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Glossary  

Abbreviations  

ADHD Attention-deficit hyperactive disorder 

AOP Adverse outcome pathways 

BP Biocidal Products 

C&L  Classification and Labelling 

CLP The ‘Classification, Labelling, Packaging’ Regulation  

Regulation (EC) No 1272/2008 on classification, labelling and packaging of 

substances and mixtures. 

EC European Commission  

ECHA European Chemicals Agency  

ECI European Citizien Initiative  

ED Endocrine disruptor  

EFSA European Food Safety Authority  

EU European Union  

GBH Glyphosate-based herbicide 

HBM Human Biomonitoring  

HBM4EU European Human Biomonitoring Initiative 

IARC International Agency for Research on Cancer  

MoA Mode of Action  

MRL Maximum Residue Level 

OC Organochlorine 

OEL Occupational Exposure Limits  

OP Organophosphate  

PBO Piperonyl butoxide 



POEA Polyethoxylated tallow amine  

POP Persistent Organic Pollutant  

PPP Plant Protection Products  

REACH The ‘Registration, Evaluation, Authorisation and Restriction of Chemicals’ 

Regulation 

Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, 

Authorisation and Restriction of Chemicals   

WP Work package 

  

1 Key Messages  

• EU-wide human biomonitoring (HBM) data on pesticide exposure is scarce. To obtain a 

better EU coverage, HBM4EU Aligned Studies1 (2014-2021) have generated new data on 

pyrethroids, chlorpyrifos, and glyphosate for children (6-11 years) and adults (20-39 years). 

• Biomarkers for chlorpyrifos (TCPy), and pyrethroids (3-PBA, 4-F-3-PBA, cis-DBCA, cis-

DCCA, trans-DCCA, CIF3CA) were analysed in children from Slovenia, France, Belgium, 

Cyprus, the Netherlands and Israel (867 urine samples) and in adults from Switzerland, 

Israel, Iceland, Portugal, France, Germany and the Netherlands (1480 samples). The 

results showed a widespread exposure to pyrethroids and chlorpyrifos (with detection rates 

> 90% for TCPy and 3-PBA in most data collections) but marked differences in exposure 

levels between the countries.   

• Glyphosate/AMPA were analysed in urine samples from children from Slovenia, France, 

Germany, Belgium, and Cyprus (971 samples) and in adults from Switzerland, France, 

Iceland, and Germany (912 samples). The results showed a widespread low exposure with 

median values of urinary concentrations below the limit of quantification in most sampling 

locations.   

• Children had higher urinary concentrations of the pesticide biomarkers than adults, 

reflecting a higher internal exposure to pesticides among children. This may be caused by a 

higher intake of food per kilogram (kg) body weight and thus higher exposure to pesticide 

residues in food. 

• The HBM4EU data provides a baseline for internal exposure to these pesticides within the 

European population for future assessment of the effectiveness of reducing pesticide use 

under the Farm to Fork Strategy. 

• Biomonitoring Guidance Values (HBM-GVs) were derived for two pyrethroids: deltamethrin 

and cyfluthrin, and a first-tier screening HBM-GV for the cumulative exposure to pyrethroids 

based on the generic pyrethroid biomarker, 3-PBA, was derived based on current ADI 

values. Comparison with the HBM data on pyrethroids from the HBM4EU Aligned Studies 

suggests a low concern for the general population, but a risk cannot be dismissed for some 

highly exposed children. This is particularly worrying as the ADIs set for most pyrethroids 

 
1 The HBM4EU Aligned Studies are a survey aimed at collecting HBM samples and data as harmonised as possible from (national) 

studies to derive current internal exposure data representative of the European population/citizens across a geographic spread. 

https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en


are based on neurotoxicity observed in adult experimental animals, which may not 

sufficiently protect against developmental neurotoxicity. 

• A risk assessment for chlorpyrifos, based on a margin of exposure approach, confirmed 

concerns for adverse health effects in all countries, especially among children. For children, 

the highest risk levels were observed in Israel and Cyprus. For adults, the highest risk 

levels were observed in Israel and Portugal. It should be noted that the urine samples from 

the HBM4EU Aligned Studies used for this risk assessment were collected before the 

withdrawal of authorization for chlorpyrifos in February 2020. 

• Populations living close to areas treated with pesticides are likely to be more exposed, but 

the knowledge on exposure levels and combination of pesticides profiles are very limited. 

Therefore, a dedicated survey, the SPECIMen study, was performed to address this issue.  

• The SPECIMEn study revealed a total of 95 pesticide-related markers in urine samples 

from parent-child pairs in five European countries using suspect screening techniques. A 

subset of the markers was identified with a high level of confidence; these relate to 30 

parent pesticides. Their detection frequency varied substantially between countries. 

However, consistent strong contributions from agricultural application to detection rates in 

hotspots or in spraying season were not observed. 

• HBM data on occupational exposure levels (e.g. agricultural field workers, biocide 

applicators and veterinary personnel) are very limited for most of the prioritised pesticides.  

 

2 Introduction 

HBM4EU is a project funded under Horizon2020, running from 2017 to 2021. It generates 

knowledge to inform the safe management of chemicals and protection of human health in Europe. 

HBM4EU uses human biomonitoring (HBM) to monitor the actual human exposure to chemicals 

and resulting health impacts and to improve chemical risk assessment. HBM4EU compares data 

from across Europe, which allows an understanding of regional differences and helps to identify 

vulnerable groups, in order to inform targeted measures to reduce exposure. The results of the 

HBM4EU project are aimed at supporting policy development, by providing a key evidence base in 

the understanding of exposure and impacts to toxic chemicals.  

If you would like to read more about the project itself, please visit the HBM4EU website.  

2.1 How to use this document 

This document provides a summary of the known and suspected adverse human health effects of 

the prioritised pesticides (selected members of the pyrethroid family, the three organophosphates 

chlorpyrifos, dimethoate and glyphosate2 as well as the phenylpyrazole fipronil) and describes the 

main exposure pathways for humans. It also indicates where HBM could be of value in the 

development of EU policy, along with the remaining challenges in determining human pesticide 

exposure. This substance report is intended to inform scientists, relevant stakeholders and policy 

makers on the value of HBM to establish the EU population’s exposure to pesticides.  

The priority pesticides of concern documented within this substance report have been selected 

based on mounting evidence or concern of effects at population level exposure. In particular this 

covers chronic or delayed effects which are more difficult to identify within environmental settings 

 
2 Glyphosate sits within the organophosphate family, however note this substance is a broad spectrum herbicide and its mode of action 

differs from the other family members. 

https://www.hbm4eu.eu/


(noting that the general population is exposed to a wider array and mixture of chemicals every 

day). This would cover chronic / delayed effects on reproduction and the endocrine, nervous- and 

immune systems, especially when exposure occurs during vulnerable developmental windows in 

foetal life or childhood, as well as cancer-causing effects. 

This substance report is based largely on the HBM4EU scoping document for pesticides, (a first 

draft of the scoping document was produced in 2019, with further regular updates), the research 

brief on pesticides, as well as the accompanying reports on legislative mapping and policy 

questions. Where necessary, additional information from European Chemical Agency (ECHA) 

documents including the classification and labelling (C&L) Inventory and European Food and 

Safety Authority (EFSA) pesticides database as well as legislative text for relevant EU policy areas, 

have also been used for this substance report. 

The section begins with a brief summarised introduction to pesticides more generally, including 

different categories such as herbicide and insecticide, major classes of insecticides (which are the 

main class of priorities), adjuvants, grouping approaches for modes of action, and types of 

application, before focussing in more detail on the priority pesticides. 

If you would like to skip directly to the priority pesticides themselves, please click here. 

2.2 Overview of pesticides  

2.2.1 General introduction to pesticides  

Pesticides are a diverse group of mostly synthetic substances designed to be toxic towards target 

pests3. While the application of pesticides has a beneficial effect for crop protection, their use can 

also lead to unintended toxic effects for human health and the environment, therefore representing 

a potential threat to humans and other living organisms.  

In general, pesticides are classified by their use. This ranges from insecticides (against insects), 

herbicides (against weeds), bactericides (against bacteria), rodenticides (against rodents), 

acaricides (against mites and spiders) or fungicides (against fungi). Pesticide formulations can vary 

from liquids such as sprays and gels, to granules and powders.  

Furthermore, it is important to distinguish between plant protection products (PPPs), biocidal 

products (BPs) and products intended for medical application.  

• PPPs are pesticides such as insecticides that are used to protect food and feed products. 

The application of PPPs varies from professional settings such as crop protection to 

residential use in homes and gardens.  

• In contrast, biocides are used for the control of organisms that are harmful to human or 

animal health and for the control of organisms that cause damage to natural or 

manufactured materials.  

• Veterinary uses cover the application of pesticides within professional applications (i.e., 

sheep-dip to control mites, ticks, and fleas) as well as domestic treatment products for both 

animals (i.e., control of fleas and ticks for cats and dogs). In addition, pesticides are used in 

human medical products (i.e., head lice treatments for humans).  

These different types of uses may involve the same active pesticide ingredient, but concentration, 

method of application and exposure routes can vary. This is an aspect discussed in more detail 

later on. 

 
3 Pests are harmful organisms such as plants, animals, fungi, bacteria and viruses.  

https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Scoping-Document-2019_version-2-of-D4.6.pdf
https://www.hbm4eu.eu/wp-content/uploads/2018/12/20166-_Brief_pesticides_EN_v05_RC.pdf
https://www.hbm4eu.eu/wp-content/uploads/2018/12/20166-_Brief_pesticides_EN_v05_RC.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides-3100120.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Policy-Questions_2020.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Policy-Questions_2020.pdf


In 2016, more than 350,000 tonnes of active ingredients4 were sold in the EU (EEA 2019). Figure 

2.1 provides an overview on PPP (based on volume of sale) for different categories in the EU. It 

becomes evident that fungicides and bactericides are by far the most widely used types of 

pesticide.  

 

  

 
4 There is a distinction between a ‘pesticide’ assumed to mean the active ingredient that provides a pesticidal effect and a ‘pesticide 

product’, which is the final mixture used to manage pests. 



Figure 2.1 Pesticides (referring to PPP) sales in the EU 2016 (EEA 2019) 

 

 

2.2.2 Adjuvants and other additives  

There is a distinction between a ‘pesticide’ assumed to mean the active ingredient that provides a 

pesticidal effect and a ‘pesticide product’, which is the final mixture used to manage pests. The 

latter is a mixture made up of the pesticide active and other chemicals such as solvents (i.e. 

water), stabilisers (to prevent degradation before use), emulsifiers (if the active and other 

components are non-soluble), dyes and adjuvants (particularly for professional use). A pesticide 

adjuvant is broadly defined as any substance added to the pesticide product to improve 

performance, this could include wetting agents, or foaming agents etc. For example, adjuvants 

enhance the pesticides’ uptake by reducing drifting of a product, wetting surfaces so that sticking 

and penetrating on e.g., waxy leaves is facilitated or reduce foaming during mixing. The 

concentration of active ingredients in the final product can vary from 2 % to 80 %.     

While the pesticide active ingredient is intentionally toxic or designed to have a toxic-like effect on 

target pests, the other mixture components (including adjuvants) can also be toxic in their own right 

or have synergies with the active that increase the toxic effects. The primary focus of the HBM 

scoping document has been on priority pesticide active ingredients, but as part of this research it 

does also identify one adjuvant of concern (polyethoxylated tallow amine (POEA)).  

 

2.2.3 Mode of Action classification    

The sub-section on the general introduction identified the different insecticide classes, with 

organophosphates, pyrethroids and phenylpyrazoles being of key importance for the priority 

pesticides under HBM. 



As outlined before, non-target impacts are a major challenge when developing insecticides. The 

more similar two organisms are, the more similar are their proteins and the more likely are non-

target impacts in the other organism. Therefore, modern insecticides aim to target specific single 

proteins in pests. The IRAC5 Mode of Action (MoA) classification provides an insecticide use 

selection guideline based on the proteins that the insecticides will target in the pest. There are five 

general MoA categories according to the physiological functions affected which are clustered in 32 

specific classes of MoA. If you would like to read more about MoA, please visit the IRAC website. 

The categorisation based on the MoA of the prioritised pesticides is presented in the following 

table.  

