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Introduction. The widespread use of pesticides, which ensures the sustainable development of agriculture and global economic growth, necessitates the 

constant monitoring of their harmful effects on human health and the environment.

Objective. To analyze and systemically review scientific publications on the prevalence of acute pesticide poisoning and trends in their use in order to identify 

the causes and structure of acute pesticide poisoning at the present time.

Materials and methods. A search of the scientific literature is carried out in electronic bibliographic databases in the Russian (eLibrary, CyberLeninka) and 

English (Web of Science, Scopus, PubMed, Google Scholar, Cochrane Library) languages.

Results. The risks of pesticide poisoning remain high in many countries of the world among both adults and children. In the structure of acute pesticide 

poisoning, household and suicidal poisoning with organophosphate and halogenated insecticides, anticoagulant rodenticides and pyrethroids are prevalent. 

Poisonings that occur at mass-, group- and family levels often have fatal outcomes, whether among agricultural workers or urban residents. The problem of 

acute poisoning with extremely dangerous limited-use substances based on aluminum or zinc phosphide is relevant not only in industrial agriculture, but also 

under domestic conditions and when working in personal subsidiary farms.

Conclusions. Strengthening controls and ensuring strict compliance with sanitary and hygienic standards of individual and public safety in the storage, use 

and disposal of pesticides, as well as combating their illegal trafficking, will minimize the risks of acute poisoning involving pesticides under industrial and 

domestic conditions.
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ПЕСТИЦИДЫ: СОВРЕМЕННЫЕ ТЕНДЕНЦИИ ПРИМЕНЕНИЯ И ЭПИДЕМИОЛОГИЯ 
ОСТРЫХ ОТРАВЛЕНИЙ
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Введение. Широкомасштабное применение пестицидов, обеспечивающее устойчивое развитие сельского хозяйства и рост мировой экономики, 

обусловливает необходимость постоянного мониторинга их вредного воздействия на здоровье человека и окружающую среду.

Цель. Проведение систематического обзора и анализа литературных данных для выявления характера распространенности, причин развития 

и структуры острых отравлений пестицидами на современном этапе.

Материалы и методы. Поиск научной литературы выполнен в электронных библиографических базах данных на русском (eLibrary, CyberLeninka) 

и английском (Web of Science, Scopus, PubМed, Google Scholar, Cochrane Library) языках.

Результаты. Риски развития отравлений пестицидами остаются высокими во многих странах мира как среди взрослого, так и детского населе-

ния. В структуре острых отравлений пестицидами превалируют бытовые и суицидальные отравления фосфорорганическими и галогенирован-

ными инсектицид ами, родентицидами антикоагулянтного действия, пиретроидами. Отмечаются массовые, групповые и семейные отравления, 

нередко с летальными исходами, как у аграрных работников, так и у городских жителей. Актуальной является проблема острых отравлений чрез-

вычайно опасными препаратами ограниченного применения на основе фосфида алюминия или цинка не только в производственных, но и бытовых 

условиях и при работе в личных подсобных хозяйствах.

Выводы. Усиление контроля и строгое выполнение санитарно-гигиенических норм индивидуальной и общественной безопасности при хранении, 

применении и утилизации пестицидов, борьба с их незаконным оборотом позволят минимизировать риски острых отравлений пестицидами в про-

изводственных и бытовых условиях.
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INTRODUCTION

Pesticides (Latin pestis for “taint” and caedo for “to kill”) 

are chemicals or biochemicals used to control pests and 

diseases of plants, including weeds. Such substances are 

used in agricultural and forestry production processes, as 

well as their storage, transportation or trade. Pesticides 

are also used to control harmful organisms in residential 

buildings and public places, including vectors of human or 

animal diseases. Similar substances are also used for plant 

growth regulation, pre-harvest leaf removal (defoliants) and 

drying of plants (desiccants), thinning or preventing prema-

ture fruit fall. Pesticides may be used in the form of vari-

ous formulations that include the active ingredient of the 

pesticide itself or a mixture of active ingredients and ex-

cipients (solvents, emulsifiers, surfactants, adjuvants, etc.). 

The active agent is a biologically active part of a pesticide 

preparation that directly provides a toxic effect on a harmful 

organism or on the growth and development of plants. The 

active principle of a biological preparation of a pesticide 

(biopesticide) is a microorganism or a product of its vital 

activity, a chemical is a substance of chemical synthesis [1].

