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Abstract 

A metal industry company such as PT Solder Bar X has significant potential hazards and environmental impacts in its 

production process, particularly during the automated melting stage. This study aims to develop an integrated process 

and environmental safety management plan in accordance with the principles of Process Safety Management (PSM) and 

the ISO 14001:2015 Environmental Management System. The methodology used includes hazard and environmental 

aspect identification, risk assessment using the Hazard Identification, Risk Assessment and Determining Control 

(HIRADC) method, and assessment of the significance of environmental aspects. Data were collected through production 

process observations, company documents, and recent literature studies (2020–2024). The identification results indicate 

several major potential hazards, such as molten metal spills, heat exposure, metal particulate emissions, and solid and 

liquid waste from the cooling process. Based on the HIRADC assessment, high risks were identified in molten metal 

handling activities and the ventilation system. Significant environmental aspects lie in air emissions and waste 

management. The control plan includes engineering controls, ventilation system improvements, implementation of 

standard operating procedures, and strengthening employee training programs. The integration of PSM and ISO 14001 

has been proven to provide a systematic approach to controlling hazards while maintaining environmental performance. 

This research can serve as a reference for similar industries in developing comprehensive safety and environmental 

management systems. 
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INTRODUCTION 

The solder bar industry serves as a critical component in the supply chain for the electronics and metallurgy sectors. 

Solder bar products are widely used in the assembly of electronic components, spanning the automotive, home appliance, 

telecommunications, and information technology industries. With the growing demand for electronic products in 

Indonesia and the global market, the demand for high-quality soldering materials is also growing. Batam-based PT Solder 

Bar X is one such factory producing solder bar with an annual capacity of 2,000 tons. The production process involves 

automated melting, molding, cooling, and final packaging. While automation technology improves efficiency, significant 

risks remain, both to employee safety and to the surrounding environment. Potential risks include contact with hot metal, 

damage to melting equipment, leakage of lead raw materials, and exposure to lead fumes or vapors. From an 

environmental perspective, this process can generate air pollution, solid and liquid waste, and noise, all of which must 

be properly managed to prevent environmental damage and legal violations. Within the national regulatory framework, 

Law No. 32 of 2009 and Government Regulation No. 22 of 2021 concerning Environmental Protection and Management 

are essential foundations for regulating environmental aspects. Regarding process safety, international standards such as 

OSHA's Process Safety Management (PSM) provide structured guidelines for managing risks in hazardous industrial 

processes. Furthermore, the ISO 14001 environmental management system serves as the international standard for 

sustainable environmental impact planning and control. The combination of process safety and environmental 
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management plays a vital role for companies in the metal smelting sector. This approach aims not only to comply with 

existing regulations but also to protect workers, surrounding communities, and business continuity. 

 

THEORETICAL BASIS 

1. Process Safety Management (PSM) 

Process Safety Management (PSM) is a system designed to prevent the release of hazardous materials, major fires, 

explosions, and other process incidents that could threaten the safety of workers, facilities, and the environment. PSM is 

widely applied in the chemical, petrochemical, oil and gas, and metal industries that use hazardous materials or operate 

under extreme conditions (high pressure and temperature). The PSM standard that is widely used as an international 

reference is the OSHA (Occupational Safety and Health Administration) standard 29 CFR 1910.119 from the United 

States. This standard consists of 14 main elements that are integrated to ensure that all aspects of hazardous industrial 

processes are managed systematically and consistently. 

The 14 elements of OSHA's PSM are as follows: 

1) Employee Participation – Employee involvement in the development and implementation of PSM. 

2) Process Safety Information (PSI) – Technical information regarding materials, processes, and equipment. 

3) Process Hazard Analysis (PHA) – Systematic analysis to identify process hazards. 

4) Operating Procedures – Clearly documented operating procedures. 

5) Training – Worker training related to safe operations and emergency response. 

6) Contractors – Management of contractors working in hazardous areas. 

