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Introduction. Noise is a major occupational risk factor that causes hearing loss, one of the most widely spread oc-

cupational diseases. Recently some new standards that regulate noise at workplace have been fixed and risk assessment 
in the sphere has become necessary, so now it is vital to get better insights into the matter. The purpose of the work was 
to analyze peculiarities of occupational risk assessment performed for workplaces where there was a lot of in-plant noise 
taking into account international documents and national practices. Analysis of legal grounds for occupational risk as-
sessment revealed that the most important issue in it was to determine probability of a damage to a worker's health. Only 
an employer can manage risks as it is him who has created them; hygienists, as per ILO Convention No. 161, are respon-
sible for informing and giving recommendations to workers and employers on prevention measures. Methodology of oc-
cupational risk assessment that is applied in occupational medicine is a scientific foundation in the process. Analysis of 
risk assessment principles revealed it was necessary to determine tolerable risk, and not an acceptable one. Necessary 
and sufficient condition of evidential risk assessment is a hazardous factor existing at a workplace that exceeds maximum 
allowable concentrations or permissible exposure levels and prediction of a disease caused by this factor. According to 
the Guide P 2.2.1766-03, occupational risk is considered to be proven when there are data on workers' health; but as per 
data of working conditions assessment and criteria set forth by the Guide P 2.2.2006-5 it is thought to be only suspected. 
So, data obtained via specific assessment of working conditions are not sufficient to assess actual occupational risks. In 
2010 the ILO issued an important document on emerging risks and new prevention forms. EU Strategic Framework on 
Health and Safety at Work 2014-2020 focuses on new and emerging risks as well as on probable new occupational dis-
eases and work-related diseases. Recently some scientific works have been published that dwell on predicting risks 
caused by new technologies, physical, biological, psychosocial, and chemical factors. Directive 2003/10/EC issued in the 
EU differentiates noise standards as per urgency of measures taken, and these standards allow for means of individual 
protection applied to protect hearing organs; all the standards are also supplemented with practical guides. The Noise 
Regulations issued in Great Britain in 2005 give the following definition for risk assessment: it is determination of expo-
sure to noise, account of risks borne by exposed groups of workers, assessment of combined effects produced by noise 
and ototoxic substances, as well as by noise and vibration. The author provides data that validate effects of occupational 
exposure to noise (the WHO, 2004) and notes that though an increase in permissible noise level from 80 to 85 dB is con-
sidered to be acceptable, the idea is rather controversial. The State Standard P ISO 1999–2017 on prediction of hearing 
loss caused by noise is well in line with the opinion expressed by the WHO experts that exposure to noise can cause disa-
bility. Conclusion. There is a logical chain for occupational risk assessment in case of noise: exposure assessment – de-
termination of working conditions category (hazard degree) – calculation of hearing loss probability as per State Stand-
ard P ISO 1999–2017 – prevention measures – necessity to work out specific programs aimed at hearing preservation 
recommended by the ILO. These programs can reduce risk and extra-aural noise effects; they should be drawn up as San-
itary rules or a State Standard and help to preserve health and provide safe and productive work. 

Key words: noise, occupational medicine, working conditions, hearing loss, risk assessment, prediction, preven-
tion. 
 

 
Noise is one of the most widely spread ad-

verse factors at a workplace. As per data provided 
by the Federal State Statistics Service1, in 2016 
38.5% workers were employed at work places 

 
with adverse and hazardous working conditions; 
18.2% out of them were exposed to noise, ultra- 
and infrasound; that is, almost each 5th work-
place is hazardous as per acoustic factors. Pa-

Read 
online  

__________________________ 
 
Ó Denisov E.I., 2018 
Eduard I. Denisov – Doctor of Biological Sciences, Professor, Senior Researcher, Winner of the Award granted by the 

RF Government in the sphere of science and technology and F.F. Erisman's Award in the sphere of hygiene  granted by the Pre-
sidium of the Russian Academy of Sciences (e-mail: denisov28@yandex.ru; tel.:+7 (903) 194-63-21). 
 

1 Russian Statistics Yearbook. 2017: Statistic data collection / Federal State Statistics Service. Moscow, 2017, 686 p. (in 
Russian). 
 

mailto:denisov28@yandex.ru;


E.I. Denisov 

Health Risk Analysis. 2018. No. 3 14

thologies caused by physical factors occupy the 
first place in occupational morbidity structure; 
their share increased in 2017 and reached 
47.82%. Hearing loss caused by noise and diag-
nosed as sensorineural deafness prevails among 
such pathologies as its share amounts to 58.84 
%2. 

 The analysis performed for five basic eco-
nomic branches (mining; processing industries; 
production and supply of electricity, water, and 
gas; transportation and communication; con-
struction) has shown that hygienic standards are 
not met at workplaces; each 10th noncompliance 
was related to noise, and each 5th occupational 
disease was caused by it [1]. 

