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Optimizing the method of substantiating the medical and sanitary standards of chemical substances in the soil to
preserve the health of people and the state of the biota is an urgent ecological-hygienic and medical-biological task.

The work aimed to substantiate the algorithm for optimizing the volume of experimental studies in the medical
and sanitary regulation of active substances (a. s.) of pesticides in the soil.

On an array of 82 pesticides for which threshold limit values (TLVs) have been approved, the risk of migration of
pesticides from soil to atmospheric air was assessed based on the preliminary and final integrated hazard indices
(PIHI, FIHI). The criteria for calculating both indices were: saturated vapor pressure, Henry's constant, coefficient of
the possibility of inhalation poisoning (CPIP). When defining FIHI, potential risk of occupational exposure (PROE) and
potential risk of unprofessional influence (PRUPI) were also considered. For each criterion, three levels of danger,
their scoring and weighting factors are defined.

It was established that from 70 a. s. only 1 (hexachlorobutadiene) has a high and 2 (heptam and heptachlor) a
medium PIHI: 9, 6 and 5 points, respectively. This makes them candidates for the experimental study of migration
in the "soil-air" system. These 3 a. s. have a high FIHI (21, 18 and 17 points, respectively), for which determining the
threshold concentration in the soil according to the air-migration indicator of harmfulness is mandatory.

Methodology for forecasting the danger of contamination of the surface layer of the atmosphere a. s. of pesti-
cides as a result of their evaporation from the soil, allows to optimisation the scheme of experimental substantiation
of the medical and sanitary standard in the soil. If FIHI a. s. is (7-16.5) points (which is characteristic of 95.7% of the
studied a. s.), conducting an experimental study of migration from soil to air is unnecessary. If FIHI a. s. is equal to
(17-21) points, the experimental establishment of its threshold concentration in the soil according to the air-migra-

tion indicator of harmfulness is mandatory.

Key words: pesticide, soil, atmospheric air, human body, poisoning, potential risk, integral hazard index.

Connection of the publication with planned re-
search works.

The study was carried out as part of the scientific
research work “Scientific substantiation of the optimiza-
tion of experimental studies on the hygienic regulation
of exogenous chemical substances in the soil”, state reg-
istration number 0123U102295.

Introduction.

The development and implementation of provisions
to limit the accumulation of pollutants in soils above the
established levels for the protection of human health
and well-being is recognized as one of the priorities
of the actions of governments in the field of sustain-
able land use in accordance with the World Soil Char-
ter, which was approved at the 39th session of the FAO
Conference in 2015 when the International Year of Soil
was celebrated under the auspices of the United Na-
tions under the slogan “Healthy soils for a healthy life”
[1]. That is why optimising the method of medical and
sanitary regulation of chemical substances in the soil
remains an urgent ecological-hygienic and medical-bio-
logical task aimed at minimizing the threat of soil pol-
lution to preserve human health and the state of flora
and fauna.

In the first report [2], we proved that chemical plant
protection agents of the new generation (appearance
on the market or first registration since 1970) are signifi-
cantly safer for the health of both agricultural workers
and non-professional contingents in terms of the po-

tential risk of harmful inhalation effects at evaporation
from the soil into the surface layer of the atmosphere.
Among the active substances (a. s.) of pesticides of the
new generation, there are no highly and moderately
volatile according to saturated vapor pressure, volatile
from aqueous solutions according to Henry’s constant,
hazardous, dangerous and moderately dangerous ac-
cording to CPIP (table 1). Potential risk of unprofessional
influence (PROE) 39 out of 40 (97.5%) a. s. and poten-
tial risk of non-occupational exposure (PRUPI) 30 of 39
(76.9%) a. s.

Even among the pesticides of the old generation,
there are 16.7% highly and moderately volatile accord-
ing to saturated vapor pressure, 13.9% volatile and
moderately volatile from aqueous solutions according
to Henry’s constant, 5.4% dangerous and moderately
hazardous by CPIP, 16.7% with PROE and 63.2% with
PRUPI greater than 1 (ie unacceptable), soil TLV (TLV)
of none of these a. s., as well as no a. s. new generation,
not established according to the limiting air-migration
indicator of harmfulness. Not once during the conduct
of experiments to study the behavior of the investigated
substances in extreme soil and climatic conditions was
the system “soil — atmospheric air” the leading link of
migration.

The results indicate the necessity and possibility of
optimizing the volume of experimental studies when
setting TLV_ a. s. pesticide by means of scientific sub-
stantiation or the expediency of experimental study of
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the behavior of the
substance in the “soil
— atmospheric air”

system, or the appro- Number of a. s. pesticides with

p.r|ateness of its exclu- A saturated steam | Henry’s constant, CPIP PROEIPRUPI
sion from the regula- e Unit of pressure, mPa Pa-m3mol-'
honT;chem_e. - ofd measurement | >10 10-5 | >100 | 100-0,1 | 10-2,1 | 2,1-0,5

tici
J e aim of the |pesticides Highly Moderately|, .. |Moderately| y . |Moderately 11>

study. o volatile| volatile volatile g dangerous

I JL{SEﬁcat'fon of the New Tot.* —/40 | /a0 | —/39 | 4/39 /38 —/38  |1/40]9/39
algorithm for opti- % 0 0 0 10,3 0 0 2,5(231
mizing the volume of old Tot.* 6/42 | 1/42 | 2/36 3/36 1/37 1/37 __|7/42]24/38
:experlmentaI. studies % 14,3 2,4 56 8,3 2,7 2,7 16,7 | 63,2
in 'the medllca! anofl el Tot.* 6/82 1/82 2/75 7/75 1/75 1/75  |8/82|33/77
sanitary regulation o % 73 12 2,7 93 13 1,3 9,8 42,9

active substances of

Table 1 - The specific share of pesticides with a high potential danger of harmful
inhalation effects on the human body when they evaporate from the soil into the
surface layer of atmospheric air

pesticides in the soil.

To achieve the
goal, it was necessary
to determine the conditions under which it is possible to
abandon the experimental study of the behavior of the
pesticide in the “soil — surface layer of atmospheric air”
system, as well as the circumstances under which the
establishment of a threshold concentration in the soil
according to the air-migration indicator of harmfulness
should be mandatory.

Object and research methods.

To achieve the goal, we continue the analysis of the
array with 82 a.s. started in the first message pesticides
for which TLV_have been approved in Ukraine and data
on saturated vapor pressure at 20°C have been found
in available sources of information [2]. Of the 82 pesti-
cides in this array, in State sanitary rules and regulations
8.8.1.2.3.4-000-2001 and its additions [3, 4], only one
substance — the guanidine fungicide guazatin — does not
specify the limiting indicator of harmfulness, which is
the basis for TLV_. The vast majority of TLV_were estab-
lished based on limiting translocation (53.1%), water mi-
gration (28.4%) and both (7.4%) indicators of harmful-
ness. In the rest of the cases, the limiting factors were:
general sanitary (4.9%), phytotoxic (3.7%), and water
migration along with general sanitary or phytotoxic
(2.5%) indicators (table 2).

Between different generations of pesticides, statisti-
cally significant differences were found in the distribu-
tion of limiting indicators of harmfulness at established
TLV_: when rationing pesticides of the new generation
compared to the old limiting indicator, it was more often
water-migratory by itself or together with some other
indicator (56.4% vs. 21, 4%) (the empirical value of Pear-
son’s x? criterion is 15.77; the critical value of x? is 11.07
at a=0.05, v=5).

Based on the results highlighted in the first report
[2], as criteria for assessing the potential risk of harm-
ful inhalation effects on the human body a. s. pesticide
when it evaporates from the soil into the surface layer of
the atmosphere, we suggest using:

1) saturated vapor pressure at a temperature of
20°G;

2) Henry’s constant at a temperature of 25°C;

3) coefficient of the possibility of inhalation poison-
ing (CPIP), which is calculated as the ratio of the maxi-
mum achievable concentration of the substance in the

Notes: 1. CPIP — coefficient of the possibility of inhalation poisoning, PROE — potential risk of occupational
exposure, PRUPI — potential risk of non-occupational exposure; 2. * —in the numerator — the number of a. s. with
the corresponding sign, in the denominator — the total number of a. s.

Table 2 - Distribution of the investigated pesticides
according to the limiting indicator of harmfulness
when justifying the maximum permissible concen-
tration in the soil

X Number of a.s. pesticides with
ﬁfg::;?gité‘;: a limiting indicator * Total
TL |WM |[WM+TL| GS | PT | WM+GS(PT)
New 16 | 14 6 0 1 2 39
Old 27 9 0 4 2 0 42
Total 43 | 23 6 4 3 2 81

Notes: * — limiting indicators of harmfulness: TL — translocation, WM
— water-migratory, GS — sanitary, PT — phytotoxic.
air (C__) to the average lethal concentration in the air
during acute inhalation exposure (LC, );

4) potential risk of occupational exposure (PROE),
which is found as the ratio of C__ and the hygienic stan-
dard in the air of the working area (TLV, _or ESLE__ );

5) potential risk of unprofessional influence (PRUPI),
which is found as the ratio of C__ and the hygienic stan-
dard in atmospheric air (TLV__ or ELSE__).

In addition, it is appropriate to apply the first 3 crite-
ria for a preliminary assessment of the potential danger
of the formation of concentrations significant for the
human body even before the justification of hygienic
standards in the air environment.

To forecast the possibility of contamination of the
surface layer of the atmospheric air due to the evapora-
tion of the pesticide from the soil and its negative impact
on human health, we suggest using a point assessment.

The values of each of the 5 criteria were divided into
3 danger levels to implement the proposed method,

Table 3 — Evaluation scale of criteria for the poten-
tial risk of harmful inhalation effects of a pesticide
when it evaporates from the soil into the surface
layer of the atmosphere

Danger level (estimate)
Criteria -
Low Average High
(1 point) | (2 points) |(3 points)

Steam pressure, mPa <5 5-10 >10

Henry’s constant, Pa-m*mol™| <0,1 0,1-100 >100
CPIP <0,5 0,5-2 >2
PROE <0,1 0,1-1 >1
PRUPI <0,1 0,1-1 >1
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Table 4 - Distribution of studied pesticides
according to the preliminary integrated hazard

index (PIHI)
Number of a.s. pesticides from PIHI
A generation (ponpts) : Total
of pesticides low medium high
(3-4,5) (5-6,5) (7-9)
New 38 0 0 38
Old 29 2 1 32
Total 67 2 1 70

Table 5 — Distribution of studied pesticides accord-
ing to the final integrated hazard index (FIHI)
Number of a.s. pesticides from FIHI

A generation of (points) Total
pesticides low medium high
(7-11,5) | (12-16,5) | (17-21)
New 35 2 0 37
Old 16 12 2 30
Total 51 14 2 67

considering already tested classifications [5, 6]. Each
level was assessed in points: low danger — 1 point, me-
dium — 2 points, and high — 3 points (table 3).

