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Summary: The study has attempted to present the practical application of widely used risk assessment tool Failure
Mode and Effect Analysis (FMEA) in function of occupational health and safety and environmental protection. In
fact, FMEA is used for identifying potential environmental aspects and ohs risks and hazards, discovering the reason
for their occurrence and propose actions for their elimination. Thus severity values, occurrence number, Detection
and Risk Priority Number (RPN) are some parameters, which need to be determined. Furthermore through FMEA
this article aims to provide a basis for implementation of internationally recognized standards, 1SO 14001 and
OHSAS 18001 and compliance with the legidation in the field of occupational health and safety and environmental
protection within a company.
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1. INTRODUCTION

Through a well designed, modern and efficient manant system and many other efforts,
activities and processes, society needs a systeetainge in the perception of the importance of
occupational health and safety and environmentateption as a basic prerequisite for sustainable
development and all associated components. Shenyeconomic and social transformation and
globalization should be integrated into the stratdgr occupational health and safety and
environmental protection of each enterprise, eveocial group, governmental and non-
governmental organizations and the entire commuiiitye intensive development and application
of science and technology on the one hand and lgimbaesses on the other significantly changed
the general picture of the modern society. New stighted technologies are facing with very fast
and effective application and implementation in gle@eration of various weaknesses in all spheres
of human activity [1]. Today occupational healthdasafety and environmental protection in
production systems can no longer be seen as otie dfinctions which involves a relatively small
number of qualified people, but these disciplinesusd be seen as particularly important internal or



inherent feature of any company in whose realimasbould be no excluded employees. It is
realistic to expect in the future, sooner, and egndial growth of changes and achievements in
science and technology and their wide applicationvarious fields. It is certainly not just
predictions but actual danger and threat that aonodern society in terms of finding a more
complex, more efficient and more successful sahstito problems for occupational health and
safety and environmental protection challenges.

2. NORMATIVE LAW REGULATION OF OCCUPATIONAL HEALTH AND SAFETY
IN MACEDONIA

The implementation and compliance of the legal taguirements is required for any business
system and entitles. These legal requirements @ar@aioed into a number of regulations (national
legislation, laws, regulations, strategies etchjeif number and dynamics of change is particularly
expressed in the field of occupational health afdtg. The reason is that OHS is a broad area and
requires monitoring of its development and contthaempliance with international law, and thus
tendency towards global legislature.

After the independence of the Republic of Maceddma been adopted Law of Occupational
Safety, which defines responsibilities of employarsd the rights and obligations of workers
("Official Journal of the Republic of Macedonia"pN92/07). The Macedonian OHS law is almost
fully harmonized with the Framework Directive 8913BEC for introducing actions and activities
aimed to continuous improving of the health aneétsabf employees.

Therefore the law determines preventive actionsnagaccupational risks, elimination of risk
factors, informing, consulting, training of workeamd their representatives, and also provides
participation of employees in planning and undengkneasures for continuous improvement of
OHS system [2]. OHS law involves measures, resgueted methods to create safe working
conditions where safety at work is an integral pafrtthe organization of work and working
processes and it is organized, regulated and prd\g the employer.

The basic principle in the Law is "the principle pevention of workplace injuries, professional
diseases and diseases related to work". The Lawco@ipational Health and Safety introduces the
category of "risk assessment”, which entered aagwoach to protect the health of workers.

Figure 1 shows the model of process direction vagal requirements for health and safety in the
production system, shown in flowchart process.

3. ENVIRONMENTAL LEGISLATIVE IN REPUBLIC OF MACEDONIA LAW
ON ENVIRONMENT

In the Republic of Macedonia according to the frenmik of environmental legislation of Council
of Europe, in 2005 has been developed Macedoniarotaenvironment. This Law regulates the
rights and the responsibilities of the Republidvizicedonia, municipalities as well as the rights and
the responsibilities of legal entities in the psyn of conditions required to ensure protectiod an
improvement of the environment, for the purposexarcising the right of citizens to a healthy and
clean environment.