7) Pre-startup Safety Review – A safety check before a new installation is run. 

8) Mechanical Integrity – Maintaining the reliability of process equipment. 

9) Hot Work Permit – Control of hot work (welding, cutting). 

10) 1Management of Change (MOC) – Controlled change procedures. 

11) Incident Investigation – Incident investigation for continuous improvement. 

12) Emergency Planning and Response – Emergency planning and preparedness. 

13) Compliance Audits – Regular compliance audits. 

14) Trade Secrets – Arrangements for maintaining the confidentiality of process information while maintaining 

security. 

In the context of the solder bar industry, the application of PSM becomes important because the melting process involves 

high temperatures, the potential release of molten metal, and the potential for lead exposure which can pose serious health 

risks. 

 

2. ISO 14001 Environmental Management System 

ISO 14001 is an international standard that provides a framework for organizations to systematically manage the 

environmental impacts of their operations. This standard does not set specific environmental performance limits, but 

focuses on establishing a consistent management system to achieve continuous improvement. 

The ISO 14001 framework consists of the PDCA (Plan–Do–Check–Act) cycle which includes: 

• Plan: Identify environmental aspects and impacts, establish environmental policies and objectives. 

• Do: Implement environmental control programs and procedures. 

• Check: Monitor and evaluate environmental performance through audits and monitoring. 

• Act: Take corrective and system improvement actions. 

Some important environmental aspects typically identified in the smelting industry include air emissions (particulates 

and lead vapors), energy use, solid waste from the process, wastewater from cooling, and operational noise. Implementing 

ISO 14001 helps companies ensure regulatory compliance (e.g., emission standards), reduce potential pollution, and 

improve the company's environmental image (Mahzun, Thamrin, Bahruddin, & Nofrizal, 2020). 

 

3. HIRADC Method (Hazard Identification, Risk Assessment and Determining Control) 

The HIRADC method is a systematic process in Occupational Safety and Health (OHS) management to identify 

potential hazards in the workplace, assess the level of risk that may occur, and determine effective control measures to 

minimize or eliminate those risks. The stages include: 
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1) Hazard Identification: Finding all potential hazards in the workplace through observation, interviews, and 

accident history data, Identifying parties potentially exposed to these hazards, such as employees, contractors, or 

visitors. 

2) Risk Assessment: Assess the risk level of each hazard based on the likelihood of occurrence (probability) and 

the level of impact (severity), Using a risk matrix to classify risks into categories such as small, medium, or large. 

3) Determining Control: Determining risk control steps based on the highest risk level, Carrying out control based 

on the control hierarchy: 

• Elimination: Definitively eliminating the hazard. 

• Substitution: Replacing a hazard with something safer. 

• Engineering Control: Changing the design of equipment or processes to reduce hazards. 

• Administrative Control: Changing the way things are done, such as procedures, training, or work 

schedules. 

• Personal Protective Equipment (PPE): Provide PPE to protect workers as the final layer. 

 

4. Environmental Aspects and Impacts 

Identifying environmental aspects and impacts is the first step in implementing ISO 14001. Environmental 

aspects are elements of an organization's activities or products that can interact with the environment, while 

environmental impacts are changes to the environment caused by these aspects. 

In the tin smelting industry, examples of aspects and impacts include: 

• Aspect: Smelting process → Impact: Emission of lead vapor into the air. 

• Aspect: Cooling system → Impact: Hot waste water to the environment. 

• Aspect: High electrical energy usage → Impact: Indirect emissions from power plants. 

• Aspect: Noise from equipment → Impact: Noise pollution to the work environment and surroundings. 

Assessment of the significance of aspects is carried out by considering criteria such as frequency of occurrence, level of 

impact, legal compliance, and public perception. 

