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Abstract

Risk assessment is of paramount important in industrial plants due to the nature of work. There are
many risk assessment methods used in industrial plants. However, it does not suggest a specific approach
on how to assess the risks. Therefore, the purpose of this cross-sectional study was to integrate the event
tree analysis (ETA) and analytic hierarchy process for assessing the risk of formaldehyde exposure in the
process of grinding wheel. A cross-sectional study was conducted in June - August, 2020. An analytic
hierarchy process by Expert Choice V.11 was used a tool for determining relative weight of probability of
measures to prevent exposure to formaldehyde concentration in the air. RAM Commander V.8.6 was then
used to assess risk from event tree structure with consideration of the probability and impact of the risks.
The findings revealed that improper working layout in combination with inappropriate wearing
respiratory protective devices to reduce exposure to formaldehyde were a high level of risk and improper
general exhaust ventilation, improper working layout in combination with inappropriate wearing
respiratory protective devices to reduce exposure to formaldehyde were a moderate risk. The company
board and management should include potential failures of measures to prevent exposure to formaldehyde
and actions to be taken to prevent exposure to formaldehyde in order to efficiently address the risks that
are likely to arise from routine operational procedures.

Keywords: Event tree analysis, Analytic hierarchy process, Risk assessment, Formaldehyde, Grinding
wheel

Introduction

Formaldehyde is a raw material for many industrial products. Formaldehyde from the
manufacturing plant is in form of formalin, which is used as a raw material for the production of urea-
formaldehyde (UF), phenol-formaldehyde resins, melamine formaldehyde (also called melamine or MF),
polyacetal, also commonly known as acetal or polyoxymethylene (POM) and other chemicals. Although
formaldehyde has many uses in industry, it is considered a highly hazardous chemical in terms of safety
and health. Formaldehyde is classified as a Category 1 carcinogen (a human carcinogen) by the
International Agency for Research on Cancer (IARC) [1] and can cause nasopharyngeal carcinoma and
leukemia. Several studies have been conducted to study the effects of formaldehyde on health, such as
Dangruang [2] studies on the health impact assessment of workers from formaldehyde exposure:
Melamine faced board processing. Formaldehyde concentration in air was collected and assessing the risk
of cancer, it was found that the risk value exceeded an acceptable value of the United States
Environmental Protection Agency (U.S. EPA). For example, Tongsuntia and Chaiklieng [3] conducted a
study on health risk assessment of formaldehyde exposure among medical laboratory personnel; it was
found that the most personnel were at a very high risk. Boonyayothin et al. [4] conducted a study on
cancer risk assessment of formaldehyde exposure via inhalation among autopsy staffs. The mean cancer
risk is unacceptable level according to U.S. EPA recommendation. Liang ef al. [5] conducted a study of
formaldehyde exposure in indoor air from public places and its associated health risks in Kunshan City,
China. The carcinogenic risk of formaldehyde for employees of the 4 categories of public places was
4.70x107° to 1.57x10 ™, which was greater than the acceptable carcinogenic risk probability (1x10°) from
the U.S. EPA. The highest carcinogenic risk occurred in bathing and beauty places, and male employee
carcinogenic risk was greater than that of females. Saowakon et al. [6] conducted a study of
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formaldehyde exposure in gross anatomy laboratory of Suranaree University of Technology: A
comparison of area and personal sampling. All the personal exposure data obtained exceeded the
threshold limit of National Institute for Occupational Safety and Health (NIOSH) [7] and World Health
Organization (WHO) agencies [8]. Huang ef al. [9] found that indoor formaldehyde concentrations of 85
% dwellings and 67 % offices were above the acute Reference Exposure Level (REL) recommended by
the California Office of Environmental Health Hazard Assessment (OEHHA) [10] and the concentrations
of all tested buildings were above the chronic REL recommended by the OEHHA. The median cancer
risks from indoor exposure to formaldehyde was 1,150 and 106 per million (based on U.S. EPA IRIS
IURs) [11] and Chang et al. [12] also conducted to study an evaluation of indoor air pollution during the
decorating process and inhalation health risks in Xi’an, China. It was found that the formaldehyde and
Volatile Organic Compounds (VOCs) concentrations were measured in 200 other rooms decorated within
a 2-year period in Xi’an, and the results indicated that wallpapering, wooden flooring and furniture were
the major decorating processes emitting these compounds. In addition, a health risk assessment of the
monitored formaldehyde and VOCs in the rooms 1 year after decorating showed that benzene posed the
greatest health risk among the assessed VOCs. It obviously can be seen that there is still a lack of good
preventive measures against formaldehyde exposure. This is an important thing to ensure the safety of
employees at work. Assessing the risk of control and prevention measures to prevent formaldehyde
exposure is important in occupational health and safety. Therefore, this research aimed to study measures
to prevent formaldehyde exposure. Including applying the risk assessment technique using the ETA
method, which is a hazard identification technique to analyze and assess the impact that will occur
continuously when an initiating event occurs. It is a forward-thinking idea to analyze the consequences
that can occur when a machine, equipment is damaged or someone malfunctions, so that it is known how
it happened and how likely it is. This technique is decision analysis and therefore appropriate and
consistent with the task of applying it for risk assessment as compared to other techniques. However, the
ETA has limitations in determining the reliability of the equipment and the probability of the event, which
sometimes some equipment or measures are unable to determine these values. Therefore, it is necessary to
apply other techniques to determine the reliability and probability of events. The Analytic Hierarchy
Process (AHP) proposed by Saaty [13] is a versatile tool for dealing with complex decision-making
problems. It is a hierarchical structure of goals, objectives, main criteria, sub-criteria and alternative. The
AHP helps decision makers find one the best suits for their goal and their understanding of the problem. It
provides a comprehensive and rational framework for structuring a decision problem, for representing and
quantifying its elements, for relating those elements to overall goals, and for evaluating alternative
solutions. This research eventually has applied an AHP to determine the relative weight of each situation
from an ETA diagram and to determine the risk of exposure to formaldehyde in the process of grinding
wheel. It also proposed measures to prevent exposure to formaldehyde.

