Issue 19-July-Dec 20
ISSN No. 1985-4¢

iL;==t

INSTITUTE OF TROPICAL FORESTRY AND FOREST PROD, ‘*““f”‘

f—'

Centre of R&D |n Troplcol Biocomposite and Bioresource Mcmogement

Safety, Health and Environmentiin the
Blocomp05|te Industry, |




® Assoc. Prof. Dr. Zaiton Samdin
(Bioresource Management)

* Prof. Ir. Dr. Mohd Sapuan Salit
(Biocomposite Technology)

Assoc. Prof. Dr. H'ng Paik San
e (Biopolymer and Derivatives)

Dr. Mohammad Jawaid
e (Natural Fiber Composite)

* Dr. Syeed Saiful Azry Osman Al Edrus
* Dr. Lee Ching Hao

* Ana Salleza Md Salleh

*® Dr. Ahmad Adlie Shamsuri

e Dr. Mohammad Asim Khan

I TRMPica

EDITORIAL BOARD

Manufacturing safety is important
to prevent or lessen the risk of
workplace injury, illness and death.
Injuries to employees may also
create significant worker's
compensation and medical
treatment costs. The organization
has to take time to investigate the
injury and to manage the costs of the injury including
finding and training a replacement for the injured worker.

In any industry, precautions must be taken to ensure the
safety of employees. In the biocomposite manufacturing
and relevant industries, hazards relate primarily to the
toxicity of the materials used and the improper use of
Personal Protective Equipment (PPE). Chemicals used like
resins, especially in wood composited manufacturing, is
an essential component of composite structures. The
most commonly used resins are polyesters epoxies and
vinyl esters, in addition to more exotic resins such as
Phenolics, Bismaleimide and Polyimide. Each of these
resins pose a health risk to the worker. All persons working
with resins need to be aware of the health and exposure
risks associated with each type of material they are
working with; focusing primarily on the skin, lungs, and
eyes. It is mandatory to wear the proper PPE at all times
when working with any resin system. The main concern
with fiber reinforcements is the irritation caused by direct
contact with the skin. Fibers that lodge into skin pores can
be exceptional irritants. it is important to wear the
appropriate PPE and educate workers in the proper use of
the materials.

Composite machinery being used every day without issue can lead to complacency or cut corners when it comes to
safety. But an improperly installed safeguard can be just as dangerous to employees, if not more, because an incident
can happen at any time during normal operation. While servicing composite machinery and other components in the
manufacturing industry, the correct procedures must be executed to ensure accidental start-up and energy discharge
do not happen. Technicians are especially vulnerable when working deep within machinery, so there must be absolute
certainty that warning signs, lockout safeguards, and employee warnings are distributed.

It is important to train technicians working with composite materials in the health effects of improper exposure to
fibers and chemical compounds. Health risks of working with composites are significant. Other factors such as
housekeeping, employee involvement, manager training, and more also contribute to a safe work environment.
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22> ABSTRACT

Design for safety in the development of biocomposite
products is presented in this article. The design for safety
general guidelines proposed by some experts s
implemented. Four design for sustainability guidelines were
used in the development of three biocomposite products,
i.e. safety helmet, PUTRAFrame and multi-purpose table.
The guidelines of design for safety were successfully applied
in these products.

KEYWORDS: Safety; Biocomposites; Conceptual design;
Ergonomic design; Biodegradable

22> INTRODUCTION

Product designers design biocomposite products following
design of traditional composite product design procedures.
To the author’s knowledge, no publication that publishes
exclusive design procedures on biocomposite products is
available yet. Design for safety is one of the elements of
design for manufacturability (DFM). Designer considers
issues related to manufacturing at the outset of product
development process. (Sapuan, 2017). It is a concurrent
engineering approach in product development. Safety is one
of the primary considerations in the product development
process. Figure 1 shows three important aspects of design
for safety (Dieter and Schmidt, 2009).

following design of traditional composite product design
procedures. To the author’s knowledge, no publication that
publishes exclusive design procedures on biocomposite
products is available yet. Design for safety is one of the
elements of design for manufacturability (DFM). Designer
considers issues related to manufacturing at the outset of
product development process. (Sapuan, 2017). It is a
concurrent engineering approach in product development.
Safety is one of the primary considerations in the product
development process. Figure 1 shows three important
aspects of design for safety (Dieter and Schmidt, 2009).

