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Abstract: Individuals, entire economy and society are exposed to risks
more than ever. The problem of occupational safety and health has
been present from the moment of origin of labour and it has been dealt
with in line with the overall development of society. For this reason,
different methods and matrices for risk assessment have been
developed. The subject of this study is to review the methods of risk
assessment, as well as to apply these methods at the workplace where
dangers and hazards occur. The aim of the study was to use KINNEY
and AUVA methods for assessing risk for the workplace of Operating
Engineer - Occupational Safety, Environmental Safety and Fire
Protection, and to perform a comparative analysis of with the aim to

INTRODUCTION

The issue of safety and health at work has been present
since the origin of work. It has emerged and has been
dealt with in line with the overall development of
society. It used to refer only to the consequences of risk
because the knowledge about the risk was rather poor,
while nowadays it is possible to prevent risk and reduce
negative consequences.

Occupational safety and health involve working
conditions in which certain measures and activities are
taken to protect the life and health of employees and
other people. The interest of society, all entities and
each individual is to achieve highest level of safety and
health at work and to avoid the consequences, such as
injuries, occupational diseases and work-related
diseases by reducing them to the lowest possible level;
and finally, to develop conditions of work in which an
employee would be satisfied while doing his job.

To realize this aim, it is necessary to carry a systematic
approach for preventive actions and link all entities,
holders of certain obligations on the national level and
beyond. International institutions are responsible to
carry out the established rules, measures and standards
of working conditions as well as to comply with
technological and social - economic development, to
improve the safety and protect the health of
employees, by adopting national regulations.

Many methods and types of matrices were developed
for risk assessment. Four methods with different focus
in risk assessment were developed (ISO/IEC27005)
method of risk matrix with predefined values (ISO
/ IEC13335-3), and a method of measuring risk by
ranking threats, method of assessingthe impact
probability and possible consequences and methods of
distinction between acceptable and unacceptable risks.
The case study was tocheck methods of

state possible advantages or disadvantages of chosen methods.

Key words: the risk assessment, methods of risk assessment,
KINNEY method, AUVA method.

risk assessment - Kinney and AUV A method - as well
as to apply these methods for the chosen workplace in
which dangers and hazards occur. The aim is to
perform risk assessment, by applying all methods, for
the workplace of Operating Engineer - Occupational
Safety, Environmental Safety and Fire Protection
Engineer, as well as to carry out comparative analysis
of the given methods to show the possible advantages
or disadvantages.

METHODS

In order to realize the primary aim, it is necessary to
analyze the method thatwill be usedin the risk
assessment, to describe the workplace, then to perform
risk assessment and finally to point to possible
advantages or disadvantages that occur under the given
methods.

The methods that will be used in risk assessment are
the matrix methods - KINNEY method and AUVA
method. Matrices can be used to assess the risks in the
workplace, the ranking of the different risks of
importance for assessing, the acceptability of risk for
assessing residual risk and priority ranking [11]. The
advantage of the matrix is that they can be understood
by the staff in charge of occupational safety.
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Risk assessment is possible if we know the nature of
harms and dangers and the factors that define the
intensity [5]. The data obtained by risk assessment are
combined with data from other sources (such as data
obtained by monitoring employees’ health, matrix
operations and exposure limit values, permissible levels
of exposure and available statistical data).

The EU Directive suggests that each state can
customize specific methodology for assessing risk
according to their legislation. Some EU members have
specific regulations on the way and methodology to
risk assessment [12].

KINNEY METHOD

In Kinney method, the risk is seen as the emergence of
dangers and hazards. Risk assessment is the product of
three dimensions [1]:

e The probability of an accident or damage;

e The severity of consequences for an employee in
case of dangers and hazards;

e Frequency of occurrence of dangers and hazards.

Criterion - probability (P) is ranked ranging from 0.1 -

virtually impossible, to 10 - predictable (table 1).

Criterion - consequences (C) (possible damage) is
ranked ranging from 1 to 10 and that is considered
catastrophic, highlighted in Table 2.

Table 2. Description of the criteria for assessing the

consequences
Consequences Description of the criteria for
(© assessing the consequences
Disease, injury which requires first aid
1
and any other treatment
2 Medical treatment by a doctor
Serious - disability, serious violation
3 with individual hospitalization and lost
days
6 Very serious - individual accidents with
lethal outcome
10 Catastrophic - with multiple lethal

outcomes

The criterion - the frequency of occurrence of danger
and harm (F) ranks of rarely - once a year, permanently
- continuous 10 (table 3).

