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1. INTRODUCTION

ABSTRACT

In this study, occupational safety risk assessment has been performed for Ankara Chamber of
Industry 2nd and 3rd Organized Industrial Zone (OIZ) Regional Directorate - Environmental
Waste Water Treatment Plant (WWTP) by fuzzy logic method. In the literature, there are lots
of risk assessment methodologies. These methods for the risk level do not give accurate results
in systems such as WWTPs with a lot of complexity and variability. Also, these methods include
strict lines and are not reflecting the practical issues of the real-world applications. For this
reason, these methods are to be adopted by the use of fuzzy logic. Fuzzy Logic Risk Analysis
Model which gives more realistic results compared to traditional methods based on
probability. For fuzzy safety risk assessment firstly membership functions for input and
output are created and values risk assessment input data is blurred then Fuzzy Risk Priority
Number (FRPN) is determined in the Matlab 2013a software program. In this study a risk
matrix merged with Fuzzy Logic model is developed to enhance the risk assessment process
which is dealing with uncertainties that arise in each phase of the risk assessment process.
RPN values were investigated and compared by 5x5 matrix and fuzzy logic method.

defined as planning, organizing, managing and
controlling the resources and activities required to

As a general definition, risk is a negative possibility
that is not desired to be encountered (L6j-Pilch at al.
2018). As in every field, it becomes very important in the
disruption of urban services that are carried out without
risk and in situations that directly concern public health
(L6j-Pilch and Zakrzewska 2020). Water and wastewater
management is at the top of the list of urban services
involving high risks. Disruption of the sustainability of
these services, which are closely related to the
environment and human health or any decrease in
service quality, may have negative consequences.
Environmental damage or health loss that may occur in
case of risk is much more important than financial losses
(Kudtak et al. 2016, Cossio et al. 2019).

The term "Risk Management" was first used in the
United States of America in the late 1950s (Nicoleta et al.
2020). In the early days, it was dealt with insurance and
took part in insurance. Thus, risk management can be

control the unexpected losses that may occur in the
organization at the lowest cost. Risk management
includes the stages of identifying and evaluating risks,
responding to risks, regularly reviewing and reporting
risks (Emhan 2009).

Water resources in the world are decreasing
rapidly. Among these resources, water resources of
potable quality decreased and reached the point of
depletion (Yilmaz 2015). On the other hand, waste water
released to receiving environments without being
treated in a way causes pollution of water resources
whose amount is decreasing day by day and deserve
more interest recently (Ozkan et al. 2013). For this
reason, waste water should be treated in order not to
contaminate existing water resources and to use water
resources more efficiently (Edokpayi et al. 2017).

Necessary precautions should be taken in order to
create a healthy and safe work environment in WWTPs
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and to prevent possible work accidents (Malakahmad et
al. 2012).

In this context, safety measures to prevent accidents
and dangers that may occur during the maintenance,
repair and operation processes of WWTPs should be
acted within the scope of occupational health and safety
(OHS) (Giiner 2018). WWTPs, which are classified as
"very dangerous”, contain many risks regarding
occupational health and safety in terms of processes and
working conditions. In determining the risks that may
occur in WWTPs, in addition to the effects on
occupational and worker health, it is necessary to
determine the scope and size of their effects on the
environment. Considering the negative environmental
effects of the dangers in these facilities, it is important to
re-evaluate and prioritize the risks. In occupational and
worker safety, including environmental impacts as well
as the activity and employee safety in the risk analysis
will benefit both decision-makers and managers (El-
Quliti et al. 2016).

