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Abstract: - It is required to determine the factors that are dangerous in terms of occupational health and safety in
hazardous waste disposal facilities, which is an area where multidisciplinary work is required. It is also needed
to find solutions for preventing risks that may cause. In this study; probability, severity and frequency criteria
were used as decision criteria and the importance weights of these criteria were determined with fuzzy analytical
hierarchy process. Then, 46 risks identified for the five main processes such as entry of waste to the plant, waste
analysis, intermediate storage of hazardous waste, disposal of hazardous waste, and auxiliary facilities; were
evaluated by fuzzy TOPSIS method according to decision criteria and prioritized according to their level. It is
found that the highest priority risks for all sub-process are “fire and explosion”.

Key-Words: - Risk analysis, hazardous waste disposal, fuzzy logic, fuzzy analytical hierarchy process, fuzzy
TOPSIS method
Received: August 21, 2021. Revised: April 16, 2022. Accepted: May 14, 2022. Published: June 8, 2022.

1 Introduction used hybrid method, for the selection of a sustainable
location of healthcare waste disposal facility [3].
Hazardous wastes, which continue to Furthermore, fuzzy-AHP, TOPSIS and Promethee
increase due to global production and consumption, methods were used to evaluation of hazardous waste
are shown as one of the most important working areas transportation firms [4]. Arikan et al.(2017) used
of today. Today about 400 million tons of hazardous PROMETHEE and fuzzy TOPSIS (Technique for
waste are produced annually in the world. The Order Preference by Similarity to an Ideal Solution)
annual 1.5 million tons of hazardous waste are also to select the most feasible solid waste treatment
produced in Turkey [1]. There are many risks in the technology for the existing scheme [5]. For risk
ongoing process from the collection of hazardous evaluation, several methods have been developed,
wastes to their disposal. Chemical, flammable, such as analytic hierarchy process (AHP), fuzzy
explosive, toxic, reactive, etc. in each process. In AHP, analytic network process (ANP), grey method,
addition to the damage to the environment, the and extenics theory.
presence of these substances threatens both employee . L o ]
health and public health. In this context, it is vital to ~Hybrid multi criteria decision making model
control such high amounts of hazardous waste for with a linear programming (LP) model to tackle the
both the environment and health. Therefore, the issue of safe disposal of hazardous and infectious
management hierarchy of hazardous wastes has been healthcare waste helped the hospital management in
created. All options from the most important option selecting economically, socially, and
to the last one are determined. They are such environmentally sustainable healthcare ~ waste
prevention, reduction, reuse, recycling, energy disposal firm [6]. Also Multi-Criteria Decision-
recovery and destruction steps. In addition, the main Support Model was developed for a zero-waste
criteria in hazardous waste management to evaluate footprint for the iron and steel industry in developing
waste disposal programs can be divided into five Countrles [7]. Integrated mgltl-c_rlterla decision-
different groups: finance, the environment, health making method (fuzzy analytic hierarchy process
and safety, community perception and life. Eskandari (FAHP) and fuzzy axiomatic design (FAD)) was
etal. tried to select the best place for solid waste used for hazardous waste disposal site selections [8].
disposal in terms of environmental, economic and There are no better or worse techniques, but some
social—cultural views for Marvdasht part of Iran [2]. techniques better suit to particular decision problem_s
They used an integrated multi-criteria decision than others do. Most of the researchers apply multi-
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the MCDA methods, TOPSIS under fuzzy
environment, namely fuzzy TOPSIS, has been
successfully applied in many practical, real-world
challenges [9].

The aim of using Fuzzy logic-based risk
assessment method is to eliminate the subjectivity
which is one of the biggest cons of classical risk
assessment applications. Therefore, we reach the
results which are closer to the reality. In addition,
Fuzzy Analytic Hierarchy Process (FAHP) provide
an analytic tool to analyse the risk under incomplete
and vague information. For occupational health and
safety in hazardous waste disposal facilities, it is
convenient to use Saaty’s AHP approach since the
aim of AHP is to choose the most suitable and
important alternative by arranging from the most
important to the least. This easy-to-use and simple
method creates a hierarchy using the goal, decision
criteria and decision alternatives and sorts the various
alternatives according to their relative importance.
Furthermore, AHP approach extended to fuzzy
environment since decision makers need to express
uncertainty with fuzzy numbers instead of real
numbers. Fuzzy analytic hierarchy process can be
defined as the combined of fuzzy set theory with the
classical analytic hierarchy process developed by
Saaty. The application of this combination is based
on fuzzy severity. Their degrees of importance and
their triangular fuzzy numbers are shown in Table 1
[10]. The aim of this research is to examine each
process carried out in hazardous waste disposal
facilities, and identify risks that may cause work
accidents or occupational diseases. We also propose
solutions to reduce the levels of identified risks in
facilities. Herein, two analytical methods, (i) AHP
and (ii) fuzzy logic to handle the complexity of the
plant and no quantitative data are used. With these
assessment methods, different risk factors are ranked
according to their contributions to the hazardous risk
and they allow the calculation of their relative
priorities  during  decision  making.  Thus,
environmental decision-makers can use them to
develop alternative management strategies for
proposed, ongoing, and completed a hazardous waste
disposal plant. In this study; occupational health and
safety risks in a hazardous waste disposal facility
were examined in five (5) sub-processes.