Legislation for the protection and improvement leé environment of the Republic of Macedonia
incorporate the principles of European environmigmbéicy, but also a lot of attention is dedicated
to the principles of environmental protection wittional, regional and local mark.
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Figure 1. Model of Managing With OHS Legal Requirementsin Production System

So the environmental law is structured accordingr@ironmentalprinciples, including ecology,
management, responsibility and sustainability amisao promote sustainable development for
present and future generations.The law is basegreventive action, the polluter-pays principle,
elimination of environmental damage at source, estharesponsibility and the integration of
environmental protection into other EU policies., $ocording to the law, the environment is
defined as a space with all living organisms antunah resources, i.e. natural and man-made
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values, their interaction and the entire spacehictiwpeople live and in which settlements, goods in
general use, industrial and other facilities, idahg the media and the areas of the environmeat, ar
situated [3].

The primary purpose of the Law of environmentaltgcton is improvement of the quality and
condition of soil, water, air; the areas of theiemvment, biodiversity and other natural resources,
and the protection of the ozone layer and prevarttie negative human impact on global warming
and climate system.

According to the law, the protection and promotadrthe environment is a system of measures and
activities (social, political, social, economic¢chaical, educational etc.) that provide support and
create conditions for reduction of the pollutioregdadation and influence on areas and media
environment (protection of ozone depletion, premenof harmful noise and vibration, ionizing and
non-ionizing radiation, use and disposal of wast&3.The law regulates the issue of access to
environmental information, public participation diecision-making, the procedure for assessment
of environmental impact, plans for controls of istfial accidents and supervision mechanisms of
the environmental inspectors.

Especially accented in the law are IPPC permitschvintroduces a system of gradual adjustment
to the required standards for integrated contrdl pollution prevention. Through the introduction

of integrated permits for harmonization with openatplans that is a requirement for continuing

operation of the existing installations in the cioyn

4. REQUIREMENTS OF BS OHSAS 18001

The organization shall establish, implement andnta@ a procedure(s) for the ongoing hazard
identification, risk assessment, and determinatbdnnecessary controls [4]. Besides for the
identification and assessment of risks organizatsitould take into consideration following points:
* routine and non-routine activities,

e activities of all persons having access to the wade(including here subcontractors and
visitors),

* human habits, awareness, capabilities and otheahdactors,

» infrastructure, equipment, materials in the workplaegardless of whether they belong to the
organization or owned by someone else,

» changes or proposed modifications in the orgarinadnd the scope of its activities or materials
* any legal obligations relating to risk assessmadtreésk management,

» design of the workspace, processes, installatimashinery/equipment, operating procedures
and organization, including their adaptation acouyatapacity and capability of employees.

Methodology of company for identification of hazarand risks should be defined in terms of the
area of application in order to provide proactivityot reactivity and alsoensure the identification
prioritization and documentation of risk and impkartation of appropriate actions.

5.REQUIREMENTSOF 1SO 14001 STANDARD, POINT 4.3.1
The organization shall establish, implement anchta@ a procedure(s) [5]:
a) to identify and have access to the applicalgalleequirements and other requirements to which

the organization subscribes related to its enviremial aspects, and
b) to determine how these requirements apply ternitsronmental aspects.
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The organization need to document and update thfigrnnations continuously. Significant
environmental aspects should be taken into accoontestablishing, implementation and
maintenance of Environmental Management System (EMSorder to begin designing of the
EMS it is needed to understand the interaction betwthe organization and its products and
processes to the environment. According to ISO l1l4@bhvironmental aspect is an element of
organizational activities, products or serviceg ti@an interact with the environment. Figure 2 shows
model foridentification andevaluation ofenvironmental aspects.
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Figure 2. Model for Identification and Evaluation of Environmental Aspects

As remark it is important to emphasize that a sigamt aspect of the environment is one that has or
may have a harmful impact on the environment. Angnge to the environment, whether adverse
or beneficial, wholly or partially resulting frommaorganization's activities, products or services —
ISO 14001.

