
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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Пестициди належать до хімічних речовин, най-
більш досліджених у плані негативного впливу на
щитоподібну залозу. Однак сільське господарст-
во більшості країн, особливо тих, що розви-
ваються, значно залежить від застосування
пестицидів, що дозволяє запобігти або зменши-
ти втрати від шкідників і таким чином підвищити
врожайність та якість продукції, навіть з точки
зору зовнішньої привабливості, що часто є важ-
ливим для споживачів.
Мета – гігієнічне обґрунтування критеріїв відбо-
ру пестицидів, які впливають на щитоподібну
залозу для їх моніторингу у довкіллі.
Матеріали і методи досліджень. Нами вико-
ристано методи лабораторного та натурного
гігієнічного експериментів, фізико-хімічні (хро-
матографічні), органолептичні, фізичні методи,
методи математичного моделювання та статис -
тичного аналізу.
Результати та обговорення. При вирішенні
питання про необхідність проведення моніто-
рингу в Україні для пестициду, який впливає на

щитоподібну залозу, оцінюють кожен із запро-
понованих показників у балах та знаходять
їхню загальну суму. Якщо препарати на основі
досліджуваної сполуки застосовують на різних
культурах або у різних ґрунтово-кліматичних
умовах, то для оцінки беруть найбільше зна-
чення періоду напівруйнування. Після дода-
вання усіх отриманих балів необхідність про-
ведення моніторингу оцінюють таким чином:
якщо загальна сума становить 11-16 балів,
проведення моніторингу необов’язкове; 17-27
балів – моніторинг проводити бажано; 28-38
балів – моніторинг проводити обов’язково; 39-
44 бали – використання пестициду необхідно
заборонити.
Висновок. Таким чином, нами було удосконале-
но систему моніторингу пестицидів, які можуть
впливати на функціонування щитоподібної зало-
зи, а саме: було запропоновано бальну оцінку
критеріїв відбору для проведення моніторинго-
вих досліджень, а також додаткові (індекс потен-
ційного забруднення ґрунтових та поверхневих
вод (LЕАСН), інтегральний показник небезпеч-
ності у разі потрапляння у воду, інтегральний
показник небезпечності споживання продуктів
(ІПНВП) та специфічні критерії (вплив на щито-
подібну залозу як орган-мішень, вираженість
тирозинемії, індукованої пестицидом (рівень
тирозину у плазмі крови, нмоль/мл).

Ключові слова: пестициди, критерії відбору,
клас небезпеки, стійкість в об’єктах 
довкілля, ризик для непрофесійних 
контингентів, моніторинг.
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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
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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 № 182 of February 22,
2006); Resolution of March 30,
1998 № 391 «On Approval of the
Regulation On the State Envi -
ronmental Monitoring System»
(as last amended № 797 dated
October 18, 2017); Resolution
№ 758 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
(IICFCH)) 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

Notes: 
CIPP – the coefficient of inhalation poisoning 
possibility; 
CSA – the coefficient of selectivity of action; 
IICWCH – integral index of contaminated water 
consumption hazard; 
IICFCH – the integral index of contaminated 
food consumption hazard; 

LEACH – the Groundwater and Surface Water Pollution
Index; 
SCI-GROW – screening of maximum pesticide 
concentration in groundwater; 
GUS – Groundwater Ubiquity Score; 
i4-HPPD – 4-hydroxyphenylpyruvate 
dioxygenase inhibitors; 
iSDH – succinate dehydrogenase inhibitors.
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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

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
(IICFCH)) and specific criteria (effect on thyroid
gland as target organ, severity of pesticide
induced tyrosinemia (plasma tyrosine level,
nmol/ml).

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

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
Standards 8.8.1.002-98 4 3 2 1

Impact on the thyroid gland 
as a target organ

Does not
affect

Weak effect in animal
experiments

The pronounced effect in
animal experiments is likely

to be realized in humans

It is proved
that it is

realized in
humans

The severity of pesticide-induced
tyrosinemia (plasma tyrosine levels,
nmol/ml)

<300 300-1000 1001-1500 >1500

The hazard to environmental objects
Half-life period (DT50)in soil, day <11 11-30 31-120 >120

Half-life period (DT50) in water, day <5 5-10 11-30 >30

Half-life period (DT50)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-
GROW), µg/l

<1,0х10-3 1,0х10-3 - 1,0х10-2 1,1х10-2 - 1,0х10-1 >1,0х10-1

The hazard to humans

Integral index of contaminated water
consumption hazard (IICWCH), points  4 5-6 7-8  9

Integral index of contaminated food
consumption hazard (IICFCH), points  4 5-6 7-8  9

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