Table 2.1 MoA categories 

Category MoA Prioritised pesticides 

Neuromuscular toxins act on insects’ nervous system and 
muscles 

Pyrethroids and 
organophosphates 

Growth regulators affect growth and development  

Respiratory toxins act on energy metabolism  

Midgut toxins act on insects’ gut lining  

Unknown or non-specific MoAs unknown MoA or unspecific effects  

 

2.2.4 Overview of insecticides   

There are 17 major classes of insecticides identified (Ware et al. 2004). Most of the prioritised 

pesticides belong to two major families of insecticides (pyrethroids and organophosphates). This 

section is intended to provide a very high-level chronology of insecticides. Appendix 3 also 

provides a diagrammatical illustration of the major insecticidal groups to illustrate this evolution, 

including families no longer in active use. 

As a rule of thumb pesticides in general (and insecticides possibly moreover) can evolve in one of 

two ways. In the first instance, there are pesticide actives which form ‘staples’ and have been used 

and refined continuously to better target pests for many years. In the other case there are 

pesticides which came into use and grew in popularity rapidly before health/environmental 

concerns resulted in a ban / removal of the approval. These insecticides were then replaced by 

other substances (some of which were also themselves banned several years later). 

A good example for the latter type of insecticide is the organochlorine ‘DDT’ 

(Dichlordiphenyltrichlorethan). In the early 1940s, the era of synthetic insecticides started with its 

introduction. DDT was the most applied insecticide worldwide and is still known for its powerful 

usefulness. Ultimately, DDT was banned in the 1970s as it became known that it is toxic to other 

organisms such as mammals, and had persistent and bioaccumulative properties, which 

concentrated in the environment and aquatic food chain, where they are still present. The family of 

organochlorines (OCs) are no longer used in Europe, with many OC members now known to be 

persistent organic pollutants (POPs) and hence, are banned. The identification of the problems 

with OCs eventually led to them being phased out, with the creation of pesticides based on 

organophosphates (OPs) coming into use in the 1950s, followed by the emergence of pyrethroid 

based pesticides in the 1960s. As outlined in Section 2 on the prioritised pesticides, the approval in 

the EU of the OP chlorpyrifos was not renewed in 2020 due to health concerns, which 

demonstrates the time-lag in building a weight of evidence. HBM data can facilitate addressing the 

time lag by making evidence available more rapidly which can be used for policy intervention such 

as removal of the approval. It should be noted that there is not always a long-time span between 

 
5 Insecticide Resistance Action Committee 

https://irac-online.org/modes-of-action/


approval and evidence about concerns. The use of neonicotinoids, which were invented in the 

1990s and first approved in the EU in 2005, has already been severely restricted in the EU in 2013 

and 2018 as the evidence for the negative environmental impacts was clear.   

The aforementioned pyrethroid family is a good example for insecticides that have been refined 

continuously as four generations have been developed. The development of pyrethroids comprises 

improvement upon stability as well as more targeted toxicity.  

Over the course of time, overcoming insects’ resistance against insecticides has become an 

increasingly important issue that needs special attention in designing insecticides.  

2.3 Prioritised pesticides  

In line with HBM4EU prioritising strategy, a second list of priority substances was finalised in 

August 2018. Substances were prioritised based on a set of key criteria, which was used to 

generate global scores covering their hazardous attributes, exposure levels in the population and 

associated public concern.  

Priority substances from three major classes of insecticide were identified, as well as one herbicide 

and one adjuvant:  

• Pyrethroids – (primarily 3rd and 4th generation members) 

• Organophosphates – chlorpyrifos, dimethoate, glyphosate 

• Phenylpyrazoles – fipronil 

• Adjuvants – polyethoxylated tallow amine (POEA) 

Note that chlorpyrifos, dimethoate, the group of pyrethroids, glyphosate and fipronil arrived 

respectively on the 5th, 6th 7th and 8th, 14th and 22nd of the prioritisation list, ranked according to 

the substances global scores. The surfactant POEA that enhances the activity of herbicides such 

as glyphosate was ranked 28th on the list.  

 

2.3.1 Overview of applications  

An overview of the main applications of the prioritised pesticides is provided in Table 2.2. 

Table 2.2 Application categories 

Pesticide group Occupational use Consumer use 

Pyrethroids Plant protection products Plant protection products 

 Biocidal products Biocidal products 

 Veterinary medicinal products Medicinal products to treat scabies and 
head lice 

Organophosphates Plant protection products Plant protection products  

Fipronil  Plant protection products (outside the 
EU) 

Veterinary medicinal products 

 Biocidal products  

 Veterinary medicinal products   

 

2.3.2 Pyrethroids  

Pyrethroids are one of the major classes of insecticides in the EU and worldwide. The exposure to 

pyrethroids in the EU is expected to further increase as pyrethroids replace a number of 

https://ec.europa.eu/food/plant/pesticides/approval_active_substances/approval_renewal/neonicotinoids_en
https://www.hbm4eu.eu/work-packages/deliverable-4-5-second-list-of-hbm4eu-priority-substances-and-chemical-substance-group-leaders-for-2019-2021/


organophosphates in biocidal products and to some degree also as insecticides in agriculture. 

Pyrethroids are synthetic active ingredients that are derived from naturally occurring flower 

substances (primarily from chrysanthemums). Pyrethroid products are mainly sprayed on crops.  

BP containing pyrethroids are often mixed with the adjuvant PBO (Piperonyl butoxide) which slows 

the degradation of pyrethroids. They act on the central nervous system in both target and non-

target organisms. Pyrethroids are nonpersistent. Pyrethroids are considered to have a moderate 

acute toxicity for humans which depends on the exposure route (e.g. dermal contact is less toxic 

than oral exposure) and composition of the product (e.g. residues in vegetable oils are more toxic 

than in water).   

Details on the route of exposure for Pyrethroids are presented in Section 3 and their health impacts 

are in Section 4.   

 

2.3.3 Organophosphates (OP) 

The most common OP insecticides worldwide are chlorpyrifos and dimethoate. Both act on the 

central nervous system in target and non-target organisms. They have a high acute toxicity for 

insects and are therefore considered as highly effective. However, they are less toxic to humans. 

Chlorpyrifos and dimethoate have a low persistence in the environment. However, due to the 

growing concerns on human health impacts, the approval for chlorpyrifos was not renewed by the 

European Commission in early 2020. In the course of this review, new lowered Maximum Residue 

Level (MRLs) for food produced in the EU as well as imports will become applicable (European 

Commission 2020).  

Glyphosate is an herbicide for nonselective weed control in agriculture, forestry, gardening, and 

aquatic environments. In recent years, some crops were designed to be glyphosate-resistant so 

that only the weeds between the crops are affected. Glyphosate has lower acute toxicity than OP 

insecticides and is never used without its adjuvants. The adjuvants enhance its uptake and toxicity. 

In this context, it is often referred to GBHs (glyphosate-based herbicides) which are mixtures of 36 

– 48 % glyphosate, water, salts, and 10 – 20 % adjuvants such as POEA (Defarge et al. 2018). 

GBHs are the most used pesticide formulations in EU and worldwide. Sales of glyphosate (active 

substance) in the EU in 2016 have been estimated at up to 65,000 tonnes. Glyphosate is currently 

approved in the EU until end of 2022.  

Details on the route of exposure for OPs are presented in Section 3 and their health impacts are in 

Section 4.   

 

2.3.4 Phenylpyrazoles (Fipronil) 

Fipronil is a broad use insecticide of the phenylpyrazole class which acts on the central nervous 

system. Fipronil is used in agriculture as a plant protection product, as a biocide to control ants and 

roaches and as a veterinary product to control fleas and ticks on pets and livestock. After the 

scandal on the large-scale contamination of eggs in several EU countries due to illegal use of 

fipronil as veterinary medicinal product in 2017, fipronil was banned in the EU in plant protection 

products.  

Details on the route of exposure for Fipronil are presented in Section 3 and their health impacts are 

in Section 4.   

https://ec.europa.eu/food/safety/rasff/fipronil-incident_en


3 Human exposure to pesticides    

An overview of main sources of exposure (environmental, occupational, consumer) and exposure 

pathways (oral, inhalation, dermal) is provided in Figure 3.1.  

Additional information on these sources and pathways is provided in Appendix 1. 

The main source of pesticide exposure for the general population is residues on food products. 

Exposure from occupational settings or consumer products for residential use of pesticides, may 

be significant for certain individuals or groups in some areas, but are generally less significant for 

the general public.  

Figure 3.1 Overview of exposure routes and pathways for pesticides 

 

 



3.1 Summary of potential application types 

As indicated in the background to pesticides the same pesticide active can be used in multiple 

different settings, which then has consequences for both concentration and exposure route. Table 

3.1 below provides a general overview of approved uses in the EU. 

Table 3.1 Approved professional and domestic uses of pesticides6  

 

Family Active 
Ingredient  

Plant protection 
products 

Biocidal 
products 

Veterinary 
medical 
products  

Human medical 
products 

Pyrethroid 

 Pro Dom Pro Dom Pro Dom Pro Dom 

Permethrin  x x ✓ ✓ ✓ ✓ ✓ ✓ 
Acrinathrin ✓ ✓ x x x x x x 

Allethrin x x x x x x x x 
Alpha-

cypermethrin 
✓ ✓ ✓ ✓ x x x x 

Bifenthrin ✓
 S ✓

 S ✓
 S 

✓
 S x x x x 

Cyfluthrin ✓ ✓ ✓ ✓ x x x x 
Cypermethrin ✓ ✓ ✓ ✓ ✓ x x x 

Zeta-cypermethrin ✓ ✓ ✓ ✓ x x x x 
Zyphenothrin x x ✓ ✓ x x x x 

d-Allethrin x x R R x x x x 
Deltamethrin R R ✓ ✓ x x x x 

d-Tetramethrin x x R R x x x x 
Empenthrin x x R R x x x x 

Epsilon-
momfluorothrin 

x x ✓ ✓ x x x x 

Esbiothrin x x R R x x x x 
Esfenvalerate ✓

 S ✓
 S x x x x x x 

Etofenprox ✓
 S ✓

 S ✓ ✓ x x x x 
Fenpropathrin x x x x x x x x 
Fenvalerate x x x x x x x x 
Imiprothrin x x ✓ ✓ x x x x 
Lambda-

cyhalothrin 
✓

 S ✓
 S ✓ ✓ x x x x 

Gammacyhalothrin ✓ ✓ x x x x x x 
Metofluthrin x x ✓ ✓ x x x x 
Prallethrin x x R R x x x x 

Tau-fluvalinate ✓ ✓ x x x x x x 
Tefluthrin ✓ ✓ x x x x x x 

Tetramethrin x x R R x x x x 
Transfluthrin x x ✓ ✓ x x x x 

1R-transphenothrin x x ✓ ✓ x x x x 

OP 

Chlorpyrifos x x x x x x x x 
Dimethoate  ✓

 S ✓
 S x x x x x x 

Glyphosate ✓ ✓ x x x x x x 
Phenyl-
pyrazole 

Fipronil x x ✓ x ✓ ✓ ✓ ✓ 

 
6 The table compiles data from the HBM4EU scoping document for pesticides and additional information from the ECHA info cards on 

the substances. Table 3.1 was correct as of February 2021, but the authors note that approvals and use can change over time, and 

therefore recommend the reader use the table as a guide. The reader is advised to check further for specific substances. 

Note: Pro: Professional, Dom: Domestic, Green: approved use, Red: non-approved use, S: Candidate for Substitution, R: Under review 

for approval (both yellow) 

https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Scoping-Document-2019_version-2-of-D4.6.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Scoping-Document-2019_version-2-of-D4.6.pdf
https://echa.europa.eu/search-for-chemicals


3.2 Dietary exposure 

The primary source of exposure to pesticides for the general population is mainly through the 

consumption of residues in food products. It should be noted that children have higher exposure 

levels because they have a higher food intake per kg body weight. Residential use is likely to be 

important for some pesticides, e.g. pyrethroids in areas with high indoor use of biocides. 

Overall, fruit and vegetables from conventional cultivation are the main sources of exposure due to 

pesticide residues (e.g. Bradman et al. 2015, Oates et al. 2014). In addition, pyrethroids were 

detected in fish, marine mammals (Alonso et al. 2012, Corcellas et al. 2015) and food products of 

animal origin e.g. butter, eggs, milk, and swine fat (EFSA 2018; 2017). After the scandal in 2017 

due to misuse of fipronil in chicken farms, residues are mainly detected in food products imported 

from outside the EU (EFSA 2018). POEA and other adjuvants exposure in residues in food are 

likely but no data is available. At large, the extent and main routes of dietary exposure to pesticides 

will vary socio-economically, depending for example on ratio of fruit and vegetables and organic 

products in diets.  

