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Abstract. A high degree of industrialization and urbanization characterizes the modern working environment. As a
result, there is constant contact with various man-made factors (dust, smoke, fog or gas, steam), the concentration of
which in the air is higher than the maximum permissible concentrations.

The purpose of the paper is to develop a procedure for assessing risks when working with chemicals, which allows
substantiating the selection of adequate means of respiratory protective equipment to protect workers when performing
production tasks.

Methods. To substantiate the selection of the type of respiratory protective equipment when working with chemical
substances, a five-step approach to risk assessment is used. The approach is based on classification of chemical sub-
stances in terms of “R-phrase”. This means risk factors that arise while working with hazardous substances described in
Annex Ill of the EEC Directive 67/548/EEC. Together with the recommendations of the Approval of the Minimum Re-
quirements for Safety and Health Protection When Employees Use Personal Protective Equipment at the Workplace
(NPAOP 0.00-7.17-18), it allows to assess the occupational risk of danger from chemical substances taking into account
their toxicity and substantiate the type of respiratory protective equipment.

Findings. An approach was developed to substantiate the selection of the type of respiratory protective equipment
based on the hazard risk assessment. The correlation between the hazard group according to the “phrases” of a chemi-
cal substance and severity of the worker’s health loss was defined. An algorithm for selecting respiratory protective
equipment while working with chemical substances was proposed. An example of assessing the impact of sulphur diox-
ide during the work of miners with a recommendation of the type of respiratory protective equipment was considered.

Originality. A correlation between the protection class of the respiratory protective equipment and toxicity of the
chemical substance according to the R-phrase was determined.

Practical value. An algorithm for selecting respiratory protective equipment to protect workers from chemical sub-
stances was proposed. The algorithm is based on five steps making it possible to develop an appropriate form of sub-
stantiation for the appropriate type and class of respiratory protective equipment.

Keywords: Respiratory protective equipment, risk, occupational disease, toxicity, concentration of harmful sub-
stance.

1. Introduction

Modern working environment is characterized by a high degree of industrializa-
tion and urbanization. As a result, there is constant contact with various technogenic
factors (dust, smoke, fog or gas, and steam), which content in the air of the working
area exceeds the maximum permissible concentrations. Respiratory diseases (first of
all, pneumoconiosis) associated with inhaled mineral dust are incurable and irreversi-
ble; they make up a significant share among occupational diseases. According to Ar-
ticle 13 of the Law of Ukraine On Labour Protection, employers are obliged to create
working conditions at workplaces in each structural subdivision in accordance with
the normative legal acts; they are to ensure compliance with the requirements of the
legislation regarding the rights of employees in the field of labour protection. If cur-
rent level of the development of science and technology prevents from doing that, the
respiratory protective equipment (RPE) should be used for protection [1]. The RPE
selection is regulated by DSTU EN 529:2006 and consists of several stages: identifi-
cation of harmful substances in the air of the working area, risk assessment, substan-
tiation of the RPE selection according to protective characteristics, training of em-
ployees and guaranteeing the appropriate RPE maintenance [2]. However, the repre-
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sented procedure needs clarification when selecting RPE for protection from chemi-
cal substances. For example, it is not quite clear in which cases it is better to use dis-
posable or reusable RPE; whether RPE should be valved or valveless, with a filtering
or an insulating face-piece. This is due to the lack of clear procedure for assessing
risks when working with chemical substances, which would allow substantiating the
selection of required RPE as stated in NPAOP 0.00-7.17-18 On the Approval of the
Minimum Requirements for Safety and Health Protection When Employees Use Per-
sonal Protective Equipment at the Workplace [3]. This approach is especially neces-
sary to determine the limits of applying RPE of various designs, taking into account
an ergonomic component: a value of breathing resistance of the filters according to
the difficulty of the work performed or the respirator weight, filter location, and head-
piece design. Besides, a nominal protection factor of respirators defined in the labora-
tory conditions cannot be used to determine a degree of workers’ protection at the
workplace. There are numerous factors that can worsen the RPE effectiveness, which
are not taken into account while laboratory testing. In particular, it is the tightness of
half mask-face contacting. When determining an absorption coefficient in the labora-
tory conditions, those who failed to select a comfortable half mask are not allowed
[4]. Taking into account the above, there is an urgent task to develop a risk assess-
ment procedure when working with chemical substances. That would become the ba-
sis for the effective selection of respiratory protective equipment.

