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ABSTRACT

Introduction  Effective chemical storage and handling are critical in primary healthcare
(PHC) to safeguard healthcare workers, patients, and the environment. Despite
their importance, PHC facilities face unique challenges due to limited
resources, inadequate monitoring, and the absence of tailored guidelines and
protocols. This narrative review explores the state of chemical storage and
handling practices in PHC.

Methods A systematic methodology guided this narrative review, including a
comprehensive literature search using PubMed, Scopus and Web of Science
with defined inclusion and exclusion criteria. Given the scarcity of PHC-
specific studies, a purposive selection approach was employed to incorporate
evidence from broader healthcare contexts. Data extraction and thematic
analysis identified key risks, documented incidents, and evidence-based
strategies for improving chemical storage and handling.

Results Findings reveal that improper chemical practices lead to acute health effects
such as respiratory distress and chemical burns, chronic conditions like asthma
and operational disruptions. Non-compliance with regulations exacerbates
financial and reputational risks. Case studies, including an ammonia gas leak
in Malaysia and chlorine gas exposure in the United Kingdom, highlight the
severe consequences of inadequate practices. Six strategies to improve
chemical storage and handling in PHC settings were identified: i) regular
monitoring and risk assessments, ii) safe physical storage practices, iii)
training and education, iv) use of personal protective equipment (PPE), v)
incident management and response plans, and vi) inventory organization and
storage efficiency.

Conclusions  These evidence-based strategies can mitigate risks and enhance safety. The
review underscores the urgent need for PHC-specific guidelines and future
research to address existing gaps and foster safer PHC environments.
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INTRODUCTION

Primary healthcare (PHC) is the foundation of the
healthcare system, delivering accessible and
population-based services to address most
individuals’ health concerns. The World Health
Organization (WHO) defined PHC as the first level
of contact for individuals, families and communities
with the healthcare system, where PHC
encompasses a wide range of integrated healthcare
services, including health promotion, disease
prevention and management of common illness and
chronic conditions.!

Despite their fundamental role, PHC
settings are highly reliant on various chemicals for
clinical and nonclinical purposes. These include
chemicals ranging from cleaning agents and
disinfectants to  diagnostic  reagents and
pharmaceuticals, which are vital for maintaining
hygiene, ensuring patient safety and conducting
essential medical procedures.”? However, improper
storage and handling of these chemicals can result in
significant risks.  Health-related consequences
include chemical burns, respiratory conditions and
long-term effects such as carcinogenicity and
asthma.> Beyond health implications, incidents
involving these hazardous chemical agents can also
result in significant operational disruption,
environmental pollution and financial losses.*

Numerous regulations and guidelines have
been established globally to standardize the usage of
chemicals with the Globally Harmonized System of
Classification and Labelling of Chemicals (GHS),
being one of the most significant initiatives.’ The
GHS provides a standardized approach that includes
criteria  for hazard classification, labeling
requirements, and safety data sheets (SDS) which
are essential in informing users about the risks
associated with the chemical substances.®’ Despite
the robustness of these regulations, the
implementation in PHC poses challenges, especially
regarding ensuring compliance and managing
resource limitations.

A notable gap in the existing practices is
the lack of tailored guidelines pertinent to PHC
settings, which vary in scope and resource
availability relative to larger healthcare facilities.®®
Furthermore, there is limited evidence on the
effectiveness of current chemical storage and
handling strategies in PHC settings.'* This narrative
review aims to explore the current state of chemical
storage and handling practices in PHC settings and
propose actionable strategies to improve safety.
Specifically, it provides an in-depth view of i) the
common chemicals used in PHC, ii) the health and
non-health risks associated with improper storage
and handling, iii) chemical incidents posed by
improper chemical storage and handling, iv) the
regulatory frameworks and guidelines relevant to
chemical management in PHC settings, and v) the
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strategies for improving chemical storage and
handling in PHC settings.

METHODS

The methodology for this narrative review was
designed to ensure a systematic, transparent and
comprehensive synthesis of relevant literature. The
process began with the clear definition of the
review’s primary objective; to explore the current of
chemical storage and handling in PHC and to
propose actionable strategies for improving safety.
This objective guided the subsequent process of the
methodology, ensuring the review remained focused
and aligned with its intended outcomes.

