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Ekaterina E. Nuzhnova problem of ensuring sanitary and hygienic requirements at the workplaces of employees who meet

E-mail: the established requirements of the legislation of the Russian Federation remains urgent. Problems

ees1967@mail.ru associated with the possibility of contact with chemicals also remain relevant and have not lost
their significance. When studying approaches to assessing the impact of industrial toxicants on the
body of employees, the current and generally accepted method in the Russian Federation is the
calculation method of “stay dose load”, which serves to substantiate the connection between the
violation of the health status of workers and the accumulation of xenobiotics in the body. In order
to prevent the accumulation of toxicants and organize measures to prevent occupational diseases,
periodic medical and preventive examinations of employees are used, which are prescribed based
on the results of a special assessment of working conditions, for workplaces with a recorded fact
of exceeding the maximum permissible concentration in the air of the working area of harmful
substances, typical for production. Today, in large enterprises where there is a chemical factor, the
activities of industrial sanitary laboratories are aimed at registering the presence of chemicals in
the air of the work area. Depending on the hazard class of the substance and the specifics of the
technological process, the frequency of sampling and analysis is established. However, in order to
implement measures aimed at preventing occupational diseases of workers, it is necessary to review
approaches to the implementation of preventive monitoring. The purpose of the work is to prevent
the negative effects of toxic substances on the body of workers and to take measures to organize a
biomonitoring system at enterprises with potentially dangerous harmful substances. Materials and
methods. A systematic analysis of modern literary sources and regulatory documentation in the field
of occupational hygiene has been carried out. By the method of comparative analysis, domestic and
foreign principles and practice of using approaches to assess the negative impact on the body of
toxicant workers are compared. Conclusions. In order to organize preventive monitoring of the body
condition of workers in contact with chemicals, it is necessary to supplement existing procedures
for monitoring the working environment, such as special assessment of working conditions and
production control, with a biomonitoring system to obtain a complete understanding of the impact
of toxicants on the human body and subsequently assess the health risk.
