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In Russia there is a system for standardizing and control over aerosols with predominantly fibrogenic effects and dust
particles with different structure. But at the same time there are no hygienic standards for fine-dispersed dust contents in
working area air and it makes hygienic assessment of working conditions more complicated and impedes use of risk assess-
ment methodol ogy.

Our research goal was to substantiate a concentration of aerosols containing fine-dispersed dust particles (PM1o u PMs ;)
in working are air that were harmless for workers' health. It was done via applying a procedure for determining dust burden
and using it when calculating health risks for workers.

We assessed dust content in working area air with focus on fine-dispersed dust particles PM;o u PM, s with a dust measur-
ing device «OMPN-10.0». Chemical structure of dust particles was determined with atomic absorption procedure. Results were
estimated according to HS 2.2.5.3532-18. Dust burden was cal culated according to Sate standard GOST R 54578-2011.

We established dependence between duration of working experience under exposure to fine-dispersed dust that was
harmless for health and a value of excess in dust contents over the suggested concentration and work shift duration.

To assess health risk for workers caused by exposure to fine-dispersed dust particles taking their chemical structure
into account, we determined reference concentrations for working area air; 0.1 mg/m3 for PM,, and 0.055 mg/m3 for PM, s,
Use of calculated concentrations allowed suggesting models for calculating harmless duration of working experience under
exposure to dusts in concentrations higher than recommended ones. The results enable substantiating organizational activi-
ties aimed at workers' health preservation.

Key words: fine-dispersed dusts, working area air, health risk, aerosol with fibrogenic effects, work-related diseases,
dust burden, reference concentration, working experience.

New research techniques aimed at examin-
ing occupational factors are being implemented
into practice; it leads to changes in concepts
regarding working conditions quality and
nowadays health risk assessment methodology
is required to assess them [1-3]. At present
great attention is paid to such physical and
chemical factors that pollute working area air as
fine-dispersed dust aerosols (PM; and PM ;s).

In Russia there is a system for standardiz-
ing and control over aerosols with fibrogenic
effects and dust particles with various struc-
tures. But still, there are no hygienic standards
for fine-dispersed dust contents in working
area air and it results in certain difficulties in
performing hygienic assessment of working
area air and makes it difficult to use health risk
assessment methodology for well-grounded
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development of activities aimed at working
conditions improvement [4—7].

Our research goal was to substantiate
fine-dispersed dust particles (PM;¢ and PM, s)
concentration in working area air that was
harmless for workers’ health; it was done bas-
ing on a procedure for determining dust bur-
den and its subsequent use in calculating
health risks for workers.

Data and methods. To quantitatively as-
sess dust contents in working area air, we took
AVA-3-180-001A aspirator and AFA-VP-10
filter. «KOMPN-10.0» dust counter was applied
to determine PM;o and PM, 5 concentrations.
We determined chemical structure (measured
mass fractions of metals compounds) of dust
particles with atomic absorption spectroscopy.
Results were assessed in accordance with HS
2.2.5.3532-18'. Dust burden was calculated
according to GOST R 54578-20117

Results and discussion. Aerosols that oc-
cur due to technological operations involving
use of items made from mineral cotton are
poly-dispersed ones. They include ultra-fine
dust PM,s with its Brownian motion being
proportionate to gravitational settling: dust
particles PMj, that settle in still air at a rate

determined by their size and density according
to Stokes’ law; coarse dispersions (with their
size exceeding 10 um) that settle in still air at
a growing rate [7].

Our research allowed determining con-
centrations of dust particles with different
dispersity measured at different air humidity
in working are air and at a different distance
from a dust source when heat insulating op-
erations were performed at a contraction site
(tables 1 and 2).

Research results allowed establishing that
growing air humidity made for lower dust par-
ticles concentrations and it should be noted
that coarse dispersions concentrations went
down more intensely. When a distance from a
dust source was 35 meters, coarse dispersions
concentration fell by 7 times; PM;, 1.4 times;
and there were practically no changes in PM; s
concentration. It is well in line with previously
obtained data on dust contamination dispersity
determining dust distribution in the air.

Having examined chemical structure of
dust particles in working area air where heat-
insulating operations were performed, we de-
tected a wide range of various metals com-
pounds (Tables 3 and 4).