2 Materials and Methods:

According to 2016 data, the number of hazardous
waste disposal facilities in Turkey is 8. Data which is
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used in this study collected in any hazardous waste
disposal plant. General hazardous waste disposal
facilities work flow chart is given in Figure 1.
Flowchart of BAHS and BTOPSIS risk analysis
method is given in Figure 2. The characteristics of the
facility, where field visits, technical studies are done
and risk assessment is conducted, are given Table 3.
The fuzzy analytical hierarchy process (BAHS) was
used to calculate the significance weights of decision
variables used in the fuzzy risk assessment method.
Fuzzy TOPSIS method was also used to calculate the
importance weights of identified risks.
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Figure 1. Hazardous Waste Disposal Facilities Work
Flow Chart
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Determination of decision criteria used in risk assessment and
creation of hierarchical structure

2

Evaluation of the decision criteriatr3=p=t using the linguistic
variables specified in the FAHP method, and creation of binary

comparison matrices.

Transformation of linguistic evaluation into fuzzy numbers
specified in the FAHP method

¥

According to FAHP method, preparation of the fuzzy decision
matrx of the decision criteria and formation of the importance
weight matrix by using this fuzzy decision matricx and then
calculation the importance weight of the decision criteria
according to data obtained from importance weight matrix.

L 2

Determination of risks caused occupational accidents or
diseases for each main process via literature, field observations

and experts.

Evaluation of risks, which are identified in all processes by
using the linguistic variables specified in the Fuzzy TOPSIS

method, by experts.

Transforming the linguistic evaluations mad by the experts
into the fuzzy numbers specified TOPSIS method

2

For each risk, calculation of normalized fuzzy decision matrix
and weighted normalized fuzzy decision matrix according to
algorithm of fuzzy TOPSIS method.

¥

Calculation of the distance of the each risk to fuzzy positive
and negative ideal solutions according to Fuzzy TOPSIS

method.

Calculation of the proximity coefficient of the each

Arrange risks in each process according to their severity with
sorting the proximity coefficients from large to small.

Figure 2. Flowchart of BAHS and BTOPSIS risk
analysis method
2.1  Fuzzy Analytic Hierarchy Process
FAHP consists of three parts which can be considered
as identification, analysis and decision stages. At the
identification stage, objectives, criteria and

alternatives are determined. In the analysis stage,
importance coefficients are calculated and the
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decision stage is made [11]. In the FAHP, objectives
and decision criteria are determined. Then, the
pairwise comparison matrix are formed according to
fuzzy logic rules. In this method, a lower limit value,
an upper limit value and a high probability of
occurrence are specified instead of defining a single
and definite value in order to determine the
superiority or priority of these two criteria [12,13].
The elements of pair-wise comparison matrices are
composed of triangular fuzzy numbers (u=(1, m, u)).
The triangular fuzzy comparison matrix is shown in

Eq(d).

a1 Qqz - Qip
_ _ Q11 Q22 .. don| _
A= (aij)nxn I : T
an1 QApz ... Qpn

11D (liz ,My2,U12) (lin ymyp, Ugp)
(I21 ,mp1,Up1) (1,1,1) ... (L, Man, Uzp) (1)
(lnl 'mnl'unl) (lnz ;ngﬂunZ) (1:1;1)

The condition specified in Eq(2) must be provided
when fuzzy comparison matrices are generated.
ai=(lij, i, Uij)=ayi t=(L/uji, /i, 1/1;i) )
Where ljj is the lower limit value for comparison of
the criteria i and j, m;; is the highest probability value
in comparing i and j criteria, u; is the upper limit
value for comparison of the criteria i and j. For each
criteria after fuzzy pair-wise comparison matrices are
made; fuzzy number values generated by the decision
makers' evaluations are calculated with the geometric
mean technique shown in Eq (3) and a single fuzzy
value is generated.

