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Abstract
Human biomonitoring (HBM) as a tool for occupational exposure assessment has been reviewed, with
a specific focus on pesticides. A systematic literature review (SLR) of available information on HBM of
pesticides (or their metabolites) in occupational settings and from HBM studies/surveillance
programmes has been carried out and the studies identified assessed for relevance and quality. HBM
essentially involves the quantification of either a substance, one of its metabolites, or a surrogate
marker of its effects in a biological sample obtained from a person who may have undergone an
exposure. Thus, HBM is generally considered to be an estimate of exposure, rather than a measure of
health. Over the past 10 to 20 years there has been an expansion in the use of HBM, especially into
the field of environmental and consumer exposure analysis, and it is currently well-developed and
widely used in both the occupational and environmental settings worldwide. As with any tool, HBM
has its strengths and weaknesses and appreciation of these promotes the development of approaches
to minimise their effects. Although HBM has been extensively used for monitoring worker exposure to
a variety of pesticides, epidemiological studies of occupational pesticide use were seen to be limited
by inadequate or retrospective exposure information. Very limited data was identified examining
seasonal exposures and the impact of PPE, and many of the studies used HBM to assess only one or
two specific compounds. A wide variety of exposure models are currently employed for health risk
assessments and biomarkers are often used to evaluate exposure estimates predicted by a model.
From the 178 publications identified to be of relevance, 41 individual studies included herbicides, 79
individual studies included insecticides, and 20 individual studies included fungicides. Remaining
studies related to mixtures or non-specific biomarkers for groups of pesticides. Although a number of
current limitations were identified, there is evidence within the literature for a potential role of HBM in
occupational health and safety strategies, as both a tool for refined exposure assessment in
epidemiology studies and to contribute to the evaluation of potential health risks from occupational
exposure to pesticides. Some key issues were considered that would need to be overcome to enable
implementation of HBM as part of the occupational health surveillance for pesticides in Europe. These
included issues around priorities for the development of new specific and sensitive biomarkers, the
derivation and adoption of health-based guidance values, development of QA schemes to validate
inter-laboratory measurements, good practice in field work and questionnaire design, consideration of
the extended use of biobanking and the use of HBM for post-approval monitoring of pesticide safety.
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Summary
A systematic review of the literature databases Scopus, Web of Science and PubMed for the period
1990 to 2015 (December) was carried out to to provide an overview on the use of HBM as a tool for
occupational exposure assessment refinement, identifying advantages, disadvantages and needs for
further development (first objective). The search identified 2096 publications relating to the use of
HBM to assess occupational exposure to pesticides (or metabolites). Additional information was
collated from individual searches to identify grey literature and reports, international evaluations or
monographs and conference proceedings of appropriate societies/organisations and any associated
journals.
HBM essentially involves the quantification of either a substance, one of its metabolites, or a surrogate
marker of its effects in a biological sample obtained from a person who may have undergone an
exposure. Thus, HBM is generally considered to be an estimate of exposure, rather than a measure of
health. Over the past 10 to 20 years there has been an expansion in the use of HBM, especially into
the field of environmental and consumer exposure analysis. As with any tool, HBM has its strengths
and weaknesses and appreciation of these promotes the development of approaches to minimise their
effects. Several aspects have been highlighted for further development to improve the use of HBM for
pesticide exposure assessment. These include: strategies to improve or standardise analytical quality;
improving the availability of reference material for metabolites; integration of HBM data into
mathematical modelling; exposure reconstruction; improvements in analytical instrumentation; and
increased availability of human toxicology data.
A review of available HBM studies/surveillance programmes conducted in EU/US occupational settings
was carried out to identify pesticides (or metabolites) both persistent and not persistent, for which
biomarkers of exposure (and possibly effect) are available and validated (second objective). A twotiered screening process that included quality scoring for HBM, epidemiological and toxicological
aspects, was utilised to identify those studies of most relevance, resulting in 178 studies being
identified for critical review. In parallel with the screening of identified studies, a Master Spreadsheet
was designed to collate data from these papers, which contained information relating to: study type;
study participants; chemicals under investigation; biomarker quality check; analytical methodology;
exposure assessment; health outcome/toxicological endpoint; period of follow-up; narrative of results;
risk of bias and other comments.
HBM has been extensively used for monitoring worker exposure to a variety of pesticides.
Epidemiological studies of occupational pesticide use were seen to be limited by inadequate or
retrospective exposure information, typically obtained through self-reported questionnaires, which can
potentially lead to exposure misclassification. Some examples of the use of job exposure or crop
exposure matrices were reported however little validation of these against actual exposure data had
been carried out. Very limited data was identified that examined seasonal exposures and the impact of
PPE, and many of the studies used HBM to only assess one or two specific compounds. A wide variety
of exposure models are currently employed for health risk assessments and biomarkers have also
often been used to evaluate exposure estimates predicted by a model.
From the 178 publications identified to be of relevance, 41 individual studies included herbicides, and
of these, 34 separate herbicides were identified, 15 of which currently have approved status for use in
the EU. Similarly, of the 90 individual studies that included insecticides, 79 separate insecticides were
identified, of which 18 currently have approved status for use in the EU. Twenty individual studies
included fungicides, with 34 separate fungicides being identified and of these 22 currently have
approved status for use in the EU. The most studied herbicides (in order) were shown to be: 2,4-D >
atrazine > metolochlor = MCPA > alachlor = glyphosate. Similarly, the most studied insecticides (in
order) were: chlorpyrifos > permethrin > cypermethrin = deltamethrin > malathion, and the most
studied fungicides were: captan > mancozeb > folpet.
A critical review of the collected information is provided, aiming at clarifying the contribution of HBM
to the evaluation of potential health risks from pesticides exposure in occupational settings, and
www.efsa.europa.eu/publications
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formulating recommendations on the implementation of HBM as part of the occupational health
surveillance for pesticides in the EU.
Exposure assessment is a key part of all epidemiological studies and misclassification of exposure and
use of simple categorical methods are known to weaken the ability of a study to determine whether
an association between contact and ill-health outcome exists; at present, this limits integration of
epidemiological findings into regulatory risk assessment. Although a number of current limitations
were identified, there is evidence within the literature for a potential role of HBM in occupational
health and safety strategies, as both a tool for refined exposure assessment in epidemiology studies
and to contribute to the evaluation of potential health risks from occupational exposure to pesticides.
Current limitations comprised the limited number of toxicological studies, particularly with respect to
the ADME of individual pesticides in human subjects, which allows more accurate HBM sampling for all
routes of exposure. A wider impact of this is on the development of PBPK models for the risk
assessment of pesticides, which rely on toxicokinetic data, and on validation of currently used
exposure assessment models. Further limitations currently impacting on the use of HBM in this field is
a lack of large cohort prospective studies to assess long term exposure to currently used pesticides.
The evidence identified here has been used to help formulate recommendations on the
implementation of HBM as part of the occupational health surveillance for pesticides in Europe. Some
key issues were considered that would need to be overcome to enable implementation. These
included the setting of priorities for the development of new specific and sensitive biomarkers,
development of new specific and sensitive biomarkers, the derivation and adoption of health-based
guidance values, development of QA schemes to validate inter-laboratory measurements, good
practice in field work and questionnaire design, extension of the use of biobanking and the use of
HBM for post-approval monitoring of pesticide safety.
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1.

Introduction

1.1.

Background and Terms of Reference as provided by the requestor

This contract was awarded by EFSA to:
Contractor:

Consortium comprising Risk & Policy Analysts Ltd. (RPA) (main contractor)
with IEH Consulting Ltd. and the Health and Safety Laboratory (HSL1).

Contract title:

Human biomonitoring data collection from occupational exposure to pesticides

Contract number:

CT/EFSA/PRAS/2015/06 CT01

Human biomonitoring (HBM) is a useful tool for assessing human exposure to chemicals including
pesticides. It involves the measurement of the parent pesticide, its metabolite or reaction product in
biological media (such as blood or urine). HBM reflects internal exposure from multiple exposures and
provides an integrated measure of different sources, pathways, frequencies, and duration taking into
account variations in absorption, metabolism and elimination. HBM is being used more frequently as
part of an occupational health and safety strategy, as a tool for refined exposure assessment and in
order to contribute to the evaluation of potential health risks from occupational exposure to pesticides.
The main objective of the procurement was to review available information (from 1990 onward) on
HBM of pesticides (or metabolites) in occupational settings and collect data from HBM
studies/surveillance programmes. Specific objectives of this project included:
1. To provide an overview on the use of HBM as a tool for occupational exposure assessment
refinement, identifying advantages, disadvantages and needs for further development.
Considerations were given to the role of HBM in:
–

contribution to pesticides (or metabolites) exposure assessment in occupational
settings

–

relevance for refinement of mathematical models of exposure across a range of actual
scenarios

–

factors that can influence pesticides (and their metabolites) exposures (application
mode, type of crop, seasonal or climate variations, etc.)

–

sources of exposure other than occupational (e.g. residential, bystander, dietary)

–

matrices availability for pesticides (or metabolites), for both long term and short term
exposure

–

harmonisation and implementation of quality assurance in analytical methods
(laboratory analysis) and field work practices

–

clarification on possible limitations such as for short-life pesticides (or metabolites) or
PK data availability.

2. To provide a review of available HBM studies/surveillance programmes conducted in EU/US
occupational settings to identify pesticides (or metabolites) both persistent and not persistent,
for which biomarkers of exposure (and possibly effect) are available and validated. Data from
identified HBM studies/surveillance programmes were extracted in tabular format, including:
–

1

pesticides (or metabolites) exposure levels, biological matrix, analytical method, study
design and period, population studied (including age, sex, number of participants),
geographic area, and bibliographic reference (first author and year)

This publication, including any opinions and/or conclusions expressed, are those of the authors alone and do not necessarily
reflect UK Health and Safety Executive (HSE) policy
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–

reference values of the background exposure in the (specific) population and healthbased limit values derived from toxicological and epidemiological studies should be
provided, when available, for the monitored pesticides (or metabolites)

–

data for residents and bystanders when available, for the monitored pesticides (or
metabolites)

–

information from questionnaires to identify all sources of exposure (when available) to
the monitored pesticides (or metabolites)

–

data/information from historical/geographical monitoring (when available).

2.

Data and Methodologies

2.1.

Data

Data for this study were primarily drawn from the published literature supported by the expertise of
the authors, as detailed below.

2.2.

Methodologies – Study retrieval

2.2.1.

Search strategy

The study involved a systematic search2 of available information/data published on different sources
in the public domain during the period 1990 to December 2015. Initial search terms were developed
and agreed with EFSA to identify studies using HBM of pesticides (metabolites) in occupational
settings and HBM studies/surveillance programmes which incorporate monitoring of pesticide
exposure.
Broad search terms were used that are appropriate to the databases being interrogated, namely
Scopus, Web of Science and PubMed. All searches were carried out in English. Following initial
searches using agreed search terms it was apparent that some of the relevant published literature had
not been identified. This was corrected by amending the search terms to remove the word ‘human’, as
shown in Table 1.
All titles and abstracts retrieved from the literature search were imported into an EndNoteTM Library
and the duplicates removed.

Table 1:

Search terms

Information source
Scopus

Web of Science
Pubmed

2

Search terms
(( TITLE-ABS-KEY ( biomonitor* OR {biological monitoring} OR
biomarker ) ) AND TITLE-ABS-KEY (pesticide OR herbicide OR fungicide
OR insecticide ) AND TITLE-ABSKEY ( exposure ) ) AND PUBYEAR >
1989 )
TOPIC: (biomonitor* OR "biological monitoring" OR biomarker)) AND
TOPIC: (pesticide OR herbicide OR insecticide OR fungicide) AND
TOPIC: (exposure) Timespan=1990-2015
((((((((((pesticide[Title/Abstract]) OR herbicide[Title/Abstract]) OR
insecticide[Title/Abstract]) OR fungicide[Title/Abstract]) AND
("1990/01/01"[PDat] : "2015/12/31"[PDat] ))) OR ((((((pesticides[MeSH
Terms]) OR herbicides[MeSH Terms]) OR insecticides[MeSH Terms])
OR fungicides, industrial[MeSH Terms]) OR industrial fungicides[MeSH

European Food Safety Authority; Application of systematic review methodology to food and feed safety assessments to
support decision making. EFSA Journal 2010; 8(6):1637. [90 pp.]. doi:10.2903/j.efsa.2010.1637. Available at:
http://www.efsa.europa.eu/en/efsajournal/doc/1637.pdf
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Information source

2.2.2.

Search terms
Terms]) AND ( "1990/01/01"[PDat] : "2015/12/31"[PDat] ))) AND
("1990/01/01"[PDat] : "2015/12/31"[PDat] ))) AND
(((biomonitor*[Title/Abstract] OR
"biologicalmonitoring"[Title/Abstract] OR biomarker[Title/Abstract]))
AND ( "1990/01/01"[PDat] : "2015/12/31"[PDat] ))) AND
(exposure[Title/Abstract] AND ( "1990/01/01"[PDat] :
"2015/12/31"[PDat] ))

Selection of information sources

As detailed above, the literature databases Scopus, Web of Science and PubMed were used to search
the scientific literature for relevant data. Individual searches were also carried out to identify grey
literature and reports, international evaluations or monographs published by agencies including the
Agency for Toxic Substances and Disease Registry (ATSDR), US Environmental Protection Agency (US
EPA), World Health Organisation (WHO), the International Agency for Research on Cancer (IARC),
European Food Safety Authority (EFSA) and the Scientific Committee on Occupational Exposure Limits
(SCOEL) and by national authorities including the German BfR and Dutch RIVM.

2.2.3.

Other sources

Conference proceedings of the following societies/organisations and any associated journals (identified
by the Project Team and suggested by the EFSA Expert Working Group on epidemiology) were
investigated to identify relevant data:


ACGIH BEI committee



DFG BAT committee



EU SCOEL committee



ANSES – Agence nationale de sécurité sanitaire de l’alimentation, de l’environnement et du
travail (the French Agency for Food, Environmental and Occupational Health Safety)



International Society of Environmental Epidemiology (ISEE)



International Society of Exposure Sciences (ISES)



International Conference on Environmental Mutagens (ICEM)



International Symposium on Biological Monitoring (ISBM)



ISEE-ISES-ISIAQ 2013



International Union of Pure and Applied Chemistry (IUPAC)



International Union of Toxicology (IUTOX)



European Environmental Mutagen Society (EEMS)



International Congress on Environmental Health (ICEH)



International Conference on Heavy Metals in the Environment (ICMET)



European Public Health Association (EUPHA)



International Network on Children’s Health, Environment and Safety (INCHES)



Society of Toxicology (SOT)



Society of Environmental Geochemistry and Health (SEGH)



International Society of Indoor Air Quality (ISIAQ)

www.efsa.europa.eu/publications
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Epidemiology in Occupational Health (EPICOH)



UK and Ireland Exposure Science Meeting



UK and Ireland Conference on Occupational and Environmental Epidemiology



Finnish Institute of Occupational Health (FIOH)



INRS (Institut National de Recherche et de Sécurité , the French Institute for Occupational
Health Research and Safety, Biotox database)



EUROTOX



AGRICOH study



CDC National Reports on Human Exposure to Environmental Chemicals

2.2.4.

Primary screening on titles and abstracts

Titles and abstracts of all references retrieved, after duplicates were removed, were independently
screened in parallel by two members of the project team against an inclusion/exclusion criteria
checklist, previously agreed with EFSA (Table 2). Articles that did not meet the inclusion criteria were
excluded from further analysis; where there was uncertainty of relevance, articles were included for
further checking by a third project team member. The two reviewers compared findings for
consistency and to highlight any discrepancies, and a final set of papers was agreed.
Table 2:

Inclusion and exclusion criteria

Inclusion criteria
Articles in English language
Articles published from 1st January 1990 to 31st
December 2015
Articles published from EU and US

Exclusion Criteria
Articles in other languages; where an abstract in
English is available, expert judgement will be used to
determine if translation should be considered.
Articles published prior to 1990; articles published
whilst the project is being undertaken will be assessed
for any potential impact on the study findings.
Articles published from countries not in EU or US;
these will be listed in a separate worksheet for
completeness.

Articles related to in vivo, in vitro genotoxicity or
epidemiology studies

Articles relating to other in vitro studies*

Systematic reviews

Other reviews (e.g. narrative reviews)**

Scientific articles, reviews, reports and letters that
report re-working of data

Commentaries, letters, editorials or other publication
types

* Expert judgement is needed when screening such titles, as some in vitro studies using different endpoints
may be included if deemed appropriate.
** Expert judgement is needed when screening such titles, as some reviews may be relevant to the
development of policy guidelines/evaluation
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Due to the high numbers of papers identified (771) in the primary screening exercise, the abstracts or
full text (where available) of selected papers were further assessed for relevance to HBM in an
additional ‘pre-secondary screening’ step, to give a final set of papers (360) to go forward for
secondary screening (Table 3). Papers were selected during the pre-secondary screening based on the
following criteria:


having primary relevance to human biomonitoring (some animal data looking at novel
biomarkers were included to inform future development in the field);



reporting data on adults (papers exclusively reporting on children were excluded);



using occupationally relevant sample media (papers exclusively reporting media such as cord
blood, breast milk etc. were excluded);



reporting relevant active ingredients (papers reporting solely long banned pesticides such as
organochlorines were excluded); and



published abstract-only from conferences were excluded due to lack of sufficient detail;



commentary/review articles were excluded if insufficient scientific detail included.

2.2.5.

Secondary screening of full papers

Full papers were obtained for all studies prior to secondary screening. Each study was firstly allocated
a ‘quality score’ relating to HBM aspects (Section 2.2.5.1) and then a further quality score relating to
either epidemiological or toxicological aspects (Sections 2.2.5.2 and 2.2.5.3 respectively). Scoring was
carried out by two experts independently, initially on a duplicate set of papers to ensure consistency
on application of the tools. After completing the secondary screening on selected articles, the results
from each reviewer was compared for consistency and to highlight any discrepancies. Any differences
were discussed to achieve a consensus between reviewers and, when necessary, a third member of
the team also reviewed the article. Secondary screening was carried out at the same time as data
abstraction.
2.2.5.1. Quality scoring of HBM studies
There are no guidelines for the assessment of exposure and biomonitoring studies and quality of
these can be assessed using a series of related questions, as reported by the WHO/IPCS (2008) and
IPCS (2000). However, for this project, the scoring system outlined by LaKind et al. (2014, 2015) for
assessing the quality of studies using biomonitoring and environmental epidemiology for short-lived
chemicals was considered to be more appropriate. An initial assessment of the LaKind system was
undertaken using six journal papers judged (by expert opinion) to have varying relevance to the
current study and representative of the range of studies that will likely be considered. This led to
some refinement of the scoring system as detailed below.


Type of study: As the project aimed to focus primarily on occupational exposure, these
studies were scored highest. However, the scoring system also needed to reflect that other
studies, e.g. volunteer exposure studies or background, environmental, surveys are very
useful in providing contextual data for human biomonitoring.



Study participants – It is difficult to assess population selection protocols for HBM studies, so
this score was amended to reflect solely the number of potentially exposed study participants,
within the context of the study (i.e. participants in a survey of environmental exposure were
treated as ‘exposed’ whereas controls in an occupational study were classed as ‘unexposed’).
It was felt that consideration of the relative merits of the participant selection process were
best included in either the results or epidemiology sections.



A score for relevance of the pesticide was included. This reflects that many of the papers
identified during the literature search are studies of pesticides that are no longer registered
for use in the EU.
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Method sensitivity (detection limits) – The focus of this score was altered to solely reflect the
analytical limit of detection. Consequently, studies that reported a large proportion of results
below the LoD (limit of detection) were not scored low, as long as the LoD was judged to be
reasonable (for example, 1 µg/l would be considered an acceptable modern benchmark for
many metabolites).



Biomarker stability – This category was removed as it was not considered useful since few
studies report stability data, mainly due to the analysis of samples taking place soon after
collection, often after a short time stored frozen. Any specific concerns regarding stability are
reflected in the ‘method characteristics’ score, which reflects a general evaluation of analytical
sensitivity, analyte stability, sample storage and potential for contamination.



Quality assurance – Inclusion of a score for the use of QA was discussed at length with EFSA
and this score was amended to better reflect ways in which QA may be used in human
biomonitoring.

A comparison of the scoring system using six papers was undertaken, with two experts independently
scoring the papers, and good agreement was found. Occasional differences were noted between
scoring as tier 1 and 2. However, complete agreement was obtained for tier 3 scores.
The full scoring system developed here is outlined in Appendix 1.
2.2.5.2. Quality scoring of Epidemiological studies
The secondary screening tools used to assess the quality of Epidemiological studies were the STROBE
(Strengthening the reporting of observational studies in epidemiology) Statement, the STROBEMolecular Epidemiology (STROBE-ME) and the Newcastle-Ottawa (Quality Assessment) Scale (NOS).
The STROBE statement is comprised of a checklist of 22 items that should be addressed in articles
reporting on the three main study designs of analytical epidemiology: namely cohort, case-control,
and cross-sectional studies (Vandenbroucke et. al., 2007, Von Elm et. al., 2007). The STROBE
Statement aims to assess the strengths and weaknesses of a study and the generalisability of its
results, taking into account empirical evidence and theoretical considerations.
In addition to the well reported problems of bias and confounding that affect all epidemiological
studies, biomarkers to indicate internal dose, early biological change, susceptibility and clinical
outcomes are increasingly being used as proxies for investigating interactions between external and/or
endogenous agents and body components or processes in epidemiological studies. The use of
biomarkers presents a further set of requirements, including assessing:


Validity and reliability of biomarker measurements (including collection, handling and



storage of biological samples);



Specificities of study design for molecular epidemiology (nested case-control and case-cohort
studies);



Special sources of bias;



Reverse causality;



False positives as a result of multiple testing or selective reporting; and



Ethical considerations.

The STROBE-Molecular Epidemiology (STROBE-ME) initiative was established to provide an easy-touse checklist of items that authors may use for reporting molecular epidemiology studies other than
genetic association studies. It builds upon the STROBE Statement implementing nine existing terms of
STROBE and providing 17 additional items to the 22 items of STROBE checklist (Gallo et. al., 2012).
The additions relate to the use of biomarkers in epidemiological studies, concerning collection,
handling and storage of biological samples; laboratory methods, validity and reliability of biomarkers;
specifiers of study design; and ethical considerations.
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Both the STROBE and STROBE-ME Statements are outlined in Appendix 1.2.1.
The quality of non-randomised epidemiology studies is an important component of a thorough
systematic literature review (SLR) as low quality studies can potentially distort summary findings. The
Newcastle-Ottawa (Quality Assessment) Scale (NOS) can be used in parallel to the STROBE/STROBEME Statement checklist to assess the quality of published non-randomised studies (Wells et al, 2009).
The tool can either be used as a checklist or scale, and separate scales exist for cohort and casecontrol studies. A 'star system' has been developed in which a study is judged on three broad
perspectives: the selection of the study groups; the comparability of the groups; and the
ascertainment of either the exposure or outcome of interest for case-control (exposure) or cohort
studies respectively. Stars are awarded for each quality item, with highest quality studies awarded up
to nine stars.
The NOS items for assessment and a guide to completing the NOS are outlined in Appendix 1.2.2.
As there are no standard criteria for defining a ‘high quality study’ using the three scales described
above, it was considered most appropriate to firstly assess scores obtained using STROBE, as this is
the most established of the three scales. Full details of quality selection are given in section 3.3. Once
a set of high quality studies had been established, comparisons were made to the scores obtained for
the same papers using STOBE-ME and NOS. This is also detailed in section 3.3.
2.2.5.3. Quality scoring of Toxicological studies
For the toxicological studies, the secondary screening ToxRTool (a software-based tool to assess the
reliability of toxicological data) was used to assess the quality of identified studies. The ToxRTool is
based on the Klimisch categories (Klimisch et. al., 1997) and was developed within the context of a
project to provide comprehensive criteria and guidance for reliably evaluating toxicological data. The
tool comprises assessment criteria on the test substance, test system, study design, results and
plausibility of design and data, scored according to whether the criterion is met (1) or not (0). The
reliability classification used to assess the quality of the study is initially based on the total number of
points given, which may be then revised based on key criteria having special importance and which
must achieve a score of 1 in order to achieve a reliability classification of 1 (reliable without
restriction) or 2 (reliable with restrictions). Studies that were classified as 1 or 2 were considered of
appropriate quality for use in this review, however studies that were classified as 3 were not included
for further review.
The ToxRTool and Klimisch categories are outlined in Appendices 1.3.1 and 1.3.2.

2.2.6.

Methodological quality assessment

Bias is a concern when conducting SLRs, and may appear as selection, performance, detection,
attrition or reporting bias. In addition, as negative effects are less likely to be published than positive
findings, publication bias is also a key concern in most SLRs. The secondary screening tools utilised
here contain categories of interrogation that provide an ‘in-built’ assessment of the scientific integrity
of the identified data, as described below.
2.2.6.1. Assessment of Toxicology studies
The methodological quality of the selected toxicology studies was assessed by using frameworks
similar to those used by the IUCLID or the US EPA. The ToxRTool utilised here (section 2.2.5.3) is
based on Klimisch scoring which is itself a standard field within IUCLID, and describes a method by
which data evaluation may be performed in a systematic way, considering reliability, relevance and
adequacy of the data, adequacy being defined as ‘the usefulness of data for risk assessment purpose’
(Klimisch et. al., 1997). Inter-assessor scoring compliance was assisted through coding statements
and checked during a pilot study of a limited number of papers (n=6).
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2.2.6.2. Assessment of Epidemiology studies
Methodological quality of epidemiological studies was comprehensively addressed in the STROBE and
STROBE-ME Statement checklists and in the NOS. Inter-assessor scoring compliance was assisted
through coding statements and checked during a pilot study of a limited number of papers (n=6).
Inter-assessor variation was minimised by providing extended information regarding each item in
STROBE and direction as to how papers should be graded (Vandenbroucke et al., 2007). For the NOS,
a coding manual was provided to each assessor (Appendix A1.2.2).

2.2.7.

Data abstraction and recording of data

An Excel Spreadsheet (Master Spreadsheet) was designed in conjunction with EFSA to collate data
from relevant papers following secondary screening. This is split into several broad sections, as
detailed below:


Section 1: Study type



Section 2: Study participants



Section 3: Chemicals under investigation



Section 4: Biomarker quality check



Section 5: Analytical methodology



Section 6: Exposure assessment



Section 7: Health outcome / toxicological endpoint



Section 8: Period of follow-up



Section 9: Narrative of results



Section 10: Risk of bias (section 2.2.5) and other comments

During the secondary screening of identified studies for their relevance to HBM, expert reviewers
entered relevant data into the Master Spreadsheet. For quality assurance, 10-per-cent of the studies
were checked by another reviewer to ensure consistency. Although not common, when discrepancies
arose, differences were discussed between team members to achieve a consensus view and, if
necessary, a third team member was review the manuscript.
In parallel with the secondary screening of epidemiological studies, relevant data were extracted and
captured in a Data Abstraction Table (Appendix 2.1) which was then used further to populate the
Master Spreadsheet. This procedure also acted as a quality control for the reviewers themselves to
ensure critical information was not missed.
The secondary screening of toxicological studies was captured within separate Excel files which are
the basis of the ToxRTool (Appendix 2.2). Data from these was used to further populate the Master
Spreadsheet. By using the secondary screening tool and the data abstraction tool there was a twotiered approach to data evaluation.
At all stages of the screening process the numbers of, and reasons for, exclusion of papers from
further analysis were recorded in an EndNoteTM library.
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2.3.

Numbers of titles retrieved

The numbers of references retrieved at each stage of the systematic review are detailed in Table 3.
Table 3:

Step-wise selection of relevant literature

Systematic review process
Initial search of Scopus, Web of Science and PubMed

Number of titles remaining
2580

Removal of duplicates

2096

Application of inclusion/exclusion criteria
Pre-secondary screen
Secondary screen (available for critical review)

771
360
178

3.

Results

This section provides a contextual commentary on the use of human biomonitoring for exposure to
pesticides, with a particular focus on occupational exposure. In addition, a review is included (Section
3.2) of the findings for Objective 2 (identifying pesticides for which biomarkers of exposure (and
possibly effect) are available and validated) for the data included in the accompanying Excel
Spreadsheet.

3.1.

Use of HBM for occupational exposure assessment

The field of human biomonitoring (HBM) has existed for several decades. A relatively small number of
groups have become well-established in developing biomarkers and conducting HBM studies, mainly
concentrated in Europe and USA, and focussing on occupational exposure. More recently, the past 10
to 20 years has seen an expansion in the use of HBM, especially into the field of environmental and
consumer exposure analysis. Currently, HBM is well-developed and widely used in both the
occupational and environmental settings across Europe, North America and parts of Asia, particularly
Japan, Korea, China and Australia. Indeed, as HBM is also beginning to be used in countries such as
Brazil, India and South Africa it can now be considered worldwide, although limited in breadth in some
continents. HBM as a tool for occupational and environmental exposure has been the subject of
several recent reviews (Bean et al. 2015; Bevan et al. 2012; Boogaard et al. 2011; Cocker et al. 2014;
Exley et al. 2015; Hays and Aylward 2012; Joas et al. 2015; Scheepers et al. 2011; Scheepers and
Smolders 2014; Scheepers et al. 2014; Smolders et al. 2015; Sobus et al. 2015). This section presents
a brief overview of the key concepts and requirements for developing a HBM programme.
HBM essentially involves the quantification of either a substance, one of its metabolites, or a surrogate
marker of its effects in a biological sample obtained from a person who may have undergone an
exposure. Thus, HBM is generally considered to be an estimate of exposure, rather than a measure of
health, and should be employed alongside environmental monitoring as a tool to characterise
exposure (Figure 1 – next page).
The aim of exposure assessment is to determine the amount of a substance, or a metabolite, at target
sites for toxicity in an individual. This level may then be compared with known values so enabling
conclusions to be drawn regarding how safe or well-controlled that exposure is. Of course, for human
exposure it is not usually possible to obtain samples from target sites or organs of toxicity, so proxy
measurements are utilised, which will introduce some uncertainty into the exposure assessment.
Considering the process outlined in Figure 1, it is possible to accurately quantify levels of a substance
in the environment, for example by measuring levels in the air, on surfaces, in food and drink or
dermal contamination. A range of assumptions can then be made to estimate how much of a
substance in the environment is absorbed by an individual. Such assumptions might include the extent
of absorption by different routes; typically, oral, dermal or inhalation. Physiological factors such as age
and gender and other personal factors such as hygiene and the level of physical activity being
www.efsa.europa.eu/publications
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undertaken might influence the level of absorption. The amount of time spent in different locations,
such as inside versus outdoors, or the duration of exposure could be a major determinant. Finally, the
use of personal protective equipment, such as gloves, or the presence of engineering controls is likely
to have a significant modulatory effect on exposure, particularly in the occupational setting.
Once a substance has been absorbed, it will be distributed around the organism potentially reaching
sites or organs where an adverse effect may occur. This is influenced by a variety of physiological
factors and consequently there will be some inter-individual variability. However, most chemicals
typically undergo some level of metabolism before being excreted and this is often a major source of
variability. Genetic differences in levels or activity of metabolic enzymes between individuals have
been well-characterised. Moreover, many substances undergo metabolism into more toxic species; a
process known as bioactivation. Consequently, the relative extent of bioactivation versus detoxification
pathways within and between individuals can result in large variations in the bioavailability of a
substance at target sites for toxicity.

Figure 1: An overview of some of the tools available for exposure assessment. A variety of different sources can be measured
using environmental analysis. Several factors determine an individual’s actual exposure, while further biological variables (interindividual variation) affect the internal dose available to exert toxic effects at target sites. HBM reflects the absorbed dose and a
range of sample types have been used. However, factors such as elimination kinetics and hydration (for spot urine samples) can
result in variation between individuals. Thus biomarker levels are a substance-specific dynamic process, dependent on the route
and duration of exposure and the time since cessation of exposure. PPE: Personal Protection Equipment.
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As shown in Figure 1, HBM can be considered complementary to environmental monitoring for
enabling exposure assessment. In HBM, it is possible to accurately quantify a substance, metabolite or
a surrogate marker of its effect in a suitable sample of biological material obtained from an individual.
In the same way as for environmental monitoring, the aim is to relate the result to an internal dose of
a substance available to cause toxic effects and so, similarly, there are a range of uncertainties
involved. These principally involve metabolic variation, extent of bioaccumulation, elimination kinetics
and, when using spot urine samples, correcting for hydration may be important. The relative strengths
and weaknesses of HBM, and its limitations, will be considered in more detail later. However, the
following section will focus on the requirements for setting up a HBM programme, whilst considering
some of the factors noted above.

3.1.1.

Sample type

Although almost any sample that can be obtained from an individual has previously been investigated
for use in HBM, the selection of the biological matrix should be driven by the substance being
monitored, its pharmacokinetics, the characteristics of the population under investigation and
additional characteristics of the exposure scenario. Blood, including fractions such as plasma, and
urine are the major sample types used for HBM, while other types of samples including hair, saliva,
exhaled breath, nails, faeces, breast milk and umbilical cord blood are often more research-based, or
used for niche applications, and may not be suitable for the whole population. Blood samples are
generally considered to best reflect levels of a substance that are bioavailable to potentially cause
adverse health effects. Often the unchanged substance or, where relevant, an active metabolite can
be measured in blood, and this has been reported, for example, for non-persistent pesticides including
chlorpyrifos (Whyatt et al. 2004; Barr et al., 1999; Needham, 2005) although levels (for nonpersistent chemicals) are typically much lower than in urine samples. However, the principal
disadvantage of blood sampling is its invasive nature and the requirement for a skilled phlebotomist to
take a sample; depending on the setting, this may or may not be problematic. Urine samples are
typically much easier to obtain for large-scale HBM applications. Hair sampling has been demonstrated
as a viable sample medium for a number of pesticides (Mercadante et al, 2013; Salquebre et al 2010;
Tsatsakis, 2010), usually measures the intact pesticide and has the potential to look at an extended
time window of exposure (see later) however there is currently limited data on interpretation or
correlation with other biomarkers. Oral fluid sampling may hold promise for future applications,
potentially being a close surrogate for blood (Caporossi et al. 2010), while increasingly improving
analytical detection limits mean that low-volume blood sampling could become relevant in the near
future. Breath sampling can also provide a proxy for blood levels, but only for volatile substances such
as solvents (Brugnone et al. 1980).
Urine samples are therefore often the best choice for HBM due to the relative ease with which they
can be obtained. However, HBM typically relies on a spot urine sample which introduces a further level
of uncertainty including correcting for hydration and the time since last exposure. Often, spot samples
are corrected for hydration levels using creatinine or specific gravity as indicators. This has been the
subject of some debate in the scientific literature (Bader et al. 2013; Cocker et al. 2011; Lorber et al.
2011; Sauve et al. 2015; Smolders et al. 2014). The overall consensus appears to support the use of
creatinine correction for most substances / metabolites whilst recognising that universal normalisation
of spot urine samples for hydration might not always be appropriate. Although specific gravity has in
some cases proven to be more appropriate for some sub-populations (not necessarily relevant to
workers), in practice its use is limited as its measurement is not as easily automated, compared to
creatinine.
Biological-effect markers (BEM) are sometimes used for HBM and they involve the measurement of a
specific marker for either an endpoint of a health effect or, more commonly, a more readily available
surrogate marker of effect (usually reversible), typically present in blood or urine. An example of BEM
is the measurement of blood cholinesterases to assess exposure to organophosphate and carbamate
insecticides as a proxy for acetylcholinesterase at nerve synapses, the target site for the toxic effects
of these compounds. A BEM should be specific for a given substance, or group of related substances;
this is often difficult to achieve. Depending on the BEM, it can be considered either a marker of
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exposure, or a marker of a health effect, or a hybrid of these two, for example, an early indicator or a
reversible health effect (Garabrant et al., 2009).

3.1.2.

Toxicokinetics

Good knowledge of the absorption, distribution, metabolism (where relevant) and excretion profiles of
a substance are very useful for the development of a biomarker and, subsequently, for interpreting
the results of HBM. Unfortunately, toxicity studies of this type are rarely available for humans and
even animal studies can be difficult to obtain.
Whilst the toxicokinetic profile of a substance will affect biomarker levels in any matrix used for HBM,
urine sampling is especially reliant on toxicokinetic data. Most chemicals typically undergo extensive
metabolism, so consequently the levels of a substance that is excreted unchanged in urine is very low
and so it is difficult to quantify at low-levels of exposure. Therefore, most HBM using urine samples
measure metabolite levels. Whilst this can be advantageous in that it removes the risk of sample
contamination from substances in the external environment, (particularly during application), there is
a need for initial knowledge of the target metabolites to investigate. Usually this knowledge has to be
inferred from animal toxicity studies, which may not always be relevant to humans. Subsequently,
obtaining pure standards of metabolites can be problematic and often relies on the good will of
manufacturers, which can be highly variable, or chemical synthesis, which is expensive and may not
be entirely reliable.
Metabolism generally leads to the production of a low-toxicity, water-soluble product suitable for
excretion in urine. Occasionally however, metabolites produced are more toxic than the precursor
chemical in a process known as bioactivation. Some investigators attempt to quantify the end
products of bioactivation pathways and consider these biomarkers to be better predictors of risk to
health. However, other metabolites related to a detoxification pathway can still be very good
candidates for HBM provided that they can be related to exposure levels. Due consideration also
needs to be given to environmental degradation of pesticides, as some will break down in the
environment to the same metabolites that predominate in humans (e.g. DAPs for organophosphorous
pesticides). If there is potential for significant uptake of degradation products from the environment
(usually through diet) then measurement of the urinary metabolite could overestimate the exposure to
the active ingredient. However, it is unusual for dietary uptakes (of active or degradation products) to
confound exposures at or close to Acceptable Operator Exposure Levels.
Once a HBM method has been developed, toxicokinetic data such as the excretion profile or biological
half-life is helpful for both determining the best time to sample and to help extrapolate to an estimate
of the internal dose. Substances with a short half-life can be correlated to individual work shifts,
exposures or practices. However, very short half-lives could cause exposures to be missed if samples
are taken at the wrong time. A long half-life might indicate that a substance bioaccumulates and thus
HBM is more related to lifetime risk; effects of any interventions cannot be easily determined in such
cases.
Hair and, to a lesser extent, nail samples have the potential to provide the opportunity for long-term
monitoring, even for short half-life substances. For a typical chemical with a biological half-life of 5 to
10 hours, traditional HBM samples such as blood and urine would reflect exposure during the previous
few hours to a couple of days. Hair or nails have the potential to provide an integrated measure of
exposure over several weeks or months. However, validation and interpretation is very complicated
and there is a need for additional assessment of the rate of deposition of substances in these tissues.
Nonetheless, the non-invasive nature of the sample together with the extended exposure window
make hair and nail samples interesting and potentially valuable for future HBM applications (Exley et
al. 2015; Martin et al. 2015; Yusa et al. 2015a).

www.efsa.europa.eu/publications

18

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document,
without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

3.1.3.

Quality assurance in analytical methods and field work practices

Published HBM data are often used for risk assessment purposes, to evaluate potential biological
effects for absorbed chemicals. However, with the diverse sample types and populations (national and
international) being reported there is recognition of the importance of verifying the accuracy of such
data (Schantz et al., 2013). Analytical methods should ideally be validated to ensure that they are
robust and reproducible. However, research methods published in the peer-reviewed scientific
literature can be of variable quality. There has been increased acknowledgement of the need for
better method validation (both in the analytical laboratory and in the field) in recent years (Barr et al.
2007; Bocca et al. 2011; Calafat and Needham 2009). For well-established methods that are being run
on a routine basis across many laboratories, quality assurance (QA) schemes are generally available
that give confidence in the results being produced. However, the sporadic nature of most of the HBM
methods that have been published has limited the development of external quality assurance for all
but a few limited cases and, consequently, there is likely to be great variation in the quality of
published studies.
One of the largest external QA schemes is the international programme of the German External
Quality Assurance Scheme (G-EQUAS) (Göen et al. 2012b) which provides inter-comparison twice a
year for 18 metals in blood, plasma and urine and 36 organic compounds in urine and plasma. The
scheme works by sending two samples containing different concentrations of the biomarker to
participants. Target values and tolerance ranges are determined from results from designated
reference laboratories. Successful participation is certified if participants’ results are within the
tolerance ranges for both results. Other external QA schemes are operated in similar ways by other
organisations. As part of the National Health and Nutrition Examination Survey (NHANES) and other
biomonitoring programmes, the US Centers for Disease Control and Prevention (CDC) uses an
extensive quality assurance programme. This is in contrast to many smaller research studies or
occupational exposure assessments where quality assurance is rarely reported.
Certified Reference Materials (CRMs), of which Standard Reference Materials (SRMs) are a subset
(produced by the National Institute of Standards and Technology, NIST), have been developed to
improve quality assurance. Schantz et al. (2013) reported the development of four new SRMs to assist
in the quality assurance of chemical contaminant measurements required for human biomonitoring
studies. These SRMs are suitable for a wide range of organic contaminants including chlorinated
pesticides in serum and human milk. In addition, Schantz et al. (2015) reported the development of
two new SRMs for organic contaminants and metabolites in urine.
The COPHES/DEMOCOPHES EU project, recognising the importance of QA in standardising results
reported by different laboratories, conducted a substantial external QA exercise (Schindler et al.
2014). This approach represents the first large-scale use of cross-laboratory QA. However, interlaboratory comparison has previously been undertaken on an ad-hoc basis, for example, by sending a
small sub-set of samples to a collaborating laboratory where a method has been independently
established and assessing the correlation between the results. Whilst not being as rigorous as an
external QA scheme, small-scale inter-laboratory trials can be helpful in establishing a greater level of
confidence in the data.
The benefit of carrying over strict quality assurance practices to field work has also been highlighted
in the COPHES/DEMOCOPHES EU project. Care was taken to train fieldworkers from the national study
centres according to centrally developed protocols, adapted at national level to each country’s
language, cultural conventions, and ethical and legal requirements (Den Hold, 2015). In addition,
harmonised fieldwork instruments including a basic questionnaire, urine and hair sampling protocols
were utilised to achieve comparable results on the European scale (Fiddicke et al., 2015). However,
potential difficulties of harmonising such protocols outside of a formal project structure may be
foreseen.
An OECD Guidance Document for the Conduct of Studies of Occupational Exposure to Pesticides
During Agricultural Application (OCDE/GD(97)148) has also looked to provide some harmonised
guidance on exposure studies in this area. In this document, biological monitoring is recommended
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as a potential “Tier 3” approach, for cases where generic exposure data plus information on dermal
absorption and protective measures result in either insufficient data or unacceptable risk. The
guidance reflects much of our own comments on biological monitoring in that it measures actual,
rather than potential, absorption; that urine sampling is a good sample medium and that knowledge
of pharmacokinetics is important in sampling strategy design. Although the document reviews some
key aspects that are important (including for example method validation and quality assurance), its
emphasis is on maximum flexibility so a restricted protocol is not suggested – for the same reasons,
we have also not been prescriptive in this report. The guidance recommends 24-hour collections as
ideal however they suggest that all voids within the 24-hour period are collected together. We would
recommend that, where possible, the voids are collected separately as greater information on kinetics
can be inferred from separate samples and it is still possible to calculate a 24-hour excreted dose.

3.1.4.

Interpretation of results

An important requirement for meaningful HBM is the ability to interpret the data. At the current time,
the ability to quantitatively interpret the results of human biomonitoring in the context of a health risk
assessment lags behind the ability to make such measurements, however a number of tools have
been developed to try and provide interpretative benchmarks.
A variety of interpretation tools have been employed in HBM, largely determined by the availability of
data for a given substance. Organisations in many countries develop and publish different kinds of
guidance values (Biological Monitoring Guidance Value; BMGV) including the US ACGIH, the German
DFG, the UK HSE, the French ANSES and the European Union SCOEL. Smaller research studies, or
groups of related investigations, can also provide reference values. The overall aim of a BMGV is to
assist with understanding the meaning of HBM data in terms of either health or exposure or both. The
development of a good, health-based BMGV requires a substantial amount of toxicological and
exposure data which are rarely available for most substances. Depending on the type of BMGV, they
will either be related to health or an airborne exposure (which itself will be related to health).
Another technique is to determine population ‘background’ reference ranges from non-occupationally
exposed people. This approach assumes that results greater than the background level are either due
to occupational exposure or elevated environmental exposure and should trigger further investigation
of those specific individuals. This type of guidance value may be appropriate where there is limited
exposure data available.
One final approach that has been employed in the UK specifically for occupational exposure
assessment is the benchmark value, which is based on good occupational hygiene practice (Cocker
2014). In this case, there is no attempt to make a link to health or an airborne concentration. Instead,
the value is based on the 90th percentile (P90) HBM level determined from studies of workplaces
employing good exposure control. Any individual with results exceeding the P90 value can therefore
be inferred to be not subject to good exposure control.

3.1.5.