Current trends in the use of pesticides are also associ-

ated with the development of new formulations containing 

nanoscale particles of active substances and a nanocom-

posite component as an adjuvant for delivery to the target 

object [4]. While bio- and nanopesticides are considered as 

an alternative to chemicals as a new generation of effective 

and safe pesticides, safety criteria for regulating their use 

have not been sufficiently developed. There are many con-

cerns about the potential risks of toxic effects of pesticides 

on the environment, as well as on human and animal health 

[2]. In the near future, despite the growing global market for 

bio- and nanopesticides, the widespread use of chemical 

pesticides will continue to dominate [3]. Although making 

significant contributions to solving hunger problems and 

preventing of various diseases, pesticides have a negative 

impact on public health and can lead to the risk of acute 

poisoning with severe health and even fatal outcomes both 

under industrial and domestic conditions [4].

The purpose of the study is to carry out a systematic 

review and analysis of literature data to identify the nature 

of the prevalence, causes of development and structure of 

acute pesticide poisoning at the present stage.

MATERIALS AND METHODS

A search for scientific literature was carried out in elec-

tronic bibliographic databases in the Russian (eLibrary, 

CyberLeninka) and English (Web of Science, Scopus, 

PubMed, Google Scholar, Cochrane Library) languages.

RESULTS 

Current trends in the use of pesticides

Despite restrictions imposed in some countries and a 

reduction in the use of highly hazardous pesticides, the 

global pesticide market has been growing in recent dec-

ades. So, while in 1960, about 100 active substances 

of pesticides were recognized globally, by 2020 there 

were already about 600 active pesticide substances. 

Meanwhile, the volume of pesticide used in the equiva-

lent of active substances doubled from 1.5 million tons in 

the 1980 to 3 million tons in 2020. The leaders in terms 

of annual pesticide use for the period from 2010 to 2020 

were China, the USA and Argentina — about 1.8 million 

tons, 386,000 tons and 265,000 tons, respectively. In 

Russia, the pesticide market has quadrupled over this 

period; by 2020, their use amounted to 187,900 tons [5]. 

The number of substances included the State Catalog 

of Pesticides and Agrochemicals Approved for use 

in the territory of the Russian Federation increased by 

more than 70% over the period 2010–2015 to comprise 

around 1800 preparative forms of pesticides as of 2021 

[6]. According to analytical studies, the volume of the 

global pesticide market will reach about 200 billion US 

dollars by 2031 from 85.12 billion in 2022 [5]. The project-

ed global growth of the pesticide market at the present 

stage is explained by the need to increase agricultural 

production due to the growth of the Earth’s population 

as well as tackling phytosanitary risks in agriculture and 

forestry associated with the introduction, penetration, 

spread and acclimatization of new insect pest species, 

pathogens and weeds alien to certain geographical ar-

eas occurring as a result of global climate change [5, 

7]. In addition, the need to systematically expand and 

increase the range of constantly updated drugs, the use 

of mixtures of pesticides with various active substances 

and the search for new pesticide formulas arises due to 

the increased resistance of harmful organisms to pesti-

cides, which is universal regardless of the class and type 

of active substance used [8].

The creation of new forms of pesticides and introduc-

tion of technologies for their use often outstrip studies into 

the effects of their use on human health. Moreover, risks 

of acute toxic effects of pesticides on humans when used 

under industrial and household conditions often exceed 

the prognostic risk estimates of their active substances 

obtained from experimental animal models [3]. Some au-

thors expect the problem of toxicity of new forms of pes-

ticides to increase in the near future resulting in higher 

costs associated with their creation [8].

A growing global problem in the international market is 

the expanded supply of generic pesticides against a back-

ground of declining sales of developed and patented sub-

stances [8, 9]. In recent years, the proportion of counter-

feit pesticide products on the global market has increased 

by about 25%. Such practices are typically implemented 

on small farms and the segment of private producers of 

agricultural products [10]. Counterfeit pesticides, whose 

composition can be changed both qualitatively and quan-

titatively, seldom correspond in identity and quality with 

the active substances and additional components used in 

officially approved pesticides. Disruption of technological 

processes during the production of generic pesticides in 
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clandestine industries significantly increases the risks of 

acute poisoning when used [3]. In this connection, it may 

be noted that around 85–90% of all counterfeit pesticides 

are imported from China and India [10].