Materials and methods

Study design and setting

A cross-sectional study was conducted between June and August 2020 in the process of grinding
wheel in one of Rojana Industrial Park in Phra Nakhon Si Ayutthaya Province, Thailand. The study area
was a process of grinding wheel. This process of grinding wheel room is recirculation air ventilation as
shown in Figure 1. In this study, the grinding wheel process was selected by considering the
prioritization of occupational health and safety problems, namely attention to problem of workers,
attention of management to problem solving and problem size (139 workers were exposed to
formaldehyde concentration in the air, which was the most employed process out of all processes, and this
process had a formaldehyde concentration in the air that exceeded an acceptable value of the Thai law).
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Figure 1 Grinding wheel study room.

Instrument development

An instrument for data collection consisted of RAM Commander’s ETA Version 8.6 for creating an
ETA structure and using Expert Choice V.11 in computing the relative weight from an AHP structure and
to determine the risk of exposure to formaldehyde in the process of grinding wheel.

RAM Commander is the pioneering Reliability and Safety software for reliability professionals and
design engineers, developed by the ALD Reliability and Safety Solutions. RAM Commander combines
ingenuity of approach, calculation accuracy and convenience of use. Designed by reliability engineers,
RAM Commander covers the entire scope of engineering tasks related to reliability of electronic, electro-
mechanical and mechanical systems. RAM Commander (Reliability, Availability, Maintainability
Prediction and Analysis) is a 32-bit integrated LAN-compatible Windows software package for
reliability, availability, and maintainability prediction, failure modes and effects criticality analysis
(FMECA), testability analysis, process and design, and safety analysis by using Fault Tree Analysis
(FTA), ETA, Markov Chains Analysis, and Process Hazard Analysis (PHA). This research uses this tool
to create an ETA diagram. ETA is one of the most widely used methods in system risk analysis. It is an
inductive failure analysis performed to determine the consequences of single failure for the overall system
risk or reliability. ETA uses similar logic and mathematics as FTA, but the approach is different - FTA
uses deductive approach (from system failure to it is reasons) and ETA uses the inductive approach (from
basic failure to it is consequences).

