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Pe3rome

Bbedenue. TlecTrmmmpl KaK OMOJIOrMYECKN aKTMBHbBIE BellleCTBa IIPV IIPVIMEHEHWN MOTYT IIPeCTaB/ISTh ONACHOCTb LIS
3I0pOBbsi PabOTAIOIIVIX C HUMM, BBI3BIBATH OCTPbIe 1 XPOHMUYECKMEe ITpodeccroHabHbIe OTpaBleHNs (3a00JIeBaHs).
C mecTuryaMy BO3MOXEH KOHTAKT He TOJIBKO pabOTaIOIVIX B CEJIBCKOM XO3SIVICTBE, HO TAaK)Ke OOJIBIIIX MacC HaceJIeHsE
[PV IIPVIMEHEHV VIX B JIMYHOM ITOFcOOHOM Xo3sivicTse (JITIX). PassiidHble TEXHOIOT M IPUMEHEeH VS TIeCTULIN/IOB (Ha3eM-
HOe IITAaHIoBOe OIIPBICKMBAHWVE IIOJIEBBIX KYJIBTYP, BEHTWISTOPHOE OIIPBICKMBAHWE CalOB, aBUAIlVIOHHBIVI METO] OIIPbI-
CKVBaHMS TI0JIEV U JIeCOB, 00paboTKa TeIUINL], IpoTpaB/IBaHue CeMsH, (PyMuUramms 3epHa ¥ CKJIafoB, IPUrOTOBIIEHNE
VI IIpUIMEeHEeHNe IIPUMaHOK), TpeOyioT auddepeHIMpoBaHHOrO MOAX0Aa K MepaM 0e30macHOCTH Ipu paboTe ¢ HUMIAL.
Meps! Oe3omacHOCTHM IIpM paboTe ¢ MeCTUIMAaMI, Ha IIPOTsCKeHMM psfa JieT paspabareiBaemere PBYH «DHLIT vm. Dpu-
cMaHa» PocrioTpebHarI30pa, ¢ MosIBIIEHIEM HOBBIX BUIIOB IIpellapaTUBHBIX (POPM 1 TeXHOJIOTM, 3MeHeHeM HOpMaTVB-
HBIX JIOKYMEHTOB TpeOyIOT JOpabOTKM.

Leav padoms.. OBOCHOBATh MepPbI 5€30I1aCHOCTH [l PabOTAIOIIVX C IIECTULIVIAMI B YCJIOBVSIX CEIBCKOTO XO3SIVICTBA C yue-
TOM KJIacca OIIaCHOCTY IIPerIapaToB, Pas/IMIHBIX TEXHOJIOTUVI M TEXHVKN [IPVIMEHEHVISL.

Mamepuars u memo0s.. BbUIN ITpOaHAIM3MPOBaHbBI HOPMATUBHbIE 11 METO/IMYECKVIe JOKYMEHTBI, JaHHbIe COOCTBEHHBIX MHO-
TOJIETHUMX VMCCIIE[IOBAHN, @ TAKXKe CBelleHNs], OITyOIMKOBaHHbBIE B OTKPBITOV IIeYaTy 110 Ipo0JieMe 0e3011acHOro IprMeHe-
HVSL IIECTULIVIOB B CEJILCKOM XO3SIVICTBE.

Pesyavmarmut. TIperyioxeHsl Mepbl 5€3011aCHOTO IIPVMEHEHNS IeCTUILIUIOB C IIO3MIINI TUIVIEHBI TPy/ia Ha OCHOBE COOJIIO-
ZleHVs TUTVeHNYeCKNX perjlaMeHTOB 00pabaThiBaeMbIX KyJIbTYP VI IIpaBWI MX IIPYMEHEHWs C YYeTOM COCTOSHMS VICIIOJIb-
3yeMort TeXHUKM. PeKOMeHIOBaHbI MEPBI 110 IIPOQIIIAKTIKE OCTPHIX OTPaBJIEHMIT IECTULIMIAMI CEJTbCKOXO3SAICTBEHHBIX
paboTHUKOB, epMepOB U IOJIb30BATEIEA.

3akatouenue. Heobxommma paszpaboTka Ooree mogpobHOTro qoKyMeHTa 00001IaroIiero TpeboBaHMs TUTVIEHE TPyAa 1 0e3-
OTIACHOCTY TIECTUIIVIOB VTSI BCEX YCIIOBUM VI TEXHOJIOTUVI VX TIPVIMEHEHVISI.