The potential hazard presented by pesticides to hu-

mans and wildlife is associated with their deliberate in-

troduction into the environment to destroy targeted living 

objects (pests), which may be spread over vast territories, 

resulting in their circulation in ecosystems and food chains 

along with the risk of toxic effects on large segments of 

non-target wildlife populations [11]. For many years, cases 

of intentional and unintentional mass poisoning of do-

mestic and wild animals have been reported in almost 

all countries of the world, including Russia, as a result of 

inhalation or ingestion of pesticide preparations, includ-

ing absorption through the skin and transmission through 

food chains. Toxic effects on animals of banned pesti-

cides and their mixtures used on arable lands in many 

countries of the world are the rule than the exception, thus 

necessitating a legal study of this issue and the imposition 

of criminal and administrative liability for the import, pro-

duction and use of prohibited pesticides, as well as regu-

latory violations in the use of permitted pesticides [11, 12].

In recent years, the range of pesticides used has been 

significantly updated. Mercury-containing, chlorine-con-

taining, highly hazardous organophosphate pesticides, 

aluminum and zinc phosphides, methyl bromide and oth-

er pesticides leading to severe industrial and household 

poisoning were widely used in the global agro-industrial 

sector until the end of the 1980s. Thus, in 1971–72 in 

Iraq, one of the largest mass poisonings of farmers and 

their family members (6530 were affected, 459 of them 

fatally) occurred as a result of eating homemade bread 

made from methylmercury-etched seed grains [13]. In 

1967, one of the first cases of poisoning of sailors on a 

dry cargo ship with methyl bromide used in the practice 

of quarantine fumigation to kill ticks, nematodes, rodents, 

pathogens of fungal diseases, was registered. In 1983, 

the number of reported deaths from poisoning with this 

fumigant exceeded 950 cases. Methyl bromide was wide-

ly used as an agricultural fumigant from the 1930s until 

the decision to limit its use was approved by the Montreal 

Protocol on Substances that Deplete the Ozone Layer in 

1987. Although the complete prohibition of methyl bro-

mide was planned to apply by 2010, even today it remains 

one of the main means for fumigation of cargo holds and 

quarantine treatment of imported products, which can 

lead to severe cases of poisoning with fatal outcomes [14]. 

When processing transported goods in containers by sea 

and storing grain in granaries, extremely toxic aluminum 

phosphide and magnesium phosphides are used along 

with other pesticides not included in the State Catalog of 

Pesticides Approved for Use in Russia, sulfuryl fluoride, 

formaldehyde, ethylene oxide, 1,2-dichloroethane, dichlo-

romethane (chloromethane), chloropicrin [15, 16].

In industrialized countries, the use of low- and mod-

erately toxic substances has increased, contributing to a 

decrease in the number of fatal and severe poisonings. 

However, despite the 2006 decision of the Food and 

Agriculture Organization of the United Nations to con-

sistently ban the use of especially dangerous pesticides, 

more than 200 active substances of especially dangerous 

pesticides are used in many developing countries despite 

being prohibited for use in European countries and the 

United States [17]. According to Donley N et al. [18], in the 

period 2015–2019 unregistered pesticide products con-

taining 26 different highly hazardous organophosphate 

or carbamate insecticides were produced in the United 

States for export to 53 countries. At the same time, the 

US Environmental Protection Agency (EPA) does not pro-

vide guaranteed notifications to importing countries (as 

required by law) about the export of a pesticide recog-

nized as harmful to human health or for which a standard 

safety assessment has not been conducted. According to 

some authors, in 72% of the countries importing unregis-

tered pesticides from the United States, acute pesticide 

poisoning was observed in more than a third of agricul-

tural workers [18].

The problem of acute poisoning with extremely dan-

gerous pesticides approved for use in almost all coun-

tries of the world (aluminum phosphide, metal bromide, 

anticoagulant rodenticides), as well as moderately and 

low-hazard organophosphorus, carbamate, halogenated 

pesticides, pyrethroids, rodenticides, glyphosates, neo-

nicotinoids and other groups of pesticides, remains rel-

evant [18]. Thus, in 2018 on a dry cargo ship transporting 

grain treated with aluminum phosphide from Kazakhstan 

to Azerbaijan across the Caspian Sea, 12 crew members 

were seriously poisoned with phosphine, three of them 

fatally. The cause of poisoning of sailors with phosphine 

released by aluminum phosphide was non-compliance 

with safety requirements on the ship, as well as the gen-

eral dilapidation of the vessel in terms of leaky holds etc. 