The AHP method provides a structured framework as shown in Figure 2 for setting priorities on
each level of the hierarchy using pairwise comparisons that are quantified using 1 - 9 scale in Table 1.
The pairwise comparisons between the m decision criteria can be conducted by asking occupational
health and safety experts’ questions. The answers to these questions form an m xm pairwise comparison
matrix which is defined as follows in Eq. (1).

Decision Goal

Decision Goal Decision Goal Decision Goal
©y | © | ()
Alternative 1 Alternative 1 Alternative 1
@) | o Ay | o (A,)

Figure 2 Hierarchy for a typical 3-level multiple criteria decision-making problem.
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Table 1 Nine-point pairwise comparison scale [13].

Numerical value  Verbal meaning for risk factor evaluation

1 Equally important
2 Equally to moderately more important
3 Moderately more important
4 Moderately to strongly more important
5 Strongly more important
6 Strongly to very strongly more important
7 Very strongly more important
8 Very strongly to extremely more important
9 Extremely more important
Ci[ayr G2 - gy
Cy|a Azz - a
A=(a)m= 7 T (1)
CnlOmi  Gmz - Qg
Where a; represents a quantified judgment on w; /w; with a; = I and a; = 1/a; forij = 1, ..., m. If
the pairwise comparison matrix A4 = (a;; )< satisfies a; = ay ay; for any i, j, k=1, ..., m, then 4 is said to

be perfectly consistent; otherwise it is said to be inconsistent. Form the pairwise comparison matrix A4, the
weight vector W can be determined by solving the following characteristic Eq. (2).

AW =41 W
‘max (2)

Where Anax is the maximum eigenvalue of A. The expert question may be unable to provide
perfectly consistent pairwise comparisons, it is demanded that the pairwise comparison matrix 4 should
have an acceptable consistency, which can be checked by the following consistency ratio (C.R.), as shown
in Eq. (3).

c.r.= Vo ‘1’3/ (nd) ()

Where RI is a random inconsistency index, whose value varies with the order of pairwise
comparison matrix. Table 2 shows the R/ values for the pairwise comparison matrices with the order
from 1 to 10. If C.R. < 0.1, the pairwise comparison matrix is thought to have an acceptable consistency;
otherwise, it need to be revised.

Table 2 Random inconsistency index for pairwise comparison matrices with the order from 1 - 10 [13].

n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Decision alternatives can be compared pairwise with respect to each decision criterion in the same
way. After the weights of decision criteria and the weights of decision alternatives with respect to each
criterion are obtained by using pairwise comparison matrices, the overall weight of each decision
alternative with respect to the decision goal can be generated by using the following simple additive
weighting method [13], as shown in Eq. (4).

W, :Zwl.jwj,izl,...,n, “4)
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Where w; (j = 1, ..., m) are the weights of decision criteria, w ; (i = 1, ..., n) are the weights of
decision alternatives with respect to criterion j, and wa; (i = 1, ..., n) are the overall weights of decision
alternatives. The best decision alternative will be the one with the biggest overall weight with respect to
the decision goal.

Expert Choice is decision-making software that is based on multi-criteria decision making. Expert
Choice implements the AHP was used for computing the relative weight instead of calculating by hand
according to Egs. (1) to (4).

Order of operations steps

1. Identifying the problems by studying theories and related research including walk-through survey

v
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8. RAM Commander’s
Event Tree Analysis

11. Risk assessment

A 4

12. Risk level

v

13. Mitigation measures

Figure 3 Order of operation steps.

