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Abstract

Background. Emissions of volatile organic compounds (VOCs) emitted by
building materials pose a serious threat to human health, especially in closed spaces.
Research in this area has been conducted by the World Health Organization (WHO),
the Environmental Protection Agency, the Harvard School of Public Health, and
others. The presented study examines the effects on human health of VOCs emitted
by building materials used for indoor and outdoor decoration.

Materials and methods. VOC emissions from six types of building materials
were determined by laboratory method in a climatic chamber. Based on the re-
sults obtained, the public health risk associated with emissions of carcinogenic and
non-carcinogenic organic compounds was calculated and assessed.

Results. The results revealed that the total lifetime carcinogenic risk for four
out of six types of building materials (tile adhesive, PVC window frames, mineral
wool, putty) corresponds to the alarming level which requires special risk-reduction
measures. The total non-carcinogenic risk for all the building materials investigated
is at the maximum permissible or minimum levels, with the exception of tile adhe-
sive, which has a high level of risk.
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Hayunas cratbs

COAEPKXAHME JIETYUYUX OPTAHUYECKHUX
COEJIJMHEHU B CTPOUTEJIBHBIX MATEPUAJIAX
KAK ®AKTOP PUCKA VI 310POBbA HACEJIEHUA

K.JO. Muxainuuenxo, A.U. Kypoamoaa,
10.A. Kypmeesa, 3.E. Konosanosa

Annomauusn

O0ocHoBaHue. Boienenus neryunx opranudeckux coegunenuit (JIOC) us
CTPOMTEJIBHBIX MaTepuasioB MPEICTABIAIOT CEPbE3HYIO YTPO3y AJIS 310POBbs ue-
JIOBEKa, 0COOEHHO B 3aKPBITHIX OMEIIECHHsIX. VIccaeoBanust B 9TOH 001acTH Ipo-
BoauiIKuch BeemupHoil oprannzanueil 3apaBooxpanenus (BO3), AreHTcTBOM 110
oXxpaHe okpyxkatoiiei cpeapl, LIkonoii 001ecTBeHHOTo 3paBooxpaneHus ['apBap/i-
CKOTO yHUBEpCHUTETa U Ap. B npencraBieHHOM HCCIeI0BaHUH PACCMOTPEHO BO3ICH-
CTBUE Ha 3[0POBbE YEIOBEKA JIETYUUX OPraHHMYECKUX COEJUHEHUI, BBIICIAEMbIX
CTPOUTECJIBHBIMU MaTeprajiaMu, UCTI0JIb3yEMbIMU JIJIs BHyTpCHHeﬁ 1 BHEIITHEH OT-
JIeJIKY TIOMEICHUH.

Marepuaiibl 1 MeToabl. OMuccuu JIOC oT mecT BULOB CTPOUTEIbHBIX Ma-
TEPHUAJTIOB ONPENEIIINCH Ja00PAaTOPHBIM CIOCOOOM B KIMMaTH4YeCKOl kamepe. Ha
OCHOBAHMH IOJYYSHHBIX PE3YyJIbTaTOB OBUIM MPOBEICHBI PAacyeT M OLEHKA PHCKa
JULSL 31J0POBbsI HACEJIEHUS, CBA3aHHOIO C SMUCCUEN KAaHIIEPOI€HHBIX U HEKaHLIEPO-
TEHHBIX OPIraHUYECKUX COEIUHEHHH.

Pesyabrarbl. BrisBieno, yTo cyMMapHBIN MOXHU3HEHHBIN KaHIEPOTCHHBIN
PHCK JUISL YeThIPEX U3 IECTH BUOB CTPOUTEIBHBIX MaTepHaIOB (IUINTOYHBIN KIIEH,
okoHHble pambl [IBX, MuHepasibHas Bara, IIMaKiIeBKa) COOTBETCTBYET HacTopa-
JKMBAIOILIEMY YPOBHIO, YTO TpeOyeT MPOBEACHHS CIICINATbHBIX MEPONPHUATHH 110
ero cHwkeHnto. CyMMapHbI HEeKaHLIEPOTeHHbIM PUCK JJIS BCEX MCCIIEIOBAHHBIX
CTPOUTENBHBIX MaTepPHaIOB HAXOAUTCS Ha NPEJEIbHO JOIIyCTUMOMY YPOBHE WIIH
MHUHHUMAJIBHOM YPOBHEC, 32 HCKIIFOUCHHUEM IIJIMTOYHOI'O KJICSA, PUCK OT KOTOPOI'o CO-
OTBETCTBYET BHICOKOMY YPOBHIO.
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Introduction

As sustainable construction practices develop, there is growing attention to
how a building and its interior decoration can affect human health. An integral
part of a healthy building is indoor air quality [7].

These issues were once addressed by the WHO in its report on indoor air
quality [22], and the US Environmental Protection Agency in its Indoor Air
Quality (IAQ) section [21]. A 2013 study in the journal Environmental Health
Perspectives linked exposure to formaldehyde (often emitted by chipboard and
adhesives) with an increased risk of leukemia [18]. The work of researchers
from Iran showed a link between VOCs and symptoms of “sick building syn-
drome” [19]. Research from the Harvard T.H. Chan School of Public Health
linked high levels of VOCs with cognitive impairment [16]. The Department
of Medical Sciences, Occupational and Environmental Medicine at Uppsala
University in Sweden is investigating the link between VOC exposure in adults
from Northern Europe and asthma and allergic reactions [20]. It has been found
that sensitive groups of the population such as children, pregnant women, the
elderly, people with chronic diseases (asthma, diabetes, immunodeficiencies)
are especially susceptible to VOCs.

Volatile organic compounds (VOCs) are common pollutants emitted into
the air by various building materials that can potentially cause both short-term
and long-term adverse health effects [3]. Declaration of conformity for building
materials is a procedure confirming compliance with mandatory requirements
that are approved in regulatory documents, including [5; 6; 9-11].

With reference to chemical products that are required for the construction
and repair works of various structures, it is necessary to obtain a state regis-
tration certificate (hereinafter - SRC). The presence of the SRC confirms that
the product is included in this register, complies with established hygienic and
sanitary-epidemiological rules. For example, a certificate is required for var-
nishes, enamels, polyurethane foams, sealants, mastics, putties, grouts, resins,
solvents and other materials. The SRC is valid for an indefinite period of time. If
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construction materials are not included in the list of those subject to mandatory
inspection in accordance with the decision of the Customs Union Commission
No. 299 Decision of May 28, 2010 “On sanitary measures in the Eurasian Eco-
nomic Union” [17] and are not subject to a certificate, it is necessary to obtain
an expert certificate on them. This document is also valid indefinitely and con-
firms hygienic safety in terms of the release of harmful substances (in some
cases, in terms of radiological safety).

