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ABSTRACT

According to the European Agency for Safety and Health at Work (EU - OSHA) and the Roadmap on Carcinogens
about 120,000 work - related cancer cases occur each year as a result exposure to carcinogens at the workplace in
the EU, leading to approximately 80,000 fatalities annually. Occupational risk assessment is used as a criterion for
occupational safety.

At the cement manufacturing sector, it was revealed that the main hazard is exposure to carcinogen substances
such as respirable crystalline SiO,. In the present work, two methods were used for risk assessment in a cement
production enterprise: the classical Fine - Kinney method and Flexible risk assessment method developed by Reinhold
and Tint. The results of the joint application of these two methods show the advantages and disadvantages of each of
them and point to the need to combine more than one method to effectively cover aspects of risk assessment.

It was made the evaluation of applied existing control measures, as well as new measures for better protection

have been proposed.
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INTRODUCTION

By ensuring safe and healthy working conditions
reduces the risk of occupational diseases and accidents.
Occupational risk assessment is one of the key
criteria used to ensure occupational safety. During the
preparation of the risk assessment at the workplace
various stages are applied, the most important of which
are: identification of the work positions/places exposed
to the hazards, measurement of the specific agent of the
work environment, determination of the risk elements
and risk calculation [1, 2]. One of the most recent
changes made in Ordinance No 10 on the protection of
workers from risks related to exposure to carcinogens
and mutagens at work [3]. It is reported that, about
120,000 work -related cancer cases occur each year as
a result of exposure to carcinogens at work in the EU,

leading to approximately 80,000 fatalities annually [4].
Improving the prevention of work - related cancer is
one of the priorities of the EU Strategic Framework for
Health and Safety at Work 2021 - 2027 [5].

According to Ordinance (EC) No 1272/2008 there
are two categories of carcinogenic hazard, category 1
(1A and 1B) and cat. 2 [6]. The International Agency for
Research on Cancer (IARC) uses another classification,
taking into account the evidence on their danger to
humans, with carcinogens classified into 4 groups [7, 8].

An example of production with the generation of
carcinogens at work is the production of cement. The
main sources of carcinogens (respirable crystalline
SiO, dust) in the process of its preparation are the
raw materials used to obtain the target product. The
manufacturing of Portland cement includes the following
stages [9]. The first stage is the quarrying of the raw
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materials (limestone, clay and sand for lime, silica,
alumina, and iron), crushing, pre - homogenization and
raw meal grinding. The next step is clinker burning were
preheating, pre - calcining, clinker production in the
rotary kiln and cooling and storing was included. The
final steps include cement preparation were blending,
cement grinding, storing in the cement silo are applied,
sent for packing in bags or shipped in cement trucks for
bulk cement [9]. Contents of Portland cement includes
mixtures of calcium oxide — 62 % - 66 %, silica — 19
% - 22 %, aluminum oxide — 4 % - 8%, ferric oxide - 2
% - 5 %, magnesium oxide — 1 % - 2 % and also contains
low concentration of hexavalent chromium and other
impurities [10].

Dust can be comprised of particles of different
materials, which can vary mainly in shape, size, and
density. Based on the aerodynamic diameter, they can
reach various sections of the respiratory tract and are
assigned to the inhalable, thoracic, or respirable dust
fraction. The largest particles (an aerodynamic diameter
of up to 100 pm) can be inhaled and are deposited in
the air passages of the extrathoracic region between the
mouth, the nose, and the larynx. Smaller particles are
able to reach the gas - exchange region of the lungs and
form the respirable dust fraction [11 - 13].

