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CEPEJOBHU{I NECTHLHTIIB, AKI BNNUBAKOTL HA WHTONDAIBHY 3AN03Y
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IMPROVEMENT OF THE MONITORING SYSTEM IN THE ENVIRONMENT
OF PESTICIDES AFFECTING THYROID GLAND

esticides are among the

chemicals most studied in

terms of adverse effects on

the thyroid gland (DDT,

amitrol, carbamate and

dithiocarbamate class com-
pounds, including manzoceb
metabolite ethylenethiourea etc.)
[1, 2]. It has been found that the
effect of background concentra-
tions of the tested compounds
does not have a negative effect on
the thyroid gland, while the effect
on higher levels, professional or
accidental, can lead to changes in
thyroid gland [1, 3].

However, to date, agriculture in
most countries, especially devel-
oping ones, is heavily reliant on
pesticide application, which pre-
vents or reduces losses from
pests and thus increases yields
and product quality, even in terms

of external attractiveness, which is
often important for consumers [4,
5]. From this point of view, pesti-
cides are an economical, labor-
saving and effective mean for the
control of pests, diseases and
weeds in agriculture [5].

Same time pathology of the
endocrine system takes one of the
leading places in the structure of
the general morbidity of the popu-
lation of Ukraine and the world.
Among endocrine diseases in
Ukraine, the main place takes
pathology of the thyroid gland
(about 44%, in the endemic west-
ern regions — 70%).

Despite their popularity and
widespread use, pesticides pose a
serious risk to human health:
farmers (professional contin-
gents) when mixing and applying
pesticides or working in cultivated
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lNectnuman Hanexarb 40 XiMIYHUX PEHOBUH, Havi-
6inbLL JOCNAXEHUX Y MAaHi HeraTMBHOIO BrJINBY Ha
wmTonoAibHy 3an03y. OaHakK CilbCbke rocrnoaapcTt-
BO OiN1bLLIOCTI KpaiH, 0COO/IMBO TUX, LLIO PO3BU-
BalOTbCS, 3HAYHO 3aJIEXUTb Bif] 3aCTOCYBAaHHS
necTuuuaiB, L0 AO3BOJISE 3anobirt abo 3MEeHLLU-
TV BTPATtu Bif LUKIAHWKIB | TAKUM YYNHOM MiABULLINTU
BPOXaMHICTb Ta SIKICTb poAyKLii, HaBiTb 3 TOYKU
30pY 30BHIlLIHBOI MPMBabIMBOCTI, L0 YACTO € BaX-
JINBUM [1J151 CIIOXUBAYIB.

Mera - ririeHiyHe 06rpyHTyBaHHs KpUTepiiB Bigbo-
Py nectnunaiB, SKi BrMBaKTb HA LLMTONOAIGHY
3a/103y /151 iX MOHITOPUHTY Y JOBKIJII.

Martepianu i MmeToaun gocnigxerHb. Hamu Byko-
puctaHo MmeToam 1abopaTopHOro Ta HaTypHOro
ririEHIYHOro eKCrnepuMeHTIiB, QIi3NKO-XIiMIi4HI (Xpo-
marorpadgiyHi), opraHonenTu4Hi, QidanyHi MeToau,
MeToaM MarteMaTuyHoOro MOAEI0BaHHS Ta CTaTuc-
TUYHOIroO aHaslisy.

Pe3ynbtaTtu Ta 06roBopeHHs. [1py BUpiLLIeHHI
MUTaHHS NMPO HEOOXIAHICTb MPOBEAEHHS] MOHITO-
PUHry B YKpaiHi gns nectuunay, Sk BriJiMBae Ha

wmTonoaibHy 3as103y, OLIHIOITbL KOXEH i3 3arpo-
MOHOBaHMX roKa3HWKIB y basnax Ta 3Haxo4siTb
iXHIO 3arasibHy cymy. SKLo npenapary Ha OCHOBI
JAO0CiAXYyBaHOI Criosiyku 3aCTOCOBYIOTb Ha PI3HUX
KysbTypax abo y Pi3HUX IPYHTOBO-KTiMATUYHNX
YyMOBaXx, TO /151 OLliHK1 6epyTb Hakbinblie 3Ha-
4YeHHs nepioay HaniBpyviHyBaHHs. [licas goaa-
BaHHS yCix oTpumMaHux 6asiB HeobXiaHICTb rnpo-
BEAEHHSI MOHITOPUHIY OLiHIOKTb TaAKUM YUHOM:
SIKLLO 3arajibHa cyma ctaHoBuTb 11-16 6anis,
npoBeAeHHsI MOHITOPUHry HeoboB’si3kose; 17-27
6asiB — MOHITOPUHI npoBoAnNTY b6axaHo, 28-38
6aniB — MOHITOPUHI NMPoBOANTN 060B’I3K0BO; 39-
44 6ann — BUKOPUCTaHHS nectuumay HeobxiaHo
3a00POHUTHU.