HBM for pesticides

HBM has been extensively used for monitoring worker exposure to a variety of pesticides. A selection
of recent studies, based on identified literature and expert opinion, are highlighted below to outline
the role of HBM in contributing to pesticide exposure assessment in the occupational setting. Some
studies have focussed on a specific compound, while others have investigated several pesticides.
3.1.5.1. Exposure assessment for pesticide use
A commonly reported problem when carrying out epidemiology studies is the difficulty in
characterising exposure (Thomas et al. 2010; Alavanja et al. 2004; Harris et al. 2002). Occupational
exposure to pesticides may vary in relation to crop, climate, microclimate, task, application method,
personal protection equipment, clothing, and personal hygiene (Aprea, 1994; Cowell et al., 1994;
Thomas et al., 2010; Aprea, 2012). During occupational exposure, pesticides are prevalently absorbed
through the skin and airways, with the inhaled fraction (aerosol or vapours) being an order lower
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order than the cutaneous fraction; the exception to this is fumigants due to their extreme volatility
(Fenske and Elkner, 1990; Kolmodin-Hedman et al., 1983a, b).
Epidemiological studies of occupational pesticide use (e.g. agricultural pesticide applicators,
agricultural workers) are often limited by inadequate or retrospective exposure information, typically
obtained through self-reported questionnaires, which can potentially lead to exposure
misclassification. This was demonstrated by Arbuckle et al. (2002) in pesticide applicators spraying
2,4-D and MCPA. The authors reported that for 2,4-D, the questionnaire prediction of exposure had a
sensitivity of 56.7% and specificity of 86.4% whilst for MCPA the corresponding values were 91.6%
and 67.4% respectively. Factors that influenced exposure in the study were identified as pesticide
formulation, protective clothing/equipment, handling practice and personal hygiene. These factors
have also been identified more generally as being important indicators for pesticide exposure (Aprea,
1994; Cowell et al., 1994; Thomas et al., 2010). A few job exposure or crop exposure matrices have
been reported (Liew et al, 2014; Dick et al, 2010; London et al, 1998) but there is little validation of
these against actual exposure data.
There are very limited data examining seasonal exposures. In a series of studies, Arcury et al.
examined the variation in exposure to pesticides across the agricultural season (five month period).
The authors demonstrated increased exposure to organophosphates (OPs) during the season through
measurement of urinary DAP metabolites (Arcury et al., 2009a). The OP metabolites 3,5,6trichloropyridinol, malathion dicarboxylic acid, and para-nitrophenol were present in 46.2, 27.7 and
97.4% of samples respectively. In addition, the pyrethroid metabolite 3-phenoxybenzoic acid and the
herbicide metabolites 2,4-D, acetochlor, and metolachlor were found in sizable percentages of the
samples, namely 56.4, 68.1, 29.2 and 16.9% of samples respectively. The percentage of farmworkers
for whom metabolites were detected varied across the agricultural season (Arcury et al., 2009b). The
authors also reported that farmworkers were exposed to multiple pesticides across the agricultural
season, and to repeated exposures to the same pesticides (Arcury et al., 2010).
In general, particularly in Europe, pesticide application occurs over only part of the year. Seasonal
effects due to climate may be inferred from different climates in different countries, but other factors
(for example, relating to foliage coverage) are unlikely to have data. Exposures to environmental
pesticides and biocides are predicted to increase as a result of climate change due to an intensifying
of farming practices, and in response to changing disease and pest occurrences. This may also result
in an increase in occupational exposures (Boxall et al., 2009).
HBM techniques, such as the measurement of urinary metabolites, can provide a direct and objective
means of assessing exposure. Occupational studies of pesticide workers that have used HBM as part
of the exposure assessment have continued to steadily appear in the published literature over the past
15 – 20 years. Typically, these studies have investigated exposure to one or two specific pesticides.
Recent examples of pesticides studied include tebuconazole (Fustinoni 2014), captan and folpet (Bert
2012), 2,4-D (Hays 2012), atrazine (Mend 2012), fenitrothion (Okam2012) and 2,4-D and triclopyr
(Zhan 2011). A useful review of analytical methods for HBM of pesticides has been recently published
(Yusa et al. 2015b). Some examples are given below for commonly used pesticides, which highlight
the key issues associated with HBM studies. However, a detailed list of HBM use for occupational
pesticide exposure, identified as part of this study, is given in section 3.2 and in the Excel file that
accompanies this report.
Fustinoni et al. (2014) reported the first use of HBM for the fungicide tebuconazole in a pilot study of
Italian vineyard workers. A range of spot urine samples were collected to establish the most
appropriate metabolite and sampling strategy. Metabolite levels were found to peak 24 h postexposure and a significant correlation was established between the estimated dermal exposure, as
determined from hand washing analysis, and measurement of levels on clothing.
Berthet et al. (2012c) also employed repeat HBM in field workers exposed to the fungicides captan
and folpet with the aim of establishing the most appropriate sampling and analysis strategy. Usefully,
the same authors also published data for the time courses of biomarkers in human volunteers exposed
both orally and dermally (Berthet et al. 2012a; Berthet et al. 2012b). Together, these data have
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contributed to the development of a mathematical model which, in turn, has been used to attempt to
investigate effects of variables such as route of exposure on biomarker levels (refer to section
3.1.5.2).
A useful comparison of conventional exposure assessment using environmental monitoring with
extrapolation to estimate exposure doses with a HBM-based approach has been reported for 2,4dichlorophenoxyacetic acid (2,4-D) (Hays et al. 2012). This approach uses the concept of the
Biomonitoring Equivalent (BE), which is the translation of a Reference Dose to a concentration of a
compound in blood or urine, providing a parallel means to interpret HBM data with respect to whether
specific chemical exposures exceed a level of concern. The suggested BE for 2,4-D was further refined
in view of new biomonitoring data from the US and Canada (Aylward and Hays 2015). This is a good
example of how HBM can help to refine the risk assessment process.
A small pilot study of HBM for the herbicide atrazine, undertaken in Croatia, has been reported
(Mendas et al. 2012). Although fewer samples were taken, consisting of a pre-exposure, postexposure and 12 h post-exposure spot urines, a specific mercapturic acid metabolite was sufficiently
sensitive to indicate exposure. Okamura et al. (2012) similarly developed urinary biomarkers for the
organophosphate fenitrothion and successfully applied the method in a small study of sprayers.
Importantly, the assay was sufficiently sensitive to be able to detect trace levels of metabolites in nonoccupationally exposed populations.
Organophosphates are metabolised to a small range of common structures (dialkyl phosphates,
DAPs), consequently they are often investigated as a group. Koureas et al. (2014) investigated DAP
levels in spot urine samples obtained from pesticide sprayers in Greece as well as non-occupationally
exposed local residents and an urban control group. In agreement with several previously published
studies, sprayers were found to have elevated levels of DAPs, while the non-occupationally exposed
populations had lower levels; no difference was seen between the rural and the urban control groups.
This study also shows how HBM can be used to demonstrate the efficacy of exposure control
measures such as use of coveralls and changing clothing immediately following accidental
contamination. In a separate Greek study, DAPs were measured in sprayers and non-sprayers using
both urine and hair samples (Kokkinaki et al. 2014). Similar elevated DAP levels were found in both
sample matrices obtained from sprayers.
Generally, pesticide exposure studies that have used HBM have focused on one or two specific
compounds. This might reflect the specific range of compounds being used by the group under study.
However, it is also likely to reflect the considerable challenges involved in developing analytical
methods for larger numbers of unrelated compounds. A few investigators have attempted to
quantitate multiple pesticides or their metabolites with varying levels of success. Recently, Roca et al.
(2014a) published a quantitative method for the target analysis of 29 urinary metabolites of OP
insecticides, synthetic pyrethroids, herbicides and fungicides in urine. A further 60 other metabolites
of general environmental interest could be identified using a feature known as post-target screening.
This method was used for a HBM study of Spanish school children (Roca et al. 2014b). However, the
method requires state of the art instrumentation, which is not widely available to most practitioners of
HBM, so its practical application is limited at present. Meanwhile, a French study that attempted
untargeted profiling of pesticides in non-occupationally exposed individuals was not quite so
successful (Jamin et al. 2014). An interesting approach to HBM using hair samples has been reported,
which claims to simultaneously detect and quantitate 22 pesticides from a range of classes, of which
13 could be detected above the limit of quantification in non-occupationally exposed individuals
(Salquebre et al. 2012). This method has been further refined and some initial comparisons between
pesticide levels in hair and urine samples using an animal exposure study have suggested that the two
matrices may be complementary (Hardy et al. 2015).
Harris et al. (2010) investigated exposure to selected herbicides and insecticides in a large cohort of
professional turf applicators (n=132). They employed repeated urine metabolite measures, which
permitted analysis of the effects of a range of factors on the variability of urinary pesticides or
metabolites. Large variations in measured levels were reported, ranging from background to levels
suggestive of risks of adverse health effects. These variations were expected due to the nature of the
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sampling strategy, whereby urine samples were collected throughout the season and not just
immediately following application of pesticide when exposure might be expected to be greatest. This
may also explain why average levels of pesticides or metabolites were lower than those found in
previous studies of turf applicators conducted by the same group (Harris et al. 2005). Interestingly,
the authors note that analysis of their data indicated greater within- than between-worker variability.
Similar findings have been reported elsewhere (Adgate et al. 2001; Attfield et al. 2014; Hines et al.
2001) and may suggest that factors which vary daily other than work-practices significantly influence
this variability. This highlights the potential problem of relying on a single spot urine sample for HBM.
Non-occupational sources of exposure to pesticides have also been highlighted in the literature. Use of
pesticides in the home, in the garden and on domestic animals is widespread. In addition, exposure to
pesticides can originate through the consumption of food containing pesticide residues. Such
exposures are considered to account for the background levels of some pesticides identified in the
general population. In a study to investigate the relationship between food consumption and urinary
levels of 3-PBA (general metabolite of pyrethroids) in a non-occupationally exposed cohort, Fortes et
al. (2013) used a multivariate model to show that a high intake of raw vegetables and cooked
vegetables (in particular cruciferous and leafy types) were associated with high urine 3-PBA levels.
Whilst dietary sources are an important route of exposure for non-occupationally exposed subjects,
they will have less impact on HBM for workers, although data should preferably still be collected. It
should also be noted that dietary levels of pesticides are affected by season, at least in the UK (Galea
2015b).
Some studies have used 24-hour urine collections for HBM. For example, Rubino et al (2012)
conducted a study of Italian farmers’ exposure to the herbicides propanil and terbuthylazine.
Environmental monitoring consisting of skin exposure assessment using pads according to OECD
guidelines and hand washes were collected in conjunction with pre- and post-exposure 24 h urine
collections. Good compliance was reported for the total urine collections in this relatively small study
(28 workers) as judged by the volume collected. 24 h total urine collections are considered superior to
spot samples as they are not as susceptible to variations in hydration. In addition, sampling for a full
24 h period reduces the likelihood of missing the exposure, particularly important for short half-life
compounds. However, the practicalities of total urine collection and the consequent risk of noncompliance or even the increased difficulty of recruiting subjects for a study mean that the use of 24 h
total collections should be carefully considered.
An evaluation of the potential measurement error introduced by spot urine (single void) samples has
been reported (Scher et al. 2007). The authors undertook an analysis of exposure and dose for two
pesticides, 2,4-D and chlorpyrifos, based on single morning void and 24 h urine collections in farmers
and their children. A consistent bias towards over-prediction of pesticide concentration was found
among the spot samples, likely in large part due to the pharmacokinetic time course of the analytes in
urine, principally, due to ‘blank’ urine contributing significantly to the 24 h collection. This study did
not investigate the effect of correcting for hydration by using creatinine or an equivalent method. The
authors concluded that the use of single voids may either over- or under-estimate daily exposure if
recent pesticide applications have occurred. This held true for both farmers as well as farm children,
who were not directly exposed to the applications but are likely to have received higher than
background exposure. The data suggested that in populations where fluctuations in pesticide
exposure are expected (such as farm families), the pharmacokinetics of the pesticide and the timing
of exposure events and urine collection must be understood when relying on single voids as a
surrogate for longer time-frames of exposure.
An evaluation of absorbed dose estimates for a range of pesticides derived from passive dosimetry
measurements compared with HBM results has been reported (Ross et al. 2008). Passive dosimetry
has been in use for measuring and estimating exposure to agricultural workers since the 1950s. This
investigation of 14 individual passive dosimetry studies found good agreement with HBM for exposure
assessment.
Volunteer studies are a useful means of generating human toxicology data for pesticides. Typically,
they involve administration of a known dose via a specific route of exposure with subsequent
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collection of HBM samples at timed intervals post-exposure. Human volunteer studies have been
reported for a variety of pesticides including deltamethrin (Sams and Jones 2012), deltamethrin and
chlorpyrifos-methyl mixture (Sams and Jones 2011) pirimicarb (Sams et al. 2010), pirimicarb and
chlorpyrifos-methyl mixture (Sams and Jones 2011), captan (Berthet et al. 2012a) and chlorpyrifos
(Griffin et al. 1999). While they tend to be small scale (less than 10 individuals, sometimes only one or
two) volunteer studies are useful for elucidating toxicokinetics, such as biological half-lives and
metabolite profiles, and can help to provide contextual data for interpretation of HBM results.
3.1.5.2. Modelling of pesticide exposures
Modelling is often the only cost-effective tool for making exposure assessments and the only realistic
option for predicting exposures prior to placing products on the market (Hu et al., 2004). A wide
variety of exposure models are currently employed for health risk assessments and these can be
broadly categorised according to types of exposure source: environmental, dietary, consumer product
or occupational, and may be aggregate or cumulative. Aggregate exposure models consider multiple
exposure pathways, while cumulative models consider multiple chemicals. Of particular relevance to
this review, occupational exposure models have been in use since the early 1990s (Paustenbach,
2000). Two examples currently in use in the UK include the Estimation and Assessment of Substance
Exposure (EASE) model (HSE, 2000) and the Predictive Operator Exposure Model (POEM), recently
replaced by an EU-wide agricultural operator exposure model (AOEM) (Kennedy et al, 2015).
The EASE model is designed to predict exposure levels for a broad range of occupational situations
and has been incorporated as part of the European Union System for the Evaluation of Substances
(EUSES). POEM has a more limited scope, as it is designed to predict exposure levels experienced by
operators preparing and applying pesticides in the UK under UK conditions. The AOEM has been
applied to several case studies across Europe and is an aggregate model incorporating multiple routes
of exposure including diet. The occupational models represent only semi-quantitative approaches as
categorical data are used, however, incorporating recorded exposure levels into exposure models can
improve estimates (Fryer et al., 2006).
Biomarkers are often used to evaluate exposure estimates predicted by a model (Hu et al., 2004).
There are few cases in which human data are available to link a biomarker of exposure to a direct
biological effect. However, it is possible to estimate potential human health effects using the
relationship of a biomarker level to the dose at which toxic effects are seen in animal studies (Forward
Dosimetry). For example, in an occupational setting this is commonly seen when biomarker levels are
related to TWA measurements from personal monitoring. In addition, PBPK models can provide insight
into the relationship between biomarker concentrations and exposure or health effects through
estimating internal tissue concentrations in relation to a specific exposure level (Anderson and
Krishnan, 2010).
A further approach to linking biomonitoring data to health outcomes is to estimate external exposures
that would be consistent with the measured biomonitoring data (Reverse Dosimetry). PBPK models
can also be used in this way to link external exposure to biomarker concentration. This technique uses
statistical and computational tools to reverse the relationship of external to internal measures of
exposure which enables comparison to be made with regulatory guidance values, where available
(Anderson and Krishnan, 2010). Use of carbaryl as a model pesticide (Brown et al. 2015; Phillips et al.
2014) has enabled comparison of three reverse dosimetry approaches based on their ability to predict
the central tendency of the intake dose distribution and identification of parameters necessary for a
more accurate exposure reconstruction.
Heudorf et al (2006) present a good worked example of how reference values for metabolites of
pyrethroid and organophosphorus insecticides might be established using measurements of urinary
concentrations of pyrethroid metabolites in non-occupationally exposed individuals – adults and
children from the general population in Germany. However, other developments in mathematical and
computational modelling are also being investigated to help to further refine the process, as
highlighted below.
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In a non-occupational study, Byrne et al. (1998) assessed multi-pathway exposures (air, total surface
and dislodgeable residues) to chlorpyrifos for residents (children and adults) of houses treated for
pest infestation. Urinary samples were collected for adults only. Absorbed doses in adults were
modelled from air monitoring data, as the most plausible route of exposure for this age group, and
compared with urinary levels of 3,5,6-trichloro-2-pyridinol (3,5,6-TCP), as a primary metabolite of
chlorpyrifos. Estimated doses in adults were reported to be considerably higher than those determined
with biomonitoring, however, when used to assess risk, both values gave a margin of exposure >500.
Two deterministic re-entry exposure models for workers exposed to azinphos-methyl have been
compared utilising biomonitoring data (Doran et al., 2003). The models, which differ in their treatment
of the time dependence of dermal absorption, were used to predict daily doses of absorption and
compared to doses estimated from biological sampling. Of the two models, the ‘time-integrated model’
which assumes absorption from the outset of exposure and throughout the work shift, provided more
realistic dose estimates than the ‘traditional model’ which assumes dermal absorption is a fixed
fraction of the cumulative dose on the skin and is independent of residence time.
A toxicokinetic model has been proposed by Bouchard et al. (2003) to enable the prediction of time
profiles for malathion and its metabolites under various exposure routes and scenarios. Data from
human volunteers exposed by oral, dermal or intravenous routes to malathion were utilised to
establish the biological determinants of the kinetics and body and excreta compartments were used to
represent time varying amounts of the parent compound and its metabolites. Using this model, the
authors established biological reference values for malathion and its metabolites in urine which were
further used to assess the health risk of workers exposed to malathion in botanical greenhouses, with
urinary measurements as the starting point (Bouchard et al., 2006). In a similar way, Bouchard et al
(2008) developed a toxicokinetic model for carbaryl, based on the metabolite 1-napthol, establishing a
biological reference value and allowing assessment of risk in horticultural greenhouse workers
exposed to the pesticide. Gosselin et al. (2005) used a kinetic model that linked the rates of triclopyr
elimination in urine to absorbed doses in forestry workers. The upper-bound estimated doses were
compared with a NOEL established in rats to assess potential risk
Hines et al (2003) utilised mixed-effect models to determine predictors of the amount of atrazine and
2,4-D excreted in the urine of custom applicators. A mixed-effect model has also been used to
determine predictors of 3,5,6-TCP levels in non-occupationally exposed individuals. Urinary levels of
3,5,6-TCP were significantly associated with season (higher in warmer months) and the consumption
of grapes and cheese.
A simple pharmacokinetic model was developed to predict urinary metabolite levels using dermal
exposures estimated using the regulatory risk assessment process and data from the EUROPOEM
model (Sleeuwenhoek et al., 2007). Predicted median urinary metabolite levels were generally much
higher than the corresponding observed values for sprayers and post-application workers for both
cypermethrin and mancozeb containing pesticides. The conservative nature of predicted values will
differ between models, but generally provide reassurance of regulatory risk assessment practices.
Predictors of exposure to 2,4-D among herbicide workers have been reported Bhatti et al. (2010). The
authors constructed mixed-effect exposure models relating urinary 2,4-D in workers to weighted selfreported work activities. The total time of all activities (spraying, mixing, other activities), spraying
method, month of observation, application concentration, and wet gloves were all significant
determinants of exposure to 2,4-D, determined as urinary levels.
Multi-compartment toxicokinetic models to describe the time courses of the key biomarkers for captan
and folpet have been utilised by Berthet et al. (2012b) in conjunction with repeated biological
measurements to provide a better assessment of exposure, main route-of-entry and to establish
appropriate sampling and analysis strategies.
Galea et al. (2012b) assessed the exposure of residents to cypermethrin, penconazole, captan,
chlorpyrifos and chlormequat, sprayed on nearby (<100m) fields. Potential pesticide intake was
estimated using regulatory exposure assessment (REA) models and a toxicokinetic model to estimate
urinary biomarker concentrations following spraying. When compared with actual measured urinary
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biomarker levels, the majority of REA estimates were higher, indicating the conservative nature of the
model; this is in agreement with the conclusion of Byrne et al. (1998)
In a recent study, Kennedy et al (2015) described a new model (the recently adopted AOEM) to
estimate the exposure within a population to a single compound or compounds within a Cumulative
Action Group, which considers dietary and non-dietary sources and multiple exposure routes. Data
were obtained from a HBM study of operators spraying tebuconazole fungicides, collecting
measurements of absorbed dose from dermal exposure through analysis of urine. Dietary samples
were also measured for tebuconazole levels. The model provided comparable estimates of exposure to
those obtained from urinary analysis and also against other models.
For consumer products containing pesticides, risk assessment procedures will generally rely on
modelled exposure estimates based on characteristics of the active ingredient and assumed uses.
Berger-Preiss et al. (2009) compared experimental data (measured breathable air and dermal
concentrations) in connection with a spraying event, to calculations using a deterministic model on
spray dispersion to characterise the extent and level of exposure of consumers to biocidal products,
containing a range of actives, when sprayed indoors. The authors reported that the calculated data
had an acceptable correlation with the experimental data.

3.1.6.

Strengths, weaknesses and limitations of HBM

Some of the strengths and weaknesses of HBM are summarised below (Table 4). A thorough
appreciation of these factors elucidates its limitations and promotes the development of approaches to
minimise their effects. Traditionally, environmental monitoring has been perceived as the ‘goldstandard’ for exposure assessment, consequently, the relatively newer field of HBM has tended to be
compared, often unfavourably, to techniques such as air monitoring, passive dosimetry and exposure
assessment models. Expecting a correlation of HBM results with environmental monitoring data risks
incorporating an unnecessary level of uncertainty into the analysis. As discussed previously and
indicated in Figure 1, both environmental monitoring and HBM involve their own specific assumptions
in relating a measurement to an individual’s internal dose. However, if these two techniques are to be
considered truly complementary then perhaps consideration needs to be given to targeted
development of tools for directly incorporating HBM data into the risk assessment process, such as
BEs as proposed by Hays (Terry et al. 2016).
Table 4:

Summary of some of the strengths and weaknesses of HBM.

Strength
Sample type
Measures actual internal exposure.
Direct and objective exposure
assessment

Weakness

Comment

Cannot distinguish between
different exposure routes into body
even in the same environment

In the occupational setting,
accounts for any exposure controls
or protective equipment
Useful for highlighting behavioural
factors; essential that
comprehensive behavioural
observations are made
HBM can be used to test the
assumptions used in traditional
exposure assessment models

Specific to an individual

Incorporates inter-individual
variability in toxicokinetics and
physiology
Blood samples generally best
reflect tissue levels
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ensure appropriate exposure time
frame is captured
Blood sampling is invasive and
requires trained phlebotomist
Obtaining repeat samples might
require cannulation
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Strength
Urine samples are easily obtained
and are especially useful for large
scale population studies

Samples such as hair and nails may
allow longer-term exposure
monitoring.
Biological-effect markers allow
detection of early, reversible,
health effects
Knowledge requirements (Toxicology)

Weakness

Comment

Often relies on measuring
metabolites

Some metabolites may not be
reflective of the toxic dose

Variation in hydration needs to be
considered for spot urine samples
Other sample types not well
researched. Interpretation likely to
be more difficult and may not be
useful if interested in peaks of
exposure cf. cumulative exposure
Not many validated biologicaleffect markers in use. Need to be
specific
Lack of human toxicology data for
industrial chemicals
Often rely on animal metabolism to
predict human urinary metabolites
Biomarker levels are dynamic;
related to half-life, exposure
duration and time post-exposure

Methodology
Metabolites can eliminate the
chance of external sample
contamination
Once set up, HBM methods are
relatively cheap to run large
numbers of samples
Lack of availability of multicompound screening methods

Potential for exogenous
contamination
Most effect biomarkers not specific
so not possible to relate endpoint
to a specific substance

Urine sampling allows for repeat
sampling

Difficulty in obtaining metabolite
standards
Development and validation of
methods can be expensive

Urine sampling in particular is
cheap, simple and has great
potential for large-scale surveys

Published methods are typically for
individual substances or
metabolites
Reported multi-compound methods
require expensive state-of-the-art
instrumentation and often sacrifice
detection limits

Interpretation
HBM integrates exposure from all
sources

Need to be aware of potential
confounding exposure from other
sources

Use of benchmark values (e.g. P90
level) can identify individuals at
increased risk even in the absence
of detailed toxicology knowledge

Relation to environmental levels
introduces several areas of
uncertainty

Potential for use of computational
modelling e.g. PBPK to improve
understanding of the relationship
between biomarker levels and dose

Limited availability of human
exposure data. Where conducted,
human volunteer exposure studies
are extremely small-scale

Using pesticide hydrolysis products
for HBM can be problematic due to
the potential for dietary exposure
to metabolites
Debate about the relevance of
correlating to environmental levels;
use of separate, specific reference
ranges for HBM (e.g.
bioequivalences)
Computational modelling can help
to identify areas where better
human toxicity data are required,
which will then improve the model
in a positive feedback loop

The above summary clearly indicates that HBM has its limitations. However, careful study design can
help to minimise some of these. As previously discussed, the two principal considerations for HBM,
compared to environmental analysis, are the requirement for toxicology data, particularly metabolism
where relevant, and an appreciation of the dynamic nature of biomarker levels. To some extent, the
requirement for good toxicology knowledge, ideally for humans, is equally important for constructing
exposure models from environmental data. If animal toxicology data are of poor quality, or not
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representative of the human scenario then its use in subsequent exposure models must be considered
questionable. In fact, HBM often compels the user to properly consider the quality of the toxicology
data. In the absence of reliable metabolism data, monitoring the blood concentration of the test
substance is likely to be the most appropriate approach for HBM, however, this sampling strategy may
not be widely applicable to large populations or remote worker studies.
The dynamic nature of biomarker levels affects all sample types employed in HBM. Essentially it
reflects the biological half-life of the substance or metabolites being measured (Table 5). Additional
variation will be introduced according to route of exposure (dermal absorption is much slower) and
the exposure scenario.
Table 5:

Summary of recommended sampling strategies for HBM of substances depending on their
biological half-life. Other factors, including routes and patterns of exposure, can also
influence biomarker levels.

Biological half-life

HBM recommendation

Typical exposure window

Very short; <1 h

Caution required. HBM may not be
appropriate

1 or 2 hours

Short; 1-2 h

24 h urine sampling; three or four
spot samples taken throughout the
day

Previous 5-10 hours

Moderate; 3-10 h

Post-shift for occupational; single
daily sample could be sufficient, but
more samples would allow better
characterisation

Previous 24 h

Longer; 10-50 h

End of working week; sampling
time less critical for environmental
or dietary exposure assessment

Previous week; some
bioaccumulation may occur
depending on the exposure
scenario

Random sample

Bioaccumulation; HBM reflects
months, years or even lifetime
exposure. Levels will take a long
time to decrease in response to
lower exposure

Very long; >50 h

Generally, a substance or metabolite undergoes complete elimination within five half-lives postexposure. Thus, for short half-lives (one or two hours), biomarker levels will mirror exposure, with
some lag period related to the absorption time. Levels will significantly decrease shortly after the end
of exposure and HBM results will reflect the previous 5 to 10 hours exposure.
Typical half-lives reported for many industrial chemicals, including pesticides, range between 3 and 10
hours (moderate half-lives). Some specific pesticide examples include pirimicarb 3 h (Sams et al.
2010) and deltamethrin 4 h (Sams and Jones 2012) while chlorpyrifos has a slightly longer half-life at
15 h (Griffin et al. 1999). For compounds that exhibit moderate half-lives, elimination of biomarkers
will be largely complete within 24 hours post-exposure. For occupational exposure monitoring, postshift sampling is usually recommended. HBM results will reflect predominantly the previous day’s
exposure, so first morning void urine samples or a single blood sample might be appropriate for
environmental or dietary exposure surveys, where exposure might be expected to be more sporadic
throughout the day. Where possible, of course, repeated sampling will enable better exposure
characterisation.
Longer half-lives (10-50 h) will result in the accumulation of consecutive daily exposures. In the
occupational setting, sampling towards the end of the working week, or shift pattern, would be
recommended. This approach does not necessarily translate to environmental or dietary exposure
scenarios, where constant daily exposure may begin to reach steady-state, so that a random sample
www.efsa.europa.eu/publications
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will reflect exposure during the previous week or so. For very long half-lives (> 50 h), bioaccumulation
occurs and over time HBM results will reach a steady-state and will reflect previous months, years or
potentially lifetime exposure. Importantly, even after reduction in exposure, very long half-life
substances (e.g. persistent organic pollutants such as DDT) will continue to exhibit elevated HBM
levels for considerable time.
Very short half-lives (<1 h) can be problematic for HBM. For these pesticides, HBM samples need to
be taken within an hour or so of exposure, and biomarker levels will tend to be more variable than
usual. There is significant risk of being unable to detect that exposure has occurred if samples are
taken at the wrong time. Generally, HBM is not recommended for such substances. However, very
short half-lives are rare for pesticides and so this is unlikely to be of concern for the majority of
exposure assessments considered here.
Samples such as hair and nails that can integrate exposure over weeks or months have the potential
to overcome variation due to very short half-lives. However, as previously discussed, much more
research is required to validate their use in HBM. Some recent studies have proposed and successfully
used a repeated spot urine sampling strategy to enable better assessment of exposure over time. This
type of strategy has the potential to provide more information than even 24 h total collection.
Repeated testing such as this is particularly applicable to urine sampling, where multiple spot samples
at recorded time points may be collected with minimal effort on the part of study participants. Blood
sampling, on the other hand, while potentially providing a better reflection of the bioavailable internal
dose and so more closely monitoring potential health risk, is generally less well tolerated by study
participants; it also adds considerable cost to the sampling due to the need for trained personnel to be
available. Repeated blood sampling throughout the day is likely to be particularly difficult to employ
for large studies.
A further consideration for HBM is the potential for confounding exposure from sources other than the
one(s) under investigation. Because HBM integrates exposure from all sources, in the occupational
field potential contribution from environmental or dietary sources should also be considered. Smoking,
for example, can be a major source of a number of substances, including some metals and organic
compounds. Pesticides, however, have a further potentially confounding source of exposure. Following
application, pesticides may undergo breakdown in the environment due to both chemical and
microbial action. This may result in the presence of hydrolysis products on and/or in food, which are
available for dietary absorption; for example dialkyl phosphate levels, which are frequently measured
in urine to reflect exposure to OPs, have been reported at relatively high levels on a variety of fruit
and vegetables, which have the potential to result in a significant overestimation of OP exposure
(Krieger et al. 2012; Zhang et al. 2008). Whilst the concept of dietary exposure to pre-hydrolysed
metabolites may be problematic, it is only likely to affect those HBM assays that quantify hydrolysis
metabolites. Consequently, these potential effects should be predictable and, therefore, suitable
investigations could be carried out to assess any confounding effects on HBM results.
The potential for bystander exposure is another factor that may require specific consideration for
pesticide HBM studies. There is limited information on the exposure of residents living near
agricultural land in the UK. A recent UK study has used HBM to investigate levels of a range of
pesticides in adults and children (n=140) living near (≤ 100m) to recently treated agricultural land in
relation to spray events (n=523) (Galea et al. 2015b). The authors reported no overall evidence
indicative of additional urinary pesticide biomarker excretion as a result of spray events, and proposed
that sources other than local spraying were responsible for the relatively low urinary pesticide
biomarkers detected in the study population. In a further study by the authors, urine measurements
from the by-stander study were compared with exposures estimated using REA models and a
toxicokinetic model for the five pesticides cypermethrin, penconazole, captan, chlorpyrifos and
chlormequat). The majority of measured concentrations were well below the REA-predicted
concentrations indicating that, in these cases, the REA is sufficiently conservative (Galea et al. 2015a).
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Other factors that might influence exposure to pesticides in the occupational setting, such as
application method, crop type, climate and season, have not been widely reported.

3.1.7.

Further development needs

Several aspects
have been highlighted throughout this report that are suitable for further
development to improve the use of HBM for pesticide exposure assessment. Briefly, they include;


Strategies to improve or standardise analytical quality.



Availability of reference material for metabolites.



Integration of HBM data into mathematical modelling.



Exposure reconstruction, e.g. for repeat urine sampling.



Improvements in analytical instrumentation.



Increased availability of human toxicology data.

There is a requirement for improved or standardised levels of quality assurance across pesticide
exposure studies. Currently there are only a very limited number of examples of external quality
assurance being used in HBM; these are for DAP metabolites ( organophosphate exposure) and some
pyrethroid metabolites, where a German QA scheme is available. In the wider field of HBM, some
efforts have been made to achieve standardisation of quality, such as by the German state committee
for establishing methods (Göen et al. 2012a). However, it is difficult to envisage how substantial
numbers of pesticides or metabolites could be covered by external QA schemes unless the use of HBM
for routine monitoring becomes much more widespread. One approach that could be promoted is the
use of inter-laboratory comparison, an informal approach whereby a small sub-section of samples are
analysed by a separate laboratory. This approach need not be overly expensive, and it promotes
collaboration across practitioners of HBM thereby increasing confidence in the data.
A further analytical consideration is the availability of reference material, particularly for pesticide
metabolites. These are rarely commercially available, so often the only source is the producer.
Alternatively, it may be possible to produce them by chemical synthesis, although this can introduce
further quality assurance problems. Large national or international regulatory bodies may be in a
better position than individual research groups to influence individual manufacturers to make
reference material available for specific studies. However, there are examples of schemes that have
been developed to provide reference materials, such as organic contaminants (Schantz et al. 2015;
Schantz et al. 2013).
The integration of HBM with mathematical modelling holds promise for improving our understanding
and interpretation of monitoring results. The potential for synergistic developments in modelling and
HBM has been discussed previously. Other applications such as reverse dosimetry and exposure
reconstruction are useful tools for interpretation of HBM, particularly when attempting to relate
biomarker levels to some measure of exposure. However, it should be noted that the development of
good mathematical models relies on good quality biomonitoring data obtained from either human
volunteer exposure studies, well-designed field exposure studies, or, ideally, both. The series of
publications by Berthet el al. (2012a; 2012b; 2012c), discussed earlier in this report, outlines some
approaches that might be appropriate for refining mathematical models.
Over time, developments and improvements in the analytical instrumentation available is likely to
improve HBM, both in its ability to detect lower levels of exposure and, more interestingly, potentially
enabling a wider variety of pesticides and metabolites to be quantified in a single analytical run. The
potential for non-targeted, metabolomic approaches to identify and quantify metabolites is not welldeveloped at present. However, this raises the possibility of overcoming some of the limitations in the
available toxicology data, thus improving or enabling HBM for some pesticides.
Finally, increased human toxicology data is a key requirement for the future development of pesticide
HBM. Two complementary approaches have been described previously that are both suitable for
www.efsa.europa.eu/publications
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substantial continued study, namely, characterisation of background exposure levels in nonoccupationally exposed populations and human volunteer exposure studies. Publication of more, good
quality studies will help to promote the use of HBM and improve interpretation of the data for
exposure assessment purposes.

3.2.

Findings of the review of available HBM studies

The following sections provide a narrative of the detailed set of findings relating to EU/US HBM
studies/surveillance programmes that identify pesticides/metabolites (persistent and non-persistent)
for which biomarkers of exposure (and sometimes effect) are available, as outlined in the
accompanying Excel Spreadsheet. An edited version of the spreadsheet is included in Appendix 3
which provides details of the study findings, including HBM measurements.

3.2.1.

Summary of findings for herbicides

Table 6 details the specific herbicides identified from the HBM studies that underwent secondary
screening. Of the 41 individual studies that included herbicides, 34 separate herbicides were
identified, 15 of which currently have approved status for use in the EU (shaded rows); where
available, occupational guidance values are indicated. Also included in Table 6 are the ranges of
quality scores obtained for each of the herbicides.
Table 6:

HBM studies involving herbicides

Compound (active group)

2,4-dichlorophenoxyacetic
acid (2,4-D)
(phenoxycarboxylic acid)

EU
approval
status /
Occ.
Guidance
value3
Y
100 ug/L
(WCA;
Australia)

Study Quality Scores4
(range)

References

Acquavella et al., 2006; Alexander et al.,
2007; Arbuckle et al., 2002; Arbuckle
et al., 2005; Arcury et al., 2009b;
Arcury et al., 2010; Bhatti et al., 2010;
Buckley et al., 1997; Coble et al., 2005;
De Ferrari et al., 1991; Figgs et al.,
2000; Garry et al., 2001; Guidotti et al.,
1994; Harris et al., 1992; Harris et al.,
2010; Hines et al., 2003; Knopp, 1994;
Knopp & Glass, 1991; Mandel et al.,
2005; Morgan et al., 2008a; Morgan,
2015; Parron et al., 1996; Scher et al.,
2007; Shealy et al., 1996; Thomas et al.,
2010; Zhang et al., 2011.

Strobe: 5 – 20 (n=20)
Strobe-ME: 5 – 14 (n=16)
NOS: 1 – 6 (n=16)
ToxRTool: 2 – 3 (n=7)

4-chloro-2methylphenoxyacetic
acid
(MPCA) (phenoxycarboxylic
acid)

Y

Arbuckle et al., 2002., Arbuckle et al.,
2005; Coble et al., 2005; De Ferrari et al.,
1991; Harris et al., 2010; Pasquini et
al., 1996

Strobe: 11 –18 (n=4)
Strobe-ME: 2 – 9 (n=3)
NOS: 5 (n=3)
ToxRTool: 1 - 3 (n=2)

Acetochlor (chloroacetamide)

N

Arcury et al., 2009b; Arcury et al.,
2010; Chevrier et al., 2014; Gustin et
al., 2005

Strobe: 6 –20 (n=4)
Strobe-ME: 9 - 14 (n=4)
NOS: 1 - 5 (n=4)
ToxRTool: n/a

3
4

Status under Regulation (EC) No. 1107/2009; Occupational Guidance Value, body, and country of origin.
Strobe: maximum score 22; Strobe-ME: maximum score 17; NOS: maximum score 9. Authors marked as ‘bold’ indicate a
Strobe score of 15 and higher and/or a ToxRTool score of 1 or 2 (i.e.high quality paper for inclusion in Section 4).
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Compound (active group)

EU
approval
status /
Occ.
Guidance
value3

Alachlor (chloroacetamide)

N

Chevrier et al., 2014; De Ferrari et al.,
1991; Hines et al., 2003; Pasquini et al.,
1996; Sanderson et al., 1995

Strobe: 20 (n=1)
Strobe-ME: 10 (n=1)
NOS: 6 (n=1)
ToxRTool: 1 - 3 (n=4)

Atrazine (triazine)

N

Barr et al., 2007; Chevrier et al., 2014;
Curwin et al., 2007; De Ferrari et al.,
1991; Denovan et al., 2000; Hines et al.,
2003; Lucas et al., 1993; Pasquini et al.,
1996; Perry et al.; 2006

Strobe: 3 - 20 (n=6)
Strobe-ME: 4 - 10 (n=4)
NOS: 2 - 6 (n=4)
ToxRTool: 1 - 3 (n=3)

Benazolin (benzothiazole)

N

Asimakopoulos et al., 2013

Strobe: 12 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Chlorbufam (carbanilate)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Chloridazon (pyridazinone)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Clodinafop-Propargyl
(aryloxyphenoxyproprionate)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Cyanazine

Y

Hines et al., 2003

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Dalapon (organochlorine)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Harris et al., 2010; Shealy et al., 1996

Strobe: 10 – 15 (n=2)
Strobe-ME: 2-10 (n=2)
NOS: 3 -5 (n=2)
ToxRTool: n/a

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Dicamba (benzoic acid)

Diphenamid (alkanamide)
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Compound (active group)

EU
approval
status /
Occ.
Guidance
value3

Study Quality Scores4
(range)

References

Diothiopyr

N

Cowell et al., 1991

Strobe: 10 (n=1)
Strobe-ME: 8 (n=1)
NOS: 3 (n=1)
ToxRTool: 1 (n=1)

DNOC (dinitrophenol)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Fenthiaprop (benzothiazole)

N

Asimakopoulos et al., 2013

Strobe: 12 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Glyphosate
(phosphonoglycine)

Y

Acquavella et al., 2006; Curwin et al.,
2007; Lavy et al., 1992; Mandel et al.,
2005

Strobe: 9 – 15 (n=4)
Strobe-ME: 8 – 10 (n=3)
NOS: 2 – 5 (n=3)
ToxRTool: n/a

Linuron (urea)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Mecoprop
(phenoxycarboxylic acid)

Y

Harris et al., 2010

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Mefenacet (oxyacetamide)

N

Asimakopoulos et al., 2013

Strobe: 12 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Methabenzthiazuron (urea)

N

Asimakopoulos et al., 2013

Strobe: 12 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Metobromuron

Y

Pasquini et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 1 (n=1)

Metolachlor
(chloroacetamide)

N

Arcury et al., 2009b; Arcury et al.,
2010; Chevrier et al., 2014; Curwin et
al., 2007; Hines et al., 2003; Pasquini et
al., 1996

Strobe: 12 - 20 (n=4)
Strobe-ME: 10 - 14 (n=3)
NOS: 5 - 6 (n=3)
ToxRTool: 1-3 (n=2)
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Compound (active group)

EU
approval
status /
Occ.
Guidance
value3

Study Quality Scores4
(range)

References

Molinate

N

Wilkes et al., 1993

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 2 (n=1)

Oxadiazon (oxidiazole)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Oxyfuorfen

Y

Pasquini et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 1 (n=1)

Paraquat (bipyridylium)

N

De Ferrari et al., 1991; Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Phenmedipham

Y

Schettgen et al., 2001

Strobe: 8 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Propanil (anilide)

N

Rubino et al., 2012

Strobe: 18 (n=1)
Strobe-ME: n/a
NOS: 7 (n=1)
ToxRTool: n/a

Terbuthylazine (triazine)

Y

Mercadante et al., 2012; Mercadante
et al., 2013; Rubino et al., 2012

Strobe: 12 - 20 (n=4)
Strobe-ME: 10 – 14 (n=3)
NOS: 5 - 6 (n=3)
ToxRTool: 1 – 3 (n=2)

TCA-sodium
aliphatic)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Gosselin et al., 2005; Zhang et al., 2011

Strobe: 12 – 17 (n=2)
Strobe-ME: 10 – 11 (n=2)
NOS: 4 (n=2)
ToxRTool: n/a

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

(halogenated

Triclopyr (pyridine)

Y
100 ug/L
(WCA;
Australia)

Simazine (triazine)

N
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3.2.2.

Insecticides

Table 7 details the specific insecticides identified from the HBM studies that underwent secondary
screening. Of the 90 individual studies that included insecticides, 79 separate insecticides were
identified, of which 18 currently have approved status for use in the EU (shaded rows) where
available, occupational guidance values are indicated. Also included in Table 7 are the ranges of
quality scores obtained for each of the insecticides.

Table 7:

HBM studies involving insecticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

1,3-dichlorobenzene

not a ppp

1,3-dichloropropene

Study Quality Scores6
(range)

References

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

N

Brouwer et al., 1991; Brouwer et al., 2000

Strobe: 11 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

1,4-dichlorobenzene

not a ppp

Buckley et al., 1997; Shealy et al., 1996

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

1,2,4-trichlorobenzene

not a ppp

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

1,3,5-trichlorobenzene

not a ppp

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Acephate
(organophosphate)

N

Arcury et al., 2010; Bouchard et al., 2006

Strobe: 8 - 17 (n=2)
Strobe-ME: 14 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Acetamiprid

Y

Kasiotis et al., 2012; Marin et al., 2004

Strobe: 5 – 12 (n=2)
Strobe-ME: 11 (n=1)
NOS: 2 – 4 (n=2)
ToxRTool: n/a

5

6

Status under Regulation (EC) No. 1107/2009; Occupational Guidance Value, body, and country of origin; ppp – plant
protection product
Strobe: maximum score 22; Strobe-ME: maximum score 17; NOS: maximum score 9. Authors marked as ‘bold’ indicate a
Strobe score of 15 and higher and/or a ToxRTool score of 1 or 2 (i.e.high quality paper for inclusion in Section 4).

www.efsa.europa.eu/publications

35

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document,
without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

Study Quality Scores6
(range)

References

Aldicarb

N

Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Allethrin (pyrethroid)

N

Barr et al., 2005; Barr et al., 2002; Barr et
al., 2010; Bouvier et al.,2006; Buckley et
al., 1997; De Ferrari et al., 1991;
Hryhorczuk et al., 2002; McCann et
al.,2002; Muttray et al., 2006

Strobe: 9 – 16 (n=8)
Strobe-ME: 8 – 11 (n=5)
NOS: 3 – 5 (n=5)
ToxRTool: 3 (n=1)

Alphamethrin

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Azinphos-methyl

N

Aprea et al., 1994; De Ferrari et al., 1991;
Doran et al., 2003; Simcox et al., 1999

Strobe: 7 – 18 (n=2)
Strobe-ME: 8 (n=1)
NOS: 4 (n=1)
ToxRTool: 3 (n=2)

Benfuracarb (carbamate)

N

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Bioallethrin (pyrethroid)

N

Berger-Preiss et al., 2009; Leng et al., 1999

Strobe: 0 - 5 (n=2)
Strobe-ME: 0 (n=1)
NOS: 0 (n=1)
ToxRTool: n/a

Bifenthrin (pyrethroid)

Y

Harris et al., 2010; Morgan et al., 2016

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: 3 (n=1)

Carbaryl (carbamate)

N

Bouchard et al., 2008; Buckley et al.,
1997; Lunchnick et al., 2007; Meeker et
al., 2005; Meeker et al., 2006; Pasquinin
et al., 1996; Putnam et al., 2008

Strobe: 3 – 16 (n=6)
Strobe-ME: 8 - 12 (n=6)
NOS: 1- 6 (n=6)
ToxRTool: 1 (n=1)

Carbofuran (carbamate)

N

Barry et al., 2012; Buckley et al., 1997;
Guidotti et al., 1994; Shealy et al., 1996

Strobe: 7 - 20 (n=4)
Strobe-ME: 5 - 11 (n=4)
NOS: 2 - 6 (n=4)
ToxRTool: n/a

Carbosulfan (carbamate)

N

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a
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Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

Study Quality Scores6
(range)

References

Chlorpyrifos
(organophosphate)

Y

Acquavella et al., 2006; Albers et al., 2010;
Anderson et al., 2007; Arcury et al.,
2010; Barr et al., 2005; Berger-Preiss et
al., 2009;; Bernard et al., 2001; Bouvier et
al., 2006; Buckley et al., 1997; Byrne et
al., 1998;Cocker et al., 2002; Curwin et al.,
2007; Dyk et al., 2011; Fenske & Elkner,
1990; Fortenberry et al., 2012; Galea et
al., 2015a; Galea et al., 2015b;
Garabrant et al., 2009a; Garabrant et
al., 2009b; Griffin et al., 1999; Heudorf
and Angerer, 2001a; Huen et al., 2012;
Kasiotis et al., 2012; Koch et al., 2001;
Lieberman et al., 1998; Mandel et al.,
2005; Meeker et al., 2006; Parron et al.,
1996;Poet et al., 2014; Putnam et al., 2007;
Putnam et al., 2008; Sams and Jones,
2011; Scher et al., 2007; Shealy et al.,
1996; Thomas et al., 2010; Vaccaro et al.,
1996a; Vaccaro et al., 1996b; Williams
et al., 2004.

Strobe: 3 - 19 (n=25)
Strobe-ME: 2 -14 (n=16)
NOS: 1 - 6 (n=16)
ToxRTool: 1-3 (n=8)

Chlorpyrifos-methyl
(organophosphate)

Y

Aprea et al., 1997; Aprea et al., 1994; Barr
et al., 2005; Buckley et al., 1997;
Fortenberry et al., 2012; Koch et al., 2001;
Meeker et al., 2006; Sams and Jones,
2011; Shealy et al., 1996.

Strobe: 7 - 13 (n=7)
Strobe-ME: 5 -10 (n=5)
NOS: 1 - 6 (n=5)
ToxRTool: 1 (n=1)

Cyfluthrin (pyrethroid)

N (but
some
limited use)

Arcury et al., 2010; Barr et al., 2010;
Berger-Preiss et al., 2009; Hardt and
Angerer, 2003; Leng et al., 1996; Leng et
al., 1997; Leng et al., 2003; Morgan et al.,
2016

Strobe: 5 – 17 (n=7)
Strobe-ME: 9 – 14 (n=5)
NOS: 2 – 5 (n=5)
ToxRTool: 3 (n=1)

Cyhalothrin (pyrethroid)

N (but
some
limited use)

Hardt and Angerer, 2003; Leng et al., 1997;
Morgan et al., 2016

Strobe: 10 – 12 (n=2)
Strobe-ME: 9 (n=2)
NOS: 2 – 4 (n = 1)
ToxRTool: 3 (n=1)

Cyhexatin

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Cypermethrin (pyrethroid)

Y

Arcury et al., 2010; Barr et al., 2010;
Buckley et al., 1997; Elfman et al., 2009;
Galea et al., 2015a; Galea et al., 2015b;
Kasiotis et al., 2012; Leng et al., 1996;
Leng et al., 1997; Leng et al., 2003; Morgan
et al., 2016; Ratelle et al., 2015b;
Wilkes et al., 1993

Strobe: 10 – 18 (n=9)
Strobe-ME: 4 – 11 (n=6)
NOS: 2 – 5 (n=6)
ToxRTool: 1 - 3 (n=4)
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Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

Cyphenothrin (pyrethroid)

N

Morgan et al., 2016

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Dazomet (carbamate)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Deltamethrin (pyrethroid)

Y

Anderson et al., 2007; Barr et al.,
2010; Hardt and Angerer, 2003; Kasiotis et
al., 2012; Leng et al., 1996; Leng et al.,
1997; Leng et al., 2003; Morgan et al.,
2016; Pasquini et al., 1996; Sams and
Jones, 2011; Sams & Jones, 2012;
Tuomainen et al., 1996.

Strobe: 9 – 19 (n=8)_
Strobe-ME: 9 – 11 (n=6)
NOS: 2 – 6 (n=7)
ToxRTool: 1 (n=3)

Diazinon
(organophosphate)

N

Barr et al., 2005; Bouchard et al., 2006;
Bouvier et al., 2006; Cocker et al., 2002; De
Ferrari et al., 1991; Garfitt et al., 2002a;
Huen et al., 2012; Lieberman et al 1998;
Morgan et al., 2008b

Strobe: 8 – 13 (n=5)_
Strobe-ME: 9 – 11 (n=2)
NOS: 1 – 4 (n=2)
ToxRTool: 3 (n=3)

Dichlofenthion
(organophosphate)

N

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Dichlorvos
(DDVP)
(organophosphate)

N

Barry et al., 2012; Bouvier et al., 2006;
De Ferrari et al., 1991

Strobe: 8 – 12 (n=2)
Strobe-ME: 10 (n=1)
NOS: 6 (n=1)
ToxRTool: 3 (n=1)

Dicofol (organochlorine)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Dieldrin (chlorinated
hydrocarbon)

N

Anderson et al., 2007

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 6 (n=1)
ToxRTool: n/a

Dimethoate
(organophosphate)

Y

Aprea et al., 1998; Arcury et al., 2010;
De Ferrari et al., 1991

Strobe: 14 – 17 (n=2)
Strobe-ME: 14 (n=1)
NOS: 5 (n=1)
ToxRTool: 3 (n=1)

Endosulfan
(organochlorine)

N

Anderson et al., 2007; Arrebola et al.,
1999; Parron et al., 1996; De Ferrari et al.,
1991

Strobe: 6 – 19 (n=2)
Strobe-ME: 7 – 11 (n=2)
NOS: 2- 6 (n=2)
ToxRTool: 3 (n=2)
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Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

Study Quality Scores6
(range)

References

EPN (organophosphate)

N

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Esfenvalerate (pyrethroid)

Y

Morgan et al., 2016

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Ethion (organophosphate)

N

Morgan et al., 2016

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Ethoprophos
(organophosphate)

Y

Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Fenamiphos
(organophosphate)

Y

Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Fenchlorphos
(organophosphate)

N
(obsolete)

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Fenitrothion
(organophosphate)

N

Aprea et al., 2001

Strobe: 6 (n=1)
Strobe-ME: 6 (n=1)
NOS: 2 (n=1)
ToxRTool: n/a

Fenpropathrin
(pyrethroid)

N

Parron et al., 1996; Sankaran et al., 2015

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=2)

Fenthion
(organophosphate)

N

Bouvier et al., 2006

Strobe: 8 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Fenvalerate (pyrethroid)

N

Barr et al., 2010; Leng et al., 1997

Strobe: 10 - 16 (n=2)
Strobe-ME: 9 (n=1)
NOS: 2 (n=1)
ToxRTool: n/a
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Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

Fluvalenate (pyrethroid)

EU
approval
status /
Occ.
Guidance
value 5
N
(obsolete)

Study Quality Scores6
(range)

References

Hardt and Angerer 2003

Strobe: 12 (n=1)
Strobe-ME: 9 (n=1)
NOS: 4 (n=1)
ToxRTool: n/a

Fonofos
(organophosphate)

N

Barry et al., 2012

Strobe: 20 (n=1)
Strobe-ME: 10 (n=1)
NOS: 6 (n=1)
ToxRTool: n/a

Furathiocarb (carbamate)

N

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Hepatochlor
(organochlorine)

N

Barry et al., 2012

Strobe: 20 (n=1)
Strobe-ME: 10 (n=1)
NOS: 6 (n=1)
ToxRTool: n/a

Imidacloprid
(neonicotinoid)

Y

Elfman et al., 2009; Harris et al., 2010;

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: 3 (n=1)_

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Lindane (organochlorine)

N
20 µg/L
plasma
(HSE, UK);
25 µg/L
plasma
(DFG,
Germany)

Malathion
(organophosphate)

Y

Arcury et al., 2010; Barr et al., 2005;
Bouchard et al., 2003; Bouchard et al.,
2006; Bouvier et al., 2006; Bradman et
al., 2009; De Ferrari et al., 1991; Krieger &
Dinoff, 2000; Sankaran et al., 2015;
Tuomainen et al., 2002

Strobe: 8 - 17 (n=7)
Strobe-ME: 8 - 14 (n=6)
NOS: 2 - 6 (n=5)
ToxRTool: 3 (n=4)

Methamidophos
(organophosphate)

N

Arcury et al.,2010; Garner et al., 2014;
Parron et al., 1996

Strobe: 17 (n=1)
Strobe-ME: 14 (n=1)
NOS: 5 (n=1)
ToxRTool: 3 (n=2)

Methiocarb (carbamate)

Y

Anderson et al., 2007

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 6 (n=1)
ToxRTool: n/a
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Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

Study Quality Scores6
(range)

References

Methomyl (carbamate)

Y

Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Methoxychlor
(organochlorine)

N

Anderson et al., 2007

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 6 (n=1)
ToxRTool: n/a

Monocrotophos
(organophosphate)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

not a ppp

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Nitrobenzene

Oxamyl (carbamate)

Y

Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Omethoate
(organophosphate)

N

Aprea et al., 2001

Strobe: 6 (n=1)
Strobe-ME: 6 (n=1)
NOS: 2 (n=1)
ToxRTool: n/a

Parathion
(organophosphate)

N
0.5 mg/g
creatinine
(ACGIH,
US)
500 µg/L
(DFG,
Germany)

Buckley et al., 1997; De Ferrari et al.,
1991; Shealy et al., 1996

Strobe: 10 - 16 (n=2)
Strobe-ME: 10 - 11 (n=2)
NOS: 3 - 5 (n=2)
ToxRTool: 3 (n=1)

Parathion-ethyl
(organophosphate)

N

Bouvier et al., 2006

Strobe: 8 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Parathion-methyl

N

Muttray et al., 2006

Strobe: 9 (n=1)
Strobe-ME: 9 (n=1)
NOS: 4 (n=1)
ToxRTool: n/a

Buckley et al., 1997; Morgan et al., 2015

Strobe: 13 - 16 (n=2)
Strobe-ME: 11 (n=2)
NOS: 3 - 5 (n=2)
ToxRTool: n/a

Pentachlorophenol
(organochlorine)
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Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

Study Quality Scores6
(range)

References

Permethrin (pyrethroid)

N

Appel et al., 2008; Arcury et al., 2010;
Barr et al., 2010; Hardt and Angerer,
2003; Heudorf and Angerer, 2001b; Kegel
et al., 2013; Leng et al., 1996; Leng et al.,
1997; Leng et al., 2003; Morgan et al.,
2016; Ratelle et al., 2015a; Ratelle et
al., 2015b; Rossbach et al., 2010;
Rossbach et al., 2014; Rossbach et al.,
2016

Strobe: 7 -17 (n=11)
Strobe-ME: 5 - 14 (n=10)
NOS: 2 - 7 (n=10)
ToxRTool: 1 – 3 (n=4)

Phenothrin (pyrethroid)

N

Berger-Preiss et al., 2009; Morgan et al.,
2016

Strobe: 5 - 13 (n=2)
Strobe-ME: 11 (n=1)
NOS: 3 (n=1)
ToxRTool: n/a

Phorate
(organophosphate)

N

De Ferrari et al., 1991; Barry et al., 2012

Strobe: 20 (n=1)
Strobe-ME: 10 (n=1)
NOS: 6 (n=1)
ToxRTool: 3 (n=1)

Tucker et al., 2013

Strobe: 15 (n=1)
Strobe-ME: 10 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Phosphine (unclassified)

Not listed

Pirimicarb (carbamate)

Y

Anderson et al., 2007; Hardt & Angerer,
1999a; Sams et al., 2010; Sams and
Jones, 2011

Strobe: 4 - 19 (n=2)
Strobe-ME: 3 - 11 (n=2)
NOS: 1 - 6 (n=2)
ToxRTool: 1 – 3 (n=3)

Propargite (sulphite ester)

N

Kasiotis et al., 2012

Strobe: 12 (n=1)
Strobe-ME: 11 (n=1)
NOS: 4 (n=1)
ToxRTool: n/a

Prothiofos
(organophosphate)

N

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Prothoate
(organophosphate)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Propoxur (carbamate)

N

Brouwer et al., 1993; Buckley et al.,
1997; Hardt & Angerer, 1999a; Shealy et
al., 1996

Strobe: 4 - 16 (n=3)
Strobe-ME: 3 – 11 (n=3)
NOS: 1 – 5 (n=3)
ToxRTool: 3 (n=1)
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Human biomonitoring for occupational exposure to pesticides

Compound (active
group)

EU
approval
status /
Occ.
Guidance
value 5

Study Quality Scores6
(range)

References

Resmethrin (pyrethroid)

N

Barr et al., 2010

Strobe: 16 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Terbufos
(organophosphate)

N

De Ferrari et al., 1991; Barry et al., 2012

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Tetramethrin (pyrethroid)

N

Berger-Preiss et al., 2009

Strobe: 5 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

Tralomethrin (pyrethroid)

N

Morgan et al., 2016

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Trichloronate
(organochlorine)

N

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Trichlorphon
(organophosphate)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

n/a

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

White oil

3.2.3.

