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ABSTRACT

A research of the furnishing level of preschool establishments has been conducted, the air quality of the
premises has been assessed for the presence of chemical impurities (formalgdblgdg,benzene, styrene,
ethylbenzene) migrating from furniture products and forming the chronic risks to children’s health, attending
pre-school organizations. It has been established that the furnishing level of the premises of preschool
educational institutions varies from 0.35 to 1.1%mA The dependence between the formaldehyde content in

the indoor air and the furnishing level of these premises (y=0.0128x+0.083%28 was obtained. The
maximum permissible average daily concentrations of formaldehyde (25 % of values exceed the hygienic
standard of MPg& from 2 to 9 times) and phenol (25 % of values exceed the hygienic standard af MPC
from 1.7 to 5 times) were established. Unacceptable risk levels of development of non-carcinogenic effects on
the children's health are forecasted in relation to respiratory system 3,0-7,5 HI (69,7-100 % of the
contribution to risk formation is made by formaldehyde), to immune system — 3,9 HI of 8.8 (61,0-84.4 % of
the contribution is made by formaldehyde). For cardiovascular and central nervous systems risks are
forecasted at the level of 0,9-3,8 HI (40,4-100 % of the contribution is made by benzene). The median of
total carcinogenic risk (TCR) averaged 9.8®1This level of risk corresponds to the upper limit of the

acceptable level of risk.
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1. INTRODUCTION

The preservation of children's health and development of
their abilities is included in the strategic interests of the
state. The priority of children's health protection is stipulated
in the Federal law «On the protection of citizens' health.
There are more than 113,000 preschool and secondary
educational institutions in the Russian Federation, attended
by about 19 million children. According to some
researchers, the contribution of the conditions of children
education and upbringing to the formation of the younger
generation health is about 28-35 % [1]. A number of
studies have established a significant role of indoor air
quality, including in educational institutions, in the
occurrence of diseases in children and adolescents [2, 3].
In the premises, potential sources of air pollution can be
polymer and polymer-containing materials, toys, human
activities, atmospheric air, coming from the ventilation of
premises and so on. [4]. Building and finishing materials
and furniture products are significant sources of indoor air
pollution. This type of product may contain polymers that
are added to improve its properties. For example, one of
the most popular polymers in the production of building
and finishing materials and furniture products are

formaldehyde-containing resins. They are used as binding
components of various fillers, such as shavings, sawdust
and so on. High reactivity, stability and the presence of
disinfectant, bactericidal and preservative properties of
formaldehyde resin allow it to be used in the production of
compounds that give materials hardness, rigidity and
resistance to biological hazard factors [5].

In addition to the positive properties of composite
materials, there are also some disadvantages of them — the
migration of chemicals that are not safe for human health
from the surface of materials to the air [6]. Potential indoor
pollutants include formaldehyde, toluene, ethylbenzene,
styrene, phenol, phthalates and so on. [7-12].

Migration of these substances from the surface of the
material can be caused by various reasons, such as gradual
aging, destruction of the polymer, chemical interaction
with moisture and so on.

At the same time, a number of researchers have found
that migration of chemical impurities from the surface of
the material to the environment can be significant [13]. As
a result, chemicals, containing in indoor air, can have an
adverse effect on the health and well-being of a person,
especially a child [2, 3].

All these facts actualize the problem of studying the
influence of indoor air quality on the children's health.
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2. METHODS AND MATERIALS

The aim of the research was to assess the chronic
carcinogenic and non-carcinogenic inhalation rigk t
children's health, formed by the presence of chaimic
impurities in the air of preschool institutions.

The research was conducted in 19 typical preschool
organizations.

Within the research, we calculated the furnishinglle
of premises of preschool organizations. We perfdrrae
direct measurement of the total area of furnitinedpcts
and correlated the resulting value with the valuethaf
room volume in accordance with MU 2.1.2.1829-04 of
06.01.2004 «Sanitary and hygienic assessment gfraol
and polymer-containing building materials and durues
intended for use in the construction of resideniiaiblic
and industrial buildings». The parameters forvtbhiime
of premises are taken from the documentation for
buildings of preschool organizations.

The building and finishing materials and furnitused
in the premises were evaluated visually. The peonéd
furniture maintenance was established based orethsdts
of surveys of institution employees.