It should be noted that saturated vapor pressure and
Henry’s constant are only indicators of the possibility of
migration from soil to air, while CPIP, PROE and PRUPI
take into account both the possibility of migration (sat-
urated vapor pressure is included in the calculation of

Table 6 — Assessment of the potential risk of harmful inhalation effects on the hu-
man body of some of the most dangerous pesticides when they evaporate from
the soil into the surface layer of atmospheric air

C..) and the toxicity of the substance (LC,, when calcu-
lating CPIP, parameters of toxicometry when justifying
hygienic standards). That is, the significance (weight) of
the last three indicators for assessing the potential dan-
ger of pesticide migration from soil to air is higher than
the first two, therefore it is appropriate to introduce
weighting factors: 0.5 for saturated vapor pressure and
Henry’s constant and 2 for CPIP, PROE and PRUPI.

The values of all five indicators for each substance
were converted into points according to the table. 3,
multiplied by the appropriate weighting factor and cal-
culated the preliminary integrated danger index (PIHI)
as the sum of points for the first three criteria and the
final integrated danger index (FIHI) as the sum of points
for all five criteria according to the formulas:

PIHI = 0,5%(X,+X,) + 2xX,,
FIHI = 0,5%(X +X,) + 2x(X,+X +X,),

where X, X,, X,, X, Ta X, — point estimate of vapor
pressure, Henry’s constant, CPIP, PROE and PRUPI, re-
spectively.

Mathematical processing of the results was per-
formed using Microsoft Excel and MedCalc v.19.4.1
software products (MedCalc Software Inc, Broekstraat,
Belgium, 1993-2020).

Research results and their discussion.

We calculated preliminary and final integrated haz-
ard indices (IHI) of the studied pesticides and proposed
a three-level rating scale for both indicators. Since no
information was found
in the available sources:
Henry’s constant for 5
a. s., LC50 for 3 a. s,

. . Steam 7 Henry’s constant along

Suﬁgig’fce mealiﬂ':e?‘:ent iy He;g‘_’rsf;':lf?“t CPIP [PIHI| PROE | PRUPI |FIHI| \yith the LCSO for 2 a.

s., LC50 together with

Amitrags Tot. 510x10?|  1,06x10°  [9,43x10°| - | 0012 | 0613 | = | (v /ESLE . for 2 a. s.

score 1 2 3,5 1 2 3,5 anda'ehygieniaé:e standard in

Bioresmethrin 2 Tot. 1,86x10'|  563x10"  |4,96x10%| - | 1,289 | 64,459 | — | symospheric air even for

score 3 2 45| 3 3 1165] 3 a. s, preliminary and

Hexafl:iinuron Tot. 5,90x107 1,01x10° 4,46x10° — 0,022 1,114 — | final IHI were determined

score 1 2 3,5 1 3 11,5] for 70 and 67 a. s. in ac-

HCBD * Tot. 2,00)(].04 1,63)(103 5,77)(100 — 1427285,5(10682137| - cordance‘ The evaluaﬁon

score 3 3 9 3 3 21 | scale of the preliminary

JHCH ® Tot. 4,40x10°|  1,48x10°  |7,60x10*| — | 10,482 | 17,471 | - | and final IHI and the dis-

score 1 1 3 3 3 15 | tribution of the investi-

Heptachlor % Tot. 530x10'|  3,53x10*  |5,40x102| — | 810,415 |40520,77| - | gated pesticides, accord-

score 3 3 5 3 3 17 | ingto both indicators, are

L Tot. 1,20x10'|  6,09x102  |4,26x10*| — | 7461 [1492,169| — | shown in tables 4 and 5.

Diazinon *®

score 3 1 4 3 3 16 It was found that only

Eptam & Tot. 4,50x10°|  5,00x10° |1,74x10°| — | 174,455 - - 1.in 70 (1.4%) a. s. has a

score 3 1 6 3 3+*+ [18**| high PIN when migrat-

lodfenfos *52 Tot. 1,1x10" 8,4x10?  |5,81x10%| — | 0,037 - - | ing from the soil to the

score 1 1 3 1 3%+ [11**| surface layer of the at-

e Tot. 4,3x10" | 3,3x10°  [5,60x10°| — | 0,840 - — | mosphere (table 4). This

Pirimikar score 1 1 3 5 3#+ |13**| substance is the organo-

oxim 5 Tot. 2,10x10°|  4,18x10" |8,28x10°| — | 2,566 | 256,580 | — | chlorine fumigant hexa-

oxim score 1 2 3,5 3 3 155 chlorobutadiene (HCBD)

Chiorpyrifos Tot. 1,43x10°|  4,78x107  [1,03x10%| — | 0,684 | 205,340 | — ‘;rfom the old generation

score 1 > 35 2 3 135 p.estlmdes.,.whlch has

Cypermertin #2s |10t |678x10°[310x10% _|1,47x10°[ - [ 0,006 [ 0116 | - iangh'%z ‘;ZL?;'!:Z dac\f:r:g;
score 1 2 3,5 1 2 9,5

Notes: 1. * — a new generation of pesticides; 2. * — amidines, 2 — synthetic pyrethroids, * — phenylureas, *

pressure (20 Pa) and

A
— organochlorine compounds, ® — organophosphorus compounds, © — carbamates; 3. * — insect acaricides, ® — Henry’s constant (1630

insecticides, °— herbicides; 4. ** is a theoretically justified value.

Pa-m3mol™) and a high
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level of danger according to CPIP (5.77); PIHI is 9 points
(table 6).

Another 2 out of 70 (2.9%) a. s. have an average
PIHI: the carbamate herbicide eptam (6 points) and the
organochlorine insecticide heptachlor (5 points), both
from the old generation of pesticides (table 6).

Among the new-generation pesticides, none have
high or medium PIHI (table 4).

Only 2 of 67 (3.0%) a. s. have a high FIHI: HCBD (FIHI
=21 points) and heptachlor (17 points), which have re-
spectively high and medium PIHI and belong to the old
generation pesticides (table 6). Among the new-genera-
tion pesticides, none have a high FIHI (table 5).

The average FIHI has 12 a. s. old generation (organo-
phosphorus insecticides: diazinon — 16 points, malathi-
on — 13, parathion-methyl — 13, fenitrothion — 13, chlor-
pyrifos — 13.5; organochlorine insecticides: y-HCH — 15
and dicofol — 13; pyrethroid bioresmethrin — 16.5 ; car-
bamate carbofuran — 13; derivatives of benzoic acid di-
camba — 13, dinitrophenol dinobuton — 13 and phenoxy-
propionic acid mecoprop — 13 points) and 2 drugs of the
new generation (organophosphorus insecticide Foxim —
15.5 points and anilide fungicide metalaxyl — 13 points,
both first registered between 1970 and 1979).

In general, statistically significant differences in the
distribution of FIHI scores were found between different
generations of pesticides (table 5): share a. s. with low
FIHI was higher among compounds of the new genera-
tion compared to the old (94.6% vs. 53.3%) (empirical
value of Pearson’s 2 test — 15.49; critical value of x* —
5.99 at a=0.05, v=2).

Since three of the studied a. s. (carbamate herbicide
eptam, organophosphorus insecticide iodfenfos and
carbamate insecticide pirimicarb) We did not have a hy-
gienic standard in atmospheric air, so we substantiated
the FIHI calculation approach in such cases.

The hygienic standard in atmospheric air of any
harmful chemical substance is known to be lower than
its standard in the air of the working area [7]. The re-
sults of determining the interenvironmental gradient as
a ratio of the standard in the air of the working area to
the standard in the atmospheric air for the studied a. s.
given in the table 7.

It was established that for 48 of 77 a. s. (63.3% of
cases) the interenvironmental gradient is in the range
from 10 to 100 inclusive, which generally coincides with
the data given in [7]. At the same time, in 27 of 77 a. s.
(35.1% of cases) the hygienic standard in the air of the
working area exceeds that in the ambient air by more
than 100 times. No statistically significant differences
were found between the distribution of pesticides of
different generations along the environmental gradi-
ent (empirical value x* — 2.24; critical value x> — 5.99 at
a=0.05, v=2).

There is no doubt that if for a. s. no standard in at-
mospheric air has been developed, but a standard in
the air of the working zone has been approved, then the
PRUPI of such a. s. must not be lower than her PROE.
Therefore, if the score of the potential occupational risk
is equal to 3 points, that is, it is the maximum, PRUPI
automatically receives the same score. In particular, this
applies to eptam, the PROE of which is 3 points, from
which PRUPI is also taken at the level of 3 points, and
FIHI is equal to 18 points (table 6), which requires as-
signing eptam to a. s. with high FIHI.

Table 7 - Distribution of studied pesticides by the
value of the environmental gradient (EG)

A generation of | Number of a.s. pesticides with EG Total
pesticides <10 10-100 >100

New — 24 15 39

Oold 2 24 12 38

Total 2 48 27 77

Regarding iodfenfos and pirimicarb, the potential
risk of harmful inhalation effects on the body of agricul-
tural workers during their migration from soil to air is ac-
ceptable: PROE in both cases is less than 1 (table 6). The
hazard level of iodfenfos and pirimicarb, according to
PROE is low (1 point) and medium (2 points), respective-
ly. But, based on the principle of aggravation and con-
sidering thatin 54.5% a. s. the interenvironmental gradi-
ent is 100 or more, we suggest applying the maximum
PRUPI score of 3 points in the case of such substances
as well. Then the FIHI of iodfenfos and pirimicarb is 11
points and 13 points, respectively, which allows them to
be assigned to a. s. with low and medium FIHI.