Many neural network applications can used for,
bioprocesses control and risk management systems
(Ozkan etal. 2010, Mete et al. 2012). Fuzzy logic is one of
them and has proven to be very successful in a wide
range of applications, with much commercial success.
Risk analysis is a complex task that entails the
consideration of many parameters which are, more often
than not, very difficult to quantify. Fuzzy logic presents a
natural way of modelling these vaguenesses, while also
ensuring that human creativity and intuitivity, which is
an essential ingredient for successful risk analysis. In
literature, Bavani and Tabesh 2012, produced an
algorithm by fuzzy for the risk management of the
WWTP. Comprising probability of failure, intensity of
probable damages and vulnerability of element were
used for the calculation of operational risk and results
showed that proposed algorithm is successful for risk
management. Cabanillas et al. 2012, used fuzzy logic with
a new methodology. Algorithm was based on 22 WWTP
datas. Results showed that new method with fuzzy logic
showed better and practical results than solid method.
Alavipoor et al. 2016, used Fuzzy-WRASTIC new model
for the risk management of Geographic Information
System) environment. Surface water contamination risk
in this area was divided into four ranges: low, medium,
high and very high. High risk zones are much more than
the others and the reasons discussed. Yel and Yalpir
2011, used fuzzy logic for municipal wastewater
treatment plant (MWTP). A fuzzy-logic-based diagnosis
system was developed to determine the primary
treatment effluent quality in a MWTP. The measured data
of variables were implemented into the Fuzzy Inference
System (FIS) with Mamdani’s method. The output
approximations to real data remained in an acceptable
range for a MWTP performance (89-96%). The averages
and standard deviations of the model were also
approximated closely as 93-98% and 89-97%,
respectively. The resulting configuration proved a good
modeling approach for MWTP effluent quality
prediction15. Ghandi and Roozbahani 2020, used fuzzy
Promthee V (Preference Ranking Organization Method
for Enrichment Evaluation) technic for the selection of
the most appropriate drinking water supply strategies in

crisis conditions and applied for Tehran city. Model was
solved through fuzzy and non-fuzzy method.
Mirghafouri and Kousha 2015, used Fuzzy FMEA-AHP
algorithm the risk of water transmission pipeline to Yazd.
Results showed that failure of electromotor and
electricity panels in pumping stations, reduction of
height of river water level in water harvesting site and
breakdown of main faucets in pipeline path are on high
priority.

In this study risk management was investigated for
Ankara Chamber of Industry 2nd and 3rd Organized
Industrial Zone (OIZ) Regional Directorate WWTP by
fuzzy logic method. The contribution of this paper to the
literature is important due to the number of WWTPs
operated in Turkey is increasing day by day. Each of the
treatment plants are potential risk to safety. WWTPs
contain many hazards from the operation, maintenance
and repair in terms of both occupational health, safety
and environment. Ankara OIZ Environmental WWTP is a
new and big WWTP in Ankara and outlet stream is
connected to Ankara Stream which joins with Sakarya
river and pours into Sariyer dam. With such risk analyzes
carried out in this plant, it is aimed to reduce accidents
and increase the working efficiency. Also, fuzzy 5x5
matrix type risk assessment method is never used for
WWTP risk management studies before. For this first of
all, the hazards were determined and then the risk value
was calculated considering the probability of accidents
and the effects of severity after they occur. The
probability and severity values, which were the input
data, were blurred and membership functions were
created for the probability, severity and FRPN.
Triangular membership functions were defined one by
one for grading levels that are very low, low, medium,
high and very high. A possible solution is proposed by
modifying the risk matrix using a fuzzy logic model to
deal with the uncertainties.

2. METHOD

2.1. Study Area: Waste Water Treatment Plant

The analyzed WWTP is located in Sincan. Domestic
and industrial wastewater originating from factories and
facilities in Ankara Chamber of Industry 2nd and 3rd
Organized Industrial Zone is treated in a WWTP with a
capacity of 2500 m3/day by Advanced Biological
Treatment process. The total industrial area in ASO
(Ankara Chamber of Industry) 2nd and 3rd OIZ is
approximately 400 ha, and there are 321 industrial
parcels varying between 10000 m2 and 200000 m2 can
be seen in Fig. 1. Currently, the number of active facilities
is 90. The current amount of treated water is 1900
m3/day. If the pollutant concentrations of the participant
activities meet the discharge standards defined in the
wastewater management system, they are connected to
the sewerage system without any pre-treatment. The
pollution values of the wastewater originating from the
facilities that cannot meet this requirement are reduced
to the discharge standard limits and released to the
environment. Risk datas were defined with the expert
about compressor, pump, electricity, lighting, wet floor
etc. such as general risks for treatment plants.
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Figure 1. WWTP plan
2.2. Hazard identification for WWTP