ri = (ain™ a2 *ais *... *ain) /" (3
Where ai, is fuzzy comparison value of criteria i to
criteria n, thus, r; is geometric mean of fuzzy
comparison value of criteria i to each criteria. After
the calculated single fuzzy values, it is necessary to
calculate the fuzzy weights of the criteria defined as
the ratio of any r; value to the sum of the r; values.
Fuzzy weights of criteria is shown as follows
Wi = 1% (r+rotrst. . 4)t 4
Where wi is the fuzzy weight of the ith criteria and r;
is geometric mean of fuzzy comparison value of
criteria i to each criteria. After this process, the
calculation of the exact values must be done in order
to eliminate the unclearity. The fuzzy weight values
are freed from fuzziness by the formula shown in
Eq(5) and the final important fuzzy weight values are
calculated for each decision criteria.
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wi=[(uwi—lwi)+(mwi—lw;) ]*1/3+Iw;

(%)
2. 2. Fuzzy Topsis Method

Chen X, et al.,, 2014 developed fuzzy TOPSIS
method to solve MCDM problems [14]. This method
is based on that the alternative chosen is closest to the
positive ideal solution and remoteness from the
negative ideal solution. In other words, with the
TOPSIS method, the preferences by calculating the
degree of closeness to ideal solutions are sort. It is
also known that fuzzy TOPSIS method is a result of
the synthesis of fuzzy set theory with TOPSIS
method. The greatest advantage of fuzzy TOPSIS
method is MCDM method that eliminates the
uncertainties caused by human thoughts. The basis
of the fuzzy TOPSIS method is similar to the TOPSIS
method. The selected alternative is based on the
closest fuzzy positive ideal solution and remoteness
from the fuzzy negative ideal solution. First of all, the
decision-makers  subjectively  determine  the
importance levels of the decision criteria. Then,
according to these decision criteria the alternatives
are evaluated using the linguistic variables shown in
Table 2. Finally, the necessary mathematical
calculations and alternatives are listed using these
evaluations converted to fuzzy numbers. A fuzzy
MCDM matrix with n criteria and m alternatives and
a criteria weight vector are shown in Eq(6).

C, e C,
Ay [ X1y X1in
D = . . H ,Wz [Wl Wz cene Wn] (6)

Where all i and j values of xij and wij are composed
of linguistic variable. xij = (aij, bij, cij) and wj =
(wj1, wj2, wj3) are triangular fuzzy number. D: fuzzy
decision matrix W: weights matrix of decision
criteria.  When looking at the data specific to the
criteria on the basis of alternatives, situations such as
the data being qualitative or quantitative, and the size
of the quantitative data differing according to each
other arise. Therefore, after the fuzzy decision matrix
is created, the decision matrix should be normalized.
By applying the process called normalization in
TOPSIS method, it is ensured that large or small
values are reduced to [0-1] in their own column in a
proportional sense. The normalized fuzzy decision
matrix is shown in Eq (7)

R=[ry] ,i=12,..m j=12.,n

mxn’
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Creations of normalized fuzzy decision is done in two
different ways in the BTOPSIS method. The first of
these is the determination of the largest (cj *) of the
third components of the fuzzy significance weights
expressed in triangular fuzzy numbers for each utility
criteria using EQq(8). The second (If the decision
criteria is chosen as the cost criteria) is to determine
the smallest (aj-) of the first components of the fuzzy
significance weights expressed in triangular fuzzy
numbers for each cost criteria using Eq (9).

(8)

— (% by i) x
rii_(?’c*'_* , JEB, ¢j = maxc;;
I B

a; a; a; . _
T = (C—Zj,b—;,a—j), J€C, aj =maxa;; (9
After the creation of the normalized fuzzy decision

matrix, the weighted normalized fuzzy decision
matrix is expressed as in Eq (10).

V= [vij]mxn,i =12,..,m, j=1,2,..,n (10)
Vij = 1 W (11)
After normalized fuzzy importance weight

calculations, the fuzzy positive ideal solution (FPIS)
(A*) and fuzzy negative ideal solution (FNIS) (A-)
were calculated as in Eq(12)

A* = (vi’j' v;' R v;:) ;A_ = (vl_l UZ_I "'Jv";) (12)

Since this study has three decision criteria, according
to Chen's model, the fuzzy positive ideal solution
(FPIS) (A*) and fuzzy negative ideal solution (FNIS)
(A-) are shown as

A"=[(1,1,1) (1, 1,1) (1,1,1)] and A =[(0,0,0) (O,
0,0) (0,0, 0)].