 

5. Case Study Related to the Implementation of PSM and ISO 14001 

Several studies have shown that the simultaneous implementation of PSM and ISO 14001 can improve safety 

and environmental performance. For example, a study by Smith (2016) showed a 40% reduction in process incidents in 

the metals industry after comprehensive PSM implementation. Kletz (1999) also emphasized that good hazard control 

will have a direct impact on reducing the potential for environmental pollution. In Indonesia, several metal smelting 

companies implementing ISO 14001 reported reduced emissions and increased energy efficiency. The integration of the 

two systems allows for simultaneous hazard control and environmental aspects through integrated operational 

procedures, training, and monitoring systems. (Giovanni, Fathimahhayati, & Pawitra, 2023) is the theoretical basis used 

in this study. This section is recommended to include numerous expert opinions and various references to strengthen this 

research. 

 

RESEARCH METHODS 

1. Location and Object of Research 

This research was conducted at PT Solder Bar X, a manufacturing company located in Batam, Indonesia. The 

company has a production capacity of 2,000 tons per year, with the main processes being automated melting, molding, 

cooling, packaging, and storage. The automated melting process was chosen as the focus of the research because of its 

high temperature, the use of tin metal, and the potential for significant hazards and environmental impacts. 

 

 

 

 

 

 

 



PROCESS SAFETY AND ENVIRONMENTAL MANAGEMENT PLANNING IN THE AUTOMATIC MELTING 

PROCESS AT PT SOLDER BAR X 

Rizky Ernando and Marningot Tua Natalis Situmorangama 

Published by Radja Publika 

               3755 

 
 

2. Production Process Flowchart 

The following is a flow diagram of the automatic melting process at PT Solder Bar X. 

 

 
Figure 1. Solder Bar Production Process Flowchart 

Figure 1. Example Diagram 

 

3. Analysis Method 

This study uses a qualitative descriptive approach with an analysis of the process safety management system (PSM) and 

the environmental management system (ISO 14001). The analytical methods used consist of: 

1) Identification of Hazards and Environmental Aspects 

This is done through direct observation in the production area, interviews with operators and supervisors, and review 

of technical documents. 

2) Risk Assessment (HIRADC) 

Risk assessment using the HIRADC (Hazard Identification, Risk Assessment and Determining Control) method 

according to ISO 45001:2018 principles 

3) Assessment of Significance of Environmental Aspects 

Using scoring criteria to determine the level of significance of environmental aspects and impacts. 

4) Preparation of Management Plan 

The HIRADC approach allows the risk control planning process to be carried out systematically, considering the 

hierarchy of controls from elimination to the use of personal protective equipment. 

 

4. Risk Assessment Criteria 

Risk assessment is done by multiplying the likelihood (L) and severity (S) scores to obtain the risk level (R), with 

the formula: 

R=L×S 
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Figure 2. Risk Assessment Matrix 

 

 

RESULTS AND DISCUSSION 

 

1. Overview of the Automatic Melting Process 

The process then continues with bar molding, cooling, and quality control. The automated melting process at PT 

Solder Bar X is a key stage in solder bar production, where tin ingots are fed into an automated furnace to be melted at 

temperatures of around 380–400 °C. This process involves an electric heating system, automatic stirrers, and temperature 

sensors to maintain temperature stability. The process then continues with bar molding, cooling, and quality control. The 

potential hazards at this stage are quite high, especially those related to high temperatures, pressurized equipment, and 

exposure to metal fumes or vapors. From an environmental perspective, potential impacts include air emissions, metal-

contaminated solid waste, and high energy consumption. 

 

2. Risk Identification and Control Results (HIRADC) 

The following table shows the results of the hazard identification, risk control, and control plan for the automated 

melting process. 

