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Abstract

Background: Hazardous and toxic waste (B3 waste) can pollute the environment and threaten human
health when it is not managed in accordance with applicable requirements. Objective: To evaluate B3 waste
management at the Samarinda City Environmental Agency against applicable regulations. Methods: A
descriptive field-observation study assessed seven aspects: packaging, collection, storage, storage buildings,
emergency-response facilities, symbols and labels, and transportation. Conformity was scored using a
three-level Likert scale and converted to percentage achievement categories. Results: Collection and
transportation achieved the highest conformity scores (100%; very good), followed by symbols and labels
(86.2%; very good), packaging (77.7%; good), storage buildings (66.6%; fair), storage (62.5%; fair), and
emergency-response facilities (36.6%; poor). Overall conformity was 75.65%, categorized as good.
Conclusion: B3 waste management was generally good, but improvements are required in packaging,
storage arrangements and facilities, emergency preparedness, and labeling compliance.

Keywords: hazardous waste; toxic waste; B3 waste; waste management; environmental health

Page 63 of 89



HIGIENE: Jurnal Kesehatan Lingkungan | p-ISSN 2443-1141 | e-ISSN 2541-5301

Research Highlights

¢ Overall conformity of hazardous and toxic (B3) waste management at the Samarinda City Environmental Agency
was 75.65%, categorized as good.

e B3 waste collection and transportation showed full conformity (100%), whereas emergency-response facilities in
the storage building had the lowest conformity (36.6%).

e Priority improvements involve packaging inspection and closure, block-based storage and facility upgrades,

emergency preparedness, and complete symbols and labels.

1 Introduction

Environmental problems are important issues that need to be understood and studied, particularly because of
the impacts they can generate. These impacts may be substantial and significant for the environment and the
living organisms within it [1]. Waste-related problems have become an important concern for both the public
and the Indonesian government, especially over the past three decades. This concern has been driven by
growth in the industrial sector, which plays a major role in supporting national economic development. In
response to the increasing volume and distribution of waste across sectors, various regulations have been

issued to address waste management problems [2].

Based on Government Regulation of the Republic of Indonesia No. 22 of 2021 concerning the
Implementation of Environmental Protection and Management, the environment is described as an integrated
spatial unit encompassing all objects, including humans and their behavior, that influence nature, the
continuity of life, and the welfare of humans and other living organisms [3]. This definition illustrates that
environmental contamination may occur through multiple pathways, including human activities and the

consequences of those activities [4].

Management of hazardous and toxic waste (B3 waste) in line with waste reduction, reuse, and recycling
efforts is an important component of B3 waste management [5]. Because B3 waste requires special handling,
appropriate regulatory requirements are needed for every management method, and each stage must be
implemented properly to prevent adverse effects on humans, other living organisms, and the environment.
Although regulations governing B3 waste are available, oversight by relevant parties remains necessary to

ensure that the requirements are implemented in practice [6].

The Samarinda City Environmental Agency manages hazardous and toxic waste generated by the operation
of municipal garbage-collection trucks and by office activities. In 2024, the agency generated 2,624.35 kg of B3
waste. The waste consisted of liquid waste, such as used lubricating oil, and solid waste, including used
batteries, used vehicle batteries, and B3-contaminated packaging. The source manuscript reports that B3 waste

management at the Samarinda City Environmental Agency had not previously been studied.

This study aimed to compare current B3 waste management conditions at the Samarinda City
Environmental Agency - including packaging, collection, storage, storage buildings, emergency-response
facilities in the storage building, symbols and labels, and transportation - with applicable regulatory

requirements.

2 Materials and Methods

2.1 Study design and setting

The study was conducted at the Samarinda City Environmental Agency, located on JI. MT. Haryono, Air Putih
Urban Village, Samarinda Ulu District, Samarinda City, East Kalimantan, Indonesia. The field survey was

conducted to obtain information on B3 waste management at the agency. A descriptive approach was used to
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describe current B3 waste management conditions. Direct observation was used to document field conditions,

and conformity was assessed using a Likert-type scoring system.

2.2 Population, sampling, and sample size

The population was defined as all municipal government offices in Samarinda City. The study sample was the
office reported to generate the largest amount of B3 waste. The Samarinda City Environmental Agency was
selected because it independently manages a fleet of garbage-collection trucks, thereby generating used

lubricating oil, used vehicle batteries, and other B3 waste from operational and office activities.