As per data provided by the WHO, 360 mil-
lion people worldwide (5% of the world popula-
tion) live with disabling hearing loss. There are a 
lot of unemployed among such people or they 
frequently have very low-paid occupations. 
Hearing loss among elderly people leads to so-
cial isolation, anxiety, depression, a decrease in 
cognitive abilities, and dementia3. 

As per data of the US National questioning 
on healthcare, 23% out of workers exposed to 
noise had hearing troubles, 5% suffered from 
tinnitus, and 9% had both conditions; the same 
parameters among those who had never been 
exposed to noise amounted to 7%, 5%, and 2% 
correspondingly (Р<0.0001) [2]. 

Issues related to etiology, pathogenesis, di-
agnostics, and prevention of noise-induced hear-
ing loss have been studied [3, 4]. Validity of ex-
tra-aural noise effects is becoming higher. Earli-
er non-specific noise effects weren't always 
considered to be proven [5]; but recent research 
has revealed that exposure to noise significantly 
correlates with cardiovascular diseases, notably, 
arterial hypertension, although a correlation be-
tween noise and mortality caused by cardiovas-
cular diseases turned out to be weak [6].A great-

er attention is paid to traumatism as an occupa-
tional risk factor [7], especially for noisy occu-
pations [8], as well as to fitness for work respon-
sibilities fulfillment as per hearing or so called 
"hearing fitness" [9]. Hearing loss criterion in its 
essence is not primarily oriented at health 
preservation, but at providing safe and efficient 
work, especially in case of occupations that in-
volve great neuro-emotional tension (public 
transport drivers, civil aviation pilots etc.) [10, 
11].  

The question of risk assessment associated 
with noise exposure at a workplace becomes tru-
ly vital in relation to approval on Sanitary-
Epidemiologic Rules and Norms SanPiN 
2.2.4.3359-164, that set maximum permissible 
noise levels at 80 and 85 dB(A) and require ob-
ligatory risk assessment in the last case, as well 
as introduction of the State Standard GOST R 
ISO 1999-20175  

The research goal was to analyze peculiar-
ities of occupational risks assessment for work-
ers exposed to noise at their workplaces taking 
into account international documents and nation-
al practices. 

Legal grounds for occupational risk as-
sessment. A concept of "risk" first appeared in 
occupational health 50 years ago in a document 
issued by the International Organization for 
Standardization (ISO), namely ISO/R 1999:1971 
recommendation6 on how to assess occupational 
exposure to noise in order to preserve a person's 
hearing. There was a table in the document with 
"Risk, %" column as hearing loss probability in 
per cent that depended on a noise level in dB(A) 
and  duration of service in noisy conditions. The 
International Labor Organization (ILO) fixed in 
its Convention No. 1487 ((ratified by the Russian 
Federation), Clause 3, that "the term noise co-
vers all sound which can result in hearing im-
pairment or be harmful to health or otherwise 

__________________________ 
 
2 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2017: State Report. Moscow, The Fed-

eral Service for Surveillance over Consumer Rights Protection and Human Well-being Publ., 2018, 268 p. (in Russian). 
3 Prevention of deafness and hearing loss: The Secretariat Report (А70/34  On May 04, 2017). World Health Organization. 

Available at: http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_34-ru.pdf (access date:  14.07.2018) (in Russian). 
4 SanPiN 2.2.4.3359-16. Sanitary-Epidemiologic Rules and Norms for physical factors at workplaces. KODEKS: an elec-

tronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/420362948 (access date: 
14.07.2018).  

5 State Standard R ISO 1999-2017. Acoustics. Assessment of hearing loss caused by exposure to noise at workplaces. 
KODEKS: an electronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200157242 
(access date: 14.07.2018).  
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dangerous". The Convention introduced a con-
cept of occupational risk. Clause 4 states that 
"measures be taken for the prevention and con-
trol of, and protection against, occupational haz-
ards in the working environment due to ... noise 
and vibration".  

As per Clause 8 of the Convention, "The 
competent authority shall establish criteria for 
determining the hazards of exposure to air pollu-
tion, noise and vibration in the working environ-
ment and ... shall specify exposure limits on the 
basis of these criteria. The criteria and exposure 
limits shall be established, supplemented and re-
vised regularly in the light of current national and 
international knowledge and data, taking into ac-
count as far as possible any increase in occupa-
tional hazards resulting from simultaneous expo-
sure to several harmful factors at the workplace." 