[19]. Cases of mass poisoning with anticoagulant roden-

ticides (vitamin K antagonists) were reported in the USA 

in 2018 and 2021 [20], as well as in Israel in 2021–22 [21]. 

Poisoning occurred due to inhalation of synthetic cannab-

inoids contaminated with these pesticides. As a result of 

these poisonings, 450 people were injured in the United 

States, 13 of them fatally, while 98 people were poisoned 

in Israel, three of them fatally. In Russia in 2019, poison-

ing with anticoagulant rodenticides as a result of eating 

sunflower oil made at home from pickled seeds was reg-

istered in 80 people, three of whom died [22]. In Uganda, 

a case of criminal poisoning has been described in seven 

people with three fatal outcomes as a result of eating 

bread made from flour contaminated with malathion [23]. 

According to the data published in a systematic analy-

sis by Boedeker W et al. [4] of the results of 157 scientific 

studies for the period 2006–2018, the annual number of 

acute unintentional poisoning in 58 countries amounted to 

a total of 740,000 cases, including 7446 deaths. According 

to WHO-registered data from 83 countries for the period 

2011–2015, an average of 835 fatal cases of unintentional 
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poisoning were observed annually, 139 of them in children 

under 15 years of age. The largest number of unintentional 

fatal cases of pesticide poisoning recorded by WHO in 

this period were in Guatemala, Mexico, Japan; in Egypt, 

Iran, and Mexico affecting children; in Mexico, Brazil, and 

Japan among farmers [4].

Table 1 shows the countries with the highest number 

of cases of unintentional fatal pesticide poisoning report-

ed in adults and children in general and separately in chil-

dren and farmers (industrial poisoning).

According to Table 1, the structure of unintentional fa-

tal pesticide poisoning in the countries that provided in-

formation was dominated by domestic poisoning cases, 

including among farmers. The number of deaths from in-

dustrial poisoning among farmers was 8% in Brazil, 7% 

in Mexico, 3% in Japan, and 0.3% in Guatemala [4]. At 

the same time, the practice of incomplete accounting and 

registration of deaths, injuries and occupational diseases 

among agricultural workers, which is widespread in many 

countries of the world, is highly dangerous for the life and 

health of workers in industries both in industrialized and 

developing countries [24]. 

Extrapolating the results of a systematic analysis 

of scientific research data and information on mortal-

ity registered in WHO acute pesticide poisoning to the 

world community, Boedeker W et al. [4] concluded that 

about 385 million cases of unintentional pesticide poi-

soning occur annually at the global level with 11,000 

deaths  —  i.e., about 44% of farmers are exposed to 

the toxic effects of pesticides annually. According to 

the Environmental Protection Agency, from 10,000 to 

20,000 confirmed cases of acute pesticide poisoning 

affecting agricultural workers are registered annually in 

the United States. When taking into account cases of 

non-treatment of victims for medical care and undiag-

nosed cases of poisoning, the real number may exceed 

300,000 per year.

The majority of fatal cases of acute pesticide poison-

ing occur when substances are taken orally or parenter-

ally administered for suicidal purposes. About 14 million 

people died from suicidal pesticide poisoning between 

1940 and 1980 during the “green revolution” in develop-

ing countries  —  agrarian transformations that included 

the use of highly toxic pesticides. At the same time, about 

50% of fatal suicide poisonings registered in the world 

during this period were reported in China [25].

The measures taken to prevent suicidal pesticide poi-

soning in China have significantly contributed to the glob-

al decrease in fatal cases of suicidal pesticide poisoning 

observed since the 1990s, which nevertheless continue 

to be a serious public health problem [26]. According to 

WHO [27], currently more than 700,000 people worldwide 

commit suicide every year. At the same time, pesticide 

poisoning is one of the most common methods of sui-

cide: one in five suicides is caused by pesticide poisoning. 