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ABTop PE3IOME. BeedeHue. B coBpeMEHHbIX YCMOBUSX AEATENBHOCTY NPOMbILLMEHHBIX MPOWU3BOACTB W
ANsA KOPPECMOHAGHLUMM:  MpeAnpPUATMIA OCTAETCS akTyanbHOM npobnema obecneyeHns CaHUTapHO-rUrmeHnyeckux TpeboBaxmii
Examepuna EezeHbesHa  Ha paBoumx MecTax COTPYAHMKOB, OTBEYAIOLLMX YCTAHOBMEHHBIM HOPMaM 3aKOHOAaTeNbCTBa Poccuit-
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depnepaunn SBASETCS PaCUETHbIN METOA «CTaXXEBOW A0O30BOW HArpy3kuy, KOTOPbIA CRYXWUT ANs
060CHOBaHUS CBA3W HapYLLEHUS COCTOSAHUS 300pOBbs PABOTHUKOB C HAKOMMEHWEM B OpraHu3me
kCeHOOMOTMKOB. B Liensx npodunakTyiki HaKoMNEHU TOKCUKAHTOB 1 OpraHM3aLn Mep no npeay-
npexneHnio NpodeccroHanbHbIx 3ab0neBaHmii PUMEHSIIOTCS NepUoaNYeckue MeauKo-npodunak-
Th4eckne obcrnenosaHuns paboTHUKOB, KOTOPbIE HA3HAYAIOTCS HA OCHOBE Pe3yrbTaToB NMPOBEAEHHO
cnewumarnbHoi OLIEHKM YCIOBUA Tpyaa, 4715 paboumx MecT ¢ 3adhMKCMpOBaHHBIM (PakTOM NPeBbLILLEHNS
nNpesLensbHO A0MYCTUMON KOHLEHTPpaLMK B BO3ayXe paboyeli 30HbI BpeaHbIX BELLECTB, XapakTepHbIX
40151 NPOW3BOACTBA. B HacTosILLee BpeMs Ha KpYMHbIX NPeanpusTHSIX, rae NPUCYTCTBYET XMMUYECKWI
(hakTop, AEATENBHOCTb CaHUTapPHbIX TabopaTopuii HanpaBneHa Ha (uKcaLKo NPUCYTCTBUS B BO3AYXE
paboyen 30Hbl XMMUYECKIX BELLECTB. B 3aBMCMMOCTM OT Knacca 0nacHOCTM BeLecTa M 0COBEHHO-
CTel TEeXHONOrMYeckoro npoLecca no CornacoBaHWi ¢ MeCTHbIMM opraHami PocnoTpebHaasopa
yCTaHaBMn1BaeTCcs NepuoauyHocTL otbopa npob u ux aHanus. OgHako 4N Toro, YTobbl OCYLLECTBAATL
MeponpusTUs, HanpaBneHHbIe Ha NpeaynpexaeHue npodeccoHanbHbIx 3abonesaHuii paboTHUKOB,
HeobXoaMMO NepecMoTPeTb NOAX0Ab! K OCYLLECTBMEHMIO MPEBEHTUBHOMO MOHUTOPUHTA. Liesibro paboTh
SBNSETCS NPEBEHTNBHOE BbISBMEHWE HEraTUBHOIO BMUSIHWS Ha OpraH13M paboTHUKOB TOKCUYECKNX
BELLECTB M MPUHATME Mep N0 OpraHN3aLymv CUCTEMbl BUOMOHUTOPKHIA Ha NPEANPUSTUSIX, UIMEIOLLMX
noTeHUManbHo onacHble BpeaHble BellecTsa. Mamepuanb u memodsl. [poBeaeH cuctemMaTuyeckui
aHanm3 CoBpeMEHHbIX NIMTEPATYPHBIX MCTOYHMKOB, HOPMATUBHOW AOKYMEHTaLMM B 06MaCTW TMrneHbI
Tpyaa. MeTogom cpaBHUTENBHOTO aHann3a ConocTaBMNEHbI OTEHECTBEHHBIE U 3apyDeXHbIE MPUHLMMbI
1 MpaKTMKa NPUMEHEHNS NOLXOOB MO OLIEHKE HEraTMBHOTO BIUSIHUS TOKCUKAHTOB Ha OpraHuam pa-
B0THWKOB. Bb18001. [INsi OpraH13aLm NPEBEHTUBHOMO KOHTPOIS COCTOSHSI OpraHuaMa paboTHIKOB,
KOHTaKTUPYHLLMX C XMMUYECKMMM BeLLeCTBaMM, HEOOX0AMMO AOMOMHUTL CYLLECTBYIOLLME NpoLeaypbl
KOHTPONS COCTOSIHWS MPOU3BOACTBEHHON Cpefibl, Takue Kak cneLuarnbHas OLeHKa YCrnoBui Tpyaa v
MPOWU3BOLCTBEHHbIN KOHTPOMb, CUCTEMO BUOMOHUTOPUHIA ANS NOMYYEHWS NOMHOTO NPeacTaBneHus
0 BO3JEMCTBIUM TOKCUKAHTOB Ha OpraHW3M YenoBeka W NocneaytoLLel OLeHK pUcka ero 3LopoBbIo.
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INTRODUCTION