The RF Labor Code8 contains Clause 209 
that defines an occupational risk as "a probability 
of damage to health caused by exposure to ad-
verse and (or) hazardous occupational factors 
when a worker fulfils his or her duties according 
to a labor contract or in any other cases identified 
by the present Code or other federal laws. A pro-
cedure for occupational risk assessment is to be 
fixed by a federal executive body that is responsi-
ble for state policy development and legal regula-
tion in the sphere of labor taking into account 
opinions expressed by the Russian tripartite 
commission for regulation of social and labor re-
lations".  

Occupational risks management is a set of 
activities that are components in the system of 
labor protection management; they include 
measures aimed at detecting, assessing, and re-
ducing occupational risks.  

Therefore, the primary task in occupational 
risk assessment is to determine probability of 
damage to health. A procedure for occupational 

risk assessment is fixed by the RF Labor Ministry 
taking into account opinions expressed by The 
Tripartite Commission. Occupational risks man-
agement as a set of organizational and technical 
activities is a part of the labor protection system 
and it goes beyond responsibilities of hygienists. 
Therefore, a risk is managed by those who create 
it, in this case, by employers. Hygienists act with-
in their competence determined in the ILO Con-
vention No. 161 or "Occupational Health Services 
Convention" (not ratified by the Russian Federa-
tion); they give advice to workers on risks at their 
workplaces, protection and prevention measures; 
and they give advice to employers on prevention 
measures required to manage risks. 

 Methodology of occupational risks as-
sessment in occupational health is scientific 
grounds for hygienic assessment and prevention. 
Its foundations were set 25 years ago in research 
supervised by Academician N.F. Izmerov [12]; 
they were then generalized in a reference guide 
[13]; and its principles, methods and criteria 
were systematized in further research9 [14]. 
These domestic works (co-written with other sci-
entists) were given the Russian Federation Gov-
ernment Award in science and technology (2002) 
and F.F. Erisman's Award in Hygiene granted by 
the Presidium of the Russian Academy of Medi-
cal Sciences (2004). 

The methodology spots out a priori hygien-
ic and a posteriori medical and biological occu-
pational risks assessment [13]. Its advantages are 
the scales with quantitative assessment criteria: 
а) a risk doubles per each harm category of 
working conditions in the Guide R 2.2.2006-0510  
and b) an occupational disease index also dou-
bles per each harm category of working condi-
tions 11. 

In particular, the Guide R 2.2.2006-05 im-
plies scales for vibration and acoustic factors 

__________________________ 
 
6 ISO/R 1999:1971. Acoustics – Assessment of occupational noise exposure for hearing conservation purpos-

es. International Organization for Standardization. Available at: https://www.iso.org/ru/standard/56849.html (access 
date: 14.07.2018) (in Russian). 

7 Working Environment (Air Pollution, Noise, and Vibration) Convention: Convention No. 148. KODEKS: an electronic 
fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1900829 (access date: 14.07.2018) (in 
Russian). 

8 Labor Code of the Russian Federation. KODEKS: an electronic fund of legal and reference documentation. Available at: 
http://docs.cntd.ru/document/901807664 (access date: 14.07.2018) (in Russian). 

9 Occupational risk: Electronic interactive reference catalogue. Edited and compiled by a member of Russian Academy of 
Science, Academician N.F. Izmerov, Professor E.I. Denisov, Doctor of Biological Sciences I.V. Stepanyan. Available at: 
http://medtrud.com/ (access date: 14.07.2018) (in Russian). 
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that have steps for noise, whole-body and hand-
arm vibration equal to 10, 6 and 3 dB respective-
ly and it reflects their different biologic efficien-
cy (doubling of loudness, kinematic parameter, 
and a dose accordingly). 

A significant task in the methodology is to 
determine a probability of occupational and 
work-related diseases as well as to account their 
categories of risk, severity of illness, and degree 
of work-relatedness (causality) as it allows to 
obtain single-number indexes that are very con-
venient for managing risks12. 

Risk assessment principles: risk tolera-
bility or acceptability. There is a principle in 
the world practice stating that a polluter has to 
pay or "polluter pays principle" (PPP); it was 
introduced by a recommendation of the Organi-
zation for Economic Cooperation and Develop-
ment in 1972; it was accepted by the European 
Union in 1987 and included as Principle No. 16 
in Rio-de-Janeiro Declaration of 1992. There is 
another principle, a precautionary principle, ap-
proved by the European Union13 in 2000 and 
UNESCO 14 in 2005. The principles allow to 
manage probable risks in a case when there aren't 
enough scientific data, for example, risks related 
to nanotechnologies, genetically modified organ-
isms, etc.  

There are three possible attitudes towards 
risks, namely avoidance, acceptance, and regula-
tion; world practice mostly inclines towards regu-
lation, or risk management [as per 13], that was 
earlier called prevention. 