 

 

 

 

 

 

 

Rare Unlikely Possible Likely Almost Certain

Consequency may 

only occur in 

exceptional 

circumstances

Consequency could 

occur in sometimes

Consequency should 

occur in sometimes

Consequency will 

probably occur in 

most circumstances

consequency is 

expected to occur in 

most circumstances

Risiko Tidak mungkin 

atau sulit terpapar / 

terjadi  (Pengendalian >= 

90%)

 Risiko Sulit Terjadi 

kecuali dlam kondisi 

tertentu / emergency 

(Pengendalian >= 75%)

Risiko Bisa terjadi dalam 

kondisi kurang normal / 

Terjadi Gangguan 

(Pengendalian >= 50%)

Risiko Bisa terjadi dalam 

kondisi normal 

(Pengendalian >= 25%)

100% Pasti terpapar 

risiko

Aktifitas Sangat Jarang 

dilakukan (Tahunan)

Aktifitas Jarang 

dilakukan (Bulanan)

Aktifitas dilakukan 

Setiap Minggu

Aktifitas dilakukan 

Setiap Hari (Maks 2 

Jam)

Aktifitas dilakukan 

Setiap Hari / Sepanjang 

Hari

Never heard in the 

World

Has occurred in the world 

but unlikely

Incident has occurred in 

company

Incident has occurred 

several times in 

company

Incident has occurred 

several times in branch / 

business unit

Tidak Pernah Terjadi di 

Perusahaan

Pernah Terjadi di 

Perusahaan tetapi sangat 

jarang > 1 Tahun

Terjadi Setiap Tahun di 

Perusahaan

Terjadi Setiap Bulan di 

Perusahaan atau 

Beberapa kali dalam 

Setahun (> 3 X)

Sering Terjadi 

diperusahaan / Minimal 

setiap bulan terjadi

People Environmental Assets Reputation 1 2 3 4 5

Slight Injury or Health Effect 

(FAC)

Slight Effect - Local Environment 

Damage,  Neglible financial 

consequency

Slight Damage - 

Costs > Rp. 

1.000.000,-

Slight Impact - 

Attention to local 

company attention
1 1 2 3 4 5

Minor Injury or Health Effect 

(RWDC & MTC)

Minor Effect - Environment Damage 

effect to single Neighbourhood, No 

Permanent effect to environment

Minor Damage - 

Costs > Rp. 

10.000.000,-

Limited Impact - 

Attention Some 

Local media
2 2 4 6 8 10

Major Injury or health effect 

(Including Permanent 

Disability / LWDC)

Localised Effect - Environment 

Damage effect to some 

Neighbourhood

Local Damage - 

Partial Operation 

Loss (1 day), 

Costs > Rp. 

25.000.000,-

Considerable 

Impact - Attention 

Local media, Impact 

to National Licence

3 3 6 9 12 15

Single Fatalities - from 

Accident or Occupational 

health

Major Effect - Environment Damage, 

Recovery within 1 year

Major Damage - 

Partial Operation 

Lost (>1 Week), 

Costs > Rp. 

50.000.000,-

National Impact - 

Attention national 

media, Impact to 

National Licence

4 4 8 12 16 20

Multiple Fatalities - from 

Accident or Occupational 

health 

Extensive Effect - Environmental 

Disaster, Longterm Recovery

Extensive Damage 

- Substansial or 

Total Loss of 

Operation, Costs > 

Rp. 100.000.000,-

International Impact - 

Attention 

International media, 

Impact to 

International Licence

5 5 10 15 20 25

KETERANGAN

EXTREME RISK NILAI > 16

HIGH RISK NILAI ANTARA 10 - 16

MEDIUM RISK NILAI ANTARA 5 - 9

LOW RISK NILAI < 5

PELUANG

KEPARAHAN
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Table 1. Risk and Opportunity Assessment 

 

N

o. 
Activity 

Risks & 

Opport

unities 

R 

& 

P 

Proba

bility 

Seve

rity 

Risk 

Factors 

(PxS)/Sign

ificance 

Contro

l 

Correcti

ve 

Action 

Perso

n 

respo

nsible 

Docum

ented 

Inform

ation 

Rev

iew 

Statu

s 

(YES

/NO) 