It has been reported that the crystalline silica dust
was one of the most serious occupational hazards in the
workplace [14]. The most abundant form of silica is a -
quartz, and the term quartz is often used in place of the
general term crystalline silica together with cristobalite
and tridymite [8]. Limit value for occupational exposure
for 8 hours working day, according to the Directive
2004/37/EC on the protection of workers from risks
related to exposure to carcinogens or mutagens at work
and national standards, is 0.1 mg m= [3, 15]. Due to the
proven danger in 2013, the US Occupational Safety and
Health Administration (OSHA) lowered the occupational
exposure limit for crystalline silica from 0.1 to 0.05 mg
m~ [16]. Exposure to this type of dust has been shown
to cause silicosis, lung cancer, and other respiratory
diseases [8, 14, 16, 17 - 21]. It is assumed that other
types of cancer may develop upon exposure to respirable
silica [8]. The IARC classifies respirable crystalline
silica as a group 1 carcinogen (Carcinogenic to humans)
[20]. Risks to human health after exposure to respirable
crystalline silica in workplace is associated with the
development of silicosis, an irreversible scarring disease
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ofthe lung and lung cancer [21]. When crystalline silica
is inhaled, the lung tissue reacts by developing fibrotic
nodules and scarring around the SiO, particles. The
mechanism by which silica causes lung cancer is still
unclear, but the most likely cause is that its toxicity
makes it difficult for the body’s natural defense cells to
remove it, so the particles stay there, causing persistent
inflammation. This chronic inflammation can damage
DNA in lung cells and lead to lung cancer. The latency
period between exposure and silica - related lung cancer
can be up to 10 - 20 years [22]. In a review published
in 2018, by Sato et al. it has proposed a mechanism of
silica - induced pulmonary toxicity [16].

In the present work, the object of the study is the risk
assessment of exposure to respirable crystalline SiO, in
a cement production plant.

EXPERIMENTAL

The respirable crystalline silica dust fraction has been
determined using the gravimetric method in accordance
with BDS 2200:1985 and BDS EN 13205 - 2:2014
standards [23, 24]. The measurements were performed
by Casella Apex 2 Personal Air Sampling Pump with
filters FPP15, IOM Respirable Dust Cyclone heads
(and filter cassettes), analytical balance (Scaltec SBC
32), digital barometer (Testo 511), Thermohygrometer
(Testo 605 — H1). The parameters are as follows: air
flow () - 20 dm® min’'; time of measurement (1) - 50
min; barometric pressure - 709 mm Hg; air temperature
(t) - 27°C - 29°C; relative humidity - 40 % - 62 %.

A standard BDS EN IEC 31010:2019 [25] was
used in the risk assessment, and the semi - quantitative
risk assessment was performed using the classical Fine
- Kinney method [26 - 29]. A flexible risk assessment
method developed by Reinhold and Tint was applied
too [30 - 32].

RESULTS AND DISCUSSION

The present research is a case study, and was done in
a cement production factory, located in the North - West
region of Bulgaria.

The risk assessment was carried out according to
BDS EN IEC 31010:2019 [25]. The present analysis,
assessment, and program of actions to prevent or reduce
the risk is prepared based on Ordinance No 10 on the
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protection of workers from risks related to exposure
to carcinogens and considers the potential risk effects
of exposure to crystalline silica in cement factory
depending on the time of exposure and the severity [3].

The analysis and evaluation include all workplaces
and processes, as well as the specific additional activities
performed. The following sources of information were
used during the assessment:

e Employee surveys and consultations;

e  Visitonplace, getting to know the manufacturing;

e  Exposure map;

e  Dust measurement;

e  Analysis of general morbidity. Follow - up of
the respiratory diseases in a target groups.

The monitoring of the manufacturing process at
cement production shows that the dust exposure is
highest during the quarrying of raw materials, where
the main hazard was the generation of a respirable
crystalline SiO, dust. The results of the measurements
and the survey of the workers about the general
morbidity and the manifestation of respiratory diseases
in the target groups are presented in Table 1. Workers
report that they often feel irritation in the throat and
nose, cough, or watery eyes. During the year, no single
case of bronchial diseases was registered. Allergic skin
reactions and respiratory allergies have been registered.
No chronic respiratory diseases or development of
silicosis or lung cancer were reported. Increased control
is exercised for workplaces - driller quarry and vacuum
cleaner worker due to increased exposure to respirable
crystalline silica dust.