Within the research, instrumental studies were
performed on the content of formaldehyde, phenol,
ethylbenzene, benzene, styrene in the air of pesTasid
in the atmospheric air of the territories of prasah
institutions. Air quality was studied for the conteoit
chemicals in 56 game rooms (from 1005 to 1011 sasnpl
for individual impurities). The research of air gales was
carried out in accordance with the approved mettafds
GOST 17.2.3.01-86 «Nature protection. Atmosphere.
Rules for air quality control of localities», GOSTIRO
16000-1-2007 «Air of closed premises. Part 1. Sargpli
Generalities». Sampling was performed by active sagpl
in different seasons of the year — in cold (heatiagd
warm (non-heating) periods. On the territory of phesl
institutions, as well as in the game rooms, 3 sasnplday
were taken for 3 days in each institution. For the
subsequent assessment of exposure to chemicals, the
arithmetic mean of single concentrations selechadng
one day was calculated. Determination of the studied
chemical impurities in air samples was carried out
according to standardized methods — MUK 4.1.1045-01,
MUK  4.1.662-97, RD 52.04.186-89 p.5.3.5.1, RD
52.04.186-89 p. 5.3.3.5. The methods were gas ajtdg hi
performance liquid chromatography. The quality ofia
premises and atmospheric air in the institutiomitteies
according to the content of the studied chemical
components was evaluated for compliance with hygiene
standards-GN  2.1.6.1338-03 "Maximum permissible
concentrations (MPC) of pollutants in the atmosjghair
of urban and rural settlements".

Linear regression analysis was used to assess whether
the chemical content in the indoor air depends fmn t
furnishing level of the premises. The reliability the
obtained model was evaluated using the Styudent's
criterion. The dependence was considered relialtle a
p<0.05.
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The assessment of the inhalation risk to the afnildr
health attending preschool institutions from expesto
the studied chemicals was carried out in accordasitteR
2.1.10.1920-04 "Guidelines for assessing the righutalic
health from exposure to chemicals that pollute the
environment". The script of the exposition wasrfed
taking into account the presence of children dutirgday
in different conditions: air in preschool institis,
atmospheric air, and air in residential apartmefts.
assess the non-carcinogenic and carcinogenic indrala
risk, the values of the average concentrationshefrical
impurities in the air of educational institutiorepmises and
the atmospheric air of the territories, where in$tins are
located (outdoor games), were used for the selection
period. To characterize the content of the studied
substances in the air of residential premises, &ata
scientific literature were used [4]. To assess ittne spent
by children in different air environments, the gaibutine
of preschool organizations was analyzed. Exposure was
assessed using standard exposure factors. To assess
carcinogenic risk, hazard coefficients and indi¢¢®, HI)
were calculated. HQ and HI values equal to or less than
1.0 were considered acceptable. To characterize the
carcinogenic risk, individual risk indicators were
calculated and evaluated in accordance with R
2.1.10.1920-04 "Guidelines for assessing publiclthea
risk from exposure to chemicals that pollute the
environment". A risk level of less than 1xi0Owas
considered acceptable.

3. RESULTS

The results of inspection of the premises and tineey of
preschool employees showed that the decoration ef th
premises was presented by — walls — water-based paint,
floor — linoleum, ceiling — whitewash. On averade t
repair of premises was completed 1-3 years befae th
research. The age of furniture at the time of #mearch
was on average 5-6 years. The premises volumeagf pl
preschool institutions varied in the range of 12376.4 m

(50 % — percentile — 150.53%mn The furnishing index in
gaming rooms was in the range of 0.35-1.%6m% 50 % —
percentile — 0.63 Am®) (Figure 1).
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Figure 1 The furnishing level in preschool play
organizations, #im?
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The results of the air quality assessment of paEich determining the chemical-analytical method of resea
institution premises and the territory of preschool With regard to atmospheric air, the situation iaikir. As
educational institutions on the content of the isud a result, styrene and ethylbenzene were subsequently
substances indicated that formaldehyde and benzene excluded from the analysis.
most often quantified in the air of premises (tleecpntage To assess chronic exposure, the arithmetic mean of
of samples with a value above the determinatioestiwld single concentrations selected during one day was
was 98.8 and 99.1 %, respectively). While only 2966 % compared with the MPGdor the analyzed substances.
of air samples for the content of phenol, styreaed The distribution results of pollutant concentratioand
ethylbenzene were in the values above the thredfoold their ratio to the MP & are presented in table 1.