Thus, certification of construction materials plays an important role in main-
taining both human health and the environment [1; 17].

Consequently, this procedure is designed to protect consumers from hazard-
ous products, provide reliable, objective and accurate information about their
quality and safety for human health and the environment [8].

Materials and methods

The objects of the study were six types of Russian-made building materials
received for the product quality certification procedure: plasterboards, tile adhe-
sive, polyvinyl chloride linoleum (hereinafter referred to as PVC), mineral wool,
plastic windows (their PVC frame) and putty. In order to maintain confidentiality,
the names of the companies and trademarks of the manufacturers are concealed.

To determine the emission of thirty-eight volatile organic compounds from
the studied building materials, thirteen of which were classified as carcinogen-
ic substances, the GOST ISO 16000-6-2016 [5] interstate standard was used.
Samples of building materials were placed in a climatic chamber for 24 hours
in accordance with GOST 30255-2014 [6]. To measure the concentrations of
VOCs, a gas chromatograph “Kristallux-4000M” (designed for automated anal-
ysis of chemical compounds and included in the State Register of Measuring
Instruments) was used. The experimental system (the climatic chamber) con-
tained a stainless-steel test chamber, a clean air generation and humidification
system, an air mixing system and an environmental monitoring system. The size
of the test chamber corresponded to the intended use of the building products
in relation to the reference room, with an area of 20 m?. The test chamber was
connected to an electronic controller, which controlled the test time, air flow
and air change rate. To ensure adequate air mixing, a small fan was constant-
ly running inside the chamber. The air velocity above the test samples ranged
from 0.1 m/s to 0.3 m/s. The emission chamber was hermetically sealed. The
volume of the chamber was 0.1 m*. During the experimental period, the air
change rate was 0.5 m/s, the temperature inside the chamber was 23 + 0.5 °C,
and the humidity was 50 + 3%.
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The risk assessment from VOCs exposure was carried out in accordance
with the methodology for health risk assessment of air pollution by chemi-
cals, which is based on numerous scientific studies and recommendations of
the World Health Organization (WHO). The study used the new, which came
into force in 2024, “Guidelines for public health risk assessment of exposure
to chemicals polluting the environment P 2.1.10.3968-23 [12].

The following standard values of exposure factors were taken into account to
calculate the individual lifetime carcinogenic risk to human health with chron-
ic inhalation exposure to the body (CR): concentrations of harmful substances
in the air (C), mg/m?; duration of inhalation exposure (ED), years; inhalation
rate (IR), m*/day; exposure averaging period (AT), years; human body weight
(BW), kg; frequency of exposure during the year (EF), days/year; as well as the
factors of carcinogenic potential (SF,) values (mg/(kg day))'. Based on these
parameters, the average daily lifetime doses of substances entering the human
body (LADD)) (formula 1) and the values of individual carcinogenic risk (for-
mula 2) were calculated.

LADD,=C-IR - EF - ED/BW - AT - 365, mg/(kg-day) @)

CR,=LADD,- SF, - g (2),

where CR is the value of individual carcinogenic risk; LADD. is the average

long life daily dose, mg/(kg day); SF is the carcinogenic potential factor, (mg/
(kg day))'; g is the severity coefficient of malignant neoplasms (cancer).

The total lifetime carcinogenic risk from combined exposure to all studied
substances (CR,) was considered as additive (formula 3) [11].

CR, =ZCR, 3)

To calculate non-carcinogenic risk (hazard coefficients, HQ,), the following
formula was used:

HQ,= C/RfC, 4),
where C, is the substance concentration in the room air, mg/m*; RfC, is the ref-
erence (safe) concentration, mg/m?.

For calculating the total non-carcinogenic risk (hazard index, HI), formula
4 is used:

HI =THQ (5),
where HQ, are the hazard coefficients for various chemical substances pollut-
ing indoor air.

Results and discussion
As a result of the qualitative and quantitative study of the air in the gas
chamber for the content of thirty-eight VOCs using the gas chromatographic
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method for six types of building materials, the concentrations presented in Ta-
ble 1 were obtained.

Table 1.
VOCs content in building materials emissions, mg/m?
# | Substance/Material | Plasterboards Tileﬁ Lino- | Mineral w%)n\:lgw Putty
adhesive| leum wool frames

1 |1,2,4- Trimethylbenzene 0.0007 0.0018 | 0.0012 | 0.0006 | BDL | 0.0007
2 |1,2- Dichloroethane 0.0015 0.0019 | 0.0018 | 0.0009 | 0.0016 | 0.0015
3 |N- propanol 0.0013 0.0109 | 0.0014 | 0.0144 | BDL | 0.0051
4 |Acrylonitrile BDL 0,0008 | BDL BDL BDL BDL
5 |Ammonia BDL BDL | 0.015 | BDL | BDL | 0.0553
6 |Acetaldehyde BDL BDL BDL BDL | 0.0006 | BDL
7 |Acetone 0.0079 0.0095 | 0.0025 | 0.014 | 0.0065 | 0.0187
8 |Acetonitrile 0.0014 0.0008 | 0.0011 | 0.0017 | BDL | 0.0015
9 |Benzene 0.0023 0.0179 | BDL | BDL | BDL | 0.0011
10 |Butyl acetate 0.0010 0.0027 | 0.0007 | 0.0014 | 0.0073 | 0.0020
11 [Vinyl acetate 0.0006 BDL BDL BDL BDL BDL
12 [Hexane 0.0035 0.0714 | 0.0011 | 0.0120 | BDL | 0.0199
13 [Heptane 0.0010 0.0021 | 0.0011 | 0.0015 | BDL | 0.0018
14 [Isobutanol 0.0008 0.0006 | BDL | 0.0006 | BDL | 0.0019
15 [Isobutyl acetate BDL 0.0007 | BDL | 0.0005 | BDL | 0.0009
16 |Isopropyl acetate BDL 0.0014 | 0.0009 | 0.0005 | 0.0010 | 0.0008
17 |Isopropylbenzene BDL BDL BDL BDL BDL | BDL
18 [M,p-xylene 0.0008 0.0012 | 0.0011 | 0.0016 | BDL | 0.0029
19 [Methanol BDL 0.0007 | 0.0007 | 0.0007 | BDL | 0.0021
20 |O-xylene 0.0014 0.0028 | 0.0012 | 0.0029 | 0.0007 | 0.0012
21 [Propylbenzene 0.0015 BDL | 0.0009 | 0.0009 | BDL | 0.0008
22 |Styrene 0.0008 BDL | 0.0014 | BDL | 0.0006 | 0.0025
23 |Tetrachloromethane 0.0014 0.0252 | BDL | 0.0210 | 0.0112 | 0.0337
24 |Tetrachloroethylene BDL BDL | 0,0007 | BDL BDL | 0.0005
25 |Toluene 0.0013 0.0017 | 0.0015 | 0.0025 | 0.0013 | 0.0030
26 |Trichloroethylene BDL 0,0009 | BDL BDL BDL | 0.0006
27 |Phenol BDL BDL | 0.0040 | BDL BDL BDL
28 |Formaldehyde BDL BDL BDL BDL BDL | 0.0021
29 |Chlorobenzene BDL BDL BDL BDL BDL BDL
30 |Chloroform 0.0016 0.0031 | 0.0012 | 0.0026 | 0.0063 | 0.0177
31 |Cyclohesane BDL BDL | BDL | BDL | 0.0005 | 0.0007
32 |Cyclohescanone 0.0009 BDL BDL BDL BDL | BDL
33 |Epichlorohydrin 0.0021 0.0066 | 0.0015 | BDL | 0.0005 | BDL
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34 |Ethanol 0.0009 0.0030 | BDL | 0.0017 | 0.0005 | 0.0008
35 |Ethyl acrylate 0.0010 BDL | 0.0005 | BDL BDL | 0.0012
36 |Ethyl acetate 0.0007 0.0013 | BDL | 0.0014 | BDL | 0.0006
37 |Ethylbenzene BDL BDL BDL BDL BDL BDL
38 |Ethoxyethyl acetate 0.0009 0.0010 | 0.0010 | 0.0027 | BDL | 0.0008