According to Vertex method; distance from two
fuzzy number A = (A1, Az, As) and B = (B4, B:, Bs)
was calculated as

d(A,B)=[1/3X[(A1-B1)?+(Ax-B2)?+(As-B3)*]]Y? (13)

and also fuzzy-free distance (di* ve di) was
calculated as:

d;'k = Z;.l=1 d(vij’ U;) ) i= 1,2, e, m (14)
& =Thd(vyv)), 1=12.m

After this process, the distances to the positive and
negative ideal solutions are calculated to determine
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the proximity coefficients (CCI) for each
alternatives. The proximity coefficient handles the
distances to fuzzy positive and negative solutions
together. Proximity coefficient for each risk was
carried out using Eq (15). The approximation
coefficient of an alternative approached to 1 indicates
that this alternative approaches the fuzzy positive
ideal solution and moves away from the fuzzy
negative ideal solution. Mathematically, if Ai= A *
or Ai= A-; CCi =1 or CCj = 0, respectively. The
ranking of this alternative is made according to the
proximity coefficients. According to this ranking, the
closer the coefficient of affinity is to 1, the higher the
likelihood of the alternative being chosen.

d;
CC; =
Loodita;

i=12,..,m (15)

2. 3 Algorithm for the Application Method

According to the algorithm of the FAHS method, the
fuzzy decision matrix of the decision criteria, the
fuzzy significance weight matrix is formed and the
decision criteria based on these data are calculated
from the fuzziness-free significance weights.

2.4 Evaluation of decision criteria using
linguistic variables

The risk level is determined by using probability,
violence and frequency values in classical risk
assessment methods. These three components were
used as decision criteria. The decision criteria were
evaluated by three different experts using the
linguistic variables given in Table 1, and the binary
comparison matrices were prepared (Table 4-5).

Table 1. The linguistic variables and fuzzy number
values.

Linguistic variables Fuzzy numbers
Too Strong 2,52, 3

Very Strong 3/2,2,5/2
Strong 1,32,2

Less Strong 1,1, 32

Equal 1,11

Less Weak 2/13,1,1

Weak 1/2,2/3,1
Very Weak 2/5,1/2,2/3
Too Weak 1/3, 2/5, 1/2
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Table 2. Linguistic variables and scale of fuzzy
numbers used in fuzzy TOPSIS method

Variables Fuzzy numbers
Very low 0,01

Low 0,13

Medium Low 1,3,5
Medium 3,5,7

Medium High | 5,7,9

High 7,9,10

Very high 9,10, 10

Table 3. The characteristics of the facility

Facility
Disposal Intermediate Storage; Disposal by
Methods Incineration; Disposal with Regular
Storage
Hazard Class | Very dangerous

General Treatment and disposal of hazardous
classification of | wastes (operation of plants for the

economic treatment of hazardous wastes,
activities in the | disposal of used products for the

European removal of hazardous wastes, etc.)
Communities | (except radioactive waste)

Table 4. Binary comparison matrix based on the first,
second and third expert's evaluations

Expert’s | Prob Sever Freq
Prob 1% | Equal - -
Sever 18 | M. Low | Equal -
Freq 1% | M.High | High Equal
Prob 2t | Equal - -
Sever 2% | M. Low | Equal -
Freq 2% | High V High Equal
Prob 3% | Equal - -
Sever 3% | V.Low | Equal -
Freq 3% | High M High | Equal

Table 5. The expression of the triangular fuzzy
numbers of the binary comparison matrix evaluated
by the first, second and third expert's

Expert’s | Prob Sever Freq

Prob 1% 1,11 2/3,1,1 2/3,1,1
Sever 18t | 2/3,1,1 1,1,1 215, 1/2, 2/3
Freq 1st 1,1,3/2 3/2,2,5/2 1,11

Prob 2 1,11 1,1,3/2 1/2,2/3,1
Sever 25t | 2/3,1,1 1,11 1/3,2/5,1/2
Freg 2% 3/2,2 2,502, 3 1,1,1

Prob 3st 1,11 3/2, 2,512 -2/5, 112, 213
Sever 3%t | 2/5,1/2,2/3 1,11 2/3,1,1
Freq 3st 3/2,2,5/2 1,1,3/2 1,1,1
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2.5 Calculation of important weights of
decision criteria