Publicly available online data provides indirect in-
sight into the development of new technologies aimed
at meeting Russia's economic needs in various fields,
such as instrument engineering, the IT industry, and
other related sectors.

The intensification of production technology deve-
lopment is also driven by the national needs for import
substitution of raw materials, supplies, components,
assemblies, machine parts, and equipment required
for the aforementioned branches of the economy.
Equipment and production technologies imported into
Russia do not always comply with safety standards,
including the equipment's potential to emit harmful
substances into the environment.

Numerous workers are exposed to various pol-
lutants at their workplaces, such as chemicals in the
form of vapors, aerosols, and dust, which under cer-
tain conditions can adversely affect their health. In
assessing the impact of toxicants entering the work-
place air, it is customary to consider only the inhala-
tion pathways of xenobiotic exposure. However, some
of these substances can pose a greater health risk
through dermal absorption. Therefore, an approach
focused on comprehensive health screening and the
implementation of biological monitoring for workers is
warranted.

Inadequate control of occupational exposure to pol-
lutants can lead to health deterioration. Some diseases
caused by workplace hazardous substances (occupa-
tional diseases) may only manifest after a considerable
latency period following initial exposure. Consequently,
even the most effective treatment of an occupational
disease will not prevent similar cases among other
workers unless the sources of harmful exposure are
eliminated. Hence, the risk of recurrence will remain
persistently high. This underscores the critical impor-
tance of proactive strategies to protect the health of
personnel handling hazardous substances, as well as
others who may be indirectly affected by these work
activities.

AIM

The aim of this study is to develop a framework for
a preventive health biomonitoring system for chemi-
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cal industry workers, utilizing the Maximum Inactive
Concentration (MIC) as an analogue to the Biological
Exposure Indices (BEI).

MATERIALS AND METHODS

Currently, two principal approaches are employed
to control the levels of hazardous substances in work-
place air: 1) the Special Assessment of Working Con-
ditions (SAWC) procedure', and 2) the implementa-
tion of Production Control.

The existing SAWC procedure, as currently prac-
ticed, is designed to document the factors of the work
environment and labor process at specific workplaces
based essentially on the data provided by the em-
ployer commissioning the assessment. It is an open
secret that violations of this procedure occur, leading
to the recording of all environmental factor levels at
or below established regulatory limits. Consequently,
unscrupulous employers reduce costs by avoiding
supplementary payments and compensations for ha-
zardous working conditions, justifying this by claiming
to protect workers' health through the provision of per-
sonal protective equipment. The inevitable result of
such practices is an increase in occupational disease
rates in the Russian Federation.

To monitor the content of harmful substances in
workplace air, accredited measurement methods list-
ed in the register of the accreditation body (the State
Information Fund for Ensuring Measurement Unifor-
mity, SIF UMI)? are used. This can create a discre-
pancy, as the assessment of a chemical compound's
concentration in the air may be impossible if no certi-
fied measurement method for it exists or has been
developed.

' Federal Law No. 426-FZ of December 28, 2013 "On the Spe-
cial Assessment of Working Conditions". Available at: https://www.
consultant.ru/document/cons_doc_LAW_156555/ (accessed: June 8,
2024).

2 Federal Law No. 52-FZ of March 30, 1999 "On the Sanitary and
Epidemiological Welfare of the Population”. Available at: https://www.
consultant.ru/document/cons_doc_LAW_22481/ (accessed: June 8,
2024).

3 The official website of the "State Information Fund for Ensuring
Measurement Uniformity — SIF UMI". Available at: https://oei.by/mvi/
index (accessed: June 8, 2024)..
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Another significant factor compromising the ob-
jectivity of workplace assessment regarding chemi-
cal hazards is the sampling frequency and the spe-
cific time interval chosen for evaluation. According to
SAWC guidelines, measurements must be conducted
during the most intensive work shift, at peak equip-
ment productivity and during the most demanding
associated technological operations. In practice, this
requirement is often disregarded during SAWC pro-
cedures, which calls into question the reliability of the
obtained results.

RESULTS

Therefore, it can be concluded that the outcomes of
a Special Assessment of Working Conditions (SAWC)
may not accurately reflect the true state of the air qua-
lity in the workplace. Consequently, workers exposed
to hazardous substances may be referred for manda-
tory periodic medical examinations. However, the pre-
ventive value of these examinations is compromised
because the employer officially reports the absence of
a chemical hazard.

A solution could be the implementation of a tar-
geted biomonitoring program within the framework of
enhanced occupational health examinations, using
approaches analogous to Biological Exposure Indices
(BEI). BEI represent guideline values for interpreting
biomonitoring results. They serve as an additional tool
for assessing the adverse effects of toxicants on wor-
kers and are instrumental in confirming exposure to a
specific chemical agent'.