Table 3. Description of the criteria for frequency

Probability  Description of the criteria for frequency

. L 1 Rare (yearl
Table 1. Description of the criteria for > Mo(rilthlyy)
assessing the probability 3 Occasional (weekly)
- Description of the criteria for assessing 6 Regular (daily)
Probability the probability 10 Permanent
0,1 Virtually impossible
0,2 Practically impossible . . .
05 Plausible, but unlikely Evaluation of risk R is performed by the formula:
1 Improbable, but possible at boundary R=PxCxF
conditions - Table 4 gives a tabular presentation risk assessment.
3 Unusual, but possible
6 Possible
10 Predictable
Table 4. Table of risk assessment
Identified Evaluation of risk Measures to
. — - control risk
riskor harm  p. probability C- consequences F- frequency R- the risk level assessment

The level of risk (R) is ranking from acceptable,
negligible levels RI, to extreme, impermissible, which
requires interruption of work activities and the

instantaneous preventive actions which is defined as
the risk level RV (Table 5).
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Table 5. Description of risk classification

The classification
of the level of Description of the classification level of risk
risk
0,1-20 RI _ No action is required.
There is no need for additional activities in the management of the operation.
More cost-effective solution or improvement without additional investment
21-70 R 1l Low risk should be considered. It is necessary to monitor the situation in order to
obtain information on the implementation of prescribed activities.
Efforts are needed to reduce the risk or cost of prevention. Costs must be
carefully planned and limited to a certain level.
It is necessary to define a deadline for the implementation of improvement.
71-200 R Medium risk For those events which may have extremely dangerous consequences, it is
necessary to further examine the probability of occurrence of such an event
s0 as to define the required level of activity and to mitigate risks.

An activity cannot start unless the level of risk is reduced. Additional
resources may be required in order to reduce risks.
Considerable resources may be required, in order to reduce the risk. If the risk
applies to all started activities, it is necessary to take urgent action to reduce
the level of risk.

The operation cannot be started nor continued until the risk is reduced. It s
Over 400 RV not possible to reduce the risk by additional investments, and therefore the
ativity should stay idle.

Total Level of
rating risk

201-400 RIV High risk

AUVA METHOD Probability of dangers or harms depends on employees’
o ) exposure to risks and hazards in the working

For the asses_sment of the rlsk_s_ln the workplace in the  anvironment (existing state of health and safety at

working environment, a modified AUVA method can work). Employees’ exposures to dangers and hazards

be used. are ranked as follows (table 6):

Elements of the assessment and evaluation of risks

to AUVA method are Probability of danger or harm

and severity of possible consequences. Accordingly,

the level of risk (LR) was defined as the product of

the probability an unwanted event (RP) and rank as

possible severity of the violation (RV):

LR =RP xRV
Table 6. Ranking of the dangers and harmfulness
Exposure hazards Qualitatively Quantitative
and harmfulness during the working day ranking of exposure ranking of exposure
(week, month, year) % dangers and harmfulness dangers and harmfulness

< 20% Very rarely 1
21% - 40% periodically 2
41% - 60% often 3
61% - 80% The most of work hours 4

> 80% Through all workday 5

The environmental condition or the current state of
occupational health and safety has been determined by
the following elements (table 7):
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Table 7. Elements for assessing the condition of the environment

Compatibility
with the requirements /
N° Elements for assessing the condition of the working environment Docbua?eent/ satiqsﬁes
YES NO
1. Workspace and work surface
2. Tools and equipment for work
3. Protection from electric shock
4. Heating and ventilation
5. Microclimate
6. Light
7. Electromagnetic radiation
8. Noise and vibration
9. Atmospheric and climatic influences
10. Fire and explosion protection
11. Passage, access and evacuation routes
12. Raw materials, basic and additional material
13. Organizational of occupational safety and health
14, Personal protective equipment
15. Training for safe work
16. Information on safety and health at work
17. First aid
18. Protection of nonsmokers, the ban on alcohol and other addiction
19. The maintenance of premises
20. Condition of facilities for personal hygiene
21. The inspection about supervision
22. Injuries and occupational diseases