Table 1 Hygienic assessment of the content of formaldehlgdezene, phenol in the air of preschool
institutions (concentrations averaged over thectiele period, mg/rf)*

Formaldehyde Benzene Phenol
Indicator The The multiplicity The The multiplicity of The The multiplicity of
value of excess MPGy value excess MPGy value excess MPGy
0.01 mg/ ni 0.1mg/n¥ 0.006 mg / m3
Median 0.01 1 0.02 0.2 0.007 1.2
the 25-th persentile 0.006 0.6 0.01 0.1 0.006 1.0
the 75-th persentile 0.02 2 0.04 0.4 0.01 1.7
the 95-th persentile 0.04 4 0.07 0.7 0.019 3.2
Maximum 0.09 9 0.2 2 0.03 5.0

* For ethylbenzene and styrene, the hygienic ass&siswas not carried out due to the large numbeoné€entration values below the
threshold for determining the chemical-analyticatihod of research.

As a result of hygienic evaluation of containing of Analysis of the air quality of preschool territories
formaldehyde, benzene, phenol in indoor air of gesl showed that the content of the studied chemicalkerair
institutions was established that the excess of mmaxi corresponded to the hygienic standards (MpP@able 2),
permissible average daily concentrations recordesluich with the exception of phenol. Phenol was quantified i
substances as formaldehyde (25 % of the valuesdxbe 30.7 % of atmospheric air samples, and 45.7 % eth
MPC,q standard from 2 to 9 times), phenol (25 % of the did not correspond the hygienic requirements foe th
values exceed the MRgStandard from 1.7 to 5 times). phenol content in the air.

Table 2The content levels of chemical impurities in themaspheric air in the territories of preschool
organizations (concentrations averaged over treeteh period), mg/fh

Formaldehyde Benzene Phenol
Indicator
MPCa¢=0,01mr/m3 MPCa¢=0,100mr/m? MPCa¢=0,006mr/m°

Median 0.0012 0.0088 0.006
the 25th percentile 0.0004 0.0063 0.004
the 75th percentile 0.0021 0.0150 0.009
the 95th percentile 0.0051 0.0393 0.012
Maximum 0.01 0.0757 0.014

The concentrations of formaldehyde in the air af th the result of the availability of indoor sourcesc¢luding
premises in pre-school organizations accuratel\eeced furniture. According to the results of the researtiie
the corresponding levels of impurity in the ambiaimtup change in the concentration of formaldehyde inaheof
to 125-150 times (p<0.05). Thus, it was concludet t play rooms in pre-school institutions was determitgd
the elevated formaldehyde levels inside the presnigere the fact that the premises were saturated with fummit
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The assessment of chronic inhalation risk to chiitr
health, under formaldehyde exposure, expressecgbgrtl
coefficients (HQ), showed that the median HQvas 4.02
(the 95th percentile HQ- 5.64), under benzene exposure
the median HQ was 1,2 (the 95th percentile EHQ 1.85),
under phenol exposure the medianHas 0.12 (the 95th
percentile HQ—1.85) (table 3).

products. The type of dependence was represented by
equation  y=0.0128x+0.0035  {80.23). Reliable
dependencies were not found for other chemical
impurities. The obtained dependence can be used in
planning the filing of play rooms in pre-school
educational institutions with furniture in orderéstablish
the expected concentrations of formaldehyde inaihef
the premises.

Table 3Hazard coefficients (H& for chronic exposure to formaldehyde, benzeneearein the air of pre-

school educational organizations

Formaldehyde Benzene Phenol

Indicator, mg/m Effective Effective Effective

concentration, | HQ¢r concentration, | HQ¢+ | concentration, | HQc
mg/m? mg/m? mg/m?

Median 0.012 4.02 0.036 1.20 0.0035 0.58
the 25th percentile 0.010 3.46 0.030 1.01 0.000 0
the 95th percentile 0.014 4.78 0.043 1.45 0.0062 0 1.
the 95th percentile 0.017 5.64 0.056 1.85 0.0086 4 1.
Maximum 0.021 7.01 0.098 3.28 0.0093 1.5

* calculated for the values of average annual cotmagons at the level of maximum daily averagaueal

Assessment of the chronic inhalation risk of chifdse
health, under formaldehyde, benzene, phenol exppsur
expressed by the hazard indices, showed that hamded

made by formaldehyde), for the immune system —H3.9
of 8.8, (61.0-84.4 % of the contribution is made by
formaldehyde), for cardiovascular and central nesvo
for respiratory organs is predicted at level of-3.6 HI systems — 0.9-3.8 HI (40.4-100 % of the contribui®n
(69.7-100 % of the contribution to the formationrisk is made by benzene)(table 4).

