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METHODOLOGY OF COMPREHENSIVE
QUALITY EVALUATION OF THE
WORKING ENVIRONMENT

Abstract: This contribution is devoted to the experi-
mental proposal of the methodology for a comprehen-
sive assessment of the working environment quality.
Because recent development raises the need to know as
much as possible about living and working environ-
ments, thoroughly learn the working conditions and all
factors that affect health therefore is also necessary to
select such evaluation procedures, which would reduce
as much as possible the negative effects of these factors
on workers. Health at work and healthy working condi-
tions are among the highest rated assets of individuals,
communities and states.
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1. INTRODUCTION

Risk assessment is the process of
qualitative and quantitative risk as
sessment for occupational health and safe-
ty of workers. The more negative factors
applied to the working environment, the
greater the negative effects on the human
organism. In assessing the working envi-
ronment are used various methods and
procedures designed to assess the possibil-
ity of harm. Therefore it is necessary to
choose a suitable complex multi-criteria
method, which, according to obtained in-
formation could determine the size of load
of a man within the working environment.
Selection criteria for assessment are not
simple, because there are many indicators
that characterize the working environment
load. Before the assessment method is de-
termined, it is appropriate to combine
qualitative and quantitative assessment,
thereby establishing a system for meas-
urement of working environment, taking
into account; the nature of the impacts of
the working environment parameters, du-
ration of the impact, the range of risk fac-

tors operating simultaneoudy, and the
magnitude of the impact of individual pa-
rameters of the working environment.

With the mathematical formulation
can be reached the target state, which is
the idea of a display of the objective com-
plete working environment quality in the
gpatial coordinates that define the different
views, approaches and needs of the speci-
fication of the working environment pa-
rameters. In the designing of an experi-
mental methodology of a comprehensive
assessment of the quality of working envi-
ronment we will build on the condition
that the worker is affected during his work
at different job positions by various risk
factors. These factors vary by their intensi-
ty and duration on which depends their
influence on human organism. To quantify
these effectsis difficult because: [1]

- Each parameter in the working
environment requires a different
approach in analysing its effect
on humans,

Each parameter has awide range
of effects,
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The impact of individual risk fac-
torsvarieswith time and change
of working activity,

The perception of the effects of
the working environment is sig-
nificantly an individual matter.

It is important to determine also

whether the environment will be evaluated
by one criterion or we have more criteria
available. In our case we propose to deal
with the evaluation of multiple criteria
simultaneously. We propose the following
evaluation procedure:

- Selection of the methods of the
working environment quality as-
sessment,

Selection and measurement of the
risk factors,

Determining the weights of crite-
ria (Saaty method and calculation
by the software SANNA),
Normalisation of the measured
values,

Calculation of the total load,

Risk assessment (determination of
the risk acceptability).

2. DETAILED EVALUATION
PROCEDURE

2.1 Selection of the methods of the work-
ing environment quality assessment

Methods of decision making in gen-
eral, present the summary of rules and
procedures, using which we can come to
choosing the best solution. The current
situation offers us a wide range of methods
of decision making. If we use a distribu-
tion based on mutual relation of empiri-
cism and theory contained in the individual
methods, it is possible to divide them into
three groups of empirical, heuristic and
exact methods. [2]

In solving practical problems such
asthe comprehensive assessment of the
working environment quality is appropri-
ate to use one of the following methods of

multi-criteria decision making. Specific
methods, which can be used by a compre-
hensive assessment, can be as follows:
point method of assessment, proportion
index method, Decision Matrix Method -
DMM, Forced Decision Matrix Method -
FDMM, Analytic Hierarchy Process -
AHP, method of quantitative comparison -
Fuller method, ranking method, etc.

The gpecified methods of multi-
criteria decision making vary mainly ac-
cording to how they determine so called
weight of individua criterion. The com-
prehensive assessment of working envi-
ronment quality to determine the weights
of the criteria we use one of the exact
methods and the analytical multilevel
evaluation method AHP, which provides a
framework for effective decisions in com-
plex decison making situations, it helps
simplify and accelerate the natural process
of decision making process. [3, 4]

2.2 Selection and measurement of the
risk factors

By the comprehensive assessment of
the working environment is evaluated the
interaction of al risk factors. In this case
enter the process the workplace factors:
noise, vibration, lighting, air purity, or
dust, electromagnetic fields, ergonomics,
radiant heat, physical stress, hygienic fac-
tors and safety factors. The most important
step is the selection and evaluation will be
based on an evaluation of information of
interviewed people and also from expert
opinions. The next step of a comprehen-
sive evaluation is the measurement of risk
factors. The results should then be pro-
cessed to evaluate and draw conclusions
from them.