On the basis of the level of compliance with the
requirements of health and safety at work is determined

by the rank condition of the working environment as
follows (table 8):

Table 8. The ranking of dangers and harmfulness

occupational health and safety demands
are fulfilled (OHS) in%

Qualitative ranking of condition in
the working environment

Quantitative ranking of
condition in the working
environment

OHS>80% Satisfying 1
60%< OHS <80% Medium term necessary measures 2
40%< OHS <60% Short term measures necessary 3
20%< OHS <40% Currently necessary measures 4

OHS < 20% Measures for instant termination of work 5

processes

Description of the workplace — Operating Engineer
for occupational safety, environmental protection
and fire safety

According to the systematization within a certain
company, this person is responsible to:

1. Apply and implement legal regulations and internal
acts in the field of occupational safety, the
environmental protection and fire protection.

2. Control work equipment, devices and means of
personal protective equipment and devices and systems
with harmful radiation or hazardous emissions.

3. Follow and control the working conditions of the
working environment and control the handling of
hazardous materials.

4. Perform training for safe work and fire protection.

5. Perform professional duties.

Application of Kinney methods for the workplace
Operating engineer for occupational safety,
environmental protection and fire protection

In Table 9 presents the application of Kinney methods
for the workplace Operating engineer for occupational
safety, the environmental protection and the fire
protection.
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Table 9. Application of Kinney methods for the workplace operating engineer for occupational safety, the
environmental protection and the fire protection

N° Work activities P- probability C- consequences F- frequency Level of risk
Working in the field and in the
1. facility 0.1 3 1 0.3
2 Using computer apd other 01 10 1 1
electrical devices
3. Working in the open 0.1 1 1 0.1
4 Workm_g on a computer — 01 2 5 04
using a monitor
Using a computer and other
> administrative office duties 0.2 2 3 1.2
Performing the work in OHS
and fire protection, direct
communication with
employees and inspection and 0.1 2 2 0.4
other state bodies, it is possible
crisis situations.
7 Performance of regular work 0.2 3 3 18

activities

Based on the conducted workplace Operating engineer
for occupational safety, the environmental protection
and the fire protection, is workplace with an acceptable
risk, given that the level of risk for all work activities
does not exceed 20 chapters R <20.

Application of AUVA methods for the workplace
Operating engineer for occupational safety,
environmental protection and fire protection

Table 10 presents the existing condition of health and
safety at work.

Table 10. The existing condition of health and safety at work

Compatibility
Elements for assessing the Document/ W.'th thet /
N° condition of the working base requirements
environment satisfies
YES NO
Regulations on Safety Measures for Auxiliary Facilities,
1. Workspace and work surface ("Official Gazette of SRS", No. 29/87) ) A
Inspection
Regulations on the procedure of inspection and test
equipment for the operation and testing of working
. environment ("Official Gazette of RS" No.94 / 06 and
2. Tools and equipment for work 108/06) oA
Instructions for inspection, testing and maintenance of assets.
Records of the inspections and tests of work equipment
Regulation on technical norms for low voltage electrical
3 Protection from installations ("Official Gazette of SFRY", no. 53/88 and o
' electric shock Official Gazette No. 28/95)
Instructions for inspection, testing and maintenance of assets.
4. Heating and ventilation Inspection [
5. Microclimate Report on the measurement / inspection [
6. Light Report on the measurement / inspection °
7. Electromagnetic radiation Report on the measurement / inspection
8. Noise and vibration Report on the measurement / inspection [
9 Atmosp_heric and climatic Inspection A
influences
Law on fire protection
10.  Fire protection and explosion ("Official Gazette of SRS", N0.37 / 88) oA

Regulations for fire protection.