2.3 Variables and measurements

Two types of data were collected: primary and secondary data. Primary data were obtained directly through
field observation. Secondary data were obtained from the Samarinda City Environmental Agency. The assessed
management aspects were B3 waste packaging, collection, storage, storage buildings, emergency-response
facilities in the B3 waste storage building, B3 waste symbols and labels, and B3 waste transportation.
Transportation outside the agency was undertaken in collaboration with a third party, as reported in the source

manuscript.

2.4 Statistical analysis

The collected data were organized in tables and analyzed descriptively. Each aspect of B3 waste management
was compared with the applicable regulations. The comparison was then scored to determine the degree of
conformity using a three-level Likert scale. First, the observed condition of each B3 waste management
component was compared with the relevant regulatory requirement after the assessment points had been
defined. Second, the comparison was used to determine whether the current practice fulfilled the applicable
requirements. Third, each degree of conformity for each parameter was assigned a score as shown in Table 1

7.

Table 1. Conformity scoring levels

1 Non-conforming 1
2 Partially conforming 2
3 Conforming 3

Source: Defany (2023) [7]. Non-conforming = management is carried out without reference to applicable regulations; partially
conforming = only part of the management process follows the established requirements; conforming = the entire management
process follows applicable regulations and requirements.

The actual percentage score for each management component was calculated using the formula: actual
percentage score = (actual score / ideal score) x 100%. The actual score represented the score obtained from
comparison of B3 waste management practices with the relevant regulatory requirements, whereas the ideal
score represented the highest possible score for implementation of the assessed activity. The resulting

percentage was then interpreted using the achievement criteria shown in Table 2 [7].

Table 2. Criteria for percentage achievement of the actual score

1 <20-36% Not good
2 >36-52% Poor
3 >52-68% Fair
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4 >68-84% Good

5 >84-100% Very good

Source: Defany (2023) [7]. Percentage intervals are reproduced from the source manuscript.

2.5 Ethical considerations

The source manuscript includes institutional research-permission documentation. A research permission
request was issued by the Environmental Health Diploma Program, Faculty of Public Health, Universitas
Muhammadiyah Kalimantan Timur (No. 420/FKM.3/C.5/B/2025, dated 19 February 2025), and the Samarinda
City Environmental Agency granted research permission through letter No. 000.9/434/100.12 dated 3 March
2025. The study was based on facility observation and institutional data.

3 Results

3.1 Overall conformity of B3 waste management

Field observation at the Samarinda City Environmental Agency generated conformity scores for seven B3 waste
management aspects (Table 3). B3 waste collection and transportation achieved the highest scores, both at
100%, indicating very good conformity with the applicable requirements. Emergency-response facilities in the
B3 waste storage building received the lowest score, 36.6%, and were categorized as poor. The overall mean
conformity score was 75.65%, categorized as good.

Table 3. Observed conformity of B3 waste management at the Samarinda City Environmental Agency

1 B3 waste packaging 77.7 Good

2 B3 waste collection 100.0 Very good

3 B3 waste storage 62.5 Fair

4 B3 waste storage building 66.6 Fair

5 Emergency-response facilities in the B3 waste storage building 36.6 Poor

6 B3 waste symbols and labels 86.2 Very good

7 B3 waste transportation 100.0 Very good
Mean 75.65 Good

Source: Processed primary data, 2025. B3 = hazardous and toxic materials; B3 waste refers to hazardous and toxic waste generated

by the assessed activities.
4 Discussion

4.1 B3 waste packaging

The Samarinda City Environmental Agency packages B3 waste in accordance with the general purpose of
applicable requirements by placing or containing B3 waste so that storage and transportation are easier and
safer for the environment and human health. Packaging is differentiated according to waste type, so different
B3 waste types are placed in different containers [8]. Separation of B3 waste containers according to waste
characteristics is intended to prevent the mixing of wastes with different properties that could produce
undesirable reactions [9].
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Packaging practices at the Samarinda City Environmental Agency were not fully compliant with the
requirements described in Regulation of the Minister of Environment and Forestry No. 6 of 2021. The agency
inspected B3 waste packages only at the time of transportation. According to the regulation cited in the source
manuscript, the person responsible is required to inspect B3 waste packages at least three times per day to

ensure that the packages are not damaged or leaking [10].

The agency used plastic and metal drums to package solid and liquid B3 waste before placement in the
temporary storage facility. This practice was intended to prevent environmental contamination, human
exposure, and contact or mixing with other substances that could create additional hazards [3]. However, solid
B3 waste packages were not tightly closed because their contents exceeded container capacity. Under
Regulation of the Minister of Environment and Forestry No. 6 of 2021, B3 waste packages are required to

remain tightly closed and should be opened only when waste is added or removed [10].