KitroueBble CJ10Ba: IIECTUIIVIBL, CEIIBCKOE XO3SIVICTBO, OTPaBIIeHNsI, 0€30I1aCHOCTD IIPVIMEHEHSL.
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Necessary Safety Measures in the Use of Pesticides in Agriculture
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Liliya S. Tarasova, Elena N. Mikheeva, Gleb V. Masaltsev

F.F. Erisman Federal Scientific Center of Hygiene,
2 Semashko Street, Mytishchi, Moscow Region, 141014, Russian Federation

Summary

Introduction. Pesticides as biologically active compounds posing potential hazard to worker’s health may cause both acute

and chronic occupational poisonings (diseases). Apart from the occupational setting, many people get exposed to pesti-

cides during their use in personal subsidiary plots. Various pesticide application techniques, such as ground-based boom

Zpraying of field crops, air blast spraying of gardens, aerial spraying of fields and forests, treatment of greenhouses, seed
ressing, fumigation of grain and warehouses, preparation and application of baits, require a differentiated approach to

precautionary measures. Safety use practices for pesticides developed by F.F. Erisman Federal Scientific Center of Hygiene

in the past shall be revised to incorporate changes in formulations, techniques, and regulations.

Objective. To substantiate hazard-specific safety requirements for various pesticide application techniques and equipment

in the agricultural industry.

Materials and methods. We analyzed regulatory documents and guidelines, results of our own long-term studies, and public-

ly available information on the safe use of pesticides in agriculture.
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Results. Based on our findings, we suggest measures for the safe use of pesticides complying with appropriate regulations
for the processed crops and application rules and taking into account conditions of the equipment used. We also provide
recommendations for prevention of acute pesticide poisoning for agricultural workers, farmers and users from the stand-
point of occupational health.

Conclusion. It is important to develop a profound document summarizing occupational safety and health requirements for
all pesticide use practices.

Keywords: pesticides, agriculture, poisoning, safety of use for workers.
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Introduction. Pesticides are a special group of
chemical compounds that are intentionally introduced
into the environment and possess high biological
activity at low exposure levels inducing disruption
of the hormonal regulation mechanisms, affecting
immunocompetent systems, and having potential
long-term effects [1—3].

Agricultural application of more than 800 pesticides
is permitted in Russia'. In 2016, 60 thousand tons of
plant protection chemicals were used in the country [4].

Apart from the occupational setting, many people
are exposed to pesticides during their use in personal
subsidiary plots (PSPs).

As biologically active compounds, pesticides can
pose workers’ health risk and cause both acute and
chronic occupational poisonings (diseases) [1—7].
According to the International Labor Organization
(ILO)?, agriculture is one of the most hazardous of all
economic sectors employing almost half of the global
workforce (1.3 billion people); at the same time, up
to 170 thousand agricultural workers die annually
from occupational accidents and injuries associated
with agricultural machinery, poisonings with pesticide
and other related chemicals. Registration of accidents
(injuries, acute and chronic poisonings), as well as
occupational disease incidence among agricultural
workers, both in our country and around the world,
remain incomplete [2, 8].

Exposure to pesticides may occur through oral,
dermal, and inhalation exposure routes. Oral exposure
is usually accidental and associated with violation of
safety measures in handling pesticides (e.g., eating or
smoking while working, etc.). The inhalation exposure
route is the most toxic and poses a real danger,
especially for compounds with high inhalation toxicity.
The dermal route is not less important: according to
the results of our studies of over a hundred pesticide
formulations used in mechanized processing of field
and garden crops and in greenhouses, the dermal route

mainly determines the risk of adverse health effects
of pesticide exposure. We established that the risk of
dermal exposure was 1.5—4.7 times higher than that of
the inhalation exposure route. This difference was less
pronounced when using pre-sowing seed treatment and
when applying pesticides in greenhouses and PSPs due
to the presence of compounds in the breathing zone
attributed to preparation of working solutions for seed
treatment or by the use of knapsack sprayers [8, 9].

Of 103 reported cases of acute poisoning by
fipronil-based spot-on solutions in the United States,
26 % were pest control operators tasked with premise
termite treatment. The reasons for all poisonings
included violations of instructions for safe use of
pesticides, poor ventilation of premises, improper use
of personal protective equipment (PPE), and high
ambient temperatures [10].

The lack of coordination of plans for the use of
pesticides in the fields among various land users,
noted in almost 90 % of cases, may lead to poisonings
in people indirectly exposed to pesticides only due
to their drift outside the treated areas. Balan et al.
[11] reported that the analysis of 310 cases of acute
poisonings of agricultural workers showed that the
reason for group poisonings of beet growers with
2,4-D-based herbicides in 76 % of cases and wine
growers and gardeners with organophosphate pesticides
(dimethoate, malathion) in 14.2 % of cases was a
pesticide drift from neighboring grain crop fields
treated with insecticides or herbicides [11].

