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ABSTRACT

Implementation of the fourteen elements of process safety management (PSM)
helps to build a good safety culture in the organization. The new three-dimensional
approach, which consists of good safety practices, safety precautions, and frequent

checking of the process equipment and its devices has been applied to the various
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elements of the process safety management. The elements of process safety

Accepted

management are six, four, and three are good safety practices, safety precautions,
and frequent checking of process equipment and its devices but one of the elements
is the combination of all the three-dimensional approach, which is a trade secret,
which insists that all the people in the organization should follow all the
documented procedures from two to thirteen elements of the process safety
management, the controlled copy should only be used inside the company premises.
We have taken secondary published data for assessing the deviations of the three-
dimensional safety approach for the human failures in the pharmaceutical industry,
which has led to various incidents/accidents from October 2017 to September 2021.
The deviation, which we have observed for the good safety practices, safety
precautions, and frequent checking of process equipment and its devices was ten,
nine, and one numbers before implementation of the process safety management.
After the implantation of the process safety management, the incidents were
reduced to three numbers from January 2022 to August 2023, in which deviation
has been found in the two and one for the good safety practices and safety
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precautions.

INTRODUCTION
The Pharmaceutical industry uses various

hazardous chemicals and solvents in the process to
achieve the desired final product. Many of the
chemicals and solvents, which are used in the
process are highly flammable, Irritant,
Carcinogenic, and environmentally hazardous in
nature (Bhusnure et al., 2018). The new three-
dimensional safety approach, which consists of
good safety practices (GSP), safety precautions, and
frequent checking of process equipment and its
devices, has helped in implementing Process Safety
Management (PSM). The PSM fourteen elements
were implemented and followed according to the

toxic,

guidelines, which are given in the Occupational
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safety health administration (OSHA) Part number
1910.119 (Wang et al., 2023).

The PSM culture in the pharmaceutical
industry helps in building a GSP and reduces
incidents/accidents in the organization (Kwon et al.,
2016; Shariff et al., 2016; Nwankwo et al., 2020).
of the
investigations for the Incidents/accidents happening

Many industries have carried out
in the different industrial sectors but they were not
reported in India (Prasad & Suresh, 2023). Maniar
et al., 2020 reported that human failure in the
incidents/accidents happening in the occupational
environment of the pharmaceutical industry has
resulted in 73 process safety incidents, which have

led to 108 fatalities between the years 1985 and
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2019 were studied considering the various minor,
major, and dangerous occurrences.

Further, he has also reported that 83 % of the
accidents, which are happen in South Asian
countries like China and India. We have done a
deep study and identified a three-dimensional safety
approach, which focuses on the reduction of
incidents/accidents in the pharmaceutical industry.
We have strictly adhered to the interdependent
behavior to be followed in the pharmaceutical and
chemical industry to avoid incidents/accidents in the
working environment. This article has a cutting
edge for the safety professions in the form of a new
three-dimensional safety approach, which has
resulted not only in reducing the incidents/
accidents but also it helped in facing the global
environment, health, and Safety audit for our active
pharmaceutical ingredients (API) customers such as
Johnson and Johson, Pfizer and Sanofi. We would
like to share our experience in this article so that the
global community can use the same concept for
avoiding the incident/Accidents, which are
happening due to the innumerable causes while
working in the occupational environment in the
various pharmaceutical industries, so risk-based
process safety management is important to avoid
the various incidents/accidents (Zwetsloot et al.,
2020). The new three-dimensional safety approach
for avoiding incidents/accidents in the chemical and
pharmaceutical industries includes good safety
practices, safety precautions, and frequent checking
of the mechanical instrumentation and its devices.

Globally there are many studies carried out for
solvent vapors, reaction mass, and combustible dust
explosions in the chemical and pharmaceutical
industries (Wu et al., 2023). Studies regarding the
solvent vapor explosion in America and dust
explosion in Germany were carried out by
Cartwright et al., 2021, lower flammability limits of
ethanol, acetone, and ethyl acetate vapor mixtures
in the air were studied by Zhang et al., 2022,
prediction of lower explosion limit of liquid fuel
aerosol were reported by Jia et al., 2023, explosion
studies were carried out due to the increase of
temperature/pressure while handling the methane/
coal were studied by Yu et al., 2023. various factors
for avoiding the explosion in the process batch
reactors were studied by Wu et al., 2023, further, he
has also studied safe handling of the hazardous
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chemicals, which are used in the batch process in
the API (Wu et al., 2023).