In this section, fuzzy decision matrices were formed
using the fuzzy binary comparison matrices formed
as a result of the opinions of the experts. Importance
weights of decision criteria were calculated by using
this matrix. Fuzzy decision matrix was formed by
taking arithmetical average of all elements of paired
comparison matrices formed by triangular fuzzy
numbers. If the value of probability according to
frequency is defined as Mai in the fuzzy decision
Matrix; Mag = (Miae + Mads + Maa)/3=[(1, 1, 3/2) + (1,312, 2)
+(3/2,2,5/2))/3 = (1,166 , 1.5, 2) calculations were made
using Table 5 and was created Table 6. After
establishing the fuzzy decision matrix of the decision
criteria, a single fuzzy number value was calculated
for each decision criteria by taking the geometric
mean of the fuzzy number values obtained for each
decision criteria using Eq(3)

RFUY o, =[(1X0.577x1.166)1, (1x0.833x1.5),(1x0.888x2) %)=
(0.876,1.077,1.386)

R (sery= [(1.166*1*1.5)", (1.333*1*1.833)"7, (1.833*1*2.333)%]=
(0.609, 1.347, 1.623)

RFUY 0 =[(0.522%0.466*1)V° (0.722%0.633%1)1%, (0.888*0.722*1)%]=
(0.624, 0.770, 0.862)

Table 6. Fuzzy decision matrix of decision criteria

Probability Severity Frequency
P| 1,11 0.578,0.833,0.88 1.166, 1.5,2
8
S | 1.166,1.333,1.83 1,1,1 1.5,1.833,2.33
3 3
F | 0.522,0.722,0.88 0.466, 1,1,1
8 0.633,0.722

Fuzzy weights of criteria were calculated from Eq (4)
as followings and given in Table 7.

W Ry o= (0.876, 1.077, 1.386)* [(0.876, 1.077, 1.386) + (0.609,
1.347, 1.623) + (0.624, 0.770, 0.862)]* = (0.226, 0.337, 0.657)

W R (oo =(0.609, 1.347, 1.623) * [(0.876, 1,077, 1,386) + (0.609,
1.347, 1.623) + (0.624, 0.770, 0.862)]" = (0.157, 0.422, 0.770)

W R o= (0.624, 0,770, 0,862) * [(0.876, 1.077, 1.386) + (0.609,
1.347, 1.623) + (0.624, 0.770, 0.862)]" = (0.161, 0.241, 0.409)

Table 7. Fuzzy importance weights (FW) of
decision criteria

Probability Severity Frequency

FW 0.226,0.337,0.657 | 0.157,0.422,0.770 | 0.161, 0.241,0.409
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The fuzzy values of the decision criteria are freed
from the fuzziness using Eq(5) and the non-fuzzy
exact weights of each decision criteria are shown in
Table 8.

W R o ity =[(0.657 — 0.226) + (0.337 + 0.226)] /3 + 0.226 = 0.557

While determining the risk level of any risk, it can be
said that the most weighted decision criteria is the
value of Severity of that risk.

Table 8. Non-fuzzy importance of weights (NFW)
of decision criteria

Probability | Severity | Frequency

NFW 0.557 0.554 0.378

2.6 Investigation of risks in hazardous waste
disposal facilities

There are five main process in hazardous waste
disposal facilities; such as the entrance of the waste
into the facility, waste analysis, intermediate storage
of hazardous waste, disposal of hazardous waste and
auxiliary facilities. The risks identified for each
process are prioritized by the fuzzy TOPSIS method.
The calculations for the entrance of the waste into the
facility are listed below (Table 9-13) [15]. The
determined risks were evaluated by three experts on
the basis of linguistic assessments by probability,
severity and frequency criteria. Evaluation of Table
9 risks determined by the linguistic variables for the
process of entry of waste to the plant. The triangular
numbers are used, given as Table 2. The linguistic
evaluations are translated into the triangular numbers

And the arithmetic mean of the triangular fuzzy
scores expressed for each risk was taken and the
fuzzy significance weight of each risk was calculated
as a single triangular fuzzy number.
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Table 9. Risks of occupational health and safety

specified during the introduction/entrance of waste

disposal into the facility.

Code Risk Reason of Risk

R1, Hazardous Due to the fact that the loads are
waste carrying | very heavy, a shift in the position
vehicle rollover | of the load during transportation

causes the vehicle to in stabilize
and tip over.

R2, Fire and | Reaction of transported waste
explosion disposal with each other or with

air or contact with ignition source
causes fire and explosion

R3, Pollution Waste disposal transportation
transportation vehicles carry the pollution out of
of hazardous | the facility by the wheels and
waste create environmental pollution
transportation
vehicles on the
site

R4, Collision with | Arrival to hazardous waste
other vehicles | disposal facilities by narrow and
in traffic uneven roads, inadequate roads in

facilities, inadequacy of warning
signs and traffic rules are not
followed.