Table 4 Hazard indices (Hl) of the development of non-carcinogenic healte@# in chronic exposure to

formaldehyde, benzene, phenol present in the gireeschool educational organizations

Indicator HI respiratory . HI cardiovascular system,
organs HI the immune system central nervous system

Minimum 3.0 3.9 0.9

the 25th percentile 4.0 4.6 1.4

Median 4.7 5.3 1.8

the 75th percentile 5.5 6.1 2.3

the 95th percentile 6.6 7.6 3.0
Maximum 7.5 8.8 3.8

Thus, the calculated hazard indices for the respya
immune, central nervous and cardiovascular sys&iow us
to assess the risk as unacceptable for childrealthh(HI>1).
The assessment of the carcinogenic risk for childre
attending pre-school institutions showed that thdiareof

individual carcinogenic risk (CR) from inhalationf o
formaldehyde averaged 3.3x%0 for pre-school
institutions, of benzene — 6.5x20and was evaluated as
acceptable (table 5).
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Table 5 Indicators of individual and general carcinogensk to the health of children with chronic expaesur
to formaldehyde, benzene present in the air ofspteol educational organizations

Indicator CR formaldehyde CR benzene TCR
Minimum 2.2x16° 4.5x10° 7.1x10°

the 25th percentile 2.8x%0 5.6x10° 8.8x10°
Median 3.3x16 6.5x10° 9.8x10°

the 75th percentile 3.9x%0 7.9x10° 1.2x10°
the 95th percentile 5.63x%0 1.1x10° 1.5x10°
Maximum 5.71x16 1.8x10° 2.2x10°

The median of total carcinogenic risk (TCR) averthge
9.8x10°5. This level of risk corresponds to the upper limit
of the acceptable level of risk.

4. CONCLUSION

Furniture and finishing materials, due to the fesduof
modern production and widespread use of polymeric
components, are one of the sources of indoor diatmmn
with chemicals, which in turn affect human health.

The results of studying the furnishing of premiges
pre-school educational institutions showed that the
furnishing index varies in the range from 0.35—1n¥Am?,

50 % — percentile — 0,63%m?).

The dependence between the formaldehyde content in
the air and the furnishing of premises is estabtishwhich
can be described by the following equation
y=0.0128x+0.0035 (R:0,23).

Formaldehyde and benzene were found everywhere in
significant concentrations in the indoor air and the
atmospheric air of the territories in pre-schogatituitions.
The concentrations of pollutants in the indoor air
significantly exceeded the corresponding values of
atmospheric air, for formaldehyde up to 150 times
(p<0.05). Thus, elevated formaldehyde levels imdite
premises were attributed to internal sources ofugioh,
including furniture.

In the air of the premises in pre-school organizeti
the exceedance of the maximum permissible averaije d
concentrations for substances such as formalde(2&le6
of the values above MPg from 2 to 9 times) and phenol
(25 % of the values above MR@vith a multiplicity from
1.7 to 5 times) was registered.

Unacceptable levels of risk for the development
of non-carcinogenic effects on children's health ewer
established. For respiratory organs the hazardxiride
predicted at level of 3.0-7.5 HI (69.7-100 % of tiek
was contributed by formaldehyde), for the immune
system — 3.9-8.8 HI (61.0-84.4 % of the contributics
made by formaldehyde) and for cardiovascular amdrak

nervous systems the level is predicted to be 089+8.
(40.4-100 % of the contribution was made by benzene)
The median total carcinogenic risk (TCR) averaged
9.8x105, this level of risk corresponds to the upper limit
of the acceptable risk level.
On the basis of the obtained results, recommendsation
were formulated to minimize the risk to childrenesafth:
« preliminary assessment of the furnishing of
premises in order to predict the concentration of
chemicals originating from furniture;

e gradual transition to using furniture with minimal
levels of chemical emissions into the
environment;

» strict compliance with the ventilation regime of
premises in any season of the year;

e organization and implementation of prevention
programs aimed at early detection of deviations
in the health of children due to exposure to
substances present in the indoor air.
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