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Today, threshold concentrations are experimentally established for four indicators of harmfulness to justify the
threshold limit value (TLVs) of active substances (a.s.) of pesticides.

The goal is to justify risk-oriented approaches to assessing the danger of harmful inhalation effects on the human
body of pesticides during their migration from the soil to the surface layer of atmospheric air to optimize the volume
of experimental studies when justifying the hygienic standard in the soil.

On an array of 82 a. s., for which TLVs have been established, mathematical modeling of soil-to-air migration
has been carried out; the coefficient of the possibility of inhalation poisoning (CPIP), potential risk of occupational
exposure (PROE) and potential risk of unprofessional influence (PRUPI) were calculated.

The molar mass and fraction a. s. with a high bioaccumulative capacity among compounds of the new generation
(starting from 1970) is higher than the old (up to and including 1969). According to saturated vapor pressure and
Henry's constant, most a. s. is a little volatile. 24.0% and 7.3% were classified as extremely dangerous according to
the acute inhalation toxicity and the hygienic standard's value in the working area'’s air. s., to dangerous —49.3% and
75.6% a. s., the rest are moderately and slightly dangerous; no statistically significant differences between different
generations were found. By CPIP 97.3% a. s. are not dangerous. Acceptable is a PROE of 90.2% a. s. and PRUPI 57.1%

a. s.; the share of such a. s. significantly higher among compounds of the new generation.

Evaporation from the soil into the atmospheric air of all studied a. s. will not lead to acute inhalation poisoning,
in 90.2% of cases will not cause harmful inhalation effects on the body of agricultural workers and in 57.1% of cases,
will not harm persons who do not have professional contact with pesticides.

Key words: pesticides, soil, atmospheric air, inhalation exposure, maximum permissible concentration.

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.

Classical principle scheme of scientific substan-
tiation of the hygienic standard of exogenous chemical
substances in the soil of Acad. Honcharuk E.H. provid-
ed for conducting laboratory experiments to establish
threshold concentrations of the investigated substance
in extreme soil and climatic conditions according to six
indicators of harmfulness — organoleptic, translocation,
water-migratory, air-migratory, general sanitary and
toxicological, with further determination of the limiting
indicator of harmfulness and threshold limit value (TLV)
in the soil [1, 2].

Subsequently, in connection with the introduction of
a comprehensive approach to the practice of hygienic
regulation of active substances (a.s.) chemical plant pro-
tection products (CPPP), the classic principle scheme for
establishing TLV_in the soil (TLV) of these substances
underwent certain changes. Scientific substantiation
based on the results of in-depth toxicological studies of
the value of permissible daily dose (PDD) and taking it
into account when establishing hygienic standards for
water in reservoirs, atmospheric air, agricultural raw
materials and food products guaranteed the safety of
complex (sum of all environments in contact with the
soil) entry of the pesticide into the body. This made it

possible to exclude from the scheme of rationing pesti-
cides in studying the sanitary-toxicological indicator of
harmfulness. In addition, the organoleptic indicator was
removed, as it was considered when justifying hygienic
standards in adjacent environments [2]. So, today when
justifying TLV_a. s. threshold concentrations of the pesti-
cide are experimentally established according to four in-
dicators of harmfulness: water-migration, air-migration,
translocation and general sanitary. Sometimes, when
studying the behavior of a. s. of a pesticide in the “soil-
plant” system, it is not translocation (migration from
soil to plant) and phyto-accumulation (accumulation in
a plant), but phytotoxicity (poisonous effect on a plant)
of the substance (phytotoxic indicator) that is limiting.

It should be emphasized that the specified procedure
is used to normalise only highly persistent substances in
the soil (half-life >60 days) a. s. CPPP, which according to
this criterion, belongs to the 1st class of danger accord-
ing to the hygienic classification of pesticides in force
in Ukraine [3]. For all others a. s. pesticides, then the
existing approaches provide substantiation by calculat-
ing the approximately permissible concentration (APC)
in the soil.

The analysis of the massif from 93 a. s. of pesticides,
the hygienic standard of which in the soil is justified
based on the results of experimental studies, testified
that the vast majority of TLV_were established accord-
ing to the limiting translocation (60%), or water-migra-
tion (24%), or both of these (8%) indicators of harmful-
ness [4]. In 8% of cases, general sanitary or phytotoxic
parameters were limiting. The migration of a pesticide
in the “soil-air” system has never been recognized as
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limiting [4]. The above actualizes the question of the ap-
propriateness of the study of the air-migration indicator
of harmfulness and the justification of the conditions
under which the experimental study of the behavior of
a. s. pesticide in the system “soil — surface layer of at-
mospheric air” should be mandatory.

The aim of the study.

Justification of risk-oriented approaches to assessing
the danger of harmful inhalation effects on the human
body of pesticides during their migration from the soil
to the surface layer of atmospheric air to optimize the
volume of experimental studies in the justification of hy-
gienic standards in the soil.

Object and research methods.

The main array of pesticides is formed from a. s.,
whose TLV_were substantiated based on an experimen-
tal study of their behaviour patterns in the “soil-adja-
cent environments” system. In State Sanitary Standards
and Regulations (DSanPiN) 8.8.1.2.3.4-000-2001 and its
annexes [5, 6], 93 such substances were identified. The
second mandatory condition for inclusion in the main
array was the availability of data on saturated vapor
pressure in available sources of information. s. pesticide
at 20°C. The final volume of the main array was 82 ob-
servation objects. Data on the year of the appearance
of pesticides on the market (year of first registration),
molar mass, saturated vapor pressure, Henry’s constant,
distribution coefficient in the n-octanol-water system,
toxicometric parameters, hygienic standards in the air
environment of the studied a. s. were taken from print-
ed and electronic sources of information [5, 6, 7, 8, 9].

Mathematical modeling of the evaporation process
was carried out a. s. from the soil to the surface layer of
atmospheric air. For aggravation, it was considered that
there was no adsorption of the substance by the soil.
The maximum achievable concentration of a substance
in the air (C__) was calculated based on the Clapeyron
equation, according to the formula in [10].

To assess the potential danger of inhalation expo-
sure of subjects a. s. on the human body, their maxi-
mum achievable concentrations in the air were com-
pared with:

1) the average lethal concentration in the air during
acute inhalation exposure (LC, ) with the determination
of the coefficient of the possibility of inhalation poison-
ing (CPIP) as the ratio of C__ to LC,;

2) the hygienic standard in the air of the working
area (limit permissible concentration —TLV__ ., or esti-
mated safe level of exposure —ESLE_ ) and

3) hygienic standards in atmospheric air (TLV__. or
ESLE, ‘

Based on the obtained results, the following were
assessed: the potential risk of acute inhalation poison-
ing when the pesticide evaporates from the soil into the
surface layer of the atmospheric air (according to the
CPIP value), the risk of harmful inhalation effects on the
body of agricultural workers with a regulated duration
of daily exposure during work experience (potential risk
of occupational exposure —PROE ) and the risk of harm-
ful inhalation effects on the body of persons who do not
have professional contact with pesticides (potential risk
of non-professional exposure — PRUPI).

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.

Among 82 a. s. pesticides that made up the main
array were 30 (36.6%) herbicides, 22 (26.8%) fungicides,
17 (20.7%) insecticides, 12 (14.6%) insecto-acaricides
and 1 (1, 2%) acaricide. According to the chemical classi-
fication, 14 (17.1%) a. s. were representatives of organo-
phosphorus compounds, 9 (11.0%) — triazoles, 8 (9.8%)
— carbamates, 6 (7.3%) each — organochlorine com-
pounds and synthetic pyrethroids, 5 (6.1%) — triazines,
4 (4.9%) — anilides, 3 (3.7%) each — phenylureas and
aryloxyalkanecarboxylic acids, 2 (2.4%) each — sulfonyl-
ureas, imidazolinones, triazolpyrimidines, carboxamides
and inorganic copper compounds, the rest 14 (17, 1%)
— representatives of other chemical classes.

Available sources of information, in particular [7],
made it possible to determine the year of appearance
on the market (year of first registration) 81 a. s. pesti-
cides from 82 (the exception is copper chloroxide, which
was used as a fungicide much earlier than indicated in
[7] 1990). The median of the sample, the year that “di-
vides in half” the ordered set of all values, turned out
to be 1969. By 1970, 41 substances under investigation
(“old generation”) entered the market, starting from
1970 - 40 substances (“new generation”). Based on the
analysis of the appearance in periodicals of publications
on the toxicological and hygienic evaluation of the fun-
gicide copper chloroxide, we assigned this substance to
the old generation of CPPP.

Comparing two subarrays of pesticides, it should be
noted that representatives of different chemical classes
form them. Yes, among a. s. of the old generation —all 6
organochlorine compounds, all 8 carbamates, 11 out of
14 organophosphorus substances, 4 out of 5 triazines,
all 3 representatives of aryloxyalkanecarboxylic acids,
both inorganic copper compounds. Among a. s. new
generation — all 9 triazoles, 5 out of 6 pyrethroids, all 3
phenylureas, sulfonylureas, imidazolinone, and triazol-
pyrimidine.

A comparison of some physicochemical properties
of pesticides of different generations proved that the
molar mass of a. s. of the old generation [(267.5+9.9) g/
mol] is significantly lower than that of a. s. new genera-
tion [(344.2+13.1) g/mol] (Student’s test, p<0.001).

According to the logarithm of the partition coeffi-
cient between n-octanol and water (log K_ ), 39 (48.1%)
substances have a high ability to bioaccumulate (log
K., >3), 8 (9.9%) — moderate (log K_, from 2.7 to 3), 34
(42.0%) — low (log K <2.7) according to the classifica-
tion given in [7]. In addition, according to the indicated
indicator, significant differences between the new and
old generations of pesticides were found (table 1): share
a. s. with a high ability to bioaccumulate was higher
among compounds of the new generation compared to
the old (60% versus 36.6%) (the empirical value of Pear-
son’s x2 criterion is 7.14; the critical value of x? is 5.99 at
a=0.05, v=2).

The main characteristics that determine the ability
of pesticides to evaporate are saturated vapor pressure
and Henry’s constant.

Saturated vapor pressure (P) of the studied a. s.
of pesticides at 20°C varies in a very wide range: from
3.4x10-10 mPa (copper sulfate) to 20 Pa [hexachlorobu-
tadiene (HCBD)]. At the same time, the vast majority of

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meauuuxu — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169)

149



FITIEHA, EKONOTIA TA ENIAEMIONOrNIA / HYGIENE, ECOLOGY AND EPIDEMIOLOGY

Table 1 — Distribution of studied pesticides
according to the partition coefficient between
n-octanol and water (log K )

. Number of a. s. of pesticides with
A generation of log K Total
pesticides ow
<27 2,7-3,0 >3,0
New 15 1 24 40
Old 19 7 15 41
Total 34 8 39 81

compounds (75 a.s. or 91.5%) are characterized by low
volatility (P<5 mPa) according to the classification given
in [7]. 1 more substance — phenylurea herbicide of the
old generation Fenuron — has moderate [P (5-10) mPa]
volatility (table 2). Only 6 (7.3%) substances (bioresme-
thrin, HCBD, heptachlor, diazinon, eptam, iprobenfos)
have high (P>10 mPa) volatility and all of them belong
to old-generation pesticides.