BDL: Below detection limit

As follows from Table 1, the highest concentrations of VOCs emitted from
gypsum boards are acetone, from board adhesives — hexane, from linoleum and
putty — ammonia, from mineral wool and PVC window frames — tetrachloro-
methane. None of the obtained concentrations exceeded the RfC, value [12].
The largest number of studied VOCs was determined in putty (30 items), the
smallest — in PVC window frames (13 items).
Based on the obtained concentrations, the values of carcinogenic potential
factors (SF,) and reference concentrations (RfC) taken from the Guide [12], the
carcinogenic and non-carcinogenic risks of substances released into indoor air
were calculated (Tables 2, 3).

Table 2.
Values of carcinogenic risk levels
" Substan‘ce/ Tile‘ Plaster- Linoleum Mineral | PVC win- Putty
Material adhesive| boards wool |dow frames
1 |1,2- Dichloroethane [{0.000047| 0.000037 | 0.000045 | 0.000022| 0.003068 | 0.000037
2 |Acrylonitrile 0.000053 - - - - -
3 |Acetaldehyde - - - - 0.000001 -
4 |Benzene 0.000132| 0.000017 - - - 0.000008
5 [Styrene - 0.0000001| 0.000001 - 0.000001 | 0.000001
6 |[Tetrachloromethane [0.000366| 0.000020 - 0.000305| 0.000163 | 0.000489
7 |Tetrachloroethylene - - 0.0000001 - - 0.0000001
8 |Trichloroethylene 0.000002 - - - - 0.000001
9 |Formaldehyde - - - - - 0.000026
10 |Chloroform 0.000007| 0.000004 | 0.000003 |0.000006| 0.000014 | 0.000039
11 |Epichlorohydrin 0.000008 | 0.000002 | 0.000002 - 0.000001 -
12 |Ethyl acrylate - 0.000013 | 0.000007 - - 0.000016
13 |Ethylbenzene - - - - - -
Total risk, CR, 0.000614/ 0.000094| 0.000057| 0.000333| 0.000218| 0.000618

Let us discuss the results of calculations of carcinogenic health risks for
each type of building material:
Tile adhesive. The total carcinogenic risk from substances emitted by tile
adhesive was 6.1x10*. This corresponds to an alarming, unacceptable risk level



374 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-1, 2025

for the population (1.1x10* — 1.0x10) [12]. In this case, the quality certificate
for this product should not be issued. Carbon tetrachloride makes the greatest
contribution to the level of carcinogenic risk (R = 3.7x104).

Gypsum cardboard. The total carcinogenic risk from substances emitted by
gypsum cardboard was 9.4x107°, which corresponds to a low, maximum per-
missible risk level (1.1x10¢ — 1.0x10). It is at this level that most foreign and
internationally recommended hygienic standards for the population as a whole
are established. The greatest contribution to the level of carcinogenic risk is
made by 1,2-dichloroethane (R = 3.7x10°).

Linoleum. The total carcinogenic risk from substances emitted by lino-
leum was 5.7x107. This also corresponds to the maximum permitted risk level
(1.1x10° — 1.0x10*). The greatest contribution to the level of risk is made by
1,2-dichloroethane (R = 4.5x107).

Mineral wool. The total carcinogenic risk from substances emitted by min-
eral wool was 3.3x10. This corresponds to an alarming level of risk, which is
unacceptable for the population (1.1x10* — 1.0x10%). In this case, the quality
certificate should be refused for this product. Carbon tetrachloride makes the
greatest contribution to the level of carcinogenic risk (R = 3.1x10%).

PVC window frames. The total carcinogenic risk from substances emitted
by PVC window frames was 2.2 x 10, which also corresponds to an alarming
level of risk. In this case the quality certificate should also be refused for this
product. Carbon tetrachloride makes the greatest contribution to the level of
carcinogenic risk (R = 1.6x10%).

Putty. The total carcinogenic risk from substances emitted by putty was
6.2x10*, which corresponds to an alarming level of risk, which is unacceptable
for the population. In this case, as in the previous ones, the certificate should
be refused for the studied product. The greatest contribution to the level of car-
cinogenic risk is made by carbon tetrachloride (R = 4.9x10*).

Table 3.
Non-carcinogenic risk level values
# | Substance / Material Tile‘ Plaster- Linoleum Mineral w]i)n‘(/icow Putty
adhesive | boards wool frames