Based on the study results, the conformity of B3 waste packaging at the Samarinda City Environmental

Agency with the relevant requirements was 77.7%, placing this aspect in the good category.

4.2 B3 waste collection

B3 waste collection is the process of gathering B3 waste generated by an activity before it is transferred to a B3
waste disposer or user [11]. Each activity that generates B3 waste is required to collect the waste it produces,
and B3 waste collectors are required to hold the relevant waste-management authorization as described in
Regulation of the Minister of Environment and Forestry No. 6 of 2021 [10]. At the Samarinda City
Environmental Agency, containment of B3 waste had already begun in each waste-generating unit through the

provision of dedicated B3 waste bins equipped with appropriate symbols.

After waste was placed in the provided containers, B3 waste was collected from each generating unit [3].
Mixing stored B3 waste was prohibited. For example, two types or two different characteristics of B3 waste
were not permitted to be combined within a single package or container because incompatible waste mixing

could produce hazardous reactions and, in severe circumstances, contribute to explosion risks [12].

Based on the study results, conformity of B3 waste collection at the Samarinda City Environmental Agency

with the relevant requirements was 100%, categorized as very good.

4.3 B3 waste storage

After B3 waste was packaged and collected from its generating sources, it was stored in a temporary B3 waste
storage facility. At the time of observation, the storage arrangement did not use a block system and there was
no spacing between blocks. The source manuscript notes that a recommended B3 waste storage layout uses a
block system with a 2 x 2 package arrangement [11]. The block arrangement functions as a separator to
prevent different wastes from mixing. In addition, stored waste at the Samarinda City Environmental Agency
was not placed on pallets, which would otherwise prevent direct contact between the packages and the floor.

B3 waste storage is an important control intended to minimize risks to humans and the environment [13].

Based on the study results, conformity of B3 waste storage at the Samarinda City Environmental Agency

with the relevant requirements was 62.5%, categorized as fair.

4.4 B3 waste storage building

Regulation of the Minister of Environment and Forestry No. 6 of 2021 concerning procedures and requirements
for B3 waste management specifies that a temporary B3 waste storage building should have ventilation
protected by mesh or other suitable material to prevent the entry of small birds. Lighting should be adequate

for the room, and switches or electrical outlets should be installed outside the building. The storage
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components should be separated by partition walls and containment barriers, and each storage area should

have a waste-retention basin [7,10].

The B3 waste storage building at the Samarinda City Environmental Agency had not fully met these
requirements. Ventilation was not fitted with mesh or other protective material. A lighting system was
available but was not functioning optimally, and electrical outlets had not been installed outside the building.
There were no partition walls between storage components. The package arrangement had not adopted a
block or cell system; consequently, no aisles or containment barriers separated the packages, and the B3 waste

packages were placed close together without adequate spacing [14].

Based on the study results, conformity of the B3 waste storage building with the relevant requirements

was 66.6%, categorized as fair.

4.5 Emergency-response facilities in the B3 waste storage building

Each temporary B3 waste storage facility should be equipped with portable fire extinguishers, an emergency
evacuation door, an alarm system, and other emergency-response equipment as part of environmental
protection and management [15]. The Samarinda City Environmental Agency had a portable fire extinguisher,
but it was not mounted on the wall of the temporary storage facility. The source manuscript notes that fire
extinguishers are important because some B3 wastes are highly flammable [7]. The emergency-response
facilities at the storage building were not equipped with a safety fence, backup power supply, first-aid facilities,

communication equipment, or a dedicated storage area for emergency tools and supplies.

Emergency-response facilities must remain ready for use to anticipate unwanted and potentially hazardous
events. At the Samarinda City Environmental Agency, the temporary B3 waste storage facility did not have an
emergency door, alarm, lightning protection, or other emergency-response equipment. The source manuscript
groups these provisions into emergency-response facilities and supporting facilities. Their availability in
temporary B3 waste storage is important for protecting workers, occupational health and safety, and the

surrounding environment [16].

Based on the study results, conformity of emergency-response facilities in the B3 waste storage building

with the relevant requirements was 36.6%, categorized as poor.