R5, Unsuitable Entrance of any wastes other than
types of waste | waste codes licensed by hazardous
entry into the | waste disposal facilities into the
field facility (eg radioactive waste), no

sampling or any analysis

R6, Chemical Chemical exposure through gas
exposure of | leakage, contact etc. during
person who is | sampling process.
sampling

R7, Injury  during | Injuries may result from working
sample with hazardous substances during
collection sampling, working alone etc.

Table 10. Risks of occupational health and safety

specified during the process of the waste analysis

Code Risk Reason of Risk
Injuries during sample
R1. Injury during preparation (cutting, pressing
analysis
etc.), manual transport of waste
samples
Chemical exposure due to the
R2, Chemical exposure | gas output or contact and lack
for analysis . . -
personnel of ventilation or insufficient
ventilation system
Cables, objects and slippery
R3, Fell down as a floors

result of slipping
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Decision of wrong disposal

R4, Incorrect disposal | technique as a result of either
due to incorrect i i i
analysis incorrect analysis, or incorrect

reporting or transportation of
inappropriate waste type to the
facility

Lack of any active heating and

RS, Thermal comfortis | ¢o5)ing system in laboratory

not provided
Reaction caused by the nature
R6. Fire and explosion | of hazardous wastes or contact
of waste samples with a source
of ignition, tipping of
compressed gas cylinders,
explosion as a result of
improper storage
The occurrence of electrical
R7. Electric shock

leakage from the maintenance

Table 11. Risks of occupational health and safety

specified during the process of intermediate storage

of waste
Code Risk Reason of Risk
RL o Environmental pollution occurs as a
Epidemic .
disease result of improper long-term storage;
leakage from tanks and barrels.
Storage of wastes that will react with
R2; | Fireand each other in barrel storage area,
explosion
bunker and tank farm; the presence of
the ignition source around the waste; no
warning sign; leakage from the tanks
and barrels; explosion of aerosol-
containing waste (deodorants,
pesticides etc.)
Chronic toxicity due to the odor
R3, Chronic toxicity

exposure

Working in closed area during

R4 | Workingin maintenance, repair etc.
closed areas
Working at heights during
R5; | Working at maintenance, repair etc. in the bunker
height
or tank farms
R6, Environmental Diseases caused by biological agents.
pollution
Inhalation of chemicals and contact
R7; Chemical with them in the work area; lack of
exposure

good ventilation system
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Problems such as low back pain may

kettle is being fed to the rotary

R8, Non-ergonomic | occur as a result of manual handling of kiln combustion system;
conditions . . .
waste. interaction with a source of
Unsuitable design of tank; tipping over ignition, air or a reactive
R9; | Injury during the tank as a result of improper substance; starting fire during the
Ba;lslrl)r;ga\fvaste selection of construction material of first ignition in the rotary kiln;
tank; failure of stacking properly in explosion occurrence in diesel,
barrel storage area; storing of barrels propane and fuel oil tanks; battery
above safe storage height, non-fixing of waste explosion
barrels; load drop or slip from forklift Working at height during
or waste transport vehicles R34 | Working at height maintenance or repair in rotary
Noise occurrence due to forklift and kiln, pipeline and other sections
R10s | Noise exposure | waste transportation vehicles; exposure Working in closed and narrow
of workers and operators to noise; noise R4q | Working in closed areas during maintenance or
measurement is made and no areas repair in Rotary kiln, pipeline,
precautions are taken. barrel conveyor belts sections
R11, Vibration occurrence due to forklift and Chronic toxicity due to the odor
g:sgiﬂfg waste transportation vehicles; exposure R54 | Chronic toxicity exposure
of workers and operators to vibration; Diseases caused by biological
no vibration measurement is made and R64 Epidemic disease agents
o precautions are taken. Inhalation of existing chemicals
R74 | Chemical exposure in the work area, contact, lack of
Table 12. Risks of occupational health and safety good ventilation system, release
specified during in the disposal of hazardous waste of gases after combustion 1o the
atmosphere without purification
) ) Back pain may occur as a result
o e Envirommenl poltion cueed R8s | Nonergonomic. | of the bare  IBC tank eeding
Environmental by leakage, fire, explosion, on the barrel by hand.
pollution release of the gases released after Stucking the conveyor belt during
R1q combustion into the atmosphere R4 w;gg c?il;gggara"ing t.rim.ming on the conveyor belt,.
without purification, spillage after tipping over the small tank while
removal of slag and contact this removing slag after combustion,
slag with soil, air and water. contacting the worker
During the medical waste Noise occurrence due to forklift
Fire and explosion sterilization process, working R104 | Noise exposure and waste transportation vehicles;
with high temperature and exposure of workers and
R24 pressure equipment; wastes that operators to noise; noise
can react with each other are not measurement is made and no
buried separately; not covering precautions are taken.
hazardous wastes buried in the Asbestos exposure occurs
R114 | Asbestos exposure -when waste may not have a

