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Introduction 
See Pierre Lebailly presentation

• In France, the health consequences of agricultural pesticide exposure have 

drawn increasing concern and become a sensitive political and media issue 

• Several public reports : 1) National Institute of Health and Medical Research 

(Inserm) (Baldi et al., 2013)  2) National Agency for Food, Environmental and 

Occupational Health & Safety) (Anses)  (Laurent et al. 2016) 3) National 

Institute of Health and Medical Research (Inserm) (Baldi et al., 2019)  

• High likelihood that these pesticides contribute to the appearance of several 

neurological illnesses and cancers (Parkinson’s disease, prostate cancer, 

malignant non-Hodgkin lymphoma including multiple myeloma).  

• Personal protective equipment (PPE) is central in discussions of chemical risk 

prevention in agriculture. 
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From the ANSES report to the Safety Science publication

Expositions 
professionnelles  
aux pesticides  
en agriculture  

Volume n°1 : Volume central 

Avis de l’Anses
Rapport d’expertise collective

Édition scientifiqueJuillet 2016

• Based on a collective literature review (, Dr Catherine Laurent (F), Professor Claudio 
Colosio (It), Dr. Fabienne Goutille (F), Dr. Aurelie Berthet (Suisse), Dr Nathalie Judon (F), 
Dr Jean-Noël Jouzel, Dr Louis Galey (F), Professor Isabelle Baldi (F), Dr Onil Samuel 
(Canada), Professor Alain Garrigou (F), Dr Pierre Lebailly (F), Dr Nathalie Jas (F), Dr José 
Marçal Jackson Filho (Brésil), Dr. Véronique Daubas Letourneux, (F)).



Some precisions
•The term ‘pesticide’ can be conceived of broadly, including all pesticides used 

in agriculture that could engender occupational exposure and associated 

chemical hazards: plant protection products, biocides used for building and 

materials disinfection, some veterinary medications especially external 

antiparasitics used in livestock rearing. 

• The term of PPE includes a wide array of equipment((wearing a mask, 

coveralls, gloves, etc.).  

•Many years of field studies of agricultural pesticides have shown that deposits 

from occupational exposure primarily occur on the skin. This presentation 

will  focus on coveralls.
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TRAITEMENTS PHYTOSANITAIRES

30 EQUIPEMENTS
DE PROTECTION À LESSAI
Au-delà de l'allure de cosmonaute
que donnent les équipements de
protection individuelle (EPI), c'est bien
de raison dont il s'agit. Car si l'on veut
se protéger des matières dangereuses
et préserver sa santé, il faut s'équiper.
Encore faut-il savoir trouver la bonne
combinaison de protection parmi

tous les EPI proposés sur le marché.
Et comme il n'en va pas de même que
pour choisir une chemise, nous avons
décidé de tester en conditions réelles
masques, lunettes, gants et autres
tabliers. Les résultats présentés dans
les pages suivantes dressent le constat
de matériels de plus en plus adaptés

à l'activité agricole, où le moins bon
côtoie le meilleur. Et si de nombreux
progrès restent encore à faire, il est déjà
possible de s'équiper efficacement et
dans un budget raisonnable.
Lin mot d'ordre : protégez-vous !
PAR HENRI ETIGNARD, VINCENT GOBERT,
CORINNE LE GALL ET PIERRE PEETERS
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1. Place of PPE in prevention

• One of the fundamental principles of occupational health and 

safety is that PPE should be considered as the last line of 

defense, after other measures have been taken (International 

Labour Organisation has stressed (Alli, 2008), European 

directive 89/391/CE)  

• Collective protection systems should be put in place before PPE.
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2. Wearing PPE central to marketing 
authorization procedures 

• In Europe, applying for marketing authorisation for a plant 

protection product requires a risk assessment including exposure 

scenarios for people working on farms.  

• Exposure scenarios are based on mathematical models for 

estimating exposure that take account of use and non-use of PPE. 

• These models then compare these estimated exposure levels to 

toxicity reference values such as the ‘Acceptable Operator 

Exposure Level’ (AOEL) to assess the health risk products 

present to users
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• If the exposure level estimated with such models is greater than 

the AOEL, the models predictively consider that the estimated 

exposure value could be reduced by wearing PPE.  