4.6 B3 waste symbols and labels

Most symbol and label practices at the Samarinda City Environmental Agency met the applicable requirements.
However, one deficiency remained: empty B3 waste containers or packages did not carry an “EMPTY” label.
The source manuscript states that empty containers should display a 10 cm x 10 cm symbol with the word
“EMPTY” in the center [17]. Symbols and labels on empty B3 waste packages are important for identifying
potential waste hazards, such as toxicity, corrosivity, or flammability. They also provide information on the
origin, type, and status of the waste, including the “EMPTY” marking to indicate that a container no longer
contains waste. Such information helps prevent handling errors and supports waste management in
accordance with procedures. The use of B3 waste symbols and labels is also described as a legal requirement
under Regulation of the Minister of Environment No. 14 of 2013 [18].

Based on the study results, conformity of B3 waste symbols and labels with the relevant requirements was

86.2%, categorized as very good.

4.7 B3 waste transportation

Transportation of B3 waste at the Samarinda City Environmental Agency began with collection of waste from
different generating points. Transportation was required to follow the applicable maximum storage periods.

According to the source manuscript, category 1 waste generated at less than 50 kg per day may be stored for a
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maximum of 180 days, whereas category 2 waste may be stored for up to one year. Category 1 waste is
required to be transported using enclosed vehicles, whereas category 2 waste may be transported using either

enclosed or open transportation facilities [19].

The Samarinda City Environmental Agency only conducted internal B3 waste transportation from individual
rooms or generating units to the temporary storage facility. Transportation from the temporary storage facility
to an external third party was carried out by a partner working with the agency. Each B3 waste shipment
transferred from the temporary storage facility to a utilization or management facility was required to be
accompanied by an official B3 waste document. This documentation contains information that must be

completed by both the B3 waste generator and the waste transporter [20].

Based on the study results, conformity of B3 waste transportation at the Samarinda City Environmental

Agency with the relevant requirements was 100%, categorized as very good.

5 Conclusion

B3 waste management at the Samarinda City Environmental Agency comprised packaging, collection, storage,
storage-building management, emergency-response facilities in the storage building, symbols and labels, and
transportation. The overall conformity score was 75.65%, categorized as good. Among the seven assessed
aspects, B3 waste collection and transportation achieved the highest conformity scores (100%; very good),
whereas emergency-response facilities in the B3 waste storage building received the lowest score (36.6%;
poor). Improvements should prioritize B3 waste packaging, storage arrangements, the B3 waste storage
building, emergency-response facilities, and the completeness of B3 waste symbols and labels to strengthen

environmental and human-health protection.

6 Declarations

Ethics approval and consent to participate

The source manuscript documents institutional research permission from the Samarinda City Environmental Agency
(Letter No. 000.9/434/100.12, 3 March 2025), following a research permission request from Universitas
Muhammadiyah Kalimantan Timur (No. 420/FKM.3/C.5/B/2025, 19 February 2025).

Consent for publication

Not applicable.

Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Competing interests

The authors declare that they have no financial or non-financial competing interests that could have influenced the
work reported in this study.

Author contributions (CRediT)

Husnul Mar’iyah: Conceptualization, Methodology, Investigation, Data Curation, Formal Analysis, Visualization, and
Writing — Original Draft.

Vita Pramaningsih: Conceptualization, Methodology, Supervision, Validation, and Writing — Review & Editing.
Deny Kurniawan: Methodology, Supervision, Validation, and Writing — Review & Editing.
All authors reviewed and approved the final version of the manuscript.

Data availability

The data supporting the findings of this study consist of field observation data and relevant records obtained from
the Samarinda City Environmental Agency. The data are available from the corresponding author upon reasonable

Page 69 of 89



HIGIENE: Jurnal Kesehatan Lingkungan | p-ISSN 2443-1141 | e-ISSN 2541-5301

request and, where applicable, subject to permission from the Samarinda City Environmental Agency and applicable
institutional data-access policies.

Acknowledgments

The authors would like to thank the Samarinda City Environmental Agency for granting permission to conduct the
study and for facilitating access to the information and facilities required during data collection. The authors also
acknowledge the support of the Environmental Health Program, Faculty of Public Health, Universitas Muhammadiyah
Kalimantan Timur, Samarinda, Indonesia, during the research process.

Generative Al statement

Generative Al was used to assist with English-language translation, structural reorganization, and manuscript
formatting. The authors reviewed the output and remain responsible for the accuracy, originality, citations, and
integrity of the manuscript.

7 References

1. Firdaus N. Analisis pengolahan limbah padat Rumah Sakit Bhayangkara Kota Palangka Raya Kalimantan Tengah.
SAFRJ. 2021;2(1).