The dust explosion studies with respect to the
handling of the fusion reaction have been studied by
Lu et al., 2023 and the various causations of dust
explosion with respect to the high content of
volatile matter were studied by Moron & Ferens
(2024). The various studies with respect to the
mitigation of the dust explosion studies were carried
out by Wei et al., 2020. There is very little
information about the various explosion hazards,
that are incurred during the handling of the different
solvents, reaction mass, and the combustible dust
caused during the drying, Jet milling, Multi milling,
and shifter, which are used in the powder
processing in the pharmaceutical industry (Bu et al,
2022; Eckhoff, 2019; Eckhoff & Li, 2021).

Pharmaceutical industries lead to runaway
reactions due to uncontrolled reactions (Dakkoune
et al., 2019). Proper safe handling of the reactions is
necessary for handling the chemicals and
performing its operations according to OSHA (Yu
et al., 2017). Electrostatic energy causes huge
explosions in the chemical and pharmaceutical
industries due to its accumulation of charged
particles, which are not dissipated and discharged
properly (Egan, 2017; Chen et al., 2021; Ebadat
& Cartwright, 2023). To dissipate and discharge the
electrostatic energy to the ground we can use double
earthing, jumpers to the operation equipment, earth
rite system, touch pads, wrist straps, personal tester,
and electrostatic energy discharge (ESD) flooring
(Yang et al., 2021; Zhang et al., 2023).

It is necessary to perform process hazard
(PHA) for the products, which are
manufactured in the API to know the various risks
(Haleem et., 2015), that are involved in handling

analysis

and indulging in the operation of the process
There 1is less collective safety
information about the initial studies to be performed
before starting the process (Wang et al., 2023). The
studies will help us to know the nature of the
behavior of each of the molecules in the reaction

equipment.

synthesis, which helps in avoiding explosions
(Cheng et al., 2020). The various types of process
safety studies, which are performed before starting
the process are minimum ignition energy (MIE), fall
hammer test, and Maximum temperature for
(MTSR) API

manufactured products Alprazolam,

synthesis  reactions for our

such as
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midazolam, Bromazepam, Clobazam, Haloperidol,

Clonazepam and Loperamide, which are
manufactured in our company.

Process safety studies such as MTSR play a
vital role in knowing the runaway reactions in the
chemical process industries (Behie et al., 2023). The
GSP, safety precautions, and frequent checking of
process equipment have helped us to achieve the
objectives of the PSM and it reduces incidents/
accidents in the pharmaceutical industries. Various
safety precautions are taken by wearing the
appropriate PPE (Liaw, 2023) while working in the
occupational and following the
instruction given in the batch management record
(BMR), which has resulted in the GSP, frequent
checking of the process equipment and its devices
has been followed as per the standards, which are
given in the Indian factory act 1948.

We have successfully assessed the GSP, safety
precautions, and frequent checks of process
equipment and devices and correlated with the
PSM. We have identified human failures for the
various incidents/accidents, that happened in the
seven different blocks such as the Intermediate
block (IM block), outside IM block, finished goods
block (FG block), Research & Development block
(R&D block), stores block, pilot plant block and
adjacent to the Effluent treatment plant (ETP), its

various corrective and preventive action (CAPA)

environment

has been reported previously in an international
journal, the new extensive approach for avoiding
the incidents/accidents by applying the new concept
known as three-dimensional safety approach has
helped us in avoiding the incidents/accidents,
finally, it has resulted in building an excellent safety
culture in the organization.

METHODS

We have implemented the fourteen elements of
PSM as per the OSHA 29 CFR 1910.119 guidelines
for achieving a safety culture and reducing
incidents/accidents in the organization. The PSM
fourteen elements were correlated with the new
three-dimensional  safety approach and its
importance has been presented. The new three-
dimensional safety approach deviation of the GSP,
various safety precautions, and frequent checking of
the process equipment and its devices have been
applied to the secondary published data of the

human failures in the pharmaceutical industries,
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which has resulted in the various incidents/
accidents from October 2017 to September 2021
has been presented. Further, we have investigated
the incidents/accidents from January 2022 to
August 2023 after the implementation of the PSM
fourteen elements. Identification of the other
general safety aspects, which are other than fourteen
elements of PSM has been correlated with the new
three-dimensional safety approach.

RESULTS AND DISCUSSION
People working in the pharmaceutical

industries are trained for following the fourteen
elements of the PSM as per the OSHA Part number
1910.119 standards (Wang et al., 2023). Each of the
elements of the PSM is correlated with one of the
elements of the new three-dimensional safety
approach, which GSP, Various safety
precautions, and frequent checking of the process

are

equipment and its devices. The PSI is one of the key
elements of the PSM. We have collected the PSI
information for each of the chemicals and solvents
used in the process, which has resulted in achieving
the GSP (Table 1). The PSI, which is extracted from
the secondary data from the material safety data
sheet (MSDS) is listed below.