The final distribution of the studied a. s. according to
FIHI are given in the table 8. As a result of taking into ac-
count additional 3 a. s. statistically probable differences
between different generations of pesticides according
to the distribution of FIHI scores have deepened: the
empirical value of Pearson’s ¥2 criterion is 18.13 against
15.49, according to the data in the table 5; the critical
value of x? is 5.99 at a=0.05, v=2.

The obtained results and their analysis made it pos-
sible to propose the following algorithm for solving the
question of the need to conduct experimental studies
on the justification of the threshold concentration a. s.
pesticide in the soil according to the air-migration indi-
cator of harmfulness. Applicants for the experimental
study of migration in the “soil —air” system are a. s., hav-
ing high [(7-9) points] and medium [(5—-6.5) points] PIHI,
determined taking into account physicochemical prop-
erties (molar mass, saturated vapor pressure and Hen-
ry’s constant) and acute inhalation toxicity (LC, ). The
final decision on the need for laboratory experiments to
study the air-migration indicator of harmfulness is made
after scientific substantiation of hygienic standards a. s.
in the working area and ambient air based on PROE and
PRUPI calculations and FIHI determination. If a. s. has
a high FIHI — (17-21) point, establishing its threshold
concentration in the soil according to the air-migration
indicator of harmfulness is mandatory. Suppose the FIHI
is (7-16.5) points. In that case, the experimental study
of migration in the “soil-air” system and establishing the
threshold concentration in the soil according to the air-
migration indicator of harmfulness are unnecessary.

If our proposed approach were implemented in the
practice of hygienic rationing in the soil a. s. of pesticides
earlier, when rationing 29 out of 32 a. s. of the old gen-
eration and all 38 a. s. of the new generation (in general,

Table 8 — Distribution of studied pesticides accord-
ing to the final integrated hazard index (FIHI)
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67 out of 70 a.s., or 95.7%) of experimental studies of
migration in the “soil — air” system could reasonably be
avoided. This would make it possible to reduce the time
of conducting research, reduce the costs of reagents,
depreciation of devices and equipment, that is, it would
have a certain economic efficiency and environmental
orientation while maintaining the reliability of the justi-
fied hygienic standard.

Conclusions.

1. A methodology for forecasting the danger of con-
tamination of the surface layer of atmospheric air is pro-
posed. s. of pesticides due to evaporation from the soil,
which is based on determining the preliminary and final
integral indices of danger. The methodology was devel-
oped based on the array analysis from 82 a. s. pesticides
for which the TLV in the soil has been experimentally
substantiated and officially approved.

2. The criteria for calculating integrated hazard indi-
ces (IHI) are: two indicators that characterize the pos-
sibility of migration a. s. of a pesticide in the “soil — air”
system —saturated vapor pressure and Henry’s constant,
and three indicators reflecting the probability of acute
poisoning, harmful effects on the body of agricultural
workers and non-professional contingents — coefficient
of possibility of inhalation poisoning (FIHI), potential
risk of harmful occupational exposure (PROE), potential
risk of harmful lay exposure (PRUPI). For each criterion,
three levels of danger, their scoring and weighting fac-
tors are defined.

3. Preliminary IHI (PIHI) is established before the
scientific substantiation of hygienic standards in the air
of the working area and atmospheric air based on the

DOI 10.29254/2077-4214-2023-3-170-168-178
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summation of points taking into account the weighting
coefficients of three indicators: saturated vapor pres-
sure, Henry’s constant and CPIP. PIHI is recognized as
high if it reaches (7-9) points, medium — (5-6.5) points
and low — (3—4.5) points. A. s. pesticides with PIHI (5-9)
points are recognized as applicants for the experimental
study of migration in the “soil — air” system.

4. The final IHI (FIHI) is defined as the sum of points
taking into account the weighting coefficients of all 5
indicators and is considered high if the FIHI is (17-21)
points, medium — (12—-16.5) points and low — (7-11, 5)
points.

5. The method of determining the preliminary and
final integral indices of danger is proposed to optimise
the scheme of experimental substantiation of the hy-
gienic standard a. s. pesticide in the soil determines the
appropriateness of studying its migration in the “soil —
air” system. If FIHI a. s. is (17-21) points, determination
of its threshold concentration in the soil according to
the air-migration indicator of harmfulness is mandatory.
Suppose the FIHI is (7-16.5) points. In that case, the ex-
perimental study of migration in the “soil-air” system
and establishing the threshold concentration in the soil
according to the air-migration indicator of harmfulness
are unnecessary.

Prospects for further research.

The following studies are planned to evaluate the
possibility of applying the proposed method to optimize
the volume of experimental studies on the hygienic
regulation of other exogenous chemicals in the soil, par-
ticularly those that enter the soil with emissions from
industrial enterprises and motor vehicles.
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ulia.martianova@gmail.com

Oonmumizayis memoouKu 06rpyHmMye8aHHsa MeOUKO-CaHIMapHUX HOPMamueie XiMiYHUX peyoB8uH y rpyHmi 014
36epexceHHA 300poe’a nwdeli ma cmaHy biomu € aKMyasnbHUM €KO0s020-2i2iEHIYHUM ma mMeouKo-biono2iyHuUm
3080QHHAM.

Memoto pobomu 6yno obrpyHmMy8aHHA an20pummy onmumizauii 06’emy ekcriepumeHmMasnbHUX 00CAIOHEHb
pu MeOUKO-CaHIMapHOMY HOPMYBAHHI OitoYux peyosuH (0. p.) necmuyuodie y royHmi.

Ha macusi 3 82 0. p. necmuyudis, 0418 AKUX 3aMBepPOHEHO 2pAHUYHO 00NyCMUMy KOHUEHmMpayito y rpyHmi
(I4Kr), 30ilicHeHo ouiHKy Hebe3neKu Miepayil necmuyudie 3 rpyHmy 8 ammocgepHe rnosimps 3a nornepeoHim
ma KiHyesum iHmezpanbHUMuU iHOekcamu HebezneuyHocmi (MlIH, KIIH). Kpumepiamu po3paxyHKy obox iHOeKcie
bynu: muUck HacudeHoi napu, KoHcmaHma leHpi, KoegiyieHm Mmoxcausocmi iHeanAyiliHo2zo ompyeHHsa (KMIO). IMpu
susHa4veHHi KIIH dodamkogo epaxosysanu nomeHuiliHuli pusuk wkidnusozo npogeciliHozo enausy (MPl1B) ma
rnomeHyitiHuli pusuk wkidnueoao HenpodgeciliHozo enausy (MPHIB). 8 Ko#HO20 KpuMepito 8U3HAYEHO MPU PieHi
Hebe3neyHocmi, ix 6anbHe OUiHBAHHA Ma 80208i KoegiuieHmu.

BcmaHoeneHo, wo 3 70 0. p. auwe 1 (2ekcaxnopbymadieH) mae sucokuli i 2 (enmam ma eenmaxsop) —
cepeOdHili lNlIH: 9, 6 ma 5 6anie 8idrnosidHo. Lie pobums ix npemeHOeHMamu Ha eKcriepumMeHmasbHe 00CAIOHEHHS
Mizpauii y cucmemi «rpyHm — rnosimpsa». Came ui 3 0. p. marome eucokuli KIIH (21, 18 i 17 6anie 8i0nogioHo),
30 AK020 8U3HAYEHHS MOPO2080I KOHUEeHMPAuii y rpyHmi 3a nosimpsaHo-mi2payiliHum MOKA3HUKOM WKidausocmi €
0608’A3K08UM.

MemoouKa npozHo3ysaHHA Hebesneku 3ab6pyOHEeHHA MNpu3eMHo20 wapy ammocgepu 0. p. necmuyuodis
8HAC/IOOK X 8UNAPOBYBAHHA 3 I'PyHMY 00380/4€ ONMUMI3y8aMU CXeMy eKCnepuUMeHmMasnbHo20 06rpyHMye8aHHsA
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MeOUKO-CaHimapHo2o Hopmamusy y rpyHmi. Akuo KIIH 0. p. cmaHosume (7-16,5) 6anis (wo npumamaHHo 95,7%
00Cn1i0HCy8aHUX 0. p.), Mo eKcriepuMeHmMasibHe 00CAIOMEeHHA Mi2payii 3 rpyHmy y nogimps npogooumu HernompibHo.
AKkwo KIIH 0. p. OopisHroe (17-21) 6an, ekcnepumeHmasibHe 8CMAHOB/EHHSA i Mop0o2080i KOHUEeHmMpauii'y royHmi 3a
no8impsaHO-mMiepauiliHUM NOKA3HUKOM WKidaueocmi € 0608’a3Ko08um.

Knaroyosi cnoea: necmuyud, rpyHm, ammocgepHe nosimps, 0p2aHi3m A0OUHU, OMPYEHHSA, MOMeHiliHul pusuk,

iHmezpanesHuli iHOeKc HebesneyHocmi.

3B’A30K ny6niKauii 3 n1aHOBMMM HayKOBO-A0CAIA-
HUMMK poboTamu.

Jocnif)eHHA BWKOHAHO B pamKax HayKoOBO-AO-
cnigHoi pobotn «HaykoBe 0b6rpyHTYBaHHA ONTMMI3aL,ii
eKCnepuMMeHTaNbHUX A0CNIAMKEHb 3 TiriEHIYHOI perna-
MEHTALT eK30reHHUX XiMiYHUX PEeYOBUH Y IPyHTI», No
AepaBHoi peectpauii 0123U102295.

Bcryn.