In accordance with the Federal Law, the pesticide
use in Russia is liable to state registration® that permits
production, usage, sale, transportation, storage, disposal,
advertising, import, and export of a formulation. Federal
Law No. 522-FZ, On amendments to the Federal Law
on the safe handling of pesticides and agrochemicals,
adopted on December 30, 2020, defines the powers
of governmental authorities of the Russian Federation
to exercise federal surveillance over implementation

! State Catalog of Pesticides and Agrochemicals Permitted for Use on the Territory of the Russian Federation. Moscow: Ministry

of Agriculture of the Russian Federation; 2021.

2 Labor protection in figures and facts. International Labour Organization. Accessed August 18, 2021. https://www.ilo.

org/global/lang--en/index.html

3 Federal Law No. 109-FZ, On the safe handling of pesticides and agrochemicals.
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of the legislation of the Russian Federation in the
sphere of safe handling of pesticides and agrochemicals,
rules for exercising control at border checkpoints, and
aspects of international cooperation of the country
on safe handling of pesticides and agrochemicals.
Some provisions of the law are still being finalized
by the government and will be adopted by separate
regulations.

The issues of the safe use of pesticides are reflected
in SP 2.2.3670—20 and SanPiN 2.1.3684—21%° developed
within the framework of the Russian “regulatory
guillotine”. It is unfortunate that occupational safety
and health requirements for the pesticide use in the
above documents are incomplete and disregard specifics
of various application techniques, which requires the
development of guidelines supplementing the already
existing ones.

Objective. Our objective was to substantiate hazard-
specific safety requirements for various pesticide
application techniques and equipment in the agricultural
industry.

Materials and methods. We used the results of
numerous studies of inhalation and dermal exposures
to pesticides conducted in 1996—2019 by F.F. Erisman
Federal Scientific Center of Hygiene of the Federal
Service for Surveillance on Consumer Rights Protection
and Human Wellbeing (Rospotrebnadzor) within the
framework of participation in governmental registration
testing of pesticides using various techniques to
conduct risk assessment in accordance with the
Russian model for assessing risks of pesticides®. We
also evaluated all studied formulations according to
the current classification of pesticides’ and analyzed
publicly available information devoted to the safe use
of pesticides in agriculture [1—7, 10—15, 17—19, 21].

Results. According to Federal Law No. 109-FZ,
all pesticides recommended for use in the Russian
Federation are liable to registration tests including
human health risk assessment. The hazard class of a
pesticide governs its application. In terms of toxicity,
pesticides are divided into four hazard classes (1 —
extremely hazardous, 2 — highly hazardous, 3 —
moderately hazardous, and 4 — slightly hazardous).
The use of hazard class 1 pesticides is limited to
cases of extreme necessity under specific conditions,
e.g. fumigants used for quarantine-related purposes.
Hazard class 2 pesticides, if necessary, may be used
only by professional pest control operators or under
their supervision, or by specially trained individuals.
The majority of pesticide formulations recommended
for use in agriculture are hazard class 3 products. The
use of pesticides by the general population is limited
to the least dangerous formulations (hazard classes
3 and 4), which are allowed for sale in specialized
stores and/or departments only. Small businesses
engaged in small packaging of pesticides included in
the State Catalog must fall in line with the regulatory
and technical documentation for this process in the
prescribed manner.

The pesticides intended for use in agriculture and
PSPs shall have original packaging and appropriate
labels indicating the hazard class, warnings about
potential adverse health effects such as acute toxicity,
possible irritation of the skin and mucous membranes,

and long-term effects (teratogenicity, carcinogenicity,
etc.), instructions for use including application rates
and frequency and restricted-entry intervals, reference
to safety regulations, and the necessity to use PPE
according to Federal Law No. 109-FZ from July 19,
1997, On the safe handling of pesticides and agrochemicals,
and SP 2.2.3670—20, Sanitary and epidemiological
requirements for working conditions.

Responsible compliance with safety requirements
specified on the product label significantly reduces the
risk of acute and chronic intoxication with pesticides.
Yet, the experience shows that failure to comply with
instructions for safe use of pesticides causes poisonings
and even death of pesticide users [8, 11—15].