Physical properties are chemical abstract
series, state of appearance, odour, molecular weight,
molecular formula, melting point, boiling point,
vapour density, reactivity with water, reactivity with
air, light sensitivity, and stability. The Toxicity
data, which includes threshold level values (TLV),
handling restrictions for carcinogens, Immediate
death for life and health (IDLH), reproductive
toxicity, mutagen and occupational exposure level
(OEL). Ignition and Explosion data consist of flash
point, minimum ignition energy (MIE), auto-
ignition temperature (AIT), lower explosion limit
(LEL), upper explosion limit (UEL), and shock
sensitivity. Thermal stability the
decomposition temperature. The Reactivity with

relates to
other chemicals, which are reactive or non-reactive
— a comparison approach.

The PHA has been performed to know the
risks, which are involved in handling the chemicals
and its usage during the various operations, which
are carried out in the different batches at different
temperatures and pressures as per the instructions,
which are given in the BMR. The PHA, includes
qualitative and quantitative approaches to risk
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assessment (Herrera et al., 2015). Hazard and
operability (HAZOP) study analysis is a qualitative
approach and failure mode effective analysis
(FMEA) and fault tree analysis is a quantitative and
qualitative approaches to risk assessment. We have
performed HAZOP for our API products such as
Alprazolam, midazolam, Haloperidol, Clobazam,
Haloperidol, Clonazepam, and Loperamide, which
consist of seven, five, six, six, five, five and four
stages and these batch processes are manufactured
in the IM block, drying block and finally the
finished goods are produced in a clean room of the
FG block. By conducting the PHA and PSM, we
have taken the highest safety precautions before
starting the batch (Table 1) according to the OSHA
29 CFR 1910.119.

The PHA should be performed every five
years once. Strict operating procedures have been
followed as per the instructions, which are given in
the standard operating procedure (SOP), which is in
the form of a BMR for the API industry, which has
resulted in the GSP in the occupational environment
(Table. 1). Similarly, the GSP has been followed by

training the employees and contractors as per the
contractors and employees safety training schedule,
which has resulted in the increase in the knowledge
of the safety aspects and reduction of the incidents/
accidents in the industry. The Pre-start up safety
review (PSSR) plays as vital role, which checking
the functionality of the new process mechanical
equipment and its devices before it is used for
operations, which is one of the key elements of the
new three-dimensional safety approach, similarly
the mechanical integrity plays a vital role in
checking of the process equipment’s integration of
mechanical parts of various equipment’s such as
reactors, centrifuges, dryers, jet milling, multi
milling, and shifters before starting of the batches,
so that we can avoid the leakages of the solvents,
chemicals, reaction mass material and hazardous
fugitive emission to the environment (Table 1).
Many people have suggested PSSR in the form of
preliminary  consequence  analysis  (PCA),
preliminary hazard analysis (PHA), and concept
safety review (CSR).

Table 1. Fourteen elements of PSM with their benefits and correlating with one of the elements of the new

three-dimensional safety approach

Elements of Three-
No PSM Elements Benefits Dimensional Safety
Approach
1 Employee All the employees are involved in the PSM GSP
Involvement
2 | ps Helps to know the hazards of the molecules used in Safety precaution
the process
The study of the chemical process by using risk Safety precaution
3 | PHA analysis such as what if or HAZOP or FMEA or
Fault tree analysis
We have SOP / BMR for each of the operations of GSP
4 Operating our manufactured products. The operator also knows
procedures to correct the deviation, which are incurred during
operations
5 | Training Safety.train.ing has helped us to cz'mjy 01}‘[ the GSP
operations in a safer way and avoiding incidents.
The Company has evaluated the contractor’s safety GSP
6 | Contactor safety | performance; the contractor has taken highest safety
precaution while carrying out the activity
PSSR have been carried for all the new installed Checking of process
7 | PSSR equipment and devices for the safe operations in the | equipment and its
different blocks devices
g Mechanical The mechanical parts of the equipment’s used in the | Checking of process
integrity process had followed good engineering practices for | equipment and its




Indonesian Journal of Innovation and Applied Sciences (IJIAS), 4 (1), 44-54

smooth and safe operations

devices

Hot work permit

We have taken user, executer, EHS, and plant head
clearance before starting any hot work such as
welding, soldering, and cutting activities.

Safety precautions

10

MOC

Any of the changes in the usage of the chemical,
process, or equipment have been properly evaluated
and documented for the MOC and approved by the

Checking of the
process equipment

QA department

1 Incident
investigation

implemented

Root cause for the incident/accident, which has taken
place in the factory during the operations and its
corrective and preventive action (CAPA) has been

GSP

Emergency
12 | planning and

response .
arises.