A number of papers are devoted to the selection of effective RPE to ensure the
workers’ protection while performing production tasks. The main issue here is defin-
ing the term of protective action of filters since a significant number of various gases
are odourless [5—8]. Consequently, there arises a problem of developing the indica-
tion devices or schedules for the replacement of worn-out protective devices, which
solution requires performing an adequate risk assessment. The conclusion is support-
ed by a number of publications [8—12], where experts provided recommendations for
the effective RPE use based on the risk assessment of users’ occupational diseases.
However, the indicated studies represent risk assessment using conventional qualita-
tive methods based on several steps, which causes certain errors in the RPE selection,
especially when operating in some specific conditions. For instance, when using the
mentioned approaches, a degree of toxicity of chemical substances is not determined;
that can lead to the use of an inappropriate type of filtering RPE not providing the
appropriate class of protection. Due to suction of unfiltered air along the obturation
contact line of the half-mask, filter respirators are an insufficiently reliable protective
device, which leads to users’ poisoning when working with the mentioned hazardous
substances. The problem of selecting an effective RPE that meets the operating condi-
tions as well as ergonomic and operational requirements is intensified by the fact that
there are still no simple and reliable methods for determining proper user’s half mask-
face fit as well as the term of the filters’ protective effect [13]. The service life of aero-
sol filter respirators is determined by breathing difficulties; in case of the gas ones, it is
defined by smelling (however, it is not specified, which harmful gases can be detected
by smell and which are prohibited categorically) [14]. The regulatory and technical
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documentation does not use information on visual indication and instrumental determi-
nation of toxicants’ passing through dust and gas filters [15].

The analysis of scientific research concerning the RPE selection indicates the
need to develop a specific risk assessment procedure when working with chemicals to
substantiate RPE application not only basing on the concentration of harmful sub-
stances in the workplace air but also taking into account their toxicity.

The purpose of the paper is to develop a procedure for assessing risks while
working with chemical substances, which will make it possible to select adequate
respiratory protective equipment.

2. Methods

Risk assessment of the occurrence of occupational diseases (pneumoconiosis, dust
bronchitis, chemical burns (dermatitis), oncological diseases etc.) due to the effect of
various harmful (chemical) substances deteriorating the employees’ health can be
performed using the recommendations given in the Medical and Sanitary Rules to
control hazardous substances approved in Great Britain in 2002 on the basis of “R-
phrases” described in Annex III of the EEC Directive 67/548/EEC, being standard
risk factors. The procedure involves insertion of health consequences due to potential
exposure to chemicals, risk assessment, and substantiation of an adequate level of
protection. Note that the impact of lead and radioactive substances is not evaluated.
This approach can also be used to substantiate the RPE selection. The procedure in-
volves five steps (Table 1).

Table 1 - Description of the steps for risk assessment when working with chemical substances

Step Name Description
1 | Classification of haz- Hazards are classified according to R-phrase or Globally Harmo-
ards nized System (GHS) classification, where a substance is labelled

as the one belonging to group A (low hazard), B, C, D (high haz-
ard) and / or S (skin hazard)

2 | Determining physical Following scale to assess dustiness can be used: low, medium, and
properties of chemical | high
substances

3 | Assessing the work- Defining volatility of a chemical substance depending on the boil-
place air exposure to ing temperature and temperature of a technological process, con-
liquid substances centration, and other parameters. In addition, quite simple ranking

can be applied: low, medium, and high

4 | Defining risks and pre- | Substantiating the preventive measures basing on the risk level and
ventive measures maximum permissible concentration

5 | Control and monitoring | Determining concentrations of hazardous substances and their
constant monitoring to control their possible exceedence

To perform a risk assessment, we start by specifying a cause-and-effect relation-
ship between the detected hazard (a hazardous event) and the consequences of a
chemical substance for the employees’ health. To do that, we determine the way how
a person gets the harmful substance (through the respiratory tract, through the intes-
tine or by skin contact), we detect whether harmful vapours, fog or smoke are emitted
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during the processing and, finally, we estimate the time of a production process, in
accordance with the recommendations of the Minimum Safety and Health Protection
Requirements When Employees Use Personal Protective Equipment at the Workplace
(NPAOQOP 0.00-7.17-18).