2.3 Sdlection and measurement of the
risk factors

The AHP method provides a compre-
hensive and coherent approach to structur-
ing the problem to quantify the elements
that relate to the overall objectives and for
evaluating the alternative solutions. Before
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the application of the method, the valua-
tion entity must define any criteria on the
basis of which the evaluation will be con-
ducted. [5]

This method is based on pairwise
comparisons of the degree of significance
of individual criteria. The evaluation is
based on so called expert estimation, by
which the experts in the field can compare
the mutual effect of two factors. These
evaluate on the basis of the scale [equal -
weak - moderate - strong — very strong],
and to this wording evaluation correspond-
entsfollowing values[1-3-5-7-9].[6]

The pairwise comparison the two cri-
teria are placed in the opposite ends of the
line against each other and compared,
which is more important. In the middle of
the line is number 1, which means that the
compared criteria are equally important.
Along the line are the numbers 1 to 9,
where the number 9 means that the criteri-
on on the relevant end was more important
than at the other end criterion. In this case,
the form for the evaluation are indicated
two options (strong and very strong pre-
dominance of factor B over factor A), and
as the resulting assessment will appear in
the line of the factor B and the column of
the factor A the value ,,8 and in the line
of the factor A and the column of the fac-
tor B will be indicated the inverse value
i.e. the value ,,1/8%. If n isthe total humber
of elements, which are compared, then the
number of comparisons is [5] (Saaty,
1985)

Further procedure for determining the
weights of criteria is more complicated
than other methods because it is necessary:

- For each pairwise comparison

matrix to determine a normalised
self-vector  corresponding the
maximum real self-worth (num-
ber) matrix, as considered in an
absolute value,

Its components which accordingly
determine the weights of criteria
and the resulting evaluation can
be reached the same way as the

weighted sum of the determined
evaluations multiplied by the
weights of criteria.
In the Table 1 are shown the weights
of criteria determined by Saaty’s method
of evaluation.

Table 1 - Saaty’s method of weight crite-
ria estimation

(i) Criteria RG) | Weight
o n n v(i)
Criteria | K1 | K2 | K3 | K4 | oo | pitus
K1 1 [ 3] 4] 5] 60 1 0,5462
K2 3| 1213 2 | 04253 | 02323
K3 Vs | 12| 1 | 2 | U4 | 02521 | 01377
K4 Us |uy3 | v2| 1 | U30 | 01533 | 0,0837
Total 1,8307 | 1,0000

2.4 Application of the software SANNA
Calculation of the vector of weights
from the paired comparison matrix is usu-
aly part of the special programs imple-
mented by AHP method. The calculation is
also possible to realise in Excel with the
utilisation of so called Wielandt theorem.
This mathematical theorem states that for
avector of weights reciprocal pairwise

comparisons matrix is valid:
. Se

lim———=cv

re¥ @' S'e

The relation states that the vector
formed by sums of row elements r-squared
matrix Sdivided by the sum of all ele-
ments of this matrix is close enough for
sufficiently large r of the self-vector of the
matrix S corresponding to the largest self-
number. In individual interact will be cal-
culated the relation (Sr.e)/ (eT.Sr.€) for r =
1,2,4,8 .. andit is followed how the cal-
culated vectors differ in two consecutive
interacts. We can achieve the sufficient
accuracy at r = 16. [7, 8]

Such mathematical calculation is used
aso by the software SANNA (Fig. 1) —
System for Analysis of Alternatives. The
application utilises five methods of as-
sessment (TOPSIS, WSA, ELECTRE |,
PROMETHEE Il and MAPPAC) and ena-
bles to determine the weights by three
methods (Point method, Fuller’'s method
and Saaty’s procedure) and to solve multi-
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criteria problems by seven methods (TOP-
SIS, WSA, ELECTRE |, ELECTRE III,
PROMETHEE |I, ORESTE and MAP-
PAC). With SANNA it is possible to solve
up to 100 variations and 50 criteria. [9]