Po3pobKa Ta BNpoBagKeHHs NOMOXKEHD LLOA0 0bme-
YKEHHA HAKOMUYEHHA y IpyHTax 3abpyaHtoBaYiB NoHaL
BCTaHOBJ/IEHI PiBHi 418 OXOPOHM 340p0B’A | Brarononyy-
yAa Noger BU3HAHO OAHUM 3 MpiopuTeTIB AN ypAais y
LapuHi 3abe3neyeHHsA CTanoro 3emM/eKOPUCTYBaHHA
3rigHo 3 BcecBiTHbO XapTi€eto I'PyHTIB, AKa byna 3aTBep-
OxKeHa Ha 39-1 cecii KoHdepeHLuii PAO y 2015 p., Konu
nig erigoto OOH Big3Hayanu MixKHapOAHWUM PiK FPYHTY
nig, racnom «340p0Bi FPYHTU 414 340P0BOr0 KUTTA» [1].
Came TOMy ONTMMI3aLiA METOAUKM MeLUKO-CaHITapHO-
ro HOPMyBAHHA XIMIYHUX PEYOBUH Yy FPYHTI 3a/1ULLIAETb-
CA aKTya/lbHUM eKOJOro-ririeHiYHMM Ta meamKko-6io-
NOTYHUM 3aBAAHHAM, CMPAMOBAHMM HA MiHiImIi3aLito
3arpo3u 3abpygHeHHs I'PyHTIB 3 MeTol 36eperkeHHs
300pOB’A Ntofe Ta CTaHy POC/AMHHOIO i TBAPUHHOIO
CBITY.

Y nepliomy nosigomneHHi [2] mu gosenu, Lo Ximiy-
Hi 32C06M 3aXMUCTYy POC/IMH HOBOTO MOKOJHHA (NosBa Ha
pWHKY abo neplia peecTpauis noymHatoum 3 1970 p.)
3HayHOo be3neyHiwi ANA 380POB’A AK CilbCbKOrocnoaap-
CbKWUX NPaLiBHUKIB, TaK i HENPOPeCiMHUX KOHTUHIEHTIB
33 MNOTEHUiMHUM PU3MKOM LWKIANMBOI iHranAuinHoI Aji
Nnpyv BUMNApOBYBaHHI 3 FPYHTY B MPU3EMHMUI LWAP aTMOC-
depu. Cepep Ait04nX PEYOBUH (4. p.) NECTULMAIB HOBOTO
NOKOJIHHA BiACYTHI BUCOKO- Ta MOMIPHO NeTKi 3a TUCKOM
HacM4yeHoi napu, NeTKi
3 BOAHMWX PO34MHIB 3a
KOHCTaHTOtO leHpi, Bu-
COKOHebe3neyHi, He-

UMHIB 32 KOHCTaHTOW leHpi, 5,4% HebesneyHMx Ta no-
MipHO Hebe3neuHux 3a KMIO, 16,7% 3 MNPIMNB Ta 63,2%
3 MPHMB 6inbwnm 3a 1 (TobTO Hegonyctumum), TAK y
rpyHTi (TOK ) »OAHOT 3 umMx 4. p., Tak camo, AK i }KogHoI
4. p. HOBOrO MOKONIHHA, HE BCTAaHOB/IEHA 3a NiMiTyto-
YMM NOBITPAHO-MIrpaLLiMHUM MOKA3HMKOM LWKiAIMBOC-
Ti. ogHoro pasy npu npoBefeHHi eKCnepMMeHTIB 3
BMBYEHHA NMOBEZIHKM OOCNIAXKYBAaHUX PEYOBUH B €KC-
TPeMasbHUX FPYHTOBO-KAIMATUYHUX YMOBAX CUCTEMA
«IPYHT — aTmocdepHe MOBiTPA» He byna nposigHoOO
NaHKO Mirpau,ii.

OTpuMaHi pe3ynbTaT cBig4aTb NPo HeobXigHICTb Ta
MOXK/MBICTb ONTUMI3aLii 06’emy eKcnepMmeHTaNbHUX
AocnigKeHb Npu BCTaHoBneHHi TOK 4. p. nectuumay
LWAAXOM HAyKOBOro o6rpyHTyBaHHA abo pouinbHocTi
EeKCNepMMEHTaNIbHOTO BUBYEHHA MOBEAIHKM PeYOBUHU
y cUcTeMi «IpyHT — aTmochepHe nosiTpa», abo gopeu-
HOCTi MOrO BUK/IIOYEHHSA 3i CXeMW HOPMYBaHHA.

MeTa gocnigKeHHs.

O6rpyHTYBaHHA anropmMTMy onTUmisau,ii 06’emy ekc-
nepuMeHTaNbHUX AOCAIAXKEHDb MPU MeAUKO-CaHITapHO-
MY HOPMYBAHHI Ait04MX PEYOBUH NECTULMAIB Y IPYHTI.

[Ona pocArHeHHA meTu 6yno HeobxigHO BU3HAUMTU
YMOBH, 33 AKMX MOXKHA BiAMOBUTUCA Bif, €KCNEePUMEH-
Ta/NIbHOTO BMBYEHHA MOBEAIHKM MecTuumMay y cuctemi
«FPYHT — NPU3EMHUI Wap aTmocdepHOoro nosiTpsa», a
TAKOX OOCTAaBMHM, 32 AKUX BCTAHOB/IEHHS MOPOroBoOi
KOHUEHTpaLii y FPyHTI 3a NOBIiTpAHO-MirpauinHMm no-
Ka3sHMKOM LUKiA/MBOCTI Ma€ 6yTM 060B’A3KOBUM.

O6’eKT i meTOaM AOCNiAXKEHHA.

[Ons [OCATHEHHA MEeTUM NPOJOBXKYEMO PO3MoYaTUin
y neplwomy noBiAOMAEHHI aHani3 macusy 3 82 a. p.
necTMuuAiB, ANA AKUX B YKpaiHi 3aTBepaskeHo TIK. Ta

Ta6bauusa 1 — Mutoma YacTKa NecTUMUMAIB 3 BUCOKOIO NOTEHLifiHOI Hebe3neyHicTio
WKigAMBOro iHranAuinHoro BNANBY Ha OpraHiam NIDAWHU NPU IX BUNAapOBYBaHHI
3 IPYHTY B NPU3EMHMIA Wap aTmochepHOoro nosiTpa

Gesneuni Ta nomipHo KinbkicTb 4. p. nectuumais 3
Hebe3neuHi 3a KMIO -
(rabn. 1). [Jdonyctu- TUCKOM HacK4eHoT KOHCTaHSTOEO I'e_|1-|pi, KMIO nene | npHAB
MUM € MOTEHUIMHUN | Mokoninnsa | CAYHMUI napi, mMa Ma-m*mont
S " | Bumipto-

PU3MK  npodeciiiHoro |nectuumais| “ o Lot | S0 10-5 | >100 [100-0,1|10-2,1| 2,1-0,5
snavey (MPMB) 39 3 sl Sl
40 (97,5%) a. p. Ta no- Bucoko| MomipHo Nerki MomipHo | He6e3- [MomipHo He-
TEHUIMHUIA PU3KUK He- netki | netki netki | neuHi | 6esneuni
npodeciiiHoro Bnm- A6c* | —/40 | —/40 -/39 | 4/39 | -/38 -/38 1/40 | 9/39
By (MPHMNB) 30 3 39 |Hosi
(76,9%) 4. p. % 0 0 0 10,3 0 0 2,5 23,1

Hespawalouu  Ha A6c* | 6/a2 | 1/a2 | 2/36 | 3/36 | 1/37 1/37 7/42 | 24/38
TE, WO Ccepen A. P. |Crapi
necTtMumAiis  Craporo % 14,3 2,4 5,6 8,3 2,7 2,7 16,7 63,2
NoKoniHHA €: 16,7%

K ° A6cC.* 6/82 1/82 2/75 7/75 1/75 1/75 8/82 33/77
BUCO- Ta NOMIPHO Veboro
JIETKUX 338 TUCKOM Ha- % 7,3 1,2 2,7 9,3 1,3 1,3 9,8 42,9
N o

cu4eHol napw, 1%'9A Npumitkn: 1. KMIO — KoediLiEHT MOXKAMUBOCTI iHranALiHOro oTpyeHHs, MPMB — noTeHLUiiHWIA pu3KK npodeciliHoro
NETKMX  Ta  MOMIPHO  gnapgy, NMPHIMB — NOTEHUiHMI PUBKMK HEMPOECIAHOTO BMAMBY; 2. * — y YUNCENbHUKY — KiIbKICTb 4. p. 3 BiANOBiA-

NEeTKnUX 3 BOAHUX PO3-

HOK O3HAKOH, Y 3HaAMEHHUKY — 3arajibHa KiNbKiCTb A. p.
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Tabnuua 2 — Po3nogin gocnigXyBaHux nectuuuais
32 NiMiTYIOYMM NOKA3HUKOM LUKiAAMBOCTI
npu o6rpyHTyBaHHI rPaHUYHO A0NYCTUMOT
KOHLLeHTpaLii y FPYHTI

X KinbKicTb 4.p. nectuumAais 3 NimiTyroumm
:eiia’::z; noKasHUKom* Vcboro
TP | BM |BM+TP| 3C | ®T |BM+3C(®T)
Hose 16 | 14 6 0 1 2 39
Crape 27 9 0 4 2 0 42
Ycboro 43 | 23 6 4 3 2 81

NpuUMiTKK: * — NiMiTyrOYi NOKA3HMKK WKiAAMBOCTI: TP — TpaHC/0KaL, -
HWi, BM — BogHO-mirpauintui, 3C — 3aranbHocaHitapHui, T — dito-
TOKCUYHUMN.

Y BOCTYNHUX AxKepenax iHpopmauii BUABAEHO AaHi Npo
TUCK HacmyeHoi napu npu 20°C [2]. 3 82 nectuumais
uboro macmsy B [JCanliH 8.8.1.2.3.4-000-2001 Ta go-
NOBHEHHSAX A0 Hboro [3, 4] Anwwe Ana oAHiei pe4yoBUHM
— ryaHiAMHOBOro GyHriuMay ryasaTuHy — He 3a3Ha4YeHOo
NiMITYIOUMA MOKa3HUK LWKIAAMBOCTI, 38 AKUM O6rpyH-
ToBaHo K . MepesaxHy 6inbwictb [OK, BcTaHoBNEHO
3a NiMITYO4MM TpaHc/AoKauinHum (53, 1%) BOAHO-Mi-
rpauiiHum (28,4%) Ta uumn oboma (7,4%) nokasHuKa-
MW WKiaAMBOCTI. Y pewTi BUNagKis nimitytounmm bynm:
3aranbHocaHiTapHUi (4,9%), iToToKCHYHMI (3,7%) Ta
BOAHO-MIrpaLiMHUI pa3om 3 3arasibHOCAHITAPHUM Yu
¢diToTOKCMYHMM (2,5%) NoKasHMKamu (Taba. 2).