Passage, access and

11. .
evacuation routes

Regulations on Safety Measures for Auxiliary Facilities,
("Official Gazette of SRS", no. 29/87) / Inspection
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. . Do not use hazardous materials, or
Raw materials, basic and

12. additional material Instructions for inspection, testing and maintenance of assets. oA
Records of hazardous substances used in the course of work
13 Organizational of Collective agreement oA
" occupational safety and health Regulations on safety and health at work.
The norm means and equipment for personal protection at
14 Means and equipment for work. oA
' personal protection Records of the inspections and tests of means and equipment
for personal protection at work
Law on Safety and Health at Work ("Official Gazette of RS",
15 Training for the safe No.101 / 05) oA
' operation Regulations on safety and health at work.
Records of employees trained for safe and healthy work
Law on safety and health at work ("Official Gazette of RS",
16 Information on safety and No.101 / 05)
' health at work Directive 92/58 / EEC on the minimum requirement for
ensuring label for safety or health of workers at work
Regulations on safety and health at work.
Ordinance on equipment and procedures for the provision of
17. First aid first aid and rescue service organization in case of an oA
accident at work ("Official Gazette of the SFRY", No.21 /
71)
Protection of nonsmokers, the Ssmoking ban
18. ban on alcohol and other ) . . oA
L Ban on the use alcohol and other psychoactive substances in
addiction , - .
companu’s buildings and premises.
The maintenance work .
19. - Inspection °
premises
Condition of facilities for .
20. . Inspection °
personal hygiene
21. The mspecthn' about of The inspection about supervision
supervision
29 Injuries and occupational Records of injuries, occupational illnesses and diseases oA
' diseases related to work
e RANK OF THE CONDITION OF THE WORKING ENVIRONMENT - OFFICE 1
A RANK OF THE CONDITION OF THE WORKING ENVIRONMENT - GROUNDS 2
Table 11. Identification of dangers and threats on the workplace and working
environment and possible consequences
N° Work activities Possible danger and harmfulness Possible consequences
1 Working in the field and in the Slipping and tripping when moving onthe  The fracture of bone and soft tissue
' facility ground and inside on buildings injuries
2 Using a com;()jute_r other electrical Indirect contact The burns, injuries caused by
evices electric shock
3 Working in the open Low tempgratures in winter'(wind, rain, snow) Colds, respiratory system diseases,
High temperatures in summer sunstroke
4. Working on a computer - monitor Long term eyestrain Malfunctions disorders and vision,
Headache, a stiff neck, pain in the
5. Using a computer and office work Long term sitting shoulders and back, disorders of the
digestive system
OHS and fire protection, direct
communication with employees
6. and inspection and other state The psychological burden Psychosomatic disorders
bodies, it is possible crisis
situations.

Psychosomatic disorders and
diseases (high blood pressure and
other diseases of the cardiovascular
system and digestive system)

The responsibility for receiving and
7. Regular work activities transferring information, the use of appropriate
knowledge and skills
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Table 12. Ranking of risk