1 

Solder 

melting 

and 

molding 

Furnace 

overheat

ing → 

equipme

nt 

damage 

& 

potential 

accident

s 

R M H MH 

Temper

ature 

SOP, 

automat

ic 

sensor, 

experie

nced 

operato

r 

Routine 

sensor 

calibrati

on, 

preventi

ve 

mainten

ance, 

safety 

training 

Produ

ction 

Divisi

on 

Transfe

r Sheet 

Record 

6 

mon

ths 

Yes 

2 

Use of 

raw 

materials 

Wrong 

batch → 

results 

do not 

meet 

specifica

tions 

R L H LH 

Manual 

labels 

and 

batch 

forms 

Barcode 

& 

double 

check 

impleme

ntation 

by QC 

Produ

ction 

Divisi

on 

Materia

l 

Reques

t Form 

6 

mon

ths 

YES 

3 

Machine 

operatio

n 

Poorly 

trained 

operator 

→ 

setting 

error 

R M H MH 

Direct 

supervi

sion, 

work 

SOP 

Regular 

training 

schedule

, 

operator 

certificat

ion 

Produ

ction 

Divisi

on 

IK 

machin

e usage 

6 

mon

ths 

Yes 

3 

Incomin

g 

inspectio

n 

Samplin

g error 

→ 

results 

do not 

represen

t the 

batch 

R L H LH 

SOP 

samplin

g & 

COA 

inspecti

on 

Samplin

g 

techniqu

e 

training 

+ 

supplier 

audit 

Produ

ction 

Divisi

on 

Incomi

ng 

Report 

Form 

6 

mon

ths 

Yes 

4 

Spectro 

composit

ion test 

Calibrati

on 

schedule 

→ 

improve 

data 

reliabilit

y 

P M H MH 

Calibrat

ion 

schedul

e + tool 

logshee

t 

Automat

ic 

reminder

s & 

crossche

cks 

between 

analysts 

Produ

ction 

Divisi

on 

calibrat

ion list 

6 

mon

ths 

Yes 
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5 

Final 

inspectio

n & 

release 

Mislabel

ed 

product / 

wrong 

batch 

release 

R L H LH 

Manual 

label 

inspecti

on 

Two-

level 

barcode 

+ 

approval 

system 

Produ

ction 

Divisi

on 

FQC 

Inspect

ion 

form 

6 

mon

ths 

Yes 

6 

Producti

on-QC 

data 

coordina

tion 

Mis-

commun

ication 

→ data 

is not 

synchro

nized 

between 

QC & 

Producti

on 

R L H LH 

Manual 

form, 

daily 

meeting 

Simple 

data 

system 

integrati

on 

(Share 

Folder/li

ght 

ERP), 

team 

training 

Produ

ction 

Divisi

on 

QAQC 

Databa

se 

6 

mon

ths 

Yes 

7 

Final 

packagin

g 

Wrong 

packing, 

not 

strong 

enough 

→ 

damage

d during 

shipping 

R L M LM 

IK 

packing 

manual 

Revision 

of 

packagin

g 

standard

s & 

logistics 

training 

Produ

ction 

Divisi

on 

FQC 

Inspect

ion 

form 

6 

mon

ths 

Yes 

1

0 

Energy 

Usage 

Energy 

Waste - 

(Risk 

14001) 

R L M LM 

- 

Maximi

ze the 

use of 

lights, 

use fuel 

accordi

ng to 

schedul

e, turn 

off the 

lights 

Make an 

investiga

tion 

report if 

an 

incident 

occurs 

and take 

correctiv

e action 

if an 

incident 

occurs. 