The research process involves identifying the problems by studying theories and related research
including walk-through survey all processes (The 8-step works process for grinding wheel production) in
the factory, the process with the highest use of formaldehyde was identified the hazards by ETA
technique and use Expert Choice V.11 implements the AHP for computing the relative weight each
scenario then the probability of an exposure of formaldehyde event was obtained. Assessing the risk of
formaldehyde exposure is considered into 2 components: Probability and severity of an exposure of
formaldehyde event. The probability of an exposure of formaldehyde event can be calculated by the RAM
Commander’s ETA software. An order of operation steps was shown in Figure 3.
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Table 3 Probability level and meaning [14].

Score Probability Likelihood
5 Very likely More than 80 %
4 Significant chance 51-80%
3 Moderately likely 31-50%
2 Possible but not likely 11-30%
1 Negligible likelihood of occurrence/remote possibly Less than 10 %

RAM Commander’s ETA software was used for calculating the probability of an exposure of
formaldehyde event. The likelihood results are equal to less than 10, 11 - 30, 31 - 50, 51 - 80, and more
than 80 %, meaning that the probability level is negligible likelihood of occurrence/remote possibly
(Score = 1), possible but not likely (Score = 2), moderately likely (Score = 3), significant chance (Score =
4) and very likely (Score = 5), respectively.

Table 4 Severity and definitions [15].

Score Severity Description

1 Insignificant Incident not resulting in injury (i.e. near miss)

2 Minor Minor injury or illness, 1™ aid treatment needed

3 Moderate Major injury requiring medical attention and/or causing > 3days
absence

4 Significant Single major injury or number of major injuries, or long-term
incapacity/disability (loss of limb)

5 Major Death or major permanent incapacity

The details of the severity can be described as incident not resulting in injury (i.e. near miss),
meaning that the severity is insignificant (Score = 1), minor injury or illness, 1% aid treatment needed
means that the severity is minor (Score = 2), major injury requiring medical attention and/or causing > 3
days absence means that the severity is moderate (Score = 3), single major injury or number of major
injuries, or long term incapacity/disability (loss of limb) means that the severity is significant (Score = 4).
Lastly, death or major permanent incapacity means that the severity is major (Score = 5).

Table 5 Risk assessment matrix [14].

Probability
Negligible
Risk Assessment likelihood of ~ Possible but ~ Moderately ~ Significant Verv likel
Matrix occurrence/ not likely likely chance ery likely
remote possibly
1 2 3 4 5

s B Significant 4 12 16

& ‘T Moderate 3 12 15
g" Z Minor 2

= A Insignificant 1

Risk level

The level of probabiligl and severity of an exposure of formaldehyde event from Tables 3 and 4, a
risk assessment is performed in Table 5 and unacceptable risk level (Score = 20 - 25) including high risk
level (Score = 15 - 19) requires further mitigation measures.
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Results and discussion

Formaldehyde was highly used in the process of molding grinding wheel. In this process, there were
measures to prevent formaldehyde exposure, namely there was the general exhaust ventilation,
appropriate working layout, wearing respiratory protective devices to reduce exposure to formaldehyde,
and the life expectancy of respiratory protection equipment. Expert Choice V.11 implements the AHP for
computing the relative weight each scenario as shown in Figures 4 and 5 and Table 6. Similarly, Hyun et
al. [14], Petruni et al. [16], Kokangiil ef al. [17] and Garbuzova-Schlifter and Madlener [18] they were
applied the AHP for calculating the relative weight for their decision goal. For this research have applied
an AHP to determine the relative weight of each situation from an ETA diagram and to determine the risk
of exposure to formaldehyde in the process of grinding wheel. This is the 1 application of AHP with
ETA. No other research has been found to apply, but most of them would find applications of AHP to
FTA techniques. However, the reliability of the information has been conducted through extensive
research and expert judgments to gain the relative weight of measures to prevent exposure to
formaldehyde. As a result of the likelihood or probability of occurrence is even more clearly defined
without having to make sense of risk assessment. In addition, Akyuz et al. [19] also applied the fuzzy
logic to fault tree and ETA of the risk for cargo liquefaction on board ship. This research is very similar to
this one, but the technique used was complex and difficult to practice for the general public. The risk
assessor must have specialized knowledge of fuzzy logic, but the results of the risk assessment will be
more accurate. However, the results of risk assessments using AHP and Fuzzy logic techniques were not
very different. Therefore, it is easy to assess the risk. AHP technique is also suitable for the application.
Finally, Rosqvist et al. [20] also found that ETA is a technique that can be applied for flood protection.
This is similar to this research that has been applied ETA technique for assessing the risk of measures to
prevent exposure to formaldehyde. However, there are differences between these 2 studies: The
implementation of AHP was used to make decisions for determining the relative weight for reducing bias
assessments (subjective probability).