Code of K Rank of the K of Severity rank  The Rank of risk
N°  danger or Ran workin Ran O f ibl i
g g of possible  measure Five degrees Three degrees
exposure - probability >
harmfulness environment consequences  of risk scale scale
1. 10 1 2 1 3 3 | A
2. 16 1 1 1 5 5 | A
3. 27 1 2 1 1 1 | A
4, 30 2 1 1 2 2 | A
5. 31 3 1 2 2 4 | A
6. 32 2 1 1 2 2 I A
7. 33 3 1 2 3 6 I A
On t_he _basis of the r_ecording process of the REFERENCES
organization of work, applied measures of health and ) L
safety occupational, dangers and threats in the [ Ba?#tag.g., fl\/:ararrl:, R'f'"l tClolca_, Lthl KLnney— typ‘i
workplace and working environment, and risk ranking, MEENOas. LISetult or harmiul o01s In Ihe risk assessmen
it has b . d that th kol 0 . and management process?. International conference on
it ?S een estimate t at the wor pace_ perating manufacturong science and education, vol. Il (2011),
Engineer for occupational safety, environmental pp. 315-318-268.
protection and fire protection is a workplace with an  [2] Champoux, D., Brun, J.P.: Occupational health and
increased risk. safety management in small size enterprises an
Comparative analysis of the results of the risk OVZrV'eW ththse :'t“aé'o,” a”d4fvgg‘égs for 'Qéirﬁrg'on
assessment for the workplace Operating engineer for 3 ?)ne ;ftsrizx 'ofa %)éfeﬁfence(US)( Mi?i’tgtr)' Stantard:
occupational safety, the environmental protection and Sysliem Safety Program Requirerlnents MIK-STD-SSZB.
the fire protection with Kinney and AUV A methods Washingron, DC: US Department of Defense, 1993.
While conducting risk assessment for the workplace [4] Donoghue, A.M.: The design of hayard risk assessment
Operating engineer for occupational safety, the matr_iceg for_ranlfir)g occupa_tional health ri_sks and their
environmental protection and the fire protection used application in mining and minerals processing. 2000.
Kinney and AUVA methods. Both of methods use o (51 Fio, - T e o oxcuptiorl ey surs on
five-degree scale ranking of risk. The analysis shows ucing . g
h k of risk for all activiti - ition 1 region. Safety Science 57 (2013), pp. 293-302.
that ra_n of risk for all activities were given position [6] Menckel, E.: Accident prevention by safety engineers
when it comes to KINNEY method. At AUVA method within Occupational Health Service in Sweden. Safety
last, seventh activity has rank of risk 2. Science 16 (1993), pp. 465-484.
[71 Montero, M.J., Araque, R.A., Rey, J.M.: Occupational
CONCLUSION health and safety in the frame work of corporate Social
responsibility. Safety Science 47 (2009), pp. 1440-
There are several methods for risk assessment and 1445,
health risk assessment. The methods are divided by [8] OH&S rizik kao pokazatelj stanja sistema bezbednosti i
areas for which they are intended. They differ by the zdravljanaradu _ _
matrices and the ranking scale they use, according to  [°] Erav'éT_'E °|_:2rad'kpﬂogenfgfgfs?fi%zﬂngrg;gge novine
which they can be three degrees, five degrees and multi epublike Hrvatske®, br. 48/97, : L
. [10] Pravilnik o metodologiji za procenu opasnosti od
degrees. Matrices that are used can be 3x3, 4x4, 5x5, hemijskog udesa i od zagadivanja Zvotne sredine
4x6, 9x9 and others, which have been defined by merama pripreme i merama za otklanjanje posledica
certain stgndards. Acco_rdlngly, the methods can be (.,SI. glasnik RS, br. 60/94 i 63/94) HSE, Reducing
more precise or less precise. Risks, Protecting People. HSE Books, 2001.
This paper investigates one workplace with KINNEY [11] Rlsn{:, D., Stanko_wé, M., Savié, S.:_Rlsk assessment
and AUVA methods. Using both methods to assess the matrices, P_rc_Jceedlng of _11th Internatlorlal Conference
. . . ,.Dependability and quality management®, (2008), pp.
workplace of an Operating Engineer for occupational £80-587
safety, environmental protection anq fire protectlor), it [12] Savié, S., Stankovi¢, M.: Teorija sistema i rizika.
has been assessed as a workplace with acceptable risk. Akademska misao, Beograd, 2011.
However, AUVA method besides taking into account  [13] Vujovi¢, R.: Upravljanje rizicima i osiguranje,

possible dangers and harmful effects, possible
consequences and exposures also considers the
condition of the working environment, unlike KINNEY
methods which is based only on probability,
consequences and frequency. The results showed that
the AUV A method is a bit more precise because it uses
many factors for risk analysis unlike KINNEY
methods. Therefore, AUVA method is more precise
and reliable than KINNEY method.

Beograd, 20009.
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UPOREDNA ANALIZA METODA ZA PROCENU RIZIKA
HKINNY“ 1, AUVA*

Milena Stankovié, Viadana Stankovié

Rezime: Pojedinci, privredni subjekti i citavo drustvo, izloZeni su rizicima vise nego ikada. Problem bezbednosti i
zdravlja na radu je prisutan od kada postoji rad, nastajao je i reSavao se u skladu sa celokupnim razvojem
drustva. Iz tog razloga, za procenu rizika razvijene su razlicite metode i matrice. Predmet rada je prikaz metoda za
procenu rizika, kao i primena tih metoda za radno mesto u kome se javiljaju povecane opasnosti i Stetnosti. Cilj
rada je da se kroz izabrane metodeza procenu rizika - Kinny i AUVA, za radno mesto - operativni inZenjer za
BZNR, ZZS i ZOP, izvrsi procena rizika, kao i da se izvr$i uporedna analiza datih metoda kako bi se ukazalo na
moguce prednosti ili nedostatke izabranih metoda.

Kljuéne reci: procena rizika, metode za procenu rizika, Kinny metod, AUVA metod.
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