® 1.DESIGN THE PRODUCT SAFE, ALL HAZARDS OUT OF THE PRODUCT
2. IF CANNOT DESIGN SAFE PRODUCT, THEN DESIGN IN PROTECTIVE
DEVICE TO MITIGATE HAZARD (E.G. AUTOMATIC CUT-OFF SWITCHES)

@ 3. IF STEP 2 CANNOT REMOVE ALL HAZARDS, THEN WARN THE USER
wasK OF THE PRODUCT WITH APPROPRIATE WARNINGS ( LIKE LABELS)

REGUIR

FMERGENCY
SHUT-OFF

SWITCH

Figure 1: Three important aspects of design for safety

22> DESIGN FOR SAFETY IN BOCOMPOSITE
PRODUCT DEVELOPMENT

This article presents design for safety in biocomposite
product development. This article discusses four rules of
design for safety given by Bralla (1996) (See Figure 2).

DESIGN FOR SAFETY GUIDELINES FOR BIOCOMPOSITES

Ergonomic design
The use of painting and surface finishing

materials complying with OSHA regulations
Designing the product so it is easier to use
safely than unsafely

Thoroughly testing prototypes to reveal any
hazards overlooked in the initial design

Figure 2: Design for safety guidelines for biocomposites

22> ERGONOMIC DESIGN: SHARP EDGE
AND CORNERS

There is strong correlation between good ergonomic design
and safe design. One of good ergonomic design elements is
to avoid sharp edges and corners. PUTRAFrame is one of the
products developed at INTROP, Universiti Putra Malaysia
(UPM). Designers design PUTRAFrame with the concept of



minimalist, sleek, ergonomic and versatile. PUTRAFrame
has no sharp edge and corner to ensure ergonomic design
(Figure 3). PUTRA Frame retains the original natural colour
of kenaf fibre reinforced high density polyethylene (HDPE)
composites. It is brown in color resulted from kenaf core
fibres used in the formulation of the pallets.

Figure 3: PUTRAFrame: Sharp edges and corners are avoided

It is not only for safety reason, as far as fabrication process is
concerned, sharp edges and corners/radii are not desirable
because as a rule they should be made as generous as
possible as sharp edges can concentrate stress during
composite fabrication process (Murphy, 1994).

32> PAINTING AND FINISHING FOLLOWING
OCCUPATIONAL SAFETY AND HEALTH
(OSH) REGULATIONS

UPM researchers also developed biocomposite multi-pur-
pose table and safety helmets. Unlike PUTRAFrame, these
products involved painting and finishing processes (Figure
3). In one of the studies, finishing processes used in
biocomposite products include gel coat, and sprays. Four
types of sprays were used; plastic primer, putty primer, clear
spray, and black colour spray. Sand paper was used to
remove gel coat excess. The finished surface was tested for
surface roughness, and scanning electron microscopy to
detect any surface defects (Nurul Nathirah, 2019). Painting
of biocomposite products is important to achieve
aesthetically pleasing finish (Figure 5). It has been ensured
that all these activities were conforming to OSH regulations
(Legal Research Board, 2019).
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Figure 4: Painting and finishing processes of biocomposite
products

Figure 5: Biocomposite tables painted in different colours

>>> DESIGNING THE PRODUCT SOITIS
EASIER TO USE SAFELY THAN UNSAFELY

It is customary with the design of biocomposite products to
consider the design in safe way. Design involved material
selection. Selecting material, which is biodegradable
facilitates safer use of products. Some non-biodegradable
materials may be unsafe for marine creatures (Sapuan,
2019). It is safer to use biocomposites than glass or carbon
fibre composites in automotive interiors during crash.
Biocomposites did not form sharp-edge fracture, thus
providing safety to passengers.

(https://www.businesswire.com/news/home/
20171002005936/en/).



22> THOROUGHLY TESTING PROTOTYPES
TO REVEAL ANY HAZARDS OVERLOOKED
IN THE INITIAL DESIGN

Multiple preproduction versions of biocomposite products
were fabricated for testing and refinement. In this case the
products are safety helmets for palm oil plantation workers.
These versions are called early (alpha) prototypes. Alpha
prototypes were fabricated with production-intent parts
(Figure 6 a,b). They are the parts having exactly same
product geometry and material properties intended for the
final production process of the products. However it is not
necessarily fabricated using the actual processes to be used
in production (Ulrich and Eppinger, 2004). In this case, alpha
prototypes of safety helmets were fabricated using hand
lay-up process but in the actual production, resin transfer
moulding (RTM) or compression moulding process may be
used. Figure 6.c shows testing of alpha prototype of
biocomposite helmet. Through a series of testing, effective
product refinements can be achieved. One of the reasons
for the testing and refinement is to reveal any hazards
overlooked in the initial design.

