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Abstract: Injection molding is one of the fundamental processes used in the processing
of widely utilized engineering materials, such as polymer materials. The injection molding
method is commonly employed in the processing of both thermoplastic and thermosetting
polymers. Despite the various technical measures implemented by manufacturers to
mitigate risks to operators and the environment, injection molding machines still present
potential hazards that could lead to accidents. This paper will describe the hazards
associated with operating injection molding machines, as well as the preventive measures
used by designers and those involved in the injection molding process. In the context of
material modification, particularly polymer materials, injection molding plays a crucial role
not only in shaping components but also in modifying the material properties. The ability
to modify polymers during the injection molding process, such as through the inclusion of
additives or reinforcements, allows for the creation of materials with enhanced mechanical
properties, thermal resistance, or other desired characteristics. The safe and efficient
execution of these processes requires a thorough understanding of both the material
behavior and the potential operational hazards associated with the molding machines.
This paper will also touch on how these material modifications impact the safety protocols
and preventive measures in place to ensure smooth operation.
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1. INTRODUCTION

The development of the global economy in recent years has been characterized by rapid
change. This phenomenon has created a range of new, often challenging issues for
companies, requiring them to be highly adaptable. Many industries, including the plastics
industry, have undergone significant transformations in recent years (Traczyk, 2023).
Particularly stringent changes have occurred in the field of occupational health and safety
management. Over time, approaches focused solely on addressing the consequences
have gradually been replaced by those centered on prevention and the creation of proper
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working conditions. As a result, the field of occupational health and safety has gained an
increasing number of supporters and is developing rapidly. This is because more and
more manufacturing companies are recognizing the benefits of a rational approach to
these issues (Lis et al., 2024). There is also growing awareness among managers that
simply producing quality products is not enough to attract customers. It is equally
important to address other aspects of manufacturing, such as occupational health and
safety, which can play a crucial role in the customer's decision to establish a partnership.
This is because, to a large extent, workplace safety is closely linked to the overall
production conditions within a company. The level of safety depends on the company's
resources—human, financial, technological, and material. An effective system for
collecting and processing information is essential for making informed decisions to
improve health and safety based on collected data. Effective decisions are rooted in data
and information analysis.

The plastics industry, despite the odium caused by media arguing for "green policy", is
still of growing importance, as it is associated with both lower energy expenditure in
production than in the metal industry and provides practical means of reducing pollution
with heavy metals (Radzyminska-Lenarcik and Ulewicz, 2015; Radzyminska-Lenarcik and
Ulewicz, 2019). It also supplies materials that, by modifying physical and chemical
properties, significantly improve medical products, including orthopedic products (Wojnar
et al., 2019; Jasiewicz et al., 2021) and implants (Dudek and Kolan, 2010; Dudek, 2011).
However, plastics, to effectively compete with metal materials (Ulewicz et al., 2013;
Szczotok et al., 2017; Markovic et al. 2021), require careful design in terms of strength,
especially in the case of composites (Wronska et al., 2019; Krysiak et al., 2020). They
then become a convenient and cheap material both in construction (Orman et al., 2022)
and in railways (Radek et al., 2019), which, however, requires careful education of
engineering staff (Radek et al., 2023) and supporting systems also (Dwornicka and
Pietraszek, 2018).

This paper characterizes the plastics industry and the occupational health and safety
management systems in polymer materials processing enterprises. It also discusses the
plastic injection molding process and the hazards associated with operating processing
machinery. Preventive measures to improve occupational safety, both in the design and
operation of injection molding machines, are also outlined.

2. CHARACTERISTICS OF THE PLASTICS INDUSTRY
The term "plastics industry" is commonly used to refer to the broader polymer materials

industry. It encompasses various sectors, with the main ones being grouped into four
categories: 1) the production of plastics (including manufacturers of additives, polymer-
based composite blends - compounders, and distributors), 2) the processing sector, which
produces semi-finished and finished products made from plastics and rubber, 3) the
manufacturing of processing equipment and accessories, and 4) recycling (Fig. 1).



System Safety: Human - Technical Facility - Environment 6(1), 2024 322

PLASTIC INDUSTRY

\ !—‘

PLASTICS PRODUCTION PLASTICS PROCESSING
- - ! PRODUCTION OF
producers of additives segment which produces semi- PROCESSING EQUIPMENT RECYCLING
compounders, finished and finished plastic and AND ACCESSORIES
distributors rubber products

Fig. 1. Division of the plastics industry

Global plastics production in 2022 exceeded 400 million tons and was 1.6% higher than
in 2021 (Fig. 2).

