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ASSESSING AND PREDICTING INDIVIDUAL OCCUPATIONAL RISK
AND DETERMINING ITS EXACT CATEGORIES USING PROBABILISTIC
METHODS

V.A. Fokin, N.V. Zaitseva, P.Z. Shur, S.V. Redko, E.V. Khrusheva

Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya Str.,
Perm, 614045, Russian Federation

Existing approaches to occupational risk assessment more often involve evaluating its group levels and individual
risks are assessed less frequently. These approaches provide deterministic risk assessment which doesn’t take into account
uncertainty in risk categorizing when its values are close to boundaries between adjoining risks categories. It substantiates
the necessity to assess occupational risk levels using probabilistic methods.

Our research object was occupational risk and the basic subject was distribution of individual occupational risk levels
among workers. Our test group was made up of oil and gas extraction operators exposed to noise equal to 80-85 dBA at
their workplaces (173 people). Our control group included oil and gas extraction operators and engineering and technical
personnel occupationally exposed to noise equal to 60—77.8 dBA (259 people). We performed a priori assessment of occupa-
tional health risks; accomplished epidemiologic analysis of a cause-effect relation between health disorders and work; cal-
culated group occupational health risks; calculated and predicted individual occupational risk using mathematical modeling
of dependence between probable negative responses and working conditions, age, and period of employment; determined
risk categories more precisely using fuzzy sets by calculating the member ship function.

As a result, we established that proven individual risk levels were distributed unevenly (1.06-10-1.47-1072) as per
categories within a group characterized with a suspected average risk level. A category of proven individual risk levels was
determined more precisely using fuzzy sets; after that distribution of probability of their membership was evaluated to detect
that at the moment of the research a share of workers with their proven individual occupational risks falling into lower risk
categories (p > 0.5) amounted to 89.6 %.

We attempted to predict risks for the whole employment period given that working conditions remained the same and no
prevention activities were provided. Our prediction revealed that individual occupational risks would remain unacceptable for
all workers in the test group and would amount to 2.53-102-3.51:107%; a risk category was also expected to become higher.
Individual occupational risk would be categorized as average for most workers and as high for 23 % of them (p < 0.5).

Key words: occupational risk, noise, probabilistic assessment, risk level categorizing, regression models, risk level
prediction, sensorineural hearing loss, fuzzy sets.

Existing methodical approaches to occu-
pational risk assessment mostly involve as-
sessing it on a group level [1-4] and much
less frequently on an individual one [5]. In
foreign practice occupational risk is also
mostly calculated on a group level and the

procedure usually involves epidemiologic
evaluation of relationships between morbidity
and working conditions as well as relative
risk calculation [6—-8].

These aforementioned approaches allow
assessing occupational risks for big occupa-
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tional groups based on data on working condi-
tions and workers’ health predominantly fo-
cusing on occupational morbidity. These ap-
proaches provide deterministic risk assessment
that can lead to occurring uncertainty in risk
categorization when occupational risks rates
are close to boundaries between adjoining
risks categories.

Meanwhile, individual peculiarities re-
lated to development of diseases that occur
due to exposure to adverse factors at a work-
place determine the necessity to quantitatively
assess occupational risks not only on a group
level but also on an individual one. Categori-
zation of group occupational risks performed
for big occupational groups doesn’t allow for
peculiar distribution of individual risk rates as
per different categories within a group.

The most significant deviations in indi-
vidual risk assessment from group ones can be
expected in a situation when group risk rate is
close to a boundary between adjoining risk
categories. If we analyze a probability to as-
sign individual risks to a certain category, it
will allow us to adjust results of group risk as-
sessment and to create more adequate risk
groups for subsequent prevention activities.

By now, certain methodical approaches to
probabilistic occupational risk assessment
have been suggested; they involve using fuzzy
sets theory and aim to determine more pre-
cisely which risk category an individual risk
belongs to [9].