Hazards were grouped under 10 headings as
electricity, chemical substances, compressor, pump,
forklift, crane, stairs, natural gas, manual handling and
general security as percentage distribution was shown in
the Fig. 2. These categories were detailed and then the
distribution of risk levels were analyzed. For ex: for
electricity 14 hazards identified such as conducting
electrical work by incompetent persons, not conducting
electrical wiring and grounding control, not providing
employees with training to work safely with electricity.
For natural gas 2 hazard were identified such as, lack of
emergency exit signs and directions and unsuitable
emergency exits and doors. For manual handling the
working area was not suitable for safe load
transportation, the material being transported was not
suitable for manual transportation, the maximum load
limit per worker was exceeded, the employees did not
have enough training, the articulation to take/drop the
load, etc. 12 hazards were identified. For stairs, 11
hazards were identified such as not using ladders in
accordance with the standards, not being able to reach
the work area while on the ladder, using ladders in
unsuitable weather conditions, not choosing ladders
suitable for the electrical environment. General security
was included some points about office, building and
personnel.

20 20
20
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10 10 11

10 8
5

3 : I I 2
. HER ]

W electricity M chemical substances
compressor H pump
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M stairs M natural gas
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Figure 2. Distribution of hazards according to categories
for WWTP

2.3. Analysis of Risks

Risk assessment is a process that includes the
necessary studies to determine the dangers that exist in
the workplace or that may come from outside, the factors
that cause these hazards to turn into risks and the risks
arising from the hazards by analyzing and rating them
and determining the control measures (Falakh and Setiani
2018).

2.3.1. L Type(5x5 Matrix)

Risk matrices are a method of combining qualitative
or semi-quantitative outcome/probability ratings for
determining risk level or risk rating. 5x5 matrix is
especially used to evaluate cause and effect relationships.
The risk score is calculated on the basis of probability
and severity parameters. The work should not be started
until the identified risk is reduced to an acceptable level
and should be stopped immediately if there is an ongoing
activity. In the L matrix method, the probability and
severity parameters are evaluated on a scale of 1 to 5 and
the risk score is calculated by multiplying them by Eq.1
(Ak, 2020).

RPN = Severity x Probability (D

RPN is a number indicating the level of criticality. RPN
in the calculation of the value, verbal or defined as
probability a certain number of risks factors. The values
assigned in the range are retrieved. For each type of error
with RPN risks are identified starting from the owner of
RPN minimizing in the short term, in the long run
removal, corrective to be taken for measures are
determined (Kursun et al. 2016). Probability verses
severity 5x5 matrix was given at Fig. 3.

High

A —r—@PFPLmOIT

SEVERITY
Linar High

Figure 3. Probability verses severity 5x5 risk matrix

Limitations of risk matrix is that the data used in the
risk matrix have different degrees of uncertainty. Some
of the values are known with precision, others are wild
guess. Generally, matrix use three colours (e.g., red,
yellow and green) for representing the level of risk. Also,
individual people have different risk tolerances. This can
further distort how matrix can be used. People with low
risk tolerance will over rate risks, while the people with
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high risk tolerance will under rate risks. Fuzzy logic is a
set of mathematical principles for knowledge
representation based on degrees of membership. It deals
with degrees of membership and degrees of truth. It
reflects how people think and attempts to model our
sense of words, our decision making and our common
sense (Kumar and Shrihari, 2016).

2.3.2. Fuzzy Risk Analysis Methodology

The first step in preventing accidents is to make a
suitable and adequate risk assessment. Risk assessment
should be made taking into account all the dangers and
risks of the employees, other people (visitors, anyone in
the environment) (Abuzerr et al. 2020). In the analysis of
risks; after the hazards are identified, the risk value is
calculated by taking into account the probability value of
the accidents and the effects of severity after they occur
(Stamatis, 1995).

Probability: The occurrence of a hazard is based on
likelihood. This possibility should be evaluated together
with the conditions and factors that constitute this
hazard. Rating steps for probability can be seen from
Table 1.