Attention should be paid to the duration of staying within the working area along
with the amount of applied chemical substance and its toxicity. You may also need
information about work experience, pulmonary ventilation, and number of work
shifts.

Step 1. Classification of hazards. Use the data of the European Union Directive
67/548 / EEC where all harmful substances are classified in terms of five groups from
A to E basing on the characteristics of chemical substance hazards (R-phrases or H-
phrases). The latter are assigned to chemicals in accordance with the Rules on Chem-
ical Substances (data concerning hazards and packaging for transportation) [16].

Table 2 shows a classification range of chemicals by their hazard and associated
R-phrases and H-phrases. The ratio of the absorbed dose to the safe dose in the target
exposure zone is also taken into account. It is estimated that if the obtained ratio of a
unit is exceeded, it will cause adverse consequences for the employees’ health.

Table 2 - Distribution of chemicals according to the hazard classes by R-phrase/H-phrase [16

Hazard | Aerosol| Concentration, | Measurement R-phrase H-phrase
group | type mg/m’ units
A Dust >1to 10 mg/m’ R36, R38, and R- | H303, H304, H305,
Gas > 50 to 500 ppm phrases not be- | H313, H315, H316,
longing to other | H318, H319, H320,
groups H333, H336
B Dust >0.1to1 mg/m’ R20/21/22 and H302, H312, H332,
Gas >5to 50 ppm R68/20/21/22 H371
C Dust >0.01t00.1 mg/m’ R23/24/25, R34, H301, H311, H314,
Gas >0.5t05 ppm R35, R37,) H317, H318, H331,
R39/23/24/25, R41, H335, H370, H373
R43, R48/20/21
R68/23/24/25
D Dust <0.01 mg/m* R26/27/28, R60, | H300, H310, H330,
Gas <0.5 ppm R40 R39/26/27/28, | H351,
R63 R61, | H360, H361, H362,
R48/23/24/25, H372
R62, R64
E Dust mg/m’ R42, R45, R46, H334, H340, H341,
Gas ppm R49, R68 H350

Step 2. Determination of physical properties of solid chemical substances in-
volves evaluating their concentration in the environment according to three indica-
tors: low, medium, and high (Table 3).

Step 3. Assessment of the ingress of liquid substances into the workplace air

is based on their volatility depending on the boiling point and temperature of their use
(Table 4).
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Table 3 - Risk ranking by transformation of solid substances into dust

Dust generation Description
Low Non-loose solids (pellets), almost no dust is generated and observed visually
while working with them (e.g. PVC pellets).
Crystalline granulated solids that generate dust while working with them; the
Medium dust deposits quickly and forms certain contaminating sediments on the work-
ing surfaces (e.g. washing powder, sugar powder).
: Fine light powders generating a dust cloud, which remains in the air for some
High ) .. .. .
time (e.g. cement, titanium dioxide, toner for copy machines).
Table 4 - Risk ranking in terms of volatility of liquid substances
Volatility At other working tem-

(transformation into a
gaseous state)

At room temperature

peratures of a process
(Tp)

Vapour pressure

Low

Boiling point is more

Boiling point is more

Less than 0.5 kPa

than 150 °C than 5 x Tp + 50
Medium Boiling point ios from 50 Other boiling points 0.5-0.25 kPa
to 150 °C
Hich Boiling point is less than | Boiling point is less than More than 0.25
i
8 50 °C 2x Tp+10 kPa

Quite a lot of the necessary information can be found in the safety data sheet of
chemical products (SDS/MSDS), information sheets where the manufacturer provides
data on the chemical substance according to the Regulation on Registration, Evalua-
tion, Authorization and Restriction of Chemicals Regulations (REACH), which pro-
vides a procedure for identifying a chemical substance to determine its hazard level.
While using the information from the specified documents, it is appropriate to deter-
mine harm to the human body. To assess the risks, it is also necessary to understand
the amount of a chemical substance the worker is dealing with (Table 5).