HSE 

and 

Relate

d 

Divisi

ons 

Energy 

Saving 

Slogan

s and 

Signag

e 

6 

mon

ths 

Yes 

1

1 

Impleme

ntation 

of B3 

Disposal 

Lack of 

understa

nding of 

B3 

disposal 

- (Risk 

14001) 

R L M LM 

- 

Conduc

ting 

outreac

h on the 

use and 

disposa

l of B3 

Carry 

out re-

socializa

tion and 

take 

correctiv

e action 

HSE 

and 

Relate

d 

Divisi

ons 

List of 

attende

es 

6 

mon

ths 

Yes 
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1

4 

Office 

Adminis

tration 

Activitie

s 

Not 

paying 

attention 

to 

ergonom

ic 

factors 

at work 

- (Risk 

45001) 

R L M LM 

- 

Conduc

ting 

outreac

h and 

training

, safety 

talks in 

the 

office, 

Implem

enting 

controls 

in 

accorda

nce 

with 

HIRAD

C, 

Make an 

investiga

tion 

report if 

an 

incident 

occurs 

and take 

correctiv

e action 

if an 

incident 

occurs. 

HSE 

and 

Relate

d 

Divisi

ons 

Safety 

Meetin

g, 

Safety 

Talk, 

HIRA

DC 

6 

mon

ths 

Yes 

 

3. Results of Identification and Assessment of Environmental Impact Aspects 

 

Table 2IDENTIFICATION OF ENVIRONMENTAL ASPECTS & IMPACT (IADL) 

 

N

O 

ACTIVITI

ES/PROD

UCTS/SE

RVICES 

LO

CA

TI

ON 

A

SP

E

C

T 

TYPE

S OF 

WAS

TE/E

MISS

IONS 

N

/

A

/

E 

C

/

F 

I

M

P

A

C

T 

I

N 

IMPORT

ANT 

CRITERI

A 

R
E

G
U

L
A

T
IO

N
S

 &
 

L
A

W
S
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Y

/N
) 

N

O 

RU

LE

S 

S

C

O

R

E 

P

/

T

P 
R

E
G

U
L

A

T
IO

N
 

P
E

R
S

Y
 

P
E

R
U

S
H

 
T

E
C

H
N

O

L
O

G
Y

 
F

IN
A

N
C

E
 

B
U

S
IN

E
S

S
 

R
E

L
A

T
E

D
 

P
A

R
T

IE
S

 

T

O

T

A

L 

PR

IO

RI

TY 
1 2 3 4 5 

0

.

5 

0

.

2 

0

.

0

5 

0

.

0

5 

0

.

1 

0

.

1 

1 

Turning on 

and 

Operating 

the 

Computer 

Sol

der 

Pro

duc

tion 

El

ect

ric

ity 

GHG 

emissi

ons 

N C 

A

m

bi

en

t 

Di

so

rd

er 

D 3 3 1 1 1 Y 

PU

IL 

20

20 

9 P 

4

.

5 

1

.

8 

0

.

5 

0

.

5 

0

.

9 

0

.

9 

9.

0 

Mo

nit

ori

ng 

2 

Metal 

Alloy 

Melting 

(Heating 

Furnace) 

Sol

der 

Pro

duc

tion 

H

ot 

St

ea

m 

Fugiti

ve 

Emiss

ions 

N C 

Ai

r 

po

llu

tio

n 

D 3 5 3 3 1 Y 

Mi

nist

eri

al 

Re

gul

ati

on 

No. 

1

5 
P 

7

.

5 

3

.

0 

0

.

8 

0

.

8 

1

.

5 

1

.

5 

15

.0 

Co

ntr

ol 



PROCESS SAFETY AND ENVIRONMENTAL MANAGEMENT PLANNING IN THE AUTOMATIC MELTING 

PROCESS AT PT SOLDER BAR X 

Rizky Ernando and Marningot Tua Natalis Situmorangama 

Published by Radja Publika 

               3760 

 
 

4 

of 

20

14 

3 

Printing or 

Liquid 

Transfer 

Sol

der 

Pro

duc

tion 

V
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ce 

Noise N C 

So

il 
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d 

w

at

er 

po

llu

tio

n 

D 3 3 1 1 1 Y 

Mi
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er 

of 
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er 
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gul
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on 

No. 