Emergency control with the help of the various
emergency controllers and incident controller are
responsible for tackling an emergency situation

Safety precautions

13 | Compliance

been complied

All the safety audit recommendation points have

GSP

14 | Trade secrets

premises only

It is mandatory that all the employees and contractors
have been involved in the PSM and follow from
second to thirteen elements, so that they can also
access all the PSM documents inside the factory

Three-dimensional
safety approach

The highest safety precautions have been taken
while issuing the hot work permit as the API
industry consists of highly flammable chemicals,
which are stored in the manufacturing area. This hot
work permit is to be signed by the user, executor,
and EHS department and finally, it is signed by the
plant head after thorough verification, then only
clearance is given for starting the hot work in that
area, where there are no flammable chemicals are
stored. Xin (2023) studied the various regulations
and standards to be applied in the hot work area,
where gas welding, cutting, and brazing, are
performed in the hazardous industries in China. The
Management of change (MOC) means any change
in the process, which results in checking of the
equipment, and its devices (Table 2), the MOC
document has been initiated before starting the
process, we have got approval from all the concern
department due to the changes in the product mix,
change in chemical used or change in process lines.,
then finally it is approved by the quality assurance
(QA) department before starting the process.

The incident investigation of the PSM plays a

vital for investigating the various incidents/
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accidents, that happen in the
environment. The various causes of human failure
for the different
pharmaceutical industry were collected from the
recently published international journal, where the
collected secondary data has been used for knowing

the deviations in GSP, safety precautions and the

occupational

incident/accident data in the

frequent checking of the safety deviations of the
new three- dimensional ideological approach was
ten, nine and one numbers between October 2017 to
September 2021 (Table 2), which consist of two,
five, and thirteen numbers of minor, major, and
dangerous incidents/accidents (Table 2) but now
following the safety
approach, we have reduced the incidents/accidents
from twenty to three numbers, which consist of two
minor and one major incidents from January 2022
to August 2023 (Table 3), its deviation of the three-
dimensional approach has been presented in Table
3. Xin et al.,, 2023 & Bai et al., 2023 reported that
there are minor and major accidents happened in the
China due to the deviation of the PSM perspective.
We are trying our level best to achieve zero
incidents/accidents for the year 2024-2025.

after three-dimensional
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Table 2. Deviation of one of the elements of the new three-dimensional safety approach, which has led to
the various incidents/accidents from October 2017 to September 2021

Place of the Minor/Major/ | Deviation of the
Date incident/ Cause of the incident/accident Dangerous three-dimensional
accident occurrences approach
06-10-2017 | IM block Short circuit in the temperature Dangerous GSP
indicator wiring line
27-10-2017 | FG Incident | Inhalation of the Haloperidol Major GSP
09-12-2017 | Outside IM | The spark generated while Dangerous Safety precautions
block removing the hose pipe from the
empty N- Butyllithium (NBL)
cylinder
07-02-2018 | Outside IM | Leakage of the chlorine gas Dangerous Safety precautions
block cylinder
15-03-2018 | Outside IM | Beam top of the sunshade has been | Dangerous GSP
block fallen down
14-08-2018 | IM block Exposure of the corrosive vapours Major Safety precautions
while opening reactor manhole
28-08-2018 | FG block Not wearing PPE while performing | Major GSP
Jet milling
28-08-2018 | FG block Fingers struck between the frame Minor Safety precautions
and the door
29-2-2019 Outside IM | Spillage of Thionyl chloride Major Safety precautions
block
02-05-2019 | IM block Inhalation of vapours of 4- Dangerous GSP
Dimethylamino cinnamaldehyde
03-06-2019 | IM block The reactor bottom valve hit the Minor Safety precautions
head of the trainee officer
09-07-2019 | IM block Not wearing the safety belt while Dangerous Safety precautions
working on the roof top
02-02-2020 | Pilot plant | Leakages of the hazardous Dangerous Checking of the
chemicals from flange joints process equipment
and its devices
21-05-2020 | R&D block | Explosion of the round bottom flask | Dangerous Safety precautions
14-06-2020 | IM block Hot water bumped off from the Major GSP
stream header line
09-06-2020 | Stores Spillage of the Dimethyl sulphate Dangerous GSP
block
28-09-2020 | IM block The top dish hit the centrifuge Dangerous GSP
dome, resulted in the spark
17-03-2021 | IM block Electrical short circuit in the cable Dangerous GSP
tray wiring, which has resulted in a
spark
04-05-2021 | ETP area Welding burr has fallen on the dry Dangerous Safety precautions
grass, which has resulted in a fire
25-09-2021 | IM block Explosion of the reactor Dangerous GSP
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Table 3. Two minor and one major incident, which has happened between January 2022 to August 2023