19/11/2563 19:30:22

Model Name: Exposure FA

Numerical Assessment

908765432123456789
[ T S T T R T S T S SR R TR SR

General ventilation ﬂ ' Positioning work

Compare the relative preference with respect to: Goal: Exposure Formaldety

General ver Positionin g' Activated C Lifetime Ac’

9.0
[ ]
]

General ventilation

Positioning work

Activated Carbon Mask
Lifetime Activated carbon Mask

Figure 4 Pairwise comparisons of formaldehyde exposure assessment in Expert Choice V.11 program.

Model Name: Exposure FA

Priorities with respect to:
Goal: Exposure Formaldety

General ventilation .740_
Positioning work 1408

Activated Carbon Mask 060}

Lifetime Activated carbon Mask .060f

Inconsistency = 0.06
with 0 missing judgments.

Figure 5 Relative weight calculation using Expert Choice V.11 program.
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Table 6 Relative weight of preventive measures for exposure to formaldehyde in the process of grinding

wheel.
Preventive measures for exposure to formaldehyde Relative weight
1) General exhaust ventilation 0.740
2) Appropriate working layout 0.140
3) Wearing respiratory protective devices to reduce exposure to formaldehyde 0.060
4) Life expectancy of respiratory protection equipment 0.060

The probability of an exposure of formaldehyde event can be calculated by the RAM Commander’s
ETA software and consider the probability of formaldehyde exposure as shown in Figure 6 then
assessing the risk of formaldehyde exposure in the process of grinding wheel. The results of risk

assessment were revealed in Table 7.

#3 RAM Commander for Windows - [Event Tree Exposure_Formaldehyde_02 for Project TUTORIAL on Drive C]

OER  EventTree

i X v H

ftem  Calculation  Reports

B #2

Library  Tools View Window  Help

@D

Initiating event 01
General Exhaust Ventilation

01 - True
P=0.74

Formaldehyde
Exposure  [—+H
P=1

01- False
P=0.26

02
Working Lay out

03

Activated Carbon Mask

04

Mask

Lifetime Activated Carbon

Qutcome

02 - True
P=0.14

02 - False
P=0.86

02 -True
P=0.14

02 - False
P=0.86

Safe
n/a o/a P=0.1036
04 - True Safe
P=0.06 P=0.00229104
03 - True
P=0.06
04 - False Unsafe
P=0.94 P=0.035893
03 - False Unsafe
nfa
P=0.94 P=0.598216
04 -True Safe
P=0.06 P=0.00013104
03 - True |
P=0.06
04 - False Unsafe
P=0.94 P=0.00205296
03 - False Unsafe
nfa
P=0.94 P=0.034216
04 - True Safe
P=0.06 P=0.00080496
03 - True
P=0.06
04 - False Unsafe
P=0.94 P=0.012611
03 - False Unsafe
nfa
P=0.94 P=0.210184

Figure 6 RAM Commander’s ETA and probability of formaldehyde exposure.

Table 7 Assessing the risk of formaldehyde exposure in the process of molding grinding wheel.