These approaches seem the most vital
when we assess occupational risks for workers
exposed to noise levels deviating from hygienic
standards at their workplaces. Noise, including
its levels exceeding MPL, remains among lead-
ing factors that cause a developing occupational
pathology, first of all, sensorineural hearing

loss [10-13]". In several authors’ opinion, this
is due to growing mechanization and automa-
tion in various industries (oil extraction and
processing, metallurgy, metal processing, civil
engineering, construction, etc.) [14]. Therefore,
there are a growing number of people who are
exposed to noise at workplaces due to old
equipment not conforming to sanitary-hygienic
requirements [10, 14, 15]'. Annually more than
3 million workers are occupationally exposed to
noise levels that exceed maximum permissible
ones [16].

Since employable age is now prolonged
in the country due to the pension reform [17],
it is truly necessary to predict occupational
risks over the whole period of employment
[18, 19]. Given that, we can conclude that it
seems vital to assess occupational risks for
workers exposed to occupational noise levels
exceeding hygienic standards with probabilis-
tic methods.

Our research aim was to assess and pre-
dict an individual occupational risk for work-
ers exposed to occupational noise levels devi-
ating from hygienic standards over the whole
period of employment and to examine changes
in risk categories using probabilistic methods.

Materials and methods. We analyzed
data on working conditions (obtained by the
special assessment of working conditions
(SAWC) and industrial laboratory control),
working experience and age; categories of
working conditions were estimated in accor-
dance with the Guide R 2.2.2006-05 “The
Guide on hygienic assessment of factors related
to working environment and labor process /
Criteria and classification of working condi-
tions™; risks were categorized in accordance
with the Guide R 2.2.1766-03 “The Guide on
assessment of occupational risks for workers’

'O sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii v 2020 godu: Gosu-
darstvennyi doklad [On sanitary-epidemiologic welfare of the population in 2020: The State Report]. Moscow, The Federal
Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2021, 256 p. (in Russian).

2R 2.2.2006-05. Rukovodstvo po gigienicheskoi otsenke faktorov rabochei sredy i trudovogo protsessa. Kriterii i

klassifikatsiya uslovii truda: utv. Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii 29 iyulya 2005 g.
[The Guide R 2.2.2006-05. The Guide on hygienic assessment of factors related to working environment and labor process.
Criteria and classification of working conditions (approved by the RF Chief Sanitary Inspector on July 29, 2005)].
KODEKS: an electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200040973
(August 17, 2021) (in Russian).
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health. Organizational and methodical grounds,
principles, and assessment criteria”™.

We applied methodical approaches to
probabilistic assessment of occupational risks
belonging to a certain risk categories for work-
ers employed in oil extraction and occupation-
ally exposed to noise levels exceeding hygienic
standards.

Our test group was made up of oil and
gas extraction operators who were exposed to
a noise level equal to 80-85 dBA at their
workplaces (173 people, average age was
39.7 years; average working experience, 12.7
years). The reference group included oil and
gas extraction operators and engineering and
technical personnel who were exposed to
noise levels equal to 60-77.8 dBA at their
workplaces (259 people with their average
age being 46.8 years; average working ex-
perience, 12.6 years).

Occupational health risks were assessed
as per the following algorithm:

1. A priori occupational risk assessment
based on SAWC results in accordance with the
Guide R 2.2.1766-03 “The Guide on assess-
ment of occupational risks for workers’ health.
Organizational and methodical grounds, prin-
ciples, and assessment criteria”3;

2. Epidemiologic analysis of cause-effect
relations between health disorders and work;

3. Occupational group risk assessment;

4. Occupational individual risk assess-
ment using mathematical modeling of a rela-
tionship between a probability of negative re-
sponses and working conditions, age and
working experience;

5. Assessment of individual health risks
due to work-related diseases using obtained
model parameters;

6. Adjustment of risk categories using
fuzzy sets procedure.

The suggested algorithm involved using a
set of procedures including:

— assessing a cause-effect relation between
health disorders and exposure to noise; the as-
sessment was performed as per risk ratio (RR) and
etiological fraction (EF) of negative responses.