As highlighted in Section 5 on policies, maximum residue levels (MRL) of pesticides in or on food 

and feed of plant and animal origin are defined under Regulation (EC) 396/2005. EFSA publishes 

annual reports on pesticide residues in foods on the European market. The latest report covering 

the year 2018 states that 4.5 % of all samples analysed exceeded the individual MRL and 2.7 % 

were non-compliant7. Table grapes and sweet peppers and bell peppers were among the food 

products that most frequently exceeded the MRLs (EFSA 2020). 

Besides residues in food products, the transfer from mother to child trough breastmilk might also 

be an important route of dietary exposure to pesticides. EU HBM data is needed as data from the 

US indicates that chlorpyrifos and pyrethroids have been detected in human breast milk (e.g. 

Weldon et al. 2011).  

Existing studies on exposure in Member States indicate widespread exposure. Details on 

differences between countries and population groups are presented in Annex 1 of the Scoping 

Document. The five countries with highest quantities of pesticides sold in the last years have been 

France, Spain, Italy, Germany, and Poland as shown in Figure 3.1 on pesticides sales in 2018 

(Eurostat 2020).  

However, the countries with the highest pesticide sale per hectare of agricultural land were Malta, 

the Netherlands, Cyprus, Belgium, Ireland, Italy, and Portugal in 2015. The biggest increase 

(percentage change in kilograms of active ingredients) per country for the average pesticide 

quantity sold in the period 2014 - 2016 compared with 2011 - 2013 was Bulgaria with an increase 

of 63 % (EEA 2019). 

In the future, it is assumed that the increase of population will lead to an increased demand for 

food production, an intensification of agricultural production and therefore to increased pesticide 

use, which in turn will lead to higher residues in food products (EEA 2019). Note the role of the 

sustainable use of pesticides directive (Directive 2009/128/EC), which aims to proactively manage 

any such increase with alternative farming methods. 

  

 
7 MRL exceeded taking into account the measurement uncertainty 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02005R0396-20200709
https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Scoping-Document-2019_version-2-of-D4.6.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Scoping-Document-2019_version-2-of-D4.6.pdf
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0128


Figure 3.2 Pesticide sales in the European Union in 2018 (Eurostat, 2020)8 

 
 

3.3 Occupational exposure 

The three occupational groups most exposed to pesticides are agricultural field workers, biocide 

applicators and veterinary personnel. HBM data on occupational exposure scarcely exist and 

exposure levels are not defined under Directive 2009/128/EC on sustainable use of pesticides.  

In this context, it should be noted that occupational use of pesticides in agriculture is linked to an 

increased exposure for bystanders including farm families and residents in the vicinity (e.g. Curwin 

et al., 2007; Connolly et al., 2018).  

Considering the high quantities of pesticides used, especially in agriculture, HBM data on the 

actual exposure levels are urgently needed to access the risks and strengthen policies – in 

particular supporting development of occupational exposure limits (OELs).   

3.4 Residential use  

Residential use of insecticides based on pyrethroids e.g. in floor wipe products is another important 

potential source of exposure. Studies on residential insecticide use concluded that children are, in 

particular, exposed due to their playing behaviour pattern. In contrast to adults, children tend to 

play on floors, raise dust with insecticide residues and have a high hand-to-mouth activity (pica 

behaviour). HBM data on residential pyrethroid exposure in the US is available (e.g. Trunnelle et 

al., 2014; Morgan, 2012; Leng et al., 2005). These studies indicate major data gaps such as long-

term studies, precise biomarkers, and accurate activity patterns of children (e.g. hand-to-mouth 

activity). More importantly, no data on retail sales and amount of pesticides used in residential 

environments are available – neither for the US nor EU. Therefore, no conclusions can be drawn 

on the actual exposure levels of European Citizens due to residential use of insecticides.  

 
8 Sales of pesticides in the EU - Products Eurostat News - Eurostat (europa.eu) 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02009L0128-20190726
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/DDN-20200603-1


Pet owners can be exposed to fipronil after treatment (both professional and domestic) of their 

pets. In this context, studies from the US indicate that children with close contact to pets are can 

be exposed (e.g. Cochran et al. 2015). More HBM studies are needed to characterise the exposure 

level. 

 

4 Health impacts of pesticides 

4.1 Overview of key health impacts from pesticides 

The general population is exposed to a mixture of many different pesticides from the diet, 

occupational and residential settings. An overview of human health effects is provided in Figure 

4.1.9 It becomes evident that health impacts caused by pesticides relate to the following three 

broad categories: i) developmental toxicity, ii) endocrine disrupting (ED) and reproductive effects 

as well as iii) carcinogenicity. Please note that the different pesticide classes each result in specific 

health impacts. 

 

4.1.1 Pyrethroids 

Since pyrethroids are known neurotoxicants and some have ED properties (Saillenfait et al., 2016), 

pyrethroids have the potential to interfere with neurodevelopment (Abreu-Villaca and Levin 2017; 

Bjorling-Poulsen et al., 2008) and to disturb the endocrine system and reproductive development 

(Koureas et al., 2012; Saillenfait et al., 2015), especially if exposure occurs in vulnerable 

developmental periods during childhood and foetal life. Childhood pyrethroid exposure has been 

associated with impaired cognitive functions such as verbal and memory functions and increased 

risk of behavioural problems such as attention-deficit hyperactive disorder (ADHD) (e.g.,(Dalsager 

et al., 2019); Wagner-Schuman et al., 2015). It is unclear whether the adjuvant PBO is a causal 

factor for deficits in neurodevelopment or rather a proxy for the total pyrethroid exposure (Horton et 

al. 2011). The epidemiological evidence for developmental neurotoxicity has increased in recent 

years but none of the pyrethroids on the EU market is classified as developmental neurotoxicants. 

Several recent studies have raised concerns about reproductive adverse effects by pyrethroids 

such as effects on sperm quality and sperm DNA, reproductive hormones and pregnancy outcome 

(e.g. Saillenfait et al., 2015; Meeker et al., 2008). Nevertheless, none of the pyrethroids at the EU 

market is classified as reproductive toxicants.  

Residential exposure to insecticides after indoor use (many pyrethroids are used in these products) 

was associated with increased risk of childhood leukaemia (Bailey et al., 2015). However, evidence 

about general carcinogenicity by pyrethroids is currently not available.  

 

4.1.2 Organophosphates 

Chlorpyrifos and dimethoate are both suspected developmental neurotoxicants. Disturbance of 

brain development is the main health concern related to OP exposure in general and to 

chlorpyrifos in particular. Due to this evaluation, chlorpyrifos’s authorisation in the EU was 

withdrawn in 2020. However, residues on imported food products can still be a potential exposure 

source. Several reviews of neurodevelopmental effects of OP in humans have been conducted and 

most of them conclude that exposure during pregnancy, at levels found among groups of the 

 
9 An explanation of the categorisation of the strength of evidence for the health effects presented in Figure 4.1 is provided in Appendix 2. 



general population, may have negative effects on children’s neurodevelopment (Gonzalez-Alzaga 

et al., 2014; Ross et al., 2013). 

Chlorpyrifos and dimethoate are suspected ED. Studies on the substances’ carcinogenicity, 

immunotoxicity and reproductive toxicity are currently rare but animal-based studies have 

associated these impacts with OP exposure.  

There is some controversy around the health effects of glyphosate. Whereas IARC classified 

glyphosate as probably carcinogenic to humans, the criteria for carcinogenic effects and 

reproductive toxicity according to the CLP classification are not met. The Danish Working 

Environmental Authority and the US-EPA have listed glyphosate as carcinogenic. EFSA has 

recognised that the genotoxic potential of GBH-formulations should be further addressed and long-

term toxicity, carcinogenicity, reproductive and developmental toxicity as well as endocrine 

disrupting potential should be clarified (EFSA, 2015). HBM4EU data may support the risk 

assessment. Further details on ECHA’s decision not to classify glyphosate as carcinogenic are 

available here.  

POEA (and other adjuvants) is generally not included in the risk assessment of long-term health 

effects or included in surveys of dietary exposure to pesticide residues or HBM studies. This data 

gap represents an important source of error and may result in underestimation of health risk 

related to pesticide exposure. 

 

4.1.3 Fipronil  

Limited data are available on human health effects through fipronil exposure. Animal-based studies 

indicate developmental neurotoxicity and ED properties (Gupta and Milatovic, 2014). The US EPA 

has classified fipronil as “Group C - Possible Human Carcinogen” based on increases in thyroid 

follicular cell tumours in both sexes of the rat (Jackson et al., 2009), but fipronil did not show 

genotoxicity potential in a battery of in vitro and in vivo tests assessed by the EU Standing 

Committee on Biocidal Products in 2011.  

 

4.1.4 Classification  

An overview of current EU (ECHA C&L Inventory) classification of pesticides is provided in the 
table below. If you would like to read more about the pesticides, please visit the respective 
referenced ECHA info card in table below.  
 

Table 4.1  Overview of CLP classifications for pesticides  

Substance  Properties of concern   Category according to CLP criteria ECHA  

info  

card 
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Permethrin     3** 4*      1* Link 

https://echa.europa.eu/-/glyphosate-not-classified-as-a-carcinogen-by-echa
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/59336


Acrinathrin      4       Link 

Allethrin  

 
    

 4*   
 

   
Link 

Alpha-

cypermethrin  

    
 

3 & 

4 
2 3 

 
   

Link 

Bifenthrin  

 
    

2* 
2 & 

3* 
1*  

 
  1B* 

Link 

Cyfluthrin  

 
    

 2*   
 

   
Link 

Cypermethrin  

 
    

 3* 3* 2* 
 

   
Link 

Cyphenothrin      4  1     Link 

D-allethrin       4*       Link 

Deltamethrin      3** 3*       Link 

d-Tetramethrin  

 
    

2* 4*  2* 
 

   
Link 

Empenthrin  

 
    

 4   
 

   
Link 

Epsilon-
momfluorothrin  

 

    
 4*  2* 

 
   

Link 

Esbiothrin  

 
    

 4   
 

   
Link 

Esfenvalerate  

 
    

 3*   
 

  1 
Link 

Etofenprox       2      Link 

Fenpropathrin      
 

2, 3 

& 4* 
  

 
   

Link 

Fenvalerate  

 
    

3** 
3 & 

4 
 3 

 
2 

1 & 

2 
 

Link 

Imiprothrin       4       Link 

Lambda-
cyhalothrin  

 

    
 

2, 3 

& 4 
  

 
   

Link 

Gamma-
cyhalothrin  

 

    
 

1, 3 

& 4 
1  

 
  1 

Link 

Metofluthrin  

 
    

 
3, 

4* 
2* 1* 

 
   

Link 

Prallethrin      
 

3, 

4* 
  

 
   

Link 

Tau-fluvalinate  

 
    

 4*   
 

 2*  
Link 

https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/98829
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/46720
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/18512
https://echa.europa.eu/substance-information/-/substanceinfo/100.120.070
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/substance/100.063.485/SELF_ALL
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/substance/100.052.567/SELF_ALL
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/30518
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/46720
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/117132
https://echa.europa.eu/substance-information/-/substanceinfo/100.013.290
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/37974
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/256865
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/244157
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/62515
https://echa.europa.eu/substance-information/-/substanceinfo/100.118.219
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/29984
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/63387
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/2689
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/73510
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/113613
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/287566
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/50861
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/107874
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Link 

Tetramethrin  
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Link 
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Link 

1R-trans-
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Link 

Piperonyl 
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Link 

Chlorpyrifos  

 
    

 3*   
 

   
Link 

Dimethoate  
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Link 

Fipronil     
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1  
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Link 

Glyphosate      2A**     1*   Link 

POEA 

 
    

 
2 & 

4 
  

 1 & 

2 
2 1B 

Link 

* Harmonised classification under the CLP Regulation. (Other classifications are those notified to the CLP inventory but without 

harmonised EU classification.); ** Based on IARC classification.  Blank cells denote a lack of classification. 
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https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/93193
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/75411
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/167759
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/135170
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/104510
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/68566
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/46116
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/73210
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/119564
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/45001


Figure 4.1 Overview of health effects associated with exposure to pesticides 

 



4.2 Vulnerable target groups 

The evaluation of the human health impact studies indicates that pregnant and lactating women 

and hence, foetuses and breastfed babies as well as children are most vulnerable and sensitive to 

the effects of pesticides as these are the periods of the human brain and hormone system 

development.  