Table 5 - Determining the amount of the applied chemical substance

Amount of the applied chemi- o
Description
cal substance

Small Gramme or millilitres (up to 1 kg for solids or 1 1 for liquids)
Medium Kilogrammes or litres (the quantity is from 1 to 1000 kg for sol-
ids and from 2.5 to 1000 1 for liquids)
Tonnes or cubic metres (the quantity is more than 1 t for solids
Large

and 1 m? for liquids)

Step 4. Risk and degree of preventive measures are determined according to
entering the results of preliminary assessments in the resulting Table 6 where the
number of preventive measures is given as for the risk level defined in terms of haz-
ard classification, physical properties, and the amount of applied chemicals.
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Table 6 - Recommendations concerning the selection of preventive measures in terms of risk
level determined according to hazard classification, physical properties, and amounts of chemical
substances to be used

Hazard group Amount Physical properties of solid and liquid chemical substances
(dust generation, volatility)
Low dust gen{ Medium vol- | Medium High dust
eration / low| atility dust genera- | generation /
volatility tion high volatility
A (irritator) Small 1 1 1 1
Medium 1 1 1 2
Large 1 1 2 2
B (harmful ef- Small 1 1 1 1
fect) Medium 1 2 2 2
Large 1 2 3 3
C (toxic effect) | Small 1 2 1 2
Medium 2 3 3 3
Large 2
D (effecting the | Small 2
reproductive Medium 3
function) Large 3

E (causes can-
cer, asthma, and
other complex

disorders)

Step 5. Control and monitoring of exposure to hazardous substances is the
last step involving the RPE selection (Table 7) developed with the reference to hazard
groups and interrelations with the maximum hazardous concentrations of chemical
substances.

According to the type of chemical substances, we can select the appropriate class
of filter (A, B, E, K and others), which will provide the appropriate level of protec-
tion. An important point here is to specify the term of protective effect. Thus, it is
recommended to use either a replacement schedule provided by the manufacturer
(developed according to the initial concentration and working conditions, climatic
parameters, and other indicators), or special programmes posted on the website of the
US Department of Labour Protection. A similar approach is used for skin protection,
taking into account the type of workers’ activity, which may lead to deposition of
splashes, aerosol application or ordinary contact with the contaminated surfaces. It
means that to select proper protective clothing and protective gloves, it is important
to understand the range of hazards being also determined by the R-phrase or group.
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Table 7 - Recommendations for the RPE selection

Hazard | Amount | Recommendations for the protection level of filter gas-dust RPE according to
group physical properties of solid and liquid chemical substances (dust generation,
volatility)
Low dust genera Medium volatility | Medium dust | High dust generation
tion/low volatility generation /high volatility
A Small - - - -
Medium - - - R2
Large R1 R2 R2
B Small - - R1 R1
Medium - R2 R2
Large R2 R3 -. - ed b
C Small - R2 R2
Medium R2 R3 R3 0. - " c‘ b
Large 0 ‘ 0 D
O PP o
D Small O d _
R2 R3 b g app ° -~
= g appara
Medium 0 d )
O (D
D g appa
: PP d
Large O ( 0 O a0
D g app
b pp g app
E Small eli-Co ‘ 0 ed b
R3 OIcC g app o
Medium ) 0 d
O ( O 0
0, d )0,
D g appara O 4
Large 0 d

a
dpparad O 4
a

Notes: R — respirator; GM — gas mask; figure — protection class.