MiX Pi3HMMW NOKOAIHHAMM NEeCcTUUUAIB BUABNEHO
CTaTUCTUYHO AOCTOBIPHI PO36iXKHOCTI 32 po3noaisiom no
NiMITYIOUYMX MOKA3HUKAX LWKIAAMBOCTI NPU BCTAHOBEHI
[AK: npu HOPMYBaHHI NECTULMAIB HOBOTO MOKOAIHHA
NOPIBHAHO i3 CTapUM NiMITYHOUMM MOKA3HUKOM YacTille
6yB BOAHO-MirpaLinHuiti cam no cobi abo BABOX 3 SKK-
MOCb iHWKWM NoKasHWKom (56,4% npotu 21,4%) (emni-
pUYHe 3HaYeHHs KpuTtepito X2 MipcoHa — 15,77; KpUTHy-
He 3HauyeHHs x> — 11,07 npu a=0,05, v=5).

Ha nigcTaBi pe3ynbratis, AKi BUCBIT/IEHI Y nepwomy
noBigoM/eHHi [2], AK KpuTepii OLiHIOBAaHHA NMOTEHL,iN-
HOrO PU3UKY LKIAANBOTO iHranALiMHOro BNAMBY Ha op-
raHism NAWHU 4. p. NecTULMAY NPU BMNApPOBYBaHHI 3
IPYHTY B NPU3EMHMI Wwap atMmocdepmn NPONOHYEMO BU-
KOPUCTOBYBATU:

1) TMCK HacuyeHoi napu npu Temnepatypi 20°C;

2) KoHcTaHTy leHpi npy Temnepatypi 25°C;

3) KoediLiEHT MOXKINBOCTI IHFANALINHOIO OTPYEHHSA
(KMIOQ), sIKnit po3paxoBYEMO SIK CMiBBiAHOLIEHHS MaK-
CMMaNIbHO A0CAXHOI KOHUEHTpaLii pe4oBMHU B NOBITPI
(Cmax) [0 cepefHbOi CMepTe/IbHOT KOHLEeHTpaLii y nosi-
Tpi Npu rocTpomy iHranauiHomy snamsi (J1K, );

4) NOTeHUiMHUA PU3KK WKianmMBoro npodeciiHoro
srnavey (MPMB), SKMI 3HaXoAMMO SIK CMiBBiAHOWEHHSA
C__, Ta ririeHi4HOro HopmaTtvey y NoBiTpi po6040i 30HK
(TOK, oa abo OBPB,_ ‘3.);

5) I'IOTeHLI,IMHMVI PU3MK WKiAAMBOro HenpodecinHoro
snausy (MPHMB), AKMI 3HAaXOAMMO AIK CMiBBiAHOWEHHSA
C_,, TaririeHiyHoro HopmaTusy B aTMmochepHOMy NOBITPI
(TOK_ . abo OGPB_ ).

[o Toro X, nepwi 3 KpuTepii LOpPEYHO 3acTOCOBYBaA-
TV o115 NonepeaHboro OLiHIOBaHHA NOTEHLiNHOT Hebes-
nekn GopmyBaHHA 3HAUYLLMX ANA OPraHi3my JOAUHU
KOHLEHTpaLii LWe A0 OBrpyHTYBaHHSA TirieHiYHMX HOp-
MaTMBIB Yy NOBITPAHOMY CepesoBULL.

[Ons nporHosy mMOXAMBOCTI 3abpyaHEHHA npusem-
HOro Lwapy aTtmocdepHoro nosiTpA BHACNILOK BuMMa-
pOBYBaHHA MNecTUUMAY 3 IFPYHTY Ta MOro HEraTMBHOMO

BN/IMBY HA 340POB’A NOAMHM NPONOHYEMO BUKOPUCTO-
BYBaTM HasibHY OLLiHKY.

[nAa peanizauii 3anponoHOBaHOro meToAay 3Ha4YeHHsA
KOXKHOTO 3 5 KpuTepiis 6ynv nogineHi Ha 3 piBHi Hebes-
NeyYyHOoCTi 3 ypaxyBaHHAM BXe anpoboBaHMX Knacuodika-
uin [5, 6]. KorkHomy piBHtO 6yna HagaHa ouiHKa B 6anax:
HU3bKa Hebe3neyHicTb — 1 6an, cepegHsa — 2 6aau Ta BU-
coka — 3 6anu (Tabn. 3).

Tabnuus 3 — LLIKana ouiHIOBaHHA KpUTepiiB
NOTeHL,iiiHOro PU3MKY LKiANAUBOTrO iHranauiiHOro
BMN/IUBY NeCTULMAY NPU BUNApPOBYBaHHI 3 FPYHTY B

npusemHuMii wap atmocdepm

PiBeHb Heb6e3neyHOoCTi (ouiHKa)
AEDTEER Husbkuii| CepepHinn (Bucokui
(16an) | (26anmn) |(36anm)
Tuck napu, mMa <5 5-10 >10
KoHcTaHTa leHpi, Ma-m*mons™|  <0,1 0,1-100 >100
KMIO <0,5 0,5-2 >2
nePnNB <0,1 0,1-1 >1
MPHMNB <0,1 0,1-1 >1

HeobxigHo BiA3HaYMTK, WO TUCK HacKYeHOoi Napu Ta
KOHCTaHTa [eHpi € MOKa3HMKaMM INLLIE MOMKJIMBOCTI Mi-
rpawii 3 rpyHTy B nositpa, a KMIO, MPMNB Ta MPHIB spa-
XOBYIOTb fIK MOM/IMBICTb MirpaLui (TMCK HacuuyeHoi napwm
3aK/1afeHo Yy po3paxyHoK Cmax), TaK i TOKCMYHICTb peyo-
BUHMU (ﬂK50 npu po3paxyHky KMIO, napameTpu TOKcH-
KOMeTpii Npun OBFPYHTYBaHHI FirieHiYHMX HOpMmaTKBIB).
TobTO 3HaAYyLLCTb (BaromicTb) TPbOX OCTaHHIX MOKa3s-
HUKIB AN OLiHKM NOTEHUiHOI Hebe3neyHocTi mirpauii
necTUUMAY 3 FPYHTY B MNOBITPA BULLA, HiXK NepLINX ABOX,
Yy 3B’A3KY 3 UNM JOPEYHUM € BBEAEHHSA Barosmx Koediui-
€HTiB: 0,5 414 TUCKY HAacMYEeHOi Napu Ta KOHCTaHTK [eHpi
Ta 2 gna KMIO, MPMB ta MNPHIMB.

3HauyeHHA yCix N'ATU MOKa3HMUKIB 1A KOXKHOI peyo-
BMHM nepesoauan y 6anu 3rigHo 3 Tabn. 3, MHOXWUAU
Ha BignosigHWMIM BaroBuii KoedilieHT Ta po3paxoByBaan
nonepeaHin iHTerpanbHui iHaeKkc HebesneyHocTi (MIIH)
AK cymy 6aniB 3a NepwmMmm TpboMa KPUTEPIAMM Ta KiH-
ueBuMi iHTerpanbHuii iHaekc HebesneuHocti (KIIH) ak
cymy 6anis 3a ycima n’ATbma Kputepiamm 3rigHo 3 pop-
My/famu:

MIH = 0,5%(X,+X,) + 2xX,,
KIIH = 0,5%(X +X,) + 2x(X_+X,+X,),

ae X, X, X, X, Ta X, - 6asibHa OLHKa TUCKY Mapw,
KOHCTaHTK leHpi, KMIO, MPMNB ta MPHIMB BignosigHo.

MaTtemaTnyHy o6pob6Ky pe3ynbTaTiB NPOBOAMAM 3a
[0MOMOroto nporpamHmnx npoayktis Microsoft Excel Ta
MedCalc v.19.4.1 (MedCalc Software Inc, Broekstraat,
Belgium, 1993-2020).

Pe3ynbTatv gocnigiKeHHA Ta ix 06roBopeHHs.

Hamu npoBeaeHi po3paxyHKM nonepegHboOro Ta
KiHLEeBOro iHTerpanbHux iHAeKciB HebesneyHocTi (IIH)
[OCNIAKYBaHWUX NeCTULMAIB Ta 3aNpOnNOHOBaHa TPUpIB-
HeBa LUKa/sa OUiHKM 060X MoKasHMKiB. OCKiNbkK y A0-
CTYNHUX AxKepenax iHpopmaLii He 3HaKAEHO: KOHCTaH-
Ty Tenpi gna 5 4. p., IR, 4nA 3 4. p., KOHCTaHTY TeHpi
pasom 3 JIK,, ana 2 4. p JIK,, pasom 3 K, /OBPB
Ana 2 A. p. Ta FirieHiYHW HopmaTms B aTmocd)epHomy
noBiTpi we ana 3 4. p., nonepegHin Ta KiHuesui IIH
6ynun BusHauveHi ana 70 Ta 67 4. p. BignosigHo. LWkana
OLiHKM nonepeaHboro Ta KiHuesoro IIH, a Takox po3no-
AiN [0oCNigKyBaHUX NecTMuMAiB 3a oboma nokasHMKa-
MW HaBeZeHi y Tabn. 4 Ta 5.
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Tabnuus 4 — Po3nogin gocnig:KyBaHux nectuumnais
3a nonepeaHim iHTerpasbHUM iHAEKCOM
Heb6e3neyuHocrTi (MIIH)

. KinbkicTb A.p. nectuungis 3 MiH (6anm)
MokoniHHA y
nectuumais | Hu3bkum | CepefHim BMCOKUM CEOL

(3-4,5) (5-6,5) (7-9)
Hose 38 0 0 38
Crape 29 2 1 32
Ycboro 67 2 1 70

Ta6bnuua 5 — Posnogin gocnigxysaHux
necTMumAiB 3a KiHLLeBUM iHTEerpasibHUM iHOEKCOM
Hebe3neyHocri (KIIH)

Kinbkictb a4.p. nectuumais 3 KIIH (6anm)
MoKoniHHA v
nectuumais | HW3bkMm | cepegHim | Bucokum | ¥CBOTO
(7-11,5) | (12-16,5) | (17-21)
Hose 35 2 0 37
Crape 16 12 2 30
Ycboro 51 14 2 67

BcraHoBneHo, wo auwe 1 3 70 (1,4%) 4. p. mae Bu-
cokuit MIIH npu mirpauii 3 rpyHTy B NPU3EMHUI Lwap
atmocoepu (Tabn. 4). Liieto peyoBMHOW € xNopopra-
HiYHMI dymiraHT rekcaxnopbytagieH (FXBA) 3i cTtapo-
ro MOKOJIIHHA NecTULMAIB, AKUA MA€E BUCOKY NETKICTb
33 TUCKOM HacuyeHoi napu (20 Ma) i KoHcTaHTow leHpi
(1630 Na-m3-monb™") Ta BUCOKMIA piBEHb HEBE3MEYHOCTI

3a KMIO (5,77); NIIH cTa-
HOBWTb 9 banis (Tabn. 6).