Deviation of the
Minor/Major/ | elements of the
Place of the . .
Date . . Cause of the Incident/Accident | Dangerous three-
Incident/Accident . .
occurrences dimensional
approach
Slippery floor resulting in the
03-4-2022 FG block fall injury Minor GSP
Leakage in the hydrogen Safety
21-3-2023 IM block cylinder Major precautions
09-6-2023 Outside IM block | Not wearing of helmet, which Minor Safety
has resulted in a head injury precautions
Emergency Communication Flow chart
Controlier of the site - Plant Head
Emergency controller- 1 Emergency controller- 2 Emergency controller -3 Emergency controller -4 Incident
(Head of the production (Head of the maintenance (Head of the Human (Head of the safaty Controller
department) department) Resource (HR) department) department)

[
Block shit Mainteance HR and administrative Safoty Emesgency rascus
incharges -sigperviser axecutiyes executives tam (ERT)

\

Chemist/ Technicians, fitters and
Executive

fabrication contractors

Security.
dnpmmq_\t

First ald
team

Figure 1. Communication during an Emergency situation in the occupational environment.

Emergency planning and response is one of the 6. Three hands carrying - Left Leg with left hand
GSP to be followed to tackle an emergency that carrying method
arises in the occupational environment. The incident 7. Four hand carrying method.
observer first informs the concerned departmental 8. Pick a back and Fire man’s lifting method
heads, the head of the department will inform the 9. Pick a back reverse method - Pregnant woman.
site head and the same will be informed to an 10. Single human crutch method, when there is less
incident controller to tackle an emergency that space.
arises in the pharmaceutical industry. The 11. Double man crutch method, when the causality
Emergency communication chart for handling the is able to walk with an assistance.
emergency has been presented in the Figure. 2. We  12. Fore & aft method, where the causality is
have further practiced the mock drill to tackle the unable to walk.
emergency Situation in the pharmaceutical industry.  13. Three men carrying method.
In this mock drill, we have demonstrated the 14. Ankle dragging method.
various techniques for lifting an injured person, 15. Collar pull dragging method
which are listed below. 16. Shoulder pull dragging method.
1. One person lift carrying method 17. Toe dragging method - During smoke and
2. Pack strap carrying method fumes.
3. Two hand carrying method 18. Knee Dragging method - During smoke and
4. Three hand carrying method fumes.
5. Three hands carrying - Right Leg with Right 19. Figure of 8 - Best technique during the smoke

Hand carrying method
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Compliance with respect to all the process
safety aspects in the organization played a vital role
in resulting in the GSP. We have complied with the
internal and external safety audit observations.
Further, we have complied with the Indian Factory
Act 1948 section and rules. It was enacted by the
parliament of India to protect the workers working
in the occupational environment (Pingle, 2016).
Various equipment/devices have been tested as per
the rules and sections, which are given in the Indian
Factory Act 1948 (Table 4). Miadlicki & Pajor
(2015) have communicated the importance of the
testing of load lifting devices. we have maintained
Form 8 report for the pressure vessels and Form 38
for the adequate equipment for fighting the fire in
the factory premises so that the legal documents can
be shown during the inspection by the Department
of Factories Boilers Industrial Safety and Health. In
the trade secret element of the PSM, it has been
ensured that no document will be shared and given
to people outside the industry premises, further, it
has been seen that all the employees and contractors
will be adhering to the two to thirteen elements of
the PSM, which has finally resulted in the formation
of the new three-dimensional safety approach. The

safety precautions, GSP, and frequent checking of
the process equipment and devices will not only
increase the safety culture in the organization but
also the productivity by following the proper SOP/
BMR during the operation of the process
equipment. Chandwani et al. (2019); Sohrabi &
Babamiri (2021) reported that a good workplace
safety culture increases productivity and increases
the brand image in the global community. Thus,
practicing the highest safety in the organization, it
shows the brand competence among the other
competitors in the international arena. Workplace
safety enhances Knowledge, attitude and GSP will
build a safety culture in an organization (Oamen &
Ihekoronye, 2022; Odu et al., 2023), further, he has
also reported that following the GSP spreads safety
awareness in the organization, which helps in
reducing the incidents/accidents in the occupational
environment. To reduce the incidents/ accidents it is
very much necessary for all the workers should
have proper eye vision; and no stress-related
problems and they should be trained in the proper
working environment to perform the particular task
(Murad et al., 2013).