Table 1

PM,y and PM; 5 concentrations at different working area air humidity at a distance from dust
source being equal to 15 meters, mg/m’, air flow speed being equal to 1.7 £1.3 m/sec, mg/m’

. Air humidity, %
Dust particles 40 50 60 70 80 90
PMy, mg/m’ 126 117 1.02 1.02 0.96 0.9
PM, 5, mg/m’ 0.61 0.58 0.51 0.46 0.43 0.42
Table 2

PM, and PM, 5 concentrations on a construction site at different distances from a dust source
and air humidity being 42+17%, and air flow speed being equal to 1.5+1.2 m/sec, mg/m’

Dust particles Distance forma dust source, m

0 10 15 20 25 30 35
PM,, mg/m’ 1.83 1.68 1.59 1.62 1.56 1.35 1.35
PM, s, mg/m’ 0.77 0.65 0.74 0.67 0.62 0.70 0.75

"'Hygienic standard HS 2.2.5.3532-18. Maximum permissible concentrations (MPC) of adverse substances in working
area air. KODEKS and electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/docu-

ment/557235236 (03.06.2020) (in Russian).

? State Standard GOST R 54578-2011. Working area air. Aerosols with fibrogenic effects. Basic principles of hygienic
control and exposure assessment. KODEKS and electronic fund for legal and reference documentation. Available at:
http://docs.cntd.ru/document/gost-r-54578-2011 (03.06.2020) (in Russian).
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Table 3

Chemical structure of dust particles in working area air where heat-insulating
operations were performed

Compound | SiO, | ALO; | Fe;0; | MgO | MnO | CaO | TiO, | P,Os | KO | NayO | others
Share, % 49 16 12 7 <1 10 1 <1 <1 2 <3
Table 4

Metals contents in dust particles structure in working area air where heat-insulating
works are performed (mg/kg)

Metal Cu /n

Cd N1 Fe Mn

Contents, mr/kmg/kgr 50 133

15 59 1,780 70

Fine-dispersed dust that occurs when
heat-insulating operations are performed is a
disintegration aerosol. Our data on quantita-
tive structure of dust particles fit in with data
obtained via previous research works [8—12].

Fine-dispersed dust particles are well-
known to cause respiratory and cardiovascu-
lar diseases and growth in mortality caused
by such diseases under long-term intense ex-
posure even in ambient air [13-20]. Conse-
quently, in order to develop and give grounds
for activities aimed at making occupational
environment more favorable, it is necessary
to assess health risks for workers; performing
such an assessment may be a complicated
task as there is no hygienic standard for fine-
dispersed fractions in working area air. Since
fine-dispersed dust particles, just as aerosols
with fibrogenic effects, have adverse physical
and chemical properties and exert negative
impacts on a body, we applied a methodology
for dust burden calculation' for obtaining ten-
tative reference PM;o u PM> 5 concentrations
that could be then applied in assessing health
risks for workers. There are rather limited
data on effects produced by fine-dispersed dust

fractions on a body. But still, there are data that
average MPC of mineral cotton dust particles in
working area air amounts to 0.5 mg/m’ over a
shift. This concentration is equal to maximum
single MPC for particulate matter that are non-
differentiated as per their structure (aerosols) in
ambient air (0.5 mg/m’). Therefore, to perform
rather tentative calculations, we took data from
HS 2.1.6.3492-17 that fixes average daily MPC
for PM;p, at 0.06 mg/m3 and for PM,s at
0.035 mg/m’ as well as average annual MPC,
0.04 mg/m’ and 0.025 mg/m’ accordingly.

We applied the following basic formula
for our calculations:

DB,=MPC-N-T-Q,

where

DB, is overall dust burden;

MPC is maximum permissible concentra-
tion of a specific fine-dispersed dust fraction;

N is a number of workdays per a calen-
dar year;

T is maximum working experience dura-
tion, 30 years3;

Q is lung ventilation volume over a shirt
m*)*S,

>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. KODEKS and electronic
fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/499072756 (03.06.2020) (in Russian).

*The Guide on assessment of occupational risks for workers' health. Organizational and methodical grounds, principles,
and assessment criteria issued on June 24, 2003 No. 2.2.1766-03. KODEKS: and electronic fund for legal and reference docu-
mentation. Available at: http://docs.cntd.ru/document/901902053 (03.06.2020) (in Russian).

°R 2.1.10.1920-04. The Guide on assessing population health risks under exposure to chemicals that pollute the environ-
ment. KODEKS and electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/

499072756 (03.06.2020) (in Russian).
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Various regulatory documents contain dif-
ferent data on lung ventilation volume when
physical labor is performed. Given that, we
took the following parameters for our calculation:
lung ventilation volume amounted to 0.63 m’ per
hour for time spent at home (8 hours); 0.88 m’
per hour for time spent elsewhere (8 hours);
and 1.4 m’ per hour for time spent at a work-
place. These parameters are usually applied
when health risks are calculated®. Number of
days per year is 365; number of workdays is
250, and days off, 115.