A substantial array of methods for detecting xeno-
biotics in the human body exists and is employed in
evidence-based medical practice in Russia. To estab-
lish regular monitoring of industrial toxicants and their
metabolites in biological samples from workers, it is
imperative to create a dedicated subsidiary structure
within current specialized medical institutions for occu-
pational disease research. This structure should have
a sector-specific focus on existing enterprises and be
based on biomonitoring. Concurrently, it is necessary
to develop an algorithm for implementing approaches

' International Labour Organization. Encyclopedia. Available at:

https://www.iloencyclopaedia.org/ru/part-iv-66769/biological-monitor-
ing-65407 (accessed: June 16, 2024)..
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that enable the early identification of health deviations
in workers exposed to industrial toxicants.

The potential application of an analogue to BEI for
organizing preventive health surveillance of workers
with a confirmed chemical hazard at their workplaces
is of significant interest.

One feasible approach to implementing xenobiotic
detection can be illustrated using exposure to sele-
nium compounds as an example.

Selenium finds wide application across numerous
industrial sectors, both in the form of various salts and
as a metallic powder. It is used in semiconductor tech-
nology, the production of high-quality alloys, pharma-
ceuticals, and the paint, varnish, and glass industries.
The primary industrial uses of selenium are summa-
rized in Figure 1.

Current estimates indicate a slight upward trend
in global selenium consumption, including for the pro-
duction of vitamin supplements and other goods [1].

The leading global selenium producers are Japan
(accounting for 30-50% of world output), Canada
(16-20%), Belgium (10-14%), and Germany (7%).
Russia's share in global selenium production does not
exceed 7% [2, 3].

At present, selenium production in the Russian
Federation is carried out by three metallurgical com-
panies: Norilsk Nickel (Nornickel), the Ural Mining and
Metallurgical Company (UMMC), and the Kyshtym
Copper Smelting Plant [4, 5].

Selenium production technologies remained virtu-
ally unchanged until the end of the 20th century. The
dominant method was the roasting-selenide process,
introduced in the 1970s at the Norilsk and Almalyk
Mining and Metallurgical Combines and at the Ural
Electrolytic Copper Plant (UralElectroMed). Copper

W CrekonbHas NpOMbILLNEHHOCTb
Glass industry
MeTtannyprudeckas NpOMbILLAEHHOCTb
Metallurgic industry

B Xvmnyeckas NPOMbILLNEHHOCTb
Chemical industry

M MnrmenTbl
Pigments

M OnekTpoHuka
Electronics

W CenbcKoe X0341ACTBO; MeauLnHa
Arriculture; Medicine

Fig. 1.
Puc. 1.

Differentiation of industrial spheres of selenium application

Pacnpenenenne obnacrteit NPOMBILNEHHOCTN MO NPUMEHE-
HUIO cenexa
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slimes generated during the electrolytic refining of  setting its MAC (in vapor form) at 0.2 mg/m® and as-
copper anodes were the primary industrial source of  signing it to hazard category 1, was examined in a
selenium. study by O.V. Gorbunova et al. [7].

Modern hydrometallurgical copper processing Toxicological research on the effects of selenium
technologies implemented at metallurgical plants, hexafluoride in white outbred rats also led to the de-
primarily the SX-EW (Solvent Extraction — Electro-  velopment of a bioindication method for selenium in
winning) process, developed in the 1980s by compa-  biological matrices, specifically in the blood and urine
nies such as Phelps Dodge Corp. and Placer Dome,  of the test animals. This method was designed to es-
prevent the formation of anode slimes. These slimes  tablish an exposure test and for subsequent use in oc-
were the traditional source of selenium [4, 6]. Current  cupational hygiene control (biomonitoring) for workers
best practices focus on recovering selenium from vari-  handling the hazardous compound SeF;[7].
ous industrial process solutions and electrolytes. According to research data [8], selenium is excre-

During selenium extraction and refining, workplace  ted from the body via the kidneys. This finding sup-
air may become contaminated with various chemical  ports the hypothesis that inhaled selenium hexafluo-
compounds, including heavy metals and acid vapors.  ride, after undergoing metabolic transformations, is
Workers directly involved in selenium production are at  also partially eliminated in urine as various selenium
risk of exposure to these hazardous substances, which  compounds.
are released into the air from industrial equipment. It is also established that selenium is present in

Consequently, a critical component of industrial ~ the blood, including within the selenoenzyme glu-
hygiene is the systematic monitoring of airborne ha-  tathione peroxidase (GPx). GPx is detectable in vir-
zardous substances, coupled with health surveillance  tually all human and animal tissues and biological
for employees exposed to such chemicals during their  fluids. Its enzymatic activity is significantly higher in
work" 2, blood plasma than in erythrocytes [9].