Table 4. Indian Factory Act Rules 1948 for checking the various mechanical equipment and devices

Equipment /Device

Rules and sections of

Frequency of Agency - Internal/

3 | thickness testing

4 | Reactor/vessels hydraulic
test with manhole

5 | Reactor/vessels hydraulic
test without manhole

6 | Air /Nitrogen receivers

7 Thermic fluid heater

No. the Indian Factory ACT | testing External competent
1948 person
1 | Safety relief valve Rule 56, section 31 (3) | Six months once | External
Pressure vessels /Reactor Six months once | Internal

Yearly once External Competent

person

Four years once | External Competent

person

Two years once External Competent

person

Six months once | External Competent

person

Six months once | External Competent

9 | Battery hoist forklift truck

10 | Battery operated stacker

person
8 | Cage Hoist Rule 55 & 55 A, Six months once | External Competent
Section 28 & 29 (2) person

yearly once External Competent

person

External Competent
person

Yearly once
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The
compared to the different safety practices of the
safety aspects with respect to the new three-
dimensional safety approach in the pharmaceutical

fourteen elements of the PSM were

industry. The three-dimensional approach not only
helps in implementing the fourteen elements of the
PSM in the organization but also it improves the
general safety aspects such as business continuity
planning, following behavioral-based safety (BBS),
secondary contamination provision in the tank farm
area, proper dressing and cable routing, which are
the GSP, whereas usage of appropriate PPE, having
good ventilation, scrubbing system, emergency exit
are free from blockages, maintaining the personal
hygiene, display of caution board and SCBA kept
ready for the usage in the emergency situation are
the safety precautions, which are taken in the
working environment. In this way, the new
ideological approach will not only increase the
process safety culture in an organization but also
enhance the general safety aspects to build a strong
ethical safety culture in the organization.

Fabiano & Bernatik (2023) reported that good
safety principles will help to increase safety in the
industry. Lindqvist (2023) has
stressed the importance of human factors, which has
helped in building a good safety culture in the

pharmaceutical

process and chemical industries in America. Above
all strong belief by obeying the safety rules and
regulations has been followed by penetrating deep
into the minds of the people while working in the
organization. In this way, we can say the new three-
dimensional safety approach has not only helped us
implement the fourteen elements of the PSM,
further it also reduced the incidents /accidents in the
organization, which has resulted in the GSP, safety
precautions, and frequent checking of process
equipment and devices
industry.

in the pharmaceutical

CONCLUSION
The new three-dimensional safety approach

has good safety practices, safety precautions and
frequent checking of the process equipment and its
devices played a key instrumental role in the
implementation of the process safety management.
The fourteen elements of process safety
management elements, which consist of six, four,
and three, are good safety practices, safety
precautions, and frequent checking of process
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equipment and its devices. The final element of the
process safety management is the trade secret,
which is the combination of the new three-
dimensional safety approach. The new approach has
helped us reduce incidents/accidents from twenty to
three between October 2017 to September 2021 and
January 2022 to August 2023. Further, we have
identified the deviation of the elements of a new
three-dimensional ideological approach, which has
resulted in various incidents/accidents. It has been
ensured that the incidents/accidents are not repeated
in the occupational environment. Further, the three-
dimensional approach we have practiced enhanced
safety aspects required for the pharmaceutical
industry, we can say that the new three elements of
the new ideological approach have resulted in the
implementation of process safety management,
which are interrelated. Overall, it has increased the
image of safety in the organization resulting in
greater cooperation by achieving the production
targets in the organization.

REFERENCES

1. Bai, M., Qi, M., Shu, C. M., Reniers, G., Khan,
F., Chen, C., & Liu, Y. (2023). Why do major
chemical accidents still happen in China:
Analysis from a process safety management
perspective. Journal of Process Safety and
Environmental Protection, 176, 411-420.

Behie, W. S., Pasman, H. J., Halim, S. S., Shell,
K., El-Kady, A. K., & Khan, F. (2023). The
business case for process safety: The
foundational requirements to sustain success.
Journal of Loss Prevention in the Process
Industries. 85, 105159.

Bhusnure, O. G., Dongare, R. B., Gholve, S. B.,
& Giram, P. S. (2018). Chemical hazards and
safety management in pharmaceutical industry.
Journal of Pharmacy Research, 12(3), 357 —
369.

Bu, Y., Addo, A., Amyotte, P., Yuan, C., Li, C
& Hou, X. (2022). Insight into the dust
explosion hazard of pharmaceutical powders in
the presence of flow aids. Journal of Loss
Prevention in the Process Industries, 74,
104655.

Cartwright, P., Prugh, R. W., & Ebadat, V.
(2021). COMPARED: A solvent vapor
explosion in Germany and a combustible dust



10.

1.

12.

13.

14.

15.

16.

17.

Indonesian Journal of Innovation and Applied Sciences (IJIAS), 4 (1), 44-54

explosion in the United States. Journal of
AIChe, process safety progress. 40(4), 191-194.
Chandwani, A., Chauhan, M. K., & Bhatnagar,
A. (2019). Ergonomics assessment of office
desk workers working in corporate offices. Int J
Health Sci Res. 9(8), 367-375.