Fungicides

Table 8 details the specific fungicides identified from the HBM studies that underwent secondary
screening. Of the 20 individual studies that included fungicides, 34 separate fungicides were identified,
of which 22 currently have approved status for use in the EU (shaded rows); where available,
occupational guidance values are indicated. Also included in Table 8 are the ranges of quality scores
obtained for each of the fungicides.
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Human biomonitoring for occupational exposure to pesticides

Table 8:

HBM studies involving fungicides

Compound
(active group)

EU
approval
status /
Occ.
Guidance
value 7

Study Quality Scores8
(range)

References

Barium polysulfide
(inorganic)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Benomyl (benzimidazole)

N

Hoekstra et al., 1996; Parron et al., 1996

Strobe: 9 (n=1)
Strobe-ME: 8 (n=1)
NOS: 2 (n=1)
ToxRTool: 3 (n=1)

Berthet et al., 2011; Berthet et al.,
2012a; Berthet et al., 2012b; De Cock et al.,
1995; De Ferrari et al., 1991; Galea et al.,
2015a; Galea et al., 2015b; Kasiotis et al.,
2012; Van Welie et al., 1991b

Strobe: 12 – 18 (n=4)
Strobe-ME: 10 - 11 (n=3)
NOS: 2 - 5 (n=3)
ToxRTool: 2 - 3 (n=5)

Captan (phthalimide)

Y
0.5 mg/g
creatinine
(ACGIH, US)
1.5 mg/g
creatinine
(SCOEL, EU)

Carboxin (oxathin)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Chlorothalonil
(chloronitrile)

Y

Andre et al., 2003; De Ferrari et al., 1991

Strobe: 13 (n=1)
Strobe-ME: 11 (n=1)
NOS: 4 (n=1)
ToxRTool: 3 (n=1)

Copper
(inorganic)

oxychloride

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Copper
(inorganic)

sulfate

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Dinocap (dinitrophenol)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Dodemorph (morpholine)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

7
8

Status under Regulation (EC) No. 1107/2009; Occupational Guidance Value, body, and country of origin.
Strobe: maximum score 22; Strobe-ME: maximum score 17; NOS: maximum score 9. Authors marked as ‘bold’ indicate a
Strobe score of 15 and higher and/or a ToxRTool score of 1 or 2 (i.e.high quality paper for inclusion in Section 4).
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Compound
(active group)

EU
approval
status /
Occ.
Guidance
value 7

Study Quality Scores8
(range)

References

Dodine (guanidine)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Epoxiconazole (triazole)

Y

Oestreich et al., 1997; Asimakopoulos et
al., 2013

Strobe: 12 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: 1 (n=1)

Fenarimol (pyrimidine)

N

Anderson et al., 2007

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 6 (n=1)
ToxRTool: n/a

Fentin acetate

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Folpet (phthalimide)

Y

Berthet et al., 2011; Berthet et al.,
2012a; Berthet et al., 2012b; De Ferrari et
al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 2-3 (n=4)

Hexachlorobenzene
(chlorinated
hydrocarbon)

N
150 µg/L
plasma
(DFG,
Germany)

Buckley et al., 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Iprodione
(dicarboximide)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Mancozeb (carbamate)

Y

Aprea et al., 1998; Arcury et al., 2010;
Colosio et al., 2002; Corsini et al., 2005; De
Ferrari et al., 1991; Fustinoni et al., 2005;
Pasquini et al., 1996

Strobe: 3 - 17 (n=5)
Strobe-ME: 5 - 14 (n=2)
NOS: 1 - 5 (n=2)
ToxRTool: 1 – 3 (n=2)

Maneb (carbamate)

Y

De Ferrari et al., 1991; Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=2)

Myclobutanil (triazole)

Y

Kasiotis et al., 2012

Strobe: 12 (n=1)
Strobe-ME: 11 (n=1)
NOS: 4 (n=1)
ToxRTool: n/a
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Compound
(active group)

EU
approval
status /
Occ.
Guidance
value 7

Study Quality Scores8
(range)

References

Oxadixyl

N

Pasquini et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 1 (n=1)

Penconazole (triazole)

Y

Galea et al., 2015a; Galea et al., 2015b

Strobe: 13 – 18 (n=2)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Phosdiphen
(organophosphate)

N

Buckley et al. 1997

Strobe: 16 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Propineb

Y

Pasquini et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 1 (n=1)

Pyrazophos
(phosphorothiolate)

N

Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Sulfur (inorganic)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Tebuconazole (triazole)

Y

Fustinoni et al., 2014; Kennedy et al.,
2015

Strobe: 11 – 17 (n=2)
Strobe-ME: 5 - 10 (n=2)
NOS: 4 - 5 (n=2)
ToxRTool: n/a

Thiabendazole (triazole)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Thiram (carbamate)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Tolcofos-Methyl
(chlorophenyl)

Y

Aprea et al., 2001

Strobe: 6 (n=1)
Strobe-ME: 6 (n=1)
NOS: 2 (n=1)
ToxRTool: n/a

www.efsa.europa.eu/publications

46

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document,
without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Compound
(active group)

EU
approval
status /
Occ.
Guidance
value 7

Study Quality Scores8
(range)

References

Triadimenol

Y

Pasquini et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 1 (n=1)

Triforine (piperazine)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Vinclozolin (oxazole)

N

Anderson et al., 2007; De Ferrari et al.,
1991; Lindh et al., 2007

Strobe: 19 (n=1)
Strobe-ME: 11 (n=1)
NOS: 6 (n=1)
ToxRTool: 3 (n=2)

Zineb (carbamate)

N

De Ferrari et al., 1991; Parron et al., 1996

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=2)

Ziram (carbamate)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

3.2.4.

Other pesticides and mixtures

Table 9 details other pesticides that do not fit into the three main groups, and mixtures identified from
the HBM studies that underwent secondary screening (approved for use in the EU: shaded rows);
where available, occupational guidance values are indicated. Also included in Table 9 are the ranges
of quality scores obtained for each of the pesticides, mixtues and biocides.
Table 9:

HBM studies involving other pesticides, mixtures and biocides

Compound
(active group)
Napthalene (aromatic
hydrocarbon)1

Chlormequat (chloride)
(ammonium)2

9

EU
approval
status9

References

n/a

Buckley et al., 1997; Meeker et al., 2006

Strobe: 12 – 16 (n=2)
Strobe-ME: 10 – 11 (n=2)
NOS: 5 – 6 (n=2)
ToxRTool: n/a

Galea et al., 2015a

Strobe: 18 (n=1)
Strobe-ME: 11 (n=1)
NOS: 5 (n=1)
ToxRTool: n/a

Y

Study Quality Scores
(range)

Status under Regulation (EC) No. 1107/2009
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Compound
(active group)

EU
approval
status9

Study Quality Scores
(range)

References

Metaldehyde (cyclooctane)3

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Gibberellic acid
(hormone)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Napthoxyacetic acid
(hormone)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Chlorophenoxyacetic acid
(hormone)

N

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Bacillus thuringiensis
(bio-pesticide)

Y

De Ferrari et al., 1991

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Bolognesi et al., 1993a; Bolognesi et al.,
1993b;

Strobe: 11 (n=1)
Strobe-ME: 7 (n=1)
NOS: 3 (n=1)
ToxRTool: 3 (n=1)

Brock, 1991; Costa et al. 2014

Strobe: 14 (n=1)
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Mixed pesticides

Mixed organophosphates

n/a

n/a
70% of
baseline
(ACGIH, US;
DFG
Germany)

Ethylene-bisdithiocarbamates

n/a

Colosio et al., 2006; Fustinoni et al.,
2008

Strobe: 12 - 17 (n=2)
Strobe-ME: 8 -10 (n=2)
NOS: 4 – 5 (n=2)
ToxRTool: 3 (n=1)

Mixed carbamates

n/a

Costa et al., 2014

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Mixed thioethers

n/a

Costa et al., 2014

Strobe: n/a
Strobe-ME: n/a
NOS: n/a
ToxRTool: 3 (n=1)

Pyrethroids (general)

n/a

Ahn et al., 2011; Costa et al., 2014;
Couture et al., 2009; Fortin et al.,
2008a

Strobe: 13 – 18 (n=3)
Strobe-ME: 11 (n=1)
NOS: 4 (n=1)
ToxRTool: 3 (n=1)
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Compound
(active group)
Pyrethrins (general)

EU
approval
status9
n/a

Study Quality Scores
(range)

References
Berger-Preiss et al., 2009; Couture et al.,
2009; Fortin et al., 2008a

Strobe: 5 – 18 (n=3)
Strobe-ME: n/a
NOS: n/a
ToxRTool: n/a

1 – not considered as a Plant Protection Product; 2 – plant growth regulator; 3 - Molluscicide

3.3.

Most frequently studied pesticides and biomarkers

Due to the large numbers of individual pesticides identified from the literature review, a summary of
the most studied is given below. Table 10 provides a summary of the top 5 most studied herbicides
and insecticides and the top 3 fungicides, with associated biomarkers, identified from the selected
papers (approved for use in the EU: shaded rows). Concentrations of the active substance and/or
metabolite(s) measured in each study can be accessed in the accompanying Excel spreadsheet.
Table 10: Most frequently studied pesticides and biomarkers
Name / Number of
studies
Herbicides

Biomarker(s) / matrix

Comment

2,4-D; 2-ethylhexyl ester
Urine

2,4-D itself has been widely used as
the biomarker and is specific
however care needs to be taken to
avoid contamination if samples are
taken “in the field”.

Atrazine
9 studies

atrazine; atrazine
mercapturate;
deethylatrazine
Urine / Saliva

Several metabolites measured and in
US studies only as not approved for
use in EU.

Metolachlor
6 studies

metolachlor; metolachlor
mercapturate
Urine

Limited studies. Only one
specific analytical technique.

4-chloro-2methylphenoxyacetic
acid (MPCA)
6 studies

MCPA
Urine

Specific biomarker however care
needs to be taken to avoid
contamination if samples are taken
“in the field”.

Alachlor
4 studies

dealkylated
triazine
metabolites;
2,6diethylaniline (DEA)
Urine

Limited studies. Only one
specific analytical technique.

Glyphosate
4 studies

Parent
Urine

Analytical methods not described in
three of these studies, the other
study used immunoassay. One study
did not detect any exposure. Care
needs to be taken to avoid
contamination if samples are taken
“in the field”.

2,4dichlorophenoxyacetic
acid
26 studies
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Name / Number of
studies
Insecticides

Fungicides

3.3.1.

Biomarker(s) / matrix

Comment

Chlorpyrifos
34 studies

3, 5, 6-trichloro-2-pyridinol
(TCPY); DAP
Urine or plasma (parent
only)

Widely studied. TCPY is recognised
as specific biomarker for chlorpyrifos
and chlorpyrifos-methyl but residues
may be present on food. DAPs not
specific and food residues can
contribute to urinary levels. Urine or
plasma analysis of parent is specific
but less widely studied and
contamination needs to be avoided.

Permethrin
15 studies

A; 3PBA
Urine

Widely studied. DCVA is recognised
as specific biomarker for permethrin,
cypermethrin and cyfluthrin. 3-PBA
not specific. Urine or plasma analysis
of parent is specific but less widely
studied and contamination needs to
be avoided.

Cypermethrin
12 studies

DVCA; 3PBA
Urine or serum/plasma
(parent only)

Widely studied. DCVA is recognised
as specific biomarker for permethrin,
cypermethrin and cyfluthrin. 3-PBA
not specific. Urine or plasma analysis
of parent is specific but less widely
studied and contamination needs to
be avoided.

Deltamethrin
12 studies

DBVA; 3PBA
Urine

DBVA specific, 3-PBA not specific.
Not many occupational studies using
DBVA.

Malathion
10 studies

MMCA; MDCA; DAP;
Urine

MCA and DCA specific. DAPs not
specific and food residues can
contribute to urinary levels.

Captan
9 studies

THPI
Urine or plasma (parent
only)

Specific biomarker. Volunteer studies
and PBPK models also available.

Mancozeb
7 studies

ETU
Urine

ETU is not specific, it is a generic
biomarker of EDBCs in general and
ETU itself (also used as a pesticide).

Folpet
4 studies

PI
Urine or plasma (parent
only)

Potentially specific biomarker. Only
studied by one research group.

Summary of HBM of herbicides

Screening of the literature identified in this review indicated that, from a HBM perspective, 2,4-D was
the most studied of the herbicides (26 studies). 2,4-D is approved for use in Europe. The majority
(69%) of reported studies for 2,4-D were occupational epidemiology cohort studies. From a study
quality perspective, Strobe scores for all studies were in the range 5 – 20 (from a maximum score of
22), with 14 studies scoring 15 and above, i.e. considered to be of high quality (refer to section
3.3.4). Strobe-ME scores were in the range 5 – 14 (from a maximum score of 17) with 10 studies
scoring 10 and above, i.e. considered to be of high quality (refer to section 3.3.4) and NOS scores
between 1 and 6 (from a maximum score of 9) with 8 studies scoring 5 and above, i.e. considered to
be of high quality (refer to section 3.3.4). ToxRTool scores were in the range 2 – 3 with 4 studies
scored as ‘reliable with restrictions’. Atrazine was the second most studied herbicide from a HBM
www.efsa.europa.eu/publications
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perspective (9 studies) identified in this review of literature. This herbicide does not have EU approval
but restricted use is permitted. Study types included occupational, environmental, or combined
occupational/environmental epidemiological cohort or cross-sectional. Three occupational toxicity
studies were reported. Study quality parameters ranged between 3 and 20 under Strobe criteria (with
2 studies scoring 15 and above, i.e. considered to be of high quality -refer to section 3.3.4), between
4 and 10 under Strobe-ME, and 2 and 6 under the NOS. One toxicity study scored as ‘reliable without
restrictions’ (1) and two as ‘not reliable’ (3).
Metolochlor was the joint-third most reported herbicide (6 studies) identified in this review; it is not
approved for use in the EU. Study types included occupational, environmental, or combined
occupational/environmental epidemiological cohort or cross-sectional. Study quality parameters
ranged between 12 and 20 under Strobe criteria (with 4 studies scoring 15 and above, i.e. considered
to be of high quality -refer to section 3.3.4), between 10 and 14 under Strobe-ME, and 5 and 6 under
the NOS. Two toxicity studies were identified, one of which scored as ‘reliable without restrictions’ (1)
and one as ‘not reliable’ (3).
4-chloro-2-methylphenoxyacetic acid (MPCA) is approved for use in Europe and was the joint-third
most reported of the herbicides (6 studies). The majority (66%) of studies were occupational
epidemiology cohort type, with two occupational toxicology studies reported. From a study quality
perspective, Strobe scores were in the range 11 – 18 (with 4 studies scoring 15 and above, i.e.
considered to be of high quality -refer to section 3.3.4), Strobe-ME scores in the range 2 – 9, and NOS
scores of 5 (two studies only). The occupational toxicity studies reported for MCPA scored as ‘reliable
without restrictions’ (1) and as ‘not reliable’ (3).
Alachlor, which is not approved for use in the EU, was the fifth most reported herbicide (5 studies)
from a HBM perspective that was identified in this review. Four studies were of the occupational
toxicity type, with the fifth being an environmental epidemiology cohort study. In terms of study
quality, two occupational toxicity studies were scored as ‘reliable without restrictions’ (1), one as
‘reliable with restrictions’ (2) and one as ‘not reliable’ (3). The epidemiology study scored 20 using
Strobe, 10 using Strobe-ME, and 6 using NOS guidelines, respectively, and was therefore considered
to be of high quality - refer to section 3.3.4).

3.3.2.

Summary of HBM of insecticides

Screening of the literature identified in this review indicated that, from a HBM perspective, chlorpyrifos
was the most studied of the insecticides (35 studies), with many combinations of study type being
reported (refer to Master Spreadsheet for full descriptions). Chlorpyrifos is approved for use in Europe
(however some restrictions now apply in the UK). From a study quality perspective, Strobe scores for
all studies were in the range 3 – 19 (maximum score of 22), (with 14 studies scoring 15 and above,
i.e. considered to be of high quality -refer to section 3.3.4), Strobe-ME scores in the range 2 – 14
(maximum score of 17), and NOS between 1 and 6 (maximum score of 9). Two occupational toxicity
studies were identified and scored as ‘reliable with restrictions’ (2) and as ‘not reliable’ (3). Two
environmental toxicity studies scored as ‘reliable with restrictions’ (2) and one as ‘not reliable’ (3).
Four volunteer toxicity studies scored as ‘reliable without restrictions’ (1) and one as ‘reliable with
restrictions’ (2).
Permethrin was the second most studied insecticide from a HBM perspective (15 studies) identified in
this review of literature. This insecticide does not have EU approval. Study types included
occupational, environmental, epidemiological cohort, or cross-sectional. Five occupational and three
volunteer toxicity studies were reported. Study quality parameters ranged between 7 and 17 under
Strobe criteria (with 5 studies scoring 15 and above, i.e. considered to be of high quality -refer to
section 3.3.4), between 5 and 14 under Strobe-ME, and 2 and 7 under the NOS. Four of the
occupational toxicity studies scored as ‘not reliable’ (3) with one scoring as ‘reliable with restrictions’
(2); however, the two volunteer toxicity studies scored as ‘reliable without restrictions’ (1) and one as
‘reliable with restrictions’ (2)
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Cypermethrin is approved for use in Europe and was the joint-third most reported of the insecticides
(12 studies). Study types varied but included occupational, environmental, epidemiology cohort, casecontrol and cross-sectional type. From a study quality perspective, Strobe scores were in the range 10
– 18 (with 6 studies scoring 15 and above, i.e. considered to be of high quality -refer to section
3.3.4), Strobe-ME scores in the range 4 – 11, and NOS scores between 2 and 5. Three toxicity studies
were identified: one occupational toxicity study and one environmental study, both of which were
scored as ‘not reliable’ (3), and one volunteer toxicity study, scored as ‘reliable with restrictions’ (2).
Deltamethrin, which is approved for use in the EU, was the joint-third most reported insecticide (12
studies) from a HBM perspective identified in this review. Studies were of the occupational and
environmental epidemiology cohort, cross-sectional or case-control type. From a study quality
perspective, Strobe scores were in the range 9 – 19 (with 5 studies scoring 15 and above, i.e.
considered to be of high quality -refer to section 3.3.4), Strobe-ME scores in the range 9 – 11, and
NOS scores between 2 and 6. Three toxicity studies were identified which, in terms of study quality,
were all scored as ‘reliable without restrictions’ (1).
Malathion was the fourth most reported insecticide (10 studies) identified in this review, and is
approved for use in the EU. There was no clear majority study type, with occupational and
environmental based epidemiology cohort, cross-sectional and case-control studies reported. Three
toxicity studies were reported. Study quality parameters ranged between 8 and 17 under Strobe
criteria (with 2 studies scoring 15 and above, i.e. considered to be of high quality -refer to section
3.3.4), between 8 and 14 under Strobe-ME, and 2 and 6 under the NOS. The occupational toxicity
study scored as ‘not reliable’ (3), the volunteer toxicity study as ‘reliable with restrictions’ (2) and the
environmental toxicity study as ‘not reliable’ (3).

3.3.3.

Summary of HBM of fungicides

Screening of the literature identified in this review indicated that, from a HBM perspective, Captan was
the most studied fungicide (9 studies). This fungicide does have EU approval. Study types included
occupational and environmental epidemiological cohort, and case-control studies. Four occupational
and one volunteer toxicity studies were reported. Study quality parameters ranged between 12 and 18
under Strobe criteria (with 2 studies scoring 15 and above, i.e. considered to be of high quality -refer
to section 3.3.4), between 10 and 11 under Strobe-ME, and 2 and 5 under the NOS. Four of the
toxicity studies scored as ‘not reliable’ (3), with one scoring as ‘reliable with restrictions’ (2).
Mancozeb was the second most frequently studied of the fungicides (7 studies). This fungicide is
approved for use in the EU. The majority of studies were of the occupational epidemiology cohort
type, with one occupational toxicity cohort study being reported. From a study quality perspective,
Strobe scores for all studies were in the range 3 – 17 (maximum score of 22; 2 studies scoring 15 and
above, i.e. considered to be of high quality -refer to section 3.3.4), Strobe-ME scores were in the
range 5 – 14 (maximum score of 17), and NOS scores were in the range1 – 5 (maximum score of 9).
Two occupational toxicity studies were reported for mancozeb, one scoring as ‘reliable without
restrictions’ (1) and one as ‘not reliable’ (3).
Folpet is approved for use in Europe and was the third most reported of the fungicides (4 studies).
Study types were limited to occupational toxicity (3 studies) and volunteer toxicity (1 study) types.
From a study quality perspective, all scored as ‘not reliable’ (3) with the exception of one occupational
toxicity study which scored as ‘reliable with restrictions’ (2).

3.3.4.

Identification of higher quality studies

The application of study quality scoring tools in this review allowed prioritisation of identified literature
from both HBM and epidemiological/toxicological perspectives. For the purposes of this review, those
studies having an occupational, occupational/volunteer or occupational/environmental basis were
judged to have greatest relevance to the questions being asked (i.e. to have the highest score for
HBM). Taking only these studies into consideration, quality scores for the epidemiological (STROBE
and STROBE-ME/NOS where appropriate) and/or toxicological (ToxRTool) aspects were then used to
www.efsa.europa.eu/publications
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assess the overall quality of the evidence base, specifically for the most relevant of the identified HBM
studies.
As indicated in section 2.2.5.2, as there are no standard criteria for defining a ‘high quality study’
using the scales utilised in this review, it was considered most appropriate to assess the scores
obtained using STROBE, as this is the most established of the scales. STROBE scores for all studies
ranged between 7 and 20, and those scoring 15 and above (n=22) were considered to be of high
quality and therefore to be assessed further. A summary of the main findings of the higher scoring
studies is given in Table 11 (section 4).
STROBE-ME scores, where applicable, ranged between 4 and 14, with studies scoring 10 and above
(n=18) considered to be of high quality. Where available, STROBE and STROBE-ME scores identified
the same studies as being of a high quality (with exceptions of Arbuckle et al., 2002, 2005; Garry et
al., 2001 and Simcox et al., 1999 which had lower STROBE-ME scores).
NOS scores, where applicable, ranged between 1 and 7, with studies scoring 5 and above (n=19)
considered to be of high quality. Where available, STROBE and NOS scores identified the same studies
as being of a high quality (with exceptions of Garry et al., 2001 and Simcox et al., 1999 which had
lower NOS scores).
ToxRTool scores, where applicable, ranged between 1 (reliable without restrictions) to 3 (not reliable),
with those classified as 1 or 2 (‘reliable with restrictions’) being considered to be of high quality and
therefore to be assessed further. A summary of the main findings of these is given in Table 12
(section 4).
All of the studies remaining following secondary screening (n=178) are detailed in the accompanying
Excel Spreadsheet, and were taken forward for critical review (including consideration of the
contribution that HBM has made to date to the evaluation of potential health risks from occupational
exposure to pesticides), as detailed in Section 4.1. High quality studies (n = 32) were used to
formulate key findings (including recommendations for implementing HBM into current EU
occupational surveillance practices for pesticides), as detailed in Section 4.2.

4.

Critical review of collated information

Quantification of the relationship between exposure and adverse human health effects requires the
use of exposure estimates that are accurate, precise and biologically relevant. In a recent report for
EFSA, Ntzani et al. (2013) outlined findings of a systematic and extensive literature review of
epidemiological studies examining the association between pesticide exposure and [any] health
outcome published after 2006. Despite the large volume of available studies (>6,000) and data, firm
conclusions could not be made for the majority of the outcomes studied. The authors commented that
the limitations they observed are commonly reported for epidemiology studies, and in particular those
on pesticides, and as a consequence firm associations between exposure and adverse health effects
could not be made. Two main limitations were considered by Ntzani et al. (2013). Firstly a tendency
towards the use of case control and cross-sectional epidemiological study designs, the evidence from
which do not allow the study of temporal relations or provide support regarding the causality of
associations. Secondly, and most importantly, weaknesses in the assessment of exposure were
considered to limit the reliability of the study findings.
Ntzani et al. (2013) described the use of a number of methods for exposure assessment and
assignment. Most studies were based on self-reported exposure to pesticides, defined as ‘ever’ versus
‘never’ use, or as ‘regular’ versus ‘non-regular’ use. The authors comment that such methods suffer
from high misclassification rates, especially in the case of retrospective studies where recall bias is
prevalent. In addition, such questionnaires might be capable of differentiating subjects with very high
and very low exposure levels but are not capable of valid exposure classification across an exposure
gradient, thus preventing the identification of dose-response relationships. The importance of using
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validated questionnaires, and to assess simultaneous exposure to multiple agents such as may occur
during occupational pesticide exposure, were also highlighted in the study findings.
Exposure assessment is a key part of all epidemiological studies and misclassification of exposure and
use of simple categorical methods are known to weaken the ability of a study to determine whether
an association between contact and ill-health outcome exists (Semple, 2005). This in turn limits, at
present, the integration of epidemiological findings into regulatory risk assessment. The focus of this
report was to review available evidence for the potential role of HBM in occupational health and
safety strategies, as both a tool for refined exposure assessment in epidemiology studies and to
contribute to the evaluation of potential health risks from occupational exposure to pesticides. In
addition, the evidence was used to help formulate recommendations on the implementation of HBM as
part of the occupational health surveillance for pesticides in Europe.

4.1.

Assessment of the contribution of HBM to the evaluation of
potential health risks from pesticides exposure in occupational
settings

4.1.1.

Toxicological studies

Only a limited number (34) of occupational, occupational/volunteer and/or occupational/environmental
toxicological studies were identified in the complete dataset and (through use of the ToxRTool) only 4
of those studies relating (in entirety) to dithiopyr, epoxiconazol, carbaryl, delthametrin, benomyl,
dinocap, mancozeb, oxadixyl, propineb, triadimenol, alachlor, atrazine, linuron, MCPA, metobromuron,
metalachlor, oxyfluorfen and permethrin were judged to be ‘reliable without restrictions’ (Cowell et al.,
1991; Oestreich et al., 1997; Pasquini et al., 1997; Proctor et al., 2014). A further 6 studies were
considered as ‘reliable with restrictions’, relating (in entirety) to the pesticides captan, folpet,
propoxur, 2,4-D, terbuthylazine, alachlor and chlorpyrifos. The remaining toxicological studies were
not considered to present reliable data when assessed using the ToxRTool (i.e. they were considered
as Category 3: not reliable). Although the reasons for unreliability varied between studies, the most
common reasons for recording a low score using the ToxRTool included lack of detail regarding
participants, low numbers of subjects, and poor details of study design.
With the exception of a limited number of volunteer studies for captan, folpet, diazinon,
propetamphos, methamidophos, chlorpyrifos, 2,4-D, malathion, pyrethrum, cyfluthrin, vinclozolin,
iprodione, chlormequat, epoxiconazol, carbaryl, permethrin, cypermethrin, pirimicarb, deltamethrin
and 1,3-dichloropropene, toxicokinetic data for pesticides is generally lacking. Such studies provide
vital information relating to the ADME of individual pesticides in human subjects, allowing more
accurate time points to be established for HBM sampling for different routes of exposure. For
example, Garfitt et al. (2012) reported that volunteers exposed to diazinon through the oral route
showed peak urinary levels of DAP metabolites two hours following exposure; however, when exposed
through the dermal route, peak levels were detected following nine hours. Also, percentage
absorption was calculated at 60% for oral exposure but only 1% for dermal exposure. Such data are
typical of the volunteer studies identified in this review. Aside from the limited numbers of pesticides
evaluated through volunteer studies, a further issue relates to the low numbers of subjects involved in
these studies.
The lack of such information for a large number of pesticides in turn impacts on the wider use of PBPK
models in the risk assessment of pesticides, as toxicokinetic data is needed to create the PBPK
models. In addition, currently used exposure assessment models such as UK-AOEM rely on estimated
exposures and apply a generic uptake rate (e.g. 100% for inhalation exposure) which is likely to be
over conservative.

www.efsa.europa.eu/publications

54

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document,
without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

4.1.2.

Epidemiological studies

From an epidemiological perspective, all studies were scored using the STROBE statement; STROBEME and NOS scores were also given where the study type was appropriate. As the most established
tool, the STROBE scores are used below to compare studies; however, it is noted that many of the
higher scoring studies using STROBE (score of ≥ 15) also scored highly using STROBE-ME (≥ 10) and
NOS (≥ 5), when used. Issues with the epidemiology studies identified were limitations around the
exposure assessment, as detailed in Table 11 below.
It must be stressed that the STROBE statement was not developed to explain how research should be
done or to assess the methodological quality of a paper. The scores were derived from what was
reported in a study which may not reflect what was actually done. Reporting quality refers to the
completeness with which a study is presented and whether major items for the proper appraisal of
internal and external validity of findings are clearly presented (Williams, 2010). Methodological quality
refers to the appropriateness of the methods employed in the design and conduct of epidemiological
research, which determines the reliability of findings (i.e. internal validity). Simply relying on what
study authors report can lead to over- or under-estimation of the quality of a piece of research. In
addition, each criterion in the statement is assumed to carry equal weight as every other one. This is
not true, for example to present key elements of study design early in the paper does not really count
as much as a failure to explain how loss to follow-up of cohort members was addressed.
Similarly, the use of NOS in evidence-based reviews and meta-analyses has been questioned, and
may produce highly arbitrary results (Stang et al., 2010). The lack of appropriate reporting of
methodological details in published articles could distort the risk of bias assessment in RCTs
(Devereaux et al., 2004; Soares et al., 2004) and also observational studies (Lo et al., 2014). Lo et al
(2014) concluded that the differences in assessment and low agreement between reviewers and
authors suggested the need to contact authors for information not published in studies when applying
the NOS in systematic reviews.
However, despite these limitations some studies have used the derived scores to select papers to be
included in their systematic reviews and meta-analyses. In this review the scores did not determine
whether a study was included or not, and it was reassuring that the scores from STROBE correlated
with those from STROBE-ME and NOS.
A range of designs were employed in the studies identified in this review to assess the risk posed to
pesticide workers as a result of pesticide exposure, however a substantial limitation of many of these
was that biomarker measurements were taken at a single time point, following a single exposure
episode.
Of those studies detailed in Table 11, all study designs were reported. The majority of studies were of
the cohort design. Cohort studies (prospective and/or retrospective) are preferable for biomarker
validation as all individuals are known to be disease-free at the time of biomarker evaluation, with
disease arising thereafter. Cohort studies were identified for the pesticides 2,4-D; MCPA; acetochlor;
metolachlor; acephate; chlorpyrifos; chlorpyrifos-methyl; dimethoate; malathion; methamidaphos;
mancozeb; bis-dithiocarbamates fungicide; general pyrethroid metabolite; permethrin; cypermethrin;
cyfluthrin; tebuconazole; mecoprop; dicamba; imidacloprid; bifenthrin metabolite (MPA); 6chloronicotinic acid (6-CNA); glyphosate; propanil and azinphos-methyl.
Traditionally, cohort studies are considered to have the advantage of using large numbers of subjects,
thereby increasing their ability to detect exposure related increases in disease outcomes. However,
the studies reviewed here (Table 11), evaluated only a small number of subjects and consequently
had a lower statistical power, which in any epidemiological study would reduce the chance of
detecting a ‘true’ effect. In addition, the low study power reduces the likelihood that any statistically
significant result reflects a ‘true’ effect. A small sample size also usually leads to large inter-individual
variability in the results, which could influence whether a ‘true’ effect can be detected. However, an
advantage of a small cohort size could be seen as the ability to obtain more accurate exposure
histories.
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Table 11: A summary of the exposure assessments within higher scoring 10 epidemiological studies
Study Reference
Pesticide(s) investigated

Type
Number of
participants

Exposure assessment/Biomarker choice

Cohort
121 (34 farmers; 34
spouses; 53 children)

Questionnaire: Demographics, farm production & practices, pesticide application procedures, PPE use, pesticide
exposure (self-reported by farmer & recorded by observer); 24 h urine samples collected 1d before pesticide
application through 3d after application; analysis of urinary levels of 2,4-D.

Arbuckle TE et al. (2005) Biomonitoring of
herbicides in Ontario farm applicators.
Scandinavian Journal of Work, Environment
and Health 31:90-7
2,4-D; MCPA

Sub-cohort study of
Ontario Farm Family
Health Study
(retrospective cohort
study)
126

Questionnaire: collect information on pesticides used & potential predictive factors, including handling practices;
pre-exposure spot urine sample collected prior to starting use of pesticide; two consecutive 24h urine sample
collections following exposure.

Arbuckle, TE. et al. (2002) Predictors of
Herbicide Exposure in Farm Applicators.
International archives of occupational and
environmental health, 75, 406-414.
2,4-D; MCPA

Sub-cohort of Ontario
Farm Family Health
Study (retrospective
cohort study)
126

Questionnaire: collect information on pesticides used & potential predictive factors, including handling practices;
pre-exposure spot urine sample collected prior to starting use of pesticide; two consecutive 24h urine sample
collections following exposure.

Arcury TA et al. (2009) Seasonal variation in
the measurement of urinary pesticide
metabolites among Latino farmworkers in
eastern North Carolina. International Journal
of
Occupational
and
Environmental
Health 15:339-50

Cohort
284

Questionnaire: collect information on personal characteristics, recent risk factors for pesticide exposure; spot
urine samples collected on morning after administration of questionnaire; variation in exposures considered over
4 time periods.

Alexander, BH. et al. (2007) Biomonitoring of
2,4-Dichlorophenoxyacetic Acid Exposure and
Dose in Farm Families. Environmental health
perspectives, 115, 370-376.
2,4-D

10

Comment: biomarker is appropriate but reliability of findings impacted by small sample size and incomplete urine
sample collections.
Key findings: The primary conclusion of the study is that there is heterogeneity of 2,4-D exposure among farm
family members.

Comment: biomarkers are appropriate but reliability of findings impacted as a number of environmental,
product-specific and personal factors which may influence uptake were not considered.
Key findings: The use of PPE lowers exposure. A decrease in exposure levels was considered to be due to
improvements in education, equipment used and labelling.

Comment: biomarkers are appropriate but reliability of findings impacted by small sample size and a number of
environmental, product-specific and personal factors which may influence uptake were not considered.
Key findings: Specific factors were identified as being associated with exposure - pesticide formulation,
application equipment, personal hygiene and protective clothing/equipment.

Comment: biomarkers are appropriate; significance of impact of season on exposure highlights the need for
samples to be collected systematically across agricultural seasons to get true indication of pesticide exposure.

Studies scoring 15 and above using STROBE scale (maximum score of 22)
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Study Reference
Pesticide(s) investigated

Type
Number of
participants

Exposure assessment/Biomarker choice
Key findings: Seasonal variability indicates that samples need to be collected systematically across agricultural
season to obtain the most accurate indication of pesticide exposure.

2,4-D; acetochlor; metolachlor
Arcury TA, et al. (2010) Repeated pesticide
exposure among north Carolina migrant and
seasonal farmworkers. American Journal of
Industrial Medicine 53:802-13
acephate; chlorpyrifos; chlorpyrifos-methyl;
dimethoate;
malathion;
methamidaphos;
mancozeb; bis-dithiocarbamates fungicide;
general pyrethroid metabolite; permethrin;
cypermethrin; cyfluthrin; 2,4-D; acetochlor;
metolachlor

Cohort
196

Barry KH et al. (2012) Genetic variation in
nucleotide excision repair pathway genes,
pesticide exposure and prostate cancer risk.
Carcinogenesis 33:331-7

Nested case-control,
Agricultural Health
Study
776 cases; 1444
controls

Questionnaire: pesticide use and exposure, classed as high, medium or low.

Cross-sectional
44

Questionnaire: personal and demographic information, use of PPE and pesticide use and exposure.

Questionnaire: collect information on personal characteristics, recent risk factors for pesticide exposure, health
characteristics, living and working environments; spot urine samples collected on morning after administration of
questionnaire; variation in exposures considered over 4 time periods.

Comment: biomarkers are appropriate; limitation of participant choice; other sources of exposure not
considered; analysis time does not take into account other crop handling.
Key findings: farmworkers were exposed to multiple pesticides and also repeated exposure to some pesticides.
Seasonal variability indicates that samples need to be collected systematically across agricultural season to
obtain the most accurate indication of pesticide exposure.

Comment: only effect biomarkers assessed; intensity score may underestimate/over-estimate actual exposure.
Key findings: NER genetic variation may play a role in development of prostate cancer from pesticide exposure.

permethrin; carbofuran; fonofos.
Bradman, A et al. (2009) Community-based
intervention to reduce pesticide exposure to
farmworkers
and
potential
take-home
exposure to their families. Journal of Exposure
Science and Environmental Epidemiology
19(1): 79-89.

Comment: biomarkers are appropriate; efficacy of handwashing not established; no measurement of longitudinal
exposure.
Key findings: Participants who wore gloves were exposed to lower levels of malathion compared to those who
didn't wear gloves.

malathion
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Study Reference
Pesticide(s) investigated
Fustinoni S, Campo L, Liesivuori J, Pennanen
S, Vergieva T, et al. 2008. Biological
monitoring and questionnaire for assessing
exposure to ethylenebisdithiocarbamates in a
multicenter European field study. Human and
Experimental Toxicology 27:681-91
ethylenebisdithiocarbamate

Fustinoni, S., et al. (2014). "Biological
monitoring of exposure to tebuconazole in
winegrowers." Journal of Exposure Science
and Environmental Epidemiology 24: 643-649.

Type
Number of
participants
Case-control
Bulgaria: 55 cases; 45
controls
Finland: 51 cases; 49
controls
Italy: 4 cases; 45
controls
Netherlands:
42
cases; 40 controls
Bulgaria: 52 cases;
49 controls

Questionnaire: taken at two time points - first time point collected demographic factors, disease, vaccinations,
use of alcohol, drugs and smoking and second information on the use of pesticides and any health effects; spot
urine samples collected at the beginning of the season (2nd void) and after 30 days of exposure.

Cohort
8

Questionnaire: administrated by the research team, personal characteristics and occupational information;
dermal exposure estimated.

Case-control
53 cases; 41 controls

Physical examination with blood samples at start and finish of season (1 year) and 4 urine samples over season
comprising spot first morning voids.

tebuconazole
Garabrant DH, Aylward LL, Berent S, Chen Q,
Timchalk C, et al. 2009a. Cholinesterase
inhibition
in
chlorpyrifos
workers:
Characterization of biomarkers of exposure
and response in relation to urinary TCPy.
Journal
of
Exposure
Science
and
Environmental Epidemiology 19:634-42

Exposure assessment/Biomarker choice

Comment: biomarkers are appropriate; quantitative information regarding use of pesticide vague or missing,
authors particularly noted this in Dutch study; use of PPE over reported; spot urine samples believed to
underestimate exposure; some data from the questionnaire incomplete.
Key findings: Workers were exposed to a variety of pesticides depending on their job, e.g. potato farmers were
exposed to eight pesticides and workers involved in zineb production to one pesticide. Pesticide application using
manual equipment was identified as a major source of exposure.

Comment: biomarkers are appropriate; limitations include wide inter-subject variability and environmental
contamination; small sample size; use of coveralls to collect samples may not reflect 'real' exposure conditions.
Key findings: Urinary excretion of TEB and its metabolites were at their highest concentration 24 hours after
application. The TEB concentrations from dermal exposure and from the urine samples are significantly
correlated.

Comment: biomarkers of exposure and effect; unclear how subjects were selected; alternative sources of
exposure leading to urinary TCPy excretion not accounted for; baseline RBC AChE measures not collected, so
change in levels could not be evaluated.
Key findings: The study concludes that there is a lack of biological response to CPF at exposures higher than
those in the general population.

chlorpyrifos
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Study Reference
Pesticide(s) investigated

Type
Number of
participants

Exposure assessment/Biomarker choice

Garry VF, Tarone RE, Kirsch IR, Abdallah JM,
Lombardi DP, et al. 2001. Biomarker
correlations of urinary 2,4-D levels in foresters:
Genomic instability and endocrine disruption.
Environmental Health Perspectives 109:495500
2,4-D

Cohort
39

Application records: details on number of applications, volume and type of herbicides and method of application;
first morning urine void samples and blood samples collected at the end of peak exposure.

Harris SA, Villeneuve PJ, Crawley CD, Mays JE,
Yeary RA, et al. 2010. National study of
exposure to pesticides among professional
applicators: An investigation based on urinary
biomarkers. Journal of Agricultural and Food
Chemistry 58:10253-61

Cohort
135

Questionnaire: the daily volume of pesticide use and the total land area sprayed, demographic data, smoking
status, number of years employed, protective equipment worn, frequency of uniform laundering, and personal
hygiene.

Comments: biomarkers are appropriate; volunteers not picked at random; locations for sampling not randomly
selected.
Key findings: Differences were observed in 24h urinary levels of pesticide biomarkers across spray seasons. 2,4D and dicamba levels were highest in spring, MCPP concentrations were highest in summer -variations across
seasons were less marked for MCPA.

2,4-D;
MCPA;
mecoprop;
dicamba;
imidacloprid; bifenthrin metabolite (MPA); 6chloronicotinic acid (6-CAN)
Kegel P, Letzel S, Rossbach B, 2013.
Biomonitoring in wearers of permethrin
impregnated battle dress uniforms in
Afghanistan and Germany. Occup Environ Med
2014;71:112–117.
permethrin

www.efsa.europa.eu/publications

Comment: biomarkers of exposure and effect; limited sample size.
Key findings: 2,4-D levels in urine by application method was: back pack sprayer > boom sprayer > aerial
application> skidder> control subjects. Exposure effects for DNA are suggested to be reversible.

Cohort
549 study 1
195 study 2

Questionnaire: personal data and other factors that may influence pyrethroid exposure; urine samples collected
in morning when possible.

Comments: biomarkers are appropriate; urine collection not uniformly carried out; individual operating
conditions differed.
Key findings: Daily use of permethrin impregnated BDU results in a significantly higher uptake of permethrin
compared to the general population.
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Study Reference
Pesticide(s) investigated
Kokkinaki A, Kokkinakis M, Kavvalakis MP,
Tzatzarakis MN, Alegakis AK, et al. 2014.
Biomonitoring of dialkylphosphate metabolites
(DAPs) in urine and hair samples of sprayers
and rural residents of Crete, Greece.
Environmental Research 134:181-7

Type
Number of
participants

Exposure assessment/Biomarker choice

Cross-sectional
34 exposed; 86 not
exposed

Questionnaire: pesticide history (frequency of OP application), residence, education, occupational history;

Cross-sectional
77
sprayers;
75
residents; 112 urban
residents

Questionnaire: administered by the research team to collect demographic information, smoking habits, alcohol
consumption, date of last application, pesticides used, duration of spraying, total area treated, type of crop,
equipment used, PPE used, hygienic behaviours.

Cohort
395 (215 follow-up)

Questionnaire: collect information on pesticide exposure and categories based on job titles and work activities;
field observations performed to validate questionnaire findings on small sample.

Comments: biomarker is general but appropriate; small sample size; subjects were volunteers; samples collected
in only 1 spraying season, which may bias findings.
Key findings: Higher levels of DAPs in the hair and urine samples of the occupational exposed group when
compared to the control group.

organophosphates general
Koureas M, Tsakalof A, Tzatzarakis M et al.,
2014. Biomonitoring of organophosphate
exposure of pesticide sprayers and comparison
of exposure levels with other population
groups in Thesaly (Greece). Occup Environ
Med, 71, 126-133
organophosphates general
Krenz JE, Hofmann JN, Smith TR et al 2015.
Determinants
of
Butyrylcholinesterase
Inhibition
Among
Agricultural
Pesticide
Handlers in Washington State: An Update.
Ann. Occup. Hyg., 2015, Vol. 59, No. 1, 25–40.
organophosphates
carbamate

general;
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Comments: biomarker is general but appropriate; small sample size; sprayers could have over-reported the use
of PPE.
Key findings: Pesticide applicators are significantly more exposed than the two non-occupational groups. The use
of PPE (gloves and full body overalls) and other protective measures (changing clothes after spillage) strongly
influenced exposure levels for the applicators.

Comments: biomarker of effect; false positive rate of between 1% and 6% identified; confounding factors not
adjusted for in ChE activity; detailed information on pesticide exposure not collected.
Key findings: highest exposures were associated with multiple pesticide exposure and mixing/loading. Highest
ChE activity inhibition was associated with multiple pesticide exposure, mixing/loading, non-storage of PPE in a
locker at work and non-wearing of chemical-resistant boots.
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Study Reference
Pesticide(s) investigated
Mandel, J. S.; Alexander, B. H.; Baker, B. A.,
et al (2005) Biomonitoring for Farm Families in
the Farm Family Exposure Study. Scandinavian
Journal of Work, Environment and Health, 31,
98-104.

Type
Number of
participants

Exposure assessment/Biomarker choice

Cohort
275 (95 farmers; 180
children)

Questionnaire: answered before the pesticide application and after application, demographic characteristics,
farm practices, household practices, use of personal protective equipment, local site conditions, information
about pesticide applications, number of pesticide applications, number of crops, when the last pesticide
application was; spousal questionnaire also completed.

Comments: biomarkers are appropriate; only one application assessed which may not reflect usual practices;
confounding by other variables, e.g. dietary intake not taken into account.
Key findings: the highest urinary concentrations of pesticides were in the order applicators > children > spouses.

glyphosate; chlorpyrifos; 2,4-D
Mercadante R, Polledri E, Bertazzi PA,
Fustinoni S. 2013. Biomonitoring short- and
long-term
exposure
to
the
herbicide
terbuthylazine in agriculture workers and in
the general population using urine and hair
specimens. Environment International 60:42-7

Cross-sectional
10
farmers;
9
residents; 6 urban
residents

Comments: biomarkers are appropriate; unclear how subjects were selected, ie. volunteers or chosen at
random.
Key findings: hair samples can be used for measuring exposure to terbuthylazine in rural and urban residents.

terbuthylazine
Rubino et al (2012) Farmers' Exposure to
Herbicides in North Italy: Assessment Under
Real-Life Conditions in Small-Size Rice and
Corn Farms. Toxicology letters, 210, 189-197
propanil; terbuthylazine

www.efsa.europa.eu/publications

Questionnaire: personal characteristics, smoking habits, consumption of locally sourced food and vegetables, use
of water from artisan wells; residence proximity to corn fields, pesticide use (farmers only); spot urine samples
from workers pre-exposure, post-exposure (same day), post-exposure (pre-shift following day); one spot second
void urine sample taken for resident group during application season; pre and post exposure hair samples also
collected.

Cohort
28

Skin exposure measured by pads; hand skin exposure measured by washing workers' hands at the end of the
shift; urine samples collected pre and post application (24h).

Comments: biomarkers are appropriate; small number of subjects and samples; only one urinary collection at
each time point; results may not be translated to other farmers using different spraying equipment.
Key findings: Farmers working in small estates and applying lower amounts of pesticides are more highly
exposed than farmers working in larger estates and applying a higher amount of pesticides; this is likely due to
better condition of storage with regards to hygiene and better machinery.
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Study Reference
Pesticide(s) investigated
Simcox NJ, Camp, J, Kalman D, Stebbins A,
Bellamy G, Lee I-C, Fenske R. 1999.
Farmworker Exposure to Organophosphorus
Pesticide Residues During Apple Thinning in
Central
Washington
State.
AMERICAN
INDUSTRIAL
HYGIENE
ASSOCIATION
JOURNAL 60:752–761.