3. Research results

Consider an example of the RPE selection while working at coal enterprises
where chemical impurities can be released into the air of the working area. In particu-
lar, the mine air composition is characterized by the presence of carbon oxide, nitro-
gen oxides, hydrogen sulphide, sulphur dioxide, methane, and other impurities
formed as a result of various mining operations. In addition, the main pollutant in-
cludes coal dust since the main adverse factor in coal mines is formed and enters the
air during all operations related to drilling, cutting, loading, transportation, and over-
loading of coal. The amount of dust particles in the air can be equal to 30 thousand
per 1 cm? or more. Dust concentration during the operation of a cutter of a continuous
heading machine can be hundreds of milligrammes per 1 m? [17].
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The problem is to select a means of personal respiratory protection to protect
miners working in an underground mine where sulphur dioxide with a concentration
of 0.8 mg/m’ is released. According to DSTU-N B A.3.2-1:2007 «System of labor
safety standards. Guidelines on the determination of dangerous and harmful factors
and protection against their influence in the production of construction materials and
products and their use in the process of construction and operation of construction
objects», sulphur dioxide is a highly toxic substance with a maximum permissible
concentration of 0.3 mg/m>®. The severity of consequences of inhaling this harmful
admixture leads to shortness of breath and pneumonia. If we use general approaches
to risk assessment, then after assessing the probability of dangerous event occurrence,
i.e. pneumonia from the time of being in the zone of the specified harmful admixture
effect, and calculating the pollution coefficient based on the ratio of sulphur dioxide
concentration to its maximum permissible value, we can determine the RPE protec-
tion class. However, as stated, the indicated approach does not allow taking into ac-
count toxicity, which will lead, in this case, to the selection of a filter gas-dust protec-
tive respirator with an E-type filter box of the first protection class. It is due to the
fact that the main condition for selection is the excess of protective properties of the
respirator compared to the pollution coefficient. In this case, a pollution coefficient is
2.6 while a first-class respirator can be used up to 4 MPC.

As we can see, there is an error in the described approach that can lead to work-
ers’ poisoning; therefore, in case of available chemical impurities in the air of the
workplace, the proposed approach should be applied taking into account the R-
phrase. During step 1, we identify a harmful substance or their combination, establish
the actual concentrations, and check the maximum permissible concentrations. We
build a cause-and-effect relationship between the hazard (a hazardous event) and se-
verity of consequences.

To do this, specify the R-phrase of sulphur dioxide that will help find the hazard
level in terms of international classification of chemical substances. In this case, sul-
phur dioxide belongs to hazard group C (Table 2). Taking into consideration that the
boiling point of sulphur dioxide reaches -10 °C, which refers to high volatility when
the maximum permissible concentration is exceeded by almost 3 times, it can be at-
tributed to a large quantity of this harmful substance to be used according to Table 3,
and we select a self-contained breathing apparatus. Even if we consider that the ex-
cess concentration of the harmful substance is not significant, the workplace with the
specified release of sulphur dioxide belongs to class 3.1 according to the Hygienic
Classification of Working Conditions and Indicators of Harmfulness and Hazard of
Factors of the Industrial Environment [18], there is still a need to use a gas mask with
a full-face half mask to protect workers. The result of the conducted risk assessment
for the RPE substantiation is shown in Table 8.

4. Discussion
Unfortunately, even conscientious implementation of the described procedure for
RPE selection according to the requirements of DSTU EN 529:2006 Means of Per-

sonal Respiratory Protection. Recommendations on Selection, Care and Maintenance
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[19] cannot guarantee effective protection of the user’s respiratory organs, since the
developers of DSTU EN 529:2006, who formalized stages for selecting effective
functional respirators, do not even mention that their selection should be carried out,
first of all, according to the classification and operating conditions, taking into ac-
count technical characteristics of respirators and features of the anthropometric di-
mensions of the faces of users of different nationalities, genders, and age groups. In
case of the half mask incompatibility with a face, gaps are formed along the obtura-
tion line and toxic substances are sucked into the under-mask space. Therefore, when
performing production operations within the areas with chemical substance releases,
it 1s necessary to be very responsible while selecting RPE. In addition, the Standard
provides three different indicators characterizing the protective properties of respira-
tors but nothing is said about the “national” protection factor, by which it is recom-
mended to make a choice (it is unknown where it is taken from and how it is deter-
mined).

Table 8 - Substantiating the RPE selection according to risk assessment
HAZARD - Sulfur dioxide

Corrosive Toxie Sulphur dioxide is poisonous though far less than hydrogen sulphide.