In general, it should be noted that children have higher exposure levels because they have a 

higher (food) intake per kg body weight. Furthermore, children are potentially more exposed to 

residential pesticide use as they show different behaviours in contrast to adults such as playing on 

the floor and hence, raising dust with pesticide residues.  

4.3 Societal concerns 

Concerns about pesticides are increasing. There is considerable media attention both in the EU 

and globally, in particular related to concerns about impact on human health. The latest 

Eurobarometer by EFSA on food safety in the EU in 2019 showed that 39 % of respondents were 

concerned about pesticide residues in food. However, the level of concern significantly varied 

between Member States:  Respondents in Greece (67 %), Cyprus (60 %) and France, Portugal 

and Sweden (all 57 %) expressed the greatest concern about pesticide residues in food. The 

lowest proportions were found in Czechia (17 %), Poland (24 %) and Italy and Romania (both 25 

%) (EFSA 2019).  

The glyphosate assessment by EFSA and by ECHA has generated a wide media coverage, with a 

wide alliance of European NGO campaigning against its reauthorisation and many municipal and 

regional governments taking measures to reduce its use. The European Citizens’ Initiative (ECI) 

called on the European Commission to propose a ban on glyphosate in 2018 based on health and 

environmental concerns as well as shortcomings in scientific evaluation of pesticide approval in the 

EU. The campaign was signed by more than 1,300,000 European citizens. Details on the 

Commission’s response to the campaign can be accessed here.   

The discovery of fipronil in eggs on the EU market in 2017, as a result of misuse of the active 

substance in farmyard areas that were directly accessible to the chickens, gained wide attention 

and increased the overall awareness on pesticides. 

Besides citizens, the scientific community has also expressed their concerns. In 2015, a Steering 

Committee of scientists used predictive models to estimate burden and disease costs of endocrine-

disrupting chemicals such as pesticides. A mean cost of €157 billion annually in EU was estimated 

(Trasande et al., 2015).  

  

https://ec.europa.eu/commission/presscorner/detail/en/IP_17_5191


5 EU Policies on Pesticides   

Several policy measures have already been introduced in the EU to address human exposure to 

pesticides and managing risks. The latest policy is the Farm to Fork Strategy embedded in the 

European Green Deal which includes the target to reduce the use of chemical and more hazardous 

pesticides by 50 % until 2030. Further, the Commission aims to promote evidence-based 

policymaking on pesticides by overcoming statistical data gaps. In general, the existing EU policies 

cover i) regulations on chemicals; ii) consumer products; iii), the environment and iv) occupational 

exposure. An overview of these regulatory measures at EU level is provided in Table 5.1. 

 

Table 5.1 Overview of EU policies relating to pesticides 
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• 15 of the pesticides that are considered in this 
report are subject to Regulation (EC) 
1107/2009 on placing plant protection products 
on the market. 

• 14 pesticides are subject to Regulation (EU) 
528/2012 on making available on the market 
and use of biocidal products. 

• The pesticides' registration and registered uses 
are regulated under Regulation (EC) No 
1907/2006 on the Registration, Evaluation, 
Authorisation and Restriction of Chemicals 
(REACH). 

• 27 pesticides are subject to EU harmonised 
classification and labelling under Regulation 
(EC) No 1272/2008 on classification, labelling 
and packaging (the CLP Regulation) – see list 
of classifications above. 

• Maximum residue levels of pesticides in or on 
food and feed of plant and animal origin (e.g., 
10 mg/kg wheat) are regulated under 
Regulation (EC) 396/2005. 

• Pesticide residues in infant and follow-on 
formulae are subject to Directive 2006/141/EC. 
The standard MRL is set to 0.01 mg/kg, 
whereas specific MRLs for certain pesticides 
are defined as well (e.g., fipronil 0.004 mg/kg). 
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Water  

• The Drinking Water Directive (98/83/EC) limits 
the concentration of individual pesticides in 
water for public consumption to 0.1 µg/L. The 
sum of all individual pesticides detected is 
limited to 0,5 µg/L. 
 

Import and Export  

• Regulation (EU) 649/2012 on export and import 
of hazardous chemicals bans the pyrethroids 
permethrin and fenpropathrin. 

• The reduction of risks and impacts of pesticide 
use on human health and the environment is 
regulated under Directive 2009/128/EC on 
sustainable use of pesticides. This comprises 
e.g., the inspection of equipment in use and 
training for professional users. 
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6 Policy questions for pesticides  

6.1 Introduction 

Embedded in the substance prioritisation, stakeholders were asked to identify policy related 

questions that HBM4EU should address in order to contribute to the strengthening of policy 

ambitions on pesticides. Further background detail on pesticides and how the policy questions 

were selected is available in the scoping document and the report on stakeholder consultation and 

mapping of needs. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1590404602495&uri=CELEX%3A52020DC0381
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009R1107#:~:text=Regulation%20%28EC%29%20No%201107%2F2009%20of%20the%20European%20Parliament,act%20has%20been%20changed.%20Latest%20consolidated%20version%3A%2010%2F11%2F2018
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009R1107#:~:text=Regulation%20%28EC%29%20No%201107%2F2009%20of%20the%20European%20Parliament,act%20has%20been%20changed.%20Latest%20consolidated%20version%3A%2010%2F11%2F2018
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32012R0528
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32012R0528
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02006R1907-20140410
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02006R1907-20140410
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32008R1272
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32008R1272
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02005R0396-20200709
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02006L0141-20130918
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A31998L0083
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32012R0649
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02009L0128-20190726
https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Scoping-Document-2019_version-2-of-D4.6.pdf
https://www.hbm4eu.eu/work-packages/deliverable-report-4-4-first-report-on-the-stakeholder-consultation-and-the-mapping-of-needs/
https://www.hbm4eu.eu/work-packages/deliverable-report-4-4-first-report-on-the-stakeholder-consultation-and-the-mapping-of-needs/


6.2 Which are the most suitable methods and biomarkers of exposure? 

Urinary biomarkers for glyphosate, chlorpyrifos and pyrethroids were identified and the most 
suitable analytical methods were evaluated and included in the updated list of laboratories, 
biomarkers, methods in HBM4EU online library. The biomarkers include glyphosate and AMPA for 
glyphosate, TCPy for chlorpyrifos, and a group-specific biomarker, 3PBA, representing the 
combined exposure to many pyrethroids, 5 semi-specific biomarkers representing exposure to two-
five pyrethroids, and a specific biomarker for deltamethrin exposure. The methods have been 
established in two expert laboratories passing the QA/QC programme. These harmonised, 
validated methods have been used to analyse pesticide biomarkers in urine samples from the 
HBM4EU Aligned Studies and are available for future studies. 

No suitable specific urinary biomarkers were available for dimethoate or fipronil, and no information 

was found for biomarkers for the glyphosate co-formulant Polyethoxylated tallow amine (POEA) or 

the pyrethroid co-formulant piperonyl butoxide (PBO) and therefor no methods could be selected. 

6.3 What are the current exposure levels of the EU population to the 

prioritised pesticides: pyrethroids, chlorpyrifos and dimethoate, 

glyphosate (in combination with polyethoxylated tallow amine 

(POEA)), and fipronil and do the exposure levels differ between 

countries? 

The results from the HBM4EU Aligned Studies, existing data-collections (included in the European 
HBM dashboard, and published studies all show a widespread exposure to pyrethroids and 
chlorpyrifos in the EU-population with detection rates of TCPY and 3-PBA above 90 % in most 
studies/data-collections. High detection rates were also seen for the more specific pyrethroid 
biomarkers in the HBM4EU Aligned Studies, except for 4-F-3-PBA (specific biomarker for 
cyfluthrin). Lower detection rates of these biomarkers were seen in most published studies, likely 
due to higher LODs/LOQs.   

In the HBM4EU Aligned Studies, the median urinary TCPy concentrations among children varied 
between 6.5 ng/ml (Cyprus) to below LOQ of 0.05 ng/ml (France). Among adults the medians 
varied between 2.75 ng/ml (Israel) and below LOQ (France). For pyrethroids, medians for the 
group specific biomarker, 3-PBA, among children varied between 1.9 ng/ml (Cyprus) and 0.72 
ng/ml (Slovenia), and between 0.82 ng/ml (France) and 0.21 ng/ml (Germany). Detection 
frequencies and medians for the more specific pyrethroid biomarkers differed between the 
countries and more detailed analyses of the exposure profiles are still ongoing in WP10.  

More specific concentrations are provided below, expressed as mg creatinine (crea) to adjust for 
urine dilution: P50 of urinary TCPy concentrations are in the range of 0.52-5.71 µg/g crt, with 1 
study with P50 < detection limit of 0.05 µg/L, in children and 0.53-2.51 µg/g crt with, 1 study with 
P50 < detection limit of 0.05 µg/L, in adults. P95 of urinary TCPy concentrations are in the range of 
3.24-15.67 µg/g crt, with 1 study with P95 < detection limit of 0.05 µg/L, in children and 1.98-6.70 
µg/g crt, with 1 study with P95 < detection limit of 0.05 µg/L, in adults.  

P50 of urinary cis-DBCA concentrations are in the range of 0.21-1.31 µg/g crt across studies in 
children and 0.13-0.74 µg/g crt, with 1 study with P50 < detection limit of 0.1 µg/L, in adults. P95 of 
urinary cis-DBCA concentrations are in the range of 1.19-6.91 µg/g crt in children and 0.39-5.91 
µg/g crt in adults.  

P50 of urinary cis-DCCA concentrations are in the range of 0.26-0.58 µg/g crt in children and 0.11-
0.30 µg/g crt, with 1 study with P50 < quantification limit of 0.1 µg/L, in adults. P95 of urinary cis-



DCCA concentrations are in the range of 1.58-2.46 µg/g crt in children and 0.38-1.10 µg/g crt in 
adults.   

P50 of urinary trans-DCCA concentrations are in the range of 0.27-1.13 µg/g crt across studies in 
children and 0.20-0.31 µg/g crt across studies in adults. P95 of urinary trans-DCCA concentrations 
are in the range of 1.64-6.00 µg/g crt in children and 0.99-1.77 µg/g crt in adults.  

P50 of urinary 3-PBA concentrations are in the range of 0.65-1.84 µg/g crt in children and 0.32-
0.79 µg/g crt in adults. P95 of urinary 3-PBA concentrations are in the range of 3.42-7.38 µg/g crt 
in children and 1.50-4.95 µg/g crt in adults.  

All P50 of urinary 4-F-3-PBA concentrations are < detection limit (range: 0.015 0.1 µg/L) in children 
and in adults. P95 of urinary 4-F-3-PBA concentrations are in the range of 0.09-0.28 µg/g crt, with 
3 studies with P95 < detection limit (range: 0.03-0.1 µg/L), across studies in children and 0.08 µg/g 
crt in one study in adults, with 3 studies with P95 < detection limit (range: 0.035-0.1 µg/L), in 
adults.  

P50 of urinary CIF3CA concentrations are in the range of 0.12-0.15 µg/g crt, with 2 studies with 
P50 < detection limit (range: 0.02 - 0.1 µg/L) across studies in children and 0.19 µg/g crt in one 
study in adults, with 2 studies with P95 < detection limit of 0.1 µg/L. P95 of urinary CIF3CA 
concentrations are in the range of 0.24-0.93 µg/g crt in children and in the range of 0.43-0.90 µg/g 
crt across studies in adults.  

Glyphosate/AMPA measurements in children in the HBM4EU Aligned Studies showed that the 
exposure is wide across the EU with similar low concentrations for glyphosate and AMPA close to 
or beneath the LOQ. At the higher end of the exposure distribution (95 percentiles), the highest 
urinary concentrations were observed for both glyphosate and AMPA in Cyprus (1.03 and 0.66 
ng/ml) and lowest in Slovenia (0.18 and 0.29 ng/ml).  

After creatinine adjustment, P50 of urinary Glyphosate concentrations are in the range of 0.08-0.13 
µg/g crt across studies in children with 3 studies with P50 < detection limit (range: 0.01-0.03 µg/L). 
P50 of urinary glyphosate concentrations are all < detection limit (range: 0.02-0.1 µg/L) across 
studies in adults. P95 of urinary glyphosate concentrations are in the range of 0.20-0.84 µg/g crt 
across studies in children and 0.21-0.38 µg/g crt across studies in adults.   

P50 of urinary AMPA concentrations are in the range of 0.15-0.19 µg/g crt across studies in 
children with 3 studies with P50 < detection limit (range: 0.1-0.2 µg/L). P50 of urinary AMPA 
concentrations is 0.10 µg/g crt in one study, in the other 3 studies P50 are all < detection limit 
(range: 0.1-0.2 µg/L). P95 of urinary AMPA concentrations are in the range of 0.26-0.59 µg/g crt 
across studies in children and 0.24-0.38 µg/g crt, with 1 study with P95 < detection limit of 0.2 
µg/L, across studies in adults.   