We took data on average daily MPC and
average annual MPC in ambient air; exposure
duration was taken as being equal to 24 hours,
7 days a week, and 70 years of life; our calcu-
lation allowed establishing average shift PMg
concentrations as being equal to 0.1 mg/m’;
PM, 5 concentrations, 0.055 mg/m’, in working
area air. These concentrations will not exceed
control dust burden (occurring in actual living
environment with actual average annual con-
centrations occurring in ambient air in urban
settlements) even when working experience is
30 years and a working shift is 8 hours
(40 hours a week). These concentrations can
be used for assessing occupational health risks
for workers who contact fine-dispersed dusts
at their workplaces.

Suggested PM;¢ and PM, s concentrations
obtained via our calculations are in line with
reference doses used in determining health risks

for population exposed to polluted ambient air.
Thus, concentrations recommended for chronic
exposure amount to 0.05 mg/m3 for PM,, and
0.015 mg/m3 for PM, 5. When determining risks
caused by acute exposure, it is recommended to
use 0.15 mg/m’ for PM;y and 0.065 mg/m’
for PM, 5.

These suggested reference concentra-
tions for fine-dispersed dust particles occur-
ring when items made of mineral fiber are
used are truly relevant given essence of im-
pacts exerted by fine-dispersed dust fraction
on a body’ as well as data on a basic dust
source at heat-insulating works being items
made of mineral cotton (MPC is 2/0.5 mg/m"’)
and artificial mineral fiber with silicate
glass-like structure (MPC is /4 mg/m’ for
coarse dispersions).

We applied up-to-date methodical ap-
proaches to assessing and predicting occupa-
tional risks to obtain model parameters of
safe working experience duration for work-
ers dealing with heat-insulating given differ-
ent length of a work shift and different inten-
sity of working area air pollution with fine-
dispersed dust particles (Table 5 and Figure).
These results are only preliminary and they
should be confirmed with actual data on res-
piratory and cardiovascular diseases preva-
lence among workers who perform their
work tasks under exposure to the examined
adverse factors.

Table 5

Models predicting harmless working experience for workers dealing with heat-insulating given
different length of contacts with fine-dispersed dusts

Duration of a work Regression equation
shift (hour) g q

9 y=-0.0043x" +0.0798xX" — 1.4478x + 31.225;
R =0.9993

9 y=-0.0051x"+0.1011x* — 1.5982x + 31.195;
R =0.9996

10 y=-0.0051x +0.1014x — 1.5927x + 30.886;
R =0.9996

" y=-0.0051x"+0.1012x* — 1.5779x + 30.399;
R2=0.9996

5 y=-0.005x +0.1011x* — 1.5632x+ 29.912;
R =0.9995
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Figure. Duration of harmless working experience
depending on multiplicity of reference PM;,
concentration excess

Conclusion. At present hygienic assess-
ment of working conditions necessarily in-
volves assessing health risks for workers. But
still, at present there are no standards for certain
occupational factors that outline harmless expo-
sure during the whole working experience (30
years) that has been extended due to an increase
in retirement age. We determined tentative ref-
erence PM;, and PM, s concentrations in work-
ing are air that were equal to 0. mg/m’ and
0,055 mg/m’ accordingly. These concentrations
were determined taking chemical structure of
particles into account and basing on control
dust burden calculation; therefore, they can be

used in assessing health risks for workers deal-
ing with heat-insulating and contacting fine-
dispersed dust particles. Exposure to fine-
dispersed particles in the given tentative con-
centrations at a workplace during 30-year work-
ing experience and a work shift being 8 hours a
day does not increase overall dust burden on a
body. These concentrations can be determined
without any changes in a procedure for estab-
lishing MPC for aerosols with fibrogenic ef-
fects and they can be used for preliminary as-
sessment of health risks for workers who are
exposed to fine-dispersed dusts at their work-
places. Use of calculated tentative reference
concentrations allowed us to suggest models for
calculating harmless working experience dura-
tion given that the recommended dust parame-
ters (MPC) are violated. Bearing in mind that
there are no established MPC for fine-dispersed
mineral cotton dust fractions in working area
air, we can conclude that our research results
allow substantiating organizational activities
aimed at workers’ health preservation.
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