Type
Number of
participants
Cohort
27

Case-control
22 cases; 26 controls

Questionnaire: collected information on use of PPE; one blood sample collected between November-January (1-3
months after the last application).

Cross-sectional
10 applicators

Urine samples collected pre-exposure and complete 24 hr samples (collected in 8 and 16 hour portions) collected
for the six days of the study; dermal exposure measured from PPE worn over long-sleeved cotton coveralls.

phosphine

Zhang X et al, 2011. Concurrent 2,4-D and
triclopyr
biomonitoring
of
backpack
applicators, mixer/loader and field supervisor
in forestry. Journal of Environmental Science
and Health Part B 46, 281–293.
2,4-D; triclopyr

www.efsa.europa.eu/publications

Defined pesticide applications at three sites; blood samples collected at site 1 in the first and last week of
thinning and biweekly for six weeks at the other two sites. Urine samples collected two weeks before thinning
and then daily at the end of the shift.

Comments: biomarkers of exposure and effect; differences in working conditions between orchards; ChE
measurements in this study were not considered reliable; use of PPE unclear; compromised work histories at one
site may have affected baseline samples.
Key findings: DMTP levels were lower post thinning. Differences in urinary levels of DTMP between orchards
were suggested to be due to differences in foliar residue variability, timing of re-entry and number of
applications.

azinphos-methyl
Tucker JD et al., 2003. Multi-endpoint
biological monitoring of phosphine workers.
Mutation Research 536, 7–14.

Exposure assessment/Biomarker choice

Comment: biological effect marker only; selection and measurement bias as small sample size use; methods
used to evaluate exposure may be non-specific for phosphine exposure.
Key findings: No difference in frequency of translocations in the phosphine applicators when compared to the
controls and no effect of smoking. Age had a significant effect on the frequency of translations. The GPA assay
showed no effect from exposure to phosphine or smoking.

Comments: biomarkers are appropriate; measurement bias possible as inhalation exposure not monitored;
dermal exposure limited to whole body suits and not cotton patch dosimeters; ratio of passive dosimetry to
biomonitoring may be indication of bias.
Key findings: Passive dosimetry for 2,4-D overestimated dosage measured using biomonitoring by 2-3 fold, while
for triclopyr it underestimated the absorbed dose by a factor of 2-4 fold.
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Table 12: A summary of the exposure assessments within higher scoring11 toxicological studies
Study Reference
Pesticide(s) investigated

Type
Number of
participants

Exposure assessment/Biomarker choice

Berthet,
A.,
et
al.
(2011).
"Liquid
chromatography-tandem mass spectrometry
(LC/APCI -MS/MS)
methods
for
the
quantification of captan and folpet phthalimide
metabolites in human plasma and urine."
Analytical and Bioanalytical Chemistry 399(6):
2243-2255 .

Case-control
10 volunteers; 5
applicators

Urine samples and blood samples analysed for THPI and PI analytes. Exposure by the oral and dermal route.

Brouwer R, et al. (1993) Skin Contamination,
Airborne
Concentrations,
and
Urinary
Metabolite Excretion of Propoxur During
Harvesting of Flowers in Greenhouses.
American Journal of Industrial Medicine 24593603.
propoxur

Cohort
16 workers

Propoxur applied by high volume spraying or dusting. Urine samples collected over a 48 hour period (in eight
fractions) from the start of exposure. Dermal exposure measured indirectly. Dislodgeable foliar residue collected.
Airborne concentration was measured.

Cowell, J. E.; Lottman, C. M.& Manning, M. J.
(1991) Assessment of Lawn Care Worker
Exposure
to
Dithiopyr.
Archives
of
Environmental Contamination and Toxicology,
21, 195-201.
dithiopyr

Cross-sectional
18 participants

Comment: biomarker is appropriate.
Key findings: Method development and validation study

captan; folpet

11

Comment: biomarker is appropriate.
Key findings: Dermal exposure (>80%) is the main route of exposure.
The mixer/loader and application sequences were monitored using cotton gauze patches, air sampling media
and hand washes. Use of PPE assessed. Urine was collected from the participants the day prior to handling any
dithiopyr. Urine was also collected from every participant for 72 hours after the initial use of dithiopyr.
Comment: biomarker is appropriate.
Key findings: PPE significantly lowers exposure; highest exposure was to the lower leg.

Studies scoring 1 or 2 using ToxRTool

www.efsa.europa.eu/publications
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Study Reference
Pesticide(s) investigated

Type
Number of
participants

Exposure assessment/Biomarker choice

Figgs LW, Holland NT, Rothman N, Zahm SH,
Tarone RE, et al. 2000. Increased lymphocyte
replicative
index
following
2,4dichlorophenoxyacetic
acid
herbicide
exposure. Cancer Causes and Control 11:37380
2,4-D

Cohort
12 applicators

The applicators were not occupationally exposed for 6 months before 1 March 1994; control group not
occupationally exposed. Daily activity log completed during the study collected. Blood samples collected at
enrolment; urine samples collected at enrolment and every 2nd week for the applicators.

Harris, S. A.& Solomon, K. R. (1992) Exposure
of Homeowners and Bystanders to 2,4Dichlorophenoxyacetic Acid (2, 4-D). Journal of
Environmental Science and Health, Part B, 27,
23-38.

Case-control
20 applicators;
controls

Comment: biomarker is appropriate.
Key findings: There is an increase in lymphocyte replication in exposed workers with a weak dose response.

19

2,4-D

Mercadante R, Polledri E, Giavini E, Menegola
E,
Bertazzi
PA,
Fustinoni
S.
2012.
Terbuthylazine in hair as a biomarker of
exposure. Toxicology Letters 210:169-73

Protective clothing group involved in mixing, application, disposal and cleaning. Non-protective clothing group
involved in application. Urine samples collected for 4 consecutive days after application. Air sampling
undertaken.
Comment: biomarker is appropriate.
Key findings: No detectable levels in bystanders in any group (liquid or granular formulation, protective and nonprotective clothing use). Granular formulation associated with lower rate of detection of 2,4-D in applicators
using protective clothing. In non-protective clothing group, high levels of 2,4-D associated with spills and
excessive contact with hands or forearms for liquid preparation. 2,4-D residues were detected in five of the 76
air samples with two of these linked to measurable applicator exposure.

Cross-sectional
10 farmers; 9 rural
residents; 6 urban
residents

Farmers were occupationally exposed; rural residents had no family ties to agricultural workers and urban
residents (no occupational exposure). Hair samples were collected in June at the end of the treatment season..
Comment: biomarker measured in hair - less appropriate than urine.
Key findings: The study concludes that TBA is incorporated into hair and also follows seasonal exposure

Cohort
48
agricultural
workers; 50 controls

Exposure occurred from mixing the pesticide with water and spraying the mixture. Exposure occurred between
March and July for 7 to 8 hours per day. Workers used little or no protection when mixing or spraying. Blood
samples were collected from May to September in 1992 and again from May to September in 1995.

Terbuthylazine
Pasquini, R.; Scassellati-Sforzolini, G.; Angeli,
G., et al (1996) Cytogenetic Biomonitoring of
Pesticide-Exposed Farmers in Central Italy.
Journal
of
Environmental
Pathology,
Toxicology and Oncology, 15, 29-39.
Carbaryl, delthametrin, benomyl, dinocap,
mancozeb, oxadixyl, propineb, triadimenol,
www.efsa.europa.eu/publications

Comment: biomarker is appropriate.
Key findings: The study found evidence of clastogenic activity in peripheral blood lymphocytes but no
corresponding effects on SCE induction. The study also found clear evidence of cell proliferation delay relatable
to chemical compounds in agriculture.
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Study Reference
Pesticide(s) investigated

Type
Number of
participants

Exposure assessment/Biomarker choice

Cohort
17 participants

Study A participants wore permethrin treated uniforms for 31 hours (30-32 hours) continuously with 11 urine
samples collected at regular periods. Study B participants wore permethrin treated uniforms for 8 hours per day
for 3 consecutive days.

alachlor,
atrazine,
linuron,
MCPA,
metobromuron, metalachlor and oxyfluorfen.
Proctor, S. P.; Maule, A. L.; Heaton, K. J., et al
(2014) Permethrin Exposure from FabricTreated Military Uniforms Under Different
Wear-Time Scenarios. Journal of Exposure
Science and Environmental Epidemiology, 24,
572-578.

Comment: biomarker is appropriate.
Key findings: Urinary biomarkers are detected over a 10 to 12 hour period of wearing the uniform with the levels
subsiding 24 hours after the removal of the uniform. The longer the duration of wearing the permethrin treated
uniform, the higher the excretion levels were.

permethrin
Sanderson WT, Biagini R, Tolos W,
Henningsen G, Mackenzie B. 1995. Biological
Monitoring of Commercial Pesticide Applicators
for Urine Metabolites of the Herbicide
Alachlor. American
Industrial
Hygiene
Association Journal 56:883-9

The participants in the study were asked to provide three urine samples over a 24-hour period. One sample was
collected at the work site on the morning of the exposure survey before participants began work. A second urine
void was collected at the work site at the end of the workday, after the participants had washed their hands
thoroughly and were prepared to leave for home. The third urine sample was collected at the worker' s home or
the work site before work on the morning following the exposure survey.
Comment: biomarker is appropriate.
Key findings: The study found that the application company employees who do not routinely work with
herbicides had low levels of alachlor metabolites in their urine. Some workers were observed not properly
following label requirements which was reflected in comparatively high levels of alachlor metabolites in the urine.

Cohort
27 workers

alachlor

Scher DP, Alexander BH, Adgate JL, Eberly LE,
Mandel JS, et al. 2007. Agreement of pesticide
biomarkers between morning void and 24-h
urine samples from farmers and their
children. Journal of Exposure Science and
Environmental Epidemiology 17:350-7
2,4-D; chlorpyrifos

www.efsa.europa.eu/publications

Cohort
10
farmers;
children (female)

Urine was collected from 24h before through 96h after pesticide application.
10

Comment: biomarker is appropriate.
Key findings: Using a single void urine sample can bias daily exposure and dose estimates when compared to
estimates based on 24 hour samples. Therefore, substituting single voids for 24-h urine samples may result in
upwards or downwards biasing of exposure and dose estimates following exposure to chemicals which are
excreted fairly rapidly.
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Studies utilising cross-sectional design were identified for the pesticides malathion, terbuthylazine,
2,4-D, triclopyr and general organophosphates. Cross sectional studies are generally quick, easy, and
cheap to perform, often being based on a questionnaire survey. Participants are interviewed only
once, and in the case of the studies reviewed here, samples for analysis are taken at a single point in
time. In a few studies where multiple samples were collected, this was only over a relatively short
period of time and only covered a single pesticide exposure episode. This may not reflect normal
exposure scenarios, or the range of exposure situations an individual may encounter over their
lifetime, making it difficult to infer the temporal association between a risk factor and an outcome.
However, the results from a cross sectional study may inform the hypotheses for a more complex
investigation, such as a cohort study. Cross-sectional surveys, including NHANES12, can be repeated at
different time points to assess trends over time. However, caution is needed if different participants
are included at each time point. It may be difficult to assess whether changes in prevalence reflect a
trend or simply differences between different groups of participants sampled from the population
(Sedgwick, 2014).
Case control studies were utilised for permethrin, carbofuran, fonofos, ethylenebisdithiocarbamate,
chlorpyrifos, and phosphine. This study design has recognised methodological limitations, often
related to recall bias that predicts that those affected individuals (the cases), may be more likely to
remember, or perhaps even exaggerate, their own exposures or those of a deceased family member,
in an effort to explain their disease outcome (Arbuckle et al., 2004; Schüz et al., 2003). In the
identified case-control studies reviewed here, the criteria for selection of controls and matching to
cases was poorly described. Similarly, when studies compared two groups of workers, matching for
potential confounders was not apparent, which may have impacted on results.
In addition, for all studies, the method of subject selection was not clearly defined, and therefore it is
not clear how representative the samples under investigation were of the population they were drawn
from. In a number of toxicology studies, volunteers were used, which again may influence
representability. Details of study subjects were rarely given, with only a few studies detailing body
parameters and characteristics, and adjusting for them. As the majority of the studies were not based
on a probabilistic sample of the population, investigators should have stated explicitly the population
that their results apply to.

4.1.3.

Suggestions for the refinement of epidemiological studies

As stated earlier, exposure assessment is a key part of all epidemiological studies, and
misclassification of exposure and use of simple categorical methods are known to weaken the ability
of a study to determine whether an association between exposure and ill-health outcome exists
(Semple, 2005). The use of HBM to support exposure assessment in epidemiology studies is subject to
many of the limitations of epidemiology, such as vulnerability to confounding factors that give rise to
misleading results. Study designs have become increasingly complex, with greater attention being
given to the need to incorporate controls and account for potential confounders.
Nieuwenhuijsen et al. (2006) discuss the impact that exposure assessment may have on the outcome
of health risk assessments and, in particular, epidemiology studies. The authors highlight the need for
consideration of future improvements, also applicable here, to address potential bias and the impact
of confounders in epidemiology related exposure assessments. These include:

12



the use of biological monitoring to validate or confirm the predicted degree of human
exposure;



using probabilistic techniques such as Monte Carlo analysis, which provide better estimates for
select groups within the general population;



performing sensitivity analyses to identify the critical exposure variables;

http://www.cdc.gov/nchs/nhanes/

www.efsa.europa.eu/publications
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performing analyses of variability and uncertainty within the risk assessment;



quantitative evaluation of indirect sources of exposure.

4.1.3.1 Use of questionnaires
As outlined in Table 11, some of the studies identified in this review employed direct measurement of
pesticide exposure through the use of dermal patches, hand washing, personal breathing-zone air
monitoring and surface sampling. These included studies on the pesticides chlorpyrifos, fenitrothion,
omethoate, tolcofos-methyl, azinphos-methyl, mancozeb, ethylenethiourea, dimethoate, cis-1,3dichloropropene, captan, 2,4-D, benomyl, ethylenebisdithiocarbamate, atrazine, acetamiprid, methylparathion and carbaryl. However, many opted to also include or solely use questionnaires, which
provide semi-quantitative estimates of exposure. Questionnaires are often the method of choice for
assessing exposure because no other sources of information are available, or because they provide
the most efficient data collection method, allowing a larger study size and greater statistical power
than would be possible with other more accurate measurement techniques (Nieuwenhuijsen, 2005). It
has been reported that the mode of delivery of the questionnaire may affect the exposures that are
reported by the respondent. For example, face to face interviews have been shown to be more
reliable than postal questionnaires (Blatter et al. 1997); and telephone interviews have been shown to
give comparable results to self-administered postal questionnaires (van Ooijen et al. 1997). However,
regardless of the method of delivery, questionnaires are rarely validated or consistent between
different studies; the need for careful design and administration of validated questionnaires in future
studies is therefore highlighted.
The self-reporting of exposure to pesticides was seen in the studies reviewed here for permethrin,
carbofuran, fonofos, 2,4-D, MCPA, captan, chlormequat, chlorpyrifos, cypermethrin, penconazole,
methyl parathion, propoxur, paradichlorobenzene, naphthalene, chlorpyrifos-methyl, parathion,
general pyrethroids and pyrethrins and mixed pesticides However, none of the studies reported
validation of the questionnaire prior to use. As discussed by Couture et al. (2009), this practice can
result in bias in both reporting and recall, particularly if exposure was a long time in the past.
Information to be collected should be comprehensive, and include details of pesticides used, time
period used, frequency of use, concentrations used, acreage sprayed, etc. In addition, questionnaires
should ask about history of exposures, not only to pesticides but also other chemicals that could
impact on the concentration of biomarker being measured and also the outcome (disease) studied.
A large US study, the Agricultural Health Study has developed comprehensive questionnaires that ask
about historical use of pesticides; however, these still rely on individuals being able to recall
information from over a 25-year period (refer to section 4.2.5).
Questionnaires (many of them self-administered) were often used in the studies reviewed here, to
gain information on exposure, use of PPE and application practices. Only in some examples (Thomas
et al., 2010) could the correlations between observer and questionnaire intensity scores be described
as high. Generally, there was evidence for the risk of recall and reporting errors and language
difficulties. However, if the questionnaire is well designed and administered, the information obtained
can be very valuable; good examples of these are the AHS questionnaires.
4.1.3.2 Other data to support exposure assessments
As evidenced here, questionnaires may be used in combination with other methods to support
exposures estimated/measured through other means. As discussed in section 3.1.5.2, modelling is
often the only cost-effective tool for making exposure assessments (Hu et al., 2004) and a number of
occupational models exist (also previously described in section 3.1.5.2). Although these represent only
semi-quantitative approaches, as categorical data are used, incorporating recorded exposure levels
into exposure models has been found to improve estimates (Fryer et al., 2006), but these remain
conservative in nature (Byrne et al., 1998; Galea et al., 2012b). Validating exposure pathway models
is complicated by the fact that the biomarker used to evaluate the model prediction is an integrated
www.efsa.europa.eu/publications
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measure for exposures from all routes and pathways. However, biomarkers can be used to evaluate
exposure estimates predicted by a model utilising forward or reverse dosimetry. Hu et al. (2004)
demonstrated the use of PK modelling and computer simulation to guide the design of field studies to
validate a children’s dietary intake model for pesticide (general) contaminants.
In addition, PBPK models can provide insight into the relationship between biomarker concentrations
and exposure or health effects through estimating internal tissue concentrations in relation to a
specific exposure level, or by linking external exposure to biomarker concentration (Anderson and
Krishnan, 2010).
It is apparent from the studies reviewed here that, in general, the assessment for occupational
pesticide exposure can potentially be made more robust through the incorporation of HBM into
epidemiological studies. Currently available biomarkers of exposure, both general and specific, have
been used to support epidemiological exposure estimates, and in some studies to validate conclusions
on associated health outcomes.
One issue that remains to be fully addressed when using biomarkers for assessment of exposure is
that biological half-lives of pesticides and/or their metabolites are generally short, reflecting only
recent exposure. For epidemiological studies, especially those looking at long-term effects of chronic
repeated pesticide exposure, a single measurement may not be reliable. This has been shown in
occupational pesticide studies where the variability of pesticide biomarker levels in a single day can be
large (Koureas et al., 2012), and care needs to be taken to record exposure characteristics
(frequency, duration, times) and sample collection times to assist in the analysis of data, or to ensure
that 24-h samples are collected. Measurement of biomarkers of chronic exposure could contribute
substantially to the validity of long-term studies, and these are in development. For example, it has
been proposed that pesticide residues in hair can reflect exposure over several months prior to
sampling and can estimate chronic, aggregate exposure (Margarita and Tsatsakis, 2009; Tsatsakis et
al., 2010).
In the studies reviewed here, biomonitoring was used to augment and/or verify data from other
exposure assessment methods, such as personal breathing-zone air monitoring and surface sampling,
and may determine the usefulness of these methods as surrogates for capturing the individual burden
of exposure. HBM was also used to assess the impact of using personal protective equipment (PPE)
and to compare exposure/doses associated with different work practices. It is known that personal
behaviour (how a job is undertaken) will also influence HBM results. An assessment of behaviour is
difficult to capture by questionnaire and can only really be evaluated by observation, which will limit
sample size (Piney et al., 2015).

4.1.4.

Integration of ‘OMICS data into occupational HBM studies

The exposome has been defined as “the measure of all the exposures of an individual in a lifetime and
how those exposures relate to health”13. An individual’s exposure begins before birth and includes
insults from environmental and occupational sources. Study of the exposome (exposomics) also relies
on exposure assessment, both internal and external, and biomarkers of exposure and effect can be
utilised to facilitate this. Indeed, a key factor in describing the exposome is the ability to accurately
measure exposures and the effect of exposures. Analytical techniques including metabolomics are
being investigated as a means to establish exposure-disease relationships.
Metabolomics quantitatively measures the dynamic change in low-molecular-weight metabolites and
their intermediates in the living organisms as a response to external stimuli or genetic modification.
The approach has been applied in many aspects of pesticide toxicology research, including biomarker
identification as specific indicators of toxicity (Wang and Wu, 2015). A number of experimental
toxicology studies in fish and the rat using the pesticides fenitrothion, dichlorvos, dimethoate,
acephate, phorate, propoxur, permethrin and methoxyclor, have, by utilising metabolomic analyses,
13

http://www.cdc.gov/niosh/topics/exposome/

www.efsa.europa.eu/publications
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led to different proposed sets of biomarkers (Southam et al., 2011; Du et al., 2013; Feng et al., 2012;
Hao et al., 2012; Liang et al., 2012; Kim et al., 2009; Yang et al., 2011), that can be applied in
exposure quantification in risk assessment. In their review, Wang and Wu (2015) comment that
studies on pesticides directly targeting human populations, including epidemiological studies, are
scarce. NMR-based metabolomics were carried out on urine samples from eighty-three pregnant
women working on farmland, which had the potential to have been treated with various pesticides
(Bonvallot et al., 2013). The authors reported that biomarkers of effect, including glycine, lactate,
threonine, and glycerophosphocholine, were induced and that citrate level was decreased, which
suggested disturbance in energy metabolism and induction of oxidative stress. However, the study
was again limited by the exposure assessment as groups were defined based on land use in the
municipality of residence of the mothers during early pregnancy These biomarkers of effect were not
reported in the pesticide studies reported here.
As with other measures of exposure, an individual’s exposome can be highly variable and change
throughout a lifetime. The impact of a particular exposure will also differ with life stage and will be
affected by genetic and personal factors. In addition, measuring exposure to specific chemicals, such
as pesticides, may be limited by the transient nature of metabolites which are rapidly excreted,
leaving only a short time-frame for measurement. For some chemicals, past exposure can be defined
using legacy biomarkers, for example antibody production, genetic mutations and epigenetic changes.
Metabolites of pesticides or actives stored in body fat could be regarded as such legacy biomarkers,
however these only apply to persistent pesticides which are no-longer licenced.
Three priority areas have been identified for development of the occupational exposome (NIOSH):


Investment in and exploration of new technologies and tools to measure internal and external
exposures.



Design and delivery of molecular epidemiology studies to determine associations between
exposures and disease.



Development and validation of biomonitoring techniques for both legacy and response
monitoring.

This is an early area of research, particularly for pesticides. Some key technical issues include
reproducible quantitation and quality assurance plus the processing of very large datasets. Whilst
much valuable information may be gleaned from ‘omics’ techniques, there will still be a need for
robust exposure assessment by traditional, specific HBM or external exposure assessment (personal
dosimetry or comprehensive, contemporary questionnaire). Future developments are likely to
integrate both specific exposure biomarkers and perturbations in endogenous markers in a single
analysis.

4.1.5.

Future research to address specific needs

Further large cohort studies are needed which should focus on younger farmers as these would relate
to currently used pesticides rather than historical exposures to pesticides which may have been
banned decades ago. Such studies would also allow data collection to be truly prospective and should
include non-cancer endpoints, for example neurodevelopmental toxicity. In addition, better use could
be made of the existing AGRICOH cohorts, which are detailed more fully in section 4.2.7.3 .
The design of biomonitoring studies should reflect the exposure scenario. For example, a potentially
highly exposed population (such as farm applicators) should be involved in a biomonitoring study
under actual field conditions, measuring selected pesticide active ingredients. Environmental
measurements such as indoor air, household dust, and surface wipe samples could also be considered
as a means of identifying potential sources and routes of exposure for indirect exposures.
The significance of the impact of factors including (but not limited to) season, use of PPE and
maintenance of spraying equipment should be recognised within the design of new studies. Better
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recording of climatic conditions (temperature, humidity, wind speed) may be useful in allowing readacross.
Studies that incorporate the evaluation of measures such as the exposome and genetic susceptibility
to pesticides with appropriate biomarker exposure measures should be initiated. Consideration needs
to be given to suitable sample collection, given that exposure and effect biomarkers may have
different sample windows despite often using the same sample type. Such studies may require
unconventional epidemiological designs.
Further studies are required to investigate potential predictors of internal dose for specific pesticides
and mixtures.

4.2.

Recommendations for the implementation of HBM into current EU
occupational health surveillance practices for pesticides

4.2.1.

Setting priorities for the development of new biomarkers

Further development and testing of exposure measures, particularly with regard, where feasible, to
identifying new specific and sensitive biomarkers for all approved pesticides, is required. Priority for
developing biomarkers (and employing them in field studies) should consider scale of use and
likelihood of exposure as well as the more usual toxicological concerns. For example, glyphosate is the
world’s most used herbicide and yet there are very few exposure studies using HBM. One reason is
that it has been to date considered relatively benign to humans (although now evaluated as Group 2A,
“probably carcinogenic to humans” according to some authorities; IARC, 2015) but it has also proved
to be analytically challenging. A similar situation exists with many of the fungicides in use, including
captan, mancozeb and folpet. However the examples of glyphosate and chemicals now classed as
endocrine disruptors illustrate how scientific knowledge can advance and how risk acceptability can
change over time. Manufacturers (or those seeking regulatory approval) could be persuaded to make
metabolism and toxicokinetics data as well as metabolite standards more readily available, to
encourage the development of new biomarkers. One obstacle to a better understanding of human
metabolism is Article 8 of Regulation (EC) No 1107/200914 which states that dossiers “shall not contain
any reports of tests or studies involving the deliberate administration of the active substance or the
plant protection product to humans”. However this statement appears to be confounded by paragraph
13 of the Regulation which states that human studies should not be used for “the purpose of
determining a human ‘no observed effect level’ of an active substance” or “to lower the safety margins
for active substances”. The study of human metabolism at acceptable doses (such as the Acceptable
Daily Intake) therefore should be possible and encouraged by the manufacturers rather than relying
on ad-hoc research studies.

4.2.2.

Derivation and adoption of health-based guidance values

As discussed in Section 3.1.4, critical to the utility of HBM is the availability of guidance values to help
interpret the results, and organisations in many countries develop and publish different kinds of
biological monitoring guidance value (BMGV) (Cocker, 2014). A basic requirement for establishing
BMGVs is an understanding of the toxicokinetics of a given substance, to enable optimum collection of
specific analytes for analysis. In addition, there is a need to understand what the results mean in
terms of health or exposure. However, for a number of reasons, not least the ethical nature of
carrying out human volunteer studies, there is a lack of peer-reviewed human studies, including for
pesticide exposure.
Examples of BMGVs include the German HBM values 1 & 2, ACGIH BEIs, German BATs and the UK
BMGVs. Investigation of the biological significance of increased levels of pesticides as found in
occupational biomonitoring studies should be made through comparison with such BMGVs. There are,
14

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009R1107
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however, currently very few health-based HBM values for occupational exposure to pesticides, and
where they do exist they are generally for historic actives (e.g. pentachlorophenol, lindane). Due to
the complex data set needed, the production of new occupational HBM values through existing
guideline development practices tends to be slow due to the data requirements and review processes
set out by the committees concerned, and the often voluntary input of the experts involved.
Biomonitoring Equivalents (BEs) have been relatively recently introduced to help address this issue.
These are defined as the concentration or range of concentrations of a chemical or its metabolites in a
biological medium that is consistent with an existing health-based exposure guidance value such as a
reference dose, tolerable or acceptable daily intake (Hays et al., 2007). Toxicokinetic models and
uncertainty factors are used to derive BEs based on steady state biomarker levels calculated from
regulatory reference values rather than actual real world exposures. They are aids to interpreting
biomonitoring data in a public health context and should not be used to interpret biological monitoring
results from individuals. A variation of the BEs could be considered for pesticides, where the
Acceptable Operator Exposure Level is used (rather than the usual ADI, RfD, TDI etc.). Such values
could be produced by EFSA or JMPR in their evaluations. An alternative approach is to produce
“practical exposure values” by using the 90th percentile concept, whereby occupational field data could
be combined for a particular active and an HBM derived based on “current practice” (Cocker, 2014).
Operators that exceed the 90th percentile should look to improve controls and reduce exposure
thereby, over time, leading to a reduction in the 90 th percentile when the data are revisited. Over time
this leads to an improvement in exposure control (Cocker et al., 1996).
The interpretation of occupational BM results is thought to be broadly similar whatever the basis of
the guidance value, and follows from the concept that reducing exposure reduces risk of ill-health
(Cocker, 2014). If a health-based guidance value is occasionally exceeded it is unlikely that any health
effects will be seen; however, regularly exceeding such a value suggests that exposure controls could
be improved. Non-health-based (benchmark or 90th percentile value from workplaces with good
control) guidance values cannot be interpreted in terms of health, but exceeding them clearly
indicates exposure controls can and should be improved.

4.2.3.

Guarantee of the quality and comparability of occupational HBM data
across the EU

Currently, there are only a limited number of analytes available for QA purposes 15 which would enable
validation of inter-laboratory measurements of biomarkers. Unless significant routine monitoring is
carried out, additional analytes are unlikely to be brought to market. Engagement with the research
community and journal editors/reviewers to encourage reporting of QA procedures in scientific
publications would raise the profile of quality assurance and instil an appropriate expectation. Those
commissioning research or field studies also have the potential to insist upon quality assurance
procedures, if they are aware of the need.
Coordination with related research in epidemiology, toxicology, statistics, pharmacokinetic modelling
and exposure assessment would allow better interpretation of data. Due to the high costs of chemical
analyses, the inclusion and acquisition of biomonitoring data as a routine component of
epidemiological studies is not currently thought to be feasible. Incorporation of biomonitoring into
existing occupational health surveillance programmes for pesticide workers may be a cost-effective
way of carrying this out. Some means of collating such data across companies and even countries
would be valuable; the use of a platform such as IPChem 16 could be considered, and the forthcoming
European Human Biomonitoring Initiative (EHBMI) 17 could be a vehicle for gathering such data. It
15

16
17

G-EQUAS currently offers the following: TTCA (non-specific metabolite of captan and possibly EBDCs but also CS2),
pyrethroids (both specific and generic), DAPs (generic for OPs), PCP (no longer used), 1-naphthol (non-specific metabolite of
carbaryl (not EU approved), also from naphthalene), TCPy (specific metabolite of
chlorpyrifos/chlorpyrifos-methyl), Isopropoxyphenol (propoxur - not EU approved), 4-nitrophenol (non-specific metabolite of
methyl parathion (not EU approved)), DDT/DDE/HCB/HCH (all banned, used for environmental historical exposure only).
https://ipchem.jrc.ec.europa.eu/RDSIdiscovery/ipchem/index.html
http://ec.europa.eu/health/strategy/docs/ev_20150519_co04_en.pdf
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should be noted that EHBMI has only a limited focus on occupational exposures, although the
intention is to harmonise data collection and sampling processes across Europe so it could drive better
coordination in the use of HBM (albeit not specifically for pesticides).

4.2.4.

Design/refinement of SOPs for field work – factors for consideration for
standardisation in HBM studies

Table 13: Factors to consider in HBM studies
Factors to consider

Comments

Sampling strategy
Sample matrix

Blood or urine are the most popular options for HBM. Urine samples may be
more applicable due to the ease of collection. A key consideration is the ability to
relate the measured concentration to an exposure level.

Urine samples

24-hour complete void collections are often considered to be the ‘gold-standard’
for urine sampling. However, alternative strategies, for example multiple spotsamples, may be a good alternative and in some cases could be considered more
useful. Sampling strategy needs to be considered on a study-by-study basis and
should be informed by factors including toxicokinetics and anticipated exposure
durations.

Sampling parameters

Consideration should be given to defining parameters such as minimum task
length and times between end of task and sample collection. These parameters
will depend on the individual chemical(s) (toxicokinetics) and route of exposure
(e.g. inhalation versus dermal).

Biomarker specificity

Ideally a biomarker should be specific to the chemical under study. Biomarkers
that can be formed from endogenous substances or common environmental
chemicals require very careful consideration with respect to background, nonoccupationally exposed levels. Environmental degradation of pesticides is known
to occur, so consideration needs to be given to whether there may be exposure
and absorption of these degradation products. This may be particularly relevant
where the biomarker corresponds to a hydrolysis product. Finally, nonoccupational sources, particularly dietary, need to be considered when
monitoring for low-level pesticide exposure.

Analytical methods
Detection limit

Using an appropriate analytical methodology, it should typically be expected that
a biomarker can be quantified down to background levels that might be expected
to arise from environmental exposure.

Sample storage

Storage conditions (e.g. temperature and duration) should be stated for (i) initial
storage post-collection and transport of the sample to the lab and (ii) storage
prior to analysis. Analyte stability under these conditions should be assessed and
quoted in the report.

Quality assurance

Availability of external QA schemes is currently limited, but where possible labs
should be expected to participate and report their performance. In the absence
of external QA, consideration should be given to carrying out some interlaboratory comparison. Ideally, this would involve independently prepared
calibration material from either bulk material or a certified standard. As a
minimum, internal quality control should be performed. All QA should be
reported.

Matrix adjustment (for
urine samples)

Debate remains regarding whether to correct spot urine samples for hydration
status and, if so, the most appropriate method. The most popular approaches at
present are to report either uncorrected or creatinine adjusted data. It is difficult
to directly compare the two forms – often a typical creatinine level is assumed,
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leading to inaccuracies. Most journals now accept supplementary data, so best
practice might be to report both forms to facilitate future interpretation.
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Factors to consider

Comments

Contextual information
Study records

In line with the OECD guidelines (OCDE/GD(97)148) standardised records should
be kept regarding, for example, study location, participant
experience/knowledge, types of formulation/application and
geographical/weather conditions.

Questionnaire design

Questionnaires need to be designed to balance the need for information with the
likelihood of being accurately completed. This may entail different questionnaires
within a study; for example Galea et al, 2011 used a longer general questionnaire
at recruitment covering personal details, lifestyle factors etc. with a shorter
questionnaire to accompany urine sample collection (asking for activities within
the last 24-hours). Standardised questionnaires currently being used by some
epidemiological cohorts within the AGRICOH consortium are freely available 18,19.

Interpretation
Background levels

Knowledge of biomarker levels arising from non-occupational exposure is helpful.
The importance of background levels depends on the relative difference between
environmental and occupational exposure – or how well-controlled is the
exposure.

Biological Equivalents (BE)

Precise understanding of the relationship between dose and biomarker level is
not essential for HBM. However, knowledge of BEs can help to interpret the data.
Human volunteer exposure studies or well-characterised exposure monitoring are
useful for informing the derivation of a BE. Alternatively, good-practice based
guidance values can be developed in the absence of environmental exposure
data.

4.2.5.

Design of questionnaires to support exposure assessment

The accurate completion of appropriately designed questionnaires is crucial in supporting HBM data,
particularly in providing a record of additional relevant information. Questionnaires should investigate
a range of factors that can reveal sources and pathways for exposure, such as lifestyle (e.g. smoking,
use of personal care products, living surroundings), diet (food preferences), and other personal
characteristics such as gender, age and medical history. As the design of questionnaires and the
choice of questions needs to be carefully evaluated for each selected group of participants, the
production of a ‘standard questionnaire’ is difficult. However, resources such as those for the AHS in
the US are available which could be utilised to develop tailored questionnaires.
The AHS cohort participants were recruited from 1993 to 1997 (Phase 1) with follow-up telephone
interviews conducted in 1999-2003 (Phase 2), 2005-2010 (Phase 3) and 2013-2015 (Phase 4). At each
stage, participants completed targeted questionnaires 20 as detailed in Box 1 overleaf.
The content of the questionnaires used in the AHS is tailored to the participant type, e.g. commercial
applicator, private applicator, spouse, etc., and the phase of the study, e.g. enrolment or follow-up.
Key features of the questionnaire for applicators at enrolment include:

18
19
20



General information (DOB; ethnicity; education; children)



Pesticide use information (named pesticides);



Other pesticide use (including any incidents causing high exposure);



Work practices;



Previous work history;

https://aghealth.nih.gov/collaboration/questionnaires.html
http://www.hsl.gov.uk/media/406740/pipah_questionnaire.pdf
Available at: https://aghealth.nih.gov/collaboration/questionnaires.html
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Activity and physical information;



Dietary and cooking practices information;



General health information; and



Medical history.

For female applicators and spouses a further questionnaire was designed to assess reproductive and
pregnancy history, and to gather specific information regarding children (both living and dead). In
addition, spouses received a similar questionnaire to the applicators which also included questions
regarding the home environment.
Box 1: AHS Questionnaire use
Phase 1 (1993-1997) Questionnaires
Self-administered questionnaires obtained information on lifetime pesticide use, and demographic and
medical history information. Applicators were asked to complete two questionnaires—one that was
filled out at a pesticide training/licensing location (>80% return) and one to be filled out at home and
mailed back (44% return). Although the content was similar with respect to exposures, the second
questionnaire obtained more detailed information one some pesticides, as well as some details of
medical history and information on some covariates (e.g., BMI). Private applicators were also given
questionnaires to be filled out by their spouse, and females (both spouses and female applicators)
were asked to complete a Female and Family Health questionnaire that obtained reproductive
histories and information about children (60% return).
Phase 2 (1999-2003) and Phase 3 (2005-2010) Follow-up Questionnaires
These phases involved computer-assisted telephone interviews to obtain information on current
pesticide use, potential confounders, and medical history.
In Phase 2, exposure questions were similar for applicators and spouses, and the health
questionnaires varied slightly by gender and age. In addition, participants who completed the followup survey were asked to complete a self-completed food frequency questionnaire (the NCI Diet
History Questionnaire, with added items on cooking practices).
In Phase 3, a common instrument was used for better integration of data for applicators and spouses.
Phase 4 (2013-2015) Follow-Up Questionnaire
This follow-up focused on health changes and the updating of important covariates such as smoking
practices and family history of disease. To recover crucial data on participants’ health histories, next of
kin were also interviewed for those who were incapacitated or deceased. The data collection was done
primarily via mailed questionnaires, supplemented by computer assisted telephone interviews with
those who did not respond to the mailings.

4.2.6.

Implementation of strategies for establishing and co-ordinating
biobanking

Due to intra- and inter-individual variability, attempting to find associations between one measure of
exposure to a chemical with disease is not supportable. Consideration should be given to increasing
the number of bio-samples collected and stored in epidemiologic studies, to provide future research
opportunities for assessing associations between biomarkers and outcomes within existing study
designs. This includes increasing the number of subjects assessed and also the number of samples
collected over time, because HBM only assesses the short-term exposure to chemicals and most
www.efsa.europa.eu/publications
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diseases take a number of years to develop. Bio-banking is an example of a repository that stores
biological samples (usually human) for future use. Since the late 1990s biobanks have become an
important resource in medical research, supporting many types of contemporary research like
genomics and personalised medicine. Bio-banking almost certainly has a role to play in HBM and is
already used in some cohorts participating in AGRICOH (detailed more fully in section 4.2.7.3), which
could be used as a basis for establishing best practice for occupational samples.

4.2.7.

HBM data and policy guidance and/or evaluation

4.2.7.1 Regulatory approval process
Under “Regulation (EC) No 1107/2009 and Commission Regulation (EU) No 283/2013 21, human data
in the form of epidemiology studies, toxicokinetic and metabolism studies, or tests on skin irritation or
skin sensitisation, are required to be submitted if available. However, reference values are established
based on animal studies. The exception to this is where “appropriate scientifically valid and ethically
generated human data are available and show that humans are more sensitive and lead to lower
regulatory limit values”. As previously mentioned, the apparent contradictions within Regulation (EC)
No 1107/2009 appear to deter manufacturers from producing, and therefore reporting, such data.
There is also a requirement under 283/2013 that “Methods shall be submitted, with a full description,
for the determination of non-isotope-labelled residues in all areas of the dossier, as set out in detail in
the following points… (d) in body fluids, air and any additional matrices used in support of operator,
worker, resident and bystander exposure studies;”, however it is not clear whether this requires data
to be generated or just that methods are to be reported if data has been generated.
4.2.7.2 Regulatory risk assessment process
Protecting workers from potential adverse health effects of pesticides is a priority for government
based agencies worldwide. The approval of pesticides involves the comparison of estimated human
exposure with reference values below which it is considered there are no adverse health effects
(Sleeuwenhoek, 200722). Pesticide producers must provide extensive animal (and environmental)
toxicity test data to be used to assess the risk to workers under different use patterns. If a risk to
workers is identified, risk management measures to reduce exposure can be assessed, e.g. use of PPE
and labelling (Ritter et al., 2006). There are no mandated methods to estimate exposure and
applicants may use measurements made during application or other work with the product, other
analogous measurement data, or one of a number of exposure models (e.g. POEM; EUROPOEM;
AOEM). A range of exposures are typically estimated, including for pesticide applicators, postapplication workers, and bystanders or neighbours (Sleeuwenhoek, 2007). In reality, very few
exposure measurements are submitted as part of the approvals process (and these are usually
exclusively environmental data not HBM); the vast majority of the exposure assessments rely on
modelled data.
The validity of regulatory exposure assessments (i.e. generated through use of models) has been
investigated through comparison with exposures estimated from non-occupational biomarker studies
(Cochran, 2002; Krieger et al., 2010; CDC, 2005). Findings suggested the models to be conservative
in their estimates of exposure. Sleeuwenhoek et al. (2007) carried out a comparison of specific
pesticide metabolites in urine of people with documented exposure to the cypermethrin and
mancozeb, with the level of metabolite predicted using a pharmacokinetic model. Input data were
obtained using dermal exposure levels estimated through the regulatory risk assessment process or
using data from EUROPOEM. The authors reported that predicted median urinary metabolite levels
were generally much higher than the observed values for both sprayers and post-application workers,
for both cypermethrin and mancozeb containing pesticides. It was concluded that predicted values
are therefore conservative and provide reassurance that the current regulatory risk assessment is
21
22

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:093:0001:0084:EN:PDF
http://www.iom-world.org/pubs/iom_tm0702.pdf
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likely to be protective for sprayers and post-application workers. The findings of this work were
supported by a follow-on study looking at bystanders, which (using HBM) showed that there was no
exposure to bystanders that could be reliably attributed to spraying events, with diet thought to be
the main source of the biomarkers detected (Galea et al., 2015b).
It is apparent that HBM has a role to play in the validation of exposure assessments models as well as
in measuring actual exposures for the approvals process. As noted above, when checked, the models
have often been found to be overly conservative – this may lead to inappropriate or overly proscribed
control measures, which in themselves can increase exposure (e.g. sweating due to overly
cumbersome PPE may increase skin absorption; reused gloves will increase contamination). If
exposure assessment models are comprehensively validated against HBM studies (e.g. as reported by
Thomas et al., 2010) then adjustments can be made to the parameter assumptions within the models,
leading to more realistic evaluations of exposure. Such validation studies would also allow
identification of the critical exposure parameters (e.g. application device or volatility of active etc.).
One important tool used for risk assessment of pesticide workers in the EU is the Acceptable Operator
Exposure Level (AOEL). This is a health-based limit value against which non-dietary exposures to
pesticides are currently assessed. It is intended to define a level of daily exposure (in
milligrams/kilogram body weight/day) throughout a spraying season, year on year, below which no
adverse systemic health effects would be expected. The AOEL is normally derived by applying an
assessment factor (most often 100) to a No Observed Adverse Effect Level (NOAEL) (corrected if
appropriate for incomplete absorption) from a toxicological study in which animals were dosed daily
for 90 days or longer. Less often, the critical NOAEL comes from a study with a shorter dosing period
(e.g. a developmental study).
The concept of the AOEL as such has relevant legislative consequences, as exposure estimates
exceeding the AOEL do not, for example, allow an inclusion of active substances in Annex I of
Directive 91/414/EC. Draft guidance was published in 2005, and although there is a current formal
harmonised approach for the derivation of AOEL in Europe, this is subject to ongoing review.
It is becoming increasingly recognised that large population-based biomonitoring programmes such as
NHANES may have a role in pesticide risk assessment. In an analysis of trends in the use of the
NHANES chemical biomarker data, Sobus et al. (2015) predicted that such data will impact chemical
risk assessment decisions. As the second most studied chemical group, pesticides (including OP, OC,
and pyrethroid insecticides, herbicides, fungicides, and halogenated phenolic compounds) were
expected to fall within this view. From a risk assessment standpoint, the most important challenges
are those faced when linking chemical biomarker measurements to exposure levels. NHANES
biomarker data has been used for forward- and reverse-modelling (Allen et al. 2007; Lyons et al.
2008) to support chemical risk assessment, through evaluation/calibration of exposure and/or
pharmacokinetic models for improved exposure estimation, and the comparison of biomarker levels to
toxicological benchmarks such as no observed adverse effect levels (NOAELs) or RfDs. Allen et al.
(2007) combined prior distributions of a PBPK model of methylmercury (MeHg) to evaluate levels of
MeHg in women of childbearing age in the US. By using Markov Chain Monte Carlo (MCMC) analysis, it
was possible to combine prior distributions of the PBPK model parameters with the NHANES blood and
hair data, as well as with kinetic data from controlled human exposures to MeHg, to derive posterior
distributions that refined the estimates of both the population exposure distribution and the
pharmacokinetic parameters. Lyons et al. (2008) demonstrated the use of a computational framework
that integrated PBPK modeling, Bayesian inference, and Markov chain Monte Carlo simulation to
obtain a population estimate of environmental chloroform source concentrations consistent with
human biomonitoring data measured as part of the Third National Health and Nutrition Examination
Survey (NHANES III), and for which no corresponding exposure data were collected. The authors
reported that computer simulation could aid in the interpretation of HBM data in the context of the
exposure-health evaluation-risk assessment continuum.
Biomonitoring equivalents (BE) are examples based on forward modelling that are used to screen and
prioritize chemicals (Hays et al. 2007). BEs and similar values were recently used to evaluate
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population exposures to >100 chemicals monitored in NHANES, including pesticides, thus
demonstrating the broad applicability of this approach (Aylward et al. 2013). One challenge related to
use of NHANES biomarker data is the potential for measurement error introduced through a lack of
repeated measurements (Tan et al., 2012), as spot biomarker measurements have wider distribution
tails (5th and 95th percentiles). This is particularly evident for short-lived biomarkers such as for some
pesticides (Aylward et al. 2014; Christensen et al. 2012; Koch et al. 2014; Sobus et al. 2011). Some
biomarker levels have also shown to vary significantly with urine flow (which can be altered by factors
such as obesity). This has led to some misleading correlations between spot urine data (with and
without creatinine correction) and disease outcomes. NHANES are now recording “time since last
void” at sample collection to provide some estimate of urine flow. A similar approach could be used in
occupational studies where 24-h samples may be impractical.
4.2.7.3 Post-approval occupational health surveillance for pesticides in the EU
There is currently no requirement in the EU for post-approval monitoring of exposure to pesticides,
through either occupational and/or environmental routes.
Long-term health effect studies have been set up to look at the relationships between pesticide
exposure and possible adverse health effects within agricultural cohorts, the data from which can be
used to inform regulatory policies and practice. There are many examples of such studies in the EU
and USA, and these have been brought together in a consortium, AGRICOH, which was set up in 2010
by the US National Cancer Institute and is coordinated by the International Agency for Research on
Cancer (IARC). The consortium was set up to encourage and support data pooling to study diseaseexposure associations that individual cohorts would not have sufficient statistical power to study. At
the EU level there are cohorts from Denmark (Sund Stald (SUS) study, a cohort study on respiratory
health in Danish farming students and conscripts), France (Relationships of Environmental Factors and
Allergic and Respiratory Diseases in Rural Zones (FERMA); Agriculture and Cancer (AGRICAN); Study
of Delayed Neurological Effects of Pesticides (PHYTONER)), Norway (The Janus serum Biobank;
Cancer in the Norwegian agricultural population; Norway Farmer Cohort) and the UK (Prospective
Investigation of Pesticide Applicators' Health (PIPAH).
As HBM can be a labour intensive and expensive methodology, it is often seen as unobtainable for
inclusion in surveillance studies such as those described above. However, of the EU studies alone,
five already include some form of biological sampling, though only the French cohort has urine sample
collection (the most common sample for routine HBM). Planning an appropriate sampling strategy for
such schemes from the beginning would make HBM more cost-effective and practical. HBM sample
collection by post is possible (Bevan et al, 2013), and many samples can be archived such that not all
samples collected need to be immediately analysed. Proceeding on this basis can reduce monitoring
costs considerably and would provide valuable exposure information in studies that currently suffer
from estimated or categorised exposure assessment.
Although there are many studies that look at occupational exposure to pesticides using HBM in what
could be called “post-approval assessment studies” (as the active has been approved), in reality there
are very few studies that compare actual exposure against assumed exposure during the approvals
process (e.g. Sleeuwenhoek, 2007).
The requirement of occupational health surveillance for pesticide users in the EU will be member state
specific; for example, in the UK health surveillance is suggested as a possibility (not a requirement)
depending on the risk assessment (in line with the Control of Substances Hazardous to Health
(CoSHH) regulations). HSE Guidance Note MS 17 23 ‘Biological monitoring of workers exposed to
organophosphorus pesticides’ suggested that monitoring blood cholinesterase might be appropriate in
a health surveillance scheme; it also proposes that urine metabolites can be monitored as part of
exposure assessment.

23

http://www.hsl.gov.uk/media/586005/ms17.pdf

www.efsa.europa.eu/publications

78

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document,
without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

4.3.