• When data on the protection provided by PPE is lacking, EFSA 

(2014) recommends using default values, in this case 

considering that coveralls let through a maximum of 5-10 per 

cent of the product to which users are exposed 
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authorization procedures 
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Technical control/PPE item Penetration factor Specific exposure value 
affected 

Protective (chemical-resistant) 
gloves 

Operators, liquids 10 %; 
operators, solids 5 %; workers, 
solids 10 % 

Dermal exposure—hands only 

Working clothing or uncertified 
cotton coverall 

Operators 10 % Dermal exposure—body only 

Protective coverall (this is 
used instead of working 
clothing/uncertified cotton 
coverall) 

Operators certified protective 
coverall 5 % 

Dermal exposure—body only 

Hood Operators 50 % Dermal exposure—head only 

RPE mask type        Filter type

Half and full              
and similar

FP1, P1  
and similar

25% 
80%

Inhalation exposure 
Dermal exposure—head only

FFP2, P2  
and similar

10% 
80%

Inhalation exposure 
Dermal exposure—head only

Default values proposed by EFSA when data on the protection provided by PPE is lacking  



2. Wearing PPE central to marketing 
authorization procedures 

• The structure and parameters of the models used to predict exposure levels 

raise many questions, as was the case when the AOEM model was discussed 

recently during EFSA public consultation proceedings (EFSA, 2014). 

• Tiramani et al. (2007) found that the reduction factors in use had been 

established in the 1990s, and could be considered obsolete  

• Gerritsen et al. (2007a) also identify using obsolete data to define the 

parameters of exposure models as a problem.  

• EFSA (2014b) acknowledges that there is a dearth of data on many situations 

that is necessary to defining the parameters of exposure scenarios. 

• It calls into question the degree to which applicators are actually safe under 

working conditions.
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2. Wearing PPE central to marketing 
authorization procedures 

• In the European Union, regulation states that the exposure of people working in 

agriculture must be estimated during the assessment procedures for market 

authorisation and take account of ‘effective and readily obtainable protective 

equipment, which is feasible to be used in practice’ when the exposure level 

surpasses the AOEL (article 7.2.1.1 of the 2013 regulation).  

• Shaw (2010) has stressed, there is no international agreement over the 

characteristics that PPE for PPP users should have, the role it should have in 

marketing authorisation procedures, or how their performance should be tested. 

• Gerritsen-Ebben et al. (2007b) agree that the harmonisation of international norms 

must be discussed.  

• Van Wely (2017) argues, developing ISO norms that overlap with various national 

laws does not make up for the lack of regulatory harmonisation.
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2. Wearing PPE central to marketing 
authorization procedures 

• The lack of international agreement over how to measure PPE 

performance also leads one to wonder how the actual 

effectiveness of PPE is studied, and what the basis is for the 

assumption that coveralls reduce exposure by 90 to 95 per cent 

(as postulated in European marketing authorisation 

procedures).
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3. Laboratory-based performance 
evaluation of PPE

• In the 1990s, Branson and Sweeney (1991), Easter and Nigg (1992) and 

Methner and Fenske (1994) discussed the difficulties of predicting the protective 

effects of PPE in the field based on laboratory tests of their materials. 

• In 2000, Shaw et al. described the three methods for evaluating PPE 

performance in conformity with European regulation defining their marketing. 

• Shaw (2012) then discussed the possibility of a new international procedure for 

standardising PPE performance.  

• All the articles raise many questions, since laboratory assessments of 

performance levels, even when they are conducted with standardised tests, 

cannot take account of all use conditions encountered under real working 

conditions (Brouwer et al., 2001).
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4. Assessment of PPE effectiveness in field 
studies in which PPE wearing practices are 

controlled

• Field studies in which PPE wearing practices are controlled, 

requiring that a particular kind of PPE be worn.  

• A small number (12) of peer-reviewed studies in which PPE 

wearing practices are controlled have been published and are 

accessible. They observed few people, from 3 to 15. 
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• Several studies conclude that protective equipment provides 

significant protection, often over 90 per cent (Archibald et al., 1995; 

Nigg et al., 1986; Nigg et al., 1992; Nigg et al., 1993; Taskirakis et 

al., 2014; Thouvenin et al., 2016a, b).  