Most of them are observed in rural areas of South Asian 

countries, mainly involving pesticides based on organo-

phosphate compounds and aluminum phosphide. This is 

due to the fact that in developing countries, whose econ-

omies are based on agriculture, pesticides are a cheap 

product and are not limited in sale, which contributes to a 

high risk of fatal poisoning in domestic conditions, includ-

ing suicidal actions in the presence of crisis or conflict 

situations. In this regard, the prevention of suicidal pesti-

cide poisoning should be aimed at limiting public access 

to particularly dangerous pesticides [28]. The reduction in 

the use and restriction of sales of especially dangerous 

pesticides (paraquat, metaphosphate, methyl bromide, 

aluminum phosphide, etc.) led to a significant decrease 

in the number of all deaths from pesticide poisoning in 

Japan, Denmark, Republic of Korea, the United Kingdom, 

the United States, and Taiwan. Thus, in Japan in 2019, 

221 fatal cases of pesticide poisoning were registered, 

which is a 92% reduction from 1986. At the same time, 

Table 1. Countries with the highest number of cases of unintentional fatal pesticide poisoning reported to WHO for the period 2011–2015

Countries Study period

Total number of fatal poisoning cases 
during the study period

Average annual number of fatal poisoning cases

total children farmers total children farmers

Brazil 2011–2015 236 29 19 47.2 5.8 3.8

Guatemala 2011–2015 687 43 2 137.4 8.6 0.4

Egypt 2011–2015 366 177 – 73.2 35.4 –

Iran 2013–2015 154 61 – 51.3 20.3 –

Mexico 2011–2015 573 91 40 114.6 18.2 8

South Africa 2011–2015 83 49 – 16.6 9.8 –

Republic of Korea 2011–2015 181 1 – 36.2 0.2 –

Japan 2011–2015 396 0 11 79.2 0 2.2

Table prepared by the authors according to the source [4]

Note: “–” the number of fatal cases of poisoning among farmers is unknown
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the number of deaths from unintentional pesticide poi-

soning decreased by 83.8%. This decrease was due to a 

decrease in sales of both insecticides based on organo-

phosphates and carbamates, as well as herbicides based 

on paraquat and diquat [29]. 

A need arises to limit use of the new insecticide chlo-

rfenapyr, which, according to the WHO classification, 

belongs to moderately dangerous pesticides and is used 

to destroy insects resistant to organophosphorus insecti-

cides. The effect of this drug is similar to bipyridine herbi-

cides (in particular paraquat), which cause a high mortality 

rate, especially in suicidal poisoning [30].

Currently, 2,4-Dinitrophenol (DNP), which is used spar-

ingly in industry and agriculture due to its pronounced 

herbicidal, fungicidal and insecticidal effects, has become 

a serious threat to human health in many industrialized 

countries. Due to the effective “fat-burning” action of DNP 

in the USA in the 1930s, biologically active additives for 

weight loss began to be used on its basis. In 1938, their 

use was banned due to a number of acute poisoning inci-

dents having fatal outcomes. Since the 2000s, there has 

been a resurgence in the use of DNP as an illegal drug for 

weight correction or muscle building in the United States 

and other countries of the world. The growth of online 

sales and distribution of this drug has led to an increase 

in the number of cases of both accidental and intentional 

fatal poisoning [31].

Epidemiology of acute pesticide poisoning in post-
soviet countries

Since the 1990s, traditional forms of farming in post-Sovi-

et countries have radically changed due to the liquidation 

of state and collective agricultural farms. The reform of 

the agricultural sector and the creation of small and large 

farms was accompanied by a significant reduction in the 

financing of measures to ensure production safety and 

labor protection, imperfection of regulatory documenta-

tion on regulating the activities of the agro-industrial com-

plex, insufficient awareness of agricultural workers and 

the public about the risks of toxic effects of applied pes-

ticides, as well as an expansion of the list of insecticides, 

fungicides, herbicides allowed for free sale on the mar-

kets, rodenticides and their active use in everyday life and 

individual household farms [32, 33]. These consequences 

of reforming the market economy have largely determined 

the causes and patterns of acute pesticide poisoning.

According to Prodanchuk et al. [32], the creation of un-

favorable working conditions on farms in Ukraine was due 

to the imperfection of the technological processes, the 

widespread use of outdated equipment and machinery, 

low-mechanized labor operations, and the predominance 

of manual labor, especially in the cultivation of sugar beet, 

orchards and vineyards, as well as the inadequate provi-

sion of workers with personal protective equipment. An 

analysis of the etiology and structure of 647 cases of acute 

pesticide poisoning in agricultural workers over a 25-year 

follow-up period revealed 522 cases (80.7%) of acute poi-

soning with herbicides based on 2,4–dichlorophenoxy-

acetic acid, 60 cases (9.3%) of poisoning with organo-

phosphorus insecticides, 36 cases (5.7%) with herbicides 

based on sulfonylurea, 14 cases (2.2%) — synthetic pyre-

throids and 15 isolated cases of poisoning with aluminum 

phosphide, dithiocarbamates (active ingredients carboxin 

and thiram), and fipronil (chemical class of pyrazolines). 