1 |1,2,4-Trimethylbenzene 0.3 0.116667 0.2 0.1 - 0.116667
2 |1,2-Dichloroethane 0.00475 | 0.00375 | 0.0045 | 0.00225 | 0.004 | 0.00375
3 |N-propanol 0.014932] 0.001781 | 0.001918 |0.019726 - 0.006986
4 |Acrylonitrile 0.4 - - - - -
5 |Ammonia - - 0.15 - - 0.553
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6 |Acetaldehyde - - - - 0.066667 -
7 |Acetone 0.000304| 0.000253 | 0.000080 |0.000449 [0.000208|0.000599
8 |Acetonitrile 0.013333] 0.023333 | 0.018333 |0.028333 - 0.025
9 |Benzene 0.596667] 0.076667 - - - 0.036667
10 (Butyl acetate 0.003857| 0.001429 | 0.001 0.002 |0.010429]0.002857
11 [Vinyl acetate - 0,003 - - - -
12 |Hexane 0.357 0.0175 0.0055 0.06 - 0.0995
13 [Heptane 0.0006 | 0.000286 | 0.000314 |0.000429 - 0.000514
14 |Isobutanol 0.0004 | 0,000533 - 0,0004 - 0.001267
15 [Isobutyl acetate 0.000722 - - 0.000515 - 0.000928
16 [Isopropyl acetate 0.001 - 0.000643 {0.000357 [0.000714[0.000571
17 |Isopropylbenzene - - - - - -
18 [M,p-xylene 0.012 0.008 0.011 0.016 - 0.029
19 [Methanol 0.000175 - 0.000175 {0.000175 - 0.000525
20 |O-xylene 0.028 0.014 0.012 0.029 0.007 0.012
21 |Propylbenzene - 0.075 0.045 0.045 - 0.04
22 |Styrene - 0.0008 0.0014 - 0.0006 | 0.0025
23 |Tetrachloromethane 0.63 0.035 - 0.525 0.28 0.8425
24 |Tetrachloroethylene - - 0.02 - - 0.014286
25 |Toluene 0.00425 | 0.00325 | 0.00375 | 0.00625 | 0.00325 | 0.0075
26 |Trichloroethylene 0.0225 - - - - 0.0125
27 [Phenol - - 0.666667 - - -
28 |Formaldehyde - - - - - 0.7
29 |Chlorobenzene - - - - - -
30 |Chloroform 0.031633] 0.016327 | 0.012245 [0.026531 [0.064286|0.180612
31 |Cyclohesane - - - - 0.000083]0.000117
32 |Cyclohescanone - 0.0009 - - - -
33 |Epichlorohydrin 6.6 2.1 1.5 - 0.5 -
34 |Ethanol 0.00003 | 0.000009 - 0,000017 {0.000005 [0.000008
35 |Ethyl acrylate - 0.020833 | 0.010417 - - 0.025
36 |Ethyl acetate 0.000406| 0.000219 | 0.000156 |0.000438 - 0.000188
37 |Ethylbenzene - - - - - -
38 |Ethoxyethyl acetate 0.003333| 0.003 |0.003333 | 0.009 - 0.002667
Total risk, HI 9.025892 | 2.522536 | 2.468431 |0.871869 |0.937242|2.717708

Let us discuss the results of non-carcinogenic risk calculations for each type
of building material.
Tile adhesive. The total non-carcinogenic risk (hazard index) for chronic
exposure to the substances under study on the human body was 9.0, which, ac-
cording to the Guidelines [12], corresponds to a high level of non-carcinogenic
risk (HI>6). The risk is dangerous, since in this situation, as a rule, there is a
reliable tendency for non-specific pathology to increase with the appearance of
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isolated cases of specific pathology. Epichlorohydrin makes the greatest con-
tribution to the level of non-carcinogenic risk for chronic exposure (HQ=6.6).

Plasterboards. The total non-carcinogenic risk (hazard index) for chronic
exposure to the human body was 2.5, which corresponds to the maximum per-
mitted level of non-carcinogenic risk (3.0>HI>1.1). Permitted risk levels are
subject to constant monitoring. At such risk levels, additional measures to re-
duce the risk to human health should be planned and implemented. The greatest
contribution to the level of non-carcinogenic risk in case of chronic exposure is
made by epichlorohydrin (HQ=2.1).

Linoleum. The total non-carcinogenic risk (hazard index) of chronic ex-
posure to the human body also amounted to 2.5, which corresponds to the
maximum permitted level of non-carcinogenic risk (3.0>HI>1.1). The greatest
contribution to the level of non-carcinogenic risk in case of chronic exposure
is also made by epichlorohydrin (HQ=1.5).

Mineral wool. The total non-carcinogenic risk (hazard index) of chronic
exposure to the human body amounted to 0.9, which corresponds to the mini-
mum risk level (1.0>HI). Such a risk can be considered acceptable, since in this
situation, as a rule, there are no unfavorable medical and environmental trends.
Carbon tetrachloride makes the greatest contribution to the level of non-car-
cinogenic risk in case of chronic exposure (HQ=0.53).

PVC window frames. The total non-carcinogenic risk (hazard index) of
chronic exposure to the human body was 0.9, which also corresponds to the
minimum risk level (1>HI). As in the previous cases, epichlorohydrin makes
the greatest contribution to the level of non-carcinogenic risk in case of chronic
exposure (HQ=0.5).

Putty. The total non-carcinogenic risk (hazard index) of chronic exposure to
the human body was 2.7, which corresponds to the maximum permitted level
of non-carcinogenic risk (3.0>HI>1.1). Such risk levels are subject to constant
monitoring, additional measures to reduce its level should be planned and car-
ried out. Tetrachloromethane and formaldehyde make the greatest contribution
to the level of risk (HQ=0.84 and 0.7, respectively).

Conclusion

Therefore, the study assessed the risk to human health from indoor air pol-
lution due to VOC emissions from building materials.

Having analyzed the results, it can be concluded that the total lifetime car-
cinogenic risk for four out of six types of building materials (tile adhesive, PVC
window frames, mineral wool, putty) corresponds to an alarming risk level
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(1.1x10*—1.0x103), which is acceptable only for work areas, but unacceptable
for the population. The greatest contribution to this risk level is made by carbon
tetrachloride and 1,2-dichloroethane, which belong to the second hazard class.

The carcinogenic risk from the use of plasterboards and linoleum corre-
sponds to the maximum permissible level of risk to human health, which is
subject to constant monitoring and additional measures to reduce it. In the case
of building materials, given the possibility of using several materials at once in
one room, it is necessary to refuse to issue quality certificates for such products.

The total non-carcinogenic risk during chronic exposure to the substances
studied varies depending on the type of building material. In three of the six
types studied (plasterboards, linoleum, putty), the hazard index corresponded to
the maximum permissible level of non-carcinogenic risk (3.0>HI>1.1). Such risk
levels are subject to constant monitoring, and in the case of building materials, due
to the impossibility of such monitoring in domestic conditions, it was also recom-
mended to refuse quality certificates for these products. A high level of non-car-
cinogenic risk (HI>6) was identified for tile adhesive, which also excludes the
possibility of issuing a quality certificate. The hazard index for the use of mineral
wool and PVC window frames corresponds to the minimum risk level (1>HI).

Thus, it can be concluded that the most environmentally friendly of the
materials studied were plasterboards and linoleum (HI at the lower limit of the
average level, CR low), as well as mineral wool and PVC window frames (HI
low, CR at the lower limit of the average level).