The results of the risk assessment using the Fine
- Kinney model are presented in Table 3. This model
derives the overall risk score (RS) as an outcome of three
risk parameters, namely, probability (P), consequence
(C), and exposure (E). Based on the calculated risk score,
the degree of risk and its class are determined according
to Table 2, [29].

The calculated RS shows that the risk is high (class B)
at the stage quarrying of raw materials for driller quarry
and front - end loader operator workplaces. As can be seen
at this stage of cement manufacturing, the predominant is
substantial risk (C) and only for the position of mechanic
risk form class D, i.e. possible risk was determined. It
has been observed that for the rest of the technological
processes, class C risk prevails, but a class D risk has also
been identified for several workplaces.

Based on the five - level risk assessment model,
developed by Reinhold and Tint, a link between the
levels of risk and the health status of the workers was
made [30, 31]. According to this method, the risk rating
is determined depending on the probability of harm and
the severity of the harm, using the national occupational
exposure limit (OEL). The impact of the specific hazard
on human health is also noted, with the degrees of risk
being: Tolerable, Justified, Unjustified, Inadmissible, and
Intolerable. A visualization of the five - step model for
determining the degree of risk for exposure to respirable
crystalline SiO, is presented in Fig. 1. Consequences on the
health for the cement factory workers is prepared based on
the epidemiological study made by Dahmann et al. [33].

In our case, Tolerable risk was determined according
to the measured values of respirable crystalline SiO, dust
(Table 1): at quarrying of raw materials for positions:
driver raw materials, mechanic, and waste processing
operator. All position at crushing, pre - homogenization
and raw meal grinding pre - homogenization and
raw meal grinding; at cement grinding, packaging,
and expedition, excepting cleaner; at electrical repair
and power distribution; at process automation and
maintenance planning and at preventive diagnostics.

Risk of the second level, i.e. Justified risk includes
the three positions at quarrying of raw materials —
front - end loader operator, bulldozer operator, and
waste processing operator one position at stage cement
grinding, packaging — cleaner. As would be expected
with the highest level of risk, Unjustified risk, fall
worker with vacuum cleaner and driller quarry from the
quarrying of raw materials stage at quarry.

The proposed model can be used as an alternative
method to support the preparation of risk assessment
for the health and safety of workers and to increase the
efficiency of management in enterprises.

The next stage of the analysis is to undertake
risk mitigation measures. The “STOP principle” has
been applied, where “STOP” stands for the order of
priorities [34]. In our case, existing control measures
and new measures for better protection are as follows.
The Substitution of hazardous materials as a measure is
practically impossible. The Technical safety measures
that are applied, are two “common” engineering control
options available, namely the local Exhaust Ventilation
(LEV) and Wet Dust Suppression (WDS) systems.
Cleaning of Personal protective equipment (PPE) and
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Table 1. Respirable crystalline silica dust measurements, general morbidity and respiratory diseases by target groups.

Skin allergic reactions and respiratory
allergies have been registered

Respirable
. talli Registered di / laints/ .

Location/Who affected c'r}./ Saine .e'gls .ere 1seases feompratnts Exposition/Process

silica dust, silicosis danger

mg m*
1. Quarry
1.1. Driller quarry 0.110 No chronic respiratory diseases
1.2. Front - end loader operator 0.064 were registered or triggering of lung
1.3. Bulldozer operator 0.076 carcinoma or silicosis. During all the time
1.4. Driver raw materials 0.039 The workers report that they often feel | from working hours.
1.5. Mechanic 0.034 irritation in the throat and nose, cough, | Drilling and cargo —
1.6. Worker - vacuum cleaner 0.118 Oor watery eyes. unloading activity.
Throughout the year, no single case | Quarrying raw

1.7, Waste processing operator 0.052 of bronchial diseases was registered. | materials.

2. Crushing, prehomogenization and raw meal grinding

2.1. Mechanical support:

0.021
Schlosser
2.2 Mechanical maintenance:
Organizer, repair and 0.011
maintenance
2.3. Driver raw materials 0.015

No chronic respiratory diseases were
registered or triggering of lung or
pancreatic carcinoma.