Henry’s constant (HC) is a measure of the volatility
of a compound from dilute aqueous solutions and al-
lows pesticides to be classified according to their mobil-
ity in the water-air system. Henry’s constant (at 25°C)
75 studied a. s., for which this indicator was found in
[7, 8, 9], varies in a very wide range: from 2.0x107'* Pa
m?3 mol? (flumetsulam) to 1630 Pa m® mol~*(HCBD). The
vast majority of compounds (66 a. s. or 88.0%) are non-
volatile from dilute aqueous solutions (HC <0.1 Pa m3
mol?) according to the classification given in [7]. Only
2 (2.7%) substances (HCBD and heptachlor, representa-
tives of the old generation) are volatile (HC >100 Pa m3
mol?) and 7 (9.3%) substances are moderately volatile
[HC (0.1 —100) Pa m® mol?] (table 2).

The results of mathematical modeling of the pro-
cess of migration of the investigated pesticides from the
soil to the surface layer of the atmospheric air indicate
that C__ of the investigated 82 a. s. varies in a very wide
range: from 2.22x10* mg/m3 (copper sulfate) to 2136.4
mg/m?3 (HCBD), that is, it differs by 14 orders of magni-
tude. At the same time, fluctuations of LC,  and hygienic
standards in the air cover only 3 orders of magnitude.

Available sources of information made it possible
to obtain information about the LC,, of 75 studied a. s.,

among which 18 (24.0%) compounds according to this
criterion can be attributed to class | (extremely danger-
ous, LC., <500 mg/m?), 37 (49.3%) - to class Il [dan-
gerous, LC_ (500 —5000) mg/m?], 19 (25.3%) — up to Il
class [moderately dangerous, LC50 (5001-50000) mg/
m?3] and 1 substance (amidine insect acaricide amitraz)
- up to IV class (lowly dangerous, LC,, >50,000 mg/m?)
according to the “Hygienic classification of pesticides by
degree of danger” [3] (table 3). Analysis using Pearson’s
¥? test did not reveal statistically significant differences
between pesticides of different generations according
to the distribution of hazard classes according to acute
inhalation toxicity (empirical value x*> — 3.7; critical value
x> —7.81 at a=0.05, v=3).

When studying the potential risk of acute inhalation
poisoning due to the evaporation of the pesticide from
the soil into the surface layer of the atmospheric air, it
was established that CPIP 73 studied a. s. significantly
lower than 0.5, namely: CPIP 12 a. s. lower by (1-4) or-
ders, 61 a. s. — by (5-14) orders of magnitude. There-
fore, 97.3% a. s. according to the CPIP criterion, they
are low-hazard according to the hygienic classification
of pesticides in force in Ukraine [3]. Acute inhalation
poisoning by these substances due to their evaporation
from the soil into the surface layer of atmospheric air is
almost impossible. Only organochlorine fumigant HCBD
and thiocarbamate herbicide eptam, according to the
specified criterion, belong to dangerous (Il class, CPIP
from 2.1 to 10) and moderately dangerous (lll class, CPIP
from 0.5 to 2) pesticides, respectively. Both substances
are representatives of the old generation of pesticides
and belong to highly volatile substances under saturat-
ed vapor pressure (table 2).

To assess the risk to the health of agricultural work-
ers of the evaporation of pesticides from the soil into
the surface layer of the atmosphere, the potential risk of
harmful occupational exposure (PROE) was calculated
as the ratio of C__ and the hygienic standard in the air
of the working area.

Preliminary analysis of the main array of studied
pesticides by TLV, _ ESLE testified that 6 (7.3%) of
the studied a. s. can be attributed to class | (hazardous

Table 2 - Criteria for assessing the potential risk of harmful inhalation effects on the human
body of some of the most dangerous pesticides when they evaporate from the soil into
the surface layer of atmospheric air

Active substance Saturated vapor|Henry’s const_ant, @ v LC50,3 TLV a.w.3a., TLV a.eé, mg/ CPIP PROE
pressure, mPa Pa:m*mol* mg/m mg/m m

Amitraz*1° 5,10x10? 1,06x10° 6,1x10°3 65000 0,5 0,01 9,43x10® 0,012
Bioresmethrin 2° 1,86x10* 5,63x10* 2,58x10° 5200 2 0,04 4,96x10* 1,289
Hexaflumuron*3® 5,90x107 1,01x10° 1,11x107 2500 0,5 0,01 4,46x10° 0,022
HCBD*® 2,00x10* 1,63x10° 2,14x10° 370 0,005 0,0002 5,77x10° | 427285,5
y-HCH*? 4,40x10° 1,48x10° 5,24x10* 690 0,05 0,03 7,60x10* 10,482
Heptachlor 4° 5,30x10* 3,53x10? 8,10x10° 150 0,01 0,0002 5,40%x107? 810,415
Diazinon 52 1,20x10! 6,09x1072 1,49x10° 3500 0,2 0,001 4,26x10* 7,461
DDT* 2,50%x107 8,43x10* 3,60x10° — 0,1 0,001 — 0,036
Eptam 6¢ 4,50x10° 5,00x10° 3,49x10? 200 2 - 1,74x10° 174,455
Iprobenfos 5¢ 1,22x10! - 1,44x10° 2836 0,3 0,01 5,08x10* 4,803
Fenuron 3¢ 5,00x10° 2,13x10* 3,36x10* — 3 - - 0,112
Foxim* 5° 2,10x10° 4,18x10* 2,57x10* 3100 0,1 0,001 8,28x10°° 2,566
Chlorpyrifos 5° 1,43x10° 4,78x10* 2,05x10* 200 0,3 0,001 1,03x10° 0,684
Cypermethrin* 22 6,78x103 3,10x10* 1,2x103 7889 0,2 0,01 1,47x107 0,006

Notes: 1. * — a new generation of pesticides; 2. * — amidines, ? — synthetic pyrethroids, 3 — phenylureas, * — organochlorine compounds, * —
organophosphorus compounds, ¢ — carbamates; 3. ? — insect acaricides, ® — insecticides, ¢ — fungicides, ¢ — herbicides.
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Table 3 - Distribution of studied pesticides
by hazard classes depending on LC_|

i Number of a. s. pesticides
A generation of by hazard classes Total
pesticides
| Il 1] IV
New 6 21 10 1 38
Old 12 16 9 0 37
Total 18 37 19 1 75

harmful substances, TLV_ _<0.1 mg/m?), 62 (75.6%) —
to class Il [highly dangerous, TLV, . (0.1-1) mg/m?], 14
(17.1%) — up to Ill class [moderately dangerous, TLV_ .
(1.1-10) mg/m3] according to the classification given
in [11] (table 4). No statistically significant differences
were found between pesticides of different generations
according to the distribution by hazard classes (the em-
pirical value of Pearson’s ¥? criterion is 4.36; the critical
value of % is 5.99 at a=0.05, v=2).

It is noteworthy that the distribution of the studied
a. s. according to the hazard classes, the value of the
hygienic standard in the air of the working area is signifi-
cantly different from that according to LC_ (table 5): a.
s. The value of the Il class is significantly greater than the
hygienic standard, and the | class is less than according
to LC_, (Pearson’s empirical value of x> — 13.7; critical
value of x> —7.81 at a=0.05, v=3).

When assessing the risk for agricultural workers, it
was found that PROE 74 (90.2%) a. s. of pesticides is
less than 1, i.e. acceptable, and in most cases (61 com-
pounds) PROE is less than 0.1. Evaporation of these
pesticides from the soil into the surface layer of the at-
mospheric air will not cause harmful inhalation effects
on the body of agricultural workers with the regulated
duration of daily activities during the work experience.
C_ . of only 8 (9.8%) a was found to be higher than the
hygienic standard in the air of the working area. s. (bio-
resmethrin, HCBD, y-HCH, heptachlor, diazinon, eptam,
iprobenfos, phoxim), of which 7 are representatives of
the old generation, 6 belong to the highly volatile by
saturated vapor pressure (table 2).

Analysis using Pearson’s x? test confirmed the pres-
ence of statistically significant differences between dif-
ferent generations of pesticides in the distribution of
risk assessments of harmful inhalation effects on the
body of agricultural workers (table 6): share a. s. with
very low (<0.1) PROE was higher among compounds
of the new generation compared to the old (92.5% vs.
57.1%) (empirical value x* — 13.37; critical value x> — 5.99
at a=0 .05, v=2).

To assess the risk of evaporation of chemical plant
protection agents from the soil into the air for the health
of the population that does not have professional con-
tact with pesticides, the potential risk of harmful non-
occupational exposure (PROE) was calculated as the
ratio of C__ and the hygienic standard in atmospheric

max

Table 5 — Distribution of studied pesticides
by hazard classes depending on LC_|

Table 4 - Distribution of investigated substances
by hazard classes depending on the hygienic
standard in the air of the working area

A generation Number of substances

h [
of pesticides | by azarl(lj c assesm Total
New 1 34 5 40
o 5 28 9 42
Total 6 62 14 82

air. TLV__ ESLE_ was found in DSanPiN 8.8.1.2.3.4-000-
2001 and its additions [5, 6]. 77 investigated substances
from the main array of pesticides. It was established
that PRUPI 44 (57.1%) a. s. of pesticides is less than 1,
i.e. permissible. These substances will not harm the
human body when inhaled during work experience and
throughout life. C__ 33 a was higher than the hygienic
standard in atmospheric air. s., of which 24 are repre-
sentatives of the old generation (table 7).

Analysis using Pearson’s x? test confirmed the pres-
ence of statistically significant differences between dif-
ferent generations of pesticides in the distribution of
estimates of the risk of harmful inhalation effects on the
body of non-professional contingents: share a. s. with
an acceptable (<1) PRUPI was higher among compounds
of the new generation compared to the old (76.9% vs
36.8%) (empirical value x> — 13.18; critical value x*—5.99
at a=0.05, v=2).

Conclusions.

1. Active substances (a. s.) of pesticides of differ-
ent generations differ in belonging to chemical classes,
molar mass and n-octanol-water partition coefficient:
among a. s. new generation (market appearance or
first registration since 1970) — triazoles, pyrethroids,
phenylureas, sulfonylureas, imidazolinones, triazolpyri-
midines; among the drugs of the old generation are or-
ganochlorine and phosphorus compounds, triazines, ar-
yloxyalkanecarboxylic acids, copper compounds. Molar
mass (g/mol) a. s. of the new generation (344.2+13.1)
is significantly higher than that of the old generation
(267.549.9) (Student’s test, p<0.001). Part a. s. with a
high ability to bioaccumulate (log K >3) among com-
pounds of the new generation is higher compared to the
old (60% vs. 36.6%) (Pearson’s x* test, p<0.05).