The time-weighted average Maximum Allowable These considerations, together with the fact that
Concentration (MAC) for selenium aerosol in work-  blood and urine are the most accessible and conveni-
place air is 2 mg/m?, classifying it as a hazard cate-  ent biological matrices for analysis, provided the ra-
gory 3 substance. For selenium dioxide aerosol, the  tionale for selecting them as media for determining
maximum one-time exposure MAC is 0.3 mg/m?, while  bodily selenium levels [10].
its time-weighted average MAC is 0.1 mg/m?, placing Dose- and time-response relationships for SeF-
it in hazard category 12. exposure — specifically, time-effect and concentration-

A method for detecting selenium hexafluoride  effect curves — were established. Analysis of these re-
(SeFg) in workplace air, along with the rationale for  lationships enabled an assessment of the compound's

general toxic effect using a parameter S (following the

" Federal Law No. 426-FZ of December 28, 2013 “On the Spe-  methodology described in the source study [11]), which
cial Assessment of Working Conditions”. Available at: https://www.  quantifies the deviation in the physiological state
consultant.ru/document/cons_doc_LAW_156555/ (accessed: June 8,  Of exposed animals from that of controls. From this
2024). analysis, the Maximum Inactive Concentration (MIC)

2 Federal Law No. 52-FZ of March 30, 1999 “On the Sanitary and  for chronic selenium hexafluoride exposure was deter-
Epidemiological Welfare of the Population”. Available at: https:/www. ~ mined to be 0.12 mg/m?. This MIC value can serve as
consultant.ru/document/cons_doc_LAW 22481/ (accessed: June 8, @ basis for designing biological monitoring programs
2024).). for workers in hazardous occupations, as demonstra-

3 Decree of the Chief State Sanitary Physician of the Russian  ted for this specific xenobiotic in the doctoral thesis of
Federation No. 2 of January 28, 2021 “On the Approval of Sanitary ~ O.V. Gorbunova [10].

Rules and Norms SanPiN 1.2.3685-21 ‘Hygienic Standards and Re- In practice, however, such bioindication methods
quirements for Ensuring the Safety and (or) Harmlessness of Environ-  for harmful substances are employed merely as an-
mental Factors for Humans”. Available at: https://docs.cntd.ru/docu-  Cillary tools in evidence-based medical assessments
ment/573500115 (accessed: June 16, 2024). and are not used to establish causality in occupational

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

2025;10(4):49-57
RUSSIAN BIOMEDICAL RESEARCH




disease or poisoning cases. Consequently, bicindica-

tion methods are not widely adopted for health scree-

ning of workers exposed to chemical hazards. This
limited uptake can be attributed primarily to the need for

a complex infrastructure involving specialized medical

institutions tailored to specific industrial sectors. Fur-

thermore, numerous logistical and regulatory barriers
hinder the implementation of such monitoring systems.

An urgent need to revise current occupational
health monitoring frameworks was identified. The key
challenges for implementing biomonitoring in Russia
include:

+ the necessity to establish and accredit a large
number of specialized sector-specific analytical
laboratories for personnel health screening;

+ the development and validation of modern
biomonitoring methodologies;

+ the study of toxicokinetics of hazardous substances
upon entry into the human body;

« the rationale for selecting specific biological
matrices for analysis.

Corresponding required measures at the enter-
prise level consist of:

+ the timely identification of worker exposure to
industrial toxicants and the implementation of
protective measures;

* ensuring comprehensive coverage of at-risk worker
groups for examination;

+ the application of methods for ongoing control
that enable the tracking of indicators related to
the deposition of harmful substances in the body
during work activities.