Its presence in the air, being 0.3 mg/m?* and more, causes shortness of
breath and pneumonia

Hazard group for the Amount to be used | Dust formation of a Volatility of a chemical

health: chemical substance substance

A Small Low Low

B

C + Medium + Medium Medium

D

E Large High High +

S (C)

Exposure limitation at the workplace: maximum permissible concentration is 0.3 mg/m?

Maximum permissible concentration at the workplace

Average daily concentration at the work- 0.8 TDI (tolerable daily intake) 0.3

place mg/m* | Complexity of work mg/m?
mg/m? mg/m?

Maximum one-time concentration at the - Work duration within the danger- | 4 hours

workplace ous zone

Contamination factor at the workplace 2.66 | Complexity of work Hard

Substantiation of the personal protective equipment

To protect miners’ respiratory organs when a mine working lacks ventilation,
@ we select a gas mask with a full-face mask with an E-type filter element
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A problem of selecting an effective respirator suitable for operating conditions
along with ergonomic and operational requirements is complicated by the fact that
there are still no simple and reliable methods for determining the tight half mask-face
contact; specific obturator pressure on the face along the obturation line; and a period
of protective action, being important for the health of RPE users. Unfortunately, the
regulatory and technical documentation does not use information concerning visual
indication and instrumental determination of the “slip” of toxicants through dust and
gas filters.

This procedure has a number of limitations. First, it does not provide for substan-
tiation of the constructive design of filter RPE: disposable or reusable, valved or
valveless. In addition, a partial substantiation of the selection based on the ergonomic
component was carried out, i.e.: a breathing resistance value of filters according to
the difficulty of performed works or the respirator weight, filter location, and head-
piece design. In order to consider these factors, additional research is required.

In any case, when there are numerous influencing factors being difficult to pre-
dict, the best solution will be the selection of respirators with forced air supply, which
are recommended to be used for protection against toxic dust when it is necessary to
create excess pressure in the under-mask space to prevent entry of harmful substances
through the gaps in the obturation line. The front part selection depends on the irrita-
tion of the eyes by aerosol. If there is the irritation, then a mask should be worn; oth-
erwise you can use a half mask. High temperature and air humidity will contribute to
the accumulation of moisture in the under-mask space; consequently, a half mask
with inhalation and exhalation valves is required.

5. Conclusions

1. An approach has been developed to substantiate the selection of the type of
personal respiratory protective equipment based on the risk assessment of the danger
of chemical substances by classifying their R-phrases; that makes it possible to con-
sider a degree of toxicity.

2. The interrelationship between the hazard group according to the “phrases” of
chemical substances and level of worker’s health loss has been determined; that
helped identify the types and protection class of the workers’ personal respiratory
protection.

3. An algorithm for selecting the respiratory protective equipment against chemi-
cal substances has been proposed with the development of the appropriate form nec-
essary to substantiate the corresponding type and class of respiratory protective
equipment.
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OCOBJINBOCTI BUBOPY 3ACOBIB IHOAUBIAYAJNIbHOIO 3AXUCTY OPIrAHIB AUXAHHA A1 POBOTU
3 XIMIYHUMWU PEHOBUHAMU
Uebepsuko C.I., Sleopceka O.0., Haymoe M.M., Bakan KO.C., Heopcbkuti A.B.

AHoTauis. Bucokuia cTyniHb ingycTpianisauii Ta ypbaHisauii xapaktepusye cyqacHe pobode cepeposuie. BHacni-
[OK LbOro BigbyBa€eTbCA NOCTINHUIA KOHTAKT 3 Pi3HUMM TEXHOTEHHUMM dhakTopamu (Mun, AuM, TymaH abo ras, napa),
KOHLLEHTpaLlist IKUX Y NOBITPI NepeBuLLYye rpaHU4HO AONYCTUMI KOHLIEHTpaLii.

MeToto poboTu € po3pobka npoLeaypm OLiHKI pU3nKiB Npy poboTi 3 XiMiYHUMK peyoBMHaMK, sika 6 fo3sonuna ob-
IpyHTyBaTU BMOIp aaeKBaTHIUX 3acobiB iHAMBIZYaNbHOMO 3aXMUCTy OPraHiB AMXaHHS AN1s 3aXMCTY NPaLiBHUKIB MY BUKO-
HaHHi BUPOOHUYMX 3aBAAHb.