Figure 6: Alpha prototype of biocomposite helmet and its testing
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33> ABSTRACT

During the covid-19 pandemic period, high practice of
personal hygiene is recommended. Disposable plastic
products are applied in order to avoid the contamination of
viruses. Unfortunately, this had brough back the nightmare
of plastic pollution. In this short review, the introduction of
kenaf fibre reinforced biopolymer composites as an
environmental leverage shall be discussed. The improved
performance from the kenaf fibre reinforcement has widen
the applications of biopolymer composite. In this short
review, it acts as an awareness that the usage or
replacement of kenaf fibre reinforced biopolymer
composites have actually helped to mitigate severe
environmental condition we are facing now.

32> INTRODUCTION

As the world suffered from covid-19 pandemic, personal
hygiene is priority in daily activities. The use of single-use
mask, single-use glove has increased dramatically in past few
months and expecting high usage volume for the remaining
months in 2020. About 85% of Malaysia citizens wearing face
masks when in public area in a survey conducted on 25th of
May 2020 [1]. Besides, high practice of personal hygiene has
brought back the nightmare of plastic pollutions as use of
single-use plastic was encouraged in standard operating
procedure (SOP) of many countries. A chef scientist at Ocean
Conservancy, environmental nonprofit based organization,
has claimed his worried that this pandemic pushes their
environmental effects back to 10 years back [2].

Hence, scientists are not only keen to develop vaccine but
also urge to find suitable plastic product replacements.
Biopolymers like PLA, PHA, and PBAT had introduced in the
market for a decade. However, direct applications are not
preferred by manufacturers due to higher raw biopolymer
cost and lower performances of biopolymer-made-products
[3]. Hence, scientists had reinforced fillers including natural
fibres, into biopolymer composite with an attempt of better
strength or specific properties enhancement. Diez-Pascual,
2019, has reviewed and summarized some previous charac-
terization studies on biopolymer composites and its cost [4].
In this short review, only kenaf fibre reinforced biopolymer
composite shall be discussed. How kenaf fibre reinforced
biopolymer composite can help in environmental leverage.

> KENAF FIBRE

Kenaf fibre is one of the famous used natural fibres with the
purpose of strength of enhancement for polymer
composites. Kenaf is the traditional crop in Thailand, certain
areas of Africa, India, and Bangladesh, and to a certain level
in Southeast Europe. It has been grown for over 4000 years
in Africa, and its parts have been used for animal diet, food,
handicraft manufacture, and fuel by inherent communities.
It can glow at a wide range of weather and Malaysia is one of
the plantation countries. Malaysia has allocated more than
2,000 hectares for kenaf cultivation and expecting USD 854
million revenue by 2025 [5]. Kenaf plantation brings variety
of economic and environmental benefits. All the
components of kenaf plant, fibre, seeds and leaves, are
provide specific applications. Kenaf single fibre provides 11.9
and 60 GPa of tensile strength and modulus, respectively.

Kenaf is one of the fast-growing annual crops. It cultivates
twice per year with 15-20 tonnes of dry weight per hectare,
including 20% of fibre contents [6]. On the other hand, high
photosynthesis rate of kenaf plant, is the first criteria as an
environmental leverage. It has a photosynthesis rate of 23.4
mgC02/dm2/h and it's about 2.7 times compared to
conventional tree (8.7 mgC02/dm2/h) [7]. Figure 1 shows
carbon dioxide absorption by kenaf plant and PLA
biopolymer, in order to moderates global warming issue.

Kenaf plant can grow in 3 months for 3-meter height and 3-5
cm diameter. Its stem constructed by 30 wt% of bast fibre
and 70 wt% of core fibres. Bast fibre is retted from phloem
bundles and provide strength to the stem. Bast fibre
provides highest strength reinforcement compared to other
natural fibres.
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Figure 1: carbon dioxide absorption by kenaf plant and PLA
biopolymer, in order to moderates global warming issue [6].