2. The vast majority a. s., for which TLV_are estab-
lished, are minor: at saturated vapor pressure —all a. s.
new generation and 83.3% a. s. old generation; accord-
ing to Henry’s constant — 89.7% a. s. new generation
and 86.1% a. s. old generation

3. According to acute inhalation toxicity (LC, ) 24.0%
a. s. the main massif can be attributed to class | (ex-
tremely dangerous), 49.3% - to class Il (dangerous),
25.3% - to class Il (moderately dangerous) and 1 sub-
stance —to class IV (slightly dangerous) according to the

Table 6 — Distribution of studied pesticides
according to the potential risk of harmful inhalation
effects on the body of agricultural workers

Distribution Number of a. s. pesticides A generation Number of a. s. pesticides with
criterion by hazard classes Total of pesticides i OE Total
I Il I IV <0,1 0,1-1,0 >1,0
LC., 18 | 37 | 19 | 1 75 New 37 2 L 40
Ooid 24 11 7 42
TLVa.w‘a./ESLEa.w. a 6 62 14 0 82 Total 61 13 8 82
ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meauuuxu — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169) 151



FITIEHA, EKONOTIA TA ENIAEMIONOrNIA / HYGIENE, ECOLOGY AND EPIDEMIOLOGY

Table 7 — Distribution of studied pesticides
by potential risk of harmful inhalation exposure
for non-professional contingents

A generation Number of a. s. pesticides with
of pesticides PRUPI Total
<0,1 0,1-1,0 >1,0
New 19 11 9 39
Old 7 7 o4 38
Total 26 18 33 77

hygienic classification pesticides. According to the value
of the hygienic standard in the air of the working area,
the distribution is different: 7.3% a. s. can be attributed
to the | class, 75.6% to the Il class, 17.1% to the Il class
of danger (differences are reliable according to Pear-
son’s x* test, p<0.05). Regardless of the criterion used
(LC,, or the hygienic standard in the air of the working
area), the different generations of pesticides do not dif-
fer statistically (Pearson’s x* test, p>0.05) according to
the distribution by hazard classes.

4. According to the CPIP criterion, all a. s. of the new
generation and 94.6% of the old generation are low-haz-
ard (CPIP <0.5) according to the hygienic classification of
pesticides in force in Ukraine; acute inhalation poison-
ing by these substances as a result of their evaporation
from the soil into the surface layer of atmospheric air is
almost impossible.

5. The potential risk of occupational exposure (PROE)
was found to be 90.2% a. s. of the main array is less than
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1, i.e. admissible; the evaporation of these pesticides
from the soil into the surface layer of atmospheric air
will not cause harmful inhalation effects on the body of
agricultural workers with the regulated duration of daily
action during the work experience. Statistically signifi-
cant differences between different generations of pes-
ticides were revealed: share a. s. with a very low (<0.1)
PRPV was higher among compounds of the new genera-
tion compared to the old (92.5% vs 57.1%) (Pearson’s x?
test, p<0.05).

6. It is shown that the potential risk of non-occupa-
tional exposure (PRUPI) is 57.1% a. s. of the main array
is less than 1, that is, permissible. When evaporated
from the soil into the air, these substances will not harm
the human body when inhaled during not only work-
ing experience but also throughout life. Part a. s. with a
permissible PRUPI was higher among compounds of the
new generation compared to the old (76.9% vs 36.8%)
(Pearson’s x? test, p<0.05).

Prospects for further research.

In the next report, a method of assessing the integral
hazard index will be proposed based on the criteria of
the potential risk of harmful inhalation effects on the
human body of the pesticide during evaporation from
the soil into the surface layer of the atmosphere, which
will allow justifying the appropriateness of the experi-
mental study of migration in the “soil-air” system.

PU3UK-OPIEHTOBAHI NIAXO4U 00 ONTUMIBALII OE’€MY EKCMEPUMEHTANbHUX
AOCNIAMEHD MPU TINEHIYHOMY HOPMYBAHHI NECTULUAIB Y IPYHTI

(nepwe nosigomneHHA)
HauioHanbHUt MeaunuHuit yHiBepcuteT imeHi 0.0. boromonbua (m. Kuis, YkpaiHa)

ulia.martianova@gmail.com

Ha cb0200Hi 0n14a 0brpyHmysaHHa 2paHu4Ho 0ornycmumoi KoHueHmpauii y rpyHmi (I[AKe) ditoyux pevosuH
(0. p.) necmuyudie ekcnepumMeHmMAsnbHO 8CMAHOB/OIOMb M0PO208I KOHUEHMPAYii 30 4oMmupMa MOKA3HUKAMU

wkKidnusocmi.

Mema — 0b6rpyHmMy8aHHA pU3uK-opieHMOBAHUX 1ioxo0ie 00 OYiHIBAHHA Hebe3neKku WKidaueo2o iH2anAyiliHo2o
8r1/1UBY HA OP2AHI3M AOOUHU Necmuyudis npu ix miepayii 3 royHmy e npusemHuli wap ammocgepHo20 nogimps 014
onmumizayii 06’emy ekcriepumeHmasnbHUX 00CAIOHCeHb NpuU 06rpyHMy8aHHI 2i2ieHiYyHO20 Hopmamusy y rpyHmi.

Ha macusi 3 82 0. p., 0214 Akux ecmaHosneHo [[]1Kz, 30ilicHeHo mamemamu4yHe MOoOesIt08AHHSA Mi2payii 3 rpyHmy
8 Moe8imps; pPoO3pPaxo8aHo KoeiyieHm moxcaueocmi iHeanauiliHoeo ompyeHHa (KMIO), nomeHuiliHuli pusuk
npogeciliHozo ennausy (MPr1B) ma nomeruyiliHuli pu3uk HenpogeciliHozo enausy ([PHIIB).

MonsapHa maca ma Yyacmeka 0. p. 3 8UCOKOK BioakymynAyiliHow 30amHicmio ceped CrosyK HOB8020 MOKOAIHHA

(no4uHaroyu 3 1970 p.) euwa rnopieHAHO i3 cmapum (0o 1969 p. eKkAOYHO). 30 MUCKOM HaAcu4eHoi napu ma
KOHCcmaHmoto eHpi binbwicme 0. p. € ManoAeMKUMU. 30 20CMPO0 iH2AAAYIlIHOK MOKCUYHICMIO Ma 8eUYUHO
2ieieHiuHo20 Hopmamuey y nosimpi pob6o4oi 30HU 00 Had38u4aliHo Hebe3neyHux sidHeceHo 8idnosioHo 24,0% i 7,3%
0. p., 00 Hebe3ne4yHux —49,3% i 75,6% 0. p., pewma — 00 NOMipHO i ManoHebe3rneyHuUx; Cmamucmu4YHo 8ipo2iOHUX
PO3X0O0MHEHb MiMC Pi3HUMU MOKOAIHHAMU He suseneHo. 3a KMIO 97,3% 0. p. € manoHebe3neyHumu. onycmumum €
MPI1B 90,2% 0. p. ma [PHIMB 57,1% 0. p.; yacmka makux 0. p. 00CMOo8ipHO 8UWa ceped CrioanyK HO8020 MOKOIHHA.

BunapogysaHHA 3 rpyHmy 8 ammocgepHe rnosimps ycix 00cniowysaHux 0. p. He npuzgede 00 20CMpPo20
iHeanayiliHoeo ompyeHHa, y 90,2% 8unadKie He CNpUYUHUMb WKIOAUBO20 iHeanAyiliHo20 8nausy HA Op2aHi3m
CinbcbKo20CcrnodapcbKux npayisHukie ma 'y 57,1% sunadkie He 3awKooume ocobam, aki He marome npogecitiHozo
KOHmMaxkmy 3 necmuyudamu.

Knwuoei cnosa: necmuyudu, rpyHm, ammocgepHe nosimps, iHeanayiliHuli enaus, 2paHuU4Ho 0ornycmuma
KOHUeHmMpauia

152 ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunu — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169)



FITIEHA, EKONOTIA TA ENIAEMIONOrNIA / HYGIENE, ECOLOGY AND EPIDEMIOLOGY

38’A30K ny6niKauii 3 n1aHOBMMWU HAayKOBO-A0C/IA-
HUMK poboTamu.

Jocnif)KeHHA BWKOHAHO B pamKax HayKOBO-A0-
cnigHoi pobotn «HaykoBe 0b6rpyHTYBaHHA ONTMMI3aL,i
eKCNnepuMMeHTaNbHMUX A0CNIAMKEHb 3 TiriEHIYHOI perna-
MEHTALT eK30reHHUX XiMiYHUX PEeYOBUH Y TIPyHTI», No
OeprKaBHOI peecTpayii 0123U102295.

Bcryn.

KnacMyHa npuHUMNOBa cxema HAyKOBOro O6rpyH-
TYBaHHA Tiri€EHIYHOrO HOPMATMBY EK30reHHOi XiMi4yHOI
pPEeYoBUHU Y I'PYHTI akaa. oHuyapyka €.[. nepenbayvana
npoBefeHHA NabopaTOpHUX EKCMepMMEHTIB 3 BCTa-
HOBNIEHHA B EKCTPeMasibHUX T['PYHTOBO-KAIMaTUYHUX
YMOBax NMOPOroBMX KOHLIEHTpaALiM AocniasKyBaHoi pe-
YOBMHM 32 WICTbMa NOKA3HWKaMW LWKiAAMBOCTI — opra-
HONENTUYHUM, TPAHC/NOKALLIMHUM, BOAHO-MIrpaLinHmm,
NOBITPAHO-MIrpaLiMHMM, 3araNbHOCAHITAPHUM i TOKCU-
KOJIOTYHUM, 3 MOAANbWLIMM BU3HAYEHHAM NiMITYHO4YOro
NOKa3HMKa WKiAAMBOCTI Ta FPAHMUYHO A0NYCTUMOI KOH-
ueHTpauii (T4K) y rpynTi [1, 2].