First works on risks were published in the 

UK and the USA [15–17]. Foreign researchers in 
their works on risk assessment procedures exam-
ined a number of criteria for risks ac-
ceptance/tolerance such as ALARA, ALARP, 
FAPRA and others, that differed only in their le-
gal subtleties. ALARA principle (the abbreviation 
for As Low As Reasonably Achievable) was for-
mulated in 1954 by the International Commission 
on  Radiological Protection. It was further devel-
oped in ALARP principle, or "As Low As Rea-
sonably Practicable". 

In 1974 the "Health and Safety etc. at Work 
Act" was issued in the UK 15 according to it, 
people who control production premises or activ-
ities are to reduce risks as per SFARP criterion 
(the abbreviation for So Far As is Reasonably 
Practicable). The UK Health and Safety Execu-
tive issued a controversial document "Reducing 
risks, protecting people" [17] where it fixed cri-
teria for risks tolerance as per the following gra-
dations: unacceptable, tolerable, quite accepta-
ble, negligible, and we can see that the terms are 
rather inconsistent. Since there is a principle in 
occupational health and industrial ecology stat-
ing that "Acceptance of a priori hazard and harm 
for health is incompatible with zero risk princi-
ple and implies there is a residual risk deter-
mined by deontology and prevention capabili-
ties" [as per 13], it is necessary to speak about 
social tolerance of occupational risks [13, p. 
100]. 

The Guide R 2.2.1766-0311 sets an associa-
tion between working conditions categories and 
occupational risks categories: optimal 1 catego-

__________________________ 
 
10 R 2.2.2006-05. The Guide on hygienic assessment of factors related to working environment and labor process. KO-

DEKS: an electronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200040973 (access 
date: 10.07.2018) (in Russian). 

11 R 2.2.1766-03. The Guide on assessment of occupational risks for workers' health. Organizational and me-
thodical grounds, principles, and assessment criteria. Guide. KODEKS: an electronic fund of legal and reference 
documentation. Available at: http://docs.cntd.ru/document/9019020533 (access date: 10.07.2018) (in Russian). 

12 Risk management methodology in occupational medicine: hygienic assessment of working conditions, prediction and cau-
sation of occupational diseases related to work (harmonized collection of methodological materials) / approved by the Scientific 
Council No. 45 "Medical and ecological issues related to workers' health" of the Russian Academy of Medical Sciences. Moscow, 
NII МТ RAMS Publ., 2012, 23 p. (in Russian). 

13 Communication from the Commission on the precautionary principle. Brussels, 2.2.2000, COM (2000) 1 fi-
nal. Available at: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2000:0001:FIN:EN:PDF (access 
date: 10.07.2018) 

14 UNESCO. The Precautionary Principle. World Commission on the Ethics of Scientific Knowledge and 
Technology (COMES). Available at: http://unesdoc.unesco.org/images/0013/001395/139578e.pdf (access date: 
10.07.2018) (in Russian). 

15Health and Safety at Work etc. Act 1974. Available at: http://www.legislation.gov.uk 
/ukpga/1974/37/contents (access date: 10.07.2018). 

http://docs.cntd.ru/document/1200040973
http://docs.cntd.ru/document/901902053
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2000:0001:FIN:EN:PDF
http://unesdoc.unesco.org/images/0013/001395/139578e.pdf
http://www.legislation.gov.uk
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ry– no risk; acceptable 2– negligible (tolerable) 
risk; hazardous 3.1– small (moderate) risk; haz-
ardous 3.2– average (considerable) risk; hazard-
ous 3.3– high (intolerable) risk; dangerous (ex-
treme) 4– ultra high risk and risk for life that is 
characteristic for this particular occupation. And 
we can see that here a term "tolerance", and not 
"acceptance" is applied. Therefore, according to 
risk management principle (Clause 209 of the 
RF Labor Code) we should rely on a concept of 
risk tolerance, and not risk acceptance. 

OEL or risk assessment? For many years, a 
paradigm based on OEL (MPC and MPL) was a 
central one in occupational hygiene, its main 
assumption being that conformity to them was 
obligatory and possible at any workplace and it 
could guarantee health preservation. Indeed, 
MPC and MPL are true bases of safety but they 
are far from being always adhered to. 
Therefore, it became necessary to assess 
consequences of their violation, to determine 
prevention tactics and measures of social 
protection for those who have to work under 
adverse conditions. Finding solutions to these 
tasks required new theories that include risk 
assessment and management and that have been 
developing rapidly over recent years. As social 
and economic changes occurred in the country, 
and it made a scientific paradigm in 
occupational health shift from MPC/MPL to a 
methodology of occupational risk assessment 
[13]. 