The most dangerous in terms of risk to human health was tile adhesive (HI
high, R approaching the upper limit of the alarming level). Such a risk is unac-
ceptable for either the population or professional groups. Considering the fact
that the use of this product is not limited to floor finishing (it is also used for oth-
er walls of the room: showers, bathrooms, kitchens, corridors), when choosing
tile adhesive, you should choose only those varieties that have passed product
quality certification. The assessment of the public health risk from inhalation
of volatile organic compounds emitted from building materials into indoor air
was carried out based on the VOC concentration data obtained at a chamber
temperature of —23 + 0.5 °C and humidity of —50 + 3%. Changes in microcli-
matic parameters in this study (temperature and humidity), as well as ventilation
air exchange, were not modeled. However, we note that an increase in indoor
temperature during the heating season and high humidity are important factors
influencing the increase in VOC emissions [2]. Thus, taking into account the
seasonal variability of indoor temperature and humidity, the calculation of the
public health risk may show an unacceptable level for many building materials.



378 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-1, 2025

Volatile organic compounds have a number of physical and chemical prop-
erties (low vapor pressure, high adsorption capacity, tendency to polymerization
processes, reactivity to the formation of secondary toxic compounds depend-
ing on microclimatic parameters, leading to an increase in both non-specific
and specific pathology. It should also be noted that the obtained results of the
risk from VOC emissions from building materials were considered separately
for each of the studied products, which means that during the actual operation
of a room with finishing, where several types of such materials were used si-
multaneously, the carcinogenic and non-carcinogenic load on the health of the
owners will increase.

In case when uncertified products have already been used in the finishing
of domestic premises and it is not possible to replace them, the following rec-
ommendations should be followed:

— Installation of air exchange systems sufficient to ensure the flow and
circulation of clean air into the premises. If it is not possible to imple-
ment these measures, it is recommended to increase the air exchange
rate through ventilation.

— Monitor indoor microclimate parameters to ensure their optimal values.

— Use so-called filter plants that can purify the air and trap pollutants from
the air [14]. Such plants include: ivy (Hedera helix), bowstring hemp
(Sansevieria trifasciata), peperomia (Peperomia obtusifolia), spider plant
(Chlorophytum comosum) and waringin (Ficus benjamina) [15].

As for the certification procedure itself, the authors recommend making
voluntary products certification a mandatory procedure and implementing it
taking into account the health risk assessment, since it is an important measure
to protect human health from the possible development of environmentally in-
duced pathologies.

Sponsorship information. This paper has been supported by the RUDN
University Strategic Academic Leadership Program.

References
1. Bashkirova, Yu. N. (2017). Problems of voluntary certification. Scientific and
Practical Journal “Alley of Science”, (10), 716—721. EDN: https://elibrary.ru/
ZASYQB
2. Dorofeev, V. N. (2016). Theoretical foundations of indoor climate creation:
electronic educational publication for studying the discipline “Theoretical
foundations of indoor climate creation” for full-time, part-time and distance


https://elibrary.ru/ZASYQB
https://elibrary.ru/ZASYQB

Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne6-1, 2025 379

10.

learning students of VISU enrolled in the “Construction” program (08.03.01),
specialization “Heat and gas supply and ventilation (TGViG)”. URL: http://e.
lib.vlsu.ru:80/handle/123456789/5545 (accessed: 07.01.2024)

Maksimova, O. A., Mikhailichenko, K. Yu., Kurbatova, A. I., Korshuno-
va, A. Yu., & Klimakina, A. V. (2017). Environmental safety of construction
materials using production and consumption waste (case study of eco-concrete).
Ecology and Industry of Russia, (21), 58—63. https://doi.org/10.18412/1816-
0395-2017-9-58-63. EDN: https://elibrary.ru/ZHLANX

Federal Law No. 184-FZ “On Technical Regulation” dated 27.12.2002 (2021).
Moscow: AO “Kodeks”. 34 p.

Interstate Standard. GOST ISO 16000-6:2016 Indoor air. Part 6. Determina-
tion of volatile organic compounds in indoor air and test chamber air by ac-
tive sampling on Tenax TA sorbent followed by thermal desorption and gas
chromatographic analysis using MSD/FID. URL: https://docs.cntd.ru/docu-
ment/1200144100/ (accessed: 01.06.2024)

Interstate Standard. GOST 30255:2014 Furniture, wood and polymer mate-
rials. Method for determining the release of formaldehyde and other harm-

ful volatile chemicals in climate chambers. URL: https://docs.cntd.ru/

document/1200111602 (accessed: 01.10.2024)

Kriyt, V. E., Sladkova, Yu. N., Badaeva, E. A., etal. (2019). On hygien-
ic requirements for indoor air quality in residential construction projects at
the commissioning stage. Hygiene and Sanitation, (6), 608—612. https://doi.
org/10.18821/0016-9900-2019-98-6-608-612. EDN: https://elibrary.ru/BSB-
TOS

Lapina, O. A., & Lapina, A. P. (2013). Environmental assessment of construc-
tion materials. Online Journal “Naukovedenie”, (5), 1-8. EDN: https://elibrary.
r/RXOYJR

National Standard of the Russian Federation. GOST R ISO 16000-10:2009 In-
door air. Part 10. Determination of volatile organic compound emissions from
construction and finishing materials. Test cell method (2010). URL: https://files.
stroyinf.ru/Data/487/48725.pdf (accessed: 06.06.2024)

Decree of the Government of the Russian Federation dated 23.12.2021 No. 2425
On approval of the unified list of products subject to mandatory certification
and the unified list of products subject to declaration of conformity, amend-
ments to the Decree of the Government of the Russian Federation dated De-
cember 31, 2020 No. 2467, and repeal of certain acts of the Government of the
Russian Federation (2021). URL: https://www.consultant.ru/document/cons_
doc LAW 405516/ (accessed: 01.06.2024)


http://e.lib.vlsu.ru/handle/123456789/5545
http://e.lib.vlsu.ru/handle/123456789/5545
https://doi.org/10.18412/1816-0395-2017-9-58-63
https://doi.org/10.18412/1816-0395-2017-9-58-63
https://elibrary.ru/ZHLANX
https://docs.cntd.ru/document/1200144100/
https://docs.cntd.ru/document/1200144100/
https://docs.cntd.ru/document/1200111602
https://docs.cntd.ru/document/1200111602
https://doi.org/10.18821/0016-9900-2019-98-6-608-612
https://doi.org/10.18821/0016-9900-2019-98-6-608-612
https://elibrary.ru/BSBTOS
https://elibrary.ru/BSBTOS
https://elibrary.ru/RXOYJR
https://elibrary.ru/RXOYJR
https://files.stroyinf.ru/Data/487/48725.pdf
https://files.stroyinf.ru/Data/487/48725.pdf
https://www.consultant.ru/document/cons_doc_LAW_405516/
https://www.consultant.ru/document/cons_doc_LAW_405516/