• Clothing treated with a water-repellent product seems more effective 

than cotton overalls (Machera et al., 2009; Taskirakis et al., 2014). 

•  Some studies also show that work wear described as ‘regular 

clothing’ provides significant protection (Nigg et al., 1986; 

Taskirakis et al., 2014).
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4. Assessment of PPE effectiveness in field 
studies in which PPE wearing practices are 

controlled



• Two studies found lower levels of protection than expected (Methner and 

Fensk, 1994; Fensk et al., 2002). In their analysis of use of PPE in 

greenhouses, Methner and Fensk (1994) conclude that none of the garments 

can be considered chemical resistant under the observed conditions of use. 

• Several authors thus emphasise that PPE should be considered as effective 

only when both comfort and field performance are taken into account (Nigg 

et al., 1986, 1992; Fensk et al., 2002; Machera et al., 2009).  

• They stress that the pesticide approval process must include consideration 

of operators’ working conditions, particularly thermal conditions that could 

be a source of heat stress.
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4. Assessment of PPE effectiveness in field 
studies in which PPE wearing practices are 

controlled



• Field studies where PPE wearing practices were uncontrolled, means 

that the choice of PPE or whether to use any at all was not imposed.  

• Few published peer-reviewed field studies (11) in which PPE 

wearing practices are uncontrolled.  

• The number of observed persons ranges from four to 204. They were 

monitored over periods of varying lengths up to twelve months.  

• Studies were conducted in Europe (France, Denmark, Italy) and the 

United States (Florida). 
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5. Assessment of PPE effectiveness in field studies in which 

PPE wearing practices are uncontrolled or partially controlled



• Some studies show a non-linear relationship between the 

quantities of pesticides measured on workers’ clothing, on 

their skin, and in their urine (Rubino et al., 2012).  

• Stamper et al. (1989) show some marked differences in 

coverall protection levels depending on the material from 

which they are made and the nature of the pesticide used.  

• Several studies conclude that wearing protective equipment, 

especially gloves and protective coveralls, limits exposure
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5. Assessment of PPE effectiveness in field studies in which 

PPE wearing practices are uncontrolled or partially controlled



• Some show that so-called ‘work clothing’ gives a degree of 

protection, even if it is less than that of coveralls (Mandic et 

al., 2015, 2017; Protano, 2009). Non-woven materials are said 

to provide more protection than woven (Fenske et al., 2002).  

• Some studies show that the measured level of protection is 

nowhere near the anticipated level, and this for protective 

coveralls (Garrigou et al., 2011), aprons (Lander and Hinke, 

1992), boots (Stamper et al., 1989), gloves  (Lander and 

Hinke, 1992), and work clothing (Vitali et al., 2009).
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extrapolating patch size to the surface area of the body zone). Figure 4 shows median 
contamination level (horizontal bar) and distribution (from the bottom-to-top: minimum, 25th

percentile, median, 75th percentile, maximum). 
The most striking observation is the wide-spanning contamination distribution values for 
people wearing protective clothing and people not wearing protective clothing. There are 
cases where people wearing protective clothing presented higher contamination values than 
people not wearing protective clothing. 
This leads to several conclusions:

x Wearing protective clothing does not totally prevent contamination;
x During the preparation phase, wearing coveralls partially protects against 

contamination but does not guarantee a total barrier;
x During the treatment and cleaning phases, people who wore coveralls generally 

experienced higher contamination than those who did not. 