2018 370,5 Mt

2019 379,8 Mt

2020 + 380,4 Mt

2021 394,0 Mt

2022
400,3 Mt

Fig. 2. World plastics production 2018+2022 Source: (Plastics — the fast facts 2023, Plastics
Europe Enabling a sustainable future)

In contrast, a downward trend was observed in EU countries: plastics production in 2022
decreased by 3.45%. In 2021, it was 60.8 million tons, while in 2022, it fell to 58.7 million
tons. In recent years, the position of Asian countries, led by China, has significantly
strengthened. In 2022, China's share of global production was 32%, or 128 million tons.
Despite this, Europe, with a global market share of 14% (56 million tons), remains a major
player. Germany dominates the European market in terms of demand for plastics and
plastic products. Poland, with a demand accounting for 7.7% of the European market,
ranks sixth, behind Germany, Italy, France, Spain, and the United Kingdom. Compared to
the rest of Europe, the Polish plastics industry is developing at a good pace. Despite the
clear decline in 2020 due to the COVID-19 pandemic, by the end of 2021, the growth in
production was at a high level. Unfortunately, as of 2022, due to the war in Ukraine and
the resulting energy crisis in Europe, the production of plastic products has remained
stagnant, with a downward trend. Low global economic indicators have contributed to a
reduced demand for plastic products. The plastics processing segment is the largest and
fastest growing segment of the plastics industry. The main areas of plastics processing in
Poland are the production of packaging (containers, bottles, boxes, plastic packaging),
the production of pipes and profiles (for use in construction), the production of products
for the automotive industry, and the production of cables (Fig. 3).
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Fig. 3. Main fields of application of plastics in Poland Source: (Raport PlasticsEurope
Polska, 2020)

The production of plastics involves the intensive processing of polymeric materials,
leading to the creation of products or semi-finished goods. According to statistical data
(Statistical Yearbook of the Republic of Poland, 2023), in 2022, the plastics and rubber
processing industry employed 237,500 people. It was the third largest industrial sector in
terms of employment, after the production of food products (431.6 thousand people) and
the production of metal products (374 thousand people).

The equipment used in plastics processing (such as injection molding machines,
extruders, etc.), despite modern design solutions aimed at preventing risks to both
operators and the environment, still creates situations that pose various accident hazards.
During the injection molding process, the most common causes of accidents include
human error, crushing by transported materials, contact with moving sharp tools, being
struck or grabbed by machinery, and burns from contact with hot plastics and surfaces.

Table 1
Accidents at work in the plastics and rubber processing sector
Research Number of accidents
period total fatal heavy with different results
2018 2688 1 18 2669
2019 2741 1 11 2729
2020 2112 1 30 2081
2021 2239 3 12 2224
2022 1928 0 14 1914

Source: (Accidents at work, GUS, 2019+2023)

Statistics from the Central Statistical Office (CSO) show that 1,928 workers in the plastics
and rubber processing sector suffered accidents at work in 2022 (Table 1). Unfortunately,
an analysis of the data in Table 1 reveals that workplace accidents in plastics processing
are quite common. Comparing the data from 2018 to 2022, it is evident that approximately
two thousand accidents occur annually in the industry. Therefore, when using and
operating machinery, it is crucial to implement measures that improve safety and working
conditions.
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3. HEALTH AND SAFETY MANAGEMENT SYSTEM IN PLASTICS ENTERPRISES
The basic definition of safety, as found in the Polish language dictionary, is: “Safety is a

state of non-threat, calmness, certainty. Occupational safety and health (OSH), on the
other hand, refers to a set of conditions that ensure the elimination or maximum reduction
of the negative impact of the working environment on the worker’s body” (Dictionary of the
Polish Language, 1994). According to A. Maslow’s hierarchy of needs, safety is one of the
basic human needs, and only when a person’s safety needs are met can they focus on
higher-order needs. Employers should keep this in mind, as employees are more likely to
perform their tasks effectively in an environment free from fear and uncertainty. The
traditional instrument used by employers to improve the safety and health protection of
employees is legislation. One key piece of legislation essential for the management of
occupational health and safety in organizations across the European Union is the
Framework Directive 89/391/EEC, which introduces measures to encourage
improvements in the safety and health of workers at work. The provisions of this directive
are reflected both in the Labor Code and in a number of accompanying implementing acts.
Accordingly, employers, in addition to complying with these regulations, must also actively
participate in the creation of a safe and healthy work environment through the use of
various preventive measures. The primary objective of the occupational health and safety
management system in plastics companies is to continuously improve performance in the
area of occupational health and safety, particularly in preventing workplace accidents and
work-related illnesses, and to ensure healthy and safe working conditions. An important
role in this process is played by standards that address occupational health and safety
management in a systematic way, facilitating the implementation of measures that lead to
improved working conditions. Currently, ISO 45001:2018 plays a key role in promoting
and implementing OSH management systems. The model of an OSH management
system according to this standard is shown in Fig. 4. This standard outlines the
requirements and guidelines for an OSH management system, and its Polish version (PN-
ISO 45001:2018-06) was published in 2019.