23> APPLICATION OF KENAF FIBRE
REINFORCED POLYMER COMPOSITES
AS ENVIRONMENTAL LEVERAGE.

There are plenty of studies on high performance kenaf fibre
reinforced biopolymer composites have been published.
Lee, 2018, have investigate the effect of kenaf fibre insertion
into Floreon biopolymer composite and the results
reviewed a better product’s flexibility and dimensional
integrity [8]. Other than this, rough surface of kenaf fibre
increase the adhesive bonding with matrix and facilitate
better stress transfer as a result from non-cellulosic
component removal on fibre surface. It has high potentials
to apply as active packaging material to reduce the usage of
conventional plastics that harm environment [9]. Besides,
Ranakoti et al, 2018, have pointed out the increasing tread
of natural fibre composites development in past 10 years
and numerous of natural fibre application in various
industries especially medical field, this is because medical
components required high hygiene practice, e.g. single-use
products [10]. Application of natural fibre in single-use
products will no stressed the pollution condition we
currently facing [11]. Mukherjee and Kao,2011, have
addressed the sustainability issue of biopolymer in their
comprehensive review [12]. Kenaf fibre is one of the famous
used natural fibres in PLA composites and one highlighted
discussed work show 286% of tensile strength
improvement. This magnificent outcome provides a huge
motivation to researcher on developing kenaf fibre
reinforced biopolymer composites. On the other hand,
kenaf fibre composite-made car-bumper-beam have been
fabricated. The analysis showed high fuel efficiency, higher
impact capacity and creating non-toxic smoke during fire
incident that could save human’s life as well as environmen-
tal friendly [13]. As better performances observed from
kenaf fibre reinforced biopolymer composites, it has high
favourite to substitutes conventional non-biodegradable
materials but remaining similar properties. This promotion
is then made it as an environmental leverage since
biodegradability of the biocomposite decompose itself after
a period of time. Threaten to marine life, saturation of solid
waste and global warming caused by non-degradable
plastic, could be solved out by applying or substituting kenaf
fibre reinforced biopolymer composites.

2>»>» CONCLUSIONS

High practice of personal hygiene is recommended
throughout the time of the Covid-19 pandemic. Disposable
plastic products are used to avoid virus contamination by
previous user. Unfortunately, this contamination prevention
has brought back the nightmare of plastic pollution. The
implementation of kenaf fibre reinforced biopolymer
composites as an environmental lever is agreed and applied
by previous studies. The improved performances of the
kenaf fibre reinforcement has widened its applications. In
this short review, it acts as a guidance to mitigate
environmental issue created by plastic pollutions, with the
use of replacement of kenaf fibre reinforced biopolymer
composites.
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32> BACKGROUND

Worldwide deforestation have created issue of wood
scarcity and demand of renewable materials are increasing
exponentially due to the demerits of synthetic materials.
New environmental regulations have tried to impose some
new parameters to composites manufacturers to avoid
synthetic polymers or materials [1]. In this condition, natural
fibres, non-forest materials (twigs, lower density wood)
tannin from trees and agriculture residue from field and
agro-industries are in high priority to the researches and
industries [2]. In development of biodegradable materials
such as plastics bags packaging products fiberboards and
particleboards, synthetic adhesive and polymers are
commonly used for daily usage [3].

In composite boards, adhesive is an essential component of
wood composite manufacturing and formaldehyde based
adhesives are the most common adhesives, widely used in
the industrial scale due to its desirable performance and low
cost [4,5]. Although, formaldehyde has been categorized as
carcinogenic and restricted to use in many developed
countries, it is still in practice due to non-availability of
suitable alternative [6]. The research and engineering
interest has been shifted from the above-mentioned
materials to new biobased resins due to environmental
concerns [7] and eventually to self-bonding boards, free of
synthetic adhesives [2,8]. A complete or partial replacement
of formaldehyde based adhesives with starch and protein is
also under intensive investigation [9,10]. However, the
technique to fabricate fiberboards without adhesives has
promising hope in prospect the economic as well as
environmental. The initiative for binderless fiberboards was
started around three decades before, when industrial waste
bagasse was used to prepare composite through self-bond-
ing technique [10] and a patent for the binderless
fiberboards fabrication for a pilot scale production [11].