Summary of future research needs and recommendations

Table 14: Factors to consider in HBM studies
Future needs
Priorities for the development
of new biomarkers

Derivation and adoption of
health-based guidance values

Guarantee of the quality and
comparability of occupational
HBM data across the EU

Design of SOPs for field work
Design of questionnaires to
support exposure assessment
Implementation of strategies
for establishing and coordinating biobanking

HBM data and policy guidance
and/or evaluation

www.efsa.europa.eu/publications

Comment / recommendation
Where feasible, new specific and sensitive biomarkers for all approved
pesticides are required.
Priority for developing and employing biomarkers should consider scale of use
and likelihood of exposure in addition to toxicological concerns.
Further large cohort studies are needed with a focus on younger farmers to
allow prospective data collection for contemporary pesticides; these could be
incorporated into existing cohorts such as those in AGRICOH.
New study designs should incorporate measures such as the exposome and
genetic susceptibility to pesticides with appropriate biomarker exposure
measures.
Further studies are required to investigate predictors of internal dose for
specific pesticides and mixtures.
There are very few health-based HBM values for occupational exposure to
currently used pesticides. Committees proposing such values have tended to
focus on industrial chemicals rather than pesticides. The lack of occupational
exposure limits has also limited the activity in this area as HBM values are often
derived in relation to airborne limit values. This may reflect the separate
regulatory regimes that cover plant protection products.
A variation of the Biological Equivalents could be considered using the AOE or
derivation of practical exposure values based on current occupational field data.
QA schemes to validate inter-laboratory measurements are needed to
encourage confidence in data sharing.
Reporting of QA procedures in scientific publications should be encouraged to
raise the profile of quality assurance and instil an expectation of funders
commissioning research or field studies to insist upon quality assurance
procedures.
Biomonitoring data could be acquired for pesticide workers as a routine
component of existing occupational health surveillance programmes; the
forthcoming European Human Biomonitoring Initiative could be a vehicle for
gathering such data.
There may be a role for the JRC to coordinate or be a “neutral interface”
between pesticide manufacturers and researchers/laboratories
(https://ec.europa.eu/jrc/en/knowledge/reference-measurement).
Refer to SOP in section 4.2.4
Refer to section 4.2.5
Consideration should be given to increasing the number of subjects and biosamples collected and stored in epidemiologic studies to provide future research
opportunities for assessing associations between biomarkers and outcomes
within existing study designs.
Bio-banking is already used in some cohorts participating in AGRICOH which
could be used as a basis for establishing best practice for occupational samples.
HBM has a role to play in the validation of exposure assessment models
allowing adjustments to be made to reflect more realistic evaluations and allow
identification of critical exposure parameters.
There is currently no requirement in the EU for post-approval monitoring of
exposure to pesticides, through both occupational and environmental routes.
HBM has previously been shown to be appropriate for health surveillance of
OPs.
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5.

Conclusions and Recommendations

A systematic review of the literature databases Scopus, Web of Science and PubMed for the period
1990 to 2015 (December) identified 2096 publications relating to the use of HBM to assess
occupational exposure to pesticides (or metabolites). Additional information was collated from
individual searches to identify grey literature and reports, international evaluations or monographs
and conference proceedings of appropriate societies/organisations and any associated journals. A twotiered screening process was utilised to identify relevant publications. Titles and abstracts of all
references retrieved, after duplicates were removed, were screened against an inclusion/exclusion
criteria checklist, reducing numbers to 771. A ‘pre-secondary screening’ step was then undertaken
which assessed for relevance to HBM only, to give a final set of papers (360) to go forward for
secondary screening. During secondary screening each study was allocated a ‘quality score’ relating to
HBM and either epidemiological or toxicological aspects. A bespoke quality scoring tool for HBM was
developed specifically for the study, with STROBE, STROBE-ME and NOS systems being utilised and
epidemiological studies and the TOXRTool for toxicological studies. This resulted in 178 studies being
identified for critical review. In parallel with the screening of identified studies, a Master Spreadsheet
was designed to collate data from these papers, which contained information relating to: study type;
study participants; chemicals under investigation; biomarker quality check; analytical methodology;
exposure assessment; health outcome / toxicological endpoint; period of follow-up; narrative of
results; risk of bias and other comments.
Identified literature showed that a relatively small number of groups have become well-established in
developing biomarkers and conducting occupational HBM studies, which are mainly concentrated in
Europe and the USA. Over the past 10 to 20 years there has been an expansion in the use of HBM,
especially into the field of environmental and consumer exposure analysis, and it is currently welldeveloped and widely used in both the occupational and environmental settings worldwide, although
limited in breadth in some continents.
HBM has been extensively used for monitoring worker exposure to a variety of pesticides.
Occupational exposure will vary in relation to crop, climate, microclimate, task, application method,
personal protection equipment, clothing, and personal hygiene. However, epidemiological studies of
occupational pesticide use were seen to be limited by inadequate or retrospective exposure
information, typically obtained through self-reported questionnaires, which can potentially lead to
exposure misclassification. Some examples of the use of job exposure or crop exposure matrices were
reported but little validation of these against actual exposure data had been carried out. Very limited
data was identified examining seasonal exposures and the impact of PPE, and many of the studies
used HBM to assess only one or two specific compounds. This might reflect the considerable
challenges involved in developing analytical methods for larger numbers of unrelated compounds.
Modelling is often the only cost-effective tool for making exposure assessments and the only realistic
option for predicting exposures prior to placing products on the market. A wide variety of exposure
models are currently employed for health risk assessments and biomarkers are often used to evaluate
exposure estimates predicted by a model.
From the 178 publications identified to be of relevance, 41 individual studies included herbicides, and
of these, 34 separate herbicides were identified, 15 of which currently have approved status for use in
the EU. Similarly, of the 90 individual studies that included insecticides, 79 separate insecticides were
identified, of which 18 currently have approved status for use in the EU. Twenty individual studies
included fungicides, with 34 separate fungicides being identified, of these 22 currently have approved
status for use in the EU. The most studied herbicides (in order) were shown to be: 2,4-D > atrazine >
metolochlor = MCPA > alachlor = glyphosate. Similarly, the most studied insecticides (in order) were:
chlorpyrifos > permethrin > cypermethrin = deltamethrin > malathion, and the most studied
fungicides: captan > mancozeb > folpet.
Quantification of the relationship between exposure and adverse human health effects requires the
use of exposure estimates that are accurate, precise and biologically relevant. Exposure assessment is
www.efsa.europa.eu/publications
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a key part of all epidemiological studies and misclassification of exposure and use of simple
categorical methods are known to weaken the ability of a study to determine whether an association
between contact and ill-health outcome exists; at present, this limits integration of epidemiological
findings into regulatory risk assessment. Although a number of current limitations were identified,
there is evidence within the literature for a potential role of HBM in occupational health and safety
strategies, as both a tool for refined exposure assessment in epidemiology studies and to contribute to
the evaluation of potential health risks from occupational exposure to pesticides.
Current limitations comprised the limited number of toxicological studies, particularly with respect to
the ADME of individual pesticides in human subjects, which allows more accurate HBM sampling for all
routes of exposure. A wider impact of this is on the development of PBPK models for the risk
assessment of pesticides, which rely on toxicokinetic data, and on validation of currently used
exposure assessment models which apply a generic uptake rate (e.g. 100% for inhalation exposure)
which is likely to be over conservative. A further limitation currently impacting on the use of HBM in
this field is a lack of large cohort prospective studies to assess long term exposure to currently used
pesticides. Consideration should be given to the improvement of exposure assessment through use of
well-designed questionnaires and supporting measurements.
The evidence identified here has been used to help formulate recommendations on the
implementation of HBM as part of the occupational health surveillance for pesticides in Europe. Some
key issues were considered that would need to be overcome to enable implementation. These
included the setting of priorities for the development of new specific and sensitive biomarkers, the
design of further large cohort studies with a focus on younger farmers, the incorporation of new
measures such as the exposome and genetic susceptibility to pesticides, and investigation of
predictors of internal dose for specific pesticides and mixtures.
There are very few health-based HBM values for occupational exposure to currently used pesticides
which limits its use, however, it is proposed that a variation of the Biological Equivalents could be
considered using the AOE, or derivation of practical exposure values based on current occupational
field data.
QA schemes to validate inter-laboratory measurements are also thought to be necessary to encourage
confidence in data sharing, and that the expectation of the inclusion of such procedures in future HBM
studies should be encouraged.
The collection of biomonitoring data for pesticide workers could be added as a routine component of
existing occupational health surveillance programmes; for example, the forthcoming European Human
Biomonitoring Initiative could be a vehicle for gathering such data. It is also suggested that there may
be a role for the JRC to coordinate or be a “neutral interface” between pesticide manufacturers and
researchers/laboratories.
A number of factors for consideration when designing field studies have also been outlined here,
including the use of appropriately designed questionnaires which are crucial in supporting HBM data,
particularly in providing a record of additional relevant information. An extended use of bio-banking
should be considered to provide future research opportunities for assessing associations between
biomarkers and outcomes within existing study designs. HBM also has a role to play in the validation
of exposure assessment models allowing adjustments to be made to reflect more realistic evaluations
and allow identification of critical exposure parameters. There is currently no requirement in the EU
for post-approval monitoring of exposure to pesticides, through both occupational and environmental
routes, however HBM has previously been shown to be appropriate for health surveillance of OPs.
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7.
AOEL
AOM
BE
BEM
BMGV
DAPs
HBM
LoD
P90

Glossary/Abbreviations
Acceptable operator exposure level
Agricultural operator exposure model
Biomonitoring equivalent
Biological-effect marker
Biological monitoring guidance value
Dialkyl phosphates
Human biomonitoring
Limit of detection
90th percentile value

www.efsa.europa.eu/publications

101

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document,
without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Appendix A – 1: Study quality scoring tools
A1.1 HBM studies
Assessment
component
Study type
Study participants
Chemicals under
investigation
Exposure biomarker
and matrix

Biological effect
marker (if applicable)

TIER 1

TIER 2

TIER 3

Occupational
>20 exposed individuals
Currently approved for
use in the EU
Biomarker in a specified
matrix has accurate and
precise quantitative
relationship with external
exposure, internal dose,
or target dose.
Bioindicator of a key
event in an AOP.

Volunteer exposure study
5-20 exposed individuals
Recently used e.g.
organophosphates
Evidence exists for a
relationship between
biomarker in a specified
matrix and external
exposure, internal dose,
or target dose.
Biomarkers of effect
shown to have a
relationship to health
outcomes but the
mechanism of action is
not understood.
Biomarker is derived from
multiple parent chemicals
with similar adverse
endpoints.

Biomarker specificity

Biomarker is derived
from exposure to one
parent chemical.

Technique

Instrumentation that
provides unambiguous
identification and
quantitation of the
biomarker at the required
sensitivity (e.g., GC–
HRMS, GC–MS/MS, LC–
MS/MS).
Acceptable LoD

Instrumentation that
allows for identification of
the biomarker with a high
degree of confidence and
the required sensitivity
(e.g., GC–MS, GC–ECD).

Samples with a known
history and documented
stability data or those
using real-time
measurements.
Samples are
contamination-free from
time of collection to time
of measurement (e.g., by
use of certified analytefree collection supplies
and reference materials,
and appropriate use of
blanks both in the field
and lab). Research
includes documentation
of the steps taken to
provide the necessary
assurance that the study
data are reliable.

Stability not specifically
assessed, but samples
were stored appropriately
and analysed promptly.

Method
characteristics – Any

specific weaknesses
in study design
leading to a TIER 3
score to be noted.
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Study not
using/documenting these
procedures.
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Environmental exposure
<5 exposed individuals
Historical e.g.
organochlorines
Biomarker in a specified
matrix is a poor
surrogate (low accuracy
and precision) for
exposure/dose.
Biomarker has
undetermined
consequences (e.g.,
biomarker is not specific
to a health outcome).
Biomarker is derived
from multiple parent
chemicals with varying
types of adverse
endpoints.
Instrumentation that only
allows for possible
quantification of the
biomarker but the
method has known
interferants (e.g., GC–
FID, spectroscopy).
LoD above current stateof –the-art
Specific reason to query
stability. E.g. samples
with unknown history or
known issues.
There are known
contamination issues and
no documentation that
the issues were
addressed.
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Quality assurance

Study has used external
QA where appropriate
Matrix adjustment
Study includes results for
adjusted and nonadjusted concentrations
if adjustment is needed.
24 h total urine collection
is considered tier 1.
Source: Lakind et al., 2014; LaKind et al., 2015
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Some QA used (note
details)
Study only provides
results using one method
(matrix-adjusted or not).
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No QA
No established method
for adjustment (e.g.,
adjustment for hair)
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A1.2 Epidemiological studies - The STROBE and STROBE-ME Statements
Table A1.2.1 STROBE (black) and STROBE-ME (blue) Statement items
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A1.2.2 The Newcastle-Ottawa Scale
NOS is a 'star system' in which a study is judged on three broad perspectives: the selection of the
study groups; the comparability of the groups; and the ascertainment of either the exposure or
outcome of interest for case-control (exposure) or cohort studies respectively. Stars are awarded for
each quality item, with highest quality studies awarded up to nine stars.
Table A1.2.2 Newcastle-Ottawa Scale items for assessment of articles
Selection
1. Is the case definition adequate
2.
3.

Representativeness of the
cases
Selection of controls

4.

Definition of controls

Comparability
1. Comparability of cases and
controls on the basis of the
design or analysis
Exposure
1. Assessment of exposure

2.
3.

Same method of ascertainment
for cases and controls
Non-response rate

(a)
(b)
(c)
(d)
(e)
(a)
(b)
(c)
(a)
(b)

Yes, with independent validation 
Yes, e.g. record linkage or based on self-reports
No description
Consecutive or obviously representative series of cases 
Potential for selection biases or not stated
Community controls 
Hospital controls
No description
No history of disease (endpoint) 
No description of source

(a) Study controls for ----------- (select the most important factor)
(b) Study controls for any additional factor (this criteria could be
modified to indicate specific control for a second important factor)
(a)
(b)
(c)
(d)
(e)
(a)
(b)
(a)
(b)
(c)

Secure record 
Structured interview where blind to case/control status
Interview not blinded to case/control status
Written self-report or medical record only
No description
Yes 
No
Same rate for both groups
Non-respondents described
Rate-difference and no designation

A1.2.3. Guide to Completing the Newcastle-Ottawa Scale
A1.2.3.1. Coding for Case-Control Studies

Selection
1) Is the Case Definition Adequate?
a) Requires some independent validation (e.g. >1 person/record/time/process to extract information,
or reference to primary record source such as x-rays or medical/hospital records);
b) Record linkage (e.g. ICD codes in database) or self-report with no reference to primary record;
c) No description.
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2) Representativeness of the Cases
a) All eligible cases with outcome of interest over a defined period of time, all cases in a defined
catchment area, all cases in a defined hospital or clinic, group of hospitals, health maintenance
organisation, or an appropriate sample of those cases (e.g. random sample);
b) Not satisfying requirements in part (a), or not stated.
3) Selection of Controls
This item assesses whether the control series used in the study is derived from the same population
as the cases and essentially would have been cases had the outcome been present;
a) Community controls (i.e. same community as cases and would be cases if had outcome);
b) Hospital controls, within same community as cases (i.e. not another city) but derived from a
hospitalised population;
c) No description.
4) Definition of Controls
a) If cases are first occurrence of outcome, then it must explicitly state that controls have no history
of this outcome. If cases have new (not necessarily first) occurrence of outcome, then controls with
previous occurrences of outcome of interest should not be excluded;
b) No mention of history of outcome
Comparability
5) Comparability of Cases and Controls on the Basis of the Design or Analysis (A maximum of 2 stars
can be allotted in this category)
Either cases and controls must be matched in the design and/or confounders must be adjusted for in
the analysis. Statements of no differences between groups or that differences were not statistically
significant are not sufficient for establishing comparability. Note: If the odds ratio for the exposure of
interest is adjusted for the confounders listed, then the groups will be considered to be comparable on
each variable used in the adjustment.
There may be multiple ratings for this item for different categories of exposure (e.g. ever vs. never,
current vs. previous or never)
Age = , Other controlled factors = 
Exposure
6) Ascertainment of Exposure
Allocation of stars as per rating sheet
7) Non-Response Rate
Allocation of stars as per rating sheet
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A1.2.3.2. Coding for Cohort Studies

Selection
1) Representativeness of the Exposed Cohort
Item is assessing the representativeness of exposed individuals in the community, not the
representativeness of the sample of women from some general population. For example, subjects
derived from groups likely to contain middle class, better educated, health oriented women are likely
to be representative of postmenopausal estrogen users while they are not representative of all women
(e.g. members of a health maintenance organisation (HMO) will be a representative sample of
estrogen users. While the HMO may have an under-representation of ethnic groups, the poor, and
poorly educated, these excluded groups are not the predominant users of estrogen).
Allocation of stars as per rating sheet
2) Selection of the Non-Exposed Cohort
Allocation of stars as per rating sheet
3) Ascertainment of Exposure
Allocation of stars as per rating sheet
4) Demonstration That Outcome of Interest Was Not Present at Start of Study
In the case of mortality studies, outcome of interest is still the presence of a disease/incident, rather
than death. That is to say that a statement of no history of disease or incident earns a star.

Comparability
5) Comparability of Cohorts on the Basis of the Design or Analysis
A maximum of 2 stars can be allotted in this category
Either exposed and non-exposed individuals must be matched in the design and/or confounders must
be adjusted for in the analysis. Statements of no differences between groups or that differences were
not statistically significant are not sufficient for establishing comparability.
Note: If the relative risk for the exposure of interest is adjusted for the confounders listed, then
the groups will be considered to be comparable on each variable used in the adjustment.
There may be multiple ratings for this item for different categories of exposure (e.g. ever vs.
never, current vs. previous or never)
Age = , Other controlled factors = 

Outcome
6) Assessment of Outcome
For some outcomes (e.g. fractured hip), reference to the medical record is sufficient to satisfy the
requirement for confirmation of the fracture. This would not be adequate for vertebral fracture
outcomes where reference to x-rays would be required.
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a) Independent or blind assessment stated in the paper, or confirmation of the outcome by
reference to secure records (x-rays, medical records, etc.);
b) Record linkage (e.g. identified through ICD codes on database records);
c) Self-report (i.e. no reference to original medical records or x-rays to confirm the outcome)
d) No description.
7) Was Follow-Up Long Enough for Outcomes to Occur
An acceptable length of time should be decided before quality assessment begins (e.g. 5 yrs for
exposure to breast implants)
8) Adequacy of Follow Up of Cohorts
This item assesses the follow-up of the exposed and non-exposed cohorts to ensure that losses are
not related to either the exposure or the outcome. Allocation of stars as per rating sheet.

A1.3. Toxicology studies
A1.3.1. The ToxRTool
The tool comprises assessment criteria on the test substance, test system, study design, results and
plausibility of design and data, The reliability classification used to assess the quality of the study is
initially based on the total number of points given (Table A1.3.1), which may be then revised based
on the criteria in red (see Table A1.3.2). Such criteria have special importance and must achieve a
score of 1 in order to achieve a reliability classification of 1 (reliable without restriction) or 2 (reliable
with restrictions).
Table A1.3.1 Reliability assessment criteria of toxicological studies ( in vivo)
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Table A1.3.2 Reliability categorisation, definitions according to Klimisch et al. (1997)
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Appendix B – 2: Data abstraction tools
A2.1 Data extraction table for epidemiological studies
An example of the data extraction table used for epidemiology studies is given below.
Parameter
REFERENCE

Study Type
Study Population (country,
size, sex, age)

Chemicals under
investigation
Exposure assessment
(duration, frequency, route)

Dose metric

Health outcome
Follow-up
Statistical analysis

Results

Observation
Koureas M, Tsakalof A, Tzatzarakis M et al., 2014. Biomonitoring of
organophosphate exposure of pesticide sprayers and comparison of exposure
levels with other population groups in Thesaly (Greece). Occup Environ Med,
71, 126-133.
Occupational cross-sectional
Greece (Agia, Larissa); Pesticide sprayers (n=77), male – 76, female – 1,
median age 50.0y; Rural residents (n=75), male – 30, female – 45, median
age 46.0y; Urban residents (n=112), male – 83, female – 29, median age
46.0y
Eligibility of sprayers: personally apply pesticides systematically & recently
applied them (within last days)
Organophosphates
Dialkyl phosphates (DAPs): DMP, DEP, DETP, DEDTP, DBP
Exposure either by occupational exposure or non-occupational exposure.
Spraying occurs every 15 days during the spraying season.
Questionnaire: demographic information, smoking habit, alcohol consumption
Exposure questionnaire: date of last application, pesticides used, duration of
spraying, total area treated, type of crop, equipment used, PPE used, hygienic
behaviours
Spot urine samples were collected for the three groups (occupational exposed,
live in agricultural area not occupationally exposed and the urban control
group) at time questionnaire administered.
None
None
Logistic regression analysis used for estimate the high risk of exposure, MannWhitney test for differences between groups, univariate analysis for examine
relationships for metabolite levels and Spearman’s correlation used for nonnormally distributed variables.
Among sprayers DMP detected in 97.4% of samples, DEP in 98.7%, DETP &
DEDTP in 100%. Figures for rural & urban residents were all above 80%
Total DAP median levels significantly higher in sprayers (p<0.001) compared
to rural/urban:
DAP median levels:
Applicators:24.9 μ g/g creatinine (IQR – 13.0-42.1)
Rural group:11.3 μg/g creatinine (IQR – 5.3-18.7)
Urban group:11.9 μg/g creatinine (IQR – 6.3-20.3)
For sprayers who recently applied an OP pesticides median DAP was 31.8 (IQR
– 22.3-117.2)
Logistic regression analysis:
Age (≥ 50/<50) years:
OR=1.50, 95%CI=0.52 to 4.29
Closed cab system:
OR: 2.38, 95%CI=0.72 to 7.89
Use of gloves while mixing/loading:OR: 1.85, 95%CI=0.62 to 5.50
Use of full body overalls:OR 4.05, 95%CI=1.22 to 13.46
Changing clothes after spillage:
OR 4.04, 95%CI=1.05 to 15.57
with lower DAP levels (OR=4.05, 95%CI=1.22-13.46)
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Parameter
Details of study quality
Risk of bias

Conclusion/comments

STROBE score
NOS

www.efsa.europa.eu/publications

Observation
Small sample size
Environmental exposure OP breakdown products not considered
Selection: Volunteers, 115 initially contacted
ORs calculated might overestimate actual risk since prevalence of high
exposure is high
Concentrations below LOQ were substituted with zero, which is okay if
numbers are small. Inaccurate when known that pesticides are definitely
present
Spot urine samples criticised because do not take into account intraday &
interday variability
DAP levels reflect exposure from all pathways & routes, & therefore difficult to
measure impact of PPE which protects only against dermal route (in this
study)
Sprayers could have over-reported use of PPE
Sprayers who had not recently applied an OP pesticide still had high urinary
metabolite levels which was explained by paraoccupational exposure
pathways, i.e. residues remaining in worker’s clothing or equipment carried
home contaminating house dust & surfaces
Dietary intake considered to be dominant pathway of exposure for urban/rural
residents
Use of protective measures highlighted as important
18/11
6
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A2.2 Data extraction for Toxicology studies – ToxRTool
An example of the data extraction table used for toxicology studies is given below.

Reliability assessment of in vivo toxicity studies
Study under evaluation
Authors:
Berthet et al. 2012a
Titel:
A detailed urinary excretion time course study of Captan and Folpet biomarkers in
workers for the estimation of dose, main route-of-entry and most appropriate sampling
and analysis strategies
Testing facility, year, sponsor, study no. or bibliographic reference:
Ann. Occup. Hyg., Vol. 56, 815–828, 2012
Explanations are available for most criteria and show up, when the cursor is moved over the
criteria field. Please read carefully!
Red criteria: the maximum score is needed for these criteria to achieve reliability category 1 or 2
(see worksheet Explanations): Please evaluate with special care!

Criteria

Evaluator's explanations, comments
on criteria, etc.

No.
1

Criteria Group I: Test substance identification
Was the test substance identified?

Score
1

2
3
4

Is the purity of the substance given?
Is information on the source/origin of the substance given?
Is all information on the nature and/or physico-chemical properties of the test item given,
which you deem indispensable for judging the data (see explanation for examples)?

0
0
0
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The Captan and Folpet used were generally
identified. Time course study on exposed field
workers showing higher exposure (urinary
metabolites) during spraying than harvesting.
Not relevant to human study
Not relevant to human study
Not relevant to human study
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1

5
6
7
8
9

Criteria Group II: Test organism characterisation
Is the species given?

1

Is the sex of the test organism given?
Is information given on the strain of test animals plus, if considered necessary to judge
the study, other specifications (see explanation for examples)?
Is age or body weight of the test organisms at the start of the study given?
For repeated dose toxicity studies only (give point for other study types): Is information
given on the housing or feeding conditions?

1
1
0
1

Human study on exposed tree farmers and
grape growers
Male workers
Information on the spraying methods
Not given

4

10
11
12
13

14
15
16

Criteria Group III: Study design description
Is the administration route given?
Are doses administered or concentrations in application media given?
Are frequency and duration of exposure as well as time-points of observations
explained?
Were negative (where required) and positive controls (where required) included (give
point also, when absent but not required, see explanations for study types and their
respective requirements on controls)?
Is the number of animals (in case of experimental human studies: number of test
persons) per group given?
Are sufficient details of the administration scheme given to judge the study (see
explanation for examples)?
For inhalation studies and repeated dose toxicity studies only (give point for other study
types): Were achieved concentrations analytically verified or was stability of the test
substance otherwise ensured or made plausible?

1
1
1

Not specific exposure but exposure via spraying
Exposure details described
Administration details given

0

This was not a toxicity study but data obtained
on toxicokinetics therefore control not required.

1

Details given on the number of workers

1

Details of spraying protocols given

0

Exposure is calculated by urinary metabolites

5

17

Criteria Group IV: Study results documentation
Are the study endpoint(s) and their method(s) of determination clearly described?
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1

The endpoint of this study was to obtain data for
toxicokinetics and not toxicity. Therefore, the
study is not appropriate for toxicity risk
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assessment
18
19

Is the description of the study results for all endpoints investigated transparent and
complete?
Are the statistical methods applied for data analysis given and applied in a transparent
manner (give also point, if not necessary/applicable, see explanations)?

1

There are no toxic endpoints

1

The statistical methods described are for
toxicokinetics and not toxicity

3

20
21

Criteria Group V: Plausibility of study design and results
Is the study design chosen appropriate for obtaining the substance-specific data aimed
at (see explanations for details)?
Are the quantitative study results reliable (see explanations for arguments)?

1
0
1

Study not designed for obtaining toxicity data.
The design is for kinetic information
No data for toxicity

14
A Numerical result leads to initial Category:

2

B Checking red scores leads to revised Category:

3

C Evaluator's proposal: Category:
D Justification in case evaluator deviates from B:

Optional documentation of observations with importance to relevance
(not part of the reliability assessment)
During the course of the quality assessment observations may be made which are
important for discussing the relevance of the data for specific purposes. The optional
possibility is provided here to document these observations for future use.
What is the purpose of this quality evaluation (data documentation for use under
REACH, classification activity under GHS, ECVAM validation activities, other)?
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Study conducted according to recent OECD or EU guidelines (or other, e.g. national
guidelines)?
If yes, which ones? Study conducted under GLP conditions?
(If not a guideline study): Does a guideline exist for the study endpoint(s) under
investigation?
Are you aware of relevant deviations from the guideline(s) in the study evaluated? If yes,
which one?
Did you make observations with importance to the regulatory use of the data
(example 1: evaluator may hint that a whole body inhalation study was performed with a
substance, for which profound percutaneous absorption is expected or known, leading to
substantial percutaneous uptake in addition to inhalation uptake;
example 2: an Ames reversion assay was performed with strains able to identify frameshift mutations only or without external metabolic activation;
example 3: evaluator is in possession of positive evidence that the results obtained with
the in vitro study under evaluation, in conjunction with known toxicokinetic data, are
useful to assess the nephrotoxicity of the substance in humans)?
Would you like to make other/general comments on the usability of the data?
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Appendix C – 3: Excerpts from Excel spread-sheet
Found references including HBM measurements are provided in the table below, with details of the study findings.
Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Acquavella, J. F.;
Alexander, B. H.;
Mandel, J. S., et al
(2006) Exposure
Misclassification in
Studies of Agricultural
Pesticides: Insights
from Biomonitoring.
Epidemiology, 17, 6974.

Occupational /
Environmental

Population
chosen from
random from
licensed
pesticide
applicators in
Minnesota and
South Carolina

Glyphosate,
chlorpyrifos, 2,4dichlorophenoxy
acetic acid (2,4D)

Ahn, K. C.; Gee, S. J.;
Kim, H. J., et al
(2011)
Immunochemical
Analysis of 3Phenoxybenzoic Acid,
a Biomarker of
Forestry Worker
Exposure to
Pyrethroid
Insecticides.
Analytical and
Bioanalytical
Chemistry, 401, 12851293.

Occupational

Population
chosen from
forestry
workers where
pine cones are
harvested and
pyrethroid
pesticides are
applied.

Albers, J.W;

Occupational

Population

www.efsa.europa.eu/publications

Results

Quality

Year of study not indicated.
Urine voids were collected
from all members of the
family and a questionnaire
supplied to the farmer. Urine
voids were collected for a 24
hour sample for 5 days, 1
day before pesticide
application to 3 days after
the application.

The primary conclusion of the study is that a
generic exposure assessment may result in
possible exposure miss clarification for many
pesticides. For the three pesticides,
agreement was between 20% and 44% with
overlap across the categories in exposure
distribution. For glyphosate, the correlation
between algorithm score and urine
concentrations was r=0.47 (95% CI= 0.210.66); for 2,4-D r= 0.45 (95% CI= 0.10-0.54). In chloropyrifos the results were
contrasting between liquid (r= 0.42, CI:
0.01-0.70) and granular formulations (r=0.44, CI= -0.83-0.29).

Not High
Quality

Pyrethroids

Year of study not indicated.
Urine samples were collected
at least four times in the
seven successive harvesting
days. On average, 43 urine
samples were collected daily.
Urine samples were also
collected once during the
day from 10 people not
involved in the project.

High exposed workers had 3-PBA over all
sampling days of 6.40+/- 9.60 (n=200);
medium exposed workers over all sampling
days was 5.27 +/- 5.39 (n=52) and for low
exposed workers the 3-PBA was 3.56 +/2.64 ng/ml (n=34). The method developed
was a sensitive ELISA method which allowed a
fast, inexpensive method to determine
exposure.

High Quality

chlorpyrifos

Industrial hygiene records

Workers exposed to chlorpyrifos had a 100
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Not High
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Reference

Occupational /
Volunteer
/Environmental

Garabrant, D.H;
Berent, S;
Richardson, R.J
(2010) Paraoxonase
status and plasma
butyryl cholinesterase
activity in
chlorpyrifos
manufacturing
workers. Journal of
Exposure Science and
Environmental
Epidemiology (2010)
20, 79–89

Study
participants
quality check

Chemicals

chosen from
Dow
employees
involved in
manufacture
of chlorpyrifos
and saran
(referrent
group)

Duration, frequency, rate

Results

Quality

used to estimate exposure.
Urine samples collected four
times in a year including
during spring and the
autumn maintenance period.
Blood samples collected at
baseline and one year later.
Plasma BChE recorded
monthly from finger pricks.

fold difference in cumulative exposure
compared to the referent group. Mean CPOase
activity was similar in both of the groups (P=
0.58). BuChE levels were inversely associated
with chlorpyrifos exposure from the models
used and the biological effects of BChE levels
from exposure was not affected by PON1
inferred genotype or CPOase activity. An
estimated daily chlorpyrifos exposure of about
576–627mg per day , equivalent to
approximately 30% (range, 0–250%) of the
internal dose has been calculated, that would
be received by a subject exposed during a
working day at a TLV of 200 mg/m for
chlorpyrifos.

Quality

Alexander, B. H.;
Mandel, J. S.; Baker,
B. A., et al (2007)
Biomonitoring of 2,4Dichlorophenoxyaceti
c Acid Exposure and
Dose in Farm
Families.
Environmental health
perspectives, 115,
370-376.

Occupational /
Environmental

Population
chosen from
farmers who
were licenced
pesticide
applicators.

2,4dichlorophenoxya
cetic acid (2,4-D)

Year of study not indicated.
24 hour urine samples
collected for 5 days (1 day
before application and for 3
consecutive days after
application)

The primary conclusion of the study is that
there is heterogeneity of 2,4-D exposure
among farm family members. Median urine
concentrations at the baseline and on the day
after application were 2.1 and 73.1 μg/L
below the detection limit for the applicators of
the pesticide, 1.2 μg/L for spouses and 1.5
and 2.9 μg/L for children. The systemic
doses (µg/kg BW) have been estimated for
the applicators to be 2.46, for the spouses
0.8 and 0 for the children.

High Quality

Andre, V.; Lebailly,
P.; Pottier, D., et al
(2003) Urine
Mutagenicity of
Farmers
Occupationally
Exposed during a 1-

Occupational

Population
chosen from
farmers using
chlorothalonil.

Chlorothalonil

Study started in 1995 with
no end date given; three
urine samples collected- 3
urine samples collected at
end of spraying season on
same day: S1 – in morning
before start of working day;

The study concludes that that there is a lack
of a relationship between urine mutagenicity
and exposure data. The induction ratio for
five farmers (3 smokers) was ≥2. For one
salmonella strain, urine extracts were found to
be mutagenic in 57% of non-smokers and

High Quality

www.efsa.europa.eu/publications

121

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Day use of
Chlorothalonil and
Insecticides.
International archives
of occupational and
environmental health,
76, 55-62.

Duration, frequency, rate

Results

S2 – after spraying pesticide;
S3 – in the morning of the
day after with a
baseline sample taken 6
months prior to test day

96% of smokers

Quality

Appel, K. E.; GundertRemy, U.; Fischer, H.,
et al (2008) Risk
Assessment of
Bundeswehr (German
Federal Armed
Forces) PermethrinImpregnated Battle
Dress Uniforms
(BDU). International
journal of hygiene
and environmental
health, 211, 88-104.

Occupational

Population
chosen from
members of
the German
Federal Armed
Forces.

Permethrin

Cohort study 2 performed in
2005 with cohort study 1
before this date. Urine
samples collected in early
morning and in a few cases,
24 hour urine samples
collected. Questionnaire also
supplied.

The study concluded that there was higher
internal exposure in soldiers wearing
permethrin-impregnated uniforms had levels
higher than background exposure levels
(approximately 200 times higher). An internal
exposure of 5-6 µg/kg body weight and
day was found. For the skin, an exposure
level of 1.25 µg permethrin/cm2 was
calculated from the results.

Not High
Quality

Aprea, C.; Sciarra, G.;
Lunghini, L., et al
(2001) Evaluation of
Respiratory and
Cutaneous Doses and
Urinary Excretion of
Alkylphosphates by
Workers in
Greenhouses Treated
with Omethoate,
Fenitrothion, and
Tolclofos-Methyl.
American Industrial

Occupational

Population
chosen from
greenhouse
workers
involved in
manual
operations
where the
selected
pesticides are
used.

Fenitrothion;
Omethoate;
Tolcofos-Methyl

Year of study not indicated.
Spot urine sample at the
beginning of the week and
24 hr urine samples
collected. Air samples, skin
samples (9 pads) and hand
wash liquid (95% ethanol)
were also collected.

The study concluded that pesticide exposure
can occur via the hands and the correct use of
protective clothing is necessary based on the
high level of absorption from one worker
(omethoate absorption of 1.41 nmol/kg
body weight). Respiratory exposure was
generally less than skin exposure; 4.5 ±
8.4% for omethoate; 9.9 ± 10% for
tolcofos-methyl and 49.5 ± 26.6% for
fenitrothion. ADIs for tolcofos-methyl and
fenitrothion were not exceeded. Urinary
excretions are significantly correlated with
respiratory doses (r= 0.716) and the hands

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Hygiene Association
Journal, 62, 87-95.

Results

Quality

were always sources of contact for exposure.

Aprea, C.; Sciarra, G.;
Orsi, D., et al (1996)
Urinary Excretion of
Alkylphosphates in
the General
Population (Italy).
Science of the Total
Environment, 177,
37-41.

Environmental

Population
chosen from
people with no
occupational
exposure to
organophosph
ate and not on
medication.

organophosphate
s

Year of study not indicated.
Participants not
occupationally exposed.

The study concluded that
dimethylthiophosphate was detected in 99%
of the participants with a geometric mean of
70.7 nmol/g creatinine. Dimethylphosphate
was detected in 87% of the participants with a
geometric mean of 62.8 nmol/g creatinine;
for dimethyldithiophosphate, 48% were
exposed with a geometric mean of 21.1
nmol/g creatinine; diethylphosphate was
detected in 81% of cases with a geometric
mean of 27.4 nmol/g creatinine;
diethythiophosphate was detected in 73% of
the participants with a geometric mean of
22.8 nmol/g creatinine and
diethyldithiophosphate was detected for 7%
with a geometric mean of 13.7 nmol/g
creatinine. The age and source of food was
determined to be important for pesticide
exposure.

High Quality

Aprea, C.; Sciarra, G.;
Sartorelli, P., et al
(1994) Biological
Monitoring of
Exposure to
Organophosphorus
Insecticides by Assay
of Urinary Alkyl
Phosphates: Influence
of Protective
Measures during
Manual Operations

Occupational

Participants
were involved
in thinning
immature
peaches in a
orchard

chlorpyrifosmethyl &
azinphos-methyl

Analysis carried out for a
week in June. Participants
divided into five groups with
different PPE used. 15hl/Ha
of pesticide used. Skin
exposure measured by 95%
ethanol hand wash in the
morning, before lunch and at
the end of work. Urine
samples collected before
work (Monday), during each
working day and from the

The urinary excretion of DMP, DMTP and
DMDTP were higher for the exposed group
compared to the control (mean of 198.1
nmol/g creatinine). The urinary excretion
also depended on the PPE used with group 3
(cotton gloves and mask) having the lowest
mean of 466.6 nmol/g of the exposed
groups. A correlation of r=0.749 for DMTP and
r=0.790 DMP has been found between the
urine excretion and hand exposure. For AChE
and BChE levels a correlation of r=0.835 has
been found and AChE/BChE activity within

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

with Treated Plants.
International archives
of occupational and
environmental health,
66, 333-338.

Duration, frequency, rate

Results

end of one working day to
the beginning of the next
working day.

10% of the pre-exposure value.

Quality

Aprea, C.; Sciarra, G.;
Sartorelli, P., et al
(1997) Biological
Monitoring of
Exposure to
Chlorpyrifos-Methyl
by Assay of Urinary
Alkylphosphates and
3,5,6-Trichloro-2Pyridinol. Journal of
Toxicology and
Environmental Health
- Part A, 50, 581-594.

Occupational

Population
chosen from
workers
engaged in
spraying, leaf
thinning and
also a control
group.

ChlopyrifosMethyl

Year of study not indicated.
24 hour urine samples from
the beginning of one work
shift to the next; and one
morning sample collected
from the control group.
Three blood samples also
collected for all workers at
baseline, before start of
work, at end of monitoring
period). Leaf samples were
also collected.

The study concluded that urinary extractions
of the metabolites were significantly higher in
the workers when compared to the control
group. For example, levels of DMP were 63.8
± 100.1 nmol/g creatinine in the control
group, 123 ± 79 nmol/g creatinine for
manual workers and 675.5 ± 1110.8
nmol/g creatinine in workers spraying and
mixing pesticides. There was a correlation
between BChE & AChE (r=0.728) with no
significant change following exposure.

Not High
Quality

Aprea, C.; Sciarra, G.;
Sartorelli, P., et al
(1998) Environmental
and Biological
Monitoring of
Exposure to
Mancozeb,
Ethylenethiourea, and
Dimethoate during
Industrial
Formulation. Journal
of toxicology and
environmental health,
53, 263-281.

Occupational

Population
chosen from a
small factory
which
formulates
pesticides.

Mancozeb;
ethylenethiourea
; dimethoate

Year of study not indicated.
Six tasks defined during
formulation process and use
of PPE. Urine samples were
collected during two
production cycles and at the
end of the first production
week. Air exposure was also
collected

The study concluded that the accepted daily
dose (ADI) was exceeded for dimethoate only.
Potential dose estimates illustrated that
potential respiratory doses of mancozeb and
dimethoate accounted for approximately
38% of the total potential dose. Urinary
excretion of ETU and alkylphosphates showed
a significant correlation with mancozeb (r2=
.971), and ETU (r2= .858), and
dimethoate (r2= .955) with contamination
of the hands.

High Quality

Arbuckle TE, Cole DC,

Occupational

Participants

2,4-

Analysis carried out May-July

The study concluded that exposure was lower

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Ritter L, Ripley BD.
2005. Biomonitoring
of herbicides in
Ontario farm
applicators. Scandinav
ian Journal of Work,
Environment and
Health 31:90-7

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

selected from
family-run
farms in a
previous
study.

dichlorophenoxya
cetic acid (2,4D); 4-chloro-2methylphenoxyac
etic acid (MCPA)

1996. Spot urinary samples
were collected before
exposure and two 24 hour
urine samples were collected
after exposure.

than previously reported possibly due to
improvements in education, equipment used
and labelling. The use of PPE also lowers
exposure. For 2,4-D exposure the urinary
mean concentrations was 27.6 µg/l after
one day and 40.8 µg/l after two days. For
MCPA, after one day the concentration was
44.6 µg/l and on day 2, 58.0 µg/l.

Quality

Arbuckle, T. E.;
Burnett, R.; Cole, D.,
et al (2002)
Predictors of
Herbicide Exposure in
Farm Applicators.
International archives
of occupational and
environmental health,
75, 406-414.

Occupational

Population
chosen from
farm families
from a
retrospective
cohort study.

2,4dichloropheoxyac
etic acid (2,4-D);
4-chloro-2methylphenoxyac
etic acid (MCPA)

Analysis carried out in 1996;
urine samples collected prior
to pesticide application and
then two consecutive 24
hour urine samples were
collected for the applicators.

The study concluded that specific factors have
been identified associated with exposure (such
as pesticide formulation, application
equipment, personal hygiene and protective
clothing/equipment) however there are
differences between the factors and coefficient
signs for each pesticide that require more
investigation. Applicants are also not uniformly
exposed to pesticides during the application
day. 47.6% of the applicators had detectable
levels of 24D in day 1 samples, while 65.9%
had detectable levels of MCPA For 2,4-D the
questionnaire has a specificity of 86.4% and a
sensitivity of 86.4% and for MCPA the values
are 67.4% and 91.6% respectively if the
presence in urine is taken as true exposure.

High Quality

Arcury TA, Grzywacz
JG, Chen H, Vallejos
QM, Galván L, et al.
2009a. Variation
across the agricultural
season in
organophosphorus
pesticide urinary
metabolite levels for

Occupational

Participants
selected from
farmworkers
in a research
project.

organophosphate
s

Analysis carried out MaySeptember 2007. Exposure
categories based on
individual characteristics,
crops working with and
pesticide safety. Exposure
can occur through handcultivation of tobacco, sweet
potatoes and cucumbers.

DMP was detected in 41.3% of samples with a
mean concentration of 0.96 µg/L, DMTP
was detected in 78.3% of samples with a
mean concentration of 3.61 µg/L, DMDTP
was detected in 33.3% of samples with a
mean concentration of 0.04 µg/L, DEP for
40.5% of samples with a mean
concentration of 0.876 µg/L and DEDTP
was detected in 8.09% with a mean

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Latino farmworkers in
eastern North
Carolina: Project
design and descriptive
results. American
Journal of Industrial
Medicine 52:539-50

Duration, frequency, rate

Results

First morning void urine
samples collected. Blood and
saliva samples also collected.

concentration of 0.00 µg/L. During the
season, the frequency of detection and
concentration of the DAP metabolites
increased.

Quality

Arcury TA, Grzywacz
JG, Isom S, Whalley
LE, Vallejos QM, et al.
2009b. Seasonal
variation in the
measurement of
urinary pesticide
metabolites among
Latino farmworkers in
eastern North
Carolina. International
Journal of
Occupational and
Environmental
Health 15:339-50

Occupational

Participants
selected from
farmworkers.

2,4dichlorophenoxy
acetic acid (2,4D); acetochlor;
metolachlor

Analysis carried out MaySeptember 2007. Three
categories of pesticide
exposure: personal
characteristics, work
characteristics and hours
worked. First void urine
samples were collected the
next morning after the
interview.

3,5,6-trichloropyridinol (46.2%), malathion
dicarboxylic acid (27.7%), and paranitrophenol (97.4%); the pyrethroid
metabolite 3-phenoxybenzoic acid (56.4%)
and the herbicides 2,4-D (68.1%), acetochlor
(29.2%), and metolachlor (16.9%) were found
in sizable concentrations in the participants
urine excretion. The characteristics of the
participants (such as personal characteristics)
were not significantly associated with the
pesticide metabolites.

High Quality

Arcury TA, Grzywacz
JG, Talton JW, Chen
H, Vallejos QM, et al.
2010. Repeated
pesticide exposure
among north Carolina
migrant and seasonal
farmworkers. America
n Journal of Industrial
Medicine 53:802-13

Occupational

Participants
selected from
farmworkers
in eleven
eastern North
Carolina
counties.

Acephate;
Chlorpyrifos;
chlorpyrifosmeth
yl; Dimethoate;
Malathion;
Methamidaphos;
Mancozeb; bisdithiocarbamates
fungicide;
General
pyrethroid

Analysis carried out in 2007.
Participants asked about
exposure; exposure may also
be affected by the crops on
the farm; two methods for
detection used based on
detection levels observed.
Spot urine samples collected
on morning after
administration of

The study concluded that farmworkers were
exposed to multiple pesticides and also
repeated exposure to some pesticides. The
farmworkers had detection generally to at
least one metabolite, for example 84.2% of
the participants had exposure to acephate and
88% to 3,5,6-trichloro-2-pyridinol and most
had exposure to multiple pesticides. The
housing type had consistent significant
association with metabolite detections.

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

metabolite;Perm
ethrin;cypermeth
rin;cyfluthrin;2,4Dichlorophenoxy
aceticacid;
Acetochlor;
Metolachlor

questionnaire.

Results

Quality

Arrebola FJ, Martínez
Vidal JL, FernándezGutiérrez A. 1999.
Excretion study of
endosulfan in urine of
a pest control
operator. Toxicology
Letters107:15-20

Occupational

One
participant
with little
previous
exposure to
endosulfan.

Endosulfan

Year of analysis not given.
300 litres of endosulfan were
applied with a dose rate of
0.7g /l. Ten urine samples
were collected in a period of
up to three days after
exposure and one urine
sample collected from a nonexposed subject.

The highest concentration in urine (5368
pg/mL) was reached approximately 0.2 days
after application and was then in decline for
1.5 days until a constant value (2239-2535
pg/mL). This concentration is similar to
concentration found in the urine of the nonoccupational exposed man (2416 pg/mL).
The alpha and beta isomers were excreted
with total concentrations in the range of
5368 and 2239 pg/ml, but the metabolites
were not above the detection levels.
Metabolites of endosulfan were not found
above LOD in any of the samples.

Not High
Quality

Asimakopoulos AG,
Wang L, Thomaidis
NS, Kannan K. 2013.
Benzotriazoles and
benzothiazoles in
human urine from
several countries: A
perspective on
occurrence,
biotransformation,
and human
exposure. Environme
nt
International 59:274-

Environmental

Population
chosen from
the general
population.

Benzotriazoles;
benzothiazoles

Sample collection undertaken
in 2010-2011 and 2012 for
Greece. No occupational
exposure.

Six benzotriazoles derivate and six
benzothiazoles have been measured in urine
excretion in China, Greece, India, Japan,
Korea, the US and Vietnam. Greece- for sum
concentration 5 BTRs, detection rate of 52%;
median of 0.9 ng/mL; range of 0.2-8.3
ng/mL. The US for 5 BTRs: detected in 12%
of samples; median of 0.7ng/mL and
range of 0.2-3.1 ng/mL . Tap water is also
a major source for BTR derivate exposure.

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

Quality

Ayotte P, Dewailly É,
Lambert GH, Perkins
SL, Poon R, et al.
2005. Biomarker
measurements in a
coastal fish-eating
population
environmentally
exposed to
organochlorines. Envir
onmental Health
Perspectives 113:131
8-24

Environmental

Participants
from two
settlements

Chlorinated
pesticides: p,p’DDE, HCB,
Oxychlordane,
Aldrin, dieldrin,
cis-Chlordene,
trans-Chlordane,
trans-Nonachlor,
DLCs (Dioxin-like
compounds)
PCBs

Year of analysis not given.
Participants provided blood
samples at the beginning of
the study and provided first
morning urine samples the
morning after. Participants
fasted for 6 hours before a
caffeine breath test.

The study concluded that there was no
correlation between DLC and PCB
concentrations and occupational pesticide
exposure. The DLCs levels measured were as
follows: median was 93, the mean was
102, the standard deviation was 57 and the
range was between 37 and 287 µg.

High Quality

Barr DB, Allen R,
Olsson AO, Bravo R,
Caltabiano LM, et al.
2005. Concentrations
of selective
metabolites of
organophosphorus
pesticides in the
United States
population. Environm
ental
Research 99:314-26

Environmental

Participants
selected from
the NHANES
study.

chlorpyrifos;
chlorpyrifos
methyl;
malathion;
diazinon; methyl
parathion;
parathion

Samples from NHAMES study
undertaken 1999-2000.
Exposure categorised by
population based (not
occupationally exposed).
Spot or grab urine samples
were collected.

TCPY were detected in 96% of the samples
with geometric means of 9.96 µg/L and
1.58 µg/g creatinine with 95th
percentiles of 9.9 µg/L and 8.42 µg/g.
MDA was detected in 52% of samples with
95th percentile of 1.6 µg/L and 1.8 µg/g.
IMPY was detected in 29% of samples (95th
percentile of 3.7 µg/L) and PNP were found
in 22% of samples (95th percentile of 5.0
µg/L). Children and adolescents had higher
concentrations of TCPY than adults and no
significant different were observed between
sexes and racial/ethnic groups.

High Quality

Barr DB, Olsson AO,
Wong LY, Udunka S,
Baker SE, et al. 2010.
Urinary
concentrations of
metabolites of

Environmental

Population
chosen from
the NHANES
study.

Pyrethroids

Two measurements of
samples for 1999-2000 and
2001-2002. Exposure by
inhalation, oral, and dermal
routes; primary source is
believed to be through diet,

The least-squares geometric mean (LSGM)
concentration (corrected for covariates) of
3PBA and the frequency of detection increased
from 1999–2000 (0.292 ng/mL) to 2001–
2002 (0.318 ng/mL) but not significantly. In
more than 70% of samples, 3-PBA has been

High Quality

81
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

pyrethroid insecticides
in the general u.s.
population: National
health and nutrition
examination survey
19992002. Environmental
Health
Perspectives 118:7428

Duration, frequency, rate

Results

and short episodes of
exposure from residential
use of insect control
products. General population
exposure.

detected. For 1999-2000 the geometric
mean was 0.292 ng/mL and 0.318 ng/mL
for 2001-2002. Exposure may also be greater
for children than adolescents and adults: 95th
percentiles (95% confidence interval) for
creatinine-corrected 3-PBA: 6-11 years;
1999-2000- 7.20 (1.88-64.0), 20002001- 3.04 92.00-4.09); 12-19 years;
1999-2000: 1.65 (1.25-4.21), 20002001: 1.69 (1.10-5.48); 20-59 years,
1999-2000: 2.86 (1.97-4.18), 20012002: 3.43 (2.37-5.11).