External contamination (mg of active substance) 
in relation to whether coveralls* are worn
PESTEXPO Gironde (dithiocarbamates 2001-2002) Isabelle Baldi

*Shorts and/or t-shirt versus ‘protective’ clothing

NO YES NO YES NO YES

PREPARATION/MIXING          APPLICATION            CLEANING         
NETTOYAGE

N=21 N=44 N=31 N=40 N=8 N=18

0,2 0,2

1,9
1,4

2,82,2
0,7

2,2

0,30,3

0,1

0,6

151,6

54,4

463,1

73,9

564,6

23,7 28,9

10,6
21,618,8

8,38,8

4,0
9,3

2,3

7,7
3,24,2

0,1

1,0

10,0

100,0

1000,0

Figure 4: External contamination measurement

These results have caused disarray among the various protection management institutions, 
since one of the core guidelines of current prevention policy is to wear personal protective 
equipment, and in particular class-4 coveralls designed to protect against liquid aerosols.
The dermal contamination Baldi and al. (2002) by the active ingredient reached up to 125 mg. 
No attempt to correlate the contamination with ergonomic parameters was done at this stage, 
but we observed that wearing gloves or having a cab did not guarantee low contamination, 
and that sprayed acreage did not fully explain contamination during application.
Even if representing less than 15% of the treatment duration, mixing represented about 50% 
of the total contamination (Figure 5).
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Pestexpo study based on 72 days of field studies observations 

A riddle to solve: People who wear PPE are actually more 
contaminated!
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5. Assessment of PPE effectiveness in field studies in which 

PPE wearing practices are uncontrolled or partially controlled

• For instance, the Pestexpo study (Garrigou et al., 2011) considered several potential 

determinants for exposure and ultimately demonstrated that PPE effectiveness under 

uncontrolled working conditions should hardly be taken for granted. The study 

demonstrates that contamination may be higher for workers wearing PPE than for 

those not wearing it because the PPE absorbed products.  

• The authors showed that the coveralls typically recommended by prevention 

organisations had not been tested for resistance to permeation by the pesticides 

being used, which explains how some products migrate through the coverall (some 

within ten minutes).  

• The products used to test coveralls’ resistance to permeation were acids and bases 

commonly used in industry. They matched products that the norms suggest for PPE 

testing, but do not respond to the characteristics of pesticides on the market.



• Field observations, even in OCDE countries, show that actual 

wearing of PPE is well below stipulated recommendations, 

although it varies according to type of task.
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• Poverty, which comes with greater subordination at work and 

makes it more difficult to demand that their employer provide 

them with adequate training and PPE?  

• The role of employers and the nature of working relationships   

• Non-use of PPE in agriculture may be interpreted as resulting in 

part from very different risk aversion profiles (Della Vallee et 

al., 2012)
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• Potential users complain of several characteristics of PPE: 

thermal and mechanical discomfort; negative image of PPE 

among neighbouring non-farming populations; burden and 

significant expense of respecting all instructions for use….
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Observation length : 3h07mn 

Average of heart rate : 125 BPM 

High intensity activity (in red) : 2h20 mn 

Medium intensity activity (yellow) : 42 mn

The need to decrease the physical 
demand 

6. Some reasons of the non use



Conclusion
1. The possibility of having PPE that is comfortable, suitable to practical 

conditions, affordable, and protects from contamination by any and 

all handled products has yet to be demonstrated. Numerous studies 

have found significant gaps between this ideal theoretical model and 

reality. 

2. There is no mechanism allowing systematic monitoring of the 

feasibility and actual effectiveness (in post-marketing conditions) of 

the protection provided by PPE as they are postulated in marketing 

authorisation procedures. Data is still incomplete, fragmentary, and 

scattered. 
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Conclusion
3. Studies in which PPE wearing practices are uncontrolled, PPE does not 

always fulfill the protective role attributed to it in marketing authorisation 

procedures.  

4. There are many determinants that could influence the efficiency of 

recommendations based on PPE use. It is thus essential that evaluation of this 

efficiency include the full range of active use conditions, people concerned, 

and actual practices 

5. Advances in toxicology (on the effects of low doses) and developments in 

chemical technologies (with the emergence of nanomaterials) call for a radical 

re-examination of the role that PPE can play in preventing chemical risk. 
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Conclusion
•  PPE’s protective abilities are overestimated in the 

marketing authorisation process or during prevention 

interventions.  

• Exposure scenarios should take full account of the 

difficulties that could potentially be encountered in actual 

use. 

• What kind of lessons for preventing pesticides exposure in 

the context of climate changes?
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The role of lobbies and the production of doubt 
concerning independent research production
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Wellcome in Bordeaux