regular storage area with the soil,
feeding the wastes in
uncontrolled amount and mixture
during the burning of waster;
uncontrolled rise in temperature
and pressure in rotary kiln;
clogging of compounds
containing Cl in the rotary kiln;

leakage from the barrel while the
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special coating and not being
buried in a separate lot in a
regular storage area;

- scattering and breathing as a
result of opening the container of
asbestos waste during disposal;

-asbestos waste disposal may not

be done by experts;
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-the location of the ashestos
buried is not covered by soil;

- when the employees do not take
off the clothes properly, do not
dispose of them, or take a shower

after asbestos disposal

Machine accidents occur

R124 | Machine accidents

-when construction machines
(cars, trucks etc.) slipped or
overturned in the landfill for the
storage due to the rugged and soft
soil.

-due to lack of warning signs
traffic signs and inadequate
lightening,

-speed limits not being set

Electrical accidents occur in the

R134 | Electrical accidents

water pool in the landfill, people

may get electric shock

Employees fall into the water

R144 | Strangulation

pool in the landfill, there are
slippery edges around the water
tank pool, no warning signs, no

safety fences around the pool

Vibration occurrence caused by
forklift

transportation vehicles, workers

R154 | Vibration exposure

due to and waste
and operators are exposed to
vibration, vibration measurement
is not done and precautions are not

taken.

Table 13. Risks of occupational health and safety

specified in the auxiliary facilities process

Code Risk Reason of Risk
Falling due to slippery ground; insufficient
Rix | Injury of warning signs; lack of appropriate work
grl:;;gis shoes for employees; jamming of limb
during either operation or maintenance of
machine and equipment.
Fire caused by electrical leakage; use of
R2 | Fire and | nrecqirized equipment such as compressors
explosion
Leakage current may occur during
R3x | Electric | operation and cleaning of equipment such
shock as sedimentation and ventilation pools,
grills, filters, sand, oil trap, compressors
and membranes. The cables are not suitable
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for the wet ground unexpert people are

working there

No noise measurement in the facility; no

R4, | Noise noise map of the facility; no regular
exposure . . .
maintenance of machine equipment; no
follow-up of new technologies
Chronic toxicity occurrence due to odor
R5 Chronic exposure
toxicity
The occurrence of diseases caused by
R6x | Epidemic | piological agents; drinking, eating around
disease

the wastewater treatment plant; not

providing hygiene conditions

2.7 Determination of normalized fuzzy
mmportance weight of risks by Fuzzy Topsis
Method

For each risk, fuzzy importance weights calculated
before was normalized using the linear normalization
method. Normalization was carried out using the
formulas given in Eg. (8- 9). In the study, the decision
criteria are used to determine the most risky process.
These criteria are considered as a criteria of benefit.
Therefore, in each decision criteria column and the
largest number in the third column of triangular fuzzy
importance weights calculated for each risk was
found. Then, other values are divide by this largest
number to determine the normalized triangular fuzzy
importance weight in [0-1] range. The maximum
SEVERITY is found as 9.667 and then R1. was
calculated as

(4.333/9.667; 6.333/9.667; 8.333/9.667) = (0.448; 0.655; 0.862)

2.8 Determination of weighted normalized
fuzzy importance weights for risks with Fuzzy
Topsis method

In this study, the triangular fuzzy numbers obtained
by the normalization process for each risk and the
decision criteria specified in Table 7 are used to
determine the weighted normalized fuzzy importance
weights of all risks. This calculation is carried out
using Eqg. (11).

Vi = ra * wy = (0.036, 0.143, 0.321) * (0.226, 0.337, 0.657) = (0.008,
0.048, 0.211)

2.9 Determination of proximity coefficient by
calculating distance to fuzzy positive and
negative ideal solutions
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According to Vertex method; distance from two
fuzzy number A = (A1, A2, A3) ve B = (B1, B2, By)
was calculated using Eq(13).