Cheng, L., Guo, H., Wang, C & Li, S. (2020).
Research on multilevel information loss of the
sharing process for safety information. Journal
of Loss Prevention in the Process Industries,
67, 104223.

Chen, X., Gao, W., Yang, M., Jiang, H., Zhang,
Z & Zhang, K. (2021). Experimental
investigation on PMMA dust explosion venting
at elevated static activation pressure. Journal of
Powder Technology, 392, 402-411.

Dakkoune, A., Hassimi, L. V., Leveneur, S.,
Lefebvre, D., & Estel, L. (2019). Analysis of
thermal runaway events in French chemical
industry. Journal of Loss Prevention in the
Process Industries, 62, 103938.

Eckhoff, R.K. (2019). Chapter Two - Dust
explosions: Fundamentals, Editor(s): Paul R.
Amyotte, Faisal 1. Khan, Methods in Chemical
Process Safety. Elsevier, 3, 7-32.

Eckhoff, RK & Li, G. (2021). Industrial Dust
Explosions. A Brief Review. Journal of applied
Science. 11, 1669.

Egan, S. (2017). Learning lessons from five
electrostatic incidents. of
Electrostatics, 88, 183-189.

Ebadat, V & Cartwright, P. (2023).
Electrostatic hazards: Identifying the -early
warning signs to reduce explosion risk. Journal
of Process Safety Progress.

Fabiano, B., & Bernatik, A. (2023). Loss
prevention in the process industries in a rapidly
evolving world. Journal of Process Safety and
Environmental Protection, 178, 392-395.
Haleem, R. M., Salem, M. Y., Fatahallah, F. A.,
& Abdelfattah, L. E. (2015). Quality in the
pharmaceutical industry — A literature review.
Saudi Pharmaceutical Journal, 23 (5), 463-469.
Herrera, M. A., Luna, A. S., Costa, A. C. A., &
Lemes, E. M. B. (2015). A structural approach
to the HAZOP - Hazard and operability
technique in the biopharmaceutical industry.
Journal of Loss Prevention in the Process
Industries, 35,1-11,

Jia, Y., Yao, Y., & Zhang, Q. (2023).
Prediction of lower explosion limit of liquid

Journal

53

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

fuel aerosol. Journal of Combustion Theory and

modelling.
Kwon, H., Lee, C-J., Seo, D., & Moon. (2016).
Korean experience of process safety

management (PSM) regulation for chemical
industry. Journal of Loss Prevention in the
Process Industries, 42, 2-5.

Liaw, H. J. (2023). Improved management
practice and process hazard analysis techniques
for minimizing likelihood of process safety
incidents in Taiwan. Journal of Loss Prevention
in the Process Industries, 81, 104966.
Lindqvist, K. (2023). Human factor and safety
culture in safety research in the process and
chemical industries. Master’s thesis for the
degree of Master of Science in Technology
submitted for inspection, Espoo. 1-103

Lu, Q., Wang, Z., Zhang, S., Qin, Z., Yu, X.,
Chen, Z., & Yu, J. (2023). Dust explosion in
fusion reactors: Explosion characteristics and
reaction mechanism of tungsten micro-powder.
Journal of Combustion and Flame. 248,
112551.

Maniar, M. S., Kumar, A., & Mentzer, R. A.
(2020). Global process safety incidents in the
pharmaceutical industry. Journal of Loss
Prevention in the Process Industries, 68,
104279.

Miadlicki, K., & Pajor, M. (2015). Overview of
user interfaces used in load lifting devices.
International  Journal  of  Scientific &
Engineering Research. 6(9), 1215-1220.

Moron, W., & Ferens, W. (2024). Analysis of
fire and explosion hazards caused by industrial
dusts with a high content of volatile matter.
Journal of Fuel. 355, 129363.

Murad, M. S., Farnworth, L. O. L., & Chien, C.
W. (2013). Health Status of People with work
related musculoskeletal disorders in return-to-
work Programs: A Malaysian Study. Journal of
Occupational therapy in health care, 27(3),
238-55.

Nwankwo, C. D., Theophilus, S. C., & Arewa,
A. O. (2020). A comparative analysis of
process safety management (PSM) systems in

the process industry. Journal of Loss
Prevention in the Process Industries, 66,
104171.

Oamen, T. E., & Thekoronye, M. R. (2022). The
Nexus of Altruistic and Courteous Behaviors on
Job Satisfaction and Affective Organizational


https://aiche.onlinelibrary.wiley.com/authored-by/Ebadat/Vahid
https://aiche.onlinelibrary.wiley.com/authored-by/Cartwright/Paul

28.