Exposure time up to
2/3 of the working
time.

Inspection, bypass
and servicing of
technological
processes.

3. Cement grinding, packaging, and expedition

Schlosser on duty

3.1. Motorized palletizer 0.021
3.2. Cleaner 0.065
3.3. Mechanical support: 0.034
Schlosser
3.4. Mechanical maintenance:
Organizer, repair and 0.027
maintenance

.4 Mechanical rt:
3 echanical suppo 0.025

No chronic respiratory diseases were
registered or triggering of lung or
pancreatic carcinoma.

Exposure time up to
1/2 of the working
time.

Inspection, bypass,
and servicing of
technological
processes.
Mechanical
maintenance.

4. Electrical repair and power distribution

4.1. Organizer, repair and
maintenance

0.030

4.2. Electrician

0.027

No chronic respiratory diseases were
registered or triggering of lung or
pancreatic carcinoma.

The workers report that they often feel
irritation in the throat and nose, cough,
or watery eyes.

During the year, no single case of
bronchial diseases or pneumonia was
registered.

Exposure time up to
1/2 of the working
time.

During all the

time from working
hours—in specific
cases. Inspection,
bypass, and repair
of equipment.
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Table 1. Respirable crystalline silica dust measurements, general morbidity and respiratory diseases by target groups. -

continued.
Respirable
talli Registered di / laints/ iy
Location/Who affected c.r }./S e .e.gls §re 15cases eompratnts Exposition/Process
silica dust, silicosis danger
mg m
5. Process automation
5.1. Electrician 0.029 No chronic respiratory diseases were
5.2. Senior electrician 0.015 registered or triggering of lung or .
&l . y '1gg £ ol Hne o Exposure time up to
pancreatic carcinoma. .
2/3 of the working
The workers report that they often | .
e time.
. . feel irritation in the throat and nose, )
5.3. Maintenance planning and Inspection, bypass,
0.014 cough, or watery eyes.

preventive diagnostics

During the year, no single case of
bronchial diseases or pneumonia was
registered.

and repair of
equipment.

6. Maintenance planning and preventive diagnostic

w2

6.1. Schlosser - inspector

0.014

No chronic respiratory diseases were
registered or triggering of lung or
pancreatic carcinoma.

The workers report that they often
feel irritation in the throat and nose,
cough, or watery eyes.

During the year, no single case of
bronchial diseases or pneumonia was
registered.

Exposure time up to
1/2 of the working
time.

During all the time
from working hours—
in specific cases.
Inspection, bypass,
and repair of equip-
ment.

7. Furnaces, Coal Mill and Ancillary Activities

7.1. Driver - truck crane 0.015
7.2: Organizer, repair and 0.016
maintenance

7.3: Organizer, repair and 0.0156
maintenance - on duty

7.4. Schlosser on duty 0.014

No chronic respiratory diseases
were registered or triggering of lung
or pancreatic carcinoma.

The workers report that they often
feel irritation in the throat and nose,
cough, or watery eyes.

During the year, no single case of
bronchial diseases or pneumonia
was registered.

Exposure time up to
1/2 of the working
time.

During all the time
from working hours—
in specific cases.
Loading and unloa-
ding operations.

Table 2. Risk scores, degrees, and classes [29].

Risk score Risk class Risk situation
<20 E Risk; perhaps acceptable
20-70 D Possible risk; attention indicated
70 - 200 C Substantial risk; correction needed
200 - 400 B High risk; immediate correction required
more than 400 A Very high risk; consider discontinuing operation
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Table 3. Risk assessment for exposure to respirable crystalline SiO, in cement production.