380 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-1, 2025

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Decision of the Customs Union Commission dated 28.05.2010 No. 299 (as
amended on 25.01.2023) On the application of sanitary measures in the Eur-
asian Economic Union (2023). URL: https://www.consultant.ru/document/
cons_doc LAW 101851/ (accessed: 01.06.2024)

Guidelines for assessing public health risks from exposure to chemicals pol-
luting the environment. R 2.1.10.3968-23 (2023). Moscow: Federal Service for
Surveillance on Consumer Rights Protection and Human Wellbeing. 304 p.
Technical Regulation of the Eurasian Economic Union On safety of paint and
varnish materials (2011). URL: http://www.eurasiancommission.org/ru/act/tex-
nreg/deptexreg/tr/Pages/bezopLakokrasok.aspx (accessed: 06.05.2024)
Timofeeva, S. S. (2017). Modern phytotechnologies for air purification. Part 1. In-
door air purification technologies: medical and ecological phytodesign. XX7 Cen-
tury. Technosphere Safety, 2(1(5)), 55-69. EDN: https://elibrary.ra/YHFJCH
Turbina, I. N., Gorban, M. V., & Yampolskaya, T. D. (2015). Use of interior
plants for indoor air sanitation in various types of premises. Proceedings of the
Samara Scientific Center of the Russian Academy of Sciences, 17(15), 229-232.
EDN: https://elibrary.ru/VBYNIR

Allen, J., MacNaughton, P., Satish, U., Santanam, S., Vallarino, J., & Spen-
gler, J. D. (2016). Associations of cognitive function scores with carbon diox-
ide, ventilation, and volatile organic compound exposures in office workers: a
controlled exposure study of green and conventional office environments. En-
vironmental Health Perspectives, 124, 805-812

Efrosini, G., & Papadopoulos, A. M. (2016). Construction materials and green
building certification. Key Engineering Materials, 666, 89—-96. https://doi.
org/10.4028/www.scientific.net/KEM.666.89

Zhang, L., Freeman, L. E. B., Nakamura, J., Hecht, S. S., Vandenberg, J. J.,
Smith, M. T., & Sonawane, B. R. (2013). Formaldehyde and leukemia: epidemi-
ology, potential mechanisms, and implications for risk assessment. Environmen-
tal Health Perspectives, 121(3), 276-286. https://doi.org/10.1289/ehp.1205877
(accessed: 15.01.2023)

Sarkhosh, M., Najafpoor, A. A., Alidadi, H., et al. (2021). Indoor air quali-
ty associations with sick building syndrome: an application of decision tree
technology. Building and Environment, 188. https://doi.org/10.1016/j.build-
env.2020.107446. EDN: https://elibrary.ru/JNMPKYV (accessed: 15.01.2021)
Wang, J., Janson, C., Gislason, T., et al. (2023). Volatile organic compounds
(VOC) in homes associated with asthma and lung function among adults in
Northern Europe. Environmental Pollution, 321. https://doi.org/10.1016/j.en-
vpol.2023.121103. EDN: https://elibrary.ru/XCMPDG (accessed: 15.03.2023)


https://www.consultant.ru/document/cons_doc_LAW_101851/
https://www.consultant.ru/document/cons_doc_LAW_101851/
http://www.eurasiancommission.org/ru/act/texnreg/deptexreg/tr/Pages/bezopLakokrasok.aspx
http://www.eurasiancommission.org/ru/act/texnreg/deptexreg/tr/Pages/bezopLakokrasok.aspx
https://elibrary.ru/YHFJCH
https://elibrary.ru/VBYNIR
https://doi.org/10.4028/www.scientific.net/KEM.666.89
https://doi.org/10.4028/www.scientific.net/KEM.666.89
https://doi.org/10.1289/ehp.1205877
https://doi.org/10.1016/j.buildenv.2020.107446
https://doi.org/10.1016/j.buildenv.2020.107446
https://elibrary.ru/JNMPKV
https://doi.org/10.1016/j.envpol.2023.121103
https://doi.org/10.1016/j.envpol.2023.121103
https://elibrary.ru/XCMPDG

Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne6-1, 2025 381

21. United States Environmental Protection Agency. (2024). Indoor Air Quality
(IAQ). URL.: https://www.epa.gov/indoor-air-quality-iaq (accessed: 01.10.2024)

22. World Health Organization. (2010). WHO guidelines for indoor air quality: select-
ed pollutants. URL: https://www.who.int/publications/i/item/9789289002134
(accessed: 01.10.2024)

Cnucok numepamypul

1. Bamxuposa, 0. H. (2017). IIpo6nembl 100poBosbHO# ceprudukanmu. Hayuy-
Ho-npakmuueckuil scypHan «Alley of science», (10), 716—721. EDN: https://
elibrary.ru/ZASYQB

2. Hopodees, B. H. (2016). Teopemuueckue ochosbl co30anuss MUKPOKIUMAMA 6
nomewenuu: yuebHoe 2MeKmponHoe uzoanue no uzydeHuio oucyuniunsl « Teo-
pemuiecKue 0CHO8bl CO30AHUSL MUKPOKIUMATNA 8 NOMEWeHUU» 0I5l CIYOEHMO8
OUHOIL, 3A0UHOU U OUCMAHYUOHHOU (hopm 0byuenust Bal'Y, obyuarowuxcs no na-
npasnenuto « Cmpoumenscmeoy (08.03.01), npoune « Tennoeasocnabocenus
u eenmunsiyuu (TT'Bul)». URL: http://e.lib.vIsu.ru:80/handle/123456789/5545
(mara obparmienus: 07.01.2024)

3. MakcumoBa, O. A., Muxaiinnuenko, K. 0., Kyp6arosa, A. 1., KopiyHosa,
A. 10., & Kiumakuna, A. B. (2017). Dxonorudeckas 6e301MacHOCTb CTPOU-
TEJILHBIX MaTEePHajoB, MPU MPOM3BOACTBE KOTOPBIX HCIOIB3YIOTCS OTXOMBI
MIPOM3BOJICTBA M TTIOTPpeOIeHNs (Ha IpUMepe dKOOETOHA). DKon02us u npombluL-
nennocms Poccuu, (21), 58—63. https://doi.org/10.18412/1816-0395-2017-9-58-
63. EDN: https://elibrary.ru/ZHLANX