As opposed to traditional hygienic assess-
ment of working conditions when all values 
higher than hygienic standards were fixed with-
out taking into account an extent to which they 
were higher or what possible consequences for 
health it would mean, risk assessment pays 
greater attention to quantitative estimation of 
probable damage to health in order to choose 
efficient risk management activities, i.e. preven-
tion [13]. 

MPC and MPL as bases of hygiene don't 
give any information on probability or severity 
of consequences, i.e. risk assessment. There is a 
true paradox here: risk assessment is based on 
MPC and MPL, however, MPC and MPL are 
obligatory but not sufficient for risk assessment. 
A "dose – effect" relationship is sufficient here 
as it gives grounds for predicting probable health 
disorders.  

The ILO in its "Technical and ethical guide-
lines for workers’ health surveillance" [18]. item 
2.7, states that "surveillance programs should be 
used for prevention purposes and in particular to 
predict the occurrences of occupational injuries 
and diseases". And here (item 3.19) "priority 
should be given to environmental (exposure) 
limits over biological (biological exposure lim-
its) criteria". That is, medical examinations with 
an occupational disease prediction (given in ital-
ics by us – E.D.) are a basis of prevention activi-
ties with priority given to criteria of working en-
vironment assessment, i.e. MPC/MPL. 

Consequently, evidence-based risk assess-
ment in full conformity with the letter and the 
spirit of the requirements fixed by the RF Labor 
Code (Clause 209 and others) and the ILO doc-
uments should include obligatory and sufficient 
such components as assessment of a degree of 
excess the MPC/MPL by harmful factor at a 
workplace and prediction of probability of an 
occupational disease caused by this factor. 

Special assessment of working conditions 
(SAWC) according to the Federal Law NO. 
42616. Clause 13 of the Law contains the fol-
lowing definition:  Special assessment of work-
ing conditions is a unified set of activities 
aimed at identifying adverse and (or) hazardous 
factors related to working environment and 
working process and assessing their effects on a 
worker taking into account deviations in their 
actual values from fixed standards (hygienic 
standards) existing for these working conditions 
and application of individual and collective pro-
tection means". 

SAWC replaces a certification of workplaces 
and state examination of working conditions and 
takes into account  actual impacts on a worker's 
body exerted by adverse and (or) hazardous fac-
tors related to working environment and working 
process. Categories (sub-categories) of working 
conditions at specific workplaces are fixed as per 
SAWC results; these categories are taken into 
account when insurance fees are paid to pension 
funds, compensations are given to workers, indi-
vidual protection means provided, medical exam-
inations organized, occupational risks assessed, 
accidents and occupational diseases investigated, 
etc.   

SAWC is performed according to an es-
tablished procedure17, that includes: 1) identifi-
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cation of potentially adverse and (or) hazardous 
occupational factors; 2) examinations (tests) and 
measurements of such factors; 3) assignment of 
working conditions into a specific category (sub-
category) according to a degree of their adverse 
and (or) hazard health effects; 4) presentation of 
results. In spite of several drawbacks [19], 
SAWC is an acting system for occupational risk 
assessment. 

It should be noted that, according to the 
Guide Р R 2.2.1766-0311, an occupational risk is 
considered to be proven (category 1A) on the 
basis of data on workers' health obtained via pe-
riodical medical examinations; while results of 
working conditions hygienic assessment per-
formed as per criteria given in the Guide  R 
2.2.2006-0510 are to be considered only as a sus-
pected risk (category 2). So, if one wants to as-
sess an actual occupational risk, SAWC results 
are not sufficient and they should be supple-
mented with data obtained via periodical medical 
examinations.  

 The European Union strategy on health 
and safety at work (2014–2020) and new 
emerging risks.  A framework strategy adopted 
in the EU18 highlighted problems small and mid-
dle-sized businesses had to face, new emerging 
risks, and ageing of workforce. There are 7 stra-
tegic goals outlined in the document, and No. 5 
goal directly focuses on ageing of workforce, 
new and emerging risks (and new occupational 
diseases) as well as prevention measures. The 
purpose of the strategy is to promote better 
working conditions and processes, higher labor 
satisfaction, higher competitiveness of European 
companies and lower expenses borne by social 
insurance systems. A most significant part in the 
EU strategy is recognition of new and emerging 
risks and new occupational and work-related 
diseases. There isn't any similar document issued 
in our country.  

We should mention a most significant doc-

ument issued by the ILO that dwells on emerg-
ing risks and new prevention techniques in a rap-
idly changing labor world [20]. It was followed 
by works on prediction of new risks caused by 
new technologies [21] as well as by physical 
[22], biological [23], psychosocial [24], and 
chemical [25] factors. 