Quality

Barr DB, Panuwet P,
Nguyen JV, Udunka S,
Needham LL. 2007.
Assessing exposure to
atrazine and its
metabolites using
biomonitoring. Enviro
nmental Health
Perspectives 115:147
4-8

Occupational /
Environmental

Population
from the pilot
phase of the
Agricultural
Health Study.

Atrazine

Year of analysis not given.
Exposure categories of: turf
applicators, non-occupational
exposure but had some
exposure to ATZ and no
exposure. Urine samples
collected, no further
information in the paper.
Groups of no exposure, low
exposure and high exposure.

The study concludes that exposure to ATZ
metabolites has been underestimated.
Diaminochlorotriazine is the predominate
urinary metabolite detected in each group,
51% detection in the high exposed group,
28% in the low exposed group and 77% in
the environmentally exposed group. There
was a large variation in the total ATZ
metabolites amongst the study population.

Not High
Quality

Barr DB, Turner WE,
Di Pietro E, McClure
PC, Baker SE, et al.
2002. Measurement
of p-nitrophenol in
the urine of residents
whose homes were
contaminated with
methyl
parathion. Environme
ntal Health
Perspectives 110:108

Environmental

Participants
selected from
homes where
exposure to
MPP and/or
PNP had
occurred.

Methyl parathion

Year of analysis not given.
Exposure from use of methyl
parathion in homes. Urine
sample collected from
residents in homes illegally
contaminated with MP
Subjects divided into 3
categories (<1y of age or
pregnant; 1-15y of age;
≥16y of age)
Urinary PNP concentrations

The study concludes that the urinary
concentrations for the households were well
above that of the general population and the
levels are consistent with those of
occupational exposure or poisoning. Urinary
creatinine levels measured (µg/g)mean: 60; geometric mean: 27; median:
26; 5th percentile: 5; 95 percentile: 190.
DMP & DMTP concentrations ranged from
<LOD to 145 µg/L & 460 µg/L,
respectively.

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

5-91

Duration, frequency, rate

Results

Quality

resulted in continued
monitoring ranged from 25
to 600µg/L; & those
resulting in relocation from
50 to 600 µg/L; both
depending upon
age/pregnancy category

Barry KH, Koutros S,
Andreotti G, Sandler
DP, Burdette LA, et
al. 2012. Genetic
variation in nucleotide
excision repair
pathway genes,
pesticide exposure
and prostate cancer
risk. Carcinogenesis 3
3:331-7

Occupational

Population
chosen from
the AHS
cohort study.

39 pesticides
including
permethrin,
carbofuran and
fonofos.

Study cohort from 19931997. This study asked
about exposure, duration
and frequency and pesticide
exposure was classified as
low, medium or high.

The variant A allele at ERCC1rs2298881 has
been associated with increased prostate
cancer risk in males with OR 2.98 and a 95%
confidence interval (CI) of 1.65–5.39 for high
versus no fonofos use. For high versus no
carbofuran use, TT genotype at two correlated
CDK7 SNPs, rs11744596and rs2932778 is
associated with a higher risk of prostate
cancer (OR 2.01; 95% CI 1.31–3.10 for
rs11744596). The authors conclude that NER
genetic variation may play a role in prostate
cancer from pesticide exposure.

High Quality

Berger-Preiss E, Koch
W, Gerling S, Kock H,
Appel KE. 2009. Use
of biocidal products
(insect sprays and
electro-vaporizer) in
indoor areas-exposure scenarios
and exposure
modelling. Int J Hyg
Environ
Health 212:505-18

Environmental

N/A

tetramethrin,
phenothrin,
cyfluthrin,
bioallethrin,
pyrethrins,
chlorpyrifos

Year of analysis not given.
Insect sprays sprayed for 10
or 20 seconds and also an
overdose spray of two mins
was applied into a model
room. Calculated inhalable
doses were 2–16μg.
Electrovaporisers used for six
hours. Inhalation exposure
measured. Dermal exposure
measured (via pads). Urine
samples collected 10 secs

The metabolite (E)- trans-chrysanthemum
dicarboxylic acid was present in urine
excretions after 5 mins of exposure (1.7
mg/l-7.1 mg/l). Exposures of 70 to 590
mg/m3 were observed for the pyrethroids
tetramethrin, d-phenothrin, cyfluthrin,
bioallethrin, and the pyrethrins for normal
spraying of 10 seconds followed by two mins
of exposure 200–3400 mg/m3 for the
overdose scenario). For the electrovaporiser,
0.5–2 mg/m3 and 1–7 mg/m3 exposure
was measured for PBO (piperonyl butoxide).

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

Quality

after spraying, after 5 mins
in the sprayed room and
after 24 hours.
Bernard CE, Nuygen
H, Truong D, Krieger
RI. 2001.
Environmental
residues and
biomonitoring
estimates of human
insecticide exposure
from treated
residential
turf. Archives of
Environmental
Contamination and
Toxicology 41:237-40

Environmental

Participants
selected from
the university
community
and the local
Jazzercise
group.

chlorpyrifos

Year of analysis not given.
Exposure began 3 and a half
hours after spraying for 20
minutes. Subjects performed
20min structured activity on
CPR-treated grass (12±4 µg
CPR/m2). 7 consecutive
morning urine voids
collected, one-day prior to
exercise (d1) & continued
through to day 5. Exposure
into two categories for
study: use of 100% cotton
whole body dosimeters or
exercise suits. Garment and
cotton sheet dosimeters also
measured.

Urine excreted concentrations of CP were an
average of 1.3 µg CP/kg. 1.6 mg of CP on
average was extracted from whole body
dosimeters with 0.5-2µg CP/kg absorbed
on cotton clothes. The study concludes that
very little CP is transferred or absorbed during
physical activities.

Not High
Quality

Berthet A, Bouchard
M, Vernez D. 2012a.
Toxicokinetics of
captan and folpet
biomarkers in
dermally exposed
volunteers. Journal of
Applied
Toxicology32:202-9

Volunteer

Participants
selected from
healthy
medical
students

Captan; folpet

Participants injected with a
dose of captan (5
participants) or folpet (5
participants) which was
equivalent to 1 mg kg-1
body weight. First morning
urine void collected before
exposure. Urine and blood
samples given after
exposure.

After exposure, the THPI metabolite of captan
increases in plasma reaching its maximum 10
hours after exposure and in urine excretion,
the THPI was detected until 11.7 hours after
exposure. The PI metabolites of folpet were
detected in urine until 27.3 and 27.56 hours
after exposure and reached their maximum
plasma levels six hours after exposure.

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Berthet A, HerediaOrtiz R, Vernez D,
Danuser B, Bouchard
M. 2012b. A detailed
urinary excretion time
course study of
captan and folpet
biomarkers in workers
for the estimation of
dose, main route-ofentry and most
appropriate sampling
and analysis
strategies. Annals of
Occupational
Hygiene56:815-28

Occupational

Participants
selected from
tree farmers
and grape
growers

Captan; folpet

Berthet, A., et al.
(2011). "Liquid
chromatographytandem mass
spectrometry
(LC/APCI -MS/MS)
methods for the
quantification of
captan and folpet
phthalimide
metabolites in human
plasma and urine."
Analytical and
Bioanalytical
Chemistry 399(6):
2243-2255 .

Occupational /
volunteer

Participants
were exposed
to captan and
folpet

Captan; folpet

www.efsa.europa.eu/publications

Results

Quality

Two tree farmers exposed to
captan and the three grape
growers were exposed to
folpet. Sampling performed
during the spraying season.
Two exposures of spraying
and harvesting. First
morning urine void samples
collected before exposure.
Urine samples collected over
seven consecutive days
following harvesting and
spraying.

There is a difference in exposure depending
on the activity with variations in the captan
and folpet biomarker exposure levels with
spraying resulting in more exposure than
harvesting. For THPI levels, pre shift urine
were 1.69 nmol l-1 and 0.93 nmol-1 and
post shift these levels were 17.8 and 5.58
nmol l-1 respectively. Through modelling, the
main exposure route is dermal exposure.

Not High
Quality

Urine samples and blood
samples analysed for THPI
and PI analytes. Exposure by
the oral and dermal route.

The limit of detection for this method is 0.58
µg/L in urine and 1.47 µg/L in plasma for
THPI with the limit of detection for PI in urine
being 1.14 µg/L and 2.17 µg/L in plasma. In
applicators the pre season levels of THPI and
PI are below the limit of detection. The
highest levels of THPI are found in workday 2
post-shift with levels of 43.18 and 43.09
µg/L for the two applicators. The levels of PI
in the three applicators vary from below the
limit of detector to 42.61 µg/L.

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Bhatti P, Blair A, Bell
EM, Rothman N, Lan
Q, et al. 2010.
Predictors of 2,4dichlorophenoxyacetic
acid exposure among
herbicide
applicators. Journal of
Exposure Science and
Environmental
Epidemiology 20:1608

Occupational

Participants
selected from
country
noxious weed
offices.

2,4dichloropheoxyac
etic acid (2,4-D)

Bigelow Dyk M, Liu Y,
Chen Z, Vega H,
Krieger RI. 2012. Fate
and distribution of
fipronil on companion
animals and in their
indoor residences
following spot-on flea
treatments. J Environ
Sci Health B 47:91324

Environmental

Participants
with dogs or
cats.

Fipronil

www.efsa.europa.eu/publications

Results

Quality

Analysis carried out April-July
1994 and April-August 1995;
participants kept diaries with
exposure information during
two spraying seasons.
Overnight urine samples
were collected for each day
of 2,4-D exposure

Over the 336 days that the applicators
reported handling 2,4-D, the majority of time
was spent applying 2,4-D (mean 247.9
min/day). Use of personal protective
equipment use by applicators was assessed.
Applicators tended not to wear protective
equipment during spraying except for gloves,
which were worn for 18% of the applications.
During mixing, protective equipment was worn
more regularly with gloves, goggles, masks,
and suits worn 46%, 11%, 19%, and 20% of
the time, respectively. For the primary model,
the total time of all activities (such as spraying
time, method and mixing) are responsible for
16% of the between worker variance and
23% within worker variance for 2,4-D levels.
Urinary concentrations of 2,4-D were from
0.07 to 2857.5 μg/l; with the mean and
geometric concentrations of 259.4 (standard
deviation=431.7) and 63.4 (geometric
standard deviation=8.1) μg/l.

High Quality

Mean percent's in the applied
products were: fipronil 9.8 ±
0.52 mg; fipronil sulfone:
0.36 ± 0.11 mg; fipronil
sulfide: 1.0 ± 0.16 mg. First
morning or 24 hr urine
sample collected followed by
12-15 post application
samples. Cotton gloves worn
during application. Pet space
dosimeters, urine samples,
hair residues and clippings

The study concludes that human exposure to
fipronil is low. Fipronil excretion of urine at
0.5 and 0.5µg/L was 91 ± 6% and 84
±9%. For the transfer of fipronil to cotton
gloves in dogs, pre application there is 97
µg/gloves, after 24 hours 5600 and after
4 weeks µg/gloves, the concentration is
76 µg/gloves. In cats, the values of fipronil
are 0.75, 880 and 17 µg/gloves respectively.

Not High
Quality
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Reference
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/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

Quality

collected.
Bolognesi C, Parrini
M, Bonassi S, Ianello
G, Salanitto A. 1993a.
Cytogenetic analysis
of a human
population
occupationally
exposed to pesticides.
Mutation Research Fundamental and
Molecular
Mechanisms of
Mutagenesis 285:23949

Occupational

Population
selected from
floriculturists
from the Local
Health District
who applied
for
authorisation
to use
pesticides

mixture of
pesticides such
as
organophosphate
s, carbamates,
phenoxy
herbicides and
pyrethroids

Analysis carried out May
1990- Feb 1991. Information
of pesticide exposure
collected and also if
exposure was in an open
field and/or greenhouse.
Effect of age, duration of
exposure and smoking habits
are used in the analysis.
Blood samples were collected
at beginning of study to
measure the frequency of
micronuclei in peripheral
lymphocytes.

The study concludes that there is a significant
increase in the frequency of micronucleated
lymphocytes in participants who are
occupationally exposed to pesticides (8.57%
for exposed versus 6.67% for the control
group). For participants exposed for over 30
years, there is a maximum increment of 71%
in micronuclated lymphocytes. MNF is also
associated with sex as it is significantly higher
in females than in males in both the exposed
and control groups (RR=1.45, 95%CI=1.251.67). For pesticide exposure there are
potential genetic hazards.

Not High
Quality

Bolognesi, C.; Parrini,
M.; Reggiardo, G., et
al (1993b)
Biomonitoring of
Workers Exposed to
Pesticides.
International archives
of occupational and
environmental health,
65, S185-S188.

Occupational

Participants
were
floriculturists

mixture including
OPs, carbamates,
pyrethroids

39 participants worked in
open fields and greenhouses,
28 in open fields and 4 in
greenhouses. Participants
continually exposed to
pesticides. Blood samples
collected.

There was a significant association between
micronuclei frequency and pesticide exposure.
The overall micronuclei frequency was 8.57 ±
0.58 with a RR of 1.25 and a 95% CI of 1.111.41 for the floriculturists compared to a
micronuclei frequency of 6.67 ± 0.36 with a
RR of 1.0 in the control group. Working in
greenhouses had the highest work
environment risk (11.25 ± 4.83 frequency, RR
1.46, 95% CI of 1.07-1.99) and there was also
a positive dose-response gradient for years of
employment (>30 years of farming, 11.45 ±
1.12 frequency, RR 1.71, 95% CI of 1.432.05.

Not High
Quality

Boogaard PJ, Beulink

Occupational

Population

Years of analysis 1991-1992.

The median CFA-S concentration in 67
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Reference
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GDJ, Van Sittert NJ.
1994. Biological
monitoring of
exposure to 3-chloro4-fluoroaniline by
determination of a
urinary metabolite
and a haemoglobin
adduct. Environmenta
l Health
Perspectives 102:23-5

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

chosen from a
Shell herbicide
plant.

fluoroaniline
(intermediate)

Exposure based on workers
in a herbicide plant. Urine
samples collected at end of
every third night and when
exposure may have
occurred.

samples from the first study was 0.14
μmole/g creatinine (range <0.05 - 2.82)
and in 201 samples from the second study
0.21 μmole/g creatinine (range <0.05 6.05). In urine samples collected after shifts
with supposed incidental exposure, slightly
higher concentrations were measured: 0.27
μmole/g creatinine (range <0.05 - 122; 18
samples) and 0.76 μmole/g creatinine
(range <0.05 - 18.5; 46 samples),
respectively. The median Hb adduct
concentration in 75 samples from the first
study was 9 pmoles CFAIg Hb (range <5 640) and in 46 samples from the second
study 12 pmoles/g Hb (range 3 - 24).

Quality

Bouchard et al 2006.
Ann Occup Hyg 50
505. Biological
Monitoring of
Exposure to
Organophosphorus
Insecticides in a
Group of Horticultural
Greenhouse Workers

Occupational

Population
selected from
horticultural
greenhouse
workers

Malathion;
diazinon;
acephate

Analysis carried out in 2003.
Eight workers exposed to
each pesticide in the study (
2 involved in application, 5 in
manipulating the treated
plants and 1 person not
directly exposed). A
Questionnaire was also
asked about exposure with
biomonitoring for exposure
(urine).

In the study, the workers are only slightly
more exposed than the general population to
malathion. The results from the study also
question the relevance of measuring nonspecific phosphoric metabolites when
attempting to assess low-dose occupational
exposure to a specific occupational pesticide.
The median of MCA detected was 1.3 µg/l¯¹
(95th percentile of 10) and for DMTP the
median detected was 3.5 µg/l¯¹ (95th
percentile of 28) compared to a baseline for
the general population of 0.45 µg/l¯¹ with
a 95th percentile of 32.

High Quality

Bouchard M, Carrier
G, Brunet RC. 2008.
Assessment of
absorbed doses of
carbaryl and

Occupational

Population
selected from
horticultural
greenhouse

Carbaryl

Analysis carried out in
Summer, 2003. Two workers
involved in application, five
workers involved in the
manipulation of the treated

The study had calculated that the absorbed
doses were between 3.3 and 143 nmol/kg
of body weight depending on job function.
Exposure occurred by inhalation (applicators
and worker not directly exposed) and via

High Quality
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associated health
risks in a group of
horticultural
greenhouse
workers. International
Archives of
Occupational and
Environmental
Health 81:355-70

Study
participants
quality check

Chemicals

workers

Duration, frequency, rate

Results

plants and one worker not
directly exposed. Void urine
samples collected for a 24
hour period after pesticide
application.

dermal exposure (for workers involved in the
manipulation of the treated plants). The 24
hour cumulative 1-N levels ranged from 4.8%
to 65.1% of proposed biological reference
value (32nmol/kg bw) following onset of
exposure.

Quality

Bouchard M, Gosselin
NH, Brunet RC,
Samuel O, Dumoulin
MJ, Carrier G. 2003. A
toxicokinetic model of
malathion and its
metabolites as a tool
to assess human
exposure and risk
through
measurements of
urinary
biomarkers. Toxicolog
ical Sciences 73:18294

Occupational

Population
selected from
botanical
garden
workers

Malathion

Year of analysis not supplied.
Workers were not involved in
application of malathion;
Urine samples collected after
2-3 hours in a greenhouse
that had been sprayed with
malathion 15 hours before .
Dermal doses given to
volunteers.

The data from the urine samples has been
used alongside other data to develop a
toxicokinetic model to predict the time
evolution of malathion and its derivatives. For
dermal exposure (which is the main exposure
route) of malathion, the model predicts it
would take 11.8 hour to recover half the
absorbed dose compared to 3.3 hours for
intravenous injection and 4 hours for oral
administration. Biological reference values of
44, 13 and 62 nmol/kg have been
calculated for MCA, DCA and phosphate
derivatives in 24 hour urine samples.

Not High
Quality

Bouvier G, Blanchard
O, Momas I, Seta N.
2006. Environmental
and biological
monitoring of
exposure to
organophosphorus

Occupational

Population
selected from
people
occupational
exposure and
not
occupationally

Dichlorvos;
fenthion;
malathion;
methyl
parathion;
chloropyrifos;
diazinon; ethyl

Analysis carried out February
to December 2002.
Exposure based on
occupational and nonoccupational exposure.
Indoor air monitoring and
hand wipe sampling samples

The study concludes that most of the
participants have been dermally exposed to
pesticides. In urine concentrations, the
medians of DAP were 168 nmol/g
creatinine for the exposed group and
241 nmol/g for the non-exposed group.
The occupational exposed group is more

High Quality
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pesticides: Application
to occupationally and
non-occupationally
exposed adult
populations. Journal
of Exposure Science
and Environmental
Epidemiology 16:41726

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

exposed to
pesticides.

parathion

collected. Three firstmorning urine samples
collected for a 1 week
period. Questionnaire asked
about pesticide exposure for
non-occupational exposed
group and workers in
greenhouse asked about
pesticide exposure.

exposed in air measurements than the nonexposed group (185 pmol/m3 versus ND)
and the levels of exposure of air are
significantly correlated to dermal exposure
(R=0.34, P= 0.03). The DAP detection
frequencies/levels were not different between
workers and the general population.

Quality

Bradman, A., et al.
(2009). "Communitybased intervention to
reduce
pesticide exposure to
farmworkers and
potential take-home
exposure to their
families." Journal of
Exposure Science and
Environmental
Epidemiology 19(1):
79-89.

Occupational /
Environmental

Participants
were
strawberry
harvesters

malathion

Intervention group supplied
with PPE and undertook
educational sessions. Control
group supplied with PPE and
an educational workshop.
Spot urine samples collected
after intervention. Clothing
and skin patch samples
collected. Hand wash
samples collected.

Participants who wore gloves were exposed to
lower levels of malathion compared to those
who didn't wear gloves. Median MDA urine
levels were 45.3 µg/g creatinine for those
who wear gloves and 131.2 µg/g
creatinine for those who didn't. Hand
concentrations for those who were gloves
were 8.2 µg per pair compared to 777.2
µg per pair for those not protected. Diet also
affected exposure with those who ate
strawberries more exposed (114.5 µg/g
creatinine versus 39.4 µg/g creatinine).

High Quality

Brock A. 1991. Inter
and intraindividual
variations in plasma
cholinesterase activity
and substance
concentration in
employees of an
organophosphorus
insecticide
factor. British Journal

Occupational

Population
selected from
a
organophosph
orus
insecticide
factory.

organophosphate
s

Analysis carried out
November 1987 to
September 1998. Exposure
based on occupational (4 risk
groups of exposure) and
non-occupational exposure.
Blood samples collected
every 4-6 weeks. Heparin
stabilised venous blood
samples.

The study concluded that ChE activity was
different (up to 40%) between the
occupational exposure participants and the
general population. The standardised mean
ChE activities of employees in risk group 3
were significantly lower than those of men in
the reference group (t = 2 15, 0 01 < p < 0
05), whereas standardised mean ChE activities
of male employees in other risk groups did not
differ from each other or from the men in the

High Quality
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Study
participants
quality check

Chemicals

Duration, frequency, rate

of Industrial
Medicine 48:562-7

Results

Quality

reference group. Female employees (risk
group 2) showed the same standardised ChE
activity as women in the reference group.

Brouwer EJ, Evelo
CTA, Verplanke AJW,
Van Welie RTH, De
Wolff FA. 1991.
Biological effect
monitoring of
occupational exposure
to 1,3dichloropropene:
Effects on liver and
renal function and on
glutathione
conjugation. British
Journal of Industrial
Medicine 48:167-72

Occupational

Population
selected from
applicators of
DCP

1,3dichloropropene
(DCP)

Year of analysis not supplied.
TWA concentration of DCP
from 1.8 to 18.9 mg/m3
from environmental
monitoring.

During the season, there was a moderate
increase in hepatic enzyme induction with an
increase in у-glutamyltranspeptidase activity
from 12.5 to 19.5 U/l and a decrease in
bilirubin (9.5 to 7.0 µmol/l). In renal function,
albumin concentrations increased during the
season and creatinine levels decreased
(93.0 to 87.5 µmol/l). Glutathione
concentrations also decreased during the
season, both in blood and erythrocyte which
may be due to DCP exposure.

Not High
Quality

Brouwer EJ,
Verplanke AJW,
Boogaard PJ,
Bloemen LJ, Van
Sittert NJ, et al. 2000.
Personal air sampling
and biological
monitoring of
occupational exposure
to the soil fumigant
cis-1,3dichloropropene. Occ
upational and

Occupational

Participants
selected from
a starch
potato
growing
region.

1,3dichloropropene
(DCP)

Analysis carried out April to
November (year not given).
On each fumigation day:
questionnaire on duration of
fumigation, use of the
respirator, and possible
dermal exposure. Urine
samples and personal air
samples on each fumigation
day.

The study concludes that the application of
cis-DCP in the potato growing industry can be
performed at exposure concentrations below
the Dutch OEL of 5 mg/m3 if the working days
are limited to 8 hours. The geometric mean
(range) excretion of cis-DCP-MA metabolites
was 9.33 (0.04– 55.1) mg/g urinary
creatinine; Geometric mean (range)
inhalation exposure was 2.7 (0.1–9.5)
mg/m3 cis-DCP. OEL was exceeded on 21%
(25 days) of all application days.

High Quality
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Study
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quality check

Chemicals

Duration, frequency, rate

Results

Quality

Brouwer R, et
al.(1993) Skin
Contamination,
Airborne
Concentrations, and
Urinary Metabolite
Excretion of Propoxur
During Harvesting of
Flowers in
Greenhouses.
American Journal of
Industrial Medicine
24593-603

Occupational

Participants
were engaged
in harvesting

Propoxur

Propoxur applied by high
volume spraying or dusting.
Urine samples collected over
a 48 hour period (in eight
fractions) from the start of
exposure. Dermal exposure
measured indirectly.

The geometric mean for IPP urine excretion
was 158.3 (4.4) µg. The mean dislodgeable
foliar residue was 0.30 (5.5) for cutting
and 0.20 (4.2) µg/cm² for
sorting/bundling. The total dermal
exposure was 5.5 (5.3) mg and the mean
airborne concentration for cutting was 12.1
(2.5) µg/m³ and 3.0 (2.1) µg/m³ for
sorting/bundling. A Pearson correlation
coefficient of 0.95 has been found for dermal
exposure and IPP excreted and a coefficient of
0.84 was found for respiratory exposure and
IPP excreted.

High Quality

Brugnone F, Maranelli
G, Guglielmi G, Ayyad
K, Soleo L, Elia G.
1993. BloodConcentrations of
Carbon-Disulfide in
Dithiocarbamate
Exposure and in the
General-Population.
International archives
of occupational and
environmental health
64:503-7

Occupational /
Environmental

Participants
were not
exposed or
workers in a
dithiocarbama
te factory

dithiocarbamates

Blood samples collected from
non-exposed group. Blood
samples (set of six for
production workers over two
work shifts) were collected
from exposed group

The free and total CS2 concentrations in the
exposed production workers were 1070 ng/l
and 8471 ng/l after an eight hour shift
compared to 240 and 4738 ng/l before
work. The total CS2 levels were much higher
than the production workers (range 70478471 ng/l) than the non-exposed group
(4140 ng/l). The free and total CS2
concentrations for the office workers were
846 ng/l and 4140 ng/l and in the nonexposed group the free and total CS2
concentrations were 663 and 3178 ng/l
respectively.

Not High
Quality

Buckley TJ, Geer LA,
Connor TH, Robertson
S, Sammons D, et al.

Occupational

Participants
selected from
a chemical

Cypermethrin

Analysis carried out
December 2005 to January
2006. Exposure at a

The concentration of cypermethrin in workers’
(n=5) urine ranged from 35 to 253 μg/L
with a median of 121 μg/L across pre and

High Quality

Environmental
Medicine 57:738-44

www.efsa.europa.eu/publications

139

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

2011. A pilot study of
workplace dermal
exposures to
cypermethrin at a
chemical
manufacturing
plant. Journal of
Occupational and
Environmental
Hygiene 8:600-8

Buckley TJ, Liddle J,
Ashley DL, Paschal
DC, Burse VW, et al.
1997. Environmental
and biomarker
measurements in nine
homes in the Lower
Rio Grande Valley:
Multimedia results for
pesticides, metals,
pahs, and
vocs. Environment
International 23:70532

Study
participants
quality check

Chemicals

manufacturing
plant

Environmental

www.efsa.europa.eu/publications

Participants
selected from
residents.

Propoxur; 1,4dichlorobenzene;
1,3dichlorobenzene;
dichlofenthion;
prothiofos;
phosdiphen;
carbofuran;
benfuracarb;
carbosulfan;
furathiocarb;
1,3,5trichlorobenzene;
hexachlorobenze
ne; lindane;
chloropyrifos;
chlorpyrifosmethyl;
parathion;
methyl
parathion;

Duration, frequency, rate

Results

chemical manufacturing
plant (rather than use and
application) via the dermal
route. Exposure information
collected by a survey
assessment, biological
monitoring, and workplace
environmental sampling
including ancillary
measurements of glove
contamination.

post-shift samples. These values greatly
exceeded the concentration observed for a
single pre-shift unexposed office worker (OW)
of 8 μg/L. Among the workers, there was no
consistent change in concentration from preto post-shift where in three of five cases the
concentration decreased (p = 0.57, paired ttest, n=5). Assuming a body weight of 72 kg
(with glove measurements), a body mass
adjusted daily dose of 1.7 μg/kg/day is
estimated, falling within a factor of 6 of the
EPA IRIS RfD value of 10 μg/kg/day.

Analysis carried out MarchApril and July to August,
1993 (sampled over two
seasons). Non occupational
exposure. Environmental
monitoring undertaken;
dietary information given.
Urine, blood and breath
samples collected. Diet and
drinking water consumption
assessed

Differences were observed for the two
seasons sampling with exposure to non
persistent pesticides (p<0.10 for 3.5.6trichloro-2-pyridinol and 2,5-dichlorophenol
biomarkers) higher in the summer and for
persistent pesticides. Hexachlorobenzene. had
a significant difference between seasons
(p<0.10). Exposure to pesticides were
between 0 and 37% in water and air.
Combining blood, urine and breath, 21
pesticides were detected (range 40-100%).
Chlorpyrifos concentrations in urine and blood
could be correlated.
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Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

Quality

nitrobenzene;
EPN; 1,2,4trichlorobenzene;
fenchlorphos;
trichloronate;
naphthalene;
carbaryl; 2,4dichlorophenoxya
cetic acid (2-4D);
pentachlorophen
ol
Byrne SL, Shurdut BA,
Saunders DG. 1998.
Potential chlorpyrifos
exposure to residents
following standard
crack and crevice
treatment. Environme
ntal Health
Perspectives 106:72531

Environmental

Participants
selected from
single-family
homes

chlorpyrifos

Year of analysis not given.
Exposure was nonoccupational. Urine samples
and air monitoring collected.
Urine void samples on the
day before application, the
day of application (initial
exposure), and for 10
consecutive days following
the initial exposure.

The urine of three volunteers showed an
increase of 3,5,6-TCP on 0, 1, and/or 2 days
consistent with the higher air concentrations;
there was a slight increase of average 3,5,6TCP excreted for each volunteer per day
(0.001-0.037 pg/kg bw/day). The
measured absorbed doses are considerably
lower than estimates derived from the air
monitoring measurements. The study
concluded that exposure did not increase after
application.

High Quality

Chevrier C, Serrano T,
Lecerf R, Limon G,
Petit C, et al. 2014.
Environmental
determinants of the
urinary concentrations
of herbicides during
pregnancy: The

Environmental

Population
from the
PELAGIE study

acetachlor;
alachlor;
metolachlor;
atrazine;
Chloracetanilide

PELAGIE cohort between
2002 and 2006. Exposed
group were pregnant
women. Questionnaire
supplied for possible
exposures. Spot urinary
sample collected & assessed
for pesticide concentrations

The study concludes that environmental
contamination by herbicides may contribute to
the general population being exposed.
Herbicides were quantified in 5.3% to 39.7%
of urine samples. The two most frequent
herbicides in urine were alachlor and
acetochlor. Residential proximity to crops
results is associated with dealkylated triazine

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

PELAGIE mother-child
cohort
(France). Environmen
t International 63:118

Duration, frequency, rate

Results

Residential proximity to
agricultural corn crops
assessed by geocoding home
address & then using
European geographic land
use database. Urban areas
classified as those where at
least 85% of total land
surface within 500m radius
was composed of artificial
surfaces
Identification of corn crops in
Brittany assessed by satellite
images

metabolites in urine samples (OR= 1.38, 95%
CI= 1.05-1.80) and the consumption of fish is
associated with hydroxylated triazine
metabolites (OR= 1.48, 95% CI= 1.09-1.99).
Urinary metabolites of atrazine & DAT
correlated with tap water consumption
(OR=2.94, 95%CI=1.09-7.90, & OR=1.82,
95%CI=1.10-3.03, respectively)

Quality

Clune AL, Barry Ryan
P, Barr DB. 2012.
Have regulatory
efforts to reduce
organophosphorus
insecticide exposures
been
effective? Environmen
tal Health
Perspectives 120:5215

Environmental

Population
from NHANES
and NHANES
III study

organophosphate
s

NHANES study carried out
1999-2004; NHANES III
1988-1994. Urine samples
collected during one of three
daily examination periods.

The exposure to occupational pesticides has
decreased from the NHANES III study to the
NHANES study. The median urinary DAP
concentration had decreased by over half with
five of the six metabolites having reductions of
50-90% for the 95th percentile
concentrations. The median & 95th percentile
concentrations and FODs showed larger
decrease in DEP metabolites than DMP
metabolites and the frequency of detection
decreased in all 6 metabolites.

Not High
Quality

Coble J, Arbuckle T,
Lee W, Alavanja M,
Dosemeci M. 2005.
The validation of a
pesticide exposure
algorithm using
biological monitoring

Occupational

Population
selected from
the AHS study
in USA and
pesticide
exposure
assessment

2,4dichlorophenoxya
cetic acid (2,4D); 4-chloro-2methylphenoxyac
etic acid (MCPA)

Urine samples collected prior
to application and 2 days
following the application. An
algorithm has been
developed to produce an
exposure intensity score.
This score is then combined

There was a variability in the algorithm
exposure intensity scores among the pesticide
applicators primarily due to differences in use
of personal protective equipment (PPE). The
concentrations of MCPA detected in urine
samples collected on the second day after the
application ranged from less than <1.0 to

High Quality
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Reference

Occupational /
Volunteer
/Environmental

results. Journal of
Occupational and
Environmental
Hygiene 2:194-201

Study
participants
quality check

Chemicals

study in
Canada

Duration, frequency, rate

Results

with information on the
frequency and duration of
use to calculate a cumulative
exposure metric for the
epidemiologic analyses of
the AHS cohort.

610 ng/L among 84 of the applicators of
MCPA. The concentrations of 2,4-D detected in
the urine samples ranged from less than <1.0
to 514 ng/L among 41 of the applicators
who applied 2,4-D.

Quality

Colosio C, Fustinoni S,
Birindelli S, Bonomi I,
De Paschale G, et al.
2002.
Ethylenethiourea in
urine as an indicator
of exposure to
mancozeb in vineyard
workers. Toxicology
Letters 134:133-40

Occupational

Participants
selected from
vineyard
workers

Mancozeb

Year of analysis not supplied.
Two groups of exposure;
first void urinary samples
collected before exposure
and urine sample collected
after exposure; dermal
exposure also assessed.
Exposure can occur in the
preparation of the pesticide
mixture and its application.

Ethilenethiourea urine concentrations were
increased at the end of the shift (median
2.5, 0.5 – 95.2 µ/g creatinine) than the
baseline (median 0.5, range 0.5 – 3.4 µ/g
creatinine). Dermal exposure to mancoxeb
has been positively associated with end shift
urinary ETU (for clothes Spearman's
p=0.770 and 0.702 and for skin, P
=0.009 and 0.024).

High Quality

Colosio C, Visentin S,
Birindelli S, Campo L,
Fustinoni S, et al.
2006. Reference
values for
ethylenethiourea in
urine in Northern
Italy: Results of a
pilot
study. Toxicology
Letters 162:153-7

Environmental

Population
chosen from
residents with
no
occupational
exposure to
EBCDs and
ETU

ethylenebisdithio
carbamate

Participants selected from a
larger study carried out
2000-2003; participants not
occupational exposed to the
pesticides. Spot urine sample
collected in morning (2nd
urine of day)

The urinary ETU concentrations were either
below the limit of detection (39 participants)
or in the range of 0.5 to 11.6 µg creatinine
with no association between smoking and
alcohol and urine ETU concentrations. EBCDs
intake was calculated as 37.1-50.1 µg/day
which is below the ADI set by the JMPR in
1993. The mean concentration of ETU for the
general population has been calculated as
0.6-0.8 µg creatinine with a 95th
percentile of 4.5-5.0 µg creatinine.

Not High
Quality

Corsini E, Birindelli S,
Fustinoni S, De
Paschale G,
Mammone T, et al.

Occupational

The
participants all
worked in
vineyards

Fungicide Mancozeb
Metabolite ethylentiourea

The study period took place
between May and June, the
year is not indicated.
Urine and blood samples

The study confirmed that absorption of the
fungicide took place during application.
Analysis of serum, cellular, and functional
immune parameters suggested that Mancozeb

High Quality
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Reference

Occupational /
Volunteer
/Environmental

2005.
Immunomodulatory
effects of the
fungicide Mancozeb in
agricultural
workers. Toxicology
and Applied
Pharmacology 208:17
8-85

Costa C, GarciaLeston J, Costa S,
Coelho P, Silva S, et
al. 2014. Is organic
farming safer to
farmers' health? A
comparison between
organic and
traditional
farming. Toxicology
Letters 230:166-76

Occupational

www.efsa.europa.eu/publications

Study
participants
quality check

Chemicals

Duration, frequency, rate

within the
same area and
matched
healthy
controls were
also used

(ETU)

were collected from workers
before the beginning of the
spraying season, prior to any
exposure to pesticides, and
samples were also collect at
the end of the work shift of
the last day of Mancozeb
application.
Urine and blood samples
were collected only once
from the controls, this was
the morning at the same
time of the year of workers.

exerts a slight immunomodulatory effect, this
was characterised by an increase in total
leukocyte counts, an increase in the
percentage and absolute number of CD19+
cells, a reduction of CD25+ cells, a significant
reduction in LPS-induced TNF-a release and
an increase in proliferative response to PMA +
ionomycin. A reduction in LPS-induced TNF-a
release and in the percentage of CD25+ cells
suggest a concurrent slight
immunosuppressive effect, the authors
suggest that this has never been reported in
humans.
the results of immune
The testing feel in the range of normality for
all the parameters taken into account, either
in workers or in controls, and physical
examination of these subjects did not reveal
any kind of health impairment.

The
participants all
worked as
farmers, one
group used
pesticides and
the other
group were
organic
farmers who
do not use
pesticides. A
control group
was also used.

Pyrethroids,
organophosphate
s, carbamates,
and thioethers in
urine and
butyrylcholineste
rase activity in
plasma

The study period took place
over a year, most people
within the study group were
sampled during autumn and
winter.
Blood and spot urine
samples were collected.
These were collected in the
morning and in the
workplaces.
Samples were transported to
the laboratory within 3 hours
and were processed
immediately.

Although there were some conflicting results,
overall it seems that organic farmers present a
level of genetic damage similar to unexposed
controls. The study also concluded that
pesticides are able to induce genotoxicity
evidenced by the results in different
biomarkers and also to cause significant
alterations in the percentage of B
lymphocytes. Increased levels of genetic
damage was observed in conventional farmers
when compared to organic farmers indicating
that the health status of farm workers may be
influenced by the type of agriculture they
practice.

144

Results

Quality

Not High
Quality

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference
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/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Couture C, Fortin MC, Carrier G, Dumas
P, Tremblay C,
Bouchard M. 2009.
Assessment of
Exposure to
Pyrethroids and
Pyrethrins in a Rural
Population of the
Monteregie Area,
Quebec,
Canada. Journal of
Occupational and
Environmental
Hygiene 6:341-52

Environmental

The
participants all
came from the
same
geographic
area.

Pyrethroid;
pyrethrins

Cowell, J. E.;
Lottman, C. M.&
Manning, M. J. (1991)
Assessment of Lawn
Care Worker
Exposure to Dithiopyr.
Archives of
Environmental
Contamination and
Toxicology, 21, 195201.

Occupational

The
participants all
worked as
lawn care
specialists
who worked
for the same
company.

Curwin BD, Hein MJ,
Sanderson WT, Striley

Occupational /
Environmental

The
participants all

www.efsa.europa.eu/publications

Results

Quality

The study took place
between 5th June and 7th
August, the period of intense
pesticide spreading.
Participants were asked to
collect 12-hour urine
samples, from 6 p.m. until
the next morning, including
first morning void.

The study found that the amount of the six
metabolites excreted per unit of body weight,
during a standardized 12-hr period, followed
the same decreasing pattern in adults and in
children:
tDCCA>PBA>cDCCA>CDCA>DBCA>FPBA.
Also, no consistent associations were observed
between the excretion of correlated
metabolites and the various factors
documented by questionnaire (personal
factors, life habits, sources of exposure).
Comparison of the current data with those
observed in an urban population of the same
province during the summer of 2005 suggests
a greater summertime exposure to some
pyrethroids in the rural population.

High Quality

dithiopyr (no EU
approval)

Each lawn care specialist
made 25 stops to treat turf
which simulated lawns of at
least 5,000 square feet at
each stop. On average each
participant treated 1.85
acres in an 8 hour work day.
The mixer/loader and
application sequences were
monitored using cotton
gauze patches, air sampling
media and hand washes.
Urine was collected.

The study found that the mean dose estimate
from urinalysis of samples over the 72 hour
period was 4.60 x 10-5 mg/kg/lb. The
mean dose estimate for a fully clothed
participant wearing a long sleeved shirts was
8.09 x 10-5 mg/kg/lb while for a
participant wearing a short sleeved the
estimate was 3.62 x 10-4 mg/kg/lb. The
lower leg regions which were protected by
long pants and boots had the highest
exposure by passive dosimetry.

High Quality

Pesticides and
metabolites;

The study took place in the
spring and summer of 2001.

The study found that the adjusted geometric
mean (GM) level of the urine metabolite of

High Quality
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/Environmental

C, Heederik D, et al.
2007. Urinary
pesticide
concentrations among
children, mothers and
fathers living in farm
and non-farm
households in
Iowa. Annals of
Occupational
Hygiene 51:53-65

De Cock, J.; Heederik,
D.; Hoek, F., et al
(1995) Urinary
Excretion of
Tetrahydrophtalimide
in Fruit Growers with

Occupational

www.efsa.europa.eu/publications

Study
participants
quality check

Chemicals

Duration, frequency, rate

came from the
same
geographic
area.

atrazine (atrazine
mercapturate),
chlorpyrifos
[3,5,6-tri-chloro2-pyridinol
(TCP)],
metolachlor
(metolachlor
mercapturate),
and glyphosate
(parent
glyphosate)

To be eligible non-farm
households had to be on
land that was not used for
farming, and nobody in the
household could be working
in agriculture or commercial
pesticide application. Farm
households had to be using
at least one of the seven
target pesticides; atrazine,
acetochlor, metolachlor,
alachlor, chlorpyrifos,
glyphosate and 2,4-D.
Two spot urine samples were
collected from the
participants, one in the
evening on the day of the
visit and one the following
morning. The spot urine
samples were collected on
two different dates, the first
visit was shortly after a
pesticide application event
(within 1–5 days) and the
second visit was 4 weeks
later (average 4 weeks,
range 3–5 weeks).

atrazine was significantly higher in fathers,
mothers and children from farm households
compared with those from non-farm
households. Also, urine metabolites of
chlorpyrifos were significantly higher in farm
fathers and marginally higher in farm mothers
when compared with non-farm fathers and
mothers, but metolachlor and glyphosate
levels were similar between the two groups.
GM levels of the urinary metabolites for
chlorpyrifos, metolachlor and glyphosate were
not significantly different between farm
children and non-farm children. Farm children
had significantly higher urinary atrazine and
chlorpyrifos levels when these pesticides were
applied by their fathers prior to sample
collection than those of farm children where
these pesticides were not recently applied.

The
participants
were all fruit
growers

captan

The year of the study is not
indicated. The participants all
worked in orchards where
pesticides were applied using
an air blast sprayer pulled by
a tractor. The average

The study found that the highest dermal
exposure was found on the forehead followed
by wrists and neck. Dermal exposure showed
a clear relation to THPI in urine when
exposure was estimated from exposure on
skin pads from ankles and necks. Mean
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Study
participants
quality check

Chemicals

Dermal Exposure to
Captan. American
Journal of Industrial
Medicine, 28, 245256.

De Ferrari M, Artuso
M, Bonassi S, Bonatti
S, Cavalieri Z, et al.
1991. Cytogenetic
biomonitoring of an
Italian population
exposed to pesticides:
chromosome
aberration and sisterchromatid exchange
analysis in peripheral
blood
lymphocytes. Mutatio
n Research/Genetic
Toxicology 260:10513

Occupational

www.efsa.europa.eu/publications

The
participants all
worked in the
flower
industry and
within the
same
geographic
area

Nitro-organics;
Alachlor;
Linuron;
Atrazine;
Oxadiazon;
Chlorbufam;
Paraquat;
Chloridazon;
Simazine;
Difenamide;
Chlorothalonil;
Iprodione;
Dinocap;
Tiabendazole;
Dodemorph;
Triforine;
Dodine;
Vinclozolin;
DNOC

Duration, frequency, rate

Results

spraying duration was 211
minutes and the amount of
captan sprayed varied from
1.7 to 22.5 kg (mean 10.4
kg). Skin pads and urine
samples were collected.
Urine samples were collected
the evening before the
participants applied the
pesticides. Every urine
sample was then collected
during the following 48
hours. 13 pads were placed
on the participants.

urinary THPI: 11.5 µg after 24 hours and
18.4 µg after 48 hours.

The year of the study is not
indicated. Blood samples
were taken.

The study found that there was a significant
increase in the incidence of CA and SCE was
observed in both exposed groups.
Hyperdiploid and polyploid metaphases were
also significantly increased in the 2 exposed
groups compared to controls.
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Quality

Nitrothiorganics;
Captan; Maneb;
Carboxin;
Thiram;
Dazomet; Zineb;
Folpet; Ziram;
Mancozeb;
Organophosphat
es and
organothiophosp
hates; Diazinon;
Monocrotophos;
Dichlorvos;
Parathion;
Dimethoate;
Phorate;
Malathion;
Prothoate;
Methylazinphos;
Terbufos;
Methylparathion;
Trichlorphon
Chlororganics;
Endosulfan
Thio-organics;
Propargyl
Organotin
compounds;
Cyexatm; Fetin
acetate
Halohydrocarbon
s; Dicofol
Hydrocarbon
derivatives; 2,4www.efsa.europa.eu/publications
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Study
participants
quality check

Chemicals
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Results

Quality

The study found that median saliva
concentrations of atrazine on non-spray days
were significantly lower than on spray days for
each sampling time. Atrazine concentrations
were also found to be higher on days when it
was sprayed compared to days when other
herbicides were sprayed. The study suggests

High Quality

D; MCPA;
Dalapon; TCA
Synthetic
pyrethrolds;
Alfametrine;
Permethrin;
Fenprodathrin
Inorganics;
Barium
polysulfide;
Copper
oxychloride;
Copper sulfate;
Sulfur; White oil;
Acetic
metaldehyde
Hormones;
Gibberellic acid;
Naphthoxyacetic
acid;
Chlorophenoxyac
etlc acid
Bio-pesticides;
Bacillus
thuringiensis
Denovan LA, Lu C,
Hines CJ, Fenske RA.
2000. Saliva
biomonitoring of
atrazine exposure
among herbicide
applicators. Internatio

Occupational

www.efsa.europa.eu/publications

The
participants
were all
herbicide
applicators

Atrazine

The sampling took place
during the 1996 spraying
season, in total the 15
applicators performed 89
seasonal sampling events
and 15 pre-seasonal events.
Saliva samples were
149
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Study
participants
quality check

Chemicals

nal Archives of
Occupational and
Environmental
Health 73:457-62

Duration, frequency, rate

Results

collected at systematic
intervals over 6 consecutive
weeks during spring
application season. Each
subject sampled
approximately every 4th day.

that salivary concentrations of atrazine not
only reflect exposures resulting from spraying
events, but also exposure from other field
activities where applicators may come into
contact with atrazine.

Quality

Doran EM, Fenske RA,
Kissel JC, Curl CL,
Simcox NJ. 2003.
Impact of dermal
absorption factors in
occupational exposure
assessment:
Comparison of two
models for
agricultural re-entry
workers exposed to
azinphosmethyl. Appli
ed Occupational and
Environmental
Hygiene 18:669-77

Occupational

The
participants
were all apple
thinners

Azinphos-methyl

The study took place during
the six-week apple-thinning
season in 1994. The
participants shift lengths
ranged from 3 to 14 hours,
with a mean length of 9
hours. Delay time between
the end of the work-shift and
decontamination averaged
2.5 hours and ranged from 2
to 12 hours. Foliar residue
measurements from leaf
punch samples were
collected. Nonoccluded skin
was washed at the end of 24
hours. Total urine was also
collected for 5 days.

The study found that time-integrated
treatment of absorption appeared to provide
more realistic dose estimates than did the
traditional approach.

Not High
Quality

Dyk MB, Chen Z,
Mosadeghi S, Vega H,
Krieger R. 2011. Pilot
biomonitoring of
adults and children
following use of
chlorpyrifos shampoo
and flea collars on

Environmental

The
participants all
had a dog(s)

chlorpyrifos

The study took place
between the 2000 and 2003.
In the study urine specimens
were collected one, two,
and/or three mornings prior
to and on the day of the
shampoo/dip application or
when the flea collar was

The study found that there were modest
elevations of biomarker excretion following
shampoo/dips, there were smaller TCPy
increments from impregnated dog collars.
Children excreted up to 4 times more TCPy
than adults when urine volumes were adjusted
using age-specific creatinine excretion levels.

Not High
Quality

www.efsa.europa.eu/publications

150

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

dogs. Journal of
environmental science
and health. Part. B,
Pesticides, food
contaminants, and
agricultural
wastes 46:97-104

Duration, frequency, rate

Results

Quality

used. Urine was also
collected after treatment.

Elfman L, Hogstedt C,
Engvall K, Lampa E,
Lindh CH. 2009.
Acute health effects
on planters of conifer
seedlings treated with
insecticides. Annals of
Occupational
Hygiene 53:383-90

Occupational

The
participants
were planters
of forest tree
seedlings in
Sweden.

Imidacloprid and
Cypermethrin

The year of the study is not
indicated the planting season
is August to September. The
Urine samples were collected
from the planters after four
to five working days of
exposure (first sample) and
the following morning
(second sample).

The study concluded that no clear, acute
adverse health effects could be found in
planters after exposure to conifer seedlings
treated with imidacloprid or cypermethrin.
Although the metabolite, 3-PBA, was found in
low levels in urine and increased levels were
found after exposure to cypermethrin, the
study did not find any statistically significant
correlations between the acute symptoms and
health problems in planters, and the
questionnaire responses or 3-PBA levels.

Not High
Quality

Fenske RA, Elkner KP.
1990. Multi-route
exposure assessment
and biological
monitoring of urban
pesticide applicators
during structural
control treatments
with
chlorpyrifos. Toxicolo
gy and Industrial
Health 6:349-71

Occupational

Participants
from a
commercial
pest control
company

chlorpyrifos

Pesticide used contained 1.8
kg of chlorpyifos active
ingredient per 3.8L. Two
workers observed on each of
4 sampling days. Applicators
on average used 4.5 kg of
chlorpyrifos over application
periods of 2.5-3 hours for a
full day and for the final
study (half day) used 2.2.kg
over a 1.75 hour period.
Dermal samples (through
dermal patches) and hand

Applicators were exposed to 5.94 mg/hour
through dermal exposure (major contributors
were upper legs (38%) & forearms (34%))
with a mean absorbed dose calculated of 9.5
µg/kg per day (73% of exposure through
dermal exposure). Urine samples collected for
24 and 48 hours showed a high correlation
(R² = 0.86) with the calculated absorbed
dose.