V 

of 

20

18 

9 P 

4

.

5 

1

.

8 

0

.

5 

0

.

5 

0

.

9 

0

.

9 

9.

0 

Mo
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ng 

4 
Metal 

Extrusion 

Pro

duc

tion 

H

ot 

M
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l 

Hot N C 

A

m
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t 
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so
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er 
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Re
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on 

No. 
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21 

1
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P 

8

.

5 

3

.

4 

0

.

9 

0

.

9 

1

.

7 

1

.

7 

17

.0 
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ol 

6 
Drawing 
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4. Integrated Discussion: Risk & Environmental Management 

The assessment results indicate that OHS (Occupational Safety and Health) risks and environmental impacts are 

interrelated. For example, the release of metal vapors not only poses a health risk to workers but also constitutes a 

significant environmental impact. Therefore, designed controls must be integrated, such as an effective local ventilation 

system, emission monitoring, and appropriate respirator PPE. This integrated approach aligns with OSHA PSM (Process 

Safety Management), which emphasizes control engineering and training, and ISO 14001, which encourages the 

systematic management of significant environmental impacts. 

 

5. Integrated Control Strategy 

 

Table 3 Integrated Control 

 

Aspects/Dangers 
Technical Control 

Strategy 

Administrative 

Strategy 
Monitoring 

Hot metal & high 

temperature 

Interlock, machine 

protection, automatic 

shutdown system 

Strict SOP, 

operator training 
Routine check-up 

Metal vapors & 

emissions 

Local exhaust 

ventilation, filters 

Use of PPE, 

exposure 

monitoring 

Emission & air 

quality monitoring 

Cooling 

wastewater 

Treatment system, 

sedimentation, water 

recycling 

B3 waste 

management 

procedures 

Periodic water 

quality testing 

solid waste 
Separation of metal 

scrap, handling of B3 

Housekeeping 

and waste 

labeling 

Recording of 

generation & 

disposal 

Energy 

consumption 

Furnace optimization, 

automatic sensors 

Energy efficiency 

program 

Monthly energy 

usage monitoring 
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CONCLUSION 

Based on the results of research on process and environmental safety management planning in the automatic 

melting process at PT Solder Bar X, it can be concluded that: 

1. Hazard identification using the HIRADC method indicates that the automated melting process poses several 

significant risks, primarily related to contact with hot metal and temperature control system failure, which are 

categorized as high risks. These risks require strict engineering and administrative controls. 

2. Environmental assessment revealed two very significant issues: metal vapor emissions into the air and metal-

contaminated cooling water. Both have the potential to seriously impact air and water quality if not properly 

managed. 

3. An integrated approach between process safety management (PSM) and environmental management (ISO 

14001) has proven effective in providing a comprehensive overview of potential hazards and environmental 

impacts. This approach allows for comprehensive and mutually supportive control designs. 

4. An integrated control strategy that includes technical, administrative, and monitoring controls is the key to 

reducing the level of risk and environmental impact simultaneously, thereby supporting the creation of a safe, 

efficient, and environmentally friendly production process. 

 

SUGGESTION 

 

1. Improvement of the control and interlock systems on the automatic melting furnace is highly recommended to 

prevent overheating or equipment failure. 

2. Local ventilation and filtration systems need to be improved to reduce metal vapor emissions, along with regular 

air quality monitoring in the work area. 

3. Cooling water treatment systems need to be designed or upgraded to prevent heavy metal contamination of the 

environment. 

4. K3 and environmental awareness training should be provided periodically to operators and technicians to ensure 

compliance with SOPs and regulations. 

5. Full integration between the PSM system and ISO 14001 needs to be continued as part of a continuous 

improvement program, including integrated internal audits and periodic reporting. 
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