— analyzing exposure —response relation-
ship using logistic regression models that show
dependence between a probability of health
disorders and working conditions, age and
working experience; the models were created
using Statistica 6.0 software package [20] (1).

: 1)

p 1= 1+e*(bo+blxlxz+bzxs) ?

where p; is a probability of a negative re-
sponse (an occupational or a work-related dis-
ease); x; is a level of exposure to a factor; Xz is
working experience; x3 is age; bp, by, b, are
parameters of a mathematical model.

The suggested model parameters were used
to calculate predictive values of developing dis-
eases and occupational risks by the age of
65 years. Health risk was determined as a prob-
ability of a disease multiplied by its severity”.
A risk equal to 1-10~ and lower (low and negli-
gibly low risks accordingly) was considered ac-
ceptable (permissible) occupational health risk.

Calculated occupational risk rates were
considered to be deterministic values that were
assessed and assigned into specific risk category
according to the scale provided in Table 1 [9].

Probabilistic assessment of individual
risk belonging to a certain category was per-
formed by determining a membership func-
tion using a scale with fuzzy numbers built on
the basis of deterministic scale showing oc-
cupational risk rates.

We applied trapezoid fuzzy numbers to
determine what risk category various risk lev-
els belonged to: negligibly low risk was within

3R 2.2.1766-03. Rukovodstvo po otsenke professional'nogo riska dlya zdorov'ya rabotnikov. Organizatsionno-
metodicheskie osnovy, printsipy i kriterii otsenki: utv. Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii 24
iyunya 2003 g. [The Guide R 2.2.1766-03. The Guide on assessment of occupational risks for workers' health. Organizational
and methodical grounds, principles, and assessment criteria (approved by the RF Chief Sanitary Inspector on June 24, 2003)].
KODEKS an electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/901902053

(August 17, 2021) (in Russian).

Professional'naya patologiya: natsional'noe rukovodstvo [Occupational pathology: the national guide]. In: N.F. Izmerov

ed. Moscow, GEOTAR-Media, 2011, 784 p. (in Russian).
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Table 1

The scale showing occupational risk rates

Occupational risk rates Oceup atlonr?ismk catego-

Lower than 1-10°* Negligibly low risk
1-10*-1-10° Low risk
1-110°-1-10 Moderate risk
1-110°-3-10° Average risk
310 °-1-10" High risk
1-110'-3-10" Very high risk

3101 Extremely high risk

0, 0, 0.00005, 0.00033; low risk, 0.00005,
0.00033, 0.00078, 0.00325; moderate risk,
0.00078, 0.00325, 0.0775, 0.015; average risk,
0.0775, 0.015, 0.025, 0.0475; high risk, 0.025,
0.0475, 0.0825, 0.15; very high risk, 0.0825,
0.15, 0.25, 0.53; extremely high risk, 0.25,
0.53, 1.1°.

To present the scale showing trapezoid
fuzzy numbers used to assess occupational risk
rates, we applied the following coordinate
axes: X-axis showed risk rate and Y-axis
showed a value of a membership function for
this risk rate (Figure 1).

Figure 1. A graph showing the scale with
trapezoid fuzzy numbers used to assess
occupational risk rates

Use of trapezoid fuzzy numbers allowed
determine more precisely what risk category a
risk rate belonged to. Taking into account cal-
culated estimates of a membership function for
a fuzzy number that showed a probability of a
risk belonging to a certain category form 0
to 1, we determined a risk rate more precisely;

in case a membership function was equal to 1,
a risk category did not need any further ad-
justment.

Given the calculated estimates of mem-
bership functions for a fuzzy number, a weight
of a risk category (Px) was determined as per
the following formula (2):

R = Zqi '”ki(RSCL;:(L\j/F\)/RD))a

k:1929 3949 59 69 77 (2)

where @ is a weight contribution made by a
risk category i to overall risk rate; K is signifi-
cance of a risk category.