BucHOBOK. TakuM YYHOM, HaMu BYJ10 yAOCKOHase-
HO CUCTEMY MOHITOPUHIY NeCcTUUnaIB, SIKi MOXYTb
BAMBaTy Ha QYHKLIOHYBaHHS LUMTONOAIOHOI 3a/10-
3u, a came: 6yJ10 3arpPorioHoBaHo 6asibHy OLiHKY
KpuTepiiB BiaboOpPy A5 MPOBEAEHHS] MOHITOPUHIO-
BUX AOC/IAXEHb, & TAKOX 40AAaTKOBI (IHAEKC NOTEeH-
LiiHOro 3abpyAHEHHS IPYHTOBUX Ta MOBEPXHEBUX
Boa (LEACH), iHTerpasibHuii nokasHuk Hebeaneuy-
HOCTI y pa3i noTpanssHHS y BOAY, IHTerpasjbHum
roka3Huk Hebe3rneyHOCTi CrIOXUBaHHS MPOAYKTIB
(IFHBI) Ta cneunidHi KpyuTepIi (BrINB Ha LUNTO-
noaibHy 3as103y ik OpraH-MilleHb, BUPDAXEHICTb
TUPO3UHEMII, IHAYKOBaHOI nectuumgom (piBeHb
TUPO3UHY Yy rJ1a3mi KpoBU, HMOJIb/MJ1).
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fields; for non-professional con-
tingents (bystanders) in the con-
sumption of food and water con-
taining pesticide residues [5].

That is why monitoring the risk
of pesticides, which can affect
the thyroid gland, when pesti-
cides with water and foodstuffs
enter the human body is very
important to control the health of
the population [6].

Objective. Wesubstantiationthe
criteria for selection of pesticides
that affect the thyroid gland for
their monitoring in the environ-
ment.

Materials and methods: The
most widely used fungicides and
herbicides as the compounds
most commonly affecting the
functioning of the thyroid gland,
and insecticides as the most
toxic to warm-blooded animals
and humans, have been selected
to analyze and identify possible
selection criteria for monitoring.

We used methods of laboratory
and field hygiene experiments,
physico-chemical (chromato-
graphic), organoleptic, physical
methods, methods of mathemat-
ical modeling and statistical
analysis. Statistical processing of
the results was performed using
the IBM SPSS Statistics Base
v. 22 statistical software pack-
age. Descriptive statistics were
used in the statistical analysis of
the obtained data; the compari-
son of the mean values of the
variables was carried out using
parametric methods (Student's
t-test) with the normal distribu-
tion of the features expressed in
the interval scale. Differences
with a significance level greater
than 95% (p<0.05) were consid-
ered significant. Compliance with
the law of normal distribution of
features was tested using the
Shapiro-Wilk method.

Results and discussion. A
risk assessment for population
when consuming food containing
pesticide residues is mandatory
in the US and European countries
[7-10]. In Ukraine, when carrying
out state tests of new pesticide
formulations, a risk assessment
for agricultural producers (pro-
fessional contingents) is carried
out with possible inhalation and
dermal penetration of pesticide
compounds. There is no assess-
ment of any risk to non-profes-
sional contingents in the oral
ingestion of pesticide active sub-
stances with food and water, risk
monitoring for the population

—®-

when using contaminated prod-
ucts and water is not carried out.

