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Abstract— The scrap metal factories are complex
systems that play a crucial role in the transformation
industry and construction. Since these factories face
various safety issues in design, installation, operation,
transportation and maintenance processes, there are many
aspects open for improvement in Occupational Health and
Safety risk assessment and it isrequired to deal with risks,
reduce them to an acceptable level and control. To struggle
with emerging risks and manage this process better, a risk
assessment framework is proposed in this study. A case
study is performed in an Algerian scrap metal company
using the proposed framework. It is based on historical
accident data exploitation using Bayesian I nference after a
deep treatment. Results are recommendation which should
improvetheworker safety. (Abstract)

Keywords—Occupational risk, Bayesian approach,
data treatment, metal industry, Risk assessment (key
words)

.  Introduction

Workers should be protected from occupational risks
they could be exposed to. This could be achieved
through a risk management process, which involves risk
analysis, risk assessment and risk control practices. In
order to carry out an effective risk management process,
it is necessary to have a clear understanding of the legal
context, concepts, risk analysis, assessment and control
processes and the role played by all involved in the
process. It is also desirable to base risk management on
solid and tested methodol ogies. Quantitative approaches
give right perception of risks and their causes and
consequences they are based on forma design which
could be understood, analysed and exploitable for many
different cases.
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This paper is organized as follow, the first sectionis
dedicated to an overview of the use of statistical data in
occupational risk assessment, then the case of study is
presented showing the availability of data and its pre-
treatment. In the third section the adopted Bayesian
inference model is presented. Then experimentation and
outcomes are presented, a predicting scenarios are
developed, executed and anadysed. Findly,
recommendation and perspectives are given.

1. Methods for occupational
risk assessment

A. Quantitative methods

Various methods and approaches have been
developed for occupational risk assessment in many
types of industries. [1] established an occupational
health and safety and environment risk assessment
index system by using Delphi method, and formulating
a mathematical model by combining set pair analysis
(SPA), trapezoidal fuzzy number (TPFN), and set-
valued datistics (SVS) methods for determining the
overall OHSE risk level for Nuclear Power Plant
construction project.

The results showed that the approach helped reduce
the risk level in those projects. Quantitative methods are
also used in energy production industry, a method for
estimating the individual occupational risk (IOR) level
was upgraded in [2] by using new indexes working
conditions, working experience of the employee in
harmful and (or) hazardous working conditions, his age
and health status) multiplied by the indicators of injury
rate and morbidity in the workplace. Many time,
statistical analysis were used to analyse occupational
risks [3] analysed 152 fatal accidents in the Chinese
metallurgica industry from 2001 to 2018 to predict the
future characteristics of fatal accidents in the
metallurgical industry and propose safety measures. In
iron and stedl industry in Ukraine [4], a research was
made also on dtatistical data from 2012-2016 and use of
known methods as HAZOP, This research motivated
our study, because of area similarity and data
availability. However, we target the use of Bayesian
approach and its outcomes.
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B. Bayesian approach for

occupational risk assessment

A number of generic screening tools are available
for assessing occupational risks [5] [6] [7]. Screening
tools provide conservative exposure estimates and are
designed to filter out exposure scenarios of little
concern from those that require further
investigation.  However, whilst  well-validated and
efficient screening tools may substantially reduce the
pool of exposure scenarios to be investigated, a case-by-
case assessment for every exposure scenario where a
tier one tool is insufficient, based entirely upon
exposure measurements, is impractical due to the time
and expense of such assessments. Many authors [8]
have proposed the use of Bayesian methods so that
mathematical models of exposure can be combined
with the limited data available from exposure
measurements and utilized in risk assessments. Also in
industrial area [9] used Bayesian approach for
occupational accidents classification in petroleum
industry and [10] used Bayesian approach in decisional
process for risk assessment in cement factory based on 6
years accidents history. A Bayesian framework alows
the various disparate sources of information that are
relevant to an exposure scenario to be integrated within
a statistically rigorous framework able to be analysed
and exploited [11].

ni. Case of Study

The scrap metal company is one of the most
important companies in the metal industry.

It recovers and collects scrap metal, treats and
transforms scrap metal, markets ferrous and non-ferrous
materials, treats waste and supplies steelworks, and
exports scrap metal. In addition, the company produces
copper shot and PVC waste by shredding electric
cables.

Figure1. Picturesfrom the factory: Compression of ferrous scrap
and ingot production

The company's activities are handled as follows:

a Merger and Secondary Processing UFTS::

Recovery of mainly ferrous and non-ferrous metal
scrap as well as non-metallic scrap, Treatment of this
waste by sorting, oxy-cutting, shearing and bundling.
Secondary melting to obtain ingots (lead, auminium,
brass). Shredding of all types of electrical cables under
plastic for the production of copper shot and PVC
waste. Demolition of industrial plants.

b- Industrial weighing and control UPCI :

Production of
equipment:

industrial  weighing and control

- 18x3 & 16x3 mobile type weighbridges

- Digital Weighbridge

- On-board weighing system

- Radioactivity monitoring portal

- Belt conveyor belt scale

The company's staff is diversified (figure 2):
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Figure2. the process and staff involved

A. Stored data relating to accidents

During these operations, the company's personnel
suffer accidents or less serious ones, requiring more or
less long stoppages. These accidents are recorded in a
safety register of the company.