P50 of the sum of urinary Glyphosate+AMPA concentrations are in the range of 0.23-0.28 µg/g crt 
across studies in children and P50 is 0.13 µg/g crt in one study in adults. P95 of urinary 
glyphosate+AMPA concentrations are in the range of 0.65-1.45 µg/g crt across studies in children 
and P95 is 0.69 µg/g crt in one study in adults.  

The HBM4EU Aligned Studies data provide a baseline of pesticide exposure for the European 
population for future assessment of the effectiveness of reducing pesticide use under the Farm to 
Fork Strategy. Overall, the results indicate marked difference in exposure between EU-countries 
but a better EU coverage of harmonised HBM data for these pesticides are needed to get a full 
picture of the exposure situation across Europe. No information on exposure to dimethoate, 
polyethoxylated tallow amine (POEA), and fipronil have been collected because no suitable 
biomarker methods were available. 



6.4 What are the main dietary sources of exposure across the member 

states? 

Harmonised data-analyses of the main dietary and non-dietary sources of exposure for 

pyrethroids, chlorpyrifos, and glyphosate are still ongoing. These analyses are based on existing 

HBM data from selected data-collections and from the new HBM data obtained from the HBM4EU 

Aligned Studies. 

6.5 What are other potential sources and pathways of exposure? 

See answer for Policy Question 6.4 

6.6 What are exposure levels among occupationally exposed workers? 

None of the HBM4EU data collections contain data from occupationally exposed individuals and 

very few published studies have addressed this issue. Thus, new HBM-data are needed to get 

information on exposure levels among populations occupationally exposed to pesticides.   

6.7 Are the exposure levels of health-relevance/concern for vulnerable 

groups (infants, children and pregnant women) or high exposure 

population groups (e.g., occupational exposure)? 

Evidence from epidemiological studies (including EU cohorts) combined with biological plausibility 
captured from toxicology studies and the capability of pyrethroids to interfere with 
neurodevelopmental key events (KEs) included in established Adverse Outcome Pathways (AOPs) 
for adverse neurodevelopmental health outcomes suggest that pyrethroids are developmental 
neurotoxicants. The developing brain is particularly vulnerable to neurotoxicants, and exposure 
during major windows of vulnerability in foetal and early life, even at low doses without neurotoxic 
effects in other age-groups, may have long-term impact on neurodevelopment. Thus, current 
exposure levels of pyrethroid mixtures might be of concern for vulnerable population groups as 
pregnant women and children. However, lack of harmonised analytical methods for the urinary 
biomarkers combined with variety in outcome measurements in the published studies hamper the 
possibility to evaluate exposure-response relationships. Thus, more (longitudinal) studies on 
neurodevelopmental outcomes using harmonized/comparable methods for assessment of 
exposure biomarkers, (early) effect biomarkers and health outcomes would be highly relevant to 
establish safe exposure levels. 

Additional evidence from toxicology data and effect biomarkers analysed in the INMA Granada 
birth cohort suggest pyrethroids to be associated with reproductive and endocrine disturbances. 
However, studies on health effects associated with low chronic pyrethroid exposure are in general 
scarce and more studies are needed to confirm these findings and the potential mechanisms. 

Based on the HBM data obtained from the HBM4EU Aligned Studies, risk assessments were 
performed for pyrethroids and chlorpyrifos. Human Biomonitoring Guidance Values (HBM-GVs) 
were derived for two pyrethroids: deltamethrin and cyfluthrin, and a first-tier screening HBM-GV for 
the cumulative exposure to pyrethroids based on the generic pyrethroid biomarker, 3-PBA, was 
derived based on current ADI values.  

For the chlorpyrifos urinary biomarker 3,5,6-trichloro-2-pyridinol (TCPy), the provisional HBM-GV 
are as follows (Tarazona et al., 2022):  

- 0.02 mg/L for adults and 0.01 mg/l for children covering mainly non-cancer endpoints, for 
genotoxicity or carcinogenic endpoints the HBM-GV will be lower.  



- 0.002 mg/L for adults and 0.001 mg/l for children covering also genotox/carcinogenicity 

The HBM-GV value determined for cis-DBCA (marker for Deltamethrin) was of 90 µg/L in children 
and 130 µg/L in adults. 

For 4-F-3-PBA (marker for cyfluthrin), the HBM-GV was of 80 µg/L for children and 130 µg/L in 
adults (submitted manuscript: Human biomonitoring guidance values (HBM-GVs) for priority 
substances under the HBM4EU Initiative – New values derivation for deltamethrin and cyfluthrin 
and overall results, Apel et al.) 

3-PBA is a common metabolite for many pyrethroids. Using very conservative assumptions for 
urinary excreted fraction and ADI (assuming that the entire metabolite level originates from the 
most toxic pyrethroid namely Lambda-cyhalothrin) yields urinary screening values for 3-PBA of 
3.25 µg/L for children and 4.8 µg/L for adults (Submitted manuscript: A tiered approach for 
assessing individual and combined risk of pyrethroids using human biomonitoring data, Jose V. 
Tarazona et al.). 

Generally, the HBM data on pyrethroids suggests a low concern for the general population. 
However, for some highly exposed children a risk cannot to be excluded. Some uncertainties must 
be considered, the main ones being the conservativeness of the screening level HBM-GVs used 
and the uncertainty related to the long-term exposure levels evaluated by measurements in single 
spot urine samples. Besides, the ADIs settled for most pyrethroids are based on neurotoxicity 
observed in adult experimental animals, which may not sufficiently protect against developmental 
neurotoxicity. Thus, generation of data on the potential developmental neurotoxicity of pyrethroids 
is strongly encouraged as part of EU (re)evaluation of pyrethroids. Nevertheless, the approach 
developed provides a model for the setting of screening level HBM-GV for pyrethroid exposure and 
for its use in the assessment of the risks of pyrethroid mixtures. This same approach might be 
taken for other pesticides/pesticide groups to identify those for which a health risk cannot be 
excluded. 

Regarding the risk assessment for chlorpyrifos, the HBM data confirms concerns in all countries for 

several population groups, especially children, highlighting that the risk for children is clearly higher 

than for adults. For children the highest risk levels were observed for Israel and Cyprus; for adults, 

the highest risk levels were observed for Israel and Portugal. It should be noted that the urine 

samples from the aligned studies used for this risk assessment were collected before the 

withdrawal of authorization for chlorpyrifos by February 2020. Thus, the exposure of EU citizens 

has likely been markedly reduced afterwards, which could be confirmed by collecting new data on 

TCPy from EU-populations. Further, the urinary marker TCPy covers only two closely related 

active substances, chlorpyrifos and chlorpyrifos-methyl, thus is not relevant, per se, for covering 

cumulative risk to organophosphate insecticide mixtures. However, the combination of the specific 

urinary marker, TCPy, with a second biomarker, based on urinary levels of alkyl phosphate 

metabolites, common to several other organophosphate insecticides, would allow setting human 

biomonitoring programmes including a screening tier as for the pyrethroids, and a refined tier if the 

markers for the screening are exceeded. Such kind of programmes would facilitate the 

implementation and prioritization of human biomonitoring. 

6.8 Is it possible to establish EU wide accepted HBM guidance values 

for the pesticides that takes into account potential mixture effects 

and evidence from epidemiological studies? 

See answer for Policy Question 6.7 



6.9 How can cumulative risks of pesticide mixtures on sensitive health 

outcomes be assessed and integrated in regulation? 

Besides the approach to assess the risk of exposure to a relevant mixture of pyrethroids via the 

group-specific biomarker 3-PBA, as described above, a major activity related to cumulative risk 

assessment is the investigation of exposure to mixtures of pesticides among residents living close 

to pesticide treated areas in the SPECIMEn study performed in WP15 (results are further 

described under the Substance group: Chemical mixtures). 

6.10 How can HBM data from HBM4EU feed into prioritisation of the 

pesticides for risk assessments and regulatory decision-making? 

It is recommended to take potential analysis of exposure to a particular substance by means of 
HBM data into account as part of EU (re)evaluation of pesticides. This would mean that suitable 
metabolites for HBM studies should be proposed and HBM-GVs derived in all cases where this is 
possible. A respective section might be included in the overall evaluation (Volume 1) and would be 
subject to peer review by MS. The applicants should be requested to provide own proposals for 
analysis of their active ingredients and metabolites in HBM studies. 

Chlorpyrifos and chlorpyrifos-methyl are no longer authorized in the EU and all MRLs are set at the 
default value. As indicated above, the HBM results based on real human exposure support this 
decision. Nevertheless, it should be noted that a similar assessment conducted with the “legally 
binding ADI” at the time of collecting the urine samples would have resulted in very different risk 
characterization results. This fact confirms the need for rapid regulatory implementation of the 
scientific updates on pesticide toxicity. As mentioned above, the combination of TCP with a second 
biomarker, based on urinary levels of alkyl phosphate metabolites, should be considered for future 
activities. 

 

7 HBM4EU outputs to date 

7.1 Categorisation 

Substances under HBM4EU have been categorised depending on availability of HBM data. The 
categorisation indicates the information gaps hence allowing to develop targeted activities to fill the 
knowledge gaps. Substances will pass from Category E over D, C, B towards Category A as more 
information becomes available. Fully characterised substances should end up as category A 
substances.  
 
 
 
 
 

Table 7.1 Categorisation of pesticides 

Category Priority 
substance(s)  

Details 

A Sufficient HBM 
data exists with risk 

management measures 
implemented; focus is on 
policy-related research 

questions 

- - 



B HBM data exist but 
not for across Europe 

Pyrethroids, 
chlorpyrifos, 
glyphosate 

The exposure pathways are identified. Possible 
health impacts are mainly well understood. 

Biomarkers to detect the pesticides are identified. 
However, the exposure levels across Europe are 

unknown.  

C HBM data are scarce or non-
existent 

Dimethoate, 
fipronil, POEA 

The exposure pathways are identified. First 
studies on health impacts have been conducted 
but greater knowledge is needed. There is no 
biomarker identified for POEA. The exposure 

levels across Europe are unknown.  

7.2 Key outputs 

 

Methods and biomarkers  

In WP9 a prioritised list of biomarkers, matrices, and analytical methods has been elaborated 

(D9.5). The list presents 9 suitable biomarkers for the category B pesticides (chlorpyrifos, 

glyphosate and pyrethroids) and 4 biomarkers for the category C pesticides (dimethoate and 

fipronil). Urine is the selected matrix for all the compounds except fipronil for which serum is the 

preferred matrix.  

Chlorpyrifos is metabolised to TCPy (3,5,6-trichloro-2-pyridinol) and two unspecific diethyl 

phosphate biomarkers (DEP and DETP) which are all excreted in urine. TCPy is the most specific 

biomarker for chlorpyrifos exposure although two other pesticides, chlorpyrifos-methyl and 

triclopyr, are also metabolised to TCPy.  

Glyphosate is excreted both unchanged and as metabolites in urine. One urinary metabolite, 

aminomethylphosphonic acid (AMPA), is also the main environmental degradation product. Since 

AMPA and glyphosate have a similar toxic profile, it is advised to measure both glyphosate and 

AMPA in urine as biomarker for the total glyphosate exposure.  

The biomarkers for pyrethroids include a group-specific biomarker, 3PBA (3-Phenoxybenzoic acid), 

representing the combined exposure to many pyrethroids, 5 semi-specific biomarkers representing 

exposure to two-five pyrethroids, and a specific biomarker for deltamethrin exposure. Two of the 

biomarkers have not been measured in large population studies, while the remaining pyrethroid 

biomarkers have been developed and included in different large biomonitoring programs.  

No information was found for biomarkers for the glyphosate co-formulant Polyethoxylated tallow 

amine (POEA) or the pyrethroid co-formulant piperonyl butoxide (PBO) and therefore no methods 

could be selected. 

Dimethoate is rapidly metabolised to unspecific dimethyl phosphates (DMP, DMTP, and DMDTP) 

which are excreted in urine. No suitable specific biomarker for dimethoate was available. The sum 

of the molar urinary concentrations of the three dimethyl phosphates will provide an estimate of 

dimethoate and other methylated organophosphate pesticides. By also including the three diethyl 

phosphates (DEP, DETP, and DEDTP) an estimate of the total exposure to organophosphates 

(including dimethoate and chlorpyrifos) will be achieved. All six metabolites (dialkyl phosphates, 

DAPs) are normally analysed in the same analytical run.  