Lle 2370 (2,9%) 4. p.
matoTb  cepegHin  MIIH:
KapbamaTHuin repbiuma,
entam (6 6anis) Ta xno-
popraHiyHuin iHCeKTu-
uma rentaxnop (5 6anis),
obunaga 3i cTaporo Noko-
NiHHA nectuumais (Tabn.
6).

Cepen,  nectuumais
HOBOTO NOKOJIIHHA HEMAE
YKOOHOTO 3 BUCOKMM abo
cepeaHim MIIH (Tabn. 4).

Bucokuit KIIH matoTtb
nvwe 2 367 (3,0%) 4. p.:
rXe4 (KIIH = 21 6an) Ta
rentaxnop (17 6anis), AKi
MatoTb BignNoOBiAHO BMCO-
Kuit Ta cepegHin MIH Ta
HajieXkaTb [0 NecTuum-
AiB  CTAaporo MNOKOAIHHA
(trabn. 6). Cepen nectu-
LMAiB HOBOTO MOKOANIHHA
HEMa€E »KOAHOro 3 BMCO-
kum KIIH (ta6n. 5).

CepegaHin KIIH matoTb
12 4. p. cTaporo noko-
NiHHA (pochopopraHiyHi
iHCeKTMUMAN: Aia3nHOH
— 16 6aniB, manatioH —
13, napaTtioH-meTtnn—13,
deHiTpoTioH — 13, xnop-
nipudoc — 13,5; xnopop-
raHiyHi

y-IXUr — 15 ta aukodon — 13; nipetpoig, 6iopecmeTpuH
—16,5; KapbamaTt kKapbodypaH — 13; noxigHi 6eH30lHOI
KMCnoTn aAnkamba — 13, guHitpodeHony AuHob6yTOH — 13
Ta GeHOKCUNPONiOHOBOI KMCNOTK MmeKonpon — 13 6anis)
Ta 2 4. p. HOBOTO NOKONiHHA (PpochopopraHiuHmii iHCeK-
TMung, pokcum — 15,5 6anis Ta aHinigHU dyHriuma me-
Tanakemn — 13 6anis, obmasa BnepLue 3apeecTpoBaHi B
nepiog 3 1970 no 1979 poku).

3araziom Mix pisHUMM NOKONIIHHAMW NECTULMAIB BU-
ABNE€HO CTaTUCTUYHO BiPOTiAHI PO3XOAXKEHHA 32 PO3Mo-
Aainom ouiHok KIIH (tabn. 5): yactka 4. p. 3 HM3bKUM KIIH
6yna BULWOIO cepes, CNOMYK HOBOTO MNOKO/IIHHA NOpPiBHA-
HO i3 cTapum (94,6% npoTtun 53,3%) (emnipnyHe 3HaYeH-
Hs KpuTepito x% MipcoHa — 15,49; KpUTUYHE 3HaYeHHA X?
—5,99 npu a=0,05, v=2).

OCKiNbKM TpU 3 AOCNIAKYBAHUX 4. p. (KapbamaTHUi
repbiuma entam, dochopopraHiyHnin iHceKTUUMA, ioa-
deHboc Ta KapbamaTHUI iHCeKTULMA NipUMiKapb) He
MaN FirieHiYHOro HopmaTMBy B aTMOChEpPHOMY NOBITPI,
MK 0brpyHTYBanmn nigxia o po3paxyHKy KIIH B Takux
BMUMNaZKax.

Bigomo, WO ririeHiYHUI HopmaTMB B aTMochepHo-
My MOBITPI OyAb-AKOI LWKiAAMBOI XiMIYHOI PeYoBMHU
HUX4YMI 3a 1T HOopMaTMB Yy NOBITPi PoboUOoi 30HK [7]. Pe-
3y/IbTaTU BU3HAYEHHA MiXKCepeoBULLHOIO rPagieHTy AK
cniBBiAHOWEHHA HOPMAaTMBY Y NOBITPi pob0o40T 30HM A0
HopmaTuBy B aTmocdepHOMy MOBITPi ANA AOCNIAXKYBa-
HUX 4. p. HaBeaeHi y Tabn. 7.

Tabaunua 6 — OUiHKa NOTEeHLUiAHOro pU3MKY LWKiAAMBOrO iHranAuiiHoOro BNAMBY
Ha opraHiam NIANHU AeAKUX Halbinbl He6e3neyHUX NecTULUAIB NpU ix
BUNApPOBYBaHHI 3 FPYHTY B NPU3eMHMUI4 Wap aTMochepHOro NoBiTps

[Oitoua O'D'M.ku'i TUCK napu KOHCTa.HTa
BUMIpIO- ! leHpi, KMIO [MIH| NPMNB | MPHNB | KIIH
pedoBuHa BaHHSA LA Ma-m3monb™"

AmiTpas*ie Abc. 5,10x10? 1,06x10° 9,43x10%| - 0,012 0,613 -
banun 1 2 1 3,5 1 2 9,5

BiopecmeTpni® Abc. 1,86x10! 5,63x10* 4,96x10%| - 1,289 64,459 -
banun 3 2 1 4,5 3 3 16,5

FekcabnymypoH*3 Abc. 5,90x107 1,01x10° 4,46x10°| — 0,022 1,114 -
banun 1 2 1 3,5 1 3 11,5

FXBa Abc. 2,00x10* 1,63x10° 5,77x10° | — 427285,5(10682137| -
banu 3 3 3 9 3 3 21

y-rXLr Abc. 4,40x10° 1,48%x10° 7,60x10*| - | 10,482 | 17,471 -
banun 1 1 1 3 3 3 15

FenTaxnop® Abc. 5,30x10* 3,53x10? 5,40x102| - |810,415(40520,77| -
banun 3 3 1 5 3 3 17

[liasuHoH® Abc. 1,20x10! 6,09x10? 4,26x10*| — 7,461 |1492,169| -
banun 3 1 1 4 3 3 16

ErnTame® Abc. 4,50x10° 5,00x10° 1,74x10° | — | 174,455 - -
banu 3 1 2 6 3 3k 18%*

o abenbocs A6c. | 1,1x10% 8,4x10?  |5,81x10°| - | 0,037 - -
banun 1 1 1 3 1 3k 11%*

Mipumikap®® Abc. 4,3x10* 3,3x10° 5,60x10°| - 0,840 - -
bann 1 1 1 3 2 3xE 13**

DOKCUM*SS Abc. 2,10x10° 4,18x10* 8,28x10°| - 2,566 | 256,580 | -
banun 1 2 1 3,5 3 3 15,5

Xnopnipudocss Abc. 1,43x10° 4,78x10* 1,03x103| - 0,684 | 205,340 | -
banu 1 2 1 3,5 2 3 13,5

LnepmepTiH*2 Abc. 6,78x1073 3,10x10* 1,47x107 | — 0,006 0,116 -
banun 1 2 1 3,5 1 2 9,5

Mpumitku: 1. * — HOBE MOKONIHHA NECTULMAIB; 2. 1 — aMiAWHM, 2 — CUHTETUYHI NipeTpoiau, 3 — deHinceyosuHu,
4 — xnopopraHiyHi cnonyku, ° — pocdopopraHiuHi cnonyku, ® — kapbamatu; 3. * — iHceKTo-akapuumam, © — iHcek-

iHCeKTULUMAN: Tumay, © — repbiunam; 4. ** — TeOPETUUYHO O6FPYHTOBaHE 3HAUYEHHA.
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Tabnuua 7 — Po3nogin gocnigXyBaHux nectuuuais
3a BE/IMMUHOIO MiXKCepeaoBULLLHOTO FPafieHTy

(Mmcr)
MoKoMiHHA KinbKicTb 4.p. nectuumais 3 MCI:
. Ycboro
necTtMuunais <10 10-100 >100
Hose - 24 15 39
Crape 2 24 12 38
Ycboro 2 48 27 77

BcraHoBneHo, wo ana 48377 a. p. (63,3% Bunaaxis)
MiXKcepeaoBULHUIA TPaLieHT 3HAXOANTLCA B MeXKax Big,
10 o 100 BKAKOYHO, WO Y LisIOMyY 36iraeTbcA 3 AaHUMU,
HaBeaeHumu y [7]. B Toli ke vacy 27 3 77 4. p. (35,1%
BMUMNaAKiB) ririeHiYHMn HOPMaTMB B NOBITPI POHOYOT 30HM
nepesulLye Takui B atmocdepHomy nosiTpi Binblie,
HixX y 100 pasiB. CTaTUCTUYHO AOCTOBIPHUX PO3XOAKEHD
MiXX pO3MoAinoM NecTUUMAiB PisHMUX MOKOMiHb 33 MiXK-
cepefoBULLHUM TPALIEHTOM He BUABNEHO (emnipuyHe
3HaUYeHHA X2 — 2,24; KPUTUYHE 3HaYeHHA X2 — 5,99 npu
a=0,05, v=2).

He BWMK/AMKA€E CYMHIBIB, WO AKLO ANA 4. P. HE PO3-
pobneHo HopmaTvusy B aTmocdepHOMy MOBITpi, ane
3aTBEPAXKEHO HOPMATUB Yy MOBITPI pobouyoi 30HK, TO
MPHMB Takoi 4. p. mae 6yTn He HuxRuMm 3a ii MPIB.
Tomy, AKWoO 6anbHa OLiIHKA NOTEHUiMHOro npodecii-
HOro PU3NKY AOpiBHIOE 3 Banam, TO6TO € MaKCMMasb-
Hoto, MPHIMB aBTOMAaTUYHO OTPUMYE TaKy CaMy OLLIHKY.
3o0Kpema ue crtocyetbca entamy, MPIB Akoro craHo-
BUTb 3 6anu, 3Biaku MPHIB TeXX NpUIMAETbCA Ha PiBHI
3 6anis, a KIIH popisHtoe 18 6anam (Tabn. 6), Wwo Buma-
ra€ BigHeCTn entam A0 4. p. 3 Bucokum KllH.