In Ukraine, monitoring of xeno-
biotics is currently governed by
Article 33 of the Law of Ukraine
«On ensuring the sanitary and
epidemiological well-being of the
population», namely the Pro-
cedure for Conducting State
Social and Hygienic Monitoring
(Decree Ne 182 of February 22,
2006); Resolution of March 30,
1998 Ne 391 «On Approval of the
Regulation On the State Envi-
ronmental Monitoring System»
(as last amended Ne 797 dated
October 18, 2017); Resolution
Ne758 of September 19, 2018
«On Approval of the Procedure
for State Water Monitoring». In
2017 Vavrinevych O.P. and the
co-authors developed and sub-
stantiated the mechanism of
improvement and developed the
scheme of functioning of the sys-
tem of state social-hygienic
monitoring of fungicides in envi-
ronmental objects [11].

The environmental monitoring
models that exist in Ukraine
today [10, 11] provide for obser-
vations of the state of the envi-
ronment (air, land waters, coastal
waters, soil), and the level of its
pollution. The implementation of
these functions is entrusted to
the Ministry of Environment and
other central executive organiza-
tions, which are the subjects of
the state environmental monitor-
ing system, as well as enterpris-
es, institutions and organizations
whose activities lead to or may
cause environmental denatura-
tion [12]. In addition, a scheme
for the functioning of the system
of social and hygienic monitoring
and prevention of the negative
impact of plant protection chem-
icals on population health has
been proposed [12].

However, none of the monitor-
ing systems provides for a risk
assessment for non-professional
contingents whose organism is
predominantly orally adminis-
tered with drinking water and
foodstuffs and pesticides may be
released. In addition, they do not
contain specific criteria for moni-
toring of pesticide that affect the
thyroid gland, which, as seen
above, is extremely relevant to
our country today.

The results of the toxicological
and hygienic evaluation and
study of the mechanisms of
action of the investigated pesti-
cides [2] allowed to distinguish in

addition to previously justified
toxicological selection criteria for
monitoring (hazard class and the
allowable daily dose value), two
more specific indices: impact on
the thyroid gland as target organ
and severity of tyrosinemia
induced by pesticide (plasma
tyrosine level, nmol/ml).

It has been established that in
soil and climatic conditions of
Ukraine the risk of soil water con-
tamination with all investigated
fungicides (isopyrazam, pen-
tiopyrad, sedaxan, fluxapiroxad)
and most herbicides (acetochlor,
dimethachlor, propizochlor, pro-
pizolachlor, S-metolachlor, thi-
enecarbazone-methyl, isoxaflu-
tol, mesotrione, glyphosate) is
low and maximum possible con-
centrations in groundwater are
low and much lower than permis-
sible. Which is due to low rates of
herbicide consumption and a
small percentage of active sub-
stances in the formulations and
indicates the relative safety of
human health in the use of water
contaminated with compounds
[13, 14].

Based on the obtained data, an
additional criteria for the assess-
ment of the environmental haz-
ards of the pesticide for monitor-
ing system - the Groundwater
and Surface Water Pollution
Index (LEACH); indices of the
hazard of entry into the human
body (integral index of contami-
nated water consumption hazard
(IICWCH) and the integral index
of contaminated food consump-
tion hazard (IICFCH) — were pro-
posed.

The analysis of toxicity, mecha-
nisms of action, risk to the envi-
ronment and the human body of
the investigated pesticides af-
fecting the thyroid gland [2, 13-
15], allowed to substantiate the
scheme of functioning of the
monitoring system for monitoring
pesticides - risk factors for the
development of thyroid disease
as a methodic basis of of preven-
tion (fig.).

Hygienic monitoring of pesti-
cides that affect the thyroid gland
requires, first of all, areas with
intensive agriculture, such as
Vinnytsia, Cherkasy, Poltava,
Kherson, Odesa, Mykolaiv re-
gions. However, in other areas
such monitoring is desirable as
chemical plant protection prod-
ucts are being actively intro-
duced into Ukrainian agriculture,
including privately owned farms
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that are mostly unchecked,
which complicates the determi-
nation of pesticide application
volumes [6].

When deciding on the need for
monitoring in Ukraine for a pesti-
cide that affects the thyroid
gland, each of the proposed indi-
cators have to be evaluated in
points (table) and their total value
have to be estimated. If formula-
tions based on the test com-
pound are used on different
crops or in different soil and cli-
matic conditions, the maximum
values of the half-life periods
should be taken for the assess-
ment.

After adding all points
received, the need for monitoring
is evaluated as follows: for a total
of 11-16 points — monitoring is

—®-

not required; 17-27 points -
monitoring is desirable; 28-38 —
monitoring is obligatory; 39-44 —
pesticide use should be prohi-
bited.