Among the victims, beet growers (76.1% of cases) and 

(11.6%) winegrowers (11.6%) prevailed; less often, garden-

ers and workers of warehouses for the storage of pesti-

cides [35]. Registered mass and group poisonings with 

pesticides accounted for 14.7–43.6% of the total structure 

of occupational pathology in rural areas. In 90% of cases, 

poisoning developed as a result of wind-borne distribu-

tions of pesticide preparations from neighboring treated 

areas; less often, in violation of current sanitary rules and 

hygienic standards.

A retrospective analysis of 287 cases of acute house-

hold pesticide poisoning among the adult population of 

Kiev over the period 1993–2013 revealed a decrease in 

the number of cases of severe poisoning, among which 

organophosphate poisoning prevailed (80% of cases). 

Mortality rates for severe pesticide poisoning remained 

high and tended to increase. The average annual number 

of severe pesticide poisoning ranged from 0.25–1.5% in 

the structure of all severe poisoning of chemical etiology. 

In contrast to poisoning in rural areas, an increase in the 

number of severe oral poisonings with synthetic pyre-

throids and neonicotinoids, mainly of a suicidal character, 

was noted in urban conditions. Acute fungicide poisoning 

during the research period was noted with the use of car-

bamates, cyprodinils, and copper hydroxide [33].

In the Republic of Moldova, 919 registered non-indus-

trial cases of pesticide poisoning with 58 deaths were de-

tected in the period 2011–2016. At the same time, there 

was a trend of annual increase in the number of poisoning 

cases: 2011 — 95 cases (10 of them fatal); 2012 — 118 

(9 fatal); 2013  —  173 (15 fatal); 2014  —  199 (13 fatal); 

2015  —  122 (5 fatal); 2016  —  212 (6 fatal) [34]. Among 

the child population in the Republic of Moldova for the 

period 2014–2018, 231 cases of pesticide poisoning were 

registered, two of them massive: inhalation poisoning with 

organophosphorus insecticide Bi-58 affected 58 school-

children; a preparation based on aluminum phosphide 

when used in a subsidiary farm in poisoned people, three 

of them fatally [35].

An increase in cases of pesticide poisoning was also 

observed in Georgia from 74 cases reported in 2017 to 

236 cases identified in 2019 [36].

In the Republic of Azerbaijan during the period 2009–

2016, the number of acute pesticide poisonings amount-

ed to 806 cases with a mortality rate of 4.22%, of which 

436 cases involved organophosphorus insecticides (mor-

tality rate of 5.05%), while 330 cases were connected 

with rodenticides (mortality rate of 3.64%). At the same 

time, in the adolescent age group of people aged 15–19, 
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pesticide poisoning occupied a leading place in the struc-

ture of mortality from acute chemical poisoning, amount-

ing to 30.43±9.59% of cases in the children’s age group 

(0–14 years) In second place, 15.63±6.42% involved poi-

soning by snake venom [40]. In the structure of pesticide 

poisoning in children, 237 cases of poisoning (5 of them 

fatal) with organophosphorus compounds accounted for 

46.8%, while rodenticide poisonings amounted to 39.2%. 

All fatal pesticide poisonings in children were caused by 

ingestion of organophosphate insecticides. The most 

common organophosphorus pesticides that provoked the 

development of acute chemical poisoning were neocidol, 

BI-58 (dimethoate), dichlorvos, metaphos, chlorpyrifos, 

malathion, and ethoprophos [38].

In Uzbekistan from 2002 to 2019, the number of acute 

pesticide poisonings accounted for 2.8% of the total 

structure of chemical injury. At the same time, there was 

a twofold increase in the number of hospitalized patients 

with acute chemical poisoning, from 6670 cases reported 

in 2002 to 13,255 cases reported in 2019, of which poi-

sonings about 30% were diagnosed in children [39]. 