LWLopo iogdeHdocy Ta nipumikapby, TO NOTEHLINHNIA
PU3MK LWKIAMBOTO iHraNALWIMHOrO BM/IMBY Ha OpraHiam
CiNbCbKOroCcnoAapcbKMxX MPALIBHUKIB Npu iX mirpauii
3 I'PyHTY B noBiTpa € gonyctumum: MPMNB B 060X BU-
nagKkax meHwwuit 3a 1 (Tabn. 6). PiseHb Hebe3sneyHoc-
Ti ioadpeHdocy Ta nipumikapby 3a MPMB € BignoBiaHO
HU3bKMM (1 6an) Ta cepegHim (2 6anu). Ane, Buxoaa-
4M 3 NPUHUMNY arpasaLii Ta Bpaxosytouun, wo y 54,5%
. P. MiXKcepeoBULLHNUI rpagieHT cknagae 100 i 6inb-
e, MPONOHYEMO i y pasi TaKMX peyoBMH 3aCTOCOBYBaA-
TV MaKcumanbHy 6anbHy ouiHky MPHMB — 3 6anaun. Toai
KIIH ioadeHdbocy Ta nipumikapby gopiBHIOE BigNoBigHO
11 6anis i 13 6anis, WO A03BOMIAE BiAHECTU iX 40 4. p. 3
HU3bKMM Ta cepegHim KIIH.

OcTaTo4YHUI po3MoAin AocnigKyBaHux 4. p. 3a KlH
HaBegeHo y Tabn. 8. B pesynbrati BpaxyBaHHA AoAaT-
KOBMX 3 A. p. CTAaTUCTUYHO BipOrigHi PO3XOAKEHHA MiX
Pi3HUMM MOKONIHHAMM NEeCTULMAIB 32 PO3NOAINOM OLLi-
HOoK KIIH nornmnbunnce: emnipuyHe 3HaYeHHA KpUTepito
¥2 NipcoHa — 18,13 npotu 15,49 3a aaHuMuK Tabn. 5; Kpu-
TUYHEe 3HaYyeHHA X% — 5,99 npu a=0,05, v=2.

OTpumaHi pe3ynbTaT Ta iX aHanis A03BOAUAMU 3a-
NPOMOHYBATM HACTYNMHUI aITOPUTM BUPILLEHHA MUTAHHA
LWoAo0 HeobXiAHOCTI NPOBEAEHHA eKCnepuMeHTaIbHUX

Tabnuua 8 — Posnogin gocnigyXysaHux nectuuuais

3a KiHLEeBUM iHTerpasibHUM NOKa3HUKOM
He6e3neyHocri (KIIH)

X KinbkicTtb A.p. nectuumais 3 KIIH
HOKOHIHHF HU3bKMM  |cepeaHim| BMCOKMM | YCbOro
MECTAWMAIS | 77915) |(12-16,5)| (17-21)

Hose 36 2 0 38
Crape 16 13 3 32
Ycboro 52 15 3 70

OOcCNigxKeHb 3 06rpyHTYBaHHA NOPOroBOi KOHUEHTPaLT
. p. Nectuumay y rpyHTi 3a MNoBITPAHO-MirpauiiHUm
NOKa3HMKOM LLKianmBocTi. [peTeHaeHTaMM Ha eKkcne-
pUMeHTaNbHEe AOCNIAXKEeHHA Mirpauii y cuctemi «rpyHT
— NoBITPA» € A. p., WO MatoTb BUCOKUI [(7-9) 6anis] Ta
cepeaHini [(5-6,5) 6anis] MIIH, BU3HaYEHNI1 3 ypaxyBaH-
HAM i3MKO-XiMiYHMX BNACTMBOCTI (MONApHa maca, TUCK
HacMYeHoi Napu Ta KOHCTaHTa leHpi) Ta rocTpoi iHrana-
LiMHOT TOKCUYHOCTI (I'IKSO). OcTaTouHe pilleHHA Npo He-
06XifaHiCTb NabopaTOpPHMX EKCMEePUMEHTIB 3 BUBYEHHA
NOBITPAHO-MIrpaL,iMHOIrO NOKasHMKa WKigAMBOCTI Npu-
MM€ETbCA MicNA HAayKOBOro O6rpyHTYBAHHA TiFiEHIYHMX
HOpMaTMBIB 4. p. Y NOBITPi po60o40i 30HN Ta aTMmoCchep-
HOMY NOBITPi Ha niacTasi po3paxyHkis MPMNB i MPHMB
Ta BM3HauyeHHs KlIH. Akwo a. p. mae sucokuit KIlH —
(17-21) 6an, BcTaHOB/IEHHA i NOPOroBOi KOHLEHTpaLi
y FPYHTI 33 NOBITPAHO-MIrpaLuiMHMM NOKA3HUKOM LWKiA-
nnBocTi € 0608’A3koBUM. AKWO KIIH ctaHoBUTL (7-16,5)
6anis, TO ekcnepMmeHTasbHE AOCAIAMKEHHA Mirpauii y
CUCTEMI «I'PYHT — NOBITPA» Ta BCTAHOB/IEHHA MOPOroBoi
KOHLLeHTpaLii y FPYHTI 3a NOBITPAHO-MirpaLiiHMM no-
Ka3HMKOM LLKiAMBOCTI NPOBOAUTM HEMOTPIOHO.

AK6M 3anponoHOoBaHMIA Hamu niaxia 6yB BnpoBa-
OXKEHUN Yy NPaKTUKY TiriEHIYHOro HOPMYBaHHA Y FPYHTI
O. p. NecTUUMAIB paHiwe, TO NpM HOpMyBaHHI 29 3 32
4. p. CTaporo NOKoAiHHA Ta ycix 38 4. p. HOBOro NOKOJIiH-
HA (3aranom 67 3 70 4. p., ab6o 95,7 %) ekcnepMmeHTab-
HUX AO0CAIAMeHb MIrpaLii y cuctemi «rpyHT — nosiTpa»
MOXHa byno 61 06rpyHTOBaHO YHUKHYTHW. Lle go3Bonu-
N0 61 CKOPOTUTU Yac NPOBEAEHHA AOCNIAMKEHDb, 3MEH-
WWTN BUTPATM PeaKkTMBIB, aMOPTM3aLlilo nNpuaagiis Ta
yCTaTKyBaHH#A, TO6TO Mano 6 neBHy eKOHOMIYHY edek-
TUBHICTb Ta MPUPOLOOXOPOHHY CMPAMOBAHICTb Mpw
36epekeHHi HagiHOCTIi 0b6rpPyHTOBAHOrO FiriEHIYHOTO
HOpPMaTuMBY.

BuUCHOBKMU.

1. 3anponoHOBaHO METOAMKY MPOrHO3yBaHHA He-
6e3nekun 3abpyLHEHHA NPU3EMHOrO LWapy aTMochepHoO-
ro NoBiTpA 4. p. NecTULMAIB BHACNIAOK BUNApOBYBAHHA
3 IPYHTY, AIKa 6a3yeTbcA Ha BU3HAYeHHi NonepeaHbOro
Ta KiHUEBOro iHTerpasbHUX iHAEKciB Hebe3neyHocTi.
MeToamKy po3pobsieHo Ha niacTasi aHanisy macusy 3 82
0. p. NecTuumais, ANA AKUX Ha CbOroAHI eKcnepumeH-
Ta/NIbHO 06r'PyHTOBaHO Ta 0QiuinHO 3aTBeparkeHo TAK y
FPYHTI.

2. Kputepiamu ana po3paxyHKy iHTEerpanbHUX iH-
aekciB Hebe3sneyHocTi (IIH) e: aABa MoKas3HMKK, AKi xa-
PaKTEPM3YIOTb MOK/MBICTb Mirpauii 4. p. nectuungy
Y CUCTEMI «FPYHT — MOBITPA» — TUCK HAacMYeHoi napu i
KOHCTaHTa leHpi, Ta TPW NOKA3HUKMK, LLO BigobpaKatoTb
MMOBIPHICTb FOCTPOro OTPYEHHA, LWKIAIMBOIO BNAWBY
Ha OPraHi3aM CiIbCbKOrocnoAapCbKMX MNpaLuiBHMKIB Ta
HenpodeciMHUX KOHTUHIEeHTIB — KoedilieHT MOXu-
BOCTI iHranauinHoro oTpyeHHA (KMIO), noTeHuinHWi
pu3mnK WKianmsoro npodeciiHoro snausy (MPMNB), no-
TEHUiMHUI PU3KK LWKiAAMBOTO HenpodeciiHOro BNMBy
(MPHMB). Ans KOXHOro KpUTEPit0 BU3HAUYEHO TPU PiBHI
Hebe3neyHocCTi, ix 6anbHe OLiHIOBaHHSA Ta Barosi Koeoi-
LiEHTN.

3. MonepeaHin IIH (MIIH) BcTaHOBAOIOTL A0 HayKo-
BOro OBIFPYHTYBaHHSA TiriEHIYHMX HOPMATUBIB Yy NOBITPI
pob60o4oi 30HM Ta aTMOCchepHOMY NOBITPI Ha NiacTaBi cy-
MaLii 6anis 3 BpaxyBaHHAM BaroBmMx KoeodiLieHTiB TpbOX
NOKA3HMKIB: TUCKY HACMYEHOi Mapwu, KOHCTAHTK [eHpi
Ta KMIO. MIIH BM3HAETbCA BUCOKMM, AKLILO csArae (7-9)
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6anis, cepegHim — (5—6,5) 6anis Ta HU3bKUM — (3—4,5)
6anis. 4. p. nectuymais 3 MNiIH (5—9) 6anis BU3HaOTbCA
npeTeHAEHTaMM Ha eKCMepuUMEHTAsIbHe AOCNIAMKEHHS
mirpauii y cucremi «r'pyHT — nositpa».