To achieve this, a comprehensive literature
search was conducted using multiple electronic
databases, including PubMed, Scopus, and Web of
Science. A combination of keywords and Medical
Subject Headings (MeSH) terms was employed to
capture a broad range of relevant studies. Search
terms such as “chemical storage”, “chemical
handling”, “chemical safety” and “primary
healthcare,” were used, with specific search string
formulated as: (("chemical storage" OR "chemical
handling" OR ‘"chemical management” OR
"chemical safety") AND ("primary healthcare" OR
"healthcare" OR "health services" OR "medical
facilities")).

This broad search strategy was designed to
capture literature across various aspects of chemical
management in healthcare settings. During the data
extraction and synthesis process, themes related to
chemical risks, incidents, regulatory framework and
improvement strategies were identified and
organized to reflect the review’s objectives.

The review applied clearly defined
inclusion and exclusion criteria to ensure the
relevance and quality of selected studies. Studies
were included if they were published in English,
peer-reviewed and focused on chemical storage and
handling in healthcare settings. Conversely, studies
unrelated to healthcare settings, those focused on
chemical storage in industrial sectors, and non-peer-
reviewed sources such as editorials and opinion
pieces were excluded.

Given the limited availability of studies
explicitly focusing on PHC settings, a purposive
selection strategy was adopted. This allowed the
inclusion of literature from broader healthcare
contexts, such as secondary or tertiary facilities,
where applicable principles and challenges could
inform safety improvements in PHC settings.
Findings from these studies were carefully appraised
and contextualized.

Following the search process, the titles and
abstracts of identified articles were screened to
assess their relevance. Full-text articles of
potentially eligible studies were then retrieved for a
detailed evaluation. This step ensured that all
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included studies met the predefined criteria and were
directly relevant to the review’s objectives.

Data extraction captured the key elements,
such as chemical types, associated risks, regulatory
frameworks and guidelines, reported incidents and
strategies for improving safety practices. A thematic
analysis was applied to synthesize recurring
concepts, allowing for the development of a
structured narrative addressing the five key areas
relevant to chemical storage and handling in PHC
settings.

The Role of Chemicals in Primary Healthcare
Settings

PHC facilities utilize a wide range of chemicals that
play a critical role in diverse applications, including
disinfection, sanitation, diagnostics, and treatments.

Disinfectants for Infection Control

Disinfectants are fundamental in PHC facilities to
prevent the spread of infections and maintain sterile
environments. Numerous classes of disinfectants are
utilized, including sodium hypochlorite, hydrogen
peroxide, quaternary ammonium compounds
(QACs) and alcohol-based solutions. For example,
sodium hypochlorite and hydrogen peroxide are
common disinfectants that are known for their
effectiveness against a broad spectrum of pathogens,
such as nosocomial bacteria.” In addition, QACs are
also frequently used for their potent antimicrobial
properties and low toxicity, rendering them
appropriate for cleaning surfaces and equipment in
healthcare facilities.> Other disinfectants used
clinically in single and combination applications for

sterilization include alcohol and

povidone-iodine.'!

isopropyl

Laboratory Reagents for Diagnostic

In addition to disinfectants, laboratory reagents play
a critical role in patient diagnostics, serving as
essential components for accurate disease detection.
These reagents include antibodies (Ab), enzymes,
nucleic acids and organic or inorganic compounds,
each tailored for specific diagnostic applications.
For example, antibodies are central to
immunoassays used in infectious disease screening
and allergy testing. Enzymes facilitate tests, such as
blood glucose tests and liver function tests (e.g.,
ALT, AST, and ALP). Nucleic acids are pivotal in
molecular diagnostics, enabling the detection of
genetic material (DNA/RNA) through methods like
PCR testing. Furthermore, organic or inorganic
compounds are important reagents for electrolyte
testing (sodium, potassium, and calcium) and
chemical assays for biomarkers like urea and
creatinine.'?

Pharmaceuticals for Treatment

Pharmaceuticals also play a vital role in PHC
settings, where they are used for the treatment of
various health conditions. Pharmaceuticals and
diagnostic reagents generally have special storage
requirements and handling, such as controlled
ventilation and temperature, to preserve efficacy and
safety.!> These measures are essential to prevent
accidental exposure to healthcare workers, patients,
and the environment. Table 1 shows the chemicals
commonly used in PHC settings.