Overall environmental impacts can be divided irtte following components, depending on the
circumstances:

» consumption of resources such as energy, matenatsy, soil and so on,

» emissions of harmful substances into water and air,

» generation of waste and by-products,

» creation of noise and radiation,

» disruption of relief and cultural heritage.

Harmful substances are substances that change d@healp physical, chemical, biological,
bacteriological properties and composition, andoladical properties of the environment. In order
to determine the correlation of product and proegsgronment it is necessary to do the following:
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» to select the categories of products and serviteshe company,

» toidentify environmental aspects for each categdqyroducts, services and activities,

» evaluation (estimation) of the significance of @mvironmental impact of each identified aspect,

» to define actions for eliminating, reducing andfoanaging the risks and impacts of the
environment.

6. FAILURE MODE AND EFFECT ANALYSIS

Failure mode and effects analysis (FMEA) is commotéfined as "a systematic process for
identifying potential design and process failurefobe they occur, with the intent to eliminate them
or minimize the risk associated with them" [6]. FME a method of reliability analysis intended to
identify failures affecting the functioning of astgm. It enables priorities for action to be sét [7
FMEA - method is a systematic procedure for analggstem in order to identify potential causes
of failure and subsequent effects on system pedoo®. The analysis is carried out at a relatively
early stage of the system, so elimination or astleaitigating the potential failures is a very
effective method, economically. The standard FME#Focpss evaluates failure modes for
occurrence, severity, and detection [8]. FMEA mdtlhised Risk priority number RPN which is a
mathematical product of the severity, the occureeantd the detection.

Determination of the severity rate. Severity is a rating corresponding to the seriosisrma an
effect of a potential failure mode. Severity orisasness of the risk is considered just in case of
“the effect”; reducing the risk severity is possibbnly through changing the process and the
manner of performing activities.

Determination of the occurrence rate. Occurrence is ranked according to the failure phodibg,
which represents the relative number of failurescgrated during the design life of the item.

Detection possibility is an assessment of the ability existing to idgrticause/mechanism of a risk
occurrence. In other words, detection possibiktyirating corresponding to the likelihood that the
detection methods or current controls will detdet potential failure mode. Assessing control
process of standards, requirements and laws of kb how to apply them to achieve this number
are very useful.

These three criteria, receive grades from 1 (verglls/ negligible risk) - 10 (major / critical risk
shown into the Tables 1-3).

Table 1. Severity Index

Effect Severity index
Dangerous without warning

Moderate 6
Low 5
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Table 2. Occurence Index

Failure probability
Dangerous without warning

Severity index

Moderate
Low

[62]Kep}

None 1

Table 3. Index Detection

Detection Severity index
Uncertain

Moderate

Calculation of risk priority number - the risk prity number is calculated as a mathematical
function that depends on: the likelihood of failutke severity of failure and the probability of
detection or monitoring of potential failure befate@eached an undesirable effect. As a function
that looks like this:

RPN = [S] x [O] x [D].

The determination of the reasonable value of tis& Rriority Number (RPN) is a specific difficulty
and is associated with a subjective approach tetblelem by the team for making FMEA. In any
case there should be taken into account extermadittons and the current state of the company.
Working team determines acceptable values of RBNi & based on professional opinions of
experts according to their previous education aqeeence in the field concerned.

If the value of RPN is higher than the critical wal it is necessary to propose further actions in
order to reduce the potentional effects on therenment, and to minimize the risks and hazards to
the health and safety of the employees. Than thH¢ Rnber is re-calculated and the revised RPN
confirms the effectiveness of the corrective actiodertaken.