Plastic bags are serious issue and play vital role in destruc-
tion of environment, it does not pollute the earth but also
marine lives. The annual production of petroleum-based
plastics was recorded as more than 300 million tons until
2015 [12]. During the manufacturing of plastic bags, the
emission of carbon and many other dangerous gases causes

environmental concerns [13]. Generally, polyethylene plastic
films, such as low-density polyethylene (LDPE) and high-den-
sity polyethylene (HDPE), are being used to produce a
variety of polyethylene plastic films, and the drawback of
this plastic is its non-degradability. Over 1000 million tons of
plastic were predisposed of as unwanted elements, and they
might take several hundreds of years to decay. The
percentage of plastics in municipal solid waste continues to
grow rapidly. When plastic wastes are dumped in landfills,
they interact with water and form hazardous chemicals, and
the quality of drinking water may also be affected [12].
Hence, efforts are taken to reduce the use of synthetic
plastics and to promote bioplastics. Biodegradable plastics
are made from starch, cellulose, chitosan, and protein
extracted from renewable biomass [14]. The development of
most bioplastic is assumed to reduce fossil fuel usage, and
plastic waste, as well as carbon dioxide emissions. The
biodegradability characteristics of these plastics create a
positive impact in society, and awareness of biodegradable
packaging also attracts researchers and industries [15]

»>»>» MANUFACTURING PROCESS AND
FUTURE PROSPECT

BINDERLESS FIBREBOARDS

Binderless fiberboards are manufactured through two
methods; wet-process and dry-process. In wet-process, the
water-distributed cellulosic fibers are pressed at high
temperature with or without adhesive. Thus, the hydrogen
bonding and lignin plasticizing are the only bonding forces,
formed during heating and drying processes of wet-process
[16]. In wet process, lower mechanical strength and poor
water resistance are the main disadvantage, along with the
waste of water in the process. In dry process, cellulosic fibers
are dried first followed by addition of resins and finally
pressed at curing temperature [16]. The industry follows
mainly dry-process manufacturing procedure with an
addition of synthetic resins. The raw material rich in lignin
and hemicelluloses are preferred for binderless fiberboards
preparation. The pretreatments such as steaming, chemical
or enzyme pretreatments modifies the fiber composition
which is believed to play an important role.in self-bonding.
Thus, the binderless boards manufacturing involves two
major processes: pretreatment followed by hot-pressing.
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BIO-PLASTICS

The bioplastic prepared from the corn and rice starches
have better biodegradability than the existing plastic
materials [17]. Addition of citric acid improves the shelf-life
of the material and improves the mechanical properties.
The average thickness of the bioplastics is 0.25 mm (250
microns). The average moisture content is 13.2%. The
solubility in water is 11.9%. The biodegradability of the
sample is 48.7%, and it is achieved in 15 days. The maximum
tensile strength of the bioplastics is found to be 12.5 MPa.
The water contact angle of 700 was obtained. From the
above test results, it can be concluded that bioplastics can
be used as packing materials and can be used as an
alternative to LDPE and HDPE plastic bags. Due to the
obtained properties of bioplastic, it would be interesting to
prepare polybags using this bioplastic with assumed lower
cost. Investigation of the hybridization of proposed starch
materials with other biomaterials, and with different
plasticizers, would be an interesting scope for this research

BIOCOMPOSITES

Coir Fibre(CF)/Pineapple leaf fibre(PALF)/PLA biocomposites
were prepared by melt blending in an internal mixer at 180
C temperature and 50 rpm speed for 10 min [18]. The
different weight percentages of CF and PALF in the PLA
hybrid composites have been studied. The mixed materials
were compressed in a hot press at 1800C for 10 min. After
compression moulding, the samples were quenched using a
water-cooled press and stored at room temperature before
biodegradability test.

The biodegradability of a lignocellulosic composite largely
depends on its polymer matrix, and the rate of
biodegradation depends on many environmental factors,
such as moisture, light (radiation), temperature, and
microbes. Biodegradation was evaluated by soil burial and
accelerated weathering tests. Changes in physical and
morphological properties were observed in the
biocomposites after weathering. It was found that the
degradation rate of PLA was lower than that of CF/PALF/PLA
biocomposites after 250 h of accelerated weathering shown
in fig. 1. The effect of weathering on the morphology of the
biocomposites was characterized by the formation of cracks
and fractures, increased surface roughness, and colour and
weight change as a result of degradation. Biocomposites
degrade after weathering through photo-radiation, thermal
degradation, oxidation, and hydrolysis.