Table 1 Chemicals Commonly Used in Primary Healthcare (PHC) Settings

No. Role Examples of Chemicals

1. Disinfectants for Infection Control Sodium hypochlorite, Hydrogen peroxide, Quaternary
ammonium compounds (QACs), Isopropyl alcohol, Povidone-
iodine

2. Laboratory Reagents for Diagnostics ~ Antibodies (for immunoassays), Enzymes (ALT, AST, ALP),
Nucleic acids (DNA/RNA for PCR), Organic/inorganic
compounds (e.g., electrolytes, urea, creatinine)

3. Pharmaceuticals for Treatment General medications stored in PHC (e.g., antibiotics, vaccines,

antihypertensives); often requiring temperature and ventilation
controls

Regulatory Framework and Guidelines

The safety of chemical storage and handling in PHC
settings is governed by a complex framework of
regulations and guidelines aimed at reducing risks to
both healthcare workers and patients.

Regulatory  bodies such as the
Occupational Safety and Health Administration
(OSHA) in the United States have established
guidelines that focus on the management of
hazardous chemicals in healthcare environments.
OSHA's Process Safety Management (PSM)
standard delineates essential components for the
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safe management of hazardous chemicals,
highlighting the necessity for thorough safety
protocols and personnel training.'4

In Malaysia, the Department of
Occupational Safety and Health (DOSH) is
responsible for enforcing regulations and legislation
related to the management of hazardous chemicals
across various industries, including healthcare
setting.!> DOSH oversees the implementation of the
Occupational Safety and Health Act 1994 (OSHA
1994) and is also responsible for ensuring
compliance with chemical safety regulations, such
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as the Use and Standards of Exposure of Chemicals
Hazardous to Health (USECHH) Regulations 2000.

In addition, the National Institute for
Occupational Safety and Health (NIOSH) is a
research-oriented agency under the Centers for
Disease Control and Prevention (CDC) in the United
States that functions to develop scientific
knowledge, recommendations and training materials
to improve workplace safety including chemical
safety. Some other countries like Malaysia have
their own NIOSH branches that adopt its principles.
According to Steege et al, NIOSH has highlighted
the importance of training healthcare workers in
safety practices related to chemical exposure,
particularly in outpatient settings where the use of
antineoplastic agents, disinfectants and chemical
sterilant are common. !¢

Impact of Improper Chemical Storage

Improper chemical storage and handling in PHC
facilities can pose significant risks, encompassing
health-related and non-health-related consequences.
These detrimental consequences can affect
healthcare workers, patients and the broader
community, highlighting the critical need for
effective chemical management practices in
healthcare settings.

Health-Related Consequences

Inadequate chemical management in PHC settings
can lead to significant health-related consequences,
impacting healthcare workers, patients and even
visitors. These consequences can be categorized into
acute and chronic effects, both of which underline

the importance of stringent chemical safety
measures in healthcare environments.
Acute health effects often occur

immediately after exposure to hazardous chemicals,
posing serious risks to individuals in healthcare
settings. Respiratory distress is a common outcome
of exposure to certain chemicals, particularly
cleaning agents or disinfectants. These substances
can cause immediate respiratory issues, especially in
individuals with pre-existing conditions such as
asthma or allergies.!” Another acute consequence is
chemical burns, which result from direct contact
with corrosive substances frequently used for
cleaning or disinfection. Such burns can cause
severe pain and tissue damage, requiring prompt
medical attention.'® Incidents such as chemical spills
or leaks can also expose individuals to hazardous
materials, leading to immediate health consequences
such as respiratory distress or chemical burns.!”
Additionally, skin and eye irritation are prevalent
among healthcare workers who handle chemicals
without adequate personal protective equipment
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(PPE). These irritations, though sometimes mild,
can escalate into more serious conditions if exposure

is prolonged or recurrent.!”
Chronic  health effects are equally
concerning, as they result from repeated or

prolonged exposure to hazardous chemicals. Over
time, such exposure can lead to severe health
conditions, including cancer, neurological disorders
and respiratory illnesses like asthma. Chronic
respiratory conditions, for instance, can be
exacerbated by allergens or irritants commonly
found in healthcare environments, placing both
workers and vulnerable patients at risk.!® Healthcare
workers are particularly vulnerable due to their daily
interactions with these substances, but patients and
visitors are also at risk. Spills, leaks or other
chemical incidents can expose other individuals to
hazardous materials, leading to potential health
complications

Non-Health-Related Consequences

The consequences of improper chemical storage and
handling in PHC facilities extend far beyond health
risks, significantly affecting operational, financial
stability and institutional reputations.