In addressed factory, from 2015 until now about 50
accidents, involving people with different levels of
severity, were registered. The safety dstaff are
responsible of reporting and identifying any type of
accident. However, sometimes description is not clear
and data are incomplete. That’s why; any exploitation of
these data needs use of complementary technics to deal
with incompleteness and uncertainty.
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Figure3. Overview of safety register

Accident data are saved in data base according to a
list of items like: date of accident, involved person,
direct causes, material damage, injured body part...
(figure. 3) and for each item alist of values are possible,
for example, PLACE could be: “on the site”, “Outside”,
“on road”.

B. Data treatment

As per [9] data need to be treated cleaned to avoid
textual description and determine possible value for
each textual node:

//first step: identify key words for
each word(
if (word not in word_list)({
word_list.addnewitem (word);
word_indexlist.addnewitem(l);)
else(
index= word list.find(word);
word indexlist.at (index)++;
)
)
//second step: eliminate link words
link word=(“a”, “the”, “from”, “to®,..)
for each word in link word{ index=
word_list.find(word);
word list.delete(index);
word_indexlist.delete (index);
}

//third step: eliminate irrelevant words

calculate average of apparition of each word
in word_list; calculate deviation for each word
in word_list;

for each word in word list|

if (word deviationlist.at(i)<0){
word list.delete(i);
word_indexlist.delete(i);

}

}

//fourth step: eliminate all the words in the
database for that item if it doesn’t exist in
word list

for each word in database.item.value(

index= word list.find(word); if (index==0)
database.item.value.delete (index):

} end.

At this step, data are saved in orgnized in a file by
“enregistrement” and items able to be used in
knowledge extraction process.

iv. Bayesian approach and

inference

Bayesian statistics begins with a prior belief that has
been being expressed as a prior distribution. So that the
prior distribution is being viewed as an essential portion

and it is based on the data from previous trials. This
definition will be the guide line of our scheme [12]. In
fact, the availability of experiments data which are
historical accident data allow us to construct prior
distribution. Now data are able to be used in a Bayesian
network inference and the probability tables can be
filled for each item the probability is elementary

card(e = value)

ple = value) = nbr of records

Where e is the elementary event, value is one of its
possible values or stats.

But for the deduced event, which are the e event and
influenced by it, its probability depends on the parent’s
nodes e according to the Bayesian theorem it is given by
the formula:

p(de=value/c, =valug &...&c, =valug,)

_ p(g=valug &...&c, =value, / de=value)
B p(de=value)

Where de is the sun event, ci are the parents’ events
and n is the number of parents. A Bayesian inference
allows all events’ probabilities update.

v. Experiments and results

A. Developed Bayesian network

In the Bayesian network The node is each item and
the list of its possible values are the labels of that node.
The dreaded event, which is the “consequence”, is the
node to predict in this network, so it is at the center of
the network as shown in Fig 4. Some items are
consequence of the dreaded event like: “potential
gravity" describing the degree of damage and "injured
body part" describing the level of body injury. These
items are designed as cause nodes for the dreaded event.
For each node a list of possible valuesis identified it is
called node states.
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Figure4. The developped network

B. The network analysis

After the network is completed and data are loaded,
the network (fig. 5) is ready for analysis and scenario
generation.

According to this graph, some conclusions can be
drawn:
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e Driversarethe most involved in accidents. 21%
e |t concerns mainly transport activities 40%

e These accidents mainly happen in the morning
68%

e The most common cause is falling material.
18%

e The most frequent accidents lead to long
periods of downtime. 32%

In order to understand the influence of causes on the
dreaded event three scenarios are developed. A scenario
means the assumption of a truth and the observation of
its consequences on the dreaded events as well as the
other consequent events:
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Figure5. Distribution of each node

C. Scenarios development

1) First scenarios: "Falling material”
It has been noticed that the cause most likely to occur is
falling material. a scenario which assumes that the fall
of matter is validated, in order to anayse its
consequences. According to the graph obtained, falling
material can cause any type of injury from head to toe,
with a dlight increase for the back due to the weight of
the materials processed in this industry. That accidents
mainly happen in the morning and this concerns all
workers.

2) Second scenario:

"work stoppage”
An employer wishes to preserve its staff as much as
possible, ensure continuity of work and thus avoid long
stoppages. Therefore, we want to analyse what are the
conditions of a long stoppage, in our network it is the
stoppage with duration = F, by applying this condition
we can notice that the drivers can be the most affected
with affected limbs: leg or arm or even pelvis.

The Ilongest

3) Third scenario: "Worker"” worker
hitin the "Hand"

We then assume that the worker is hit in the hand in
order to analyse the causes of these accidents. These are
accidents that happen when the worker is "sorting"

scrap metal. And that causes more or less long

|
|
|

stoppages.

Figure 6. Scenario 3 gpplication

vi. Conclusion and

recommendation

The study carried out in this paper focuses on the Bayes
theorem in order to be able to estimate the posteriori
probability of the occurrence of a dreaded event
concerning occupational risks. This study was carried
out on the dtatistics of accidents at work occurring
within the scrap metal processing company.

Based on these statistics a data treatment method was
used to prepare ad format data, then, a Bayesian
network was made, of which "consequences' is the
main event and the others are data describing the
conditions in which the accident occurred and the
consequences of this accident.

According to the results obtained on the network, the
most probable accidents are transport accidents, with
drivers being the most involved, with a long work

stoppage.

As a result of this analysis and from what we have
noticed, the following recommendations could be

proposed to improve safety level and preserve worker’s
health:

e Train, raise awareness and inform workers,
especialy drivers, as they are the most affected
according to our network;

e Respect the prevention and safety measures,

o  Respect the legal working time;

e Convince the workers of the obligation to
respect the company's internal regulations
(work permits).

e The personal protective equipment door.
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