o ' =
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Samples Unweathered 250hWeathered

PLA

Untreated
Biocomposites

Treated
Bincompaosites

S

Figure 1. Unweathered and accelerated weathered untreated
and treated biocomposites [18]

Water enhances the rate of degradation through the swell-
ing of fibre, which leads to further light dispersion. The soil
burial tests imply good biodegradability of the CF/PALF/PLA
biocomposites. All the biocomposites showed weight loss
and gradual degradation with burial time. The percentage
weight loss in all the biocomposites was linearly related with
the number of days of soil burial. The alkali treatment led to
reduced hydrophilicity in fibres and, hence, less moisture
absorption by the biocomposites from the soil, ultimately
leading to slower degradation of the biocomposites with
surface-modified CF and PALF. From this study, we can
conclude that untreated CF/PALF/PLA biocomposites would
be a more favorable choice owing to their better biodegrad-
ability and are suitable for the suggested biodegradable
food packaging applications
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22> INTRODUCTION

More than 5000 workers are employed in the laboratories in
UPM. Laboratory workers such as Science Officer (SO),
Assistant of Sciences Officer (ASQO) and Lab Assistant (LA) are
the important person who conducts the laboratories.
Laboratory workers are exposed to the numerous hazard
including chemical, biological include viruses, bacteria,
insect, animals, physical, safety, ergonomic and
psychosacial.

The Occupational Safety and Health Management Office,
UPM (PPKKP), established at UPM on August 1, 2009 was to
carry out its main function ensuring compliance with the
Occupational Safety and Health Act 1994 (Act 514) and the
Atomic Energy Licensing Act 1984 (Act 304) and related laws
and regulations, including conducting occupational safety
and health inspections at the workplace / Responsible
Centre (PTJ), conducts accident research and accident
studies, hazardous events, occupational toxicity and
occupational diseases, designs, provides and implements
appropriate occupational safety and health training
programs in matters pertaining to occupational safety and
health management at the university and issue instructions
about it. PPKKP is the existence of two highly committed and
responsible sections, namely the Administration and Quality
Section and the Operations and Services Section assisted by
the First Response Team Unit. All institute and faculties used
PPKKP as a guideline and references. For reminder and
practices PPKKP will do inspection and audit yearly to each
faculties and institute.

32> CREATE A SAFETY WORKPLACE

Laboratory safety is the rules that are used in every lab to
keep everyone including researchers and students safe.
Proper lab rules are important to keep people getting hurt.
To make the workplace comply all the rules, first we must
make sure our workplace is safe to work. There are many
steps to safe and healthy workplace such as develop a
system for organizing safety and health efforts, know your
responsibilities, know the laws and regulations for the work

you do, address specific workplace hazards and have regular
safety meetings and find out the best solutions to safety and
health problems. As a worker it is our responsibility to know
and follow all lawful employer safety and health rules and
regulations and wear or used required protective equipment
while working. Workers should report hazardous to the
employer and report any job-related injury or illness to the
employer, and seek treatment promptly. Workers should
comply with all applicable OSHA and safety standards.

32> LABORATORY SAFETY

Safety awareness in the lab starts with familiarising yourself
with all equipment and correct procedures before
commencing work. Rules and regulations will vary from each
lab, but some of the basic safety awareness measures
include: to any unsafe equipment so action can be taken as
soon as possible. Institute must lead and coordinated
departmental safety effort. It will involve the
implementation of a chemical hygiene plan for safe chemical
handling, storage, and disposal of chemical. Eye wash and
showers must be in operating condition, and fume hoods
with proper sashes are essential. Researchers, students and
visitors in the lab must wear goggles, and consumption of
food or drinks must not be permitted. A clean laboratory is
more likely to encourage careful work.

22> SAFETY IN THE MECHANICAL
WORKSHOP LABORATORY

All  persons using workshops should apply good
housekeeping practices; wear appropriate clothing and
footwear or use personal protective equipment (PPE). A tidy
workplace makes it easier to spot and avoid hazards, and
does not interfere with normal work operations.

Always wear safety gear while working in the workshop:
Hand gloves, safety shoes, helmets and eyeglasses are
mandatory for workshops jobs like plumbing, machine
fitting, welding or carpentry. Safety shoes with steel toe caps
are required
































