Table 1. Rating steps for probability

Meaning Value
Expected  Will occur 5
Likely Most likely 4
Often Possibilities are happening or can 3

occur

Unlikely It is less likely to occur 2
Rare Can be ignored 1
70 61
60
50
40 33
30
20
10 1 2 0
0

M very high ® high ® medium = low Hvery low

Figure 4. Distribution of accident probability values

Distribution of accident probability values was given
at Fig. 4 for WWTP. From a total of 97 risks; one of them
is shown as "Very High" with 5 likelihood values, 33 as
"High" with 4 probability values, 61 as "Medium" with 3
li probability values, and 2 as "Low" with 2 probability
values.

Severity: In case of occurrence of danger, it indicates
the degree of damage to people exposed to danger and

the environment. This weight is determined on the basis
of experts' opinions, relevant scientific data, and
published experiences. Rating Steps for severity is given
Table 2.

Table 2. Rating steps for severity (Subriadi and Najwa
2020)

Meaning Value
Fatal Meaningful  inconvenience  or 5
anxiety
Major Major injury 4

Requiring inpatient treatment, but
requiring clinical treatment

accident without permanent marks 3
Minor Minor injury
Insignificant  No impact 1

Moderate

N

80

70
70
60
50 W very severe
40 severe
30 medium

18

20
10

0

Figure 5. Distribution of severity values

Distribution of severity values was given at Fig. 5 for
WWTP. From a total of 97 risks; 70 of them have a "very
severe" level with 5 severity values, 18 of them have a
"severe" level with 4 severity values, and 9 of them have
a "medium" level with 3 severity values.

As it can be seen in Fig. 6, a suggested fuzzy model
consists of different steps.

Output Data

Input Data

iyl iy

Fuzzy sets and

Fuzzification

Membership Centroide Defuzzification

_ Method
function |::>

Fuzzy Input Rules . outout
Interface E:> uzzy Qutpu

Figure 6. Representation of the fuzzy methodology
(Radionovs and Rebrov, 2014).

1) Fuzzyfication, was a defining moment of membership
functions and fuzzy sets of severity, probability and fuzzy
RPN (FRPN).

2) Evaluation of fuzzy rule, using IF-THEN rule where IF
was a variable of fuzzy input while THEN

was a variable of fuzzy output. All combinations must be
grouped to produce fuzzy rules.
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3) Defuzzyfication, with input defuzzyfication that was
the fuzzy set obtained from the composition of fuzzy
rules, while the output was the number in the fuzzy set.
The technique used in this study was the Centre of
Gravity (Centroid) (Suryoputro et al. 2019).

All these steps are carried out using the fuzzy
toolbox that is present in Matlab (Shang and Hossen,
2013).

3. RESULTS and DISCUSSION

3.1. Analysis of Risk Assessment with Fuzzy Logic
Method

Fuzzy Inference is the process of getting the
equivalent of the input data in the rule base. Fuzzy
inference system window "FIS Editor" was used in
MATLAB for this process in the study. Fuzzy is designed
in order to acquire the highest FRPN value which will be
used as the focus of enhancements to reduce the
probability of occurrence of some kind of failure for a
second time (Balaraju et al, 2020). A model that was built
in the techniques of fuzzy has 2 inputs (severity and
occurence) and 1 output FRPN.

In this analysis, rule bases were created from the
input data with Mamdani and the values in the risk
analysis were calculated one by one. In practice, the input
data probability and severity values, were blurred and
membership functions were created for the probability,
severity and FRPN. Triangular membership functions are
defined for grading levels of very low, low, medium, high
and very high.

In the triangle membership function for probability
values; very low [0 1 2], low [1 2 3], medium [2 3 4], high
[3 4 5] and very high probability value parameters [4 5
5] were assigned. MATLAB software blurring operation
window of the probability value input data was shown at
Fig. 7.