The RPN is a product of the three risk factors, ancbrdingly RPN factor to obtain the number of
1-1000. Based on that it is determined in whichaavérisk is necessary to take preventive and
corrective actions.The Table 4 shows the signitteaaf the risk values in relataion with needed
actions.
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Table 4. General Indication of the Level of Risk

Risk Priority NumberRPN = [S]x[O]x[D]
RPN < 50 Low risk
50 < RPN < 100 Medium risk

RPN > 100 [Highrisk ]

7. GUIDELINES FOR ASSESSMENT OF ENVIRONMENTAL AND OHSRISKSUSING
FMEA

Companies need to identify all the aspects, riskd hazards of their work related to the
environment, occupational health and safety in otdeassess and rank the environmental impact,
evaluate the related risks and bring them to tblerkevel on a continuous basis.

Practical application of FMEA analysis in functioof risk assessment in the workplace,
development, planning and manage with OHS systerelg realistic and achievabl&esides,
FMEA analysis is tool for identifying potential reds in the workplaceliscovering the cause for
their occurrence, risk assessment and propose nesasu their elimination. Importance of FMEA
analysis in this area is actually a possibility osystematic approach to identifying and analyzing
risks and measures to be undertaken, i.e. implatientof preventive and corrective actions in
order to eliminate and reduce potential hazards.

7.1 Environmetal FMEA (E-FMEA)

The environmental application of FMEA takes inte@mt the environmental impacts caused by
technical problems, deficiencies or irregularityoes or processes. This analysis can be used to
make constructional, process and system improven[®htAlso, the purpose of E-FMEA is to
identify and assess potential environmental impactd| stages of the product life cycle by defined
way (Life Cycle Assessment - LCA) - gquantitativelirique which takes into account the entire
product life cycle from extraction of raw materiéds its manufacture to recycling and disposal). E-
FMEA enables a systematic review of potential esvinental aspects associated with a product or
process and eliminates them beforeoccurrence oirgawersible consequences.

The objectives of the E-FMEA are:

» preventive assessment of environmental impactekatabration of appropriate actions,
» identification of critical components and potertiaensitive areas,

» early detection and locating possible failures ik impacts on the environment,

» avoiding potential environmental disasters,

* improve systems, products and processes in termsvifonmental protection.

The main purpose of FMEA analysis as a tool of mmmental protection is minimizing the
excessive influence of production processes tousee of energy, water, raw materials, auxiliary
materials and emissions and waste disposal. Cotmam@ssessment of different impacts on the
environment requires social consensus and thatisitvh necessary to develop internal regulations
(standards, specifications, principles).

These actions can be maintained regulations inraiote, but every company should aim at
continuous improvement and at least reduce the ampa the environment. Below is shown an

example of FMEA analysis for OHS hazards and riaksl environmental aspects and impacts into
production process. The FMEA examples shows oneBdbland 6 contains only several points, but
illustrates declining of RPN number, accordinglyhwgorrective actions.
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Table 5. FMEA for Occupational Hazards and Risks