Not High
Quality
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Quality

Not High
Quality

exposure (through hand
wash) samples collected. Pre
exposure collected on
morning of study day
(background); all urine
collected over 72-h period
beginning at approximately
08:00 on study day (6h
samples for 48h & 8h
samples for final 24h).
Ferland S, Cote J,
Ratelle M, Thuot R,
Bouchard M. 2015.
Detailed Urinary
Excretion Time
Courses of
Biomarkers of
Exposure to
Permethrin and
Estimated Exposure in
Workers of a Corn
Production Farm in
Quebec,
Canada. Annals of
Occupational
Hygiene 59:1152-67

Occupational

Participants
from a corn
production
farm

Permethrin

Analysis carried out Summer,
2013. First morning urine
void sample collected ten
days before exposure and
before onset of exposure.
Urine samples also collected
for three days following
exposure.

In the applicator, trans-DCCA had a half life of
6.4 hours and 3-PBA had a half life of 8.7
hours. A single peak was obtained 29 hours
after exposure. For the supervisor and corn
pickers there was rapid excretion between
exposure events. 3-PBA was generally found
in higher levels than trans-DCCA except for
the applicator and harvester. All workers were
exposed to less than the calculated BLV of
29 nmol kg-1 day -1 for trans-DCCA and
12 nmol kg-1 day-1 for 3-PBA.

Figgs LW, Holland NT,
Rothman N, Zahm
SH, Tarone RE, et al.
2000. Increased
lymphocyte replicative
index following 2,4dichlorophenoxyacetic

Occupational

Participants
from
applicators
from county
noxious weed
offices

2,4dichlorophenoxya
cetic acid (2,4-D)

The applicators were not
occupationally exposed for 6
months before 1 March
1994; control group not
occupationally exposed. Daily
activity log during the study
collected. Blood samples

The applicators exposure increased with
increasing spraying time. Urinary excretions
varied from 1-1700 µg 2,4-D/g
creatinine/L urine, which increased with
spraying time. A weak dose response
relationship was shown between increasing
2.4-D urine concentrations and the increased

www.efsa.europa.eu/publications
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Study
participants
quality check

Chemicals

acid herbicide
exposure. Cancer
Causes and
Control 11:373-80

Duration, frequency, rate

Results

collected at enrolment; urine
samples collected at
enrolment and every 2nd
week for the applicators.

applicator replicative index (P= 0.15). In the
pre and post exposed blood samples there
was little difference in lymphocyte
immunophenotypes and blood count.

Quality

Fortenberry GZ, Hu H,
Turyk M, Barr DB,
Meeker JD. 2012.
Association between
urinary 3, 5, 6trichloro-2-pyridinol, a
metabolite of
chlorpyrifos and
chlorpyrifos-methyl,
and serum T4 and
TSH in NHANES 19992002. Science of the
Total
Environment 424:351
-5

Environmental

Participants
from NHANES
study

chlorpyrifos;
chlorpyrifosmethyl

Urine samples (NHANES
study) used. Circulating T4
and TSH levels in relation to
urinary concentrations of 3,
5, 6-trichloro-2-pyridinol
(TCPY).

A positive relationship has been observed for
urinary TCPY and serum, especially for males
between 18-40 years of age. For these males,
the unweighted multivariable model for males
an increase of 3.54% (95th CI 0.13 to 6.96)
was observed for serum T4 levels in relation
to an interquartile range (IQR) increase in
TCPY levels. For males 12–18 years of age, an
IQR increase in TCPY was associated with a
3.85% (95th CI 0.75 to 6.95) increase in
serum T4. In males >60 years of age an IQR
increase in TCPY was associated with a 14.5%
(95th CI −27.6 to −1.11) decrease in TSH.
The study concludes that there is a positive
relationship between urinary TCPY and serum
total T4, and a negative relationship between
TCPY and serum TSH, in adolescent males
and/or men of reproductive age.

High Quality

Fortes C, Mastroeni S,
Pilla MA, Antonelli G,
Lunghini L, Aprea C.
2013. The relation
between dietary
habits and urinary
levels of 3phenoxybenzoic acid,
a pyrethroid

Environmental

Participants
from non
occupationally
exposed
population

Pyrethroids

Non-occupationally exposed
group. Exposure through
food (food questionnaire
used). Urine sample
collected concurrently with
exposure information and
season recorded
(winter/spring)

The mean values of 3PBA levels were 0.66
µg/g creatinine, ranging from 0.19 to
2.91 µg/g creatinine. Participants
consuming both raw and cooked vegetables
five times weekly or more had higher mean
3PBA urinary levels (1.03 µg/g creatinine
vs 0.52 µg/g creatinine & 0.99 µg/g
creatinine vs 0.58 µg/g creatinine,
respectively) than those who did not. In the

High Quality
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quality check

Chemicals

Duration, frequency, rate

metabolite. Food and
Chemical
Toxicology 52:91-6

Fortin M-C, Bouchard
M, Carrier G, Dumas
P. 2008a. Biological
monitoring of
exposure to
pyrethrins and
pyrethroids in a
metropolitan
population of the
Province of Quebec,
Canada. Environment
al Research 107:34350

Results

Quality

multivariate model (after adjusting for age,
sex, BMI, smoking and household pesticide
exposure) high intake of raw vegetables
(OR=5.31, 95%CI=1.32-21.3) and high intake
of cooked vegetables, especially cruciferous
(OR=4.67,95%CI=1.07-20.5) and leafy
vegetables (OR=6.88, 95%CI=1.50-31.7) are
associated with high urine 3PBA levels (≥0.70
µg/g creatinine).
Environmental

www.efsa.europa.eu/publications

Participants
from the
general
population

Pyrethroid;
pyrethrins

Study undertaken in
September 2005. Urine
samples collected, 12 hour
urine samples for children
and two consecutive 12 hour
collection for adults (first
morning void and diurnal
collection).

154

For both adults and children, the distribution
of metabolites present in order were
tDCCA>PBA>cDCCA>CDCA>DBCA>FPBA.
The median 95th percentile for these in adults
were 12.0 (231.1), 8.2 (177.9), 5.0 (110.1),
0.3 (8.2), 0.1 (4.7) and 0.1 (0.5) pmol/kg bw
and in children 12.6 (207.7), 10.2 (73.2), 5.1
(59.6), 2.1 (14.2), 0.1 (4.9) and 0.1 (0.8)
pmol/kg bw. CDCA was excreted in children
more during the night than the day and this
was the same for cDCCA in adults. The use of
prescription drugs in adults appeared to be
statistically associated with higher excreted
amounts per kg bw of tDCCA (pp0.011),
cDCCA (pp0.085) and PBA (pp0.006). Diet
was another factor in exposure with
significantly lower excretion of CDCA in
children consuming certified organic food
(median=1.27 pmol/kg bw; n = 33) compared
to those eating non-organic food
(median=2.92 pmol/kg bw; n = 48) (p=
0.028).
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Fustinoni S, Campo L,
Colosio C, Birindelli S,
Foà V. 2005.
Application of gas
chromatography-mass
spectrometry for the
determination of
urinary
ethylenethiourea in
humans. Journal of
Chromatography B:
Analytical
Technologies in the
Biomedical and Life
Sciences 814:251-8

Occupational

Participants
selected from
exposed
workers and
people who
were not
occupationally
exposed

Mancozeb

Two urine spot samples
collected for the exposed
workers: before pesticide
application at the beginning
of the season and one after
exposure. For the controls,
a single spot urine sample
collected with samples
collected in Spring, in
morning, as 2nd urine of day

The pre exposure samples (cases & controls)
were below the LOQ, whilst for the post
exposure urine samples, 10 workers had
urinary ETU greater than LOQ. The exposed
workers post exposure urine concentrations
were:
Mean – 10.5±11.3
Median – 8.5
Range – <1.6 to 40.1

Not High
Quality

Fustinoni S, Campo L,
Liesivuori J, Pennanen
S, Vergieva T, et al.
2008. Biological
monitoring and
questionnaire for
assessing exposure to
ethylenebisdithiocarb
amates in a
multicenter European
field study. Human
and Experimental
Toxicology 27:681-91

Occupational

Participants
selected from
exposed
workers and
people who
were not
occupationally
exposed

ethylenebisdithio
carbamate

Participants measured at two
time points. Spot urine
samples collected at the
beginning of the season (2nd
void) and after 30 days of
exposure. Exposed workers
involved in mixing/loading
pesticides, application of
pesticide mixture with
mechanical/manual
equipment, re-entry activities
and cleaning equipment.

Workers were exposed to a variety of
pesticides with potato farmers exposed to
eight pesticides and workers involved in zineb
production were exposed to one pesticide.
Median levels (minimum-maximum) of EBDC
exposure (measured by ETU concentration in
urine µg/g creatinine) were as follows:
greenhouse workers 49.6 (<0.5-983.2),
zineb producers 23.0 (1.7-868.3),
vineyard workers 11.8 (<0.5-62.5),
potato farmers 7.5 (<0.5-428.6),
floriculture farmers 0.9 (<0.5-2.7) and
for the control group ~0.5 (0.5-166.7).
Pesticide application using manual equipment
is a major source of exposure.

High Quality

Fustinoni, S., et al.

Occupational

Participants

tebuconazole

Study between May and July

The total mean dermal exposure of TEB was

High Quality
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(2014). "Biological
monitoring of
exposure to
tebuconazole in
winegrowers." Journal
of Exposure Science
and Environmental
Epidemiology 24:
643-649.

Galea et al. (2015a)
Urinary biomarker
concentrations of
captan, chlormequat,
chlorpyrifos and
cypermethrin in UK
adults and children
living near agricultural
land. Journal of
Exposure Science and
Environmental
Epidemiology (2015)
25, 623–631.

Study
participants
quality check

Chemicals

from vineyard
workers
applying TEB

Environmental

www.efsa.europa.eu/publications

Population
chosen based
on
geographical
location.
Response/loss
to follow-up
rates are not
reported. 296
participants
were recruited
to the study.

Captan
Chlormequat
Chlorpyrifos
Cypermethrin
Penconazole

Duration, frequency, rate

Results

2011. Twelve applications
performed and PPE worn on
a discretional basis. Dermal
exposure measured by fabric
head cover for head
exposure, hand washing
liquids for hand exposure
and body exposure
measurements from cotton
coveralls. Urine samples
collected 24 hours before
TEB application, through to
48 hours after the last TEB
application.

1020 µg with the mean coverall TEB level
being 6180 µg. In urinary excretion samples,
TEB and its metabolites were at their highest
concentration 24 hours after application. The
mean concentrations of TEB-OH and TEBCOOH were between 8.0 to 387.8 µg/l and
5.7 to 102.9 µg/l respectively for the urine
samples 24 hours after application. The TEB
concentrations from dermal exposure and
from the urine samples are significantly
correlated (r= 0.756 and 0.577
respectively).

Analysis carried out 2011
and 2012 (Norfolk 2012
only); urine samples and
questionnaires once a week
on a designated day during
the spraying season (March
to August) and 3 weeks after
the spraying season. First
morning void samples and
time of sample collected.
Urine samples collected
within 2 days of a relevant
spraying event were
analysed only for the
relevant pesticide(s) sprayed
during the event. Additional
urine and questionnaires
were requested from
residents when spray events

The primary conclusion of the study is that
there is no evidence of increased pesticide
biomarker excretion in rural residents
following a spray event within 100m of their
home, when compared with the urinary
biomarker levels obtained when relevant spray
events did not take place. The levels of
urinary biomarkers detected in our population
were generally comparable to other studies of
exposure in the general population, where
such data are available, and this supports the
view that general population exposures to
pesticides are primarily from non-spray event
sources such as diet. For captan and
cypermethrin there was no difference between
spray event and background event. For
chloromequat the mean urinary creatinine
concentrations following spray events was
15.4 μ/ug (16.5 μg/g for background in
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Results

where known.

spraying season) and 2.5 μg/g for
chlorpyrifos (3.0 μg/g for background in
spraying season).

Quality

Galea KS, MacCalman
L, Jones K, Cocker J,
Teedon P, et al.
2015b. Comparison of
residents' pesticide
exposure with
predictions obtained
using the UK
regulatory exposure
assessment
approach. Regulatory
Toxicology and
Pharmacology 73:634
-43

Environmental

Participants
selected from
farmers and
residents

Captan
Chlormequat
Chlorpyrifos
Cypermethrin
Penconazole

Analysis carried out 2011
and 2012 (Norfolk 2012
only); first morning urine
void samples collected once
a week during the spraying
season and three weeks
after spraying.

Captan and cypermethrin levels were
generally below the LOD (>80% of the
samples). Chlormequat and chlorpyrifos
geometric mean urinary concentrations before
spraying were 16.5 μg/g creatinine and
3.0 μg/g creatinine for the baseline and
after spraying the mean values were 15.4
μg/g creatinine and 2.5 μg/g creatinine.
The urinary levels detected were generally
similar to the general population where diet is
a primary source of pesticide exposure.

High Quality

Garabrant DH,
Aylward LL, Berent S,
Chen Q, Timchalk C,
et al. 2009.
Cholinesterase
inhibition in
chlorpyrifos workers:
Characterization of
biomarkers of
exposure and
response in relation
to urinary
TCPy. Journal of
Exposure Science and

Occupational

Participants
selected from
CPF
manufacturing
workers and a
control group

chlorpyrifos

Analysis in 1999 and 2000.
Blood samples collected in
Autumn 1999 and Autumn
2000 . Urine samples
collected at the beginning
(autumn 1999), in the
spring, early autumn (during
plant shutdown) and at the
end of the study (autumn
2000).

Urinary TCPy concentrations in CPF workers
were substantially elevated compared to
controls. Median & 95th percentile
concentrations during typical employment
conditions 10-fold & more than 30-fold higher,
respectively, than corresponding measures in
the controls. RBC AChE activity, biomarker of
effect, was unrelated to urinary TCPy, up to
1000 µg/g creatinine. The plasma
BuChE activity was negatively related to
TCPy concentrations above 110 µg/g
creatinine. The study concludes that there is
a lack of biological response to CPFs at
exposures higher than the general population.

High Quality
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Results

Quality

Garfitt SJ, Jones K,
Mason HJ, Cocker J.
2002a. Exposure
human to the
organophosphate
diazinon: data from a
volunteer study with
oral and dermal
doses. Toxicology
Letters 134:105-13

Volunteer

Volunteer
participants

Diazinon

A 100 mg dermal occluded
dose was giving to four
participants with blood
samples (before exposure
and then 8, 24 and 48 hours
after exposure and urine
samples (before exposure
and after exposure)
collected. Diazonin,
equivalent to 11 µg kg-1
body weight given to
participants four weeks after
the dermal dose with urine
and blood samples collected.

The DAP metabolites of diazionin were at their
peak urinary levels two hours after oral
exposure and twelve hours after dermal
exposure with half life's of two hours for oral
exposure and nine hours for dermal exposure.
For the dermal dose exposure, 90% was
recovered from the skin surface with 1%
excreted in urine. For the oral dose exposure,
60% was excreted in urine. DAP is excreted in
a similar manner to creatinine with an r value
of 0.96 obtained by regression analysis.

Not High
Quality

Garfitt SJ, Jones K,
Mason HJ, Cocker J.
2002b. Oral and
dermal exposure to
propetamphos: A
human volunteer
study. Toxicology
Letters 134:115-8

Volunteer

Volunteer
study

Propetamphos

10 µg per kg body weight
administrated via the oral
route with blood and urine
samples collected over 30
and 54 hours. Dermal
exposure of 100 mg
undertaken four weeks later
with blood and urine samples
(over 30 and 54 hours)
collected.

In urinary excretions, a mean of 802 ± 292
nmol for unhydrolysed DAP metabolites and
1145 ± 88 nmol for hydrolysed DAP
metabolites has been obtained. For the dermal
dose these values are 666 ± 294 and 2404
± 412 nmol respectively. Dermal adsorption
to propethamphos has been estimated at 9.4
nmol cm-2. No individuals showed no
significant depression in their erythrocyte
acetyl cholinesterase or plasma cholinesterase
levels.

Not High
Quality

Garner F, Jones K.
2014. Biological

Volunteer

Volunteer
study

methamidophos

An oral dose of 0.004 mg/kg
of methamidophos given.

Mean urinary metabolites in urine were 9.2
nmol/L with a range of 1.0 to 19.1

Not High
Quality

Environmental
Epidemiology 19:63442
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quality check

Chemicals

monitoring for
exposure to
methamidophos: A
human oral dosing
study. Toxicology
Letters 231:277-81

Duration, frequency, rate

Results

Urine samples collected for
24 hours after exposure.

nmol/L. Methamidophos was recovered in
excreted urine (1%) with a half life of 1.1
hours with a range of 0.4 to 1.5 hours. The
urine concentrations measured varied from
not detectable to 237 nmol/L.

Quality

Garry VF, Tarone RE,
Kirsch IR, Abdallah
JM, Lombardi DP, et
al. 2001. Biomarker
correlations of urinary
2,4-D levels in
foresters: Genomic
instability and
endocrine
disruption. Environme
ntal Health
Perspectives 109:495500

Occupational

Participants
from state
licensed
forest/pesticid
e applicators

2,4dichlorophenoxya
cetic acid (2,4-D)

Analysis April to July during
the spraying season. First
morning urine void samples
and blood samples collected
at the end of peak exposure.
First-voided morning urine
and morning blood
specimens were obtained
from applicators through
participating rural clinical
laboratories after an 8-hr
fast at the end of the peak of
the 2,4-D application season

The highest level of urinary 2,4-D has been
measured in a hand-held backpack sprayer
with an average 2,4-D level of 453.6 ppb.
2,4-D levels in urine by application method
was as follows back pack sprayer > boom
sprayer > aerial application> skidder> control
subjects. Fifteen of the applicators had two or
more V(D)J region rearrangements per
microgram of DNA. Exposure effects for DNA
are suggested to be reversible as only eight
DNA samples (out of 24) taken ten months
after exposure had two rearrangements per
microgram of DNA. LH levels are directly
correlated (r =0.56; two-sided p = 0.006) with
urinary 2,4D levels at the time of maximum application.

High Quality

Goergens HW, Hallier
E, Muller A, Bolt HM.
1994. Macromolecular
Adducts in the Use of
Methyl-Bromide as
Fumigant. Toxicology
Letters 72:199-203

Occupational

Participants
from
fumigators

Methyl bromide

Blood samples collected at
various points of the season.
Structure fumigation carried
out on buildings and
structures. Soil fumigation
carried out in greenhouses.
Workers wore gas masks. No
information on doses
applied/exposed.

The sister chromatid exchange (SHE)
measured in lymphocytes increased during the
fumigation season with the exception of one
worker, for examples the level between June
and September increased from 4.51 to 5.31
and from 5.15 to 7.17 in two workers
respectively. S-methlcysteine levels in globin
are elevated in the fumigators compared to
the control group, for example the highest

Not High
Quality
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quality check
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Duration, frequency, rate

Results

Quality

level in the control is 13 nmol/g globin and the
highest level in the fumigators is 42 nmol/g
globin.
Gosselin NH, Brunet
RC, Carrier G, Dosso
A. 2005. Worker
exposures to
triclopyr: Risk
assessment through
measurements in
urine samples. Annals
of Occupational
Hygiene 49:415-22

Occupational

Participants
from Garlon 4
applicators

Triclopyr

Analysis undertaken JuneAugust 2001. Urine samples
were collected on final day of
5-day work week, collection
was between 08:00am at
start of workday until first
micturition next day
(06:00am). Exposed to 20%
Garlan 4 with 80% mineral
oil in backpacks and 12.6 L
of Garlan 4 and 1800 l of
water from a tractormounted boom spray.

The measured TCP varied between 1 and 13
mg, mean of 5.25 mg or 56.4 µg/kg-bw
for the applicators. The Absorbed daily dose
(ADD) estimated through use of kinetic model
that linked rates of TCP excretion to absorbed
doses. The estimated doses were compared
with no-observed-effect level (NOEL) observed
in rats (5mg/kg bw). Upper bound estimations
of worker’s ADDs were found to be 13.3% or
less of rat NOEL.

High Quality

Griffin P, Mason H,
Heywood K, Cocker J.
1999. Oral and
dermal absorption of
chlorpyrifos: A human
volunteer
study. Occupational
and Environmental
Medicine 56:10-3

Volunteer

Volunteers for
study

chlorpyrifos

Oral dose of 1 mg of
chlorpyrifos with blood and
urine samples collected
before exposure and after
exposure. A dermal dose of
28.59 mg of chlorpyrifos was
applied four weeks after the
oral dose with blood, urine
and swab samples collected.

The blood plasma and erythrocyte levels did
not reduce significantly during exposure. A
mean of 2401 nmol (93%) of chloropyrifos
as DAP metabolites has been recovered after
the oral dose with 801 nmol (1%) recovered
from the dermal dose. The half life's have
been calculated as 15.5 hours for the oral
dose and 30 hours for the dermal dose. The
absorption rate through the skin for
chlorpyrifos has been calculated as 456
nm/cm²/hr.

High Quality

Guidotti TL, Yoshida
K, Clough V. 1994.
Personal exposure to

Occupational

Participants
from pesticide
container

2,4-D; Trifluralin,
Carbofuran

Analysis undertaken in 1990
and 1991. Exposure at
regional collection sites: Prior

Exposure levels were found to be highly
variable with some exposure accounted by
work practices of the participants or lapses in

Not High
Quality
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pesticide among
workers engaged in
pesticide container
recycling
operations. American
Industrial Hygiene
Association
Journal 55:1154-63

Gustin CA, Moran SJ,
Fuhrman JD,
Kurtzweil ML,
Kronenberg JM, et al.
2005. Applicator
exposure to
acetochlor based on
biomonitoring. Regula
tory Toxicology and
Pharmacology 43:141
-9

Study
participants
quality check

Chemicals

recyclers

Occupational

www.efsa.europa.eu/publications

Participants
from
registered
pesticide users
(farmers)

Acetachlor

Duration, frequency, rate

Results

to work-shift clean coveralls
were worn by subjects.
Following shift samples were
taken for analysis (torso,
right arm, left arm, legs)
Dermal exposure assessed
by placement of gauze fabric
patches on various parts of
body. Gloves were assessed
for pesticide deposition.
Inhalation samples collected
in breathing zone of workers
during shift. Urine samples
collected were first morning
voids: pre-shift sample
obtained morning of 1st day
of 4-day work shift; postshift sample collected on
morning of last day of shift

protection. The highest levels of exposure
were observed for metal washing
(270.50±222.60 µg/L in urine), metal
crushing (115.63±107.42, µg/L in urine),
metal shredding (240.90±286.94 µg/L in
urine). Low exposure was observed for
sorting and decapping (20.37±12.43 µg/L
in urine), plastic shredding (11.75±3.32
µg/L in urine) and metal melting. In metal
melting there is no significant exposure
hazard.

Farmers mixed and applied
acetochlor at 2.4 L/ha with a
target of 15 ha per day
(varied between 9.8 and
17.62 ha per day). Urine
samples collected before
exposure and for 120 hours
after the initiation of the
work (urine sample every 24
hours).

All applicators showed detectable EMA
concentrations in urine. Applicators using open
cabin tractors were more exposed than the
applicators using closed cabin tractors with an
average exposure of 0.004 mg/kg and
0.002 mg/kg respectively. A mean of 87
µmol/kg/day creatinine on day 1 and 194
µmol/kg/day creatinine for days 0-4 were
obtained in urine samples. The margin of
exposure for short term exposure is 23,000
for the open cabin tractor and 44,000 for the
closed cabin tractor and for intermediate use
this is a factor of 10 lower. Regression
indicated various factors contributed to
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Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

Quality

observed exposure including repair of faulty
equipment, accidental spillages, splashes &
inadequate use of PPE, plus untracked
incidents.
Hardt J, Angerer J.
1999a. Gas
chromatographic
method with massselective detection for
the determination of
2-isopropoxyphenol in
human urine. Journal
of Chromatography B:
Biomedical Sciences
and
Applications 723:13945

Occupational

Participants
were pest
controllers and
non
occupationally
exposed for
the control
group

Propoxur

The exposed group applied
pesticide (propoxur) for
0.25-0.75h whilst wearing
simple PPE. Urine samples
were collected for 24 hours
after the end of exposure.

The metabolite, 2-isopropoxyphenol (IPP)
concentrations ranged from 45 to 306 µg/g
creatinine with a mean of 148.5 ± 85.6
µg/g creatinine. The urine samples
provided by the control group did not contain
any IPP above the LOD (< 0.1).

Not High
Quality

Hardt J, Angerer J.
2003. Biological
monitoring of workers
after the application
of insecticidal
pyrethroids. Internati
onal Archives of
Occupational and
Environmental
Health 76:492-8

Occupational

Participants
from workers
in agriculture,
greenhouses
and indoor
pest control;
control group

ɑ-cypermethrin;
cypermethrin;
cyfluthrin;
deltamethrin; sfluvalinate;
permethrin; λcyhalothrin

Agriculture workers pesticide
exposure time is between 1
to 9.5hrs with spraying from
a tractor. Indoor pest-control
applicators exposed for 0.25
to 2.25 hours. Manual and
automated spraying used by
greenhouse workers. Urine
samples collected for the 24
hour period after pesticide
application.

The control samples showed a 95th percentile
of 2.1 µg/g creatinine of Cl2CA and 0.1
µg/g creatinine of cis-Br2CA suggesting
pyrethroid exposure in the general population.
The median values of Cl2CA, 3-PBA and cisBr2CA obtained in the occupationally exposed
workers were 1.8, 1.4 and 1.1 µg/g
creatinine. Pest control operators were more
exposed than agricultural workers for Cl2CA
and cis-Br2CA. Figures for the greenhouse
workers were 2.9, 0.5 & 2.9; & for
agricultural workers <LOD, 0.6, <LOD

Not High
Quality

Hardt J, Appl U,

Occupational

Participants

Pirimicarb

Exposed workers used

DDHP (mean of 1.5 ± 0.5 µg/L), MDHP

Not High
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Reference

Occupational /
Volunteer
/Environmental

Angerer J. 1999b.
Biological monitoring
of exposure to
pirimicarb:
Hydroxypyrimidines in
human
urine. Toxicology
Letters 107:89-93

Study
participants
quality check

Chemicals

from workers
exposed to
pirimicarb in
agriculture
and fruit
plantation

Duration, frequency, rate

Results

Quality

pirimicarb for 3.75-8.25
hours. Urine samples were
collected (24 hours) after
exposure.

(mean of 46.0 ± 12.1 µg/L) and ADHP
(mean of 11.0 ± 4.0 µg/L) were detected
in the applicators. These metabolites were not
detected in the control group.

Quality

Harris SA, Villeneuve
PJ, Crawley CD, Mays
JE, Yeary RA, et al.
2010. National study
of exposure to
pesticides among
professional
applicators: An
investigation based
on urinary
biomarkers. Journal
of Agricultural and
Food
Chemistry 58:1025361

Occupational

Participants
from TruGreen
applicators

2,4dichlorophenoxya
cetic acid (2,4D); 4-chloro-2methylphenoxyacetic
acid (MCPA);
mecoprop;
dicamba;
imidacloprid;
bifenthrin
metabolite
(MPA); 6chloronicotinic
acid (6-CAN)

Study was in two phases.
The first phase of 22
tree/shrub turf applicators in
the summer/fall of 2003
provided 10, 12h & 24h urine
samples during the sprays.
The second phase in spring
and autumn 2004 consisted
of 113 employees at 5
locations potentially exposed
to pesticides, total urine
samples were collected for 2
consecutive 24h during
herbicide sprays and for 4
consecutive 12h periods
(insecticide) for herbicide
sprays, and the summer
(June & July) insecticide
spray.

Metabolite 6-CAN had concentrations that
exceeded the LOD in < 1% of the 24h
samples and 12h samples. Similarly, for MPA
the figures were 9.3% and 15.7%,
respectively In contrast the levels of 2,4-D,
MCPA and MCPP were above LOD in at least
50% of the sprayers. Differences were
observed in 24h concentrations of pesticides
across spray seasons. 2,4-D and dicamba
levels were highest in spring, whereas
variations across seasons were less marked
for MCPA. MCPP concentrations were highest
in summer 2004 (median range of 10.11).

High Quality

Harris, S. A.&
Solomon, K. R. (1992)
Exposure of
Homeowners and
Bystanders to 2,4Dichlorophenoxyaceti

Volunteer

Participants
were
volunteers of
applicants and
bystanders

2,4dichloropheoxyac
etic acid (2,4-D)

In the spring a granular
formulation with 1% 2,4-D
was used and in autumn a
liquid formulation with
250g/L 2,4-D amine used.
Protective clothing group

The 2,4-D concentration in urine ranged from
ND to 0.071 mg/kg of body weight. In
the protective clothing group, there were no
detectable limit of 2,4-D for the by standers
and three detectable levels in the applicators
of 63, 38 and 9.2 µg after four days for

High Quality

www.efsa.europa.eu/publications

163

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

c Acid (2, 4-D).
Journal of
Environmental
Science and Health,
Part B, 27, 23-38.

Duration, frequency, rate

Results

involves in mixing,
application, disposal and
cleaning. Non-protective
clothing group involved in
application. Urine samples
collected for 4 consecutive
days after application.

liquid 2,4-D. For the granular formulation only
two applicators had detectable 2,4-D after 4
days (108 and 9.8 µg). In the non-protective
group for liquid 2,4-D concentrations varied
from ND to 744µg and were not detectable
for the bystanders with the high levels of
exposure associated with spills or excessive
contact with hands or forearms with the liquid
formulation.2,4-D residues were detected in
five of the 76 air samples with two of these
linked to measurable applicator exposure.

Heudorf U, Angerer J,
Drexler H. 2004.
Current internal
exposure to pesticides
in children and
adolescents in
Germany: Urinary
levels of metabolites
of pyrethroid and
organophosphorus
insecticides. Internati
onal Archives of
Occupational and
Environmental
Health 77:67-72

Environmental

Participants
from former
United States
housing
estates

Pyrethroids;
organophosphor
us acids

Spot urine samples collected
in 1998. Pyrethroids and
organophosphates not been
used in the home or for
medical purposes.

The 95th percentile for the urinary metabolites
were 158 µg/L for DMP, 180 µg/L for
DMTP, 12 µg/L for DMDTP, 17 µg/L for
DEP, 8 µg/L for DETP, <1 µg/L for
DEDTP, 0.30 µg/L for Br2CA, 0.44 µg/L
for cis-Cl2-CA, 1.22 µg/L for trans-Cl2CA and 0.30 µg/L for F-PBA. Mean levels
of DMP for under 6 years was 43.9 µg/L, 6<12 years was 34.5 µg/L and 12-<18
years was 37.8 µg/L. There was no
correlation between age and the urinary
metabolites. Compared with ADI values, the
level of background internal pyrethroid
exposure published here is orders of
magnitude lower. With respect to
organophosphorus insecticides and their
corresponding metabolites, however, internal
exposure of organophosphorus insecticides in
children may exceed ADI values in some
children.

Heudorf U, Angerer J.
2001a. Metabolites of

Environmental

Participants
from former

chlorpyrifos

Analysis between March to
August 1998. Participants

The median values for adults for DMP was
15.5 µg/g creatinine, 13.5 µg/g
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organophosphorus
insecticides in urine
specimens from
inhabitants of a
residential
area. Environmental
Research 86:80-7

Study
participants
quality check

Chemicals

United States
housing
estates

Duration, frequency, rate

Results

Quality

had no occupational
exposure to chlorpyrifos or
at homes. Spot urine
samples collected.

creatinine for DMTP, 2.1 µg/g creatinine
for DEP and below 1 µg/g creatinine for
DMDTP, DETP and DEDTP. The highest
metabolite levels were found in children under
6 (for example 63.4 µg/g creatinine for DMP
and 77.4 µg/g creatinine for DMTP) which is
mainly due to lower creatinine levels. There
was no evidence of increased internal
chlorpryifos exposure in this study.

Quality

Heudorf U, Angerer J.
2001b. Metabolites of
pyrethroid insecticides
in urine specimens:
Current exposure in
an urban population
in Germany.
Environmental Health
Perspectives 109:2137

Environmental

Participants
from former
United States
housing
estates

Pyrethroids

Analysis between March to
August 1998. Participants
had no occupational
exposure to pyrethroids or
exposure at home. Spot
urine samples collected.

The metabolite tCl2CA was detected in 65.3%
with a 95th percentile level of 1.43 µg/L,
cCl2CA has been detected in 29.4% of
samples with a 95th percentile level of 0.51
µg/L, Br2CA was measured in 19.3% of
samples with a 95th percentile level of 0.30
µg/L and F-PBA has been detected in 16.4%
of samples with a 95th percentile of 0.27
µg/L. In the study, no correlation was
observed between the indoor dust levels and
urine metabolite concentrations and there
were no seasonal correlations.

Not High
Quality

Hines CJ, Deddens
JA, Striley CAF,
Biagini RE,
Shoemaker DA, et al.
2003. Biological
monitoring for
selected herbicide
biomarkers in the
urine of exposed
custom applicators:

Occupational

Participants
were
applicators

atrazine;
alachlor;
metolachlor;
cyanazine; 2,4dichlorophenoxya
cetic acid (2,4-D)

Analysis between 6 May and
13 June 1996. Urine samples
were collected before
spraying in April and on each
sampling day the firstmorning void (day 0) and
day 1 were collected.

In 24 hours, the concentration of alachlor
excreted was 17 nmol, atrazine was 19
nmol, 2,4-D was 110 nmol and the
concentration of metolachlor was 22 nmol.
In the pre-exposure urine samples for the
applicators, in much than half the samples the
alachlor and metolachlor metabolites were
measured. The within-worker variance
component was larger than the between
worker variance component.

Not High
Quality
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Chemicals

Duration, frequency, rate

Results

Quality

Occupational

Population
chosen from
nurseries with
and without
exposure to
Benlate 50 DF.

Benomyl

Analysis carried out in 1993.
Exposed workers provided
daily samples for workdays.
Urine samples were collected
for the not exposed group
for five days. Air sampling
and dermal samples were
also taken. Exposed workers
were classified into three job
groups of: mixing and
applying of the pesticide;
cleaning up, cutting and
trimming of plants and other
duties and the weighing of
the pesticide solution for the
experiments.

The study concluded that the highest
exposure were during weighing of the
pesticides which is typically not done by the
workers. 5-HBC were found in the urine of
exposed workers with non found in the urine
of non-exposed workers. Air exposure was
found to be low. Exposed workers 5HBC
concentrations in urine were from 3 to 87
µmol/mol creatinine (mean of 23.8). For
inhalation during weighing: median of 32.8;
range of 31.3-34.3.

Not High
Quality

Analysis carried out in 1997
and 1998. Residue wipe
samples taken from areas of
high contact where exposure
may have occurred. Urine
samples were collected for
seven days. Exposure based
on areas sprayed, number of

75 out of 80 people completed the seven day
sampling. There were four new cases of
households needing relocation; 11 households
needing relocation and/or biomonitoring. PNP
ICC for all 7 days: 0-16 age group: 0.39
(95% CI = 0.26-0.56); 17+ age group:
0.37 (95% CI = 0.28-0.50). PNP–A ICC
for all 7 days: 0-16 age group: 0.72

Application of mixedeffect models. Annals
of Occupational
Hygiene 47:503-17
Hoekstra EJ, Kiefer M,
Tepper A. 1996.
Monitoring of
exposure to benomyl
in nursery
workers. Journal of
Occupational and
Environmental
Medicine38:775-81

Hryhorczuk DO,
Moomey M, Burton A,
Runkle K, Chen E, et
al. 2002. Urinary pNitrophenol as a
biomarker of
household exposure
to methyl

Environmental

www.efsa.europa.eu/publications

Population
chosen from
households
where
exposure to
methyl
parathion had
occurred.

Methyl parathion

166

Dermal Contact:
Benoyml found on 37 of 38 of glove samples
for workers directly handling the pesticide;
found on 15 of 16 glove samples for workers
trimming plants. Benoyml was also found on
15 of the 18 patches for workers directly
handling the pesticide.
High Quality
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Study
participants
quality check

Chemicals

parathion. Environme
ntal Health
Perspectives 110:104
1-6

Huen K, Bradman A,
Harley K, Yousefi P,
Boyd Barr D, et al.
2012.
Organophosphate
pesticide levels in
blood and urine of
women and newborns living in an
agricultural
community. Environm
ental Research 117:816

Environmental

Population
chosen from
pregnant
women in an
intensively
farmed region.

chlorpyrifos;
diazinon

Duration, frequency, rate

Results

hours and activity in the
household on a daily basis.
Two urine samples (morning,
evening) were collected for
seven days. Residue wipe
samples were taken in high
contact areas.

(95% CI = 0.61-0.83); 17+ age group:
0.29 (95% CI = 0.20-0.41). For one day
sampling, this identified the correct true risk
category for 85% of households and 92% of
individuals. The study concluded that the data
can be used to identifying an approach to
identify MP exposed households and also to
determine the health intervention.

Analysis carried out in 19992000. Blood collected from
mothers and in umbilical
cord blood. Urine specimens
collected in peripartum
period after delivery.
Exposure classification
included living with an
agriculture worker during
pregnancy, work status
during pregnancy and living
within 200 feet of a field.

The study concludes that blood
organophosphate levels were similar in
mothers and new-borns and these levels were
slightly higher than levels reported for other
populations. The study also concluded that
new-borns have lower quantities of the
detoxifying enzyme PON1 making them more
susceptible to pesticide exposure. Detectable
diazinon odds ratio:

Quality

High Quality

Maternal arylesterase activity: 0.93 (95%CI
(0.70, 1.23); cord blood: 0.76 (95% CI
(0.57,1.01), Cord arylesterase activity: 0.97
(95% CI (0.76, 1.24)
Maternal chlorpyrifos-oxonase activity: 0.90
(95%CI (0.97, 1.20), cord blood: 0.79 (0.6,
1.04); cord chlorpryifos-oxonase activity: 1.01
(0.79, 1.29),
Maternal paraoxonase activity: 1.07 (0.8,
1.43); cord blood: 0.75 (0.57, 1.00); cord
paraoxonase activity: 1.03 (0.80, 1.32)
Detectable chlorpyrifos odds ratio:
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Quality

Maternal arylesterase activity: 1.16 (95%CI
(0.86, 1.56); cord blood: 0.56 (95% CI
(0.39,0.82), Cord arylesterase activity: 0.92
(95% CI (0.62, 1.37)
Maternal chlorpyrifos-oxonase activity: 1.21
(95%CI (0.89, 1.64), cord blood: 0.50 (0.33,
0.77); cord chlorpryifos-oxonase activity: 0.97
(0.65, 1.46)
Maternal paraoxonase activity: 1.18 (0.86,
1.61); cord blood: 0.87 (0.58, 1.29); cord
paraoxonase activity: 1.18 (0.76, 1.82)
Jauhiainen, A.;
Kangas, J.; Laitinen,
S., et al (1992)
Biological Monitoring
of Workers Exposed
to Mevinphos in
Greenhouses. Bulletin
of environmental
contamination and
toxicology, 49, 37-43.

Occupational

Participants
from eight
greenhouses

mevinphos

Analysis carried out in 1990.
Manual sprayers used in
afternoon of spraying and
automatic foggers used in
evening so workers only
entered greenhouses
occasionally during spraying.
Workers entered the
greenhouses the next day
for handling and harvesting.
Blood samples collected
before spraying and day
after spraying. 24 hour urine
samples collected before
spraying, one day spraying
and a spot morning sample
collected after one week.

The concentration of the Phosdrin applied
using the automatic foggers were 100-500
times higher than with the manual spraying.
Blood cell AChR decreased after exposure with
the highest decrease of 26% for the sprayer in
greenhouse 2. Plasma PChE levels also
decreased after exposure, with the sprayer in
greenhouse showing a decrease of 29%. The
levels of AChE and PChE are correlated with
the total dermal exposure. DMP was detected
in urine with the peak level 18 hours after
spraying with the levels not detectable after
24 hours. Decrease in AChE ranged from 0 to
26%; Decrease in PChE ranged from 0 to
29%; Greatest decrease seen in sprayers,
although handler in one greenhouse had
decreased AChE of 24%.

Not High
Quality

Kasiotis KM,
Kyriakopoulou K,
Emmanouil C, Tsantila

Occupational

Population
chosen from
orchard

Chlorpyrifos;
pyrethrins
(deltamethrin

Year of analysis not given.
Exposed workers considered
free of exposure before

The study concludes that agricultural workers
can exhibit levels of exposure to the pesticides
and can be correlated to increased DNA

High Quality
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N, Liesivuori J, et al.
2012. Monitoring of
systemic exposure to
plant protection
products and DNA
damage in orchard
workers. Toxicology
Letters 210:182-8

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

workers where
plant
protection
products were
used.

and
cypermethrin);
acetamiprid;
captan;
myclobutanil;
propargite

study (application is once a
year). Blood samples were
taken one week before
pesticide application as well
as DNA damage. Blood
samples were also collected
40 minutes after pesticide
application and participants
who performed two
applications supplied two
post sampling blood
samples. Exposure levels: no
exposure (control group),
one event of exposure and
two events of exposure.

damage. Detected pesticide levels in blood
serum were as follows- Myclobutanil: 5.54
ppb, 1.12 ppb; Propargite <LOD;
Cypermethrin: 30.32 ppb, 22.92 ppb;
Deltamethrin: <LOD, 30.96 ppb. There
was a significant increase in single strand
breaks in blood after exposure compared to
samples collected before pesticide application.

Quality

Kegel P, Letzel S,
Rossbach B, 2013.
Biomonitoring in
wearers of permethrin
impregnated
battle dress uniforms
in Afghanistan and
Germany. Occup
Environ
Med 2014;71:112–
117.

Occupational

Population
chosen from
soldiers in
Germany and
Afghanistan
wearing
conventional
and
permethrin
treated
uniforms.

Permethrin

Analysis carried out 20032005. Exposure based on if
normal uniforms or
permethrin impregnated
uniforms were used. Urine
samples collected for all
groups (in morning if
possible).

The study concludes that daily use of the
permethrin impregnated BDU results in a
significantly higher uptake of permethrin
compared to the general population. People
who wore the conventional uniform had
median metabolic sum levels of 0.18 to 0.24
µg/L, whilst people who wore the permethrin
impregnated uniform had levels a median of
23.67 µg/L with a maximum of 212.32
µg/L obtained.

High Quality

Kennedy MC, Glass
CR, Fustinoni S,
Moretto A, MandicRajcevic S, et al.
2015. Testing a
cumulative and
aggregate exposure

Occupational

Population
chosen from
vineyard
estate
workers.

Tebuconazole

Analysis carried out in 2011.
Exposure based on dietvolunteers gave diet and
urine samples. Dermal
samples were also collected.
Results were compared with

The study concludes that the generated model
to measure daily exposure produces similar
results to that from the field biomonitoring
study (1.77 (±1.96) µg a.s. kg BW versus
1.73 (±1.31) µg a.s. kg BW). The study
also concluded that exposure by diet is similar
for the exposed workers and the general

Not High
Quality
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Study
participants
quality check

Chemicals

model using
biomonitoring studies
and dietary records
for Italian vineyard
spray operators. Food
and Chemical
Toxicology 79:45-53

Duration, frequency, rate

Results

the general population.

population and that non dietary exposure is
the area of most exposure.

Quality

Kisby, G. E., et al.
(2009). "Oxidative
stress and DNA
damage in
agricultural workers."
Journal of
Agromedicine 14(2):
206-214.

Occupational

Participants
were
farmworkers
and nonagricultural
controls

organophosphate
s

Study conducted in 2004.
Spot urine samples collected
at the end of the workday.
Saliva samples collected.

The urine OP metabolites were greater in
farmworkers and the applicators than in the
general population by 8.2-fold in methyl DAP
for farmworkers and 6.1-fold in applicators.
DNA damage and DNA oxidative repair levels
were greater in the farmers and applicators
than the controls and the serum MDA levels
were 4.9 and 2.3 times higher in farmworkers
and applicators respectively.

Not High
Quality

Knopp D. 1994.
Assessment of
exposure to 2,4dichlorophenoxyacetic
acid in the chemical
industry: Results of a
five year biological
monitoring study.
Occupational and
Environmental
Medicine 51:152-9

Occupational

Population
chosen from a
herbicide
production
plant.

2,4dichlorophenoxya
cetic acid (2,4-D)

Analysis carried out between
1985 and 1989. Eight
different studies. Exposed
workers involved in herbicide
production and formulation.

The study concluded that inhalation and
dermal exposure are important routes for the
total exposure to the herbicide. Herbicide
excretion increased during the work week,
culminating on Friday and at the weekend 2,4D elimination decreased, but did not return to
zero. The highest urinary concentration was
nearly 19.5 ppm (range from a few µg/l
to several 10s mg/l). Herbicide
concentrations in air did not reach 0.5 mg/m3.
The estimated absorbed dose is below
0.1mg kg body weight per day and is
strong correlated with creatinine adjusted
urinary 2,4-D.

Not High
Quality
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Knopp, D.& Glass, S.
(1991) Biological
Monitoring of 2,4Dichlorophenoxyaceti
c Acid-Exposed
Workers in Agriculture
and Forestry.
International archives
of occupational and
environmental health,
63, 329-333.

Occupational

Participants
were
agriculture or
forestry
workers

2,4dichloropheoxyac
etic acid (2,4-D)

Agricultural workers sprayed
in Mid June a 0.46%
aqueous solution of 2,4-D
salt. Involved in transferring,
mixing and spraying for 8
hours with no PPE. Forestry
workers aerial sprayed a
formulation of 600g/l acid
equivalent of 2,4-D amine
salt (4% aqueous solution).
Six hours working time for
forestry workers. Urine
samples collected before
spraying and after spraying
for up to 4 days for forestry
workers and 6 days for the
agriculture workers.

All workers in the study had detectable levels
of 2,4-D in their morning urine samples for
between four to six days after application.
Forestry workers were less exposed than the
agricultural workers with a level of 0.365
ppm in the mixer-loader and 0.052 ppm in
the pilot one day after spraying. The driver
(agriculture) had the highest 2,4-D urine
concentration of 2.5 ppm three days after
spraying. The agricultural workers had a total
2,4-D uptake from a single spraying event of
5.7 or 84.9 µg/kg body weight which has
less than the NOAEL level of 10 mg/kg per
body weight per day. The dermal route is
considered to be the major route of 2,4-D
uptake.

High Quality

Koch HM, Hardt J,
Angerer J. 2001.
Biological monitoring
of exposure of the
general population to
the
organophosphorus
pesticides chlorpyrifos
and chlorpyrifosmethyl by
determination of their
specific metabolite
3,5,6-trichloro-2pyridinol. Internationa
l Journal of Hygiene
and Environmental

Environmental

Population
chosen from
people with no
occupational
exposure to
any
organophosph
ate pesticide.

chlorpyrifos;
chlorpyrifosmethyl

No previous occupational
exposure to
organophosphate pesticides.
Urine samples collected

The study concludes that the general
population is exposed to chlorpryifos and
chlorpryifos-methyl. A median extraction of
1.4 µg/l (range of 0.12 to 12.8 µg/l) has
been measured for TCPyr. Correlations
between TCPyr and dialkylphosphates (where
rs is the Spearman rank correlation coefficient
and P is the significance level):
DMP: rs= 0.420; P= 0.001
DMTP: rs= 0.572; P= <0.001
DEP: rs= 0.369; P= 0.004
DETP: rs= 0.172; P= 0.117
∑DMP, DMTP: rs= 0.520; P= <0.001
∑ DEP, DETP: rs= 0.360; P= 0.005

Not High
Quality
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Kokkinaki A,
Kokkinakis M,
Kavvalakis MP,
Tzatzarakis MN,
Alegakis AK, et al.
2014. Biomonitoring
of dialkylphosphate
metabolites (DAPs) in
urine and hair
samples of sprayers
and rural residents of
Crete,
Greece. Environmenta
l Research 134:181-7

Occupational

Population
chosen from
occupational
exposed
workers and
rural
residents.

organophosphate
s

Analysis carried out in 20082009. Exposure categorised
into occupational exposed
workers (sprayers) and nonoccupational exposed
workers (rural residents).
For sprayers, exposure is
daily or spontaneous.

The study concludes that there were higher
levels of DAPs in the hair and urine samples of
the occupational exposed group when
compared to the control group. The total DAPs
(sumDAPs) for the occupational exposed
group were 186.4 pg/mg for the
occupational exposed group and for the nonoccupational exposed group this was 56.5
pg/mg. Other metabolites: occupational
exposed group: DEP: 29.1 ± 38.4; DETP:
43.0 ± 58.7 and DEDTP: 1.0 ± 0.8 pg/mg
Control group: DEP: 14.0 ± 13.1; DETP:
9.1 ± 8.1 pg/mg and below LOD for
DEDTP.

High Quality

Koureas M, Tsakalof
A, Tzatzarakis M et
al., 2014.
Biomonitoring of
organophosphate
exposure of pesticide
sprayers and
comparison of
exposure levels with
other population
groups in Thesaly
(Greece). Occup
Environ Med, 71, 126133

Occupational

Population
chosen from
pesticide
sprayers,
residents of
the
agricultural
area under
study and
urban
residents.

organophosphate
s

Analysis carried out in 2010.
Exposure either by
occupational exposure or
non-occupational exposure.
Spraying occurs every 15
days during the spraying
season. Urine samples were
collected.

The study concluded that the occupationally
exposed group (applicators) are significantly
more exposed (24.9 μ g/g creatinine) than
the two non-occupational rural (11.3 μg/g
creatinine) and urban groups (11.9 μg/g
creatinine). Among sprayers DMP was
detected in 97.4% of samples, DEP in 98.7%,
DETP & DEDTP in 100%. The use of PPE
strongly influenced exposure levels for the
applicators: Use of gloves while
mixing/loading: OR: 1.85, CI 0.62 to 5.50
Use of full body overalls: OR 4.05, 95%, CI
1.22 to 13.46
Changing clothes after spillage: OR 4.04, CI
1.05 to 15.57.

High Quality

Krenz JE, Hofmann

Occupational

Population

Organophosphat

Analysis carried out 2006-

The study concluded that the highest

High Quality

Health 204:175-80

www.efsa.europa.eu/publications

172

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference
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JN, Smith TR et al
2015. Determinants
of
Butyrylcholinesterase
Inhibition Among
Agricultural Pesticide
Handlers in
Washington State: An
Update. Ann. Occup.
Hyg., 2015, Vol. 59,
No. 1, 25–40.