Improper chemical storage and handling
can lead to incidents that can disrupt healthcare
operations, including those in PHC settings.
Although specific examples in PHC facilities are
limited, similar incidents affecting hospital settings
highlight the potential risks. For instance, Hsu et al
reported a chemical spill in West Virginia that
contaminated the potable water supply, disrupting
hospital operations, including critical infection
control measures.? This example demonstrates how
chemical incidents can compromise healthcare
delivery by hindering routine operations and
jeopardizing patient care.

In addition to operational disruptions,
regulatory non-compliance resulting from improper
chemical storage and handling can lead to legal and
financial repercussions. Non-compliance may result
in fines, lawsuits, and penalties, exacerbating
financial burdens and diverting resources from
essential healthcare services. Sharma et al highlights
the critical importance of regulatory compliance in
healthcare, emphasizing that adherence to laws and
regulations not only ensures patient safety but also
safeguards organizational performance and financial
stability.?! By failing to implement proper chemical
storage and handling practices, PHC facilities risk in
damaging their operational integrity, financial
health, and reputation. Table 2 summarizes the
health and non-health risks associated with improper
chemical storage and handling in PHC settings.
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Table 2 Health and Non-Health Risks Associated with Improper Chemical Storage and Handling in PHC Settings

No.  Risk Category Specific Consequences Examples
Health-Related
l. Health-Related Respiratory distress Especially due to cleaning agents or
(Acute) disinfectants (e.g., asthma
exacerbation)
Chemical burns Contact with corrosive cleaning
substances
Skin and eye irritation Occurs when PPE is inadequate or not
used
2. Health-Related Chronic respiratory illness Long-term exposure to irritants or
(Chronic) allergens

Neurological disorders

Cancer

Non-Health Related

Repeated or prolonged exposure to
hazardous chemicals

Chronic chemical exposure risk over
time

3. Non-Health Related Disruption of healthcare services Chemical spill affecting water supply
(Operational) and infection control

4, Non-Health Related Legal and financial penalties due to Fines, lawsuits, diverted resources
(Legal/Financial) regulatory non-compliance

5. Non-Health Related Damage to institutional image Compromised public trust and
(Reputational) perceived service quality

Case Studies of Chemical Improper Storage and
Handling

The appropriate storage and handling of chemicals
in healthcare environments is essential for
safeguarding the safety of both healthcare workers
and patients. The following case studies highlight
significant incidents stemming from inadequate
chemical management, providing insights into the
challenges and strategies needed to improve
practices in PHC settings.

Case Study 1: Ammonia Gas Leak at Tagasan
Community Clinic, Malaysia

The recent ammonia gas leak at the Tagasan
Community Clinic in Semporna, Malaysia,
highlights the critical risks linked to improper
chemical storage practices. This incident, which
occurred on February 25, 2024, underscores the
need for robust safety measures in PHC settings.

Healthcare workers at the clinic faced a
serious safety threat when a malfunctioning
refrigerator for storing medications and vaccinations
emitted ammonia gas. Emergency responders,
including seven personnel and two fire engines,
were deployed to manage the situation. Upon
arrival, the Hazardous Materials Unit (HAZMAT)
removed the faulty refrigerator to facilitate
ventilation and ensure the safety of the premises.
Fortunately, no injuries were reported among the
clinic staff.??

The incident revealed several critical
chemical storage and handling issues within PHC
settings. The primary cause was the lack of routine
maintenance and inspection of chemical storage
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equipment such as refrigerators. Additionally, the
absence of monitoring systems to detect gas leaks
delayed the identification of the threat, emphasizing
the need for real-time monitoring technologies. This
case highlights the importance of preventive
measures, including regular equipment maintenance
and enhanced monitoring systems, to mitigate risks
in PHC environments.