FIS Variablez Membership function plots  Plot points: 181

m -

occurance

vL L M H H

input variable "occurance™

Current Variable Current Membership Function (click on MF to select)

Name occurance Name WL

Type input 13 trimf ~
Range s RS [112)

DERTYRETEE 5] ‘ Help Close ‘

Figure 7. Program screen of probability input values

The severity values are in the triangle membership
function; for negligible severity value [0 1 2], for mild
severity value [1 2 3], for medium severity value [2 3 4],
for high severity value [3 4 5] and very high severity
value parameters [4 5 5] are assigned for. In Fig. 8, the
blurring operation writing window of the MATLAB
software program severity value input data was shown.

severi FRPN

occurance

Membership function plots ~ Plot points: 181

VL L 0l H H

input variable “severity™

Current Variable Current Membership Function (click on MF to select)

Mame severity Name VL

Type input Type trimf ~
Range 1 Farams 112]

Display Range 1nel ‘ Help | Ciose | ‘

Figure 8. Program screen of severity input values

The assignment of FRPN is as follows: [0,1,2] range is
very low, [1,2,3] range is low, [2,3,4) is medium, [3,4,5] is
high, [4,5] is very high on the basis of definitions. After
defining the parameters of the input values of
probability, severity and risk priority number, in the
triangle membership function and the verbal variables
corresponding to these parameters, the possible
situations were evaluated and 125 rules have been
defined, program output was given at Fig. 9.

Firstly, the input values, which are severity and
probability, are blurred using fuzzy expressions,
membership degrees in the range of [0,1] are given to
variables. Then, using operations, rule bases are
determined. While creating rule bases and/or its
connectors, the operator "and" is implemented (Fig.10).

FIS Variables Membership function plots  Plot points: 181

| VL L M H H

| saveri FRPM

occurance

output variable "FRPN"

Current Variable Current Membership Function (click on MF to select)

Name FRPN o VL

Type output Type trimf ~
Range ) R 112

Display Range 115 Help | Close | ‘

Figure 9. Program screen of FRPN Values

Estimated output with different input variables
values can be observed from Fig. 12 for compressor.
When maintenance and controls are disrupted and
probability 4, severity 5; FRPN number was 4.68.

The thee-dimensional risk matrix formed as a result
of the obtained results was given in Fig. 13. When the Fig.
13 was examined if If 1 <FRPN < 2, the risk is medium. If
2 <FRPN < 3, the risk is moderately high and necessary
measures should be taken immediately and the risk
should be tried to be reduced. If 3 <FRPN < 4, it is high.
The risk in this area is unacceptable. Low, medium,
medium high and high levels are expressed in dark blue,
blue, green and yellow colors, respectively. However, in
accordance with fuzzy logic theory, transitions to
different levels of risk are not sudden and using exact
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color separations; It was made in a way to show the blur
by opening the color tones.

1. If (severity is WL} and (occurance is VL) then (FRPN is VL) (1) A
2. If (severity iz VL) and (occurance i L) then (FRPN is WL} (1)

3. If (severity is VL) and (occurance ig M) then (FRPN is L) (1)

4. If (severity is VL) and (occurance is H) then (FRPM is M) (1)

5. If (severity is VL) and (occurance is VH) then (FRPN is M) (1)

6. If (severity is L) and (occurance is VL) then (FRPM is VL) (1)

7. If (severity iz L) and (occurance is L) then (FRPN is L) (1)

8. If (severity is L) and (occurance is M) then (FRPM is L) (1)

9. If (severity is L) and (occurance is H) then (FRPN is M) (1)

10. If (severity iz L) and (occurance is VH) then (FRPN iz H) (1) )
If and Then

severity is occurance is FRPN i
VL A VL -~ VL -
L L L
M M W
H H H
WH VH 'VH
none v none e none v
I:‘ not |:| not |:| not

Connection Weight:
Oor
® ana 1 Delete rule Add rule Change rule =< =7

Figure 10. Fuzzy rule base window

XX~
T

isguvy

severity
(mamdani
occurance
‘ FIS Name: isguv FIS Type: mamdani ‘
And method min o Current Variable
Or method — | || Name occurance
Type input
Implication =5 v i £
Range [19
Aggregation — o
Defuzzification centroid ~ Help ‘ Close | ‘

Updating Membership Function Editor ‘

Figure 11. Program screen of FRPN Values by Mamdani
fuzzy inference system

Rule Viewer: isguv — O *

File Edit View Options

severty =5 occurance = 4 FRPN = 468
1
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3
4
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7
8
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1
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16
17
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22 ]
23 —
24 I
25
=
Input: |[E-;4] Plot points: ¢4 ‘ Move: left | right | down| up ‘