3rogom, y 3B’A3KY 3 BNPOBAAMKEHHAM KOMMIEK-
CHOro nigxoAy B MPAKTWKY Tiri€EHIYHOrO HOPMYBAHHA
AjioYnX PeyoBuH (4. p.) XimiyHMX 3acobiB 3axmUcTy poc-
NMH (X33P), KnacmMyHa NPMHUMNOBA CXeMa BCTaHOB/IEH-
HA TOK y rpyHTi (I’,EI,Kr) LMX PEYOBWUH 3a3Hana NEBHUX
3MiH. HaykoBe 06rpyHTyBaHHA Ha niacTasi pesynbTaTiB
TNMMBOKNX TOKCUKONOFYHUX AOCNIAKEHDb BEANYUHU [0-
nyctumoi gobosoi gosu (O4[4) Ta BpaxyBaHHA ii npu
BCTQHOBJ/IEHHI TiriEHiYHMX HOPMATMBIB Yy BOAI BOAOMM,
atmocdepHOMy MOBITPi, CiNbCbKOroCnogapcbKin cu-
POBUMHI Ta NPOAYKTax XapyyBaHHA rapaHTyBano 6es-
neKy KOMMJIEKCHOTO (CYMapHOro 3 YCiX KOHTAKTYHUMX
3 IPYHTOM CepefoBULL) HAAXOAMKEHHA nectuumnay B
opraHism noauHu. Lle 103BONMNO BUKOYUTH 3i CXemu
HOPMYBAHHA NECTULMAIB Y FPYHTI BUBYEHHA CaHITapHO-
TOKCMKONOMYHOro NOKasHMKa WKigAANMBOCTI. Kpim TOro,
baKTUYHO BWUIYYEHUM OMUHMBCA W OPraHONEenTUYHUM
NMOKa3HWK, OCKiIbKM MOro BPaxoByBasu Mpu O6rPyHTY-
BaHHI FirieHIYHMX HOPMATMBIB Y CYMiXKHUX CepenoBMLLAX
[2]. OTke, Ha cborogHi npu obrpyHTyBaHHi FOK A. p.
necTUUMAy eKCnepMmeHTaslbHO BCTAaHOB/IOKOTb MOPO-
rosi KOHUEHTpaL|i 33 YOTMPMa MOKa3HMKaMW LWKiaaAn-
BOCTi: BOAHO-MirpauiiHMm, MOBITPSHO-MIrpaLiiHUMm,
TPaHCMOKALMHMM Ta 3arasibHOCAHITaPHUM. [HKOAU, NpK
BMBYEHHI NOBEAIHKM 4. p. NeCTULMAY Y CUCTEMI «IPYHT
— POC/IMHa», NiIMITYIOHOI BUABNAETHCA HE TPAHCNOKALLA
(mirpauis 3 rpyHTY B pocaunHy) Ta ¢iTo-akymynsuis (Ha-
KOMUUYEHHA Y POCAUHI), a PITOTOKCUYHICTb (OTPYNHWIA
BMN/IMB HA POCAUHY) PeyvoBUHU (PITOTOKCUYUHUIA NOKa3-
HUK).

Cnig nigkpecnntu, WO 3a3HavyeHa npoueaypa 3a-
CTOCOBYETbCA MPU HOPMYBAHHI /INLLE BUCOKOCTIMKUX Y
rpyHTi (Nepioa HaniBpo3naay >60 #ib) 4. p. X33P, ki 3a
JaHUM KpuTepiem Hanexatb 40 | Knacy HebesneyHoCTi
3rig4HO 3 YMHHOM B YKpaiHi ririeHiyHot Knacuoikauieto
nectuymais [3]. LWoao ycix iHWux 4. p. nectTMuunais, To
iCHytoUMmMKn nigxogammn nepenbayeHo O6FPYHTYBaHHSA
pO3paxyHKOBUM METOAOM OPIEHTOBHO A0MYCTUMOI KOH-
ueHTpauii (OAK) y rpyHTi.

MpoBeaeHWIM 3a Haloi yyacTi aHani3 macuey 3 93
4. p. nectuumais, ririEeHiIYHUA HOPMATUB AKUX Y FPYH-
Ti 06rpyHTOBaHMI Ha nNiacTaBi pes3ynbTaTiB eKkcnepu-
MEHTaNIbHUX AOCNIAXKEHb, 3aCBiAUMB, WO MNEepeBaXKHy
6inbwictb TK BCTaHOBNEHO 3a NIMITYIO4MM TpaHC/IO-
KauiiHum (60%), abo BogHO-mirpauinHum (24%), abo

uMmm oboma (8%) nokasHMKamu LWKigameocTi [4]. Y 8%
BUMNAAKIB NiMiTyrouMMM Bynn 3arasibHOCaHITapHU abo
dITOTOKCUYHUIA MOKasHUKK. MogHoro pasy mirpauis
necTuumay B CUCTEMI «I'PYHT — NOBITPA» He Byna BU3Ha-
Ha nimiTytouoto [4]. 3a3HauyeHe aKTyanisye NUTaHHA Npo
[OPEYHICTb BMBYEHHA MOBITPAHO-MIrpaLiMHoOro nokas-
HUKa LWKiAAMBOCTI Ta 06rPYHTYBAHHS YMOB, 33 IKMX €KC-
nepMMmeHTasibHe BUBYEHHA NOBEAIHKM 4. p. nectuumay
Y CUCTEMI KI'PYHT — MPU3EMHUI LWap aTMoCchepHOro no-
BiTpA» mae 6yt 060B’A3KOBMM.

Merta gocnigKeHHs.

O6rpyHTYBaHHA PU3MK-OPIEHTOBAHMX MiAXOAIB A0
OLiHIOBaHHA Hebe3neku LWKiAAMBOro iHranAuinHoro
BMN/IMBY HA OPraHi3m A0AMHU NeCTULMAIB NPU iX mirpauii
3 'PYHTY B NPU3eMHUIA LWap aTmocdepHoro nositpa ana
onTUMi3aLii 06’emy eKcnepuMeHTaNbHUX OOCAIAMKEHb
npu o6rpyHTYBaHHI FirieHiYHOro HOPMaTUBY Y FPYHTI.

O6’eKT i meTOaM AoCNiAXKEHHA.

OcHOBHMI MacuB nectuumais cdopmoBaHo 3 4. p.,
FOK. sakux 6ynun obrpyHTOBaHI Ha NiacTaBi eKCnepumeH-
Ta/JIbHOTO BMBYEHHA 3aKOHOMIpPHOCTEN iX MOBeAiHKN B
CUCTeMI «T'PYHT — CyMiXKHi cepegoBuwia». Y OCaHliH
8.8.1.2.3.4-000-2001 Ta gopaTkax Ao Hboro [5, 6] Bu-
ABMAM 93 TaKUX peyoBMHU. [Jpyroto 060B’A3KOBOO YMO-
BOIO BK/IIOYEHHSI B OCHOBHMUI MacuB 6yfna HasBHICTb Y
OOCTYMNHUX AxKepenax iHbopmauii gaHMX NPo TUCK Ha-
cuMyeHoi napu A. p. nectnmumay npu 20°C. OcTaTouHUM
06’em OCHOBHOro MacmBy cKnae 82 06’eKTun crnocTepe-
YeHHsa. [aHi Npo pik NoABM Ha PUHKY NecTUuMAaiB (pik
neploi peectpauii), MoNApHY Macy, TUCK HacuyeHoi
napu, KOHCTaHTy TeHpi, KoedilieHT po3noainy B cuctemi
H-OKTAaHO/I—BOAA, NapameTpu TOKCUMKOMETPIi, FirieHiy-
Hi HOPMATMBU Yy MOBITPAHOMY CepefoBULLi AOCNIOXKY-
BaHWX 4. p. 6ynn B3ATI 3 APYKOBAHUX Ta €NEKTPOHHMUX
Oxkepen iHpopmaluii [5, 6, 7, 8, 9].

Byno npoBeseHoO maTemaTMyHE MOZENOBAHHA Npo-
LLecy BUNapoBYBaHHA 4. p. 3 FPYHTY B MPU3EMHUI Wwap
atTmocdepHoro nosiTpsa. 3 MeTOoK arpaBalii BBaKanu,
Wo agcopbuisa pevyoBMHM FPYHTOM BifACyTHA. Pospaxy-
HOK MaKCMMa/IbHO AOCAMHOI KOHLEHTpaLii pe4yoBMHMU
B nosiTpi (C__ ) 3ailicHI0OBaNM, CMIMparounch Ha PiBHAHHA
KnanenpoHa, 3a popmynoto, wo HasegeHa y [10].

N5 OUiHKM NoTeHUinHOT Hebe3neku iHranaLinHoro
BNAMBY AOCANIAMYBAHUX A. P. HA OpPraHiam AOAUHMU iX
MaKCMMaNbHO AOCAXHI KOHLEHTpaLii y nosiTpi nopis-
HIOBaNM 3:

1) cepeaHbOIO CMEPTE/IbHOK KOHLEHTPALLED Y no-
BiTPi NpW rocTpomy iHranauiiHomy BnauBi (}'IKSO) 3 BU-
3HaYeHHAM Koe®iLiEHTY MOMAMBOCTI iHranAuiiHOro
oTpyeHHa (KMIO) ak cnissigHoweHHa C__ ao JIK, ;

2) ririeHiYHMM HOPMATUBOM Yy NOBITPi POHOYOI 30HM
(rpaHMYHO AOMYCTMMOIO KOHLIEHTpaLiEo — I',Cl,KnAps_, abo
OpPIEHTOBHUM 6€3MeYHNM piBHEM BNANBY — OE’PBn,p_a_) Ta

3) ririeHiYHMM HOpMATMBOM B aTMOChEpPHOMY MOBI-
Tpi (TAK_ a6o OGPB_ ).

Ha niacrasi oTpMmaHux pes3ynbTaTiB OLiHOBaNM:
NOTEHLiNHUIA PU3MK FOCTPOro iHraNALIMHOrO OTPYEHHA
npu BMNAPOBYBaHHI NeCTULMAY 3 IPYHTY Y NPU3EMHUI
wap atmocdepHoro nosiTpsa (3a 3HadeHHsm KMIO),
PU3MK LWKIAANBOIO iHraNALiIMHOrO BNJIMBY HA OPraHiam
Ci/IbCbKOrOCNOAAPCbKMX MPALiBHUKIB MNPU pernameH-
TOBAHIM TPMBANOCTI WOAEHHOI Aii NpoTArom TPyLOBOroO
CTaXy (MOTEHUiNHWI puU3MK npodeciliHoro BNAMBY —
MPMNB) Ta pM3KMK WKIAAMBOrO iHranAUiMHOro BNAMBY Ha
opraHiam ocib, AKki He maTb NPOdECiMHOr0 KOHTAKTY
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Tabnuua 1 — Po3nogin gocnigXysaHux nectuuuais
3a Koe@iLlieHTOM po3noainy miK H-OKTaHO/IOM
1a Bogoio (log K )

. KinbkicTb O. p. nectuumais
rll-tlec:;aﬂ;;,iﬂs 3logK,, Ycboro
<2,7 2,7-3,0 >3,0
Hose 15 1 24 40
Crape 19 7 15 41
Ycboro 34 8 39 81

3 necTMuMaamm (NoTeHuUinHUIA pmu3MK HenpodeciiHoro
sBnauey — MPHMB).

MaTtemaTnuHy 0bpobKy pesynbTaTiB NpPoBOAWIM 33
[0MOMOroto nporpamHmx npoayktis Microsoft Excel Ta
MedCalc v.19.4.1 (MedCalc Software Inc, Broekstraat,
Belgium, 1993-2020).

Pe3ynbTatv gocnigyKeHHA Ta ix 06roBopeHHs.