29.

30.

31.

32.

33.

34.

35.

36.

Indonesian Journal of Innovation and Applied Sciences (IJIAS), 4 (1), 44-54

Commitment among Pharmaceutical
Executives. Indonesian Journal of Innovation
and Applied Sciences (1JIAS), 2(3), 204-211.
Odu, J. O., Hamedon, T. R., Mahmud, A., &
Baharudin, M. R. (2023). Systematic Review
of Intervention Programs to Improve the Level
of Knowledge, Attitude, and Practices towards
Work Safety Culture among Office Workers.
Mal J Med Health Sci., 19(1), 263-271.

Pingle, S. (2016). Country report -
Occupational safety and Health in India: Now
and Future. Journal of Industrial health. 250,
167-171.

Prasad, M & Suresh, L. (2023). Another side of
industrial growth in India: Environmental
damage from industrial accidents. Journal of
Safety Science, 164, 106152.

Shariff, A. M., Aziz, H. A., Majid, N. D. A
(2016). Way forward in Process Safety
Management (PSM) for effective

implementation in process industries. Journal
of Current Opinion in Chemical Engineering.
14, 56-60.

Sohrabi M. S., & Babamiri, M. (2021).
Effectiveness of an ergonomics training
program on musculoskeletal disorders, job
stress, quality of work-life and productivity in
office workers: a quasi-randomized control trial
study. International Journal of Occupational
Safety and Ergonomics, 15, 1-8.

Wang, B., Yun, M., Liu, Q., & Wang, Y.
(2023). Precision safety management (PSM): A
and promising approach to safety
management in the precision era. Journal of
safety science, 157, 105931.

Wei, M. C., Cheng, Y. C., Lin, Y. Y., Kuo, W.
K., & Shu, C. N. (2020). Applications of dust
explosion hazard and disaster prevention
technology. Journal of Loss Prevention in the
Process Industries, 68, 104304.

Wu, D., Zhao, P., Spitzer, S. H., Krietsch, A.,
Amyotte, P., & Krause, U. (2023). A review on
hybrid mixture explosions: Safety parameters,
explosion regimes and criteria, flame
characteristics. Journal of Loss Prevention in
the Process Industries, 82, 104969.

Wu, Y., Ye, H.,, & Dong, H. (2023). An
inherently safer design approach based on
process safety time for batch chemical reaction
processes. Journal of Process Safety and
Environmental Protection, 171, 353-364.

novel

54

37.

38.

39.

40.

41.

42.

43.

44,

Wu, Y., Ye, H & Dong, H. (2023). A multi-
objective optimization for batch chemical
reaction Processes: The trade-off between
economy and safety. Journal of Chemical
Engineering Science. 265, 118231.

Xin, W. (2023). Analysis and improvement of
hot work management in China. Journal of
Process Safety Progress, 42(1), 72-78.

Yang, L., Wang, H., Bai, K., & Chen, S.
(2021). Dynamic intelligent risk assessment of
hazardous chemical warehouse fire based on
electrostatic discharge method and improved
support vector machine. Journal of Process
Safety and Environmental Protection. 145, 425-
434.

Yu, M., Quddus, N., Peres, S. C., Sachdeva, S.,
& Mannan, M. S. (2017). Development of a
safety management system (SMS) for drilling
and servicing operations within OSHA
jurisdiction area of Texas. Journal of Loss
Prevention in the Process Industries, 50, Part
A, 266-274.

Yu, M., Li, S., Li, H., Han, S., Wang, F., Lou,
R., Zheng, K., & Yu, Y. (2023). Numerical
evaluation of the influence of initial pressure /
temperature on the explosion properties and
soot formation of methane/coal volatiles
mixtures. Journal of fuel, 331(1), 125698.
Zhang, K., Gao, W., Li, Y., Zhang, Z., Shang,
S., Zhang, C., Chen, X., & Sun, K. (2022).
Lower flammability limits of ethanol, acetone
and ethyl acetate vapor mixtures in air. Journal
of Loss Prevention in the Process Industries,
74, 104676.

Zhang, G., Li, L., Zhou, Q., Liang, C., Meng,
H., Lan, Q., Cao, Z., Chen, X., & Ma, J. (2023).
Electrostatic discharge pattern and energy
probability distribution of different polarity
powders in industrial silo. Journal of chemical
Engineering Research and Design.192,91-101.
Zwetsloot, G., Kampen, J. V., Steijn, W., &
Post, S. (2020). Ranking of process safety
risk-based inspections using
indicative safety culture assessments. Journal
of Loss Prevention in the Process Industries,
64, 104065.

cultures for