Case Study 2: Chlorine Gas Exposure at The
Hampshire Clinic, United Kingdom

Another notable incident at The Hampshire Clinic, a
private PHC facility in the United Kingdom, on
March 11, 2021. This case illustrates the dangers of
inadequate chemical handling protocols and
insufficient training in healthcare settings.

An engineer was exposed to chlorine gas
while attempting to regulate the pH levels of the
clinic's hydrotherapy pool. The improper handling
of chemicals caused the incident; sodium hydrogen
sulfate was mistakenly added to a sodium
hypochlorite tank, releasing hazardous chlorine gas.
As a result, three workers required medical
attention, with exposure levels exceeding workplace
exposure limits and the Immediately Dangerous to
Life or Health (IDLH) thresholds.?

The Health and Safety Executive (HSE)
investigation revealed systemic shortcomings in the
clinic’s chemical safety practices. Circle Health
Group, the operating company, was found guilty of
failing to conduct adequate risk assessments,
provide proper training, and establish safe chemical
storage and use procedures. The organization faced
fines and additional legal costs, reflecting the
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gravity of its non-compliance with the Health and
Safety at Work Act 1974.

This incident highlights the critical
importance of proper training, rigorous risk
assessments and adherence to safety protocols. It
also underscores the consequences of neglecting

safety  standards for  healthcare = workers,
organizational reputation and regulatory
compliance.

Strategies for Improving Chemical Storage and
Handling in PHC Settings
Adequate chemical storage and handling are critical
to ensuring the safety of healthcare workers,
patients, and the surrounding environment in PHC
settings. Proper management practices minimize the
risks of chemical exposure, prevent accidents and
reduce  environmental contamination  while
maintaining compliance with regulatory standards.
However, there is a notable scarcity of literature that
focuses specifically on chemical management in
PHC settings. This gap underscores the need to
derive strategies from broader healthcare contexts,
particularly hospital settings, where practices and
guidelines are more extensively documented.

Given the limited references specific to
PHC, strategies for improving chemical storage and
handling in these settings are often adapted from
best practices established in hospital settings. These
recommendations provide valuable insights that can
be tailored to the unique needs and operational
constraints of PHC facilities. By integrating these
evidence-based practices, PHC settings can enhance
chemical safety, protect healthcare workers and
ensure efficient healthcare delivery.

Regular Monitoring and Risk Assessments

- Chemical Inventory Management

Establishing an inventory system to monitor
chemical substances, their storage sites and related
hazards is fundamental to proficient chemical
management. Such systems ensure comprehensive
surveillance of all substances, hence decreasing the
risk of mismanagement, inadvertent mixing, or
undetected spillage. By preserving comprehensive
documentation, PHC facilities can adhere to
regulatory standards and respond efficiently to
emergencies.?*?3

Safe Physical Storage Practices

This strategy focuses on ensuring that chemicals are
stored in physically appropriate and hazard-specific
conditions to prevent chemical reaction,
contamination or environmental harm.

- Segregation based on Properties

Chemicals must be kept following their physical
properties (e.g., reactivity, state and volume) and
intrinsic hazards (e.g., flammability and toxicity) as
specified in their safety data sheets (SDS).
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Appropriate  segregation = mitigates chemical
reactions and diminishes the risk of fires or harmful
exposures. This practice is pertinent for PHC
settings, since constrained storage capacity may
heighten the risk of inadequate storage.?

- Clean and Suitable Storage Facilities

Storage spaces and tanks must be kept clean and
devoid of chemical residues. PHC facilities must
adhere to specified criteria for each chemical,
including temperature regulation, ventilation, and
spill containment mechanism, to mitigate risks
associated with long-term storage. Storing
flammable chemicals in fire-resistant cabinets can
substantially improve safety.2¢

Training and Education

- Comprehensive Training Program

Healthcare workers necessitate ongoing training in
safe handling practices, the use of personal
protective equipment (PPE) and emergency
response protocol. This training provides healthcare
workers with the expertise and competencies
required to mitigate risks and respond efficiently in
the event of an incident. This approach has
demonstrated reduced incidents and enhanced
healthcare workers’ trust in managing hazardous
chemicals.?’8

- Guidance Material

Clear and accessible guidance materials on chemical
hazards and safe-handling procedures must be
established and disseminated. Visual aids, such as
posters and infographics, can reinforce important
safety alerts and function as immediate references
during incidents.?’?