Weight contribution made by a risk cate-
gory i to an overall risk rate (g;) was calculated
as per the Fishburne formula (3):

2(n—i+1)
(n+1)n

| — si:1)29394959697’ (3)
where n is a number of risk categories.

The next step was to determine severity in
order to determine a risk more precisely; it was
done as per the formula (4):

T
SRk:Zrk'Pw
k=1

where r is a value of a variable that shows a
more precise risk as a disease with certain se-

(4)

verity; I, 1s the middle of each range on the
scale showing risk rates; P is a weight of a
risk category; SR is severity applied to de-
termine a risk more precisely for each disease.
We applied trapezoid fuzzy numbers to de-
termine what risk category those more precisely
determined risk rates belonged to: negligibly
low risk was within 0, 0, 0.042, 0.125; low risk,
0.042, 0.125, 0.208, 0.292; moderate risk,0.208,
0.292, 0.375, 0.458; average risk, 0.375, 0.458,
0.542, 0.625; high risk, 0.542, 0.625, 0.708,
0.792; very high risk, 0.708, 0.792, 0.875,
0.958; extremely high risk, 0.875, 0.958, 1, 1.

5 Zade L. Ponyatie lingvisticheskoi peremennoi i ego primenenie k prinyatiyu priblizhennykh reshenii [A concept of a lin-
guistic variable and its application in approximate solutions]. Moscow, Mir Publ., 1976, 166 p. (in Russian).
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Table 2
Categorization of individual occupational risk rates
A probability of workers
Risk category A number of workers with a risk belonging to a certain risk category
from this category (people) (people)

0.51-0.99 1
Low: 34 11 23
Workers at a boundary with moderate 1 B B
risk category
Moderate: 121 45 76
Workers at a boundary with low risk 2% B B
category
Workers at a boundary with average risk 19 B B
category
Average: 18 13 5
Workers at a boundary with moderate 13 B B
risk category

Results and discussion. We performed a
priori assessment of expected occupational
risk as per a category of working conditions
(noise level from 80 to 85 dBA corresponds
to hazard category 3.1) in accordance with the
Guide R 2.2.1766-03° and assigned this risk
into “low risk” category; occupational risks
for workers from the reference group were
considered to be “negligibly low” (noise level
was lower than 80 dBA, hazard category 2).

Medical examination and analysis of re-
ports issued after previous periodical medical
examinations allowed revealing 7 cases of oc-
cupational diseases among 173 workers from
the test group (sensorineural hearing loss) as
well as several other diseases that might be
work-related including 40 cases of hyperten-
sion, 1 case of migraine, and 52 cases of func-
tional disorders in the autonomic nervous sys-
tem. 259 workers from the reference group
turned out to have 1 case of sensorineural
hearing loss, 66 cases of hypertension, 1 case
of migraine, and 145 cases of functional disor-
ders in the autonomic nervous system.

We didn’t reveal any authentic cause—
effect relations between diseases than might be
work-related ones (hypertension, migraine, and
functional disorders in the autonomic nervous
system) and exposure to noise; therefore, all
further occupational risk assessments were per-
formed regarding only the detected occupa-
tional pathology, sensorineural hearing loss.

96

A probability of developing sensorineu-
ral hearing loss amounted to 3.91-107 in the
test group and to 3.86-107 in the reference
one. Additional probability of developing
sensorineural hearing loss amounted to
3.52:107°,

Proven group risk rate, severity (0.3%)
of sensorineural hearing loss taken into
account, amounted to 1.13-10° (“average
risk” category) and this rate didn’t differ
greatly from moderate risk. Given that, we
calculated individual risk rates and deter-
mined categories of calculated risk rates
more precisely.