External issues [Context of the organisation] Needs and expectations
and internal l of stakeholders
_—-_-M—___*__--’ /

Planning ﬁ

Leadership and employee Support and functioning
participation )

' ™
Assessment of results Q_I
r A

Expected exits
Fig. 4. Occupational health and safety management system model according to PN-ISO
45001:2018-06.

An enterprise's occupational safety management system is a comprehensive set of
interconnected elements that work closely together at all levels (Pawtowska and Sktad,
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2019). It should be characterized by a well-secured and properly supervised technical
infrastructure, clear documentation, and a committed workforce. Adequate working
conditions, including employee safety, are key elements of a well-functioning enterprise.
Implementing an occupational health and safety management system in accordance with
current standards enables more effective management, ensuring ongoing compliance
with legal requirements and facilitating monitoring in the field of occupational health and
safety. These activities directly contribute to the measurable reduction of losses in this
area and allow for the assessment of the effectiveness of applied organizational solutions
in hazard identification, as well as in the prevention and reduction of occupational risks.
These elements are particularly important in plastics industry companies, where specific
activities are associated with numerous hazards and high occupational risks. Therefore,
it is crucial to continuously monitor processes, detect irregularities early, and focus on the
ongoing improvement of the occupational health and safety system.

4. CHARACTERISTICS OF THE INJECTION MOLDING PROCESS
Plastic injection molding is a cyclic process used to manufacture products from polymeric

materials. The process involves heating a specific plastic (usually in the form of granules,
though less commonly in chips or powder form) to a temperature at which plasticization
occurs. The plasticized material is then subjected to pressure, causing it to flow rapidly
(injection) into the mold cavity. The cavity of the injection mold replicates the shape of the
part to be produced. After injection, the plastic solidifies as the temperature drops. Once
the plastic has solidified, the finished part (molded product) is removed from the mold, and
the process cycle begins again. Injection molding is one of the primary methods used to
process plastics (Gérska and Caban, 2021). It is primarily used for thermoplastics,
although it can also be applied to the processing of duroplastics. This method is employed
to produce both small, simple parts (mass < 1 mg) and larger, more complex components
(mass > 10 kg) with precise shape and dimensional requirements.

Injection molding machines, which serve as production equipment, are multifunctional,
highly complex, and precise devices. While the design of different types of injection
molding machines is similar, they may vary depending on the specific requirements of the
manufacturing process (Fig. 5).
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Fig. 5. Injection moulding scheme: A- plasticizing system, B — tool layout,
C - drive system. 1 — movable part of the form, 2 - movable injection molding table,
3 - stationary part of the form, 4 - stationary injection molding table (Sikora, 1993)
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There are two basic functional units in an injection molding machine: the plasticizing-
injection unit (which includes the piston and screw) and the clamping unit. The clamping
unit primarily consists of the injection mold and auxiliary components. The injection mold
itself is a tool (fixture) that is individually designed and manufactured for each component
to be produced; it is not an integral part of the injection molding machine (Koszkul et al.,
2010). Injection molds are highly complex tools, weighing anywhere from tens to hundreds
of kilograms. An injection mold is made up of two subassemblies (plates): one attached
to the moving platen of the injection molding machine (the moving subassembly) and the
other attached to the stationary platen (the stationary subassembly). During the injection
molding process, the two halves of the mold are closed with a very high force, ranging
from tens to thousands of tons. This high closing force prevents the mold from separating
when molten plastic is injected into it at high pressure, typically ranging from tens to up to
300 MPa.