4. Deoepanvuviii 3axon No 184-D3 «O mexuuueckom peyiupoeaHuiLy om
27.12.2002 2. (2021). Mocksa: AO «Konekcey. 34 c.

5. Meowceocyoapcmeennwiii cmanoapm. I'OCT ISO 16000-6-2016 «Bo30yx 3amKHy-
moix nomewenuil. Yacmo 6. Onpedenenue 1emyuux opeaHuLecKux cCoeOUHeHUll 8
6030yXe 3AMKHYMbIX NOMeWeHUTl U UCNbIMAMEeNbHOU KaMepbl NYMEM aKmugHo20
ombopa npod na copbenm Tenax TA ¢ nocnedyroweli mepmuyeckotl decopoyuett
u 2azoxpomamozpaghuueckum anaiuzom ¢ ucnonvzoeanuem MCI/ITH/». URL:
https://docs.cntd.ru/document/1200144100/ (nara obpammenus: 01.06.2024)

6. Meowczocyoapcmeennviii cmandapm. I'OCT 30255-2014 «Mebenw, OpesecHuvle
u nonumepHvle mamepuaivl. Memoo onpedenerus gvloeeHus Popmanrboe-
0a u Opyeux 8peoOHbIX Temyuux XUMUYECKUX 6eujecmes 8 KAUMAmuueckux Ka-
mepaxy. URL: https://docs.cntd.ru/document/1200111602 (nara obparieHus:
01.10.2024)

7. Kpwitr, B. E., Cnagxosa, FO. H., bagaeBa, E. A. u np. (2019). K Bompocy o
THTHEHHYECKAX TPEOOBAHMIX K Ka4eCTBY BO3AyXa 3aKPBITHIX MMOMEICHUI Ha


https://www.epa.gov/indoor-air-quality-iaq
https://www.who.int/publications/i/item/9789289002134
https://elibrary.ru/ZASYQB
https://elibrary.ru/ZASYQB
http://e.lib.vlsu.ru/handle/123456789/5545
https://doi.org/10.18412/1816-0395-2017-9-58-63
https://doi.org/10.18412/1816-0395-2017-9-58-63
https://elibrary.ru/ZHLANX
https://docs.cntd.ru/document/1200144100/
https://docs.cntd.ru/document/1200111602

382 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-1, 2025

10.

11.

12.

13.

14.

15.

00BEeKTaX KIIMIIHOTO CTPOUTEICTBA Ha CTaJU BBOJA B dKCILTyaTauuro. / u-
euena u canumapust, (6), 608—612. https://doi.org/10.18821/0016-9900-2019-
98-6-608-612. EDN: https://elibrary.ru/BSBTOS

Jlanmua, O. A., & Jlarmua, A. I1. (2013). Dxomorndeckasi OIIeHKa CTPOUTEIh-
HBIX MaTepuanoB. Mumepnem-acypran « Hayxoseeoenuey, (5), 1-8. EDN: https://
elibrary.ru/RXOYJR

Hayuonanvuviti cmandapm P®. FTOCT P HCO 16000-10-2009 «Bo30yx 3am-
KkHymbix nomewjenuil. Yacmo 10. Onpedenenue gvidenenis 1emyuux opeanuye-
CKUX COeOUHEeHULl CTNPOUMEeTbHLIMU U OMOENIOYHBIMU Mamepuanamu. Memoo ¢
ucnonvzosanuem ucnoimamenvrou suetikuy (2010). URL: https://files.stroyinf.
ru/Data/487/48725.pdf (nara obpamenus: 06.06.2024)

Iocmanoenenue Ipasumenscmea PO om 23.12.2021 No 2425 «O6 ymeepoicoe-
HUU eOUHO20 Nepeynst NPoOYKYUU, nooexcaujell 0053ameibHoOl cepmuurkayuu,
U e0UH020 nepeynst npoOyKyuu, nooduedicauyeli OeKIapupo8anuio COOMEemcmels,
eHeceHuu usmenenull 6 nocmanognenue Ipasumenvscmea Poccutickoti @edepayuu
om 31 oexabps 2020 2. Ne 2467 u npusHaruu ympamueuumu CUmy HeKOmopvix
akmog Ipasumenvcmea Poccuiickou @edepayuuy (2021). URL: https:/www.
consultant.ru/document/cons_doc LAW 405516/ (nara o6pamenus: 01.06.2024)
Pewenue Komuccuu Tamoxcennozo corwsza om 28.05.2010 Ne 299 (peo. om
25.01.2023) «O npumenenuu canumapHuvix mep 6 Espazutickom dKoHOMUYE-
ckom corozen (2023). URL: https://www.consultant.ru/document/cons_doc
LAW 101851/ (nara oopamenus: 01.06.2024)

Pyroeoocmeo no oyenxe pucka 300posvio HacereHus npu 8030etCmEun Xumu-
yecKux eewjecms, sacpsasnalowux cpedy ooumanus. P 2.1.10.3968-23 (2023).
Mocksa: DefepanbHas Ciyx0a 1o Haa30py B cdepe 3aluThl IpaB noTpeduTe-
Jneii u Onaromnomnyyus yenoseka. 304 c.

Texnuuecxuu peenamenm Espasuiickoeo sxonomuueckoeo coiosa «O 6e3-
onacnocmu aakoxkpacounvix mamepuanosy (2011). URL: http://www.
eurasiancommission.org/ru/act/texnreg/deptexreg/tr/Pages/bezopLakokrasok.
aspx (mara obpamenust: 06.05.2024)

Tumodeera, C. C. (2017). CoBpeMeHHbIE PUTOTEXHOIOTUU OYUCTKH BO3YXa.
Yactp 1. TexHONOTHN OYUCTKH BO3IyXa 3aKPBITHIX TIOMEILIEHUH: METUKO-IKOJIO-
ruueckuii puronusaita. XX7 eex. Texnocgheprnas bezonacnocms, 2(1(5)), 55-69.
EDN: https://elibrary.ru/YHFJCH

Typ6una, 1. H., Topbans, M. B., & SImnonsckas, T. 1. (2015). UcnionezoBanue
MHTEPbEPHBIX PACTEHUI IS CAaHAILIMK BO3IyXa MOMEIIEHHH pa3inyHoOro THIA.
Hzeecmusa Camapckozo nayunozo yenmpa Poccutickoii akademuu nayk, 17(15),
229-232. EDN: https://elibrary.ru/VBYNIR


https://doi.org/10.18821/0016-9900-2019-98-6-608-612
https://doi.org/10.18821/0016-9900-2019-98-6-608-612
https://elibrary.ru/BSBTOS
https://elibrary.ru/RXOYJR
https://elibrary.ru/RXOYJR
https://files.stroyinf.ru/Data/487/48725.pdf
https://files.stroyinf.ru/Data/487/48725.pdf
https://www.consultant.ru/document/cons_doc_LAW_405516/
https://www.consultant.ru/document/cons_doc_LAW_405516/
https://www.consultant.ru/document/cons_doc_LAW_101851/
https://www.consultant.ru/document/cons_doc_LAW_101851/
http://www.eurasiancommission.org/ru/act/texnreg/deptexreg/tr/Pages/bezopLakokrasok.aspx
http://www.eurasiancommission.org/ru/act/texnreg/deptexreg/tr/Pages/bezopLakokrasok.aspx
http://www.eurasiancommission.org/ru/act/texnreg/deptexreg/tr/Pages/bezopLakokrasok.aspx
https://elibrary.ru/YHFJCH
https://elibrary.ru/VBYNIR

Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne6-1, 2025 383

16. Allen, J., MacNaughton, P., Satish, U., Santanam, S., Vallarino, J., & Spengler,
J. D. (2016). Associations of cognitive function scores with carbon dioxide, ven-
tilation, and volatile organic compound exposures in office workers: a controlled
exposure study of green and conventional office environments. Environmental
Health Perspectives, 124, 805-812.