Cepep 82 A. p. NecTMUMAiB, AKi CKNanM OCHOBHUM
macus, byno 30 (36,6%) repbiumais, 22 (26,8%) dyH-
riumais, 17 (20,7%) iHcektnumais, 12 (14,6%) iHcekTo-
akapuumais Ta 1 (1,2%) akapuuma,. 3rigHo 3 XiMmiYHO
knacudikauieto 14 (17,1%) 4. p. 6ynm npencrtaBHUKa-
Mun pocdopopraHiyHux cnonyk, 9 (11,0%) — Tpmnasonis,
8 (9,8%) — Kapbamaris, no 6 (7,3%) — xn0popraHivyHNX
CMNONYK Ta CUHTETUYHMX NipeTpoigis, 5 (6,1%) — Tpmasu-
HiB, 4 (4,9%) — aHinigis, no 3 (3,7%) — deHinceyoBuH Ta
apuNoKcianKkaHkapboHOBMX KMcnoT, no 2 (2,4%) — cynb-
dOHINCeYoBUH, iMiAa30NiHOHIB, TpPUA3oANiIPUMIAMHIB,
KapboKcamiziB Ta HeopraHiYHMX CNoNyK Migi, pewTa 14
(17,1%) — npeacTaBHUKM iHWKUX XiMIYHWUX KNaciB.

LoctynHi axkepena iHpopmalii, 3okpema [7], 4o3so-
UM BU3HAUUTK PiK NOABM HA PUHKY (piK nepuoi pee-
cTpauii) 81 a. p. nectMumAis 3 82 (BUKIOUYEHHA — Migi
XNOPOKCUA, AKUIA BUKOPUCTOBYBANWN AK QYHriLnA, 3Ha-
YHO paHile, HixK BKasaHui y [7] 1990 pik). MegiaHoto
BUBIpKM, TOBTO POKOM, AIKUIA «MOAINAE HaBNi» yno-
pPALKOBAHY CYKYMHICTb YCiX 3HayeHb, BuMABMBCA 1969.
Jo 1970 poKy Ha puHOK Buiwan 41 pocnigxysaHa pe-
YOBMHA («CTape MOKOMiHHA»), noYmHaoumn 3 1970 poky
— 40 pe4yoBUH («HOBe NMOKoNiHHAY). Ha niactasi aHanisy
NosiBU y NepioAnNYHUX BUAAHHAX Nyb6aiKauil woao Tok-
CMKOJIOTO-TirEHIYHOT OLiHKM QYHTILMAY Migi X10pOKCK-

Ay uA pe4yoBmHa byna Hamu BigHeceHa [0 CTaporo no-
KoniHHA X33P.

MopiBHIOOYM ABa NigMacMBM NeCTULUMUAIB Chif BiA-
3HauMTH, WO BOHM cHOpPMOBaHi NpeacTaBHUKAMU pi3-
HUX XiMiYHWMX Knacis. Tak, cepen 4. p. CTAporo NOKoJiH-
HA — yci 6 X7I0pOopraHiYHMX CNONYK, yci 8 Kapbamaris, 11
3 14 dpocdopopraHiyHux peyosuH, 4 3 5 TpnasuHis, yci
3 npencTaBHUKW apuUIOKCiasiKaHKapOOHOBUX KMUCAOT,
0obuagi HeopraHiyHi cnonyku migi. Cepes 4. p. HOBO-
ro NOKONiHHA — yci 9 Tpuasonis, 5 3 6 nipeTpoigis, yci
3 deHinceyosuHu, obuasi cynbdoHinceyoBmMHU, 06MABa
imigasoniHoHa, o6uaBa TprasonnipumigmHa.

MopiBHAHHA AeAKux isMKO-XiMiYHUX BAACTUBOCTEN
NecTMUMAIB Pi3HWUX MOKOAiIHb 3aCBigYMAO, WO MOAAp-
Ha maca 4. p. CTaporo nokoniHHA [(267,5£9,9) r/mosnb]
[OOCTOBIPHO HWMKYa 3@ TaKy 4. p. HOBOTO MOKOJIHHA
[(344,2+13,1) r/monb] (KpuTepiit CtbiogeHTa, p<0,001).

3a norapudmom  KoedilieHTy po3noginy  Mix
H-OKTaHonom Ta Bogoto (log K ) 39 (48,1%) pedosuH
MatoTb BUCOKY 34aTHICTb A0 bioakymynsuii (log K. >3), 8
(9,9%) — nomipHy (log K 8ia 2,7 oo 3), 34 (42,0%) — HU3b-
Ky (log K. <2,7) 3rigHo 3 Knacudikaliieto, HaBeAeHo B
[7]. [o Toro * 3a 3a3HaYeHNM NOKA3HMKOM BUABNEHO A0-
CTOBIPHi PO3XOAKEHHA MiXK HOBMM Ta CTAapPUM MOKONIHHA-
M1 nectuumais (Taba. 1): yacTka 4. p. 3 BUCOKO 34aTHic-
Tio 40 6ioakymynauii 6yna BULLOKO cepes, CNONYK HOBOFO
NOKO/HHA NOPIBHAHO i3 cTapum (60% npoTn 36,6%) (em-
nipuyHe 3HaYeHHsA Kputepito x? MipcoHa — 7,14; KpUTUUYHe
3Ha4yeHHs x* — 5,99 npu a=0,05, v=2).

OCHOBHMMM XapaKTEPUCTUKAMM, SIKi BM3HAYalOTb
3[aTHICTb NecTMUMAiB BUNAapOBYBATUCS, € TUCK Hacuye-
HOi Nnapw i KoHcTaHTa leHpi.

TucKk HacuyeHoi napu (P) gocnigxyBaHux 4. p. nec-
TMumais npu 20°C KONMBAETLCA Yy AyKe LWUPOKOMY
AianasoHi: Big 3,4x101° mMa (migi cynbdat) go 20 Ma
[rekcaxnopbyTagieH (MXBA)]. Mpu LboMy MepeBakHil
6inbwocTi cnonyk (75 4. p. abo 91,5%) nputamaHHa
HU3bKa NeTKicTb (P <5 mlla) 3riaHo 3 Knacuodikauieto,
HasegeHoto B [7]. e 1 peyoBrHa — deHINCEHOBUHHNIM
rep6iuma cTaporo NoKoNiHHA GeHypOH — Mae NnomipHy [P
(5-10) mNa] netkicTb (Tabn. 2). inwe 6 (7,3%) pevyoBuH
(biopecmeTpuH, TXBM, renTtaxnop, AiasMHOH, enTam,

Tabnuusa 2 — Kputepii ouiHIOBaHHA NOTEHLIMHOrO pU3UKY WKiAAMBOro iHranAuiiHoOro BNAnBy
Ha OpraHiam NIOAVHU AeAKUX Halbinblw Hebe3neuyHMUX NecTULMAIB NPU iX BUNAapOBYBaHHI
3 rPYHTY B NPU3eMHMIA Wap aTmochepHOoro nosiTpa

[itoya peyoBrHa TMSIZSS,CS#:OI KOI.T ; Lasﬂ:ﬂao;e:f) b c,f,,?}?;; 35?3,’3 Fﬂ,hlj:/.'\;zés., rﬁl,,'i/aM'Q KMIO MNPrB
AmiTpaz*'? 5,10x10? 1,06x10° 6,1x10° | 65000 0,5 0,01 9,43x10°8 0,012
BiopecmeTpnH?® 1,86x10! 5,63x10"" 2,58x10° | 5200 2 0,04 | 4,96x10* | 1,289
rekcadpyMypoH*36 5,90x10-2 1,01x10° 1,11x102| 2500 0,5 0,01 | 4,46x10° | 0,022
XB4so 2,00x10* 1,63x10° 2,14x10% | 370 0,005 0,0002 | 5,77x10° |427285,5
y-IXLr4 4,40x10° 1,48x10° 5,24x10'| 690 0,05 0,03 7,60x10* | 10,482
rentaxnaop? 5,30x10! 3,53x102 8,10x10° | 150 0,01 0,0002 | 5,40x102 | 810,415
JjiasnHoH% 1,20x10! 6,09x102 1,49x10° | 3500 0,2 0,001 | 4,26x10* | 7,461
O0T4 2,50x102 8,43x10°" 3,60x10 - 0,1 0,001 - 0,036
Entam® 4,50x10° 5,00x10-® 3,49x10%2 | 200 2 — 1,74x10° | 174,455
Inpo6eHdocs® 1,22x10! - 1,44x10° | 2836 0,3 0,01 | 5,08x10* | 4,803
DeHypoH 5,00x10° 2,13x10* 3,36x10"" - 3 - - 0,112
dokcnum**o 2,10x10° 4,18x10"' 2,57x10' | 3100 0,1 0,001 | 8,28x10° 2,566
Xnopnipndoc®® 1,43x10° 4,78x10" 2,05x10"| 200 0,3 0,001 1,03x10° 0,684
LinnepMeTpuH*2a 6,78x10° 3,10x10! 1,2x10% | 7889 0,2 0,01 1,47x107 0,006

Mpumitkn: 1. * — HOBe MOKOANIHHA MecTULMAiB; 2. 1 — aMignHu, 2 — CUHTETMYHI nipeTpoiau, 3 — deHinceyoBMHK, 4 — XN0pPOPraHiuHi cnoayKu,
5 — pochopopraHiyHi cnonyku, ° — kapbamartu; 3. 2 — iHCeKTO-aKapuumuam, ° — iHcekTuman, © — dyHriunam, " — repbiumnan.
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Tabnuusa 3 — Po3nogin gocnig:KyBaHux nectuumnais
3a Knacamu HebesneuHocTi 3anexHo Big JIK, |

. KinekicTe 4. p. nectuumais 3a
MoKoniHHS Knacamu He6e3mneyHoCTi YCbOoro
necTuunais

| Il 1] v
Hose 6 21 10 1 38
Crape 12 16 9 0 37
Ycboro 18 37 19 1 75

inpobeHdoc) matoTb BUCOKY (P >10 mlla) neTkicTb i yci
BOHM Ha/eXaTb 40 NECTULMAIB CTAPOro NOKOIHHSA.

KoHcTaHTa leHpi (KT) € mipoto neTkocTi cnonyku 3
po36aBaeHNX BOAHUX PO3UYMHIB Ta A03BOASE KNAacudiky-
BaTW NecTULMAM 33 PYXAUBICTIO B CMCTEMIi «BoAa — No-
BiTpA». KoHcTaHTa leHpi (npu 25°C) 75 pocnigxysaHumx
4. p., ANA AKUX LLei NoKasHKUK 6yno 3HaaeHo B [7, 8, 9],
KOJIMBAETLCA Y AYXKEe LWMPOKOMY AianasoHi: Big 2,0x10°
% Ma-m3monb? (pnymercynam) go 1630 Ma-m*monb?
(FXBA). MepeBaskHa binbwicTb cnonyk (66 4. p. abo
88,0%) € HeneTkMmm 3 po3baBaeHUX BOAHWUX PO3YUHIB
(K <0,1 Na-m3-monb?) 3rigHo 3 Knacuoikatieto, Haseae-
Hoto B [7]. /lnwe 2 (2,7%) peyoBuHu (TXB[, Ta renTtax-
Nop, NPeacTaBHUKM CTaporo NOKONIHHA) € neTkumun (KI
>100 Na-m3*-monb™) Ta 7 (9,3%) pe4oBUH — NOMipHO NeT-
Kumu [KI (0,1-100) Ma-m3*monb?] (tabn. 2).