5. HAZARDS ASSOCIATED WITH OPERATING MACHINERY DESIGNED FOR
INJECTION MOLDING
A hazard is defined as a potentially dangerous factor or situation that can cause injury,

illness, property damage, environmental damage, or a combination of these outcomes.
According to Polish standards, a hazard is any condition in the work environment that has
the potential to cause an accident or iliness (Polish Standards, 2004). Factors present in
the work environment—stemming from the work process and related to the performance
of tasks—constitute the so-called working conditions. In plastics processing, two groups
of workers can be distinguished: operators (those who directly operate machinery) and
service technicians (specialists responsible for maintenance and repair activities). For
both groups, it is essential to ensure a high level of safety in their work. Identifying the
hazards present in the work environment is crucial for accurately assessing occupational
risks and selecting appropriate measures to eliminate or mitigate these risks. Despite the
legal regulations in place regarding safety and occupational health (Ordinance of the
Minister of Economy, 2002), plastics processing continues to be associated with an
increased risk of injuries and occupational diseases. The primary sources of factors
leading to accidents in this sector are production and auxiliary machinery, such as
injection molding machines, extruders, and similar equipment. The main hazards during
the operation of an injection molding machine are mechanical, particularly those related
to moving parts of the machine, and especially the moving mold components. These
hazards can be mitigated with appropriate safety systems. Moving machine parts can
cause accidents, such as impacts, crush injuries, or contact with sharp, moving tools.
Workers operating injection molding machines may also be exposed to hot surfaces (e.g.,
the heated cylinder in the injection system, heating elements of the injection molding
machine) or to contact with hot granules (Frymus and Babicz, 2017). Moist granules fed
into the injection molding machine can cause thermal burns or eye injuries. Some plastics
(e.g., POM or PVC) undergo chemical degradation after the injection molding process,
releasing harmful and toxic gases (such as HCI and formaldehyde), which can cause
respiratory allergies or skin irritation (Iwko, 2010). The causes of various types of hazards
during the injection molding process can also include high pressures from working fluids,
electricity, and noise generated by operating machinery. In many plastics processing
plants, due to modern demands for high production efficiency, it is essential to ensure that
machines are maintained in a state of readiness (Przybylinski, 2014). Interruptions in
machine operation, caused by malfunctions or the need for lubrication and maintenance,
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not only result in financial losses for the company but also create situations that pose risks
to the health and safety of employees performing maintenance and repairs. These
employees are often required to carry out their tasks under time pressure, in high-risk
environments, with active hazards present and safety devices either disabled or blocked.
Preventive Measures Used by Designers and Injection Molding Process Operators
Injection molding machines used in plastics processing, despite the many technical
measures implemented by manufacturers to ensure a high level of safety, still present
situations that can lead to various accident hazards. Plastics processing should involve
the use of appropriate machinery, installations, and equipment designed to reduce the
risk of accidents and near misses, with systematic controls to ensure compliance with
occupational safety and health (OSH) requirements during operation. Even at the design
stage of processing machines (such as injection molding machines), hazards can be
significantly reduced by employing optimal design solutions, planning the use of protective
devices (e.g., guards, safety mechanisms), and integrating additional safety measures
(e.g., emergency stops, signaling, and visualization devices) (Przybylinski, 2014).
Ensuring safety during the operation of injection molding machines is primarily achieved
by adhering to the manufacturer's instructions for machine use and operation.

To reduce the level of risk during the operation of plastic injection molding machines,
preventive and precautionary measures are implemented. These measures include
ensuring the proper technical condition of the machines by following the maintenance
schedule and performing corrective actions as soon as a defect is detected. Maintaining
order in the workplace, using personal protective equipment (such as boots, work clothes,
and protective gloves), and observing working hours all contribute to improving
occupational safety. A key strategy to prevent machine hazards is to promote safe
behavior among employees (Iwko, 2010). Employers who intensify training efforts for
machine operators and increase managerial supervision of occupational health and safety
play a significant role in raising the overall safety culture within the plant (Przybylihski,
2014).

6. SUMMARY

Efficient and safe operation of injection molding machines is a primary goal for any
manufacturer. Therefore, special attention must be given to various aspects of the work
process and safety concerns. Injection molding machines are technologically complex
devices. Because they contain moving parts of significant weight, use various working
media such as water and oil, and have components that are heated to temperatures
between 200+400°C, they incorporate a variety of electrical and mechanical safety
systems. These systems are designed to protect operators from injury, as well as to
safeguard both products and machines from damage. The most important regulations
governing operations in the plastics processing industry can be found in directives and
decisions issued by European Union institutions related to product standards,
occupational health and safety, and environmental protection.
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