Various techniques of application of pesticides
(terrestrial boom-spraying of field crops, air blast
spraying of gardens, aerial spraying of fields and forests,
greenhouse treatment, seed treatment, fumigation of
grain and warehouses, preparation and application
of baits) require a differentiated approach to the
development of safety measures [9, 16].

Safety measures are based on:

— the use of the least dangerous forms of pesticides
such as aqueous solutions, suspensions, and emulsions.
Wettable powder formulations posing the highest risk
of inhalation exposure during preparation of working
solutions today are packaged in water-soluble bags
preventing their becoming airborne;

— the use of modern spraying techniques allowing
for ground tractor (boom and air blast) and aviation
spraying with the minimal formulation loss;

— the use of modern agricultural equipment (tractors,
airplanes, helicopters) with improved pressurized air-
conditioned cabins preventing the ingress of pesticides
into the workplace air of operators;

— creation of highly automated plants for pre-
sowing treatment of seeds with effective general and
local exhaust ventilation systems, automated packing,
loading, and unloading of treated seeds;

— careful selection of effective personal protective
equipment (PPE) to protect the respiratory system
and skin, and

— awareness raising on potential adverse health
effects and their prevention among pesticide users.

Safety in the use of pesticides is majorly determined
by the machinery. According to the research conducted
by Kleffmann-Kynetec, 54 % of all tractors used in
the Russian agricultural sector were assembled by
Minsk Tractor Works (MTZ), Republic of Belarus,
37 % — by Kirovets St. Petersburg tractor factory
(PTZ), Russian Federation, and 21 % — by John
Deere, USA. The most popular tractor models,
particularly in individual farms, are MTZ-82 and
PTZ—Kirovets K-744; in agricultural holdings —John
Deere 6195M [17, 18].

The most common agrochemical trailed sprayers
OP—2500 Argo and OP—3000 Bulgar match the above-
mentioned machinery very well, especially the MTZ-82
tractor. Equipping spraying equipment with precision
farming tools, such as GPS agricultural navigators/
GLONASS Commanders, TeeJet on-board automated
guidance systems for crop sprayers, allows for real-
time monitoring during pesticide application to large
areas, control of the number of field applications and

4 Sanitary Regulations SP 2.2.3670—20, Sanitary and epidemiological requirements for working conditions. (In Russ.)

5 Sanitary Rules and Regulations SanPiN 2.1.3684—21, Sanitary and epidemiological requirements for the maintenance
of territories of urban and rural settlements, for water bodies, drinking water and drinking water supply, ambient air, soils,
living quarters, maintenance of industrial and public premises, organization and implementation of sanitary and anti-epidemic

(preventive) measures. (In Russ.)

¢ Guidelines MU 1.2.3017—12, Risk assessment of occupational pesticide exposure. (In Russ.)
7 Guidelines No. 2001/26, Hazard-specific classification of pesticides. (In Russ.)
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conditions of sprayers, and alert in case of technological
or technical malfunctions [17, 18].

In practice, the operator is sometimes forced
to leave the tractor cab during pesticide application
to clean clogged nozzles and faces the risk of high
dermal exposure.

Despite all the success in agricultural machinery
production, 70 % of the fleet consists of old, worn-
out tractors with expired useful life and many farms
lack sufficient machinery. On average, there are only
three tractors per 1,000 hectares in Russia while in
Canada, for instance, their number reaches 168.

The use of outdated agricultural machinery may have
an adverse effect on workers’ health and performance.
The absence of air conditioning is the reason for high
temperatures in the cabin while poor tightness of the
latter causes ingress and accumulation of pesticides
on inner surfaces increasing the risk of inhalation and
dermal exposures. High levels of noise and vibration
may contribute to hearing loss and development of
other diseases [19, 20]. The lack of machinery during
the growing season causes a forced increase in the
work shift duration, which must not exceed 6 hours,
and elevates the risk of adverse health effects of work-
related factors in tractor operators.

In vegetable gardening, the use of automated
planting machines for wet pesticide treatment of potatoes
with simultaneous planting of tubers in soil excludes
the ingress of pesticides into the workplace air and
minimizes dermal exposures of the tractor operator.
However, the machinery misuse and installation of
an additional workplace for a sower increase the risk
of inhalation and dermal exposures to pesticides by
4—6 times and by 3—4 times, respectively [19].

Awareness raising among pesticide users is one of
the most important components of primary prevention
of adverse health effects of pesticides. Its main purpose
is to provide basic knowledge of sanitary and hygienic
requirements for working conditions and environmental
protection, as well as measures of ensuring technical
safety of production processes and technological
operations with pesticides. The content and scope
of training shall depend on the target audience
(agronomists, farmers, population, etc.) and, in the
least, include the following:

— general information about pesticides and their
health effects, routes of exposure, accumulation of
pesticides in the body and environmental objects, first
signs of poisonings, and first aid measures;

— safety requirements for storage, transportation,
and use; and

— requirements for personal protective equipment
and workwear, their use and storage, personal hygiene.