Fipronil is mainly metabolised to fipronil sulphone which can be measured in serum/plasma. This 

biomarker has only been used in few studies and most of these are animal studies.  

LC-MS/MS was evaluated to be the most suitable analytical method for analysing all the 

biomarkers except for the pyrethroid biomarkers, CIF3CA (Cis-3-(2-chloro-3,3,3-trifluoroprop-1-

enyl)-2,2-dimethylcyclopropanecarboxylic acid and trans-CDCA (trans-chrysanthemumdicarboxylic 

acid) for which GC-MS/MS and GC-HRMS, respectively, were assessed to be more suitable.  



A database of candidate laboratories for analysing the 2nd round of substances was elaborated 

(D9.6) and 36 laboratories were listed as candidates for analysing pesticides. Regarding the 

Interlaboratory Comparison Investigation (ICI)/EQUAS programme for the 2nd round of 

substances, it was decided that the approach used for the 1st set of substances would not be 

feasible due to time limitations. Thus, a shortened ICI/EQUAS scheme focused on the substances 

foreseen to be analysed in the aligned studies was established.  

Four expert laboratories were selected for analysing biomarkers for pyrethroids (cis-DBCA, cis-

DCCA, trans-DCCA, 3-PBA, 4-F-3-PBA, ClF3CA), glyphosate (glyphosate, AMPA), and 

chlorpyrifos (TCPy) in three ICI rounds. Two of the laboratories qualified this QA/QC programme. 

Additionally, an extra QA/QC was implemented amongst laboratories that had already generated 

data outside the scope of HBM4EU and so, that data was under consideration for inclusion in the 

HBM4EU database. The purpose of these extra QA/QC exercises was to gain insight into the 

comparability of the data generated by these laboratories, using their methods as applied for the 

analyses already done, with the data generated by the approved expert laboratories. Two 

laboratories analysed urine samples for glyphosate and AMPA and three laboratories determined 

TCPy. The outcome demonstrated good comparability of analytical results for AMPA, 3-PBA and 

DBCA by the laboratories determining these biomarkers. For 4-F-3-PBA and cis-DCCA, also good 

comparability was observed for results reported by one laboratory. For glyphosate, TCPy, and 

trans-DCCA, a poorer comparability was observed. ClF3CA was not measured by any of the 

participants. 

Exposure levels 

In order to answer questions on exposure levels and sources and further support current and 

future HBM studies, WP7 has produced a variety of materials to provide the groundwork for a 

harmonized approach to study planning and conduct in Europe. These materials are: 

• data platform with information on existing, ongoing and planned general and 

occupational HBM studies in the HBM4EU consortium 

• manuals/guidelines for study planning and conduct 

• Standard Operating Procedures for qualified recruitment of participants, fieldwork, 

sampling and exchange of samples 

• different kinds of questionnaires for various age groups and substances (groups) 

• influence of thawing and freezing procedures on the integrity of biobanked samples in 

the literature and supplied a respective concept for a quality study 

• templates for the communication with participants 

When identifying exposure levels and sources as well as groups at risk, WP7 questionnaires are of 

great value. They can be used to set up new studies and allow the harmonized collection of data 

on a participant’s individual characteristics and their potential exposure pathways from different 

sources (sociodemographic characteristics, residential environment/home exposures, dietary 

habits, lifestyle, occupational exposure and health status). For pesticides, questionnaires for adults 

and children addressing residential environment and home exposures, dietary habits, lifestyle and 

occupation are available (D7.6). For the SPECIMEn study on pesticide mixtures a specific 

questionnaire has been elaborated.  

Initially, a gap analysis was performed in WP7 to get an overview of the number of studies on the 

2nd round of priority substances within the participating countries based on a questionnaire 

distributed in 2018 (D7.5). A total of 26 studies (conducted or initiated/ongoing) reported to analyse 

pesticides. Most of these studies were carried out in the western European-defined region followed 

by the Northern and Southern regions and Israel. No studies on pesticides were reported from the 



Eastern region. Children were included in 12 of the studies while adults were included in 18, 

adolescents in 4, and elderly in 2 studies. Of these studies, 17 reported to have samples 

representative at national level (7 for children, 2 for adolescents, 8 for adults, and none for elderly). 

WP10 developed a general and a substance-specific statistical analysis plan including variables, 

which were needed for the statistical analyses to address research questions for the pesticides on 

general exposure level including identification of high exposure subgroups, time trends including 

potential impact of regulation, geographic comparisons, and exposure determinants (D10.5).  

A comprehensive review of the existing HBM-studies on the pyrethroids, chlorpyrifos, and 

glyphosate (including information on occupational exposures and other exposure determinants) 

performed within the HBM4EU associated countries is in progress in the scope of WP10. Overall, 

there are relatively few studies, several were performed before 2010, they are not EU-wide, and 

few studies address occupational exposures. A review article on this work is planned published 

primo 2022.  

For the existing data on pyrethroids and/or chlorpyrifos, 11 data collections from 7 countries have 

been included. Harmonisation and data-analyses are completed and publications are in 

preparation. These data were included and visualised by exposure distributions in D10.6 and the 

online European HBM dashboard. 

To obtain a better EU coverage for HBM exposure data, the HBM4EU Aligned Studies collected 

new data for Glyphosate and AMPA in children (6-11 years) and adults (20-39 years). The data in 

children were collected between 2014-2020 across 5 sampling sites in Europe (Slovenia, Cyprus, 

Belgium, France, and Germany) representing 971 individuals; data in adults were collected 

between 2014-2021 across 4 sampling sites in Europe (Iceland, Switzerland, France, and 

Germany) representing 912 individuals.  

In addition, the HBM4EU Aligned Studies collected new data for 7 insecticide markers (TCPy, cis-

DBCA, cis-DCCA, trans-DCCA, 3-PBA, 4-F-3-PBA, CIF3CA) in children (3-11 years) and adults 

(20-39 years). The data in children were collected between 2014-2021 across 6 sampling sites in 

Europe (Slovenia, Cyprus, Belgium, The Netherlands, France, and Israel) representing 863 

individuals; data in adults were collected between 2014-2021 across 6 sampling sites in Europe 

(Iceland, Portugal, Switzerland, France, Germany, and Israel) representing 1184 individuals. Not 

all biomarkers were analyzed in all contributing studies, therefore number of sampling sites and 

data points can vary per biomarker. 

The biomarker data from Slovenia, France, and Germany were already available (analysed outside 

the scope of HMB4EU) and the comparability of these results was evaluated by an extra QA/QC 

exercise in WP9 as described under question 1.  

In the SPECIMEn study performed in WP15 (see AD15.7 for detailed description), urine samples 

were collected during the spraying and non-spraying season from children and their guardians 

living close (within 250 m) to agricultural fields treated with pesticides as well as from urban control 

populations, in five EU countries (Spain, the Netherlands, Switzerland, Czechia, Hungary and 

Latvia) to assess possible geographical hotspot areas close to agricultural fields.  

These urine samples were analysed by suspect screening approach developed under WP16, 

aiming to qualitatively detect an extended range (i.e. several hundreds to thousands) of pesticide 

related markers of exposure through a developed harmonised analytical workflow (from sample 

preparation, LC-HRMS data acquisition to data processing and reporting) applied by five 

laboratories/countries (FR, NL, SP, CZ, DE). The results provide insight in the feasibility of this 

analytical approach, and information on differences in detection frequencies of pesticides and 

exposure patterns between the included countries and subpopulations. From this provided picture 

of the reality of human internal exposure, these results will contribute to further rationale and 



prioritisation with regard to certain markers for which more quantitative and targeted methods will 

appears necessary and/or for which the inclusion in future HBM program will appears relevant. 

Exposure sources  

Analyses of the main dietary and non-dietary sources of exposure are being analysed using 

existing HBM data from selected data collections available in the European HBM dashboard and 

from new HBM data obtained from analyses of urine samples from the HBM4EU Aligned Studies 

(see question 2). A protocol for this work was prepared in WP10. 

In the scope of WP13, the text mining tool (AOP-helpFinder) developed at INSERM was applied to 

the prioritised pesticides to identify linkages with AOP events existing in the AOP wiki database. 

This tool automatically screens abstracts from the PubMed database. The results have been 

collected, structured and presented in a webserver named AOP4EUpest: Mapping of pesticides in 

Adverse Outcome Pathways using a text mining tool, published in Bioinformatics (Jornod et al., 

2020)).  

Exposure levels and guidance values  

Within WP13 and WP14, comprehensive literature reviews on health effects and toxic mechanisms 

have been performed. The primary aim of the reviews was to assess HBM exposure levels 

associated with adverse health outcomes taking into account vulnerable exposure windows 

(pregnant women and children), and to identify the most important mechanisms and potential 

adverse outcome pathways (AOPs) and suitable effect biomarkers for the health outcomes of 

highest concern (D13.5 and D14.5).  

A joint systematic review: “Pyrethroids and developmental neurotoxicity – a systematic review of 

the epidemiological evidence and supporting mechanistic evidence” has been submitted for 

publication and a revised version is currently under review for publication. Because of considerable 

differences in methods used for assessing the outcomes (e.g., neurodevelopment) and for 

analysing the pesticide metabolites in urine, meta-analyses were not feasible. Since 

chlorpyrifos/chlorpyrifos-methyl did not get renewal of authorisation (expired 31 January 2020), it 

was decided to focus on pyrethroids in this review. The findings suggest pyrethroids to be probably 

human developmental neurotoxicants based on evidence from epidemiological studies and 

evidence for the capability of pyrethroids to interfere with neurodevelopmental key events (KEs) 

included in established Adverse Outcome Pathways (AOPs) for adverse neurodevelopmental 

health outcomes.  

Another review publication entitled "Reproductive health risks associated with environmental and 

occupational exposure to pesticides" (Fucic et al. 2021) has been published. Pesticides were also 

included in several scoping reviews on environmental exposures related to Alzheimer´s disease 

(Elonheimo et al. 2021), asthma (Mattila et al 2021), and with Chronic Obstructive Pulmonary 

Disease (Elonheimo et al. 2022, submitted). 

For chlorpyrifos, dimethoate, fipronil, pyrethroids and glyphosate, several classical and novel effect 

biomarkers for a range of health outcomes (cardiometabolic health, the immune system, 

pregnancy and reproductive outcomes, neurodevelopment and cancer) have been inventoried 

(D14.5). 

Besides, associations between HBM data and effect biomarkers and/or health outcomes have 

been analysed within some of the aligned study cohorts: 

In the INMA Granada birth cohort eight pesticide metabolites were measured in adolescents’ (aged 

15-17 years) spot urine samples: 3,5,6-trichloro-2-pyridinol (TCPy), 2-isopropyl-4-methyl-6-

hydroxypyrimidine (IMPy), malathion diacid (MDA), and diethyl thiophosphate (DETP); two generic 

metabolites of pyrethroids, 3-phenoxybenzoic acid (3-PBA) and dimethylcyclopropane carboxylic 



acid (DCCA) the metabolite of insecticide carbaryl 1-naphthol (1-N); and the metabolite of 

ethylene-bis-dithiocarbamate fungicides ethylene thiourea (ETU). Additionally, the total sum of 

organophosphates (ΣOPs) and pyrethroids (ΣPYR), were calculated. Further, measurement of 

glyphosate and AMPA in children/adolescents (7-16 years) (>1500) from the INMA Project is 

planned. 

Preliminary results suggest associations between several of these pesticide biomarkers and effect 

biomarkers of adverse Neurodevelopment (decreased serum BDNF levels and higher BDNF gene 

DNA methylation). and more behavioral problems among adolescents.  

Further, associations with effect biomarkers of impaired Reproduction (higher serum kisspeptin 

protein and lower KISS1 gene DNA methylation.   

In the GENEIDA (Early life enviroNmental Exposures and Infant Development in Andalusia) cohort, 

exposure to organophosphate compounds (pesticides and Flame retardants) have been assessed 

on 694 mother/child pairs from the Early life enviroNmental Exposures and Infant Development in 

Andalusia (GENEIDA) birth cohort. Women were recruited in Ejido, Almería (Southeast Spain) in 

the first trimester of pregnancy (12–13 weeks of gestation) and then followed-up in the third 

trimester of pregnancy, and at delivery. The inclusion criteria were: 16 years old or older, intention 

of giving birth at the reference hospital mentioned above, singleton pregnancy, pregnancy without 

assisted reproductive technology, lack of any chronic disease or being under medical treatment 

and absence of any language barrier. Behavior and neuropsychological development have been 

assessed in children at 14 months covering four domains: general cognitive, general motor, 

attention, and working memory. Investigations on possible associations between prenatal exposure 

to organophosphate compounds and biomarkers of brain damage levels in umbilical cord serum 

are ongoing. 