In the Republic of Belarus, the share of acute pesticide 

poisoning in the total structure of chemical poisoning was 

2% in 2014 and 1% in 2015 and 2016 [33]. In the structure 

of chemical poisoning with fatal outcome for the period 

2016–2018, the total number of cases amounted to 6910, 

while the proportion of poisoning with the use of agricul-

tural poisons was 0.17% (12 cases, 1 of them in a child), 

and that of organophosphorus compounds — 0.09% (6 

cases) [40].

Epidemiology of acute poisoning in the Russian 
Federation

While strict hygienic and toxicological assessment of 

the safety of pesticide use in the Russian Federation [41] 

has significantly contributed to a reduction the number 

of acute poisonings, the risks of their development re-

main high; cases of severe and acute poisonings are 

still registered annually. Of around 500 active pesticide 

substances permitted for use in Russia, about 200 have 

become widespread. The official document containing 

the list of pesticides and agrochemicals permitted for 

circulation in agriculture, forestry, communal and per-

sonal subsidiary farms and presenting the main regula-

tions for their use is the “State Catalog of Pesticides 

and Agrochemicals allowed for use on the territory of 

the Russian Federation” [15].

Pesticides are one of the major production risk factors 

affecting the health of agricultural workers. Depending 

on the type of work performed, the a priori occupation-

al health risk of employees in the hygienic assessment 

of working conditions is estimated in categories from 

medium to high; the prognostic probability of develop-

ing adverse health effects is 50–80% [42]. According to 

the indicators of acute toxicity (oral, dermal, inhalation) 

in the the Russian hygienic classification, pesticides 

are classified into 4 classes according to the degree 

of danger: 1 — extremely dangerous; 2 — highly dan-

gerous; 3 — moderately dangerous; 4 —  low-hazard. 

Currently, 17 extremely dangerous commercial pesti-

cide preparations are used: rodenticide preparations 

based on brodifacoum (Ratticum) and bromadiolone 

(Bromine-BD, concentrate); insecticide and acaricide 

preparations based on carbofuran (Hinufur, suspension 

concentrate); oxalic acid dinitrile (oxalic acid dinitrile, 

oxalonitrile, cyanogen); methyl bromide (Metabrom-

RFO); preparations based on aluminum phosphide (8 

preparations) and magnesium phosphide (4 prepara-

tions) [15].

When monitoring the causes of acute poisoning of 

chemical etiology or analyzing the structure and dynam-

ics of acute poisoning, detailed statistical data on cas-

es of pesticide poisoning are generally lacking. Instead, 

researchers are usually referred to the general group of 

other or other monitored toxicants, which also includes 

organic solvents, halogen derivatives of aliphatic and 

aromatic hydrocarbons, as well as corrosive substances, 

metals, carbon monoxide, etc. [43]. This omission hin-

ders comprehensive toxicological monitoring of acute 

pesticide poisoning. However, generalized analysis of 

published data on the dynamics and structure of acute 

pesticide poisoning in certain Russian regions permits a 

rough assessment the epidemiological situation of this in-

cidence and its nosological forms.

Thus, the mortality rate in acute pesticide poisoning 

of 20.0±0.8% in Omsk in 2002 was the leading category 

in the structure of acute chemical injury; moreover, every 

fifth case of acute pesticide poisoning was fatal. The sig-

nificant decrease in mortality by 7.6 times from 2002–2011 

is associated with the disappearance of highly toxic insec-

ticides based on organophosphorus and organochlorine 

compounds from household circulation. Deaths in sub-

sequent years were recorded mainly as a result of acute 

poisoning with veratrin-based insecticides [44].

During the period 1999–2018, 197 adult patients (0.8% 

of the total number of hospitalized with acute chemical 

poisoning) with a mortality rate of 2.1% were treated at the 

Irkutsk Toxicological Center [45]. The appearance of unu-

sual forms of poisoning was noted, which were character-

ized by refractoriness to specific therapy and long-term 

accumulation of a toxic agent. 

In the Rostov region during the period 2008–2015, 

2261 cases of acute poisoning with pesticides (fumitox, 

carbophos, rat poison, dichlorophos, chlorophos, helle-

bore tincture, etc.) were registered, accounting for 7.6% of 

the total structure of chemical poisoning [46].

Pesticide poisoning in children was registered in St. 