Metoau. [ins obrpyHTyBaHHs BUGOPY TUNy 3acobiB iHAMBIAYaNbHOTO 3aXUCTy OpraHiB AuxaHHs npu poboTi 3 XiMiy-
HAMW PEYOBMHAMW BUKOPUCTAHO M'ATU-KPOKOBMI MiAXid LOAO OLHKM PU3NKY, SIKMIA 6a3yeTbCs Ha BM3HAYEHHI knacudi-
Kauji XiMiYHWX peyoBUMH Ha OCHOBI «R-thpasuy. OcTaHHi NpefcTaBnsAoTs COO00 (haKTOpK PU3MKY, SKi BUHUKAKOTL Mpu
po6oTi 3 Hebe3neyHUMmM peyoBrUHamK, Lo onucaHi B goaatky |l Oupektusm 67/548/EEC €EC. B cykynHOCTi 3 pekomeH-
padismn MiHimanbHux BumMor Ge3neku i OXOPOHW 3[40POB'S NpW BUKOPUCTaHHI NpawiBHMKaMW 3acobis iHAMBIAYyanbHOMo
3axucty Ha poboyomy micyi (HMAOM 0.00-7.17-18) po3sonsie ouiHUTM NPodeCiiHMiA puank Hebeaneku Big XiMiYHNX pe-
YOBMH 3 ypaxyBaHHAM iX TOKCUYHOCTI Ta 0BIpyHTYBaTH TN 3aco6iB iHAMBIAYANbHOTO 3aXMCTY OPraHiB ANXaHHS.

PesynbTatin. Po3pobreHo niaxig 3 06rpyHTyBaHHS BUBOPY TUMy 3acobiB iHAMBIAYaNbHOrO 3aXUCTy OpraHiB AUXaHHS
Ha OCHOBI OL{iHKM pu3nKy Hebeaneku. BCTaHOBNEHO B3aEMO3B'A30K Mixk rpynoto Hebeaneku 3a «pasamn» XiMiuHoi pe-
YOBWHW | BaXKICTIO BTPATW 340POB’S NpaLjiBHUKOM. 3anponoHOBaHO anroput™ Bubopy 3acobis iHAMBILyanbHOrO 3axucTy
OpraHiB AVXaHHA Bif XiMiYHUX PeYOBUH. PO3rnaHyTO Npuknag 3 OLiHKW BNAKUBY AiOKCUAY Cipku npu poboTi ripHuKiB 3 pe-
KoMeHAaujeto Ty 3acoby iHAMBILYanbHOMO 3aXMUCTy OPraHiB AMXaHHS.

HaykoBa HOBM3Ha. BCTaHOBNEHO B3aEMO3B'AA30K MiX KNacoM 3axucTy 3acoby iHAMBIgyanbHOMO 3axXuUCTy OpraHiB au-
XaHH$ | TOKCUYHICTIO XiMIYHOT pevoBuHYM 3a R-bpasoto.

lMpaKTyHa LiHHICTb. 3anponoHOBaHO anropuTM 3 BUOOPY 3acobiB iHAMBIAYaANbHOTO 3aXWUCTy OpraHiB AWMXaHHS A4S
3aXMUCTY Bif XIMIYHUX PEYOBUH, KU 6A3YETHCA HA M'ATU KPOKaX, L0 A0O3BOMNMO po3pobuTy BignosigHy dopmy obrpyH-
TYBaHHSI BiZnoOBIgHOro TUMYy i Knacy 3acoby iHAVBIAYanbHOroO 3aXMCTy OPraHiB AVXaHHs.

KntoyoBi cnoa: 3acobu iHaMBiayanbHOro 3axucTy OpraHiB AuxaHHs, pusnK, NPOgeciiHe 3aXBOPIOBAHHS, TOKCUY-
HICTb, KOHLEHTpALis! WKIANNBOI PEYOBUHM.
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