Pe3synbtat MmaTeMaTUYHOrO MOAENOBAaHHA MNpo-
Lecy mirpauii 4OCNigKyBaHUX NeCcTUuMAis 3 rpyHTYy B
npu3emHuii Wap atmochepHOro nosiTpa cBiAYaTb, WO
C... AOCNIAXYBAHMX 82 Ai. p. KOJIMBAETLCA Y [lyKe LuK-
poKomy gianasoHi: Big, 2,22x10™" mr/m? (migi cynbdar)
00 2136,4 mr/m3® (TXBM,), To6TO po3pi3HAETbCA Ha 14 no-
paAakis. BogHouac, konvBaHHa JIK  Ta ririeHiuHMX HOp-
MaTMBIB Y NOBITPiI OXONOIOTb /inLe 3 NOPALKM.

[ocTynHi axepena iHpopmaluii 403BOAUIM OTPUMa-
v BigomocTi npo JIK, 75 focnigikyBaHux Aa. p., cepes,
AKMx 18 (24,0%) cnonyk 3a UMM KpUTEPIEM MOXKHA Bif-
Hectn Ao | knacy (HagssuuaiiHo HebesneuHi, JIK, <500
mr/m?), 37 (49,3%) — po Il knacy [He6esneuHi, JIK,
(500-5000) mr/m3], 19 (25,3%) — oo Il knacy [nomipHo
HebesneuHi, JIK, | (5001-50000) mr/m’] Ta 1 peyosBuHy
(amignHoBUIA iHCEKTO-aKapuuma amiTpas) — go IV knacy
(manonebesneuHi, JIK, >50000 mr/m?®) srigHo 3 «Tirie-
HiYHO KnacuoiKauieo necTMuMaiB 3a CTyneHem He-
6e3neyHocTi» [3] (Tabn. 3). AHani3 3a 4ONOMOroI0 Kpu-
Tepito X* MipcoHa He BUABMB CTaTUCTUUYHO AOCTOBIPHMUX
po36irKHOCTEN MiX NecTMuMaamy PisHUX MOKOAiHb 3a
pPO3MoAiNoM Mo Knacax HebesneyHoCTi 3a roCTPOo iHra-
NAUINHOI TOKCUYHICTIO (emnipnyHe 3HadveHHa X2 — 3,7;
KPUTUYHe 3HayeHHsA X — 7,81 npu a=0,05, v=3).

Mpwn BUBYEHHI NOTEHLIMHOIO PU3NKY FOCTPOTO iHra-
NAUIMHOTO OTPYEHHA BHAC/IAOK BMMApOBYBAHHA Mec-
TULMAY 3 FPYHTY Y NPU3EMHUI Wap aTmochepHoro no-
BiTpA BCTaHoBMeHO, wo KMIO 73 pgocnigKyBaHux 4. p.
3HA4YHO HMXKYIi 3a 0,5, a came: KMIO 12 4. p. HUXKYI Ha
(1-4) nopsagkn, 61 4. p. — Ha (5-14) nopagkis. OTxe,
97,3% 4. p. 33 kputepiem KMIO € manoHebesneyHumu
Tabnuua 5 — Po3nogin gocnig»KysaHux nectuumnais

3a Knacamu HebesneuHocTi 3anexHo Big JIK, |

Tabnuua 4 — Po3nogin gocnigKyBaHUX pevyoBuH
3a Knacamum Heb6e3neyHoCTi 3aN1eXKHO Big
ririeHiYHOro HopmaTtuBy y NoBiTPi po6040i 30HU

. KinbkicTb pe40oBUH 3a
MoKoniHHS Knacamu He6e3neyHoCTi YCbOro
necTuumais I m m
Hose 1 34 5 40
Crape 5 28 9 42
Ycboro 6 62 14 82

3riAHO 3 YMHHOW B YKpaiHi ririeHiyHo Knacuodikalieto
nectuymais [3]. focTpe iHranAujiiHe oTPYEHHA LMMUK pe-
YOBMHAMM BHAC/IZOK iX BUMAPOBYBaAHHA 3 'PYHTY Y Npwu-
3eMHUI Wap aTMOCHEepPHOro MoBITPA € MNPAKTUYHO He-
MMOBIPHUM. JlMwe xnopopraHivHMn dymiraHt FXBM, Ta
TiokapbamaTHWin repbiung, enTam 3a 3a3HAYEHUM Kpu-
Tepiem HanexaTtb BignosiaHo Ao Hebe3sneuHumx (Il Knac,
KMIO Big 2,1 go 10) Ta nomipHo Hebe3sneyHux (Il knac,
KMIO Big 0,5 no 2) nectuumais. O6MABI PeYOBUHU €
npeAcTaBHUKAMM CTAPOro NOKOJIiHHA NecTUUMAIB Ta Ha-
NeXaTb A0 BMCOKONIETKMX 3@ TMCKOM HacUM4YeHoi napwu
(tabn. 2).

[na ouiHKM Hebe3snekn Ana 340pOB’A CinbCbKOroc-
NoAapCbKUX NPALLiBHUKIB BUNApOBYBaHHA MecTuunais
3 FPYHTY Y NpU3eMHMiA Wwap aTtmochepn pospaxysanu
NOTEHLiMHUIA PU3KK WKignmBoro npodeciinHoro BNanBy
(MPMB) Ak cniBBiAHOWEHHSA C,,, Ta ririeHiyHoro Hopma-
TMBY Yy NOBITPi po6040i 30HMU.

MNMonepenHilt aHani3 OCHOBHOIO MacmMByY 4OCNIAXKYBaA-
HUX NeCTULMAIB 32 BEIMYMHOK FLI,I-(n‘p'B‘/OEPBn‘pAs‘ 3acsia-
yumB, Wo 6 (7,3%) AOCNiAKYBAHUX 4. P. MOXKHA BigHECTH
Ao | knacy (Haa3BuyaliHo Hebe3neyHi WKigAMBI pe4yoBu-
Hu, TOK . <0,1 mr/m3), 62 (75,6%) — oo Il knacy [Buco-
KoHebe3neuyHi, F,Ll,Kn_p_a_ (0,1-1) mr/m3], 14 (17,1%) — oo
Il kKnacy [momipHO Hebe3neuHi, MK ... (1,1-10) mr/m3]
3rigHo 3 Knacuoikauieto, HasegeHot B [11] (Tabn. 4).
CTaTUCTUYHO AOCTOBIPHUX PO36iXKHOCTEN MiXK NecTuum-
AaMW Pi3HUX MOKONiHb 33 PO3MOLIZIOM NO Knacax Hebes-
NeYyHoCTi He BMUABMEHO (emMNipMYHe 3HAYEHHA KpUTepito
x? MNipcoHa — 4,36; KpUTUUYHE 3Ha4yeHHs x> — 5,99 npu
a=0,05, v=2).

MpuBepTae yBary Te, WO PO3MOA4iIN AOCAIAKYBAHUX
4. p. N0 Kiacax Hebe3neyHoCTi 3a BEIMYMHOLO TiriEHIY-
HOro HOPMAaTUBY Y NOBITPi PO60YOT 30HK 3HAYHO BiApi3-
HAETbCA Bif Takoro 3a JIK | (tabn. 5): 4. p. Il Knacy 3a Be-
JINYNHOIO TiriEHIYHOrO HOPMATUBY AOCTOBIPHO bifblue,
a | knacy — meHuwe, HiX 3a JIK (emnipnMyHe 3HaYEHHSN
x? MipcoHa — 13,7; KpUTMYHE 3HauYeHHA X2 — 7,81 npwu
a=0,05, v=3).

Mpn ouiHui pU3MKY [AA CiIbCbKOrocnogapCbKmnx
npauiBHKUKIB BCTaHoBAeHO, wo MPMB 74 (90,2%) 4. p.
necTMUMAIB MeHWui 3a 1, To6To A0NYCTUMUIA, NpUYO-
My y binbwocTi BUunaakis (61 cnonyka) MPIMNB meHWwMin
3a 0,1. BunapoByBaHHA LMX NECTULMAIB 3 FPYHTY Y Npwm-

Tabnuus 6 — Po3nogin pocnigKyBaHux
necTMuuAiB 3a NOTEHLitHUM pU3MKOM
WKiAAMBOro iHranAuiMHOro BN/NBY Ha OpraHiam
CiIbCbKOrocnoaapcbKux npayiBHUKIB

N KinbkicTb 4. p. nectuumais . KinbkicTb 4. p. nectuunais
Kputepiii 3a knacaMmuv He6e3neyHocTi | Yeboro nrtla%ﬁ?/ﬂ;zrs 3 MPrB YCboro
SOy | Il 1 v <0,1 0,1-1,0 | >1,0
JK,, 18 | 37 | 19 | 1 75 Hose 37 2 1 40
Crape 24 11 7 42
raK,,./OBPB .| 6 | 62 | 14 | 0 82 YCboro 61 13 8 82
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Tabnuua 7 — Po3nogin gocnigXyBaHux nectuuuais
3a NOTEeHUiHUM PU3UKOM LIKigNUBOro
iHranauiiHoro BnaAuBy ana HenpodeciiiHux
KOHTUHIEHTIB

. KinbkicTb a. p. necTmumais

<0,1 0,1-1,0 >1,0
HoBe 19 11 9 39
Crape 7 7 24 38
Ycboro 26 18 33 77

3eMHUI Wap atMocdepHOro MoBiTPA He CNPUYUMHUTL
WKIiAAMBOrO iHranAuimHoOro BNAMBY Ha OPraHiam Cinb-
CbKOrocnoAapcbKnx NpaLiBHMKIB NpW pernameHToBaHil
TPUBANOCTI LWOAEHHOI Ail NPOTArOM TPYAOBOrO CTaXy.
BMLIOO 3a TiriEHiYHUI HOpmaTMB Yy NOBITPi pobouoi
30HM BuABunace C_ anwe 8 (9,8%) 4. p. (biopecme-
TpuH, NXBA, y-TXUI, rentaxnop, AiasanHOH, enTam, inpo-
6eHdoc, poKkecum), 3 AKUX 7 € NpeacTaBHUKAMM CTaporo
NMOKOIHHA, 6 HAa/IeXKaTb 4,0 BUCOKO/IETKUX 33 TUCKOM Ha-
cuuyeHoi napw (tabn. 2).

AHani3 3a gonomoroto Kputepito x? MNipcoHa niarsep-
[VB HAABHICTb CTAaTUCTUYHO AOCTOBIPHUX PO3XOAKEHb
MiX Pi3HUMM NOKONIHHAMM NECTULMAIB 332 PO3MNOALINOM
OLIHOK PU3MKY WKIAAMBOrO iHranAuimHOro BN/AWBY Ha
OpraHiam CinbCbKOrocnoAapcbkux npauiBHMKIB (Tabn.
6): yacTka 4. p. 3 Ayxe Hu3bkum (<0,1) MPMB 6yna
BULLOIO cepep, CNOYyK HOBOrO NMOKOIHHA MOPIBHAHO i3
ctapum (92,5% npotn 57,1%) (emnipnyHe 3HaYeHHna x>
—13,37; KpuTUUHe 3HadyeHHs x> — 5,99 npu a=0,05, v=2).