Use of Personal Protective Equipment (PPE)
Ensuring the regular use of suitable PPE, including
gloves, masks, and water-resistant gowns, is
essential for reducing exposure to dangerous
chemicals. Systematic audits and evaluations can
enhance PPE adherence among healthcare workers,
fostering a more secure workplace.?

Incident Management and Response

- Preparedness and Response Plans

Establishing and consistently revising chemical
incident management plans to ensure timely and
efficient reactions to chemical incidents in PHC.
These plans must encompass protocols for first
responders, evacuation procedures and
decontamination techniques. Routine training can
improve readiness and decrease response times
during real incidents.?’

- Spill and Leak Management

Established protocols for the management of
chemical spills and leaks are essential to avert
exposure and contamination. Spill kits containing
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absorbent materials, neutralizing agents and
disposal containers must be easily available in all
storage spaces.”®

Inventory Organization and Storage Efficiency
This strategy emphasizes systematic inventory
structuring, labeling, and storage workflows to
reduce human error, support safe handling, and
enhance  operational efficiency in PHC
environments.

- Standardized Storage Practices
Implementing systematic organizational techniques,
including labeling, shelving, and categorizing

chemicals by hazard classification, will enhance
safety and efficiency in storage environments. This
method reduces the likelihood of inadvertent mixing
and ensures rapid access in incidents.>°

- Minimizing Storage Time

Using smaller storage systems and adopting a “first-
in, first-out” approach helps avert prolonged
chemical storage, hence mitigating degradation and
enhancing safety. This approach lowers waste and
enhances cost efficiency in resource-limited PHC
settings.?® Table 3 presents the compilation of
strategies for chemical storage and handling in PHC
settings.

Table 3 Strategies of Chemical Storage and Handling in PHC Settings

No. Strategies Description Author
L. Regular Monitoring and Risk Assessments  Track chemicals and their hazards for Kuzmina et al. 2022
- Chemical Inventory safety and compliance. Gibbs 2005
Management
2. Safe Physical Storage Practices Segregate chemicals by properties and Kuzmina et al. 2022
- Segregation based on maintain  clean, hazard-specific King 2005
Properties storage environments.
- Clean and Suitable Storage
Facilities
3. Training and Education Provide a comprehensive training Henn etal. 2015
- Comprehensive Training program and guidance material. Chang 2011
Program
- Guidance Material
4. Use of PPE Ensure consistent use of appropriate Henn et al. 2015
PPE.
5. Incident Management and Response Plan Develop and update incident Goode etal. 2019
- Preparedness and Response preparedness and response plans, Henn etal. 2015

Plans
- Spill and Leak Management

including spill and leak.

6. Inventory  Organization and Storage Implement labeling, shelving, and Wheeler et al. 2021
Efficiency stock rotation systems to optimize King 2005
- Standardized Storage safety and reduce storage duration.
Practices
- Minimizing Storage Time
CONCLUSION reputational damage. Incidents such as chemical

This narrative review highlights the importance of
effective chemical storage and handling practices in
PHC settings. While PHC facilities are fundamental
in providing accessible and comprehensive care to
the populations, the use of a wide range of
chemicals, particularly disinfectants, diagnostic
reagents, and pharmaceuticals, is essential for
routine operations. However, this increased reliance
on chemicals also introduces significant risks that
must be carefully managed.

Improper chemical storage and handling
can lead to various health-related consequences,
including acute effects such as respiratory distress,
skin and eye irritation, and chemical burns, as well
as chronic conditions like cancer and respiratory
illnesses. Non-health consequences include service
disruptions, regulatory = non-compliance  and
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spills, leaks and exposure events underscore the
need for robust management practices.

Although some regulatory frameworks
exist, their implementation and enforcement remain
inconsistent in PHC contexts, especially when
compared to hospital settings. This review has
drawn on broader healthcare evidence to identify
practical, adaptable strategies for PHC, including 1)
regular monitoring and risk assessments, ii) safe
physical storage practices, iii) training and
education, iv) use of PPE, v) incident management
and response plan, and vi) inventory organization
and storage efficiency.

Future research and policy planning should
emphasize the development of PHC-specific
evidence and solutions to address these gaps and
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improve the safety and efficacy of chemical storage
and handling in PHC settings.
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