Petersburg 86 cases for the period 2010–2022 [47]; 

in Kazan, 15 cases of rat poison poisoning (10 of them 

children aged 0–3 years) occurred over the period 2018–

2021 [48]. In Irkutsk during the period 1999–2018, 191 

children were hospitalized with acute pesticide poisoning 

(the smallest number of hospitalized children (1 case) was 
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noted in 2003, while the largest (28 patients) occurred in 

2018 [48]. The problem of children poisonings with rat poi-

son is currently relevant in Donbas [49].

The number of appeals for the period 2019–2021 to 

the information and advisory toxicological department of 

the Golikov Research Center of Toxicology [50] on acute 

pesticide poisonings amounted to 541 cases (2.3% in the 

total structure of appeals). The purpose of the appeals in 

30% of cases were issues of diagnosis and tactics of treat-

ment of poisoning with organophosphorus insecticides: in 

9% of cases — halogenated insecticides; 29% — other 

insecticides; 7% — herbicides and fungicides; 8% — ro-

denticides. Unintentional poisoning was observed in 481 

(89%) cases (12 industrial and 469 domestic). 

Industrial poisoning has been caused by the toxic ef-

fects of organophosphorus insecticides, rodenticides, 

pyrethroids and aluminum phosphide. The general cir-

cumstances of accidental poisonings were household 

(household) work and accidental ingestion (less often). 

Intentional poisoning was detected in 26 (5%) cases, of 

which 23 were suicidal (mainly with rodenticides and or-

ganophosphorus insecticides, as well as copper chloride, 

dinitrophenol, permethrin) and one was criminal (oral ad-

ministration of dichlorvos), while two cases were for the 

purpose of intoxication (inhalation of dichlorvos). In 34 (6%) 

of cases, the circumstances of poisoning are unknown. 

The condition of patients at the time of consultation was 

satisfactory in 338 (62%) cases; in 111 (21%) — of moder-

ate severity; in 13 (2%) — severe; in 79 (15%) — objective-

ly undetermined. The cause of severe cases of poisoning 

was oral administration of rat poison (three cases), fen-

thion (two cases), diazinon, chlorpyriphos, an insecticide 

of an unspecified class (in one case), as well as inhalation 

exposure to an insecticide from bedbugs and an unspeci-

fied class (in two people), organophosphorus insecticide 

(in one case).

At the same time, four mass-, five group- and 10 fam-

ily poisoning cases were registered. In the structure of 

mass poisoning, about 80 people suffered as a result 

of eating sunflower oil produced at home from seeds 

etched with anticoagulant rodenticide; 15 people suf-

fered from inhalation effects of an organophosphorus 

insecticide and a pesticide of an unspecified class, six 

from malathion, and five from an insecticide of an un-

specified group. The main cause of family poisoning was 

inhalation exposure to insecticides from cockroaches, 

bedbugs and insecticides of unspecified groups. There 

have also been isolated cases of accidental inhalation 

poisoning with aluminum phosphide and glyphosates, as 

well as four cases of oral poisoning with dinitrophenol 

taken in order to reduce weight.

CONCLUSIONS

The widespread use of pesticides in industrial and 

household conditions, in which circumstances food, 

drinking water, and air can become potential sources 

of toxic effects, leads to serious consequences for the 

health of the entire planetary population. This increases 

the risk of acute pesticide poisoning, which has become 

a priority global public health problem. No part of the 

human population is completely protected from the ad-

verse effects of pesticides. An analysis of current trends 

in the use of pesticides and the epidemiology of acute 

poisoning has revealed global problems of mass death 

of wild and domestic animals due to intentional and unin-

tentional acute poisoning with permitted and prohibited 

pesticides and the increased use of counterfeit drugs 

that increase the risks of acute poisoning. In developing 

countries, the toxic effects of pesticides are a serious 

health problem, reaching epidemic proportions in some 

countries. There are growth trends in cases of pesticide 

poisoning in Ukraine, Moldova, Georgia, Azerbaijan, and 

Uzbekistan. 

Although strict toxicological assessment of pesticide 

safety in the Russian Federation has contributed signifi-

cantly to reducing the number of acute poisonings, the 

risks of their occurrence remain high. Annually registered 

cases of severe acute poisoning with pesticides, some 

having fatal outcomes, mainly involve organophosphate 

insecticides, rodenticides, veratrines, and aluminum 

phosphide. Analyzing the causes and structure of poison-

ing contributes to the optimization of a set of preventive 

measures to strengthen sanitary control and compliance 

with hygienic standards of individual and public safety 

during the storage and use of pesticides.
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