New and emerging physical risk factors are 
linked with a role that physical loads play in de-
velopment of disorders in the musculoskeletal 
system; such risks also include those caused by 
noise, vibration, thermal factors, ionizing radia-
tion, machinery and equipment etc. Such risks 
can also emerge from absence of physical activi-
ty, or combined effects produced by physical 
loads and psychosocial risks; they can be related 
to multiple factors or caused by a complex inter-
action within "a man – a machine" system etc. 
[22]. New biological risks are linked with the 
global epidemiologic situation, impacts exerted 
by antimicrobic-resistant pathogens in public 
healthcare and food industry, as well as with en-
dotoxins, mold fungi at workplaces, solid wastes 
etc. [23]. Works are being published on risk 
analysis and prediction in relation to advanced 
processing technologies  [26].  

It is obvious that all the above-mentioned 
issues ought to be examined in depth bearing in 
mind future prospects for research; there is a 
wide range of them, starting from disorders in 
the musculoskeletal system and to combined ef-
fects by physical and psychosocial loads, issues 
related to "a man – a machine" interactions etc.  

The EU Guide on occupational risks as-
sessment [27] consists of 4 parts: 1) introduction, 
definitions, and procedures, 2) basics (data collec-
tion, detection of hazards, risk assessment, preven-
tion measures, documenting), 3) checklists (safety 
rules, chemicals, noise, vibration, illumination, 
stress at work), 4) detection of hazards and preven-
tion measures for specific activities (work in an 
office, construction, food industry, wood pro-

__________________________ 
 
16On special  assessment of working conditions: The RF Federal Law issued on December 28, 2013, No. 426. Konsultant 

Plus. Available at: http://www.consultant.ru/document/cons_doc_LAW_156555/ (access date:  09.07.2018) (in Russian). 
17 On Approval of Procedure for conducting a special assessment of working conditions, Classifier of adverse and (or) 

hazardous production factors, reporting form on a specific assessment of working conditions and instructions how to fill it in: 
The Order issued by the RF Ministry for labor and Social Protection on January 24, 2014 No. 33n. Garant. Available at: 
http://base.garant.ru/70583958/ (access date:  09.07.2018). 

18 Communication from the Commission to the European Parliament, the Council, the European economic and social 
committee and the Committee of the regions on an EU strategic framework on health and safety at work 2014–2020 Available 
at: http://ec.europa.eu/social/BlobServlet?docId=11828&langId=en (access date:  09.07.2018). 

http://www.consultant.ru/document/cons_doc_LAW_156555/
http://base.garant.ru/70583958/
http://ec.europa.eu/social/BlobServlet?docId=11828&langId=en
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cessing, car repairing, agriculture, open-cut mines). 
This Guide can be useful for both employers and 
their employees as it explains basic issues related 
to labor protection and occupational medicine in 
such a way that they can be understood easily. 
However, it doesn't contain any quantitative crite-
ria of occupational risks assessment or any litera-
ture reference and it makes its scientific value ra-
ther limited.  

The EU Directive 2003/10/ЕС on noise19. 
Item 7 in the preamble contains the following: "to 
introduce measures protecting workers from the 
risks arising from noise owing to its effects on the 
health and safety of workers, in particular damage 
to hearing".. Clause 4 "Determination and as-
sessment of risks" states in item 6е that "…any 
indirect effects on workers' health and safety re-
sulting from interactions between noise and warn-
ing signals or other sounds ... need to be observed 
in order to reduce the risk of accidents". Thus the 
Directive regulates limitation of noise required for 
both hearing preservation and labor safety.  

The document also fixes exposure limit val-
ues and exposure action values in respect of the 
daily noise exposure levels and peak sound pres-
sure. The lower and upper exposure action values 
require some measures to be taken, and the expo-
sure limit values suppose that personal protection 
of hearing organs ought to be applied (Table). 

Permissible noise levels as per the Directive 
2003/10/ЕС 

№ 
 Parameter LEX, 8h Ppeak 

dB(C) re. 
20 µPa 

1 Exposure limit 
values 

87 dB 
(А) 200 Pa 140 dB 

2 Upper exposure 
action values 

85 dB 
(А) 140 Pa 137 dB 

3 Lower exposure 
action values 

80 dB 
(А) 112 Pa 135 dB 

 
As one can see from the Table (the differ-

ence between lines 1 and 2-3), when hearing 

protectors (earmuffs, earplugs, helmets etc.) are 
applied, their expected efficiency is within 2-7 
dB. It corresponds to a 1.15-1.6 times decrease 
in noise loudness and this decrease can be sub-
jectively noticeable [13]. 

One should also mention "Non-binding 
guide to good practice for the application of 
Directive 2003/10/EC"20; this guide dwells on 
issues related to measuring and assessing expo-
sure to noise as well as prevention measures. 
Therefore, there are noise standards in the EU 
that are differentiated as per urgency of 
measures to be taken and that account for PPE 
for hearing organs; these are supplemented with 
a guide to good practice. 

