg Run o mF0I e 91N 1TV VY U::wumwﬁvmsmmv\lw 08 n
A A - - y MMNATHI U 2 15,001
ﬂm‘ﬂ"ﬁ aLla=Nn: Qﬂtﬂ 737 Poochada & Chailklieng.
Self-reported musculoskeletal disorders

oo dnduinuazaiiinunanmEs
questionnaire for agriculturists: An online

.
MSDs - Symptom
self-assessment tool development. PLoS

Target Area (Province) Morbidity rate ONE 17(12): €0277548.
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Thank you for your attention !

APOSHO38, Thailand
https://aposho2024.com/

UH1IDNY1auUHGOa
Mahidol Universit
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