[ns ouiHKM Hebe3nekn BUNapoByBaHHA XiMiYHMX 3a-
co6iB 3aXMCTy POCAMH 3 IPYHTY Y NOBITPA 418 340POB’A
HaceNeHHsA, AKe He Ma€e NpodeciMHOro KOHTaKTy 3 nec-
TMLMAAMM, PO3PaxyBanu NOTEHLINHUIA PU3KK LIKIANN-
Boro HenpodecinHoro snamsy (MPHIMB) sk cnisBigHO-
weHHA C__ Ta ririeHiyHOro Hopmarumey B aTmocdepHomy
nositpi. B ACanMNiH 8.8.1.2.3.4-000-2001 Ta gonosHe-
HHAX A0 Hboro [5, 6] 6yno 3HaiiaeHo MAK  /OBPB_ 77
[0CNiAKYBAHUX PEYOBUH 3 OCHOBHOIO MAcKBy NecTULM-
Ais. BctaHoBneHo, wo MNPHMB 44 (57,1%) 4. p. nectuum-
AiB MmeHWwwui 3a 1, To6T0 gonycTumuii. Lii peyoBuHM He
YUHUTUMYTb LIKIANMBOTO BMIMBY Ha OPraHiam NOAMHM
npu iHranAUWiMHOMY HaAXOAXEHHi NMPOTArom He Nuwe
TPYZAOBOrO CTaXKy, @ M YCbOTO *KUTTA. BULLLOIO 33 FirieHiy-
HUWIA HOPMaTUB B aTMocdepHoMmy NosiTpi Buasunace C__
33 4. p., 3 AKMX 24 € npeacTaBHUKAMM CTapPOro NOKOIH-
HA (Tabn. 7).

AHani3 3a sonomoroto Kputepito x? MipcoHa niarsep-
[AMB HaABHICTb CTaTUCTUYHO AOCTOBIPHUX PO36iXKHOCTEN
MiX Pi3HUMM NOKONIHHAMM NECTULMAIB 332 PO3MOALINOM
OLHOK PU3MKY WKIAAMBOrO iHranAuimHOro BN/AWBY Ha
opraHiam HenpodeciMHUX KOHTUHIEHTIB: YacTKa 4. p. 3
ponyctumum (<1) MPHMB 6yna BULIOK cepes Cnoyk
HOBOrO MOKOJIHHA MOPIBHAHO i3 cTapum (76,9% npoTu
36,8%) (emnipnyHe 3HaueHHs x> — 13,18; KpPUTUYHE 3Ha-
yeHHa x2— 5,99 npu a=0,05, v=2).

BucHoBKM.

1. [itoyi pevyoBUHK (4. p.) nectMumAais pisHMX no-
KOJliHb BigpPI3HAKTBCA 3@ HANEXKHICTIO A0 XiMiYHMUX
KNaciB, MOJIAPHOIO Macoto Ta KoeodilieHToM po3noainy
H-OKTaHON—BOAA: Cepes, 4. p. HOBOro NOKoAiHHA (NoaBa
Ha pMHKY abo nepuwa peecTpauis noymHatoum 3 1970
POKY) — Tpuasonu, nipetpoign, GpeHinceyoBMHU, Cyb-
dOHINICeYOoBMHK, iMiAA30MIHOHN, TPUA3OAMIPUMIANHK;
cepes 4. p. CTaporo NOKONiHHA — xnop — Ta pocdopop-

raHiyHi CNONyKMW, TPMasuMHU, apUIOKCiasIKaHKapOOHOBI
KMCNOTK, CNONYKM Midi. MonapHa maca (r/monb) 4. p.
HOBOrO MOKOJiHHA (344,2+13,1) AOCTOBIPHO BMLIA, HiX
CTaporo nokoniHHa (267,5+9,9) (kputepiii CTblogeHTa,
p<0,001). YacTka 4. p. 3 BUCOKOIO 34aTHICTiO A0 bioaKy-
mynsuii (log K >3) cepes cnonyk HOBOrO MOKOANIHHSA
BMLLLA NOPIBHAHO i3 cTapum (60% npoTn 36,6%) (Kpute-
piti x* NipcoHa, p<0,05).

2. MNepeBakHa 6inblwicTb 4. p., 414 AKX BCTaHOB-
neHi [AK, € ManoneTknmm: 3a TUCKOM HacUYeHoT napu
—ycCi 4. p. HOBOro NOKoNiHHA Ta 83,3% 4. p. cTaporo no-
KONiHHA; 32 KOHCTaHTOto leHpi — 89,7% 4. p. HOBOro no-
KONiHHA Ta 86,1% 4. p. CTapOro NOKONIHHA.

3. 3a roctpoto iHranAuiiHol ToKcuuHicTio (/1K )
24,0% p. p. OCHOBHOrO MAacMBY MOXHa BigHeCcTUM [0
| Knacy (Hag3BMYaliHo HebesneyHi), 49,3% — no Il knacy
(Hebe3neuni), 25,3% — no lll knacy (nomipHo Hebes-
neyHi) Ta 1 peyoBuHy — go IV knacy (manoHebesneyHi)
3rigHO 3 ririeHiYHO Knacuodikauiero nectmumais. 3a
BE/IMYMHOLIO TiriEHIYHOrO HOpMaTUBY Y NOBITPi poboyoi
30HM po3nogain iHwui: 7,3% 4. p. MOXKHa BigHeCTU 40
I knacy, 75,6% — po Il knacy, 17,1% — po lll Knacy He-
6e3ne4yHoCTi (PO3X0AKEHHA AOCTOBIPHI 3a KpuTepiem x>
MipcoHa, p<0,05). He 3aneXHOo Bif, BUKOPUCTAHOTO KpK-
Tepito (JIK,, abo ririeHiuHmnit HopmaTuns y NoBITpi pobouoi
30HM) 3a PO3MOAINOM MO Kaacax HebesneyHoCTi pi3Hi
NMOKONIHHA NecTUuMAiB CTaTUCTUYHO He BiApPi3HATbCA
(KpuTepiit ¥ MipcoHa, p>0,05).

4. 3a kputepiem KMIO yci A4. p. HOBOro NOKOJiHHA
Ta 94,6% 4. p. CTaporo NOKONiIHHA € ManoHebesneyHu-
mu (KMIO <0,5) 3rigHO 3 YMHHOO B YKpaiHi ririeHiuHoo
Knacudikaujieo nectmumais; rocTpe iHranauiinHe oTpy-
€EHHA UMMM PEYOBMHAMM BHACMIAOK iX BUNAPOBYBaHHA
3 IPYHTY Y NpU3eMHui Wwap atMochepHOro nositps €
NPaKTUYHO HEMMOBIPHUM.

5. BcraHoBneHO, WO MOTEHUiMHMA pu3MK npode-
ciiHoro snausy (MPMB) 90,2% 4. p. OCHOBHOrO MacuBy
MeHLNI 3a 1, TOBTO AOMYCTUMMIA; BUNAPOBYBAHHA LMX
necTuumMAaiB 3 rpyHTy y Npu3emHui Wwap atmochepHoro
NoBITPA He CNPUYMHUTD LIKIANNBOrO iHraNsALiMHOro BMNau-
BY Ha OpraHi3m CilbCbKOroCcnoAapCbKMx NpaL,iBHUKIB Npuy
pernameHToBaHI TPMBaNOCTI LLOAEHHOI Aii npoTArom
TPYAOBOrO CTaXky. BuABneHO CTaTUCTMYHO [OCTOBIPHI
PO3XOAXKEHHA MiX Pi3HMMU MOKONIHHAMM NEeCcTULMAIiB:
YyacTKa 4. p. 3 Ay»Ke Hu3bKkum (<0,1) MPMB 6yna BULLOO
cepep, CNoJlyK HOBOFO MOKOANIHHA MOPIBHAHO i3 CTapum
(92,5% npotun 57,1%) (kputepiii x> MipcoHa, p<0,05).

6. MoKa3aHo, WO NOTEHLiNHNIA pU3nK HenpodeciiHo-
ro snamsy (MPHMB) 57,1% 4. p. OCHOBHOTO MacuBYy MeH-
Wwni 3a 1, To6T0 fonycTMMMiA. Lii peyoBMHM Npu BUNapo-
BYBAHHI 3 'PYHTY B MOBITPA HE YMHUTUMYTb LIKIAANBOTO
BMN/IMBY Ha OpraHi3m JIOAUHW NPU iHraNALIMHOMY HaaXo-
[OKEeHHI MPOTArOM He NuLle TPYL0BOro CTaXy, a ¥ yCboro
KUTTA. YacTka 4. p. 3 gonyctumum MPHIMB 6yna BuLoto
cepep, CNoslyK HOBOFO MOKOANIHHA MOPIBHAHO i3 CTapum
(76,9% npotu 36,8%) (kpuTtepiit x* MipcoHa, p<0,05).

MepcneKkTMBM NOAANbLUIUX [OCAIAMKEHD.

Y HacTynHoMy noBigomneHHi byae 3anponoHoBaHuUM
METO, OLHKMU iHTerpanbHOro iHAaeKkcy HebesneyHocTi
Ha niacTaBi KpUTepiiB NOTEHLIMHOrO PU3MKY WKiaAn-
BOrO iHraNALIMHOIO BM/IMBY Ha OpPraHiam OANHK 4. p.
necTuuMay npv BUNAapoOBYBaHHI 3 IPYHTY B NPU3EMHUM
wap atmocohepu, AKUN [03BONUTL OBIPYHTOBYBATU [0-
PEYHICTb eKCNePMMEHTAIbHOTO AOCAIAXKEHHA MirpaLii y
CUCTEMI «T'PYHT — NOBITPA».
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PU3UK-OPIEHTOBAHI NIAXO4AU A0 ONTUMISALIT OB’EMY EKCMEPUMEHTANBHUX AOCNIAXEHb
NPUTITIEHIYHOMY HOPMYBAHHI MECTULMAIB Y I'PYHTI (nepwe nosigomneHHs)

KopuwyH M. M., KopuwyH O. M., MapriaHosa 0. B.

Pe3stome. Ha cborogHi o6rpyHTYBaHHA rpaHMUYHO AOMNYCTUMOT KOHLUEHTPALTY FPYHTI (F[J,Kr) Aito4YMX pevyoBuH (4. p.)
necTUUMAIB 34iMCHIOETLCA Ha NiACTAaBi eKCNepUMeHTaIbHOMO BCTAHOB/IEHHA NMOPOroBMX KOHLLEHTPAL,ii 33 TpaHC/10Ka-
LiMHMM, BOAHO-MIirpaLiiHUM, NOBITPAHO-MIrpaLiMHMM Ta 3araibHOCaHITAPHUM MOKa3HUKAMM LWKIAMBOCTI.