As an example, for R1. risk the probability, severity,
frequency, distance to fuzzy positive and fuzzy
negative ideal solutions and proximity coefficients
are calculated as followings

Probability

d(Ay, A" = [1/3 * ((0.008 — 1)% + (0.048 — 1)2 + (0.211 — 1))]*2 = 0.915
d(Ay, A) = [1/3 * ((0.008 — 0)2 + (0.048 — 0)2 + (0.211 — 0))]2 = 0.125

A; = (0.008, 0.048, 0.211)

Severity

d(Ar, A) = [1/3 * ((0.070 — 1)% + (0.276 — 1) + (0.664 — 1))]*2 = 0.708
d(As, A) = [1/3 * ((0.070 — 0)2 + (0.276 — 0) + (0.664 — 0)?)]V2 = 0.417

A, = (0.070, 0.276, 0.664)

Freguency

d(Ar, A) = [1/3 * ((0.008 — 1)% + (0.063 — 1)? + (0.237 — 1)3)]*2 = 0.903
d(Ar, AY) = [1/3 * ((0.008 — 0)? + (0.063 — 0)? + (0.237 — 0)2)]¥? = 0.142

A; = (0.008, 0.063, 0.237)

For R1.risk, the distance to fuzzy positive and fuzzy
negative ideal solutions (di*, di") are calculated using
Eq(14)

ds* =0.915 + 0.708 + 0.903 = 2.526

di- =0.125+0.417 + 0.142 = 0.684

Proximity coefficient for each risk was carried out
using Eq(15),

For R1. risk,
CCy=dy / (dy +di*) = 0.684 / (0.684 + 2.526) = 0.213
The same procedures were repeated for all processes

and the significance levels of the risks were
determined for each process (Table 14).
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Table 14. Priority ranking according to proximity
coefficient for risks during entry of waste to the plant,
waste analysis, intermediate storage of hazardous
waste, disposal of hazardous waste, and auxiliary
facilities

Priorit | The The The The The

y entry | waste intermediat | disposa | auxiliar

rankin | of analysi | e storage | of y

g wast | s waste facilities
e

1 R2e R6a R2s R2d R2x

2 R7e R3a R8s R11d R4x

3 R6e R2a R7s R13d R3x

4 Rée Rla R6s R8d R6x

5 R3e R7a R1s R6d R5x

6 Rle R5a R9s R12d R1x

7 R5e R4a R11s R1d

8 R4s R15d

9 R5s R7d

10 R3s R9d

11 R10s R4d

12 R10d

13 R14d

14 R3d

15 R5d

3 Results and Discussion

Three decision criteria as probability indicating the
probability of occurrence of risk, severity which is
indicated damage severity during risk and the
frequency criteria of the occurrence of a risk were
determined as 0.557, 0.554 and 0.378 recpectively
(Table 8). After determining the importance weights
of the decision criteria, occupational health and
safety risks in a hazardous waste disposal facility
were examined in five (5) sub-processes which are
given in Table 9-13. As conclusion, a total of 46 risks
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and cause of the risk are identified in these tables. For
all these five sub-processes, we sorted all identified
risks according to the proximity coefficients. Priority
ranking according to proximity coefficient for risks
during entry of waste to the plant, waste analysis,
intermediate storage of hazardous waste, disposal of
hazardous waste, and auxiliary facilities were given
in Table 14. It is found that the highest priority risks
for all sub-process are “fire and explosion”. In the
process of the waste entry to the facility, the least risk
is an unsuitable types of waste entry into the field.
The least important risk for the waste analysis was
determined as the risk of incorrect disposal as a result
of incorrect analysis. In the process of intermediate
storage of waste, the least risk is noise exposure.
Chronic toxicity is the least risk in the process of the
disposal of waste. As pointed out by [16], the second
risk that has the highest importance in the process of
disposal of hazardous waste is “asbestos exposure”.

4 Conclusion

This study uses a fuzzy logic-based risk assessment
approach which gives more objective results than
different risk assessment studies in the field of
occupational health and safety in the literature. In
addition, it is determined that this approach can be
used in hazardous waste disposal facilities. In future
studies, the results of the conventional risk
assessment approach and fuzzy logic-based risk
assessment approach will be compared by taking the
sampling from the whole sector. It can be tested
whether the fuzzy logic-based method gives more
objective results than the classical methods.
Moreover, more comprehensive results can be
obtained from the sector. Personnel working in these
facilities may have some diseases such as cancer,
reproductive problems due to the fact that they are
exposed to hazardous chemicals, asbestos, harmful
gases, biological agents. The detection of these
diseases requires long-term work. Therefore, a
national monitoring system can be established to
increase the traceability of the periodic heath control
system.
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