4. KiHuesuit IIH (KIIH) Bu3HayatoTb AK cymy 6anis 3
ypaxyBaHHAM BaroBmx KoediLLi€HTIB yCiXx 5 NMoOKa3HUKIB
i BM3HAOTb BMCOKMM, AKWO KIIH ctaHoBuTbL (17-21)
6an, cepegHim — (12—16,5) 6aniB Ta HU3bKUM — (7-11,5)
6anis.

5. MeToanKa BM3Ha4YeHHA nonepeaHboro Ta KiHue-
BOrO iHTerpasibHUX iHAEKCiB Hebe3neyHoCcTi MPOMoHy-
€TbCA AN ONTMMI3aL,ii cXeMKn eKcnepumeHTanbHOro 06-
I'PYHTYBAHHA TiriEHIYHOro HOpMaTMBY A. p. nectuunay
Y FPYHTI, 30Kpema BU3HaYeHHA JOPEYHOCTi BUBYEHHA il
mirpauii y cumctemi «rpyHT — nositpa». Axkwo KIIH 4. p.

CTaHOBUTb (17-21) 6an, BU3HaYeHHSA 1i NOPOroBOi KOH-
LeHTpau,ii y FpyHTi 32 NOBITPAHO-MIrpaLiiHUM NOKa3HK-
KOM WKiaAnBocTi € 06os’askosmm. AKwWwo KIIH (7-16,5)
6aniB, TO eKCnepMmeHTasibHe AOCAIAMKEeHHs mirpauii y
CUCTEMI «I'PYHT — NOBITPA» Ta BCTAHOB/IEHHA NOPOroBoi
KOHLeHTpaLii y FPYHTI 3a MOBITPAHO-MirpauiiHMm no-
Ka3HWKOM LUKiZAIMBOCTI NPOBOAUTM HEMOTPIOHO.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

B HacCTynHUX [OCNIAXKEHHAX NAAHYETbCA OLIHUTK
MOX/IMBICTb 3aCTOCYBaHHA 3anpOMOHOBAHOrO Hamu
MeToAy OnTMMi3aLii 06’emy eKkcnepMmeHTanbHUX [0-
CNiAXKeHb NPW TiriEHIYHOMY HOPMYBAHHI Y FPYHTI IHLLIMX
€K30reHHUX XiMIYHMX PEeYOBMH, 30KpPeMa TUX, LLO Haa-
XOAATb Y FPYHT 3 BUKMAAMM NPOMMCIOBUX NiZNPUEMCTB
Ta aBTOTPaAHCNOPTY.
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PU3UK-OPIEHTOBAHI NIAX0oAU A0 ONTUMISALIT OB’EMY EKCNEPUMEHTANBHUX AOCNIAXEHb
NPUTITIEHIYHOMY HOPMYBAHHI NECTULMAIB Y I'PYHTI (APYTE NOBIAOM/NEHHA)

KopwyH M. M., KopwyH O. M., MapriaHosa 0. B.

Pe3stome. Ha cyqyacHomy eTani po3BUTKY arponpoMMCIOBOr0 BUPOOHULTBA aKTyaIbHUM EKOI0FO-FiriEHIYHUM Ta
MeANKO-6i0N0rYHNUM 3aBAAHHAM € ONTUMI3aLiA METOAUKN 0BIPYHTYBAHHA MEeAMUKO-CaHiTapHUX HOPMATUBIB Ximiy-
HUX PEYOBUH Y I'PYHTI 3 MeTOto 36epeKeHHs 340p0B’A Ntofel Ta CTaHy POCAMHHOTIO | TBAPMHHOIO CBITY.

Mema docnidxceHHsA: 0brPyHTYBaHHA aAropmuTMy onNTUMisaLii 06’emy eKcnepumMeHTanbHUX AOCAIAKEHb NPU Me-
AMKO-CaHiTapHOMY HOPMYBAHHI Ail0YMX PEYOBUH (4. p.) NeCTULMAIB Y FPYHTI.

06’ekm i MemoOu AocnidneHHA. 3AIACHEHO aHani3 Mmacusy 3 82 4. p. NECTULMAIB, A1A AKX 3aTBEPAKEHO rpa-
HUYHO AONYCTUMY KOHUeHTpauito y rpyHTi (FAK ). Ana ouiHkm Hebesnekmn mirpauii 4. p. necTUUMAIB 3 FPYHTY B aTMOC-
depHe NoBiTpA po3paxoBaHO NonepeaHii Ta KiHLEeBWI iHTerpanbHi iHaekcu HebesneuHocTi (MIIH, KIIH). Kputepiamu
po3paxyHKy MIIH 6ynu: TUCK Hacu4yeHoi napu, KOHCTaHTa leHpi (KI), KoedilieHT MOXANBOCTI iHFraNALIMHOIO OTPYEH-
HA (KMIO). KIIH Bu3Ha4anu Ha niactasi TUCKy HacuyeHoi napw, K, KMIO, noTeHLiiHOTO pU3KKy WKigAMBOro npo-
deciviHoro snausy (MPMB) Ta NoTeHLiiHOrO PU3KMKY LWKiAMBOro HenpodeciiHoro snavsy (MPHIMB). Onsa KoXHOro
KpUTEpito BUSHAYEHO TP piBHI HeGe3neyHocCTi, iXx 6asibHe OLiHIOBaHHSA Ta Barosi KoediLieHTH.

Pe3ynbmamu. BctaHoBneHO, Wwo 3 70 4. p. avwe 1 (rekcaxnopbyTtagieH) mae Bucokuin (9 6anis) i 2 (entam Ta ren-
Taxsop) — cepeaHin (6 Ta 5 6anis BignosigHo) MIIH, Wo A03BONAE BU3HATU IX NPETEHAEHTAMM HA EKCMEPUMEHTA/IbHE
OOCNIAMXEHHS Mirpauji y cuctemi «FpyHT — noBiTpsa». 3a3HaveHi 3 4. p. (yci 3i CTaporo NOKONiIHHA) TAKOX MatoTb BU-
cokumii KIIH (21, 18 i 17 6aniB BiANOBIAHO), 32 AKOTO BU3HAYEHHA NOPOroBOI KOHLLEHTPAL,T Y FPYHTi 32 NOBITPAHO-Mi-
rpaLiiHMM NMOKa3HMKOM WWKiaAMBOCTI Mae Byt 0608’ A3KOBUM.

BucHoB80K. Po3pobneHo meToamMKy NporHo3yBaHHA Hebe3nekn 3abpyaHeHHA NpU3eMHOoro wapy atmochepHoro
noBiTpA 4. p. NecTMumnAiB BHacAigoK iX BUNAPOBYBaHHA 3 FPYHTY, AKa 6a3yeTbCA HA BM3HAYEHHI NonepeaHboro Ta
KiHLEBOrO iHTerpanbHUX iHAEKCiB Hebe3neyHocTi Ta Ao3BoNAE Ana 95,7% A. p. nectuumais, ana akux KIlH ctaHoBUTb
(7-16,5) 6anis, 0b6rpyHTOBAHO BiAMOBUTMCA Big, NPOBEAEHHA eKCNepUMEHTaIbHUX A0CAIAKeHb Mirpauyii y cucremi
«FpyHT — noBiTpa». AKwo KIIH a. p. gopisHioe (17-21) 6an, To eKcnepMMeHTasibHe BCTAHOB/IEHHSA MOPOroBOi KOH-
LEeHTpaLii 4. p. y FPYHTi 33 NOBITPAHO-MirpaL,iMHUM NOKA3HUKOM LLUKIAIMBOCTI € 060B’A3KOBMM.

Kntovosi cnoBa: nectuuma, rpyHT, aTmocdepHe nosiTpa, OpraHism N0AMHU, OTPYEHHA, NOTEHLIMHWI PUBKK, iH-
TerpanbHUi iHAEeKC Hebe3neyHocTi.

RISK-ORIENTED APPROACHES TO OPTIMIZE THE VOLUME OF EXPERIMENTAL STUDIES PESTICIDES’ HYGIENE
STANDARD IN SOIL (second message)
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Abstract. At the current stage of agro-industrial production development, an urgent ecological, hygienic and
medico-biological task is to optimize methodology for substantiating the medical and sanitary standards of chemical
substances in soil in order to protect people’s health and the state of flora and fauna.

Aim research: substantiation of the algorithm to optimize the volume of experimental investigation in medical-
sanitary regulations of active substances (a. s.) of pesticides in soil.

Materials and methods. There was given analysis of 82 a. s. of pesticides with approved maximum permissible
concentration in soil (MPCs) . Preliminary and final integral hazard indexes (PIHI, FIHI) were calculated to assess
the risk of migration of a. s. of pesticides from soil into the atmospheric air. Criterias for calculating the PIHI were:
saturated vapor pressure, Henry’s law constant (HC), coefficient of inhalation poisoning possibility (CIPP). FIHI was
identified based on saturated vapor pressure, HC, CIPP, potential risk of harmful professional influence (PRPI) and
potential risk of harmful unprofessional influence (PRUI). For each criteria, three levels of danger, their scoring and
weighting factors are identified.

Results. It was established that out of 70 a. s., only 1 (hexachlorobutadiene) has a high (9 points) and 2 (eptam
and heptachlor) — an average (6 and 5 points, respectively) PIHI, which allows them to be defined as applicants for
an experimental study of migration in «soil — air» system. Previously mentioned 3 a. s. (all of them from the older
generation) also have a high FIHI (21, 18 and 17 points, respectively), for which the determination of the threshold
concentration in soil according to the air-migration indicator of harmfulness should be mandatory.

Conclusions. A methodology to forecast the danger of contamination of the surface layer of atmospheric air
with a. s. of pesticides as a result of their evaporation from soil has been developed. It is based on determination of
the preliminary and final integral hazard indexes and allows for 95.7% of the a. s. of pesticides, for which the FIHI is
(7-16.5) points, to reasonably refuse to conduct experimental studies of migration into «soil-air» system. If the FIHI
of the a. s. is equal to (17-21) points, then experimental establishment of the threshold concentration of the a. s. in
soil according to the air-migration indicator of harmfulness is mandatory.

Key words: pesticide, soil, atmospheric air, human body, poisoning, potential risk, integral hazard index.
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