Preventive measures for exposure to Severity Severity Likelihood  Probability Rijsk level
formaldehyde level (%) level
Improper working layout in combination Significant 4 3.58 1 4
with life expectancy of respiratory
protection equipment exceeds its service
life.
Improper working layout in combination Significant 4 59.82 4 16

with inappropriate wearing respiratory
protective devices to reduce exposure to
formaldehyde.
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Preventive measures for exposure to Severity Likelihood  Probability Rijsk level

formaldehyde Severity level (%) level

Improper general exhaust ventilation in Significant 4 0.2 1 4
combination with life expectancy of

respiratory protection equipment exceeds

its service life.

Improper general exhaust ventilation in Significant 4 343 1 4
combination with inappropriate wearing

respiratory protective devices to reduce

exposure to formaldehyde.

Improper general exhaust ventilation, Significant 4 1.26 1 4
improper working layout in combination

with life expectancy of respiratory

protection equipment exceeds its service

life.

Improper general exhaust ventilation, Significant 4 21.01 3 12
improper working layout in combination

with inappropriate wearing respiratory

protective devices to reduce exposure to

formaldehyde.

The risk ranking of formaldehyde exposure due to failure of preventive measures in grinding wheel
process can be summarized as follows:

1) Improper working layout in combination with inappropriate wearing respiratory protective
devices to reduce exposure to formaldehyde were a high level of risk, preventive measures must be taken
to reduce the risks to an acceptable level. The risk mitigation measures included directing the air flow
through the operators before reaching the source of formaldehyde, installing a local exhaust ventilation
system, a quantitative fit test (QNFT) can be used to fit-test any tight-fitting respirator. It involves using
an instrument to measure leakage around the face seal and produces a numerical result called a “fit
factor.”

2) Improper general exhaust ventilation, improper working layout in combination with inappropriate
wearing respiratory protective devices to reduce exposure to formaldehyde were a moderate risk,
preventive measures must be taken to control the risks. The risk control measures consisted of preparing a
general ventilation system preventive maintenance plan, place the work position as specified, providing
an inspection and assessment plan for the wearing of chemical protective masks, training on the use of
chemical protection masks, check the wearing of a mask before starting the work, clearly define the
person responsible for the inspection of wearing a mask.

Conclusions

The process of grinding wheel contains serious risks such as inhalation of formaldehyde
concentration due to formaldehyde considered a highly hazardous chemical in terms of safety and health.
Formaldehyde is classified as a Category 1 carcinogen (a human carcinogen) by the IARC and can cause
nasopharyngeal carcinoma and leukemia. To address this risk, the results of the risk assessment must be
reliable. Consequently, the paper focused on conducting an AHP by Expert Choice V.11 for determining
the relative weight or reliability from ETA structure. The probability of an exposure of formaldehyde
event can be calculated by the RAM Commander’s ETA software. As a result of the findings, company
authorities (chief executive officer, plant manager, supervisor, occupational safety and health officer, etc.)
must set up a risk management plan or standard operating procedures. The procedures should include
potential failures of measures to prevent exposure to formaldehyde and actions to be taken to prevent
exposure to formaldehyde.

In conclusion, the paper will help researchers and occupational safety and health professionals for
minimizing potential risks during work in the process of grinding wheel. The further studies may be
extended with Fuzzy Analytic Hierarchy Process (FAHP) approach to handle uncertainty in a better way.



Trends Sci. 2022; 19(10): 4176 10 of 10

Acknowledgements

We thank the company that was the subject of this study, and it has not refrained from supporting

the determination of assessing the risk in our study. We also wish to thank the reviewers and editor in
charge for their very constructive feedback.

References

(1]
(2]

United States Department of Labor. Formaldehyde - hazard recognition, Available at:
https://www.osha.gov/formaldehyde/hazards, accessed August 2020.

S Dangruang. 2011, The study of health impact assessment of workers from formaldehyde
exposure; melamine faced board processing industry case study. Master Thesis. Silpakorn
University, Nakhon Pathom, Thailand.