Conclusion. We have impro-
ved the monitoring system of
pesticide that may affect the
functioning of the thyroid gland,
namely: it offered a point evalua-
tion of the selection criteria for
monitoring studies, proposed
additional (the Groundwater and
Surface Water Pollution Index
(LEACH); indices of the hazard of
entry into the human body (inte-
gral index of contaminated water
consumption hazard (IICWCH)
and the integral index of contam-
inated food consumption hazard
(ICFCH)) and specific criteria
(effect on thyroid gland as target

organ, severity of pesticide
induced tyrosinemia (plasma
tyrosine level, nmol/ml).
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Figure

Scheme of functioning of the system of hygienic monitoring and prevention of negative
effects of pesticides that affect the thyroid gland
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Pesticides are among the chemicals most studied
in terms of adverse effects on the thyroid gland.
However, agriculture in most countries, especially
developing ones, is heavily reliant on pesticide
application, which prevents or reduces losses
from pests and thus increases yields and product
quality, even in terms of external attractiveness,
which is often important for consumers.
Objective: The aim of the study is a hygienic sub-
stantiation of the selection criteria for monitoring
and assessment of the human health risk of pesti-
cides that may affect the thyroid gland.

Materials and methods: We used methods of
laboratory and field hygiene experiments, physi-
co-chemical (chromatographic), organoleptic,
physical methods, methods of mathematical mod-
eling and statistical analysis.

Results and discussion: When deciding on the
need for monitoring in Ukraine for a pesticide
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that affects the thyroid gland, each of the pro-
posed indicators have to be evaluated in points
and their total value have to be estimated. If for-
mulations based on the test compound are used
on different crops or in different soil and climatic
conditions, the maximum values of the half-life
periods should be taken for the
assessment.After adding all points received, the
need for monitoring is evaluated as follows: for a
total of 11-16 points — monitoring is not
required; 17-27 points — monitoring is desirable;
28-38 — monitoring is obligatory; 39-44 — pesti-
cide use should be prohibited.

Conclusion: Thus, we have improved the monitor-
ing system of pesticide that may affect the func-
tioning of the thyroid gland, namely: it offered a
point evaluation of the selection criteria for moni-
toring studies, proposed additional (the
Groundwater and Surface Water Pollution Index
(LEACH); indices of the hazard of entry into the
human body (integral index of contaminated water
consumption hazard (IICWCH) and the integral
index of contaminated food consumption hazard
(lIICFCH)) and specific criteria (effect on thyroid
gland as target organ, severity of pesticide
induced tyrosinemia (plasma tyrosine level,
nmol/mli).

Keywords: pesticides, selection criteria,
hazard class, environmental persistency, risk
for bystanders, monitoring.
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Table

Selection criteria for hygienic monitoring of pesticides that affect the thyroid gland

Criteria Score in points, depending on the index value
1 2 3 4
Toxicological criteria
Allowable daily dose (ADD), mg/kg >0,02 0,0051-0,02 0,0021-0,005 0,002
Class of hazard according to State 4 3 5 1
Standards 8.8.1.002-98
. It is proved
Impact on the thyroid gland Does not | Weak effect in animal aﬁ?rﬁ aﬁ rggg;r?rﬁzﬁg{gfﬁ(g}y thatitis
as a target organ affect experiments ) ; realized in
to be realized in humans humans
The severity of pesticide-induced
tyrosinemia (plasma tyrosine levels, <300 300-1000 1001-1500 >1500
nmol/ml)
The hazard to environmental objects
Half-life period (DT5q)in soil, day <11 11-30 31-120 >120
Half-life period (DTsg) in water, day <5 5-10 11-30 >30
Half-life period (DTsgg)in plants, day <5 5-14 15-30 >30
the Groundwater and Surface Water
Pollution Index (LEACH), units <0.,01 0,01-0,1 0,11-1,0 >1,0
Screening of maximum pesticide
concentration in groundwater (SCI- | <1,0x10-3| 1,0x10-3 - 1,0x10-2 1,1x10-2 - 1,0x10-1 >1,0x10-1
GROW), ug/!
The hazard to humans
Integral index of contaminated water 4 5.6 7-8 9
consumption hazard (IICWCH), points
Integral index of contaminated food
consumption hazard (IICFCH), points 4 5-6 7-8 9
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