In the Odense Child Cohort (OCC), metabolites of pyrethroids and chlorpyrifos were measured in 

spot urine samples (N=1207) from gestational week 28. None of the metabolites was significantly 

associated with higher odds of delayed language development in the children at age 20-36 months 

(Andersen et al. 2021) although associations with higher ADHD-scores at the same age were 

previously found. 

Based on examples from the 1st set of substances it was concluded in WP5 that HBM would be 

particularly important for performing risk assessment (RA) for substances, for which several 

exposure routes may contribute to the body burden and the health effects. This is exactly the case 

for the pesticides, especially for pyrethroids used both as biocides and as agricultural pesticides.  

To enable translation of HBM data into external exposure levels for comparison with e.g., ADI 

values, information on toxicokinetic properties was needed. This issue was addressed in WP12 

using toxicokinetic modelling to link an external exposure to an internal dosimetry in humans (e.g., 

concentration in blood, urine or in tissues) by describing the process of absorption, distribution, 

metabolism and excretion (ADME) that undergoes a substance in living organisms. A class of 

toxicokinetic models, the physiologically based pharmacokinetic (PBPK) models, bases the 

description on the ADME processes on the physiology and the anatomy of individuals, and the 

biochemistry of the compounds. A comprehensive review of human PBTK models available for the 

HBM4EU 2nd set of compounds, including the prioritised pesticides, has been performed 

(AD12.8). Most models concern adults while toxicokinetic data on sensitive populations (pregnant 

women, foetuses or children) are still missing. 

Existing PBTK models for humans have been identified for four pyrethroids: deltamethrin (type II 

pyrethroids), permethrin (type I pyrethroids), cypermethrin (type II pyrethroids) and cyfluthrin (type 

II pyrethroids). Interestingly, one of the models for deltamethrin predicted a considerably higher 

brain concentration in humans than rats due to an almost six-fold higher cardiac output to the brain 

in humans. A generic model for pyrethroids has also been proposed as a tool to interpret the 



combined exposure to pyrethroids reflected by non-specific urinary biomarkers. Several PBTK 

models were also identified for chlorpyrifos and other organophosphate insecticides while no 

specific PBPK-models for neither humans or animal species were identified for glyphosate or the 

co-formulant Polyethoxylated tallow amine (POEA) or for fipronil. 

Some of the PBPK models have been parameterized and used for forward or reverse dosimetry to 

either translation of HBM data for the pesticides into external exposure doses for comparison with 

established guidance values for risk assessment (e.g., ADI) or to simulate the biologically effective 

dose of the compounds (AD12.10). However, most HBM studies on adverse health effects related 

to pyrethroid exposure are based on the group specific urinary metabolite 3PBA (3-

phenoxybenzoic acid) reflecting the combined exposure to pyrethroids. The reason is that the 

detection frequency of more specific metabolites is typically very low because different pyrethroids 

are used alternately and they have short biological half-lives. Thus, besides comparing HBM 

concentrations of specific metabolites with the HBM-GV derived in WP5, an approach to use 

group-specific biomarkers, such as 3PBA, for translation into external exposure levels and 

integrated in assessment of cumulative risks of pesticide mixtures has been developed in WP5.3 

(see below).   

HBM guidance values (HBM-GVs) for deltamethrin and cyfluthrin have been derived (task 5.2), and 

provisional HBM-GVs for the pyrethroids bifenthrin, cypermethrin, etofenprox, fenpropathrin, 

fenvalerate, λ-cyhalothrin, permethrin and tau-fluvalinate. Results will be available in Deliverable 

D5.12.     

These HBM-GV values were included in a combined risk assessment for pyrethroids based on 

HBM data (urinary metabolite concentrations) obtained from the HBM4EU Aligned Studies. Since 

pyrethroids share common mechanism of action and critical effect, their effects can be considered 

additive. Therefore, an approach to assess the risk of exposure to a relevant mixture of pyrethroids 

was developed in WP5.3 for comparison of the group-specific biomarker, 3-PBA, reflecting a rough 

estimate of overall exposure to a mixtures of pyrethroids, with a screening HBM-GV. Thus, two risk 

assessments for pyrethroids and chlorpyrifos, respectively, based on HBM data obtained from the 

HBM4EU Aligned Studies have been performed under WP5.3. This work will be included in the 

deliverable report D5.11.    

For the pyrethroids, the risk assessments were based on the assumption that the available HBM 

data reflect chronic steady-state exposure meaning that the ADI values are the most appropriate 

toxicological reference values to compare with the exposure levels. In general, the key toxic 

endpoint in the setting of ADI values for the pyrethroids covered in this risk assessment is 

neurotoxicity seen in adult experimental animals.   

For chlorpyrifos/chlorpyrifos-methyl no ADIs have been proposed by EFSA after the withdrawal of 

authorization by February 2020. Therefore, the Margin of Exposure (MoE) approach was used for 

the risk assessment of chlorpyrifos and several relevant Points of Departure - PoD (toxicological 

reference points) were included. 

7.3 Key data gaps  

HBM4EU is a five-year project, that kicked off in 2017 and will run to the end of 2021. HBM4EU 

has helped to identify a number of specific data gaps that are needed to give policy makers 

relevant and strategic data to establish appropriate regulations and improve chemical risk 

management. However, some gaps and needs for action will remain after the end of HBM4EU 

which should be addressed in the future:  

• Long-term monitoring of exposure levels to evaluate differences between countries and 

population groups, time trends, and age-related differences in exposure.  



• Evaluation of exposure through breast milk.  

• Evaluation of exposure through residential use of pesticides.  

• Developing of occupational (including farm families, bystanders and residents living in the 

vicinity) exposure limits.  

 

8 Future recommendations 

Based on the policy questions, ongoing work to address the knowledge gaps is summarised in the 

table below. If you would like to read more about the work packages (WP), please visit the 

HBM4EU website. 

Table 8.1 Overview of ongoing work 

Policy 
question  

Work to be undertaken Relevant 
HBM4EU Work 

Package(s) 

1 • Agreement on most suitable biomarkers within partner countries. 

• Creation of a network laboratories with experience in the analysis of 
pesticides in human samples. 

• Development/validation of methods to include more specific biomarkers.  

9 

2 • Collection, comparison, and evaluation of existing biomonitoring data in 
the EU.  

• Analysing supplementary urine samples from the alignment studies 
preferentially from children and from studies with available information 
on dietary habits and/or residential/occupational use of pesticides. 

• Data-analyses of time-trends and differences between countries and 
population groups, including identification of subpopulations with highest 
exposure levels.   

10, 4, 8 

3 • Analyse/model HBM data in relation to monitoring data on residues in 
food samples to compare and complement exposure assessment 
performed by EFSA and identify the major dietary exposure sources 
across member states.  

10, 9, 8, 77  

4 • Quantification of the pesticide metabolites through the analysis of the 
urine samples from the WP15/16 survey.  

15/16, 9, 10, 8 

5 • The SPECIMEn survey will provide data on exposure profile/level 
among residents (children and mothers) close to agricultural fields 
(orchards) in five EU-countries.  

8, 15/16 

6 • Combining HBM data from EU studies, e.g., from birth cohort studies 
with health outcomes – if possible, using meta-analysis.  

• Identifying/suggesting adverse outcome pathways (AOPs) for relevant 
health outcomes, including neurodevelopment and endocrine disrupting 
effects.  

• Identifying/suggesting relevant effect biomarkers.   

• Comparing exposure levels (based on HBM data) with toxicologically 
derived guidance values (ADI values) and findings on associations with 
health outcomes in epidemiological studies.  

13, 14 

7 • Analysing results from WP15 and activities for question 6.  15 

8 Input from WP5 activities for question 6. 5 

9 Input from WP5 activities for question 6. 5 

WP1: Programme management and coordination ; WP2: Knowledge hub; WP4: Prioritisation and input to the annual work plan; WP5: Translation of results into policy; 

WP6: Sustainability and capacity building; WP7: Survey design and fieldwork preparation; WP8: Targeted field work surveys and alignment at EU level; WP9: 

Laboratory analysis and quality assurance; WP10: Data management and analysis; WP11: Linking HBM, health surveys and registers; WP12: From HBM to exposure; 

WP13: Establishing exposure health relationships; WP14: Effect biomarkers; WP15: Mixtures, HBM and human health risks; WP16: Emerging chemicals.  

https://www.hbm4eu.eu/wp-content/uploads/2019/03/Pesticides_Policy-Questions_2020.pdf
https://www.hbm4eu.eu/deliverables/
https://www.hbm4eu.eu/work-packages/additional-deliverable-15-7-joint-survey-of-pesticides-details-of-approach-and-contributions/
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Appendix 1: Additional information on exposure routes  

Pyrethroids 

Source of exposure Reference 

Environmental 

• Man-made sources e.g. major class of 
insecticides in the EU – main source.  

Scoping Document 

• Release to air and drifting to vicinity of 
agricultural areas.   

 

Dereumeaux C, Saoudi A, Goria S, Wagner V, De 
Crouy-Chanel P, Pecheux M, et al. 2018. Urinary levels 
of pyrethroid pesticides and determinants in pregnant 
french women from the elfe cohort. Environ Int 119:89-
99.  

Occupational 

• Used as insecticide. Scoping Document 

• Used in biocidal products e.g. for wood 
preservation, in animal facilities, indoors in 
public and commercial buildings, dwelling. 

Scoping Document 

• Used in veterinary medicinal products  Scoping Document 

Consumer 

• Indoor and outdoor residential use as 
insecticide.   

Dereumeaux C, Saoudi A, Goria S, Wagner V, De 
Crouy-Chanel P, Pecheux M, et al. 2018. Urinary levels 
of pyrethroid pesticides and determinants in pregnant 
french women from the elfe cohort. Environ Int 119:89-
99.  

 

Glorennec P, Serrano T, Fravallo M, Warembourg C, 
Monfort C, Cordier S, et al. 2017. Determinants of 
children's exposure to pyrethroid insecticides in western 
france. Environ Int 104:76-82.  

 

Trunnelle KJ, Bennett DH, Tulve NS, Clifton MS, Davis 

MD, Calafat AM, et al. 2014b. Urinary pyrethroid and 

chlorpyrifos metabolite concentrations in northern 

california families and their relationship to indoor 

residential insecticide levels, part of the study of use of 

products and exposure related behavior (superb). 

Environ Sci Technol 48:1931-1939 

• Used in treatment of scabies and head lice 
in humans. 

Scoping Doc 

 

Route of exposure  Reference 

Oral 

• Primary source of human exposure to 
pyrethroids is the diet.  

Fortes C, Mastroeni S, Pilla MA, Antonelli G, Lunghini L, 
Aprea C. 2013. The relation between dietary habits and 
urinary levels of 3-phenoxybenzoic acid, a pyrethroid 
metabolite. Food and chemical toxicology: an 
international journal published for the British Industrial 
Biological Research Association 52:91-96.   



• The most important exposure route is 
through the consumption of fruit and 
vegetables from conventional cultivation. 

Bradman A, Quiros-Alcala L, Castorina R, Aguilar Schall 
R, Camacho J, Holland NT, et al. 2015. Effect of organic 
diet intervention on pesticide exposures in young 
children living in low-income urban and agricultural 
communities. Environ Health Perspect.  
 
Ye M, Beach J, Martin JW, Senthilselvan A. 2015. 
Associations between dietary factors and urinary 
concentrations of organophosphate and pyrethroid 
metabolites in a canadian general population. Int J Hyg 
Environ Health 218:616-626.  
 
European Food Safety Authority. 2017. The 2015 
european union report on pesticide residues in food. 
EFSA Journal 15 

• Other food sources include fish and marine 
mammals.  

Alonso MB, Feo ML, Corcellas C, Vidal LG, Bertozzi CP, 
Marigo J, et al. 2012. Pyrethroids: A new threat to 
marine mammals? Environ Int 47:99-106.  
 
Corcellas C, Eljarrat E, Barcelo D. 2015. First report of 
pyrethroid bioaccumulation in wild river fish: A case 
study in iberian river basins (spain). Environ Int 75:110-
116.  

• Few food products of animal origin e.g. 
butter, eggs, milk and swine fat are 
pyrethroids sources as well.  