U Tongsuntia and S Chaiklieng. Health risk assessment on formaldehyde exposure of medical
laboratory workers. In: Proceedings of the 7" National Conference in Toxicology, Bangkok,
Thailand. 2016, p. 112-9.

V Boonyayothin, W Phanprasit and T Tantipanjaporn. Cancer risk assessment of formaldehyde
exposure via inhalation among autopsy staffs (in Thai). RTA Med. J. 2018; 71, 39-49.

X Liang, J Zhang, W Song, K Wang and B Zhang. Formaldehyde exposure in indoor air from
public places and its associated health risks in Kunshan City, China. 4sia Pac. J. Public Health
2018; 30, 551-60.

N Saowakon, P Ngernsoungnern, P Watcharavitoon, A Ngernsoungnern and R Kosanlavit.
Formaldehyde exposure in gross anatomy laboratory of Suranaree University of Technology: A
comparison of area and personal sampling. Environ. Sci. Pollut. Res. Int. 2015; 22, 19002-12.

The National Institute for Occupational Safety and Health. Immediately Dangerous to Life or
Health (IDLH) values, Available at: https://www.cdc.gov/niosh/idlh/50000.html, accessed August
2020.

World Health Organization. WHO guidelines for indoor air quality: Selected pollutants, Available
at: http://www.euro.who.int/ _data/assets/pdf file/0009/128169/e94535.pdf, accessed August 2020.
L Huang, J] Mo, J Sundell, Z Fan and Y Zhang. Health risk assessment of inhalation exposure to
formaldehyde and benzene in newly remodeled buildings, Beijing. PLoS One 2013; 8, €79553.
California Office of Environmental Health Hazard Assessment: OEHHA. Chemicals, Available at:
https://oehha.ca.gov/chemicals, accessed August 2020.

United States Environmental Protection Agency: U.S. EPA. Toxicological review of 1,4-Dioxane,
Available at: https://www.cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=2776, accessed August
2020.

T Chang, J Wang, J Lu, Z Shen, Y Huang, J Sun, H Xu, X Wang, D Ren and J Cao. Evaluation of
indoor air pollution during the decorating process and inhalation health risks in Xi’an, China: A
case study. Aerosal Air Qual. Res. 2019; 19, 854-64.

TL Saaty. How to make a decision: The analytic hierarchy process. Eur. J. Occup. Res. 1990; 48, 9-
26.

KC Hyun, S Min, H Choi, J Park and IM Lee. Risk analysis using fault-tree analysis (FTA) and
analytic hierarchy process (AHP) applicable to shield TBM tunnels. Tunn. Undergr. Space Technol.
2015; 49, 121-9.

Department of Industrial Works. Factory Act, Available at: https://www.diw.go.th/hawk/content.
php?mode=laws&tabid=1&secid=4, accessed August 2020.

A Petruni, E Giagloglou, E Dougls, J Geng, MC Leva and M Demichela. Applying analytic
hierarchy process (AHP) to choose a human factors technique: Choosing the suitable human
reliability analysis technique for the automotive industry. Saf. Sci. 2019; 119, 229-39.

A Kokangiil, U Polat and C Dagsuyu. A new approximation for risk assessment using the AHP and
Fine Kinney methodologies. Saf. Sci. 2017; 91, 24-32.

M Garbuzova-Schlifter and R Madlener. AHP-based risk analysis of energy performance
contracting projects in Russia. Energ. Pol. 2016; 97, 559-81.

E Akyuz, O Arslan and O Turan. Application of fuzzy logic to fault tree and event tree analysis of
the risk for cargo liquefaction on board ship. Appl. Ocean Res. 2020; 101, 102238.

T Rosqvist, R Molarius, H Virta and A Perrels. Event tree analysis for flood protection: An
exploratory study in Finland. Reliab. Eng. Syst. Saf- 2013; 112, 1-7.