FMEA Analysis for identification of occupational hazards and risks

| Fisks and hazardc | Potential failurs Fotential sffact 5 | Fotential cause 0 | Frevention Dataction D [ RPN [ Fecommandad actions
Unprotactedparts of | Injury fractuss 8 | Machinery /Wod: | 4 | Checkingthe Timaly pariodic [ To train and educats worksss for
. work equipment / aquipmant aquipment testing of equipmeant / safs handling with the
Mech 1 mechanical strok= according to the Visual detection- squipment, machines and tocls;
hazards lzgizlation human facter To provide protective devices
and blocking davices;
Continuous preventive and
corrective maintenancs of
machinary and tools; To provids
and use approprists protective
squipment.
Tisk: ] 0 [D [EFN
El ERN] 11
Slippery floor Tnjury "fractur=s S | Slippery, 4| Fraventive Visual dstection- 8 Carafully selecting the floor, tidy
unprotactad arsas maintenanceand | human facter and propermaintanancs of floors
clzaning of floors and traffic routss, removing the
and slippary cables, gaps, cracks snd other
surfaczs by obstaclas on rowtas; If naceszany,
appropriate use sppropriste methods of floor
datargant clzaning and chemical treatment
of slippervsurfaces.
5 O [D [FFH
El ERNE] 96
Hoisz Hearingdisorders, | 4 | Highneiszlevd— | 4 | Froviding personal | Timely periodic [ LT To implement teckmical
. headaches, narvous undsr legislative protactive measurements of measuras to reducenoiss at
Physical and swstemn disordsr tolarancs aquipment {zar noisa in the working soures (isolation of machines);
chemical hazards plugs) plants
Fisk: 5 O [D [FFH
] ENNE]
Table 6. Environmental FMEA
Environmental FMEA
Aspeciof Tmpacson 3 | Poteziind Camse Indicator 0 | Prevention Recommended Actions
Eavironmen Eavironmen
Trraticsaluse of | Depletomof § | Prodecton EWE par 4 | Thaa for contimaons Cpamal wse of allmvpes of
_— o mataral recourse froces month reduction of 2men; ezergy and reduce costs
'L_iT.\G arF {macbhnes Highaing, commEmDtionT, associyied with power
NATURAL vamilation, air Lovesting in rane=able cofmmmion.
RECOURCES: condiioning); somrces of energy
ENERGY, Earglayees
WATERE. eic.
50| D BN
B ERERE
Trasooaluose of | Depledoaol § | Produection process, o peryear | 4 | Foas for comimsons Peraod - Chostg, e wakes cvoke -
waker sateral recourse Chanaciesisic of sedaction of moathly review cleaniag of wase water
machinary and drinking water aof the and retarn to e process;
equipment, = coasamption of Bevizw the Joas of water
Emplorees water Froam e sachnological
process
Using groundeater for the
sequirsments of the
massfactaing process
IS e
ERERERE
Toschasge of Sodl pofioson; T | Produection process, o paryear | 4 | Mooformg of S W tssal svpeciion TesaThson
~ coniaminaied Poltsticn of Techoical quastiy and quality | of e orarest seconsinection of wader
C'_J.\'T:‘Jﬂ'.\:lm A hocad gromnd characiarmtic of of wamswaier - arza for spills weatmen: plam
WATER and machinary and awdorized and Jeals dat
mndararosnd aquipmant hboracorias i could affactof
rasers accordance with zodl, soerface asd
bzl regulations; Sroandeats
Collactien and gty
traasman of L
waswaier and Pariodic
conima] mee of wagy | TOSRGTEE azd
maccordince win | Bbemawy
the maesfactaciog e tioe of
grocess Jocal podl and
water
El = e
IR
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FMEA document is a dynamic act and once the arsmligscomplete, it is reviewed, revised and
updated in accordance with any change in the coynpad its environment, which may affect the
environment and occupational health and safety (mepotential legal and other regulations, new
technologies, new products, new facilities, new deds of stakeholders, new raw materials,
deviations from standard operating processes, emeyg etc.), thereby performing the
identification, analysis and evaluation of new atpend environmental impacts and new hazards
and risks, determining measures to protect theremwient, and removing and reducing ohs risks to
minimum.

8. CONCLUSION

With some minor modifications of the standard FME&mat, this method provides increased
value in the process of risk management in thed fiel occupational health and safety and
environmental protection. FMEA method as a tool identification of risks in the field of
occupational health and safety and environmentateption broadens the concept of quantification
of risk based on the likelihood and significanceetiect of a particular event by adding attribute
detection of risk. However, by adding value detectis enabled improved prioritization of risk.
FMEA method is based on evaluation and assessmfemislio and the value RPN enables
identification of critical risks that require faegbpropriate response.

The implementation of FMEA method gives a clear &maghsparent picture of the potential risk
situations, as well as a clear indication of th&ification of investments and education to protect
the health and safety of employees and keep theoanvent clean, so preventive and corrective
actions aimed to reduce the risk to an acceptaild.|
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