European Food Safety Authority. 2018. The 2016 
european union report on pesticide residues in food. 
EFSA Journal 16.  
 
European Food Safety Authority. 2017. The 2015 
european union report on pesticide residues in food. 
EFSA Journal 15.  

Major route of exposure for the general 

population. Children have higher exposure 

levels because they have a higher food intake 

per kg body weight. 

 

Dermal 

• Residents (especially children) can absorb 
pyrethroids through direct contact with 
surfaces or dust.  

 

 

Morgan MK. 2012. Children's exposures to pyrethroid 
insecticides at home: A review of data collected in 
published exposure measurement studies conducted in 
the united states. International journal of environmental 
research and public health 9:2964-2985.  

Minor route of exposure for the general 

population but can be more significant in 

specific residential settings.  

 

Inhalation 

• Inhalation of pyrethroids e.g. carpet dust 
after residential use (especially for 
children) can be significant.  

 

Morgan MK. 2012. Children's exposures to pyrethroid 
insecticides at home: A review of data collected in 
published exposure measurement studies conducted in 
the united states. International journal of environmental 
research and public health 9:2964-2985. 

• Residents in vicinity of agricultural areas 
may inhale sprayed insecticides. 

Dereumeaux C, Saoudi A, Goria S, Wagner V, De 
Crouy-Chanel P, Pecheux M, et al. 2018. Urinary levels 
of pyrethroid pesticides and determinants in pregnant 
french women from the elfe cohort. Environ Int 119:89-
99.  



• Stable in indoor environment, increased 
concentrations in dust found one year after 
application.  

Leng G, Berger-Preiss E, Levsen K, Ranft U, Sugiri D, 
Hadnagy W, et al. 2005. Pyrethroids used indoor-
ambient monitoring of pyrethroids following a pest 
control operation. Int J Hyg Environ Health 208:193-199. 

Minor route of exposure for the general 

population but can be more significant in 

specific residential settings.  

 

Trans-placenta/Mother to child  

• Pyrethroids may accumulate in breast milk 
and result in child’s exposure.   

 

 

Weldon RH, Barr DB, Trujillo C, Bradman A, Holland N, 
Eskenazi B. 2011. A pilot study of pesticides and pcbs in 
the breast milk of women residing in urban and 
agricultural communities of california. J Environ Monit 
13:3136-3144  
 
Corcellas C, Feo ML, Torres JP, Malm O, Ocampo-
Duque W, Eljarrat E, et al. 2012. Pyrethroids in human 
breast milk: Occurrence and nursing daily intake 
estimation. Environ Int 47:17-22. 

Minor route of human exposure.  

 

OPs: Dimethoate, Chlorpyrifos and Glyphosate  

Source of exposure References  

Environmental 

• Man-made sources e.g. insecticides.   Scoping Document 

• Release to air and drifting to vicinity of 
agricultural areas.   

Scoping Document 

• Release to water from surface run-off. Scoping Document 

• POEA accumulation in soil.   Tush D, Meyer MT. 2016. Polyoxyethylene tallow 
amine, a glyphosate formulation adjuvant: Soil 
adsorption characteristics, degradation profile, and 
occurrence on selected soils from agricultural fields in 
iowa, illinois, indiana, kansas, mississippi, and 
missouri. Environ Sci Technol 50:5781-5789.  

Occupational 

• Used in insecticides. Scoping Document 

• Used in acaricides.  Scoping Document 

Consumer 

• Residential use for home gardening.  

 

Roca M, Miralles-Marco A, Ferre J, Perez R, Yusa V. 
2014. Biomonitoring exposure assessment to 
contemporary pesticides in a school children 
population of spain. Environ Res 131C:77-85.  

 

Route of exposure  References  

Oral 

• Primary source human exposure to OPs is 
the diet. 

Ye M, Beach J, Martin JW, Senthilselvan A. 2015. 
Associations between dietary factors and urinary 
concentrations of organophosphate and pyrethroid 
metabolites in a canadian general population. Int J 
Hyg Environ Health 218:616-626 

• The most important exposure route is through 
the consumption of fruit and vegetables from 
conventional cultivation. 

 

Lu C, Toepel K, Irish R, Fenske RA, Barr DB, Bravo 
R. 2006. Organic diets significantly lower children’s 
dietary exposure to organophosphorus pesticides. 
Environmental health perspectives 114:260-263.  
 



Oates L, Cohen M, Braun L, Schembri A, Taskova R. 
2014. Reduction in urinary organophosphate 
pesticide metabolites in adults after a week-long 
organic diet. Environ Res 132:105-111.  
 
Berman T, Goen T, Novack L, Beacher L, Grinshpan 
L, Segev D, et al. 2016. Urinary concentrations of 
organophosphate and carbamate pesticides in 
residents of a vegetarian community. Environ Int 
96:34-40.  
 
European Food Safety Authority. 2017. The 2015 
european union report on pesticide residues in food. 
EFSA Journal 15.  
 
European Food Safety Authority. 2018. The 2016 
european union report on pesticide residues in food. 
EFSA Journal 16 

Major route of exposure for the general 

population. Children have higher exposure levels 

because they have a higher food intake per kg 

body weight. 

 
 

Dermal  

• Field workers and bystanders can absorb 
glyphosate through direct contact with the 
skin.  

 

Minor route of exposure for the general 

population but can be more significant in specific 

occupational settings.  

Curwin BD, Hein MJ, Sanderson WT, Striley C, 

Heederik D, Kromhout H, et al. 2007. Urinary 

pesticide concentrations among children, mothers and 

fathers living in farm and non-farm households in 

iowa. The Annals of occupational hygiene 51:53-65 

Inhalation 

• Field workers and bystanders can be 
exposed to OPs through inhalation.  

Connolly A, Basinas I, Jones K, Galea KS, Kenny L, 
McGowan P, et al. 2018. Characterising glyphosate 
exposures among amenity horticulturists using 
multiple spot urine samples. Int J Hyg Environ Health 
221:1012-1022  

• Residents living close to agricultural areas 
can be exposed to drifting.  

Scoping Doc 

Minor route of exposure  

Trans-placenta/Mother to child  

• OPs may accumulate in breast milk and 
result in child’s exposure.   

 

Minor route of human exposure. 

Chen M, Chang CH, Tao L, Lu C. 2015. Residential 
exposure to pesticide during childhood and childhood 
cancers: A meta-analysis. Pediatrics.  
 
Weldon RH, Barr DB, Trujillo C, Bradman A, Holland 
N, Eskenazi B. 2011. A pilot study of pesticides and 
pcbs in the breast milk of women residing in urban 
and agricultural communities of california. J Environ 
Monit 13:3136-3144  

 

Fipronil  

Source of exposure Reference 

Environmental 



• Man-made sources e.g. plant protection 
products and biocides 

Scoping Document 

Occupational 

• Used in veterinary medicinal products e.g. 
tick control 

Scoping Document 

• Used in biocides for ant and cockroach 
control  

Scoping Document 

• Used as insecticide outside the EU Scoping Document 

Consumer 

• Pet owners (especially children) after 
treating pets  

Scoping Document 

• Residents in buildings after treatment Scoping Document 

 

Route of exposure  Reference  

Oral  

• The most important exposure route is 
through the consumption of imported fruit 
and vegetables from conventional 
cultivation. 

European Food Safety Authority. 2018. The 2016 
european union report on pesticide residues in food. 
EFSA Journal 16.  

Major route of exposure for the general 

population. Children have higher exposure 

levels because they have a higher food intake 

per kg body weight. 

 

Dermal 

• Direct skin contact after treating pets with 
fipronil products represents the major 
dermal exposure route for humans 
(especially for small children with close 
contact to the pet).  

Jennings KA, Canerdy TD, Keller RJ, Atieh BH, Doss 
RB, Gupta RC. 2002. Human exposure to fipronil from 
dogs treated with frontline. Vet Hum Toxicol 44:301-
303.  
 

Cochran RC, Yu L, Krieger RI, Ross JH. 2015. 

Postapplication fipronil exposure following use on pets. 

J Toxicol Env Heal A 78:1217-1226. 

• Veterinary personnel may absorb fipronil 
through contact with a treated animal. 

Scoping Document 

• Occupational biocide applicators may 
absorb fipronil through direct skin contact. 

Scoping Document 

Minor route of exposure for the general 

population but can be more significant in specific 

residential and occupational settings. 

Scoping Document 

Inhalation 

• Occupational biocide applicators may 
inhale fipronil.  

Scoping Document 

Minor route of exposure for the general 
population but can be more significant in specific 
residential and occupational settings. 

 

 



 

 

Appendix 2: Additional information on health effects   

Human health effect  Category  Justification for category References 

Brain/neurological system 

(Disturbance of 

neurodevelopment e.g. 

cognitive deficits) 

Strong: Pyrethroids Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Abreu-Villaca and Levin (2017) 

Grandjean and Landrigan (2006) 

 

Suspected: Chlorpyrifos, 

Dimethoate, Fipronil 

Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Gonzalez-Alzaga et al. (2014) 

 

Evidence lacking: Glyphosate, 

POEA, PBO 

Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Horton et al. (2011) 

Brain/neurological system 

(Behavioural problems e.g. 

attention deficit hyperactive 

disorder) 

Suspected: Pyrethroids, OPs Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Viel et al. (2015)  

Wagner-Schuman et al. (2015) 

Blood system (Childhood 

Leukemia) 

Suspected: Pyrethroids, Chlorpyrifos  
Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Bailey et al. (2015) 

Endocrine system (Endocrine 

disrupting effects)  

Suspected: Pyrethroids, OPs, 

Fipronil  

Based on ECHA properties of concern 

(pyrethroids). 

Based on a systematic review of studies 

in the literature – as discussed in scoping 

document (OPs, Fipronil). 

See table 4.1 

Scoping document  

EC (2016) 

Gupta and Milatovic (2014) 



Evidence lacking: POEA  Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Gupta and Milatovic (2014) 

Metabolism (Disturbances)  Evidence lacking: Pyrethroids Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Saillenfait et al. (2015) 

Immune system (Immunotoxic 

effects) 

Pyrethroids, OPs  
Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Saillenfait et al. (2015) 

DNA (reproductive toxicity) Suspected: Pyrethroids, PBO, 

Fipronil 

Based on a systematic review of studies 

in the literature – as discussed in scoping 

document (pyrethroids). 

Based on listing of 2 (PBO, Fipronil). 

 

Scoping document  

Koureas et al. (2012) 

Saillenfait et al. (2015) 

See table 4.1 

Evidence lacking: OPs Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Lee et al. (2007) 

DNA (DNA damage) 
Evidence lacking: Chlorpyrifos, 

POEA 

Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Slotkin et al. (2012) 

EFSA (2015) 

Carcinogenic Suspected: Pyrethroids, Glyphosate, 

PBO 

Based on harmonised listing of 2 and 3 

(pyrethroids). 

Based on IARC listing of 2A (glyphosate). 

Proposed listing of 2 (PBO) 

See table 4.1 



Evidence lacking: Chlorpyrifos, 

Dimethoate, Fipronil 

Based on a systematic review of studies 

in the literature – as discussed in scoping 

document. 

Scoping document  

Lee et al. (2004) 

Jackson et al. (2009) 

 

For the categorisation of the strength of evidence for human health effects, the following criteria has been used: 

• Strong –  where the health effect is confirmed by either a harmonised classification  indicating that there is a known effect (e.g. 1A or 1B for 

CMRs) (see Table 4.1), or where there is no applicable C&L classification, a statement in the Scoping Document that concludes there is strong 

evidence (or where a significant body of evidence is presented in the scoping document). 

• Suspected –  where there is either  (a) a harmonised classification indicating that there is a suspected effect (e.g. category 2 CMRs or similar); 

(b) notified classification for that effect, or (c) where there is no applicable C&L classification, a statement in the Scoping Document (or other 

references presented in the Table above) that there is a suspected health impact.  

• Evidence lacking – where a health effect is noted in the Scoping Document (or other evidence sources referenced in the Table above), but it 

is stated that evidence is currently lacking or there are uncertainties or inconsistencies in the available evidence.  

• Not applicable – where a health effect does not apply to a specific group/gender 

 

  



Appendix 3: Timeline of major insecticide group  

 

 

Reference sources:  

https://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=product.selection&language=EN 

https://ipmworld.umn.edu/ware-intro-insecticides 

http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/547.htm 

 

https://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=product.selection&language=EN
https://ipmworld.umn.edu/ware-intro-insecticides
http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/547.htm