Figure 12. Inputs and output views of risk priority in
matlab for compressor

The RPN values obtained is shown at Table 3.
Although the risks have the same probability and
severity values, different results are obtained when 5x5
matrix and fuzzy calculations are carried out in the
determination of the risk magnitudes. When 5x5 matrix
RPN results are evaluated, it is observed that the RPN
values vary between 9 and 20 and for electricity RPN is

20, according to Figure 3 it is in high-risk category. FRPN
is 4.68 and it has high risk category too. For pump, forklift
and crane according to 5x5 matrix method they are in
medium risk category but according to FRPN they are in
high-risk category. Construction machines such as
pumps, forklifts, cranes have an important share in the
scope of occupational safety due to the accidents they can
cause, and regular maintenance is very important for
them in terms of both working and preventing accidents.

Surface Viewer: isguv - m] *

File Edit View Options

‘\, ;‘
s“"’: v*“",

oCCUrance o severity

X (input): severity . T (input): Teras | Z (output). FRPN v

X grids: 15 Y grids: 15

Ref. Input:

Piot points: 44 ‘ | Help Close | |

Ready |

Figure 13. Result surface

Table 3. RPN values

Risk FRPN RPN
Electricity 4,68 20
Chemical 15
Substances 4
Compressor 4,68 20
Pump 4 15
Forklift 4 15
Crane 4 15
Stairs 4 15
Natural Gas 4 10
Manuel Handling 3 9
General Security 4 12

When severity values are plotted against probability
in risk structuring (Fig. 14), it is seen that most risks are
at the boundary of categories. This creates lot of
uncertainties in the overall risk assessment process. Risk
matrix can be modified to avoid this problem. RPN
calculation is only done by multiplying the severity and
occurrence alone and irrespective of the degree of
importance of each input. This method is based on
human thinking and feeling, the project faces a vague
imprecise concept and a quantitative value cannot be
assigned to triple parameters; therefore, fuzzy theory is
used as a valuable tool for calculations in uncertainty
mode. Fuzzy logic was with the risks the measures
needed to eliminate the risks are also blurred. Danger
factor weights of the sources were taken into account.

In literature there is limited risk management study
for WWTPs. Giiner 2018, used 5x5 matrix method, Shinta
et al. 2019, Asgarian et al. 2017, used traditional FMEA
(Failure Mode and Effect Analiysis) method. In this study
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fuzzy 5x5 matrix type risk assessment method is used
which is never used for wastewater treatment risk
management studies before. Fuzzy provides more
accurate and better results than traditional methods.

6
5 ° °
Z4 ° ° °
2 3 ® °
o)
o
o 2 @
1
0
2 3 4 5

severity
Figure 14. Risk matrix with different risks categories

4. CONCLUSION

The objective of this study is to develop a fuzzy logic
system capable of analyzing and evaluating risks in
WWTP. WWTPs are extremely important for general
public health also necessary measures must be taken for
safety and healty work conditions in WWTPs for
employees and environment. This study is important
because of the limited number of literature studies
available. A fuzzy approach using linguistic variables has
been proposed to eliminate the difficulties encountered
in calculating a precise risk score and determining the
measures to be taken, and to reduce the differences in
expert opinion and combine them into a common
denominator. RPN values investigated through Fuzzy
logic and 5x5 matrix. =~ RPN defines how the risk will
affect the project objectives. The input data may also
uncertainties and guesses. A false rating of a risk may
have serious impact on the project. Hence the risk impact
must be calculated by using mathematical models. The
fuzzy logic is such a mathematical tool which can handle
the uncertain data and provides solution reasonable
manner which is similar to human thinking. Fuzzy logic
brings a point of view where the boundaries are
stretched by removing the exact boundaries. With this
flexibility, the user can use the risk matrix more easily
without any confusion.

An improved approach could be applied in future
studies, such as artificial intelligence methods; fuzzy
integrals, new fuzzy algorithms, genetic algorithm,
artificial neural network. Especially, artificial neural
network can help us in the field of risk management.
When we have the correct data and we tuned the artificial
neural network very well, the results of calculation can
help us in the decision-making process.
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