Our assessment of exposure—effect rela-
tionship allowed us to obtain parameters of the
mathematical model that showed a probability
of developing sensorineural hearing loss de-
pending on a noise level, working experience
and age: bp = -7.35, by = 0.00014, b, = 0.074.
Proven individual risk rates in the test group
that were calculated using these parameters
varied from 1.06-10* to 1.47-10"%. Unaccept-
able occupational risks (higher than 1-107,
“moderate risk” and higher) were detected for
139 workers of 173 (80.35 % of the total num-
ber of people exposed to a noise level being
higher than 80 dBA).

Table 2 provides the results of catego-
rizing proven individual occupational risk
rates that was performed using probabilistic
assessment.

Health Risk Analysis. 2021. no. 4
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Table 3

Probabilistic assessment of individual risk
belonging to a specific category at the age

of 65 years
A number A probability
of workers | of workers belonging to
Risk category | with arisk in | a specific risk category
this category (people)
(people) 0.51-0.99 1
Average 173 40 133
Workers at the
boundary with 40 - -
high risk

More precisely determined risk rates are
considered a basis for substantiating activities
aimed at managing occupational risks in ac-
cordance with their category.

The suggested algorithm allowed assess-
ing what category individual occupational
risks belonged to; as a result, we were able to
determine the following more precise catego-
ries of proven individual risks:

— occupational risk was categorized as
“low” for 19.7 % workers from the test group
but still 32.4 % of workers exposed to low
risks were at the boundary with moderate risk
category;

— occupational risk was categorized as
“moderate” for 69.9 % workers from the test
group; 21.5 % workers with moderate risk
were at the boundary with low risk category,
and 15.7 % were at the boundary with average
risk category;

— occupational risk was categorized as
“average” for 10.4 % workers from the test
group; 72.2 % workers with average risk
were at the boundary with moderate risk
category.

We calculated predicted occupational risk
rates by the age of 65 to establish that pre-
dicted risk rate would grow and reach values
from 2.53-10 to 3.51-107. Probabilistic as-
sessment of individual risk belonging to a cer-
tain category allowed categorizing this risk as
being average (Table 3).

Probabilistic assessment of individual
risk performed to determine its category

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

more precisely indicates that proved indi-
vidual risk will be categorized as average
for the whole test group when they reach
the age of 65 years; 23 % of them will
be at the boundary with the high risk cate-
gory.

Conclusion. Our research focused on
examining workers’ health under occupa-
tional exposure to noise levels deviating
from hygienic standards. It was established
that suspected risk determined by assessing
SAWC results belonged to the average risk
category. But still, individual proven risk
rates occurring due to an occupational dis-
ease (sensorineural hearing loss) were dis-
tributed unevenly within the group (from
1.06:10* to 1.47-107). Low (acceptable)
individual risk was detected for 19.7 % workers;
moderate risk, 69.9 %; average risk, 10.4 %
workers.

Having determined risk categories more
precisely, we assessed distribution of prob-
ability of proven individual health risks be-
longing to specific risk categories. Our as-
sessment revealed that at the moment of the
research a share of workers with their indi-
vidual risks belonging to lower rick catego-
ries with probability exceeding 0.5 amounted
to 89.6 %.

Figure 2 shows the results obtained in as-
sessment of proven individual risks belonging
to specific risk categories at the moment of the
research and at the moment when all workers
would reach the age of 65 years.

We made an attempt to predict changes
in individual health risk rates for the exam-
ined workers during the whole period of em-
ployment (up to the age of 65 years) and de-
termined that if they continued working under
the same conditions without any prevention
activities provided for them, risk categories
would be likely to grow. Proven individual
risk rates will become unacceptable for all
workers in the test group and will vary from
2.53-107 to 3.51-10°. Proven individual risk
will be categorized as average for most work-
ers but it will be high for 23 % of them
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Figure 2. Assessment of proven individual risks belonging to specific risk
categories at the moment of the research and at the age of 65 years

(p < 0.5). These workers should be considered Funding. The research was not granted any

a priority risk group and provided with preven- Sponsor support.

tive activities aimed at reducing occupational Conflict of interests. The authors declare
health risks there is no any conflict of interests.
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