17. Efrosini, G., & Papadopoulos, A. M. (2016). Construction materials and green
building certification. Key Engineering Materials, 666, 89-96. https://doi.
org/10.4028/www.scientific.net/KEM.666.89

18. Zhang, L., Freeman, L. E. B., Nakamura, J., Hecht, S. S., Vandenberg, J. J.,
Smith, M. T., & Sonawane, B. R. (2013). Formaldehyde and leukemia: epidemi-
ology, potential mechanisms, and implications for risk assessment. Environmen-
tal Health Perspectives, 121(3), 276-286. https://doi.org/10.1289/ehp.1205877
(mara obpamienus: 15.01.2023)

19. Sarkhosh, M., Najafpoor, A. A., Alidadi, H., et al. (2021). Indoor air quality asso-
ciations with sick building syndrome: an application of decision tree technology.
Building and Environment, 188. https://doi.org/10.1016/j.buildenv.2020.107446.
EDN: https://elibrary.ru/JTNMPKV (nara ooparienus: 15.01.2021)

20. Wang, J., Janson, C., Gislason, T., et al. (2023). Volatile organic compounds
(VOC) in homes associated with asthma and lung function among adults in
Northern Europe. Environmental Pollution, 321. https://doi.org/10.1016/j.
envpol.2023.121103. EDN: https://elibrary.ru/XCMPDG (nara obparmmenus:
15.03.2023)

21. United States Environmental Protection Agency. (2024). Indoor Air Quality
(IAQ). URL: https://www.epa.gov/indoor-air-quality-iaq (mara oOparieHus:
01.10.2024)

22. World Health Organization. (2010). WHO guidelines for indoor air quality: select-
ed pollutants. URL: https://www.who.int/publications/i/item/9789289002134
(nara obpamienus: 01.10.2024)

AUTHOR CONTRIBUTIONS

Kseniya Yu. Mikhaylichenko: scientific consultation, design and editing of
the paper.

Anna L. Kurbatova: collection and processing of the materials, preparation of
the text of the paper.

Yulia A. Kurteeva: collection and processing of the materials, preparation of
the text of the paper.

Eleonora E. Konovalova: collection and processing of the materials, prepara-
tion of the text of the paper.


https://doi.org/10.4028/www.scientific.net/KEM.666.89
https://doi.org/10.4028/www.scientific.net/KEM.666.89
https://doi.org/10.1289/ehp.1205877
https://doi.org/10.1016/j.buildenv.2020.107446
https://elibrary.ru/JNMPKV
https://doi.org/10.1016/j.envpol.2023.121103
https://doi.org/10.1016/j.envpol.2023.121103
https://elibrary.ru/XCMPDG
https://www.epa.gov/indoor-air-quality-iaq
https://www.who.int/publications/i/item/9789289002134

384 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-1, 2025

BKJIA/I ABTOPOB

Muxaiinmnuenko K.1O.: HayyHoe KOHCY/IBTHPOBaHUE, ODOPMIICHUE U PEAAKIIHS
CTaThH.

Kypo6aroBa A.1.: cOop u 00paboTKka Marepuasa, MoJAroToBKa TEKCTa CTAThH.
Kypreena FO.B.: cOop n 00paboTka Marepuara, HOIroToBKa TEKCTa CTaThH.
Konosanosa J.E.: c6op u o6paboTka mMarepuana, IMoJroroBKa TeKcTa
CTaThH.

DATA ABOUT THE AUTHORS
Kseniya Yu. Mikhaylichenko, Candidate of Biological Sciences
Peoples’ Friendship University of Russia named after Patrice Lumumba
6, Miklukho-Maklaya Str., Moscow, 117198, Russian Federation
mikhaylichenko-kyu@rudn.ru

Anna I. Kurbatova, Candidate of Biological Sciences
Peoples’ Friendship University of Russia named after Patrice Lumumba
6, Miklukho-Maklaya Str., Moscow, 117198, Russian Federation
kurbatova-ai@rudn.ru

Yulia A. Kurteeva
EcoStandard group
13, build. 16, Perevedenovsky lane, Moscow, 105082, Russian Federation
kurteyeva.y@ecostandard.ru

Eleonora E. Konovalova, Assistant
Peoples’ Friendship University of Russia named after Patrice Lumumba
6, Miklukho-Maklaya Str., Moscow, 117198, Russian Federation
konovalova-ee@rudn.ru

JAHHBIE Ob ABTOPAX
Muxaiitndenko Keennsi FOpseBHa, kKaHauIaT OMOIOTHYECKUX HAYK
Poccuiickuii ynugeepcumem opyscovl Hapooos umeru Ilampuca Jlymymool
yi. Muxnyxo-Maxknas, 6, e. Mockea, 117198, Poccuiickas @edepayus
mikhaylichenko-kyu@rudn.ru

Kyp6aroBa Anna UropeBna, KaHIHIaT OMOIOTHIECKAX HAYK
Poccutickuti ynugepcumem opyscovl Hapooos umeru Ilampuca JIymymool
yi. Muxnyxo-Maxknas, 6, 2. Mockea, 117198, Poccutickas @edepayus
kurbatova-ai@rudn.ru
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KypreeBa FOiust ApreMoBHa
000 «3kocmandapm « Texnuueckue Pewenusny
nep. Ilepesedenosckuil, 13, cmp. 16, 2. Mockea, 105082, Poccuiickas
Dedepayus
kurteyeva.y@ecostandard.ru

KonoBanoBa Jiieonopa EBrenbeBHa, acCCUCTEHT
Poccutickuti ynugsepcumem opyswcowvl Hapooos umeru Ilampuca JIymymowol
yi. Muxnyxo-Maxknas, 6, e. Mockea, 117198, Poccuiickas @edepayus
konovalova-ee@rudn.ru
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