At the same time, global experience with Biological
Exposure Indices (BEI) indicates their substantial be-
nefits. This approach, focused on the early detection of
health disorders among workers handling hazardous
substances, delivers these benefits by reducing the
incidence of occupational diseases related to chemi-
cal exposure [12]. However, studies demonstrate that
occupational exposure limits enforced in the Russian
Federation are more restrictive [3]. The numerical
values of established Maximum Allowable Concentra-
tions (MACs) for workplace air and Approximate Safe
Exposure Levels (ASELs) differ significantly from cor-
responding BEI [8].

Nevertheless, BEI represent biomarkers that re-
flect the human body's response to chemicals ab-

2025;10(4):49-57
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sorbed via any route (e.g., inhalation, dermal, or oral).
In some instances, BEI correspond to Threshold Limit
Values (TLVs), defined as a “safe” level presumed
not to induce adverse health effects. In others, they
may represent the upper 95" percentile of biologi-
cal response levels observed in a general population
sample. Furthermore, certain BEI are non-numerical
and provide only a qualitative indication of exposure.
These indices are valuable for confirming that expo-
sure to a specific chemical agent has occurred [13].

The data suggest that the Maximum Inactive
Concentration (MIC), derived from continuous toxi-
cological studies, could be considered an analogue
to BEI [11]. An approach based on determining the
MIC for different xenobiotics forms the basis for a
risk-oriented concept in occupational risk assess-
ment aimed at preventing toxicity-related occupa-
tional illnesses [14-16].

DISCUSSION

This study has evaluated the applicability of me-
thodologies for assessing the adverse health effects
of occupational chemical hazards. The conventional
occupational hygiene assessment model in the Rus-
sian Federation relies on the Special Assessment of
Working Conditions (SAWC) and routine production
control. However, this model has been found inade-
quate for establishing an effective system for preven-
tive health monitoring and the prophylaxis of occupa-
tional disease.

Consequently, instituting preventive health surveil-
lance for workers in settings with chemical hazards
requires the adoption of strategies centered on the
early detection of substances to which exposure oc-
curs during work activities.

This analysis has focused on two principal indica-
tors for assessing chemical-related health impacts:
the Biological Exposure Indices (BEI), standard in
European and American practice, and the Maximum
Inactive Concentration (MIC), utilized in the Russian
context to validate exposure tests. The utilization of
MIC holds potential for enabling the early identification
of health impairments in workers and for mitigating the
occupational risk associated with chemical factors.

A comparative analysis of the methodologies un-
derpinning BEI and MIC application reveals that Bio-
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logical Exposure Indices are not readily adaptable to
the current occupational hygiene control framework in
Russia. In contrast, the Maximum Inactive Concentra-
tion (MIC) presents a viable marker for the preventive
diagnosis of health impairments in workers exposed
to chemicals during the initial phases of exposure.

Therefore, within the current framework of the Rus-
sian Federation, a feasible preventive strategy can be
implemented. This strategy involves assessing the ad-
verse health effects on workers by applying analogues
of the Biological Exposure Indices (BEI), such as the
Maximum Inactive Concentration (MIC).

Currently, evaluating the adverse health effects of
chemicals on workers relies on data from the Special
Assessment of Working Conditions (SAWC), routine
production control, occupational risk assessments,
and periodic occupational health examinations.

This situation underscores the critical importance of
ensuring safe and harmless working conditions for per-
sonnel at newly established or modernized workplaces.
Furthermore, the current landscape of industrial ad-
vancement necessitates a revision of the methodologies
used to assess workplace environmental factors that af-
fect employee health.

implement preventive health monitoring for workers
at industrial facilities where chemical hazards are
present. This analysis highlights the significant pro-
mise of further research focused on developing sys-
tematic preventive monitoring and health assessment
strategies for workers exposed to diverse industrial
toxicants [17-21].
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Bknap aBTOpOB. BCe aBTOPLI BHECAN CYLLECTBEH-
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CONCLUSIONS

Consequently, within the existing framework of le-
gally mandated procedures, there is a clear need to
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