2. Hidayah FN. Perkembangan pengaturan hukum limbah bahan berbahaya dan beracun (limbah B3) di Indonesia.
2023;4(2). d0i:10.36418/jist. XXXX.XXX.

3. Wardhani E, Salsabila D. Analisis sistem pengelolaan limbah B3 di industri tekstil Kabupaten Bandung. Jurnal
Rekayasa Hijau. 2021;5(1):15-26. doi:10.26760/jrh.v5i1.15-26.

4. Cahyandari STA, Pradana WG. Peran pemerintah daerah dalam pelaksanaan urusan wajib lingkungan hidup: studi
upaya pengelolaan limbah B3 di Kabupaten Sidoarjo. 2022.

5. Azharuddin, Almadora SA, Muhammad AA. Proses pengelolaan limbah B3 (oli bekas) menjadi bahan bakar cair
dengan perlakuan panas yang konstan. 2020;12(2).

6. Karmi N. Analisis peran Dinas Lingkungan Hidup dalam pengelolaan limbah B3 medis di Kota Padang. Doctoral
dissertation. Universitas Andalas; 2019.

7. Wibawa DP. Evaluasi pengelolaan limbah bahan berbahaya dan beracun (B3) padat PT. Adhi Mitra Dinamika
Bandung. 2023.

8. Axmalia A, Sinanto RA. Pengelolaan limbah infeksius rumah tangga pada masa pandemi COVID-19. Jurnal
Kesehatan Komunitas. 2021;7(1):70-76. doi:10.25311/keskom.vol7.iss1.857.

9. Fitriani A, Darussalam G, Adytama A. Optimalisasi pengemasan limbah B3 filter oli bekas dengan metode Pressure
Hydraulic System: studi kasus PT Satria Bahana Sarana Job Site TIMO. 2020.

10. Peraturan Menteri Lingkungan Hidup dan Kehutanan Republik Indonesia Nomor 6 Tahun 2021 tentang Tata Cara
dan Persyaratan Pengelolaan Limbah Bahan Berbahaya dan Beracun.

11. Fajriyah AS, Wardhani E. Evaluasi pengolahan limbah bahan berbahaya dan beracun (B3) di PT. X. Serambi
Engineering. 2020;V.

12. Mulya W, Zainul LMS. Penyimpanan limbah bahan berbahaya dan beracun: studi kasus pada PT. Serasi Mitra
Mobil di Balikpapan. Jurnal Keselamatan, Kesehatan Kerja dan Lindungan Lingkungan. 2021;7(2).

13. Subekti S, Astuti W. Perencanaan tempat penyimpanan sementara limbah bahan berbahaya dan beracun jenis
padatan di PT Wiraswasta Gemilang Indonesia Cabang Semarang. Merdeka Indonesia Journal International.
2022;2.

14. Pratiwi SH, Afiuddin AE, Adhitya RY, et al. Evaluasi tempat penyimpanan sementara limbah B3 industri
manufaktur plastik. 2022;5(1).

15. Peraturan Pemerintah Republik Indonesia Nomor 22 Tahun 2021 tentang Penyelenggaraan Perlindungan dan
Pengelolaan Lingkungan Hidup.

16. Putro IG, Taroepratjeka HAD. Perencanaan tempat penyimpanan sementara limbah B3 di PT. Mustika Indah
Permai (Adaro Energy) Kabupaten Lahat. FTSP Series. 2024.

17. Berliana PN, Murti RHAY, Utomo WD. Kajian pengelolaan limbah bahan berbahaya dan beracun (B3) PT. X.
INSOLOG!: Jurnal Sains dan Teknologi. 2023;2(2):400-408. doi:10.55123/insologi.v2i2.1280.

18. Peraturan Menteri Lingkungan Hidup Republik Indonesia Nomor 14 Tahun 2013 tentang Simbol dan Label Limbah
Bahan Berbahaya dan Beracun.

19. Pangesti R, Jati DR, Asban GC. Perencanaan pengelolaan limbah bahan berbahaya dan beracun (B3) pada
perusahaan kelapa sawit: studi kasus PT X di Kalimantan Barat. 2022. doi:10.26760/jrh.V6i3.208-2018.

20. Utami TK, Syafrudin. Pengelolaan limbah bahan berbahaya dan beracun (B3): studi kasus PT. Holcim Indonesia,
Tbk Narogong Plant. 2018;15(2).

Page 70 of 89