Mema 0ocnioneHHA: 0brPYHTYBaHHA PU3UK-OPIEHTOBAHUX NiAX0AiB A0 OLiHIOBaHHA He6e3neKku WKiaAnBoro iH-
ranAuiHoOro BNAWBY Ha OpPraHism AIOAUHU NeCcTULMAIB NpK iX Mirpauii 3 rpyHTY B MPU3EMHMIA Wap aTMochepHOoro
noBiTpA 414 ONTUMI3aLii 06’emy eKcrnepuMeHTaNbHUX JOCAIAKEHDb NPU 06rPYHTYBAHHI FiriEHIYHOro HOpmaTUBy y
FPYHTI.

06’ekm i MemoOdu OcnioreHHA. NpoBeAeHO CTaTUCTUYHWUI aHaNi3 MacuBy 3 82 Ail0UMX PEYOBUH (4. p.) NecTULU-
AiB, ANA AKMX paHiwe 6yno obrpyHToBaHo MK . 34iiicHEHO MaTemMaTUYHe MOAEIOBAHHA NPOLECY BUNApOBYBaHHs
4. p. 3 'PYHTY B NpM3eMHUI Wwap atmocdepHoro nosiTps. MoTeHLiliHy Hebe3neky iHranALinHOro BNAMBY 4. p. Ha op-
raHiam ItOANHU OLLIHEHO 3a pe3y/ibTaTaMKn PO3PaxyHKY KOedilliEHTY MOXKAMBOCTI iHranauiinHoro otpyeHHa (KMIO),
NoTeHLiMHOro pM3unKy npoodeciiHoro snausy (MPMB) Ta noTeHuilMHOro pmusmKky HenpododeciiHoro snaunsy (MPHMB).

Pe3ynbmamu. [locniayKyBaHi NnecTMuMAmM 3a YacomM NosiBU Ha PUHKY NOAiNEHO Ha 2 MOKOAiHHA: cTape (40 1969 p.
BK/IIOYHO) NpeacTaBAeHo xiop — Ta GochopopraHiyHMMK CroNyKaMu, TPUAsMHaAMK, apuaoKCiasKkaHKapboHOBUMM
KMCNOTaMM, CNONYyKaMKn Migi; HoBe (moumHatoum 3 1970 p.) — noxiaHMMM Tpuasonis, NipeTpoiais, GpeHinceyosuH,
cynbdOHiINCeYOBUH, iMiga3oniHOHIB, TprasonnipumianHie. Cepen cnosiyk HOBOro NOKOJIIHHA MOPIBHAHO i3 cTapum
[OCTOBIPHO BULLMMU € MONsApHa Maca [(344,2+13,1) npoTu (267,5+9,9) r/monb] Ta YacTka 4. p. 3 BUCOKOIO 34aTHIC-
Tio Ao bioakymynsuii (60% npotu 36,6%). 3a TMCKOM HAaCMYEHOi Napy Ta KOHCTAHTO leHpi nepeBaykHa BiNbLicTb
(91,5% i 88,0% BiaNOBIAHO) 4. P. OCHOBHOIO MacuBY € Masio IETKUMMU.

3a rocTpoto iHraNALIMHOK TOKCUYHICTIO Ta BE/IMYUHOLO TiriEHIYHOro HOpMaTUBY Y NOBITPI poboyoi 30HM A0 | Knacy
(Hap3BuualiHo Hebe3neyHi) BigHeceHo BignosiaHo 24,0%i7,3% 4. p., Ao |l knacy (HebesneuHi) —49,3% i 75,6% 4. p.,
0o 1l knacy (nomipHo Hebe3neyHi) — 25,3% i 17,1% 4. p. BiANOBIAHO; CTaTUCTUYHO AOCTOBIPHUX PO3XOANKEHDb MiXK
Pi3HMMM NOKONIHHAMM NECTULMAIB HE BUAB/IEHO.

3a Kputepiem KMIO yci 4. p. HOBOro NoKosiHHA Ta 94,6% A. p. CTaporo NOKONiHHA € MasoHebe3neyHumu. onyc-
TUMUMKM (MeHWKmK 3a 1) Busisunnca MPMB Ta MPHMB BignosiaHo 90,2% i 57,1% 4. p.. YacTKa 4. p. 3 Ay*Ke HU3bKUM
(<0,1) NPNB Ta gonyctummm (<1) MPHMNB 6yna BULLOIO cepen CnoayK HOBOro NoKoniHHA (92,5% i 76,9% BianosiaHoO)
NOpPIBHAHO i3 cTapum nokoniHHam (57,1% i 36,8% signosigHo).

BucHoeKu. focTpe iHranAuinHe oTPYEHHA AOCNIAXKYBAHUMM A.p. NECTULNAIB BHACNIAOK iX BUMNAPOBYBAHHA 3 'PYyH-
TY B NPU3EMHWI Wap aTMochepHOro NoBiTPA € NPaKTUYHO HemoKAMBMM. Mirpauis nectuumais 3 rpyHTy B aTMocC-
depHe nosiTpA y BUNagKy 90,2% 4. p. He CNPUYNHUTD LLKIAAMBOTO iHFANALIMHOIO BNIMBY Ha OPraHi3m CifibCbKOroc-
NoAapPCbKMUX NPaLiBHUKIB NPW pernameHTOBaHiI TPMBANOCTI LLOAEHHOI Al NPOTArOM TPYAOBOrO CTaxy Ta Y BUNALKY
57,1% A.p. He 3aWKoAnTb 0cobam, AKi He MatoTb NPOPECIMHOrO KOHTAKTY 3 NECTULLMAAMM, 3a Aii NPOTATOM KUTTA.

Kntovosi cnoBa: nectmumnam, rpyHT, atmocoepHe nosiTpA, iHranALinHWA BNAWB, FPAHWYHO AOMNYCTMMA KOHLEH-
Tpauia.

RISK-ORIENTED APPROACHES TO OPTIMIZE THE VOLUME OF EXPERIMENTAL STUDIES PESTICIDES’ HYGIENE
STANDARD IN SOIL (first message)

Korshun M. M., Korshun O. M., Martiianova Yu. V.

Abstract. Nowadays, the determination of threshold concentrations based on translocation, water-migration, air-
migration, and general sanitary indicators of harmfulness is used to justify the maximum permissible concentration
in soil (MPCs) of active substances (a. s.) of pesticides.
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Aim research: to optimize the volume of experimental investigations in the reasoning of the hygienic standard
in the soil, risk-oriented approaches to assessment of the danger of harmful inhaling effects on the human body of
pesticides during their migration from soil to the lower atmospheric air layer are used.

Materials and methods. 82 active substances (a. s.) of pesticides, for which the MPCs had previously been
justified, were the subject of a statistical analysis. Mathematical modelling of the process of evaporation of the
a. s. from soil to the lower atmospheric air layer was carried out. Based on the results of the calculation of the
coefficient of inhalation poisoning possibility (CIPP), potential risk of professional influence (PRPI), and potential
risk of unprofessional influence (PRUI), the potential danger of the inhalation effect of a. s. on the human body has
been evaluated.

Results. According to when they first hit the market, the studied pesticides are divided into two generations: the
older generation (until 1969 inclusive), which includes pesticides made of organochlorine and organophosphorus
compounds, triazines, aryloxyalkanecarboxylic acids, copper compounds, and the newer generation (since 1970),
which includes triazoles derivatives, pyrethroids, phenylureas, sulfonylureas, imidazolinones, triazolpyrimidines.
Among the compounds of the new generation compared to the old, the molar mass [(344.2+13.1) versus (267.5%9.9)
g/mol] is obviously higher and the part of a. s. with a high ability to bioaccumulate (60% against 36.6%). According
to the saturated vapor pressure and Henry’s law constant, the vast majority (91.5% and 88.0%, respectively) of a. s.
of the main massif are low-volatile.

Acute inhalation toxicity and the value of the hygienic standard in the working area’s air were used to classify
24.0% and 7.3% of a. s. as class | (extremely dangerous), 49.3% and 75.6% as class Il (dangerous), and 25.3% and
17.1% as class Il (moderately dangerous), respectively, no statistically significant differences between different
generations of pesticides were discovered.

According to the CIPP criterion, all a. s. of the new generation and 94.6% of a. s. of the old generation are of
little danger. PRPI and PRUI 90.2% and 57.1%, respectively, of a. s. were acceptable (less than 1). The proportion of
a. s. with a very low (<0.1) PRPI and acceptable (<1) PRUI was higher among the compounds of the new generation
(92.5% and 76.9%, respectively) compared to the old generation (57.1% and 36. 8% respectively).

Conclusions. Acute inhalation poisoning by the studied a. s. of pesticides as a result of evaporation from the
soil to the lower atmospheric air layer is practically impossible. The migration of pesticides from the soil to the
atmospheric air in the case of 90.2% of a. s. will not cause harmful inhalation effects on the body of agricultural
workers with the regulated duration of daily action during the working experience, and in the case of 57.1% of a. s.
will not harm persons who do not have occupational contact with pesticides for lifetime actions.

Key words: pesticides, soil, atmospheric air, inhalation exposure, maximum permissible concentration.

ORCID and contributionship / ORCID Ko»Horo aBTopa Ta iXx BHECOK A0 CTaTTi:
Korshun M. M.: 0000-0002-0204-8281 4

Korshun O. M.: 0000-0003-1591-7340 ¢

Martiianova Yu. V.: 0000-0002-9609-2717 &

Conflict of interest / KoHdniKT iHTepecis:
The Authors declare no conflict of interest. / ABTopu 3aaBAAIOTb NPO BiACYTHICTb KOHGAIKTY iHTepecis.

Corresponding author / Agpeca ans KopecnoHaeHuji

Martiianova Yuliya Volodymyrivna / MapTiaHosa Onia BonogmumupisHa

Bogomolets National Medical University / HauioHanbHuit MeguuHmii yHiBepcuTeT imeHi O.0. BoromonbuAa

Ukraine, 01601, Kyiv, 13 Taras Shevchenko boulevard / Agpeca: YkpaiHa, 01601, m. Kuis, bynbsap Tapaca LLes-
YyeHKa 13

Tel.: +380969138754 / Ten.: +380969138754

E-mail: ulia.martianova@gmail.com

A — Work concept and design, B — Data collection and analysis, C — Responsibility for statistical analysis, D — Writing the article, E — Critical re-

view, F —Final approval of the article / A — kKoHuenujs po6oTtv Ta agn3aitH, B —36ip Ta aHanis gaHux, C — BigNoBiAanbHICTb 3@ CTaTUYHWUIA aHanis,
D —HanucaHHA cTaTTi, E — KpUTUYHUii ornag, F — octaTouHe 3aTBepAXKeHHA CTaTTi.

Received 23.11.2022 / Cmammas Hadiiliwna 23.11.2022 poky

Accepted 05.05.2023 / Ctatta npuitHaTta go apyky 05.05.2023 poky

158 ISSN 2077-4214. Bicuuk npo6nem 6ionorii i megnuunn — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169)