SOATY'S PROCEDURE

racfrmly elvelgre Frmicne chaty
VORI T IE

Figure 1 - SANNA: Saaty s calculation
0 weight criteria

2.5 Normalisation of the measured val-
uestheinterval <0, 1>

The calculation of the measured val-
ues for indicators in the interval <0, 1> can
be performed on the relation

_. Ly- L,
F” ! LH - LD
where: Fij — normalised value of the basic
indicator j from the class of the factor i, Ln
— upper limit value of the factor, Lp — low-
er limit value of the factor, La — actual
(measured) value of the factor. [1]

2.6 Calculation of thetotal load

Interpretation of the final coefficient
calculation evaluating the level of the
working environment at a workplace or in
a group of workplaces is based on Table 2
and Figure 2. Manual calculation is appro-
priate to process according to the proce-
duresetin Table 2.

Table 2 - Procedure of calculation of the factor values of the working environment at n-

workplace or valid for n-worker

Factorsof the Normalised Wor kplaces
working weight of a 1 . n
environment vector o]
Factor 1 A Fuu | Ou | Fio | 92 | Fy | 9y Fin | % Evaluation of
Factor 2 Vo For | 821 | Foo | 820 | Fy | Oy Fon | 920 | eachfactor at all
..... workplaces
Factor i Vi Fi | 91 | F2 | 2 | R | 9 Fin | Sin
Factor m Vm Fri | S Fr2 | 9m2 ij Smj Frn | Smn
d
Evaluation of all parameters 9 3 s s al i
accor ding to wor kplaces ! 2 ! " J = i=1
P n
Real load of the working environment safety factors.

by the safety factors we can express in
following relation J;; =V, .F;
Where: 4 — real load by the safety factors,

vi — normalised value of the vector weight,
Fij — measured normalised value of the
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The average value of the load by indi-
vidua indicators 9,, which is the indicator
of the average load of the whole working
environment we can state as follows
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Where: 9; — are the elements of the column
vector.
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Figure 2 - Procedure of the calculation of the working environment factor values at the n-
workplace

3. RISK ASSESSMENT

If the risk (R) is the probability of
formation and at the same time the severity
of conseguences or adverse event, we state
that the risk is the function of two basic
parameters. probability (p) and conse-
quence (C). Mathematically expressed:
R = p x C. And the symbol x expresses the
type of function according to the type of
evaluation (it can be a matrix or conjunc-
tion). In our opinion, a straightforward risk
assessment processin five stepsis suitable:
Step 1: lIdentifying hazards and persons
at risk, Step 2: Risk assessment and pri-
oritizing, Step 3: Deciding on preventive
measurements, Step 4: Taking action,
Step 5: Monitoring and control. Choice
of approach to the assessment will depend
on the nature of the workplace (e.g. sta-
ble or temporary operation), the type of
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process (e.g. repetitive activities, develop-
ing/changing processes, work on the con-
tract), the task being performed (e.g. re-
petitive, occasional or high risk) and tech-
nical complexity. [10]

Criteria of system safety evaluation
and risk assessment are not firm. As ac-
cepted risk is considered the risk which the
persons in concern taking into account all
operational and human conditions will be
willing to bear. In our case, the risk as-
sessment method was selected the point
method. Compared to the classical defini-
tion of risk is by the assessment of the risk
level utilized the expanded definition of
therisk in the following form:

R (risk) = p (probability) x C (conse-

guence) x W (effect of the safety and

health at work) x E (period of exposi-
tion)
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Where: p — probability we determine on
the basis of the Gauss function of the den-
sity of the probability normal distribution
and overall load of the working environ-
ment adapted for our case study.

(3-05F
1 e 20,12

0,1v2m

and: p=5-

then:

(9-05)
1 2012

e
0,14/2n

Risk — final indicator, which is the
product of the four values of risk parame-
ters. The lowest value can be 1 and the
highest 625. The score range is classified
into five risk categories according to the
points. insignificant, negligible risk; ac-

R=5- xDxV XE
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ceptable, less significant risk; adverse
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risk.

4. CONCLUSION

Comprehensive evaluation of the en-
vironmental quality is a new innovative
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mans. It should be noted that this issue is
complicated and therefore there are many
approaches to its solution. The methodolo-
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issue. The presented results are based on
past experience in the field of measure-
ment and evaluation of environmental fac-
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