A prerequisite for working with pesticides is
compliance with the requirements for waste
neutralization and disposal, labeling and use of a
rational set of protective equipment preventing or
limiting inhalation and dermal exposures.

The scientific basis for choosing PPE is based on
data on the level of contamination of the working
environment (workplace air, equipment, skin and
clothing), the hazard class of the formulation, the
pulmonary ventilation volume, i.e. the severity of the
work performed, and the contact area of skin with
contaminated surfaces.

When selecting respiratory PPE equipment, it is
necessary to consider the nature and duration of the
operations performed in addition to the pesticide’s
hazard class.

OpUrMHanbHAs CTaTbs

Types RPG-67 and RC-60 respirators with mark
“A” cartridges and 3M respirators with pre-filters
for pesticides are most effective when the risk of
inhalation exposure to pesticides is the highest, i.e.
when preparing working solutions of liquid formulations,
filling of equipment, and performing other periodical
operations lasting 10 to 15 minutes. When working
with pesticides during a work shift (in the greenhouse,
during chemical treatment), the prolonged use of
the aforementioned PPEs (over 30 minutes) causes
additional physical strain to workers. It is therefore
advisable to use lighter respirators such as Alina,
Nechernozemie, Uralets, and Y-2GP with “A” or “D”
cartridges, etc. [21].

Fumigation that envisages application of the most
toxic pesticides dictates the use of gas masks.

Prevention of dermal exposure to pesticides is
based on the correct choice of workwear and hand and
arm protection. The use of cotton clothes decreases
the risk of skin contamination by 7 times; workwear
made of composite materials (polyether and cotton,
clothes with fluoroorganic impregnations, etc.) like
Expert and Agrochem costumes ensure effective skin
protection against pesticides. Rubberized cotton fabric
suits securely protect the skin from exposure to aerosol
pesticides, but prolonged work in such costumes
increases air temperature and humidity in between skin
and cloth causing sweating and promoting resorption
of toxins through the skin. Protective clothing must be
supplemented with armbands and an apron made of
rubberized materials to protect the skin from dissolved
pesticides during manual spraying of plants [21—25].

It is important to protect hands from direct
contact with pesticides. It should be noted that the
range of PPE offered for hand skin is limited and
the most affordable choices include rubber gloves for
industrial or technical use and latex gloves. The use
of these gloves when working with pesticides is not
always effective: according to our findings, pesticides
are often detected in wipe samples from hand skin
after use. Gloves made of neoprene and butyl rubber
have demonstrated their effectiveness in protecting
the hand skin of workers from direct contact with
pesticides [16, 26].

Conclusions. The basis for sanitary surveillance in
the application of pesticides from the standpoint of
occupational health is the compliance with hygiene
regulations (application rates, terms and conditions of
use, and restricted-entry intervals), spheres (cultivated
crops) and rules of application. The Annual State
Catalog of Pesticides and Agrochemicals permitted
for use in the Russian Federation shall include only
those formulations, which usage has been approved
by the Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing.

To prevent acute poisonings among agricultural
workers, farmers, and private gardeners, it is necessary
to comply with the requirements for personal and
public safety upon acquisition, storage, and use of
potentially hazardous compounds. It is important to
observe correct application periods, temperature and
humidity, take into account wind speed and direction,
and coordinate schedules of the pesticide use not only
with the local Rospotrebnadzor authorities but also
with neighboring land users.

It is advisable to develop guidelines summarizing
measures for the safe use of pesticides under all
conditions and application techniques to supplement
the already existing ones in view of the newly adopted

8 Russian agricultural machinery: “strategic” development, export and production of components. Nivy Rossii. 2017;(7(151)).
(In Russ.) Accessed August 18, 2021. http://svetich.info/publikacii/agrohimija/tatjana-filidova-segodnja-otechestvennym.html
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SP 2.2.3670—20, Sanitary and epidemiological requirements
Jfor working conditions, and SanPiN 2.1.3684—21, Sanitary
and epidemiological requirements for the maintenance
of territories of urban and rural settlements, for water
bodies, drinking water and drinking water supply, ambient
air, soils, living quarters, maintenance of industrial
and public premises, organization and implementation
of sanitary and anti-epidemic (preventive) measures.
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