Location/ Who Effected Risk parameters Risk score | Risk class
P | E | C
1. Quarry
1.1. Driller quarry 6 10 6 397 B
1.2. Front - end loader operator 6 8 7 336 B
1.3. Bulldozer operator 6 8 3 144 C
1.4. Driver row materials 3 8 7 168 C
1.5. Mechanic 3 6 3 54 D
1.6. Worker - vacuum cleaner 6 8 3 144 C
1.7. Waste processing operator 6 8 3 144 C
2. Crushing, prehomogenization, and raw meal grinding
2.1. Mechanical support: Schlosser 3 6 126 C
2.2. Mechanical maintenance: Organizer, repair, and maintenance | 3 6 7 126 C
2.3. Driver raw materials 8 7 168 C
3. Cement grinding, packaging, and expedition
3.1. Motorized palletizer 3 6 7 126 C
3.2. Cleaner 3 3 7 126 C
3.3. Mechanical support: Schlosser 1 6 7 42 D
3.4. Mechanical maintenance: Organizer, repair, and maintenance 1 6 7 42 D
3.5. Mechanical support: Schlosser on duty 1 6 7 42 D
4. Electrical repair and power distribution
4.1. Organizer, repair, and maintenance 3 6 7 126 C
4.2. Electrician 3 6 7 126 C
5. Process automation
5.1. Electrician 3 8 7 168 C
5.2. Senior Electrician 3 8 7 168 C
6. Maintenance planning and preventive diagnostics
6.1. Schlosser - inspector | 3 | 8 | 7 | 168 | C
7. Furnaces, Coal Mill and Ancillary Activities
7.1. Driver - truck crane 3 6 7 126 C
7.2. Organizer, repair and maintenance 3 6 7 126 C
7.3. Organizer, repair, and maintenance - on duty 1 6 7 42 D
7.4. Schlosser on duty 1 8 7 56 D
0.2 mg/m? 0.15 mg/m?® 0.1 mg/m? 005 mgm | CERS e
dust, 8h
Critical limit Conditional :g:)‘;ﬁcﬁ:]ﬁ’t”:}:?gz)' Optimal
L 11 :1
Intolerable risk| | Inadmissible risk | Unjustified risk Justifiedrisk ) Tolerable risk

3 phase of 2nd phase of 15t phase of 15t phase of 1st phase of

disease: disease: disease: disease: disease:

1 and 2 phase of 15t phase of] Causes eye, nose, Causes eye, Causes eye,

disease and: ) disease and: throat and lung nose, throat and nose, throat and

dyspnea, wheezing Respiratory irritation. lung irritation. lung irritation.
cough infections, chronic
decrease in the bronchitis, chronic |

respiratory capacity
of the lungs, silicosis
pulmonary

fibrosis, occupational
asthma, ischemic
disease, heart attack,
lung cancer.

asthmatic
bronchitis, chest
pain, extrinsic
allergic alveolitis.

Fig. 1. Five - step flexible risk assessment method.
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the removal of floor dust with cleaners are applied.
The dusty clothes were not taken at home to wash.
It is recommended that industrial vacuum cleaners
be replaced with an industrial vacuum HEPA (high -
efficiency particulate air) filter. Organizational safety
measures include the use of warning signs for silica dust
exposition, and staff rotation to limit the exposure time.
Silica dust work activities are located outdoors, away
from other workers who are not required for that task.
Personal protective equipment shall include full body
protection. Particular attention should be paid to the
protection of the respiratory tract, and it is recommended
to replace the used FFP3 disposable masks with ones
providing a higher degree of protection, for example, a
full - face respirator (cartridge) or a reusable half - face
respirator.

CONCLUSIONS

A risk assessment was performed regarding
exposure to respirable crystalline SiO, in a cement
manufacturing plant. Combining several risk assessment
methods allows more aspects to be covered in hazard
assessment and shows the gaps in applying only one risk
assessment method. The comparability of the results of
the applied methods guarantees the effectiveness of the
recommended safety measures and defines new potential
hazards that were not considered when using any of the
selected methods. Although no occupational diseases
have been recorded, worker - reported throat and nose
irritation, coughing, or watery eyes are an indication
of the need for stricter control when implementing risk
reduction measures and a recommendation to lower the
respirable exposure limit value SiO,.
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