An experience of Great Britain on risk 
assessment of noise at work. "Control of Noise 
at Work Regulations"21 fix a procedure for risk 
assessment in case of noise exposure at a work-
place. An employer is to assess a health risk for 
workers caused by noise in order to determine 
what measures should be taken to meet the re-
quirements set forth by the Regulations. And here 
noise is to be estimated via observations over 
working practices and taking into account data on 
possible noise levels generated by used equip-
ment; when necessary, an employer should meas-
ure noise levels and compare them with the exist-
ing standards.  

Risk assessment includes considering the 
following: a) level, type, and duration of exposure 
to noise, including exposure to a peak sound pres-
sure: b) impacts exerted by noise on workers 
whose health is at specific risk of such exposure; 
c) any consequences for workers' health and safe-
ty that result from interactions between noise and 
ototoxic substances or between noise and vibra-
tion; d) any indirect consequences for workers' 
health and safety that result from interactions be-
tween noise and acoustic alarms or any other 
sounds that are to be heard to reduce risks at a 
workplace. 

So, risk assessment here involves determina-
__________________________ 
 
19 On the minimum health and safety requirements regarding the exposure of workers to the risks arising from physical 

agents (noise) (The 17th separate Directive in Clause 16(1) of Directive 89/391/EEU): Directive by the European Parliament and 
the European Union Council 2003/10/ЕU issues on February 6, 2003. Available at: 
http://docs.pravo.ru/document/view/44436558/50529867/ (access date:  09.07.2018) (in Rissian). 

20 Non-binding guide to good practice for the application of Directive 2003/10/EC. Luxembourg: Office for Official Publi-
cations of the European Communities, 2008, 169 p. DOI: 10.2767/61482 

21 Control of Noise at Work Regulations 2005. Available at: http://www.legislation.gov.uk/uksi/2005/1643/contents/made 
(access date:  09.07.2018) 

http://docs.pravo.ru/document/view/44436558/50529867/
http://www.legislation.gov.uk/uksi/2005/1643/contents/made
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tion of noise exposure, account of risks for vul-
nerable groups of workers, assessment of com-
bined effects produced by noise and ototoxic sub-
stances, as well as by noise and vibration. 

New noise standards. New Sanitary-
Epidemiologic Rules and Norms SanPiN 
2.2.4.3359-164 fix maximum permissible noise 
levels for certain industries at 80 and 85 dBA pro-
vided that acceptability of risk for workers' health 
is confirmed by occupational risks assessment and 
results obtained during periodical medical exami-
nations of people who are exposed to noise higher 
than 80 dBA. The document also requires prohibi-
tion of any works under noise levels higher than 80 
dBA. These statements raise a number of issues.  

Validity of OEL (MPL) for noise. The 
WHO document that focuses on assessing bur-
den of diseases caused by work-related hearing 
loss [28] contains Table 1 "Assessment of re-
ported responses to occupational noise exposure" 
where evidence is considered to be limited for 
performance, biochemical and immune effects, 
and birth weight, and where it is considered to be 
sufficient for the following: 

- annoyance at noise being <55 dB(A) in 
offices and <85 dB(A) in industry, 

- hypertension at 55-116 dB(A), 
- hearing loss (adults) at 75 dB(A) and 

(unborn children) at < 85 dB(A). 
In relation to that we can't agree with 

some authors who state that it is quite acceptable 
to increase MPL for noise from 80 to 85 dB(A): 
"In-plant noise equal to 80 dB(A) is theoretical 
minimum exposure that doesn't cause higher 
risks of hearing loss. Compliance with the noise 
standard equal to 85 dB(A) fully allows to reduce 
prevalence of noise-induced hearing loss" [29]. 
This tirade contradicts arguments given by the 
WHO. 

After the State Standard GOST R ISO 
1999-20175 has been introduced, it is advisable 
to make some corrections into item 3.2.6 of the 
SanPiN 2.2.4.3359-164 and fix that occupational 
risk assessment is to be performed via calcula-

tion of hearing loss probability for workers and 
audiometric testing during periodical medical 
examinations when noise level is higher than 80 
dB(A). These measures will reduce both risks of 
hearing loss and extra-aural effects of noise. 

A new standard for hearing loss predic-
tion, GOST R ISO 1999-20175. There is a spe-
cific risk assessment system that has developed in 
relation to the issue of noise in world literature and 
practices; this system differs from that applied 
when chemical factors are assessed [30] and is 
based on predicting probability of hearing loss as 
an officially recognized occupational disease 
caused by noise. It started as far back as in 1971 
when the Recommendation ISO/R 1999:1971 was 
first published; it then became the Standard ISO 
1999:1975, which was then revised as ISO 
1999:1990 and finally as ISO 1999:2013, and then 
introduced in Russia as the State Standard GOST 
R ISO 1999-2017. As opposed to the first edition, 
the Standard doesn't contain any definite formula 
for risk assessment, but it determines techniques 
that can be applied within national systems to pre-
dict hearing loss. 

The Standard introduces a number of no-
tions that are very important for occupational 
health 22: 

- hearing loss – deviation or a change for 
the worse of the threshold of hearing from nor-
mal; 

- hearing disability – effect of hearing loss 
on activities in daily living (Note 1 to entry: This 
is sometimes called “activity limitation” (WHO); 

- risk of hearing disability – percentage of a 
population sustaining hearing disability; 

- risk of hearing disability due to noise – 
risk of hearing disability in a noise-exposed 
population minus the risk of hearing disability in 
a population not exposed to noise but otherwise 
equivalent to the noise-exposed population. 

These terms enrich the methodology of oc-
cupational risks assessment. It is also important 
that the Standard adheres to the WHO position 
on disability that can be a consequence of expo-

__________________________ 
 
22 Original text to be found in ISO 1999:2013 Acoustics – Estimation of noise-induced hearing loss. Online 

Browsing Platform. Available at: https://www.iso.org/obp/ui/#iso:std:iso:1999:ed-3:v1:en (access date:  
09.07.2018). 

23 State Standard R ISO /IEC 31010-2011. Risk management. Risk assessment techniques. Moscow, 
Standartinform Publ., 2012, 74 p. (in Russian). 

https://www.iso.org/obp/ui/#iso:std:iso:1999:ed-3:v1:en
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sure to noise [28]. 
Conclusion. Fundamentals of risk man-

agement have been developed in great detail and 
documented in standards23 and guides, starting 
from pragmatic [31, 32] to academic ones with 
economic and psychosocial estimates [33] and 
taking into account occupational and non-
occupational exposures [34]. 

There is Guidance on risk assessment at 
work [35] and a standard on risk assessment 
techniques [36] adopted in the EU; Health and 
Safety Executive (HSE) in the UK has devel-
oped "Risk Assessment Tool and Guidance (in-
cluding Application Guidance)" [37]. 

But the issue of noise at a workplace has 
its peculiarities because it is related not only to 
health but also safety [10, 11], and involves not 
only risk assessment but also prediction of pos-
sible effects. Starting from early works with 
predictions as per Monte Carlo method [38], the 
methodology of occupational risks assessment 
is so well grounded by scientific works, devel-
opments, and state standards, that it makes the 
noise issue truly international. We can compare 
it to a project by the US National Institute for 
Occupational Safety and Health (NIOSH) dedi-
cated to assessment of new risk factors (includ-
ing nano-materials) suggested for general dis-
cussions [39]. 

A logic chain for noise is as follows: expo-
sure assessment – determination of working 
conditions category (degree of harm) – calcula-
tion of hearing loss probability as per GOST R 
ISO – a set of prevention measures (PPE, rest 
rooms, vitamin prophylaxis etc.); all these re-
quire development of Hearing Conservation 
Programs recommended by the ILO and docu-
mented as sanitary rules or a state standard. 

Thus, in relation to  State Standard 
GOST R ISO 1999-20175 introduction it is ad-
visable to make changes into item 3.2.6 of the 
Sanitary-Epidemiologic Rules and Norms4 and 
state that occupational risk assessment is to be 
performed via calculation of hearing loss prob-
ability for workers and their audiometric testing 
during periodical medical examinations when 

noise level is higher than 80 dB(A). These 
measures will reduce both risks of hearing loss 
and extra-aural noise effects. In a very distant 
future, “deserted work” in the noisy conditions 
will be performed by the so-called cyber-
physical systems (robots and autonomous devic-
es based on artificial intelligence), which is en-
visaged by the course of digitalization of the 
Russian economy. 
 Conclusions: 

1. From the standpoint of evidence-based 
medicine, an adequate assessment of occupa-
tional risk under exposure to noise should in-
clude both an assessment of the excess of the 
maximum permissible level and a prediction of 
the probability of hearing loss with audiometric 
control during a periodic medical examinations. 

2. Occupational risk assessment under ex-
posure to noise in world practice includes detec-
tion of hazard sources, exposure assessment, de-
termination of vulnerable workers' groups (teen-
agers, pregnant and recently delivered women, 
breast-feeding mothers, workers with chronic 
diseases, migrants, and others) and selection of 
prevention measures. 

3.  Noise exposure monitoring, a prediction 
of hearing loss probability, audiometric control 
during periodical medical examinations, and 
prevention activities are to be fixed as a set of 
measures in programs for hearing preservation 
documented as a state standard, a system of la-
bor safety standards, or sanitary-epidemiologic 
requirements. 
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