Krieger RI, Dinoff TM.
2000. Malathion
deposition, metabolite
clearance, and
cholinesterase status
of date dusters and
harvesters in
California. Archives of
Environmental
Contamination and
Toxicology 38:546-53

Occupational /
volunteer

www.efsa.europa.eu/publications

Study
participants
quality check

Chemicals

Duration, frequency, rate

chosen from
pesticide
handlers.

es; N-methylcarbamate

2011. Exposure categories
based on job titles and work
activities
participants completed
questionnaire survey within
2-weeks of most recent use
of OPs/CBs & referred to 30d
prior (PPE used, pesticide
usage/application)
Field observations carried
out on a sample of 31
subjects to test validity of
survey tool

exposures were associated with multiple
pesticide exposure (β = −2.70, P = 0.045)
and mixing/loading. (β = −3.97, P = 0.002)
Highest inhibition was associated with multiple
pesticide exposure (β=−2.70, p=0.045),
mixing/loading. (β=−3.97, p=0.002), did not
store personal protective equipment (PPE) in a
locker at work (β=−3.4, p=0.014), or did not
wear chemical-resistant boots (β=−16.6,
p<0.001).

Population
chosen from
dusters,
harvesters and
an observer.

Malathion

Year of analysis not given.
Exposure based on job
categories: dusters,
harvesters and observer.
Applicator exposures were in
the range of 95-210 mg per
day. Exposure based on
three job categories:
dusters, harvesters and
observer. Prolonged dust
exposure (1-2 months)
considered, observer was a
surrogate worker with the
dusters.
For dusters, the treatment
rate was approximately 80
pounds dust/acre. Urine,
dermal and blood samples
collected.

The study concluded that the cholinesterase
measurements in the exposed workers were
unremarkable and there were no known
reports of systemic toxicity. For
loaders/applicators the daily dosages has been
calculated as 0.4-1kg of malathion/kg per
day. The absorbed dose's for harvesters has
been calculated as 0.001-0.3 mg malathion
per day. For longer exposed workers (1-2
months) there was no inhibition of
cholinesterase activity. Applicator exposure
ranged from 93-210 mg equivs/day and
the harvester exposure ranged from 1-270
µg/kg-d.
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Kurttio P, Savolainen
K. 1990.
Ethylenethiourea in
air and in urine as an
indicator of exposure
to
ethylenebisdithiocarb
amate
fungicides. Scandinavi
an Journal of Work,
Environment and
Health 16:203-7

Occupational

Population
chosen from
two groups of
pesticide
applicators.

ethylenebisdithio
carbamate

Lander, F., et al.
(2000). "Chromosome
aberrations in
pesticide-exposed
greenhouse workers."
Scandinavian Journal
of Work, Environment
and Health 26(5):
436 -442.

Occupational

Participants
were
greenhouse
workers

Laurent, C.; Jadot,
P.& Chabut, C. (1996)
Unexpected Decrease
in Cytogenetic
Biomarkers
Frequencies Observed
After Increased
Exposure to

Occupational

Participants
from a
pesticide
production
plant

www.efsa.europa.eu/publications

Results

Quality

Analysis carried out in 19861987. Exposure based on
location (potato farms and
pine nurseries), use of
protection, spraying
formulation and application
(group 4 did not use the
fungicide). Urine samples
collected.

The study concluded that urine concentrations
of ETU were higher for the potato farm
workers than the pine nursery workers which
may be due to the better protective
equipment used by the pine nursery workers.
Air measurements of ETU were higher in the
pine nursery. The excretion of ETU in urine
(ng) in the first 24 hours after cessation of
exposure for group 1 was 3746; group 2:
3368; group 3: 2172 and group 4: 498.

Not High
Quality

pesticide
mixtures

Three blood sample
collections in the study: for
the greenhouse workers in
March 1994 (preseason),
October 1994 (postseason)
and March 1995 for the
control group.

Chromosome aberrations pre-season were not
statistically significantly for the exposed group
and the referent group. Post-season blood
samples showed a statistically higher
chromosome aberrations than the pre-season
samples (P=0.02) with chromatid gaps of
P=0.001 between the two seasons. Workers
who did not wear gloves were at most risk
during re-entry activities (Risk ratio= 2.88,
95% CI= 1.63-5.11).

Not High
Quality

Ops: dimethoate;
malathion;
methyparathion;
azinfossemethyl

Out of the 14 exposed
workers, 9 involved in
formulation and 5 involved in
handling (packaging). Three
workers as local controls
employed as administrative
workers. Blood samples
collected before and after

The sister chromatid exchanges (SCE) and
high frequency cells (HFC)were found to be
significantly higher in the exposed participants
before the high production period, however
after the high production periods these values
are not significantly higher than the control
group. The local control had mean HFCs per
individual of 4.33 before and 3 after the

Not High
Quality
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quality check

Chemicals

Organophosphorus
Pesticides in a
Production Plant.
International archives
of occupational and
environmental health,
68, 399-404.
Lavy, T. L.; Cowell, J.
E.; Steinmetz, J. R.,
et al (1992) Conifer
Seedling Nursery
Worker Exposure to
Glyphosate. Archives
of Environmental
Contamination and
Toxicology, 22, 6-13.

Occupational

www.efsa.europa.eu/publications

Participants
from two tree
nurseries

glyphosate

Duration, frequency, rate

Results

the high production period.

production period, the formulators before
were 46.33 and after 8.1 and the packers had
man HFCs per individual of 13 before the high
production period and 4.4 after.

Exposure from using
Roundup formulation: At
Ashe each weeder used 2
gallons of a 1:40 dilution for
as many as 8 and a half
days; At Phipps an applicator
used 0.13 kg over 5 hours.
At nursery 1 each weeder
used 2 gallons of a 1:40
dilution for as many as 8½;
At nursery 2 an applicator
used 0.13 kg over 5 hours.
Passive monitoring (by
cotton grauze patches on
clothes) undertaken.
24h urine samples collected
before exposure & during
exposure in two stages (1st
12 week continuous urine
collected then after urine
collected every Wed for 5
months).
Hand wash samples also
collected at end of each
sampling day

Only one dislodegeable residue sample
contained traces of glyphosate. Over 76% of
dermal exposure was at the ankles and 21%
on the thigh areas. Glyphosate was detected
above 0.2 ug/ml in 85 of the 89 samples
from the applicators. Glyphosate was not
detected in the urine samples collected.
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Leng G, Gries W,
Selim S. 2006.
Biomarker of
pyrethrum
exposure. Toxicology
Letters 162:195-201

Volunteer

The
participants all
volunteers

Pyrethrum,
CDCA, cisDCCA,
TransDCCA,
3PBA, cisDBCA,
F-PBA

Leng G, Kühn KH,
Idel H. 1996.
Biological monitoring
of pyrethroid
metabolites in urine
of pest control
operators. Toxicology
Letters 88:215-20

Occupational

The
participants all
work as pest
control
operators in
the same
geographical
region.

Pyrethroids

www.efsa.europa.eu/publications

Results

Quality

The year of the study is not
indicated. 30 participants
were exposed to spraying
and 3 were given an oral
dose (0.3mg pyrethrin).
Urine samples were collected
from the participants. The
spray participants had urine
collected before and then
directly after the 1 day of
exposure. The oral dose
participants before the
exposure and at 0–4, 4–8,
8–12, 12–24, 24–36, 36–48,
48–60, 60–72, 72–84, 84–96
and 96–120 hours after
exposure.

The study found that 27 out of 30 participants
exposure to pyrethrum had CDCA in their
urine, concentrations up to 54 g/l urine were
detected (mean 1.1±4.4). The elimination
study found that CDCA was detected during
the first 36 h after intake with elimination
being most rapid during the first 4 hours with
an elimination half-life of 4.2 hours.

Not High
Quality

The year of the study is not
indicated and neither is the
time of sampling. Urine
samples were collected
Monday to Friday after work.
24 h urine samples were
collected from Friday
evening. Samples were
collected from one operator
for four consecutive days in
eight collection intervals of
12 h each.

The primary conclusion of the study is that
pyrethroid metabolites in urine can be used as
biomarkers for measuring exposure to
pyrethroids, this enables an estimate of the
risk of adverse health effects. The analytical
method appeared to be adequate for
monitoring occupationally exposure to people.
The duration of employment did not did not
influence the concentration of metabolites.
A lower concentration of metabolites was
found in those wearing personal protective
equipment.
Elimination of metabolites could be observed
in the worker were samples were collected for

Not High
Quality
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four consecutive days.
Leng G, Kühn KH,
Idel H. 1997.
Biological monitoring
of pyrethroids in
blood and pyrethroid
metabolites in urine:
Applications and
limitations. Science of
the Total
Environment 199:173
-81

Occupational /
volunteer

The
participants all
work as pest
control
operators in
the same
geographical
region.

Pyrethroids

The year of the study is not
indicated and neither is the
time of sampling. 24-h urine
samples were collected
during an exposure-free
period. Urine volume and
creatinine levels were
determined in all samples.
20 ml venous blood was
drawn from each subject (412 h after exposure).

Concentrations of metabolites were found in
urine but were below the limits of detection in
plasma. The study found that there are
advantages to preferring the determination of
metabolites in urine to the analysis of
pyrethroids in plasma. Storage experiments
found that pyrethroid metabolites are stable
for at least 30 days at +4°C and for more than
a year at -21°C, but that pyrethroids in plasma
are less stable, around 6-16 h at +4°C.
Pyrethroid metabolites were not detected in
the non-exposed control group.

Not High
Quality

Leng G, Kuhn KH,
Wieseler B, Idel H.
1999. Metabolism of
(S)-bioallethrin and
related compounds in
humans. Toxicology
Letters 107:109-21

Occupational

Not Clear,
likely to be
pest control
officers based
on a comment
made in a
Figure 8

(S)-bioallethrin,
transchrysanthemic
acid (trans-CA)
and the oxidation
product trans(E)chrysanthemumd
icarboxcylic acid
(trans-(E)-CDCA)

The year of the study is not
indicated and neither is the
time of sampling. 24 h and
spot urine samples were
collected.

The primary conclusion of the study is that
trans-(E)-CDCA is suitable as a biomarker for
internal (S)-bioallethrin. The maximum peak
excretion of trans-(E)-CDCA occurred within
the first 24 h after exposure, after 72 h the
concentration of the metabolite fell below the
limit of detection. The rapid elimination in
humans is similar to other pyrethroid
insecticides.

Not High
Quality

Leng G, Ranft U,
Sugiri D, Hadnagy W,
Berger-Preiss E, Idel
H. 2003. Pyrethroids
used indoors-biological monitoring
of exposure to
pyrethroids following

Environmental

Participants
selected from
a pest control
operator

Pyrethroids

Exposed to synthetic
pyrethroids as part of pest
control operations. Pesticide
sprayed by professional
pesticide control operator.
Samples collected a few days
before operation (T1, n=57),
day 1 (T2, n=56), day 3 (T3,

In all cases the concentrations of cyfluthrin,
cypermethrin, deltamethrin & permethrin in
plasma were below LOD of 5 µg/L, before &
after pest control operation.

www.efsa.europa.eu/publications

177

High Quality

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check
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an indoor pest control
operation. Int J Hyg
Environ
Health 206:85-92

Duration, frequency, rate

Results

Quality

n=57), 4-6 months (T4,
n=50 & 10-12 months (T5,
n=31) after pest control
operation.

Lieberman, A. D.;
Craven, M. R.; Lewis,
H. A., et al (1998)
Genotoxicity from
Domestic use of
Organophosphate
Pesticides. Journal of
Occupational and
Environmental
Medicine, 40, 954957.

Environmental

The
participants
were all
volunteers
from the
Centre for
Occupational
and
Environmental
Medicine in
South
Carolina.

chlorpyrifos,
diazinon

All participants were exposed
to pesticides over various
durations, this ranged from a
minimum of 1 week to a
maximum of seven months
(a table suggests two
participants had 3 years on
and off exposure). Blood
samples were taken.

The study found that in the 8 cases of nonoccupational exposures, the common used
organophosphate pesticides have shown that
these pesticides can cause overt genotoxic
effects- SCEs in 63% and Cas in 100%. The
number of cells affected (per 100 metaphase
cells) ranged from 5 to 27.

Not High
Quality

Lindh CH, Littorin M,
Amilon Å, Jönsson
BAG. 2007. Analysis
of 3,5-dichloroaniline
as a biomarker of
vinclozolin and
iprodione in human
urine using liquid
chromatography/triple
quadrupole mass
spectrometry. Rapid
Communications in
Mass
Spectrometry 21:53642

Volunteer

The
participants all
volunteers

vinclozolin and
iprodione

The year of the study is not
indicated. Two experimental
exposures were performed
on two occasions with both
the participants. The
participants both received a
single oral dose of 200 µg,
the iprodione dose
corresponds with 6% of the
ADI for the male participant
and 4% for the male, the
vinclozolin dose corresponds
with 37% of the ADI for the
male participant and 27% for
the male. Urine samples
were collected.

The study found that 78–107% of the dose
was recovered as 3,5-DCA in the urine after
exposure. The elimination half-lives were
estimated to be in the range 5–7 hours
(vinclozolin) and 19–27 hours (iprodione).

Not High
Quality
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Lindh CH, Littorin M,
Johannesson G,
Jönsson BAG. 2011.
Analysis of
chlormequat in
human urine as a
biomarker of
exposure using liquid
chromatography triple
quadrupole mass
spectrometry. Journal
of Chromatography B:
Analytical
Technologies in the
Biomedical and Life
Sciences879:1551-6

Volunteer

The
participants
were all
volunteers

chlormequat
(CCC)

Lucas AD, Jones AD,
Goodrow MH, Saiz
SG, Blewett C, et al.
1993. Determination
of atrazine
metabolites in human
urine: development of
a biomarker of
exposure. Chem Res
Toxicol 6:107-16

Occupational

Samples from
atrazine
applicators
and people
not
occupationally
exposed to
atrazine

Lunchick C, Honeycutt
R, Klonne D. 2005.
Biological monitoring

Occupational

Population
selected from
13 sites in a

www.efsa.europa.eu/publications

Results

Quality

The exposed participants
received a single oral dose of
CCC, the dose was 25 g
CCC/kg of bodyweight (b.w.)
for both subjects
corresponding to 50% of the
ADI. Urine samples were
collected.

The study estimated that CCC follow a first
order kinetic and a two compartment model
with an elimination half-life of 2–3 hours and
10–14 hours respectively. The samples from
the general population all had detectable
levels of CCC in unadjusted urine, the median
levels was 4 ng/mL, these were several
magnitudes lower than those in the exposed
group.

Not High
Quality

Atrazine

Year of analysis not supplied.
Applicants wore some PPE
and were involved in
mixing/loaders/applications.
Dermal exposure, inhalation
exposure and air sampling
collected. Urine samples
collected daily for 10 days
for one applicator and 9
applicators provided spot
urine samples.

The major urinary metabolite of atrazine is a
mercapturic acid conjugate. Exposure of 121 mg of atrazine per day was calculated
for a single applicator of atrazine. Inhalation
exposure was between 7-35 µg with hand
exposure between 780-12300 µg.

Not High
Quality

Ethoprop
nematicide

Three job categories: mixerloader, applicator and mixerloader-applicator; 1.1-2.2 kg

The study concluded that the absorbed doses
observed could be considered representative
which results from ethoprop use with

High Quality

179

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

use in refining the
exposure assessment
of agricultural
operators. Scandinavi
an Journal of Work,
Environment and
Health 31:82-9

Study
participants
quality check

Chemicals

potato
growing
region

Duration, frequency, rate

Results

of active ingredient per
hectare was applied.
Inhalation exposure
measured and urine samples
completed. Urine samples
collected 24 hours before
start of assessment followed
by 12 hours samples for 4
days after the start of the
study.

engineering controls. Inhalation exposure was
found to be small for all workers of 0.2 (group
1: mixer-loader-applicator), 0.3 (group 2:
mixer-loader-applicator, mixer-loader and
applicator) and 0.1% (group 3: mixer-loaderapplicator, mixer-loader and applicator) of the
absorbed dose of ethoprop for each of the
three categories. The geometric absorbed
doses are 3.0, 3.7 and 4.3 µg for group 1,2
and 3 respectively. For the urine samples, no
samples exceeded the LOD of 0.0016
µg/ml.

Quality

Lunchick, C.; Driver,
J. H. & Ross, J. H.
(2007) Evaluation of
Potential Carbaryl
Exposures Associated
with Residential Lawn
and Garden Product
use: Results of a
Biological Monitoring
Program. ACS
Symposium Series,
951, 201-223.

Environmental

Participants
are residential
applicators
and occupants
of the
residences

carbaryl

Average amount of pesticide
sprayed was 410 grams a.i.
(332-612 grams a.i. range)
in Missouri and 255 g a.i.
applied in California. Urine
void samples collected 2
days before application until
three days after application.

In this study, the exposure to the applicators
were similar to previous studies using similar
spray equipment (hose-end spray applicators).
The group most exposed was the 4-12 years
old age group (day 2 after application with a
mean of 7.98 µg in California and 3.32 µg
on day 3 after application in Missouri) with
yard activity the primary deterrent in postapplication exposure. Other routes of
exposure are considered insignificant routes of
exposure.

Not High
Quality

Mandel, J. S.;
Alexander, B. H.;
Baker, B. A., et al
(2005) Biomonitoring
for Farm Families in
the Farm Family
Exposure Study.

Occupational /
Environmental

The
participants
were all farm
families

Glyphosate,
chlorpyrifos, 2,4dichlorophenoxy
acetic acid (2,4D)

The year of the study is not
indicated. Glyphosate was
applied on 48 farms,
chlorpyrifos on 34 farms and
2,4-dichlorophenoxy acetic
acid (2,4-D) on 3 farms.
Urine samples were

The applicators had the highest concentrations
of pesticides in urine followed by children and
then spouses. The peak mean urine levels in
the applicators was 3 ppb for glyphosate,
64 ppb for 2,4-D, and 19 ppb for
chlorpyrifos.

High Quality
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Study
participants
quality check

Chemicals

Scandinavian Journal
of Work, Environment
and Health, 31, 98104.

Duration, frequency, rate

Results

Quality

High Quality

collected, samples were
collected 24 hours prior to
application and up to 3 days
after application. The
samples were composite 24hour urine samples.

Marin et al (2004)
Assessment of
Potential (Inhalation
and Dermal) and
Actual Exposure to
Acetamiprid by
Greenhouse
Applicators using
Liquid
ChromatographyTandem Mass
Spectrometry. Journal
of Chromatography B:
Analytical
Technologies in the
Biomedical and Life
Sciences, 804, 269275.

Occupational

Information
on participants
not reported

Acetamiprid ((E)N1-[(6-chloro-3pyridyl)methyl]N2-cyano-N1methylacetamidi
ne),
CAS#135410-207

120 minutes spraying one
application each - The
applications were carried out
using a high volume
application equipment with
three circular nozzles,
operating at 25 bars of
pressure. Approximately,
5000 m2 were sprayed
during 120 min, using 500 l
of the spray tank in each
case. The concentration of
the pesticide in the tanks
was 373 and 385 mg/l,
respectively, for A1 and A2.
Applicators sprayed following
a similar application pattern,
walking between the rows
spraying one side of the
crop, and returning along the
same row spraying the other
side of the row.

A LC–MS/MS method was developed and
validated in order to assess the human
exposure. Distribution of contamination of the
applicator showed that the upper body-parts
are the most exposed especially the right arm,
chest and head–neck. In-halation is the
principal source of exposure for the applicator
A2 as shown by the amount of pesticide found
in his urine samples. For both applicators, the
highest acetamiprid concentration in urine was
found 13–15 h after the beginning of the
application task in the experiment, while the
zero (non-detected) level was reached around
28 h after the applications. The highest levels
of acetamiprid in urine were found in the
samples from the applicator who did not wear
a coverall during the application. These data
reinforce the need to wear personal protective
equipment, including a respirator for the
application of pesticides such as acetamiprid in
greenhouses.

McCann KG, Moomey
CM, Runkle KD,
Hryhorczuk DO, Clark

Environmental

Participants
from homes
treated with

Methyl parathion

Homes were identified to
have been spayed with
methyl parathion.

Methyl parathion was detected in 596 of the
903 homes in the study from environmental
monitoring. The 596 homes with methyl
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JM, Barr DB. 2002.
Chicago area methyl
parathion
response. Environmen
tal Health
Perspectives 110:107
5-8

Study
participants
quality check

Chemicals

methyl
parathion

Duration, frequency, rate

Results

Environmental sampling
(wipe samples) undertaken
followed by morning and
evening urine sampling if
methyl parathion
concentration was 15
µg/100 cm² or above. For
below 15 µg/100 cm² no
further action was taken.

parathion concentrations on or above 15
µg/100 cm² or above were then offered
urine samples with samples collected from
1,913 people. From the urine sampling results
, 100 homes (550 residents) were relocated
whilst remediation work was undertaken. For
relocation, the urine samples were ≥100 ppb
for children under 1, ≥300 ppb for
children 1-16 and ≥600 ppb for adults.

Quality

McKelvey W,
Jacobson JB, Kass D,
Barr DB, Davis M, et
al. 2013. Populationbased biomonitoring
of exposure to
organophosphate and
pyrethroid pesticides
in New York
city. Environmental
Health
Perspectives 121:134
9-56

Environmental

Samples
selected from
the NHANES
study

organophosphate
s

2004 NYC NHANES survey;
Participants asked about
personal and professional
pesticide usage in home in
past 3 months; Consumption
of fruits and vegetables
in past 12 months

Dimethyl organophosphate metabolites had
highest 95th percentile concentrations (87.4
µg/L and 74.7 µg/L for DMP and DMTP,
respectively). Highest 95th percentiles
among pyrethroid metabolites were measure
for 3-PBA and trans-DCCA (5.23 µg/L and
5.94 µg/L, respectively). Concentrations of
ΣDAP increased with increasing age, nonHispanic white or black compared with
Hispanic race/ethnicity, professional pesticide
use, and increasing frequency of fruit
consumption; they decreased with non-green
vegetable consumption. Absolute differences
in geometric mean urinary 3-PBA
concentrations across categories of predictors
were too small to be meaningful.

High Quality

Meeker JD, Barr DB,
Hauser R. 2006.
Thyroid hormones in
relation to urinary
metabolites of nonpersistent insecticides

Environmental

Participants
from men who
were partners
in sub fertile
couples

chlorpyrifos;
chlorpyifosmethyl; carbaryl;
naphthalene

Analysis between 20002003; environmental
exposure. Single spot urine
samples collected on same
day as semen sample
collected.

Exposure to chlorpyrifos, chlorpyrifos-methyl
or TCPY may result in thyroid function being
altered in men. An association between the
thyroid stimulating hormone and TCPY (found
in 336 samples) was found with an increase of
9% in the interquartile range, with no

High Quality
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Occupational /
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/Environmental

Study
participants
quality check

Chemicals

in men of
reproductive age.
Reproductive
Toxicology 22:437-42

Duration, frequency, rate

Results

Non-fasting blood sample
collected between 9am and
4pm.

association for the thyroid stimulating
hormone and 1N. There is a suggestive
inverse association between TCPy and Free
T4.

Quality

Meeker JD, Barr DB,
Ryan L, Herrick RF,
Bennett DH, et al.
2005. Temporal
variability of urinary
levels of nonpersistent insecticides
in adult men. Journal
of Exposure Analysis
and Environmental
Epidemiology 15:27181

Environmental

Participants
selected from
an ongoing
study on the
effect of
environmental
agents and
the male
reproductive
system

chlorpyrifos;
carbaryl

No occupational exposure to
pesticides. Single spot and
an additional nine first
morning void samples were
collected over three months.

The urinary metabolites levels in this study are
similar to previous reference ranges. The
unadjusted TCPY level was 2.7 µg/l and the
95th percentile value was 9.9 µg/l with
low reliability. 1N median level was 2.9
µg/l with an intraclass coefficient of 0.550.61. The men were then divided into tertiles
where a single urine spot sample could be
used for exposure classification. Using mixedeffect models, TCPY concentration is effected
by seasons and by consuming grapes and
cheese and IN levels are affected by the
consumption of strawberries.

High Quality

Meeker, J. D., et al.
(2008). "Human
semen quality and
sperm DNA damage
in relation to urinary
metabolites of
pyrethroid
insecticides." Human
Reproduction 23(8):
1932-1940.

Environmental

The
participants
were all male
volunteers
from an
infertility
clinic.

pyrethroids

The study took place
between January 2000 and
April 2003. Semen and spot
urine samples were collected
from each participant. A 48
hour period of abstinence
was recommended.

The study found evidence for reduced semen
quality and increased sperm DNA damage in
relation to urinary metabolites of pyrethroid
insecticides. It was identified that the highest
3PBA quartile was associated with a
suggestive 20.2 million sperm/ml reduction in
sperm concentration compared with men
below the 3PBA median. It was also identified
that there were dose-dependent increased
odds for below reference sperm concentration,
motility and morphology in relation to TDCCA.
3PBA and CDCCA were associated with
increased sperm DNA damage.

High Quality

Meeker, J. D., et al.

Environmental

The

pyrethroids

The study took place

The study found relationships between urinary

High Quality
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(2009). "Pyrethroid
insecticide
metabolites are
associated with serum
hormone levels in
adult men."
Reproductive
Toxicology 27(2):
155-160.
Mercadante R,
Polledri E, Bertazzi
PA, Fustinoni S. 2013.
Biomonitoring shortand long-term
exposure to the
herbicide
terbuthylazine in
agriculture workers
and in the general
population using urine
and hair
specimens. Environm
ent
International 60:42-7

Study
participants
quality check

Chemicals

participants
were all male
volunteers
from an
infertility
clinic.

Occupational /
Environmental

www.efsa.europa.eu/publications

Population
selected from
farmers, rural
residents and
urban
residents

Terbuthylazine

Duration, frequency, rate

Results

between April 2000 and April
2003.A single spot urine
sample was collected from
each participant. A single
non-fasting blood sample
was also drawn between the
hours of 9 a.m. and 4 p.m.
on the same day that the
urine sample was collected.

metabolites of pyrethroid insecticides and
serum reproductive hormone levels in men,
urinary pyrethroid insecticide metabolites were
positively associated with follicle stimulating
hormone (FSH) and luteinizing hormone (LH),
and inversely associated with inhibin B,
testosterone, and free androgen index.

Agricultural workers were
occupationally exposed; rural
residents had no family ties
to agricultural workers and
urban residents (no
occupational exposure).
Three spot urine samples
collected for agricultural
workers: pre-exposure
sample (second void in Feb),
post-exposure sample on
day of exposure and a postexposure sample at the
beginning of the shift the
next day. For the two
resident groups, one spot
second void urine samples
collected during the
application season (MarchMay). Pre and post
exposure hair samples were
collected. Questionnaire also
asked about consumption of
vegetables from the subject

DET was detected in urine whilst TBA was
mostly found in the urine samples. For
agricultural workers, no DET was detected in
the pre-exposure samples whilst in the two
post-exposure samples, median levels of
1.81 and 2.94 µg/L were measured
respectively. No DET was detected in the post
exposure samples for the rural and urban
residents. In hair samples, TBA was not
detected in pre-exposure samples for the
urban residents and for rural residents and
agricultural workers, the median levels
were 0.01 ng/mg in urban residents . In
the post-exposed hair samples the median
levels were 0.08 ng/mg for agricultural
workers, 0.01 ng/mg for the rural residents
and not detected for the urban residents.
The study concludes that there is exposure for
rural residents.
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Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

Quality

or locally sourced.
Mercadante R,
Polledri E, Giavini E,
Menegola E, Bertazzi
PA, Fustinoni S. 2012.
Terbuthylazine in hair
as a biomarker of
exposure. Toxicology
Letters 210:169-73

Occupational

Population
selected from
farmers, rural
residents and
urban
residents

Terbuthylazine

Farmers were occupationally
exposed; rural residents had
no family ties to agricultural
workers and urban residents
(no occupational exposure).
Hair samples were collected
in June at the end of the
treatment season.

TBA was measured in all the farmers with a
median of 0.67 ng/mg, in 75% if the rural
resident samples (median of 0.01 ng/mg)
and in none of the samples supplied by urban
residents (median of <0.01 ng/mg). For
farmers, the concentration of TBA varied from
0.07 ng/mg to 4.64 ng/mg. The study
concludes that TBA is incorporated into hair
and also follows seasonal exposure.

High Quality

Morgan MK, Sheldon
LS, Thomas KW,
Egeghy PP, Croghan
CW, et al. 2008a.
Adult and children's
exposure to 2,4-D
from multiple sources
and
pathways. Journal of
Exposure Science and
Environmental
Epidemiology 18:48694

Environmental

Participants
were
randomly
recruited from
the CTEPP
study

2,4dichloropheoxyac
etic acid (2,4-D)

Sampling between July
2000- March 2001 in North
Carolina and April-November
2001 in Ohio. Environmental
samples (soil, dust, food
samples) collected from
homes, six spot urine void
samples collected over 48
hours and further
environmental samples
collected if pesticides had
been used (18 homes in
North Carolina and 16 in
Ohio applied pesticides
within 7 days of the field
monitoring).

The study concludes that children in Ohio are
more exposed than North Carolina children
and adults in Ohio and North Carolina by
dermal and non-dietary exposure. In carpet
dust samples, the median levels of 2,4-D were
156 ng/g and 47 ng/g in Ohio and North
Carolina respectively. The 95th percentile for
hand wipe samples were higher for Ohio
(0.1ng/cm² for children and 0.03
ng/cm²). For concentrations of 2,4-D in urine
in adults were the same for both states (0.7
ng/ml) but were higher for children in Ohio
compared to children in North Carolina (1.2
ng/ml and 0.5 ng/ml respectively).

High Quality

Morgan MK, Sobus
JR, Barr DB, Croghan
CW, Chen FL, et al.
2016. Temporal

Environmental

Participants
from the Ex-R
study on
residential

Bifenthrin;
Cyfluthrin;
Cyhalothrin;
Cypermethrin;

Study recruitment between
October 2009 and March
2011. No occupational
exposure to pesticides. Spot

The median urinary 3-PBA levels (only
metabolite frequently detected in adults) were
0.88 ng/mL, 0.96 ng/mL-SG, 1.0 4
ng/mg, and 1.0 4 ng/min for
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variability of
pyrethroid metabolite
levels in bedtime,
morning, and 24-h
urine samples for 50
adults in North
Carolina. Environment
al Research 144:8191

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

exposure to
insecticides

Cyphenothrin;
Deltamethrin;
Esfenvalerate;
Permethrin;
Phenothrin;
Tralomethrin

urine void samples and 24 hr
samples collected during
each sampling week (up to
11 voids collected each
week). Environmental
samples collected.

concentration, SG-corrected, CR-corrected,
and excretion rate values respectively. First
morning urine void samples contained the
highest 3-PBA concentrations with the 24 hr
samples the lowest. There was also poor
reproducibility of the measurements for the
metabolite. It is concluded that, the majority
of adults have been exposed to one or more
pesticides in their home.

Morgan MK, Stout
DM, Jones PA, Barr
DB. 2008b. An
observational study of
the potential for
human exposures to
pet-borne diazinon
residues following
lawn
applications. Environ
mental
Research 107:336-42

Environmental

Participants
from
homeowners
intending to
use diazinon

Diazinon

April to August 2001. 2-12.7
kg of diazinon applied to
turf. Environmental samples
collected. First morning void
urine samples before
application and 1,2, 4 and 8
days post application for
children and adults.

Pet dogs ( 88.1 ± 100.1 ng/cm² of diazinon
on their days one day after application) are
exposed to low levels of diazonin and can
transfer residues into the household. Diazinon
residues in the air one day after application
were at least six times higher than preapplication (living room, 235 ± 267 ng/m³).
In the carpet samples the diazinon levels were
at least 20 days greater after application. The
urinary IMPy concentrations were 0.3-12.5
ng/ml after application compared to <0.3 to
5.5 ng/ml before application.

Morgan MK. 2015.
Predictors of urinary
levels of 2,4dichlorophenoxyacetic
acid, 3,5,6-trichloro2-pyridinol, 3phenoxybenzoic acid,
and
pentachlorophenol in
121 adults in Ohio.
International journal
of hygiene and

Environmental

Samples from
the CTEPP
study

2,4dichlorophenoxya
cetic acid (2,4D); 3,5,6trichloro-2pyridinol (TCP);
3phenoxybenzoic
acid (3-PBA);
pentachlorophen
ol

Samples from the CTEEP
study between April and
November 2001. Spot urine
samples collected over a 48
hour period (4-6 samples
collected)

The median urinary levels of 2,4-D, TCP, 3PBA and PCP were 0.7, 3.4, 0.3 and 0.5
ng/mL with 3-PBA detected in 66% samples
and the other metabolites detected in over
89% of samples. Exposure can be increased
by the sampling season, pet ownership and
the removal of shoes before entering the
home.
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Quality

Muller M, Reinhold P,
Lange M, Zeise M,
Jurgens U, Hallier E.
1999. Photometric
determination of
human serum
bromide levels - a
convenient
biomonitoring
parameter for methyl
bromide
exposure. Toxicology
Letters 107:155-9

Occupational

Participants
from epilepsy
patients
(treated with
potassium
bromide),
occupational
exposed
workers and a
control group

Methyl bromide

Participants sera collected
from the three groups: Three
samples from workers
accidently exposed,
agricultural workers and the
control group.

The mean serum bromide level in the
agricultural workers was 15.33 ± 1.90 mg/l
at the end of the season, for the three
workers accidently exposed to methyl bromide
the mean serum bromide level was 11.5
mg/ml and in the control group, the mean
serum level was 4.13 ± 1.05.

Not High
Quality

Muttray A, Bäcker G,
Jung D, Hill G, Letzel
S. 2006. External and
internal exposure of
winegrowers spraying
methyl
parathion. Toxicology
Letters162:219-24

Occupational

Participants
from healthy
winegrowers

Methyl parathion,
methyl paraoxon

Analysis between June and
August. Participants sprayed
between 150-1420g (median
of 420g) for 50 minutes.
Protective clothes used but
no gloves worn. Dermal
exposure (by patches) and
inhalation exposure
(personal air sampling)
collected. Blood samples
collected before exposure
(baseline) and after
exposure.

The major route of exposure to methyl
parathion for the winegrowers was by the
dermal route (ranged up to 12,044 µg)
which correlated with the methyl parathion
plasma level (ρ = 0.72, p < 0.001).
Inhalation exposure was up to 22 µg. The
cholinesterase levels did not increase with
methyl parathion exposure. Methyl paraoxon
was not detected.

Not High
Quality

Nigg HN, Stamper JH,
Mallory LL. 1993.

Occupational

Participants
were pesticide

Ethion

Analysis carried out in 1989.
Pesticide mixture included 5

The urinary concentrations in the pesticide
workers had a correlation of 0.55 at the

Not High
Quality

environmental health
218:479-88
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Quantification of
human exposure to
ethion using
saliva. Chemosphere
26:897-906

Study
participants
quality check

Chemicals

workers and a
control group

Duration, frequency, rate

Results

pints of ethion 4 miscible
sprayed by a speed sprayer
or hand rig. 1 worker was
mixing/loading, 3 were
drivers and 2 were
applicators. Urine samples
collected during the
afternoon and saliva samples
at the end of the spray day.

0.0001 level for ethion and its metabolites.
In saliva, 86-4130 ppb of ethion and 0.3-7
ppm for the metabolites. In the saliva
samples, there were low and inconsistent
metabolites measured.

Quality

Oestreich A, Schmid
P, Schlatter C. 1997.
Biological monitoring
of the fungicide
epoxiconazol during
application. Archives
of Environmental
Contamination and
Toxicology 33:329-35

Occupational /
volunteer

The
participants
were all
volunteers.

Epoxiconazole

The study took place in May
and June 1995. Urine
collection started 30 hours
after application of the
pesticide and continued for
at least 36 hours.
Epoxiconazol oral and dermal
application.

The study suggested that dermal exposure is
more important than the inhalation. Exposure
could be reduced by wearing PPE. No health
risk is posed by the normal application of the
product.

High Quality

Ogut, S., et al.
(2011). "Oxidative
stress in the blood of
farm workers
following intensive
pesticide exposure."
Toxicology and
Industrial Health
27(9): 820-825.

Occupational

The
participants
were all farm
workers.

organophosphate
, synthetic
pyrethroid and
carbamate
pesticides

The year of the study is not
indicated. Blood samples
were taken from the
participants with
occupational exposure and
the participants without
occupational exposure.

The study found that chronic exposure to
organophosphate, synthetic pyrethroid and
carbamate pesticides were associated with
increased activities of catalase, SOD and lipid
peroxidation in erythrocytes (p< 0.05). AChE
did not show any significant differences
between the two groups.

Not High
Quality

Parron T, Hernandez
AF, Pla A, Villaneueva
E. 1996. Clinical and

Occupational

The
participants
were all

Likely to include
- Endosulfan,
methamidophos,

Year of study not indicated.
Sprayers were examined by
a physician, a blood sample

The study identified a significant increase in
abortions was observed among the wives of
highly exposed sprayers. The blood and

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

biochemical changes
in greenhouse
sprayers chronically
exposed to pesticides.
Human and
Experimental
Toxicology, 15, 957963.

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

volunteers
engaged in
spraying
operations for
a number of
years on a
regular basis.

chlorpyriphos,
phenamiphos,
ethoprophos,
methomyl,
oxamyl, aldicarb,
fenpropathrin,
paraquat, 2,4dichlorophenoxya
cetic acid,
benomyl, maneb,
zineb, and
pyrazophos.

was drawn for plasma and
red blood cell
cholinesterase's, complete
blood count, and liver and
renal function tests were
performed.

biochemical parameters of the highly exposed
subjects did not differ from those in the low
exposure group, except for basophiles
percentage, AST and calcium. There was a
decrease in the concentration of mean
corpuscular haemoglobin concentration in
38% of the sprayers. The study found an
increase of depression, and neurologic
disorders (such as headache, tremor, and
paraesthesia) in sprayers.
Use of PPE and sanitary habits should be
improved.

Quality

Pasquini, R.;
Scassellati-Sforzolini,
G.; Angeli, G., et al
(1996) Cytogenetic
Biomonitoring of
Pesticide-Exposed
Farmers in Central
Italy. Journal of
Environmental
Pathology, Toxicology
and Oncology, 15, 2939.

Occupational

The
participants all
worked as
farmers in the
same
geographic
area.

Carbaryl,
delthametrin,
benomyl,
dinocap,
mancozeb,
oxadixyl,
propineb,
triadimenol,
alachlor,
atrazine, linuron,
MCPA,
metobromuron,
metalachlor and
oxyfluorfen.

Sampling took place in 1992
and 1995. All participants
have grown cereals, fruits
and vegetables treated with
insecticides, fungicides and
herbicides. Exposure
occurred from mixing the
pesticide with water and
spraying the mixture.
Exposure occurred between
March and July for 7 to 8
hours per day. Blood
samples were collected.

The study found evidence of clastogenic
activity in peripheral blood lymphocytes but no
corresponding effects on SCE induction. The
study also found clear evidence of cell
proliferation delay relatable to chemical
compounds in agriculture. The report also
suggests that improve preventive measures
are needed along with careful health
surveillance.

High Quality

Pastorelli, R.;
Catenacci, G.; Guanci,
M., et al (1998) 3,4DichloroanilineHaemoglobin Adducts
in Humans:
Preliminary Data on

Occupational

Participants
from
agricultural
workers

Propanil

The first participant had 10
field applications and the
second worker had two days
in successions with both
workers involved in weighing
and diluting the herbicide
(35% propanil solution

Before the field application of the herbicide,
both workers had detectable basal adduct
levels of 17 and 15 fmol mg¯¹ Hb and no
detectable urinary 3,4-DCA (<0.01 nmol
ml¯¹). Within two days of field application the
basal adduct level had increased to 621 and
31 fmol mg¯¹ Hb respectively with an increase

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Agricultural Workers
Exposed to Propanil.
Biomarkers, 3, 227233.

Duration, frequency, rate

Results

applied for 5 hours on
average per day). Blood and
urine samples collected
before spraying and after the
last spraying (2 days and
then 4 months).

of the urinary 3,4-DCA concentration to 1.07
and 3.5 nmol ml¯¹. After four months of the
last field spraying, 3,4-DCA-Hb adducts were
still detectable (65 and 57 fmol mg¯¹ Hb)
with no detectable urinary 3,4-DCA levels.

Quality

Perry MJ, Marbella A,
Layde PM. 2006.
Nonpersistent
Pesticide Exposure
Self-report versus
Biomonitoring in Farm
Pesticide
Applicators. Annals of
Epidemiology 16:7017

Occupational

The
participants
were all
volunteers
engaged in
dairy farming
operations.

Atrazine

Study data was obtained in
1997 and 1998. Urine
samples were collected after
the first pesticide application
of the season, farmers were
then interviewed to report on
application practices. 50 ml
urine sample 8 hours after
their last application work
shift occurred.

Fifty-five percent of urine samples had positive
deethylatrazine detections. The study
compared urinalysis results with self-reported
dermal, inhalation, and ingestion exposure,
the study found a poor agreement between
self-reported exposure and urinary
deethylatrazine detections. The study showed
that self-reported practices did not
significantly predict atrazine metabolite levels.
Wearing chemical-resistant boots was
associated significantly with urinary
deethylatrazine in the multivariate model (ß =
-2.31; p = 0.02), with use of boots associated
with lower urinary metabolite levels.
Agreement between self-reported pesticide
exposure as well as reported PPE use and
biomonitoring results was not strong in this
study.

High Quality

Proctor, S. P.; Maule,
A. L.; Heaton, K. J.,
et al (2014)
Permethrin Exposure
from Fabric-Treated
Military Uniforms
Under Different Wear-

Occupational

Participants
from active
duty army
personnel

Permethrin

Study A participants wore
permethrin treated uniforms
for 31 hours (30-32 hours)
continuously with 11 urine
samples collected at regular
periods. After one
laundering, blouses

The purpose of the study has been to find
whether urinary biomarkers of permethrin are
presented after wearing permethrin
impregnated uniforms. Urinary biomarkers are
detected over a 10 to 12 hour period of
wearing the uniform with the levels subsiding
24 hours after the removal of the uniform.

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Time Scenarios.
Journal of Exposure
Science and
Environmental
Epidemiology, 24,
572-578.

Putnam RA, Doherty
JJ, Clark JM. 2008.
Golfer exposure to
chlorpyrifos and
carbaryl following
application to turf
grass. Journal of
Agricultural and Food
Chemistry 56:6616-22

Volunteer and
environmental

www.efsa.europa.eu/publications

The
participants
were all
volunteers
from UMASS
Environmental
Toxicology
and Risk
Assessment
Program
(School of
Public Health)
and the
Department of

chlorpyrifos;
carbaryl

Duration, frequency, rate

Results

permethrin concentration
was 0.101-0.116 mg.cm2
(0.107 mg/cm2 average) an
0.110-0.112 mg/cm2 (0.111
mg/cm2) for trousers. Study
B participants wore
permethrin treated uniforms
for 8 hours per day for 3
consecutive days. After one
laundering, blouses
permethrin concentration
was 0.108-0.125 mg/cm2
(0.117 mg/cm2 average) and
0.108-0.121 mg/cm2 (0.114
mg/cm2) for trousers The
study included 14 day period
after exposure with 14 urine
samples collected over 19
days.

The longer the duration of wearing the
permethrin treated uniform, the higher the
excretion levels were. For 3-PBA, the urinary
levels were 3.29 times higher than the
sum of c/tDCCA (P≤ 0.001) and in study
A the urinary levels are 2.23 times
higher.

Exposure trials were
conducted between 2001
and 2004. A plot of grass
was maintained as a golf
course fairway and pesticides
were applied. Exposure
scenarios took place 1 hour
after the completion of post
application irrigation.
Exposure was determined in
76 rounds of golf following
applications of chlorpyrifos
(eight applications) and
carbaryl (two applications).

The study found that carbaryl residues were
not detected in the personal air samplers. In
all biomonitoring cases, post exposure
metabolite concentrations were higher than
pre-exposure concentrations (pregolf exposure
5.23 µg/L (full course, 1 h re-entry n = 16)
compared to post golf exposure (10.56
µg/L). An average of 74.4µg (10.5 µg
chlorpyrifos collected onto WBD and 122 µg
of carbaryl was collected onto WBD following
full course applications.
The above exposure estimates, which are
based on a 1 hour re-entry interval following
full course and full rate applications of
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Study
participants
quality check

Chemicals

Veterinary and
Animal
Science.

Putnam, R. A.& Clark,
J. M. (2007)
Dosimetry and
Biomonitoring
Following Golfer
Exposure to
Chlorpyrifos. ACS

Environmental

www.efsa.europa.eu/publications

Participants
are
researchers
playing golf

chlorpyrifos

Duration, frequency, rate

Results

Each exposure consisted of
simulating the play of an 18hole round of golf in 4 hours,
this involved walking 6500
yards, hitting a ball 85 times,
and taking 85 practice
swings (170 total).
Participants in the dosimetry
group wore a whole body
dosimeter (WBD) consisting
of a long-sleeved shirt and
long pants, a veil and gloves.
Participants in the
biomonitoring group wore
short sleeve shirts, shorts,
ankle socks, and golf shoes.
Total urine volume was
collected for 27 h the day
before exposure, for 27 h
following the chlorpyrifos
exposure, and analysed for
TCP. Volunteers were
instructed to avoid exposure
to any chlorpyrifos during
the week prior to the golfrelated exposure.

chlorpyrifos and carbaryl, are substantially
below (19-68 times) current U.S. EPA acute
Rfd values, indicating safe exposures under
these criteria.

Approximately 100
gallons/acre of pesticide was
applied. Golf played over
four hours. Dosimetry group
wore cotton clothing for
dosimetry measurements
and inhalation exposure

An average of 305 ± 58 µg chlorpyrifos
has been calculated from whole body
dosimeters for full course applications with the
absorbed dermal dose calculated as 0.42 µg
chlorpyrifos/kg and an absorbed inhaled dose
has been calculated as 0.18 µg/kg. Applying
the pesticide to only the tees/greens results in
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/Environmental

Study
participants
quality check

Chemicals

Symposium Series,
951, 157-171.

Duration, frequency, rate

Results

measured using a personal
air sampling pump. Urine
samples from the
biomonitoring group were
collected 27 hrs before
exposure and for 27 hours
following exposure.

76-81% reduction for the whole body
dosimetry and 75-84% reduction in the
inhaled dose. The absorbed dose for the
biomarker group from urine is 1.058 ± 0.409
µg/kg for the full course application and
0.140 ± 0.069 µg/kg for tees/greens
application. Over 92% of the total exposure is
via the dermal route of exposure.

Quality

Ratelle M, Côté J,
Bouchard M. 2015a.
Toxicokinetics of
permethrin
biomarkers of
exposure in orally
exposed
volunteers. Toxicolog
y Letters 232:369-75

Volunteer

The
participants
were all
volunteers
among
students of
the University
of Montreal
and their
family or
friends.

Permethrin

Sampling period is unknown.
During the study period and
the two-days prior to dosing,
they were asked not to eat
fruits and vegetables in order
to limit ingestion of
contaminated food. The
participants ingested 0.1
mg/kg body weight of
permethrin. Blood and urine
samples were taken.

The study found that following ingestion,
plasma levels of cis- and trans-DCCA and 3PBA increased progressively with peak levels –
hence equilibrium state between absorption
and elimination – being observed on average
7 hours post-dosing for cis- and trans DCCA
and 3-PBA. The elimination rate of all
metabolites from plasma was in the order of
0.1 h-1, with a calculated mean apparent
elimination t1/2 of 6.2, 7.1 and 6.5 hours for
cis-DCCA, trans-DCCA and 3-PBA, respectively.
In urine peak excretion rates were observed
on average of 8 hours post-dosing with mean
apparent absorption half-lives of 2.6–2.9
hours and mean apparent elimination halflives of 4.5–5.7 hours for all metabolites.

High Quality

Ratelle M, Cote J,
Bouchard M. 2015b.
Time profiles and
toxicokinetic
parameters of key
biomarkers of
exposure to
cypermethrin in orally

Volunteer

The
participants
were all
volunteers
among
students of
the University
of Montreal

Permethrin

Sampling period is unknown.
During the study period and
the two-days prior to dosing,
they were asked not to eat
fruits and vegetables in order
to limit ingestion of
contaminated food. The
participants ingested 0.1

The study found that following ingestion, a
progressive rise in plasma levels of cis-and
trans-DCCA and 3-PBA was observed, with
peak levels being reached on aver-age 5–7 h
post-dosing. The absorption rate of all
metabolites from plasma was in the order of
0.2 h–1, with a calculated mean apparent
absorption t½ of 3.0–4.2 hours. The

High Quality
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exposed volunteers
compared with
previously available
kinetic data following
permethrin
exposure. Journal of
Applied
Toxicology 35:158693

Study
participants
quality check

Chemicals

and their
family or
friends.

Duration, frequency, rate

Results

mg/kg body weight of
permethrin. Blood and urine
samples were taken.

elimination rate of all metabolites from plasma
was in the order of 0.1 h–1 , with
corresponding mean apparent elimination ½
of 5.1–9.2 hours.
For blood peak excretion rates were observed
an average of 8–9 h post-dosing with mean
apparent elimination half-lives of 6.3–6.4 h for
all metabolites.

Quality

Rossbach B, Appel
KE, Mross KG, Letzel
S. 2010. Uptake of
permethrin from
impregnated
clothing. Toxicology
Letters 192:50-5

Occupational /
volunteer

All participants
were
volunteers
from the
German
Federal Armed
Forces
(Bundeswehr)

Permethrin

The study was conducted
between February and April
2005. Permethrin content in
BDUs was 1.300 mg/m
(cis/trans ratio 25:75). The
average wearing period of
impregnated BDUs was 50.7
h/week and ranged from 40
to 72 h/week.
Urine samples were
collected.

The study found a large increase of urinary
metabolite concentrations was measured in
the exposed group. Compared to the median
values on day 0, internal exposure in this
group after 14 days of wearing had
increased by factors of 55, 116 and 92
for cis-DCCA, trans-DCCA and 3-PBA.
The study found a considerable decline of
internal exposure was found 28 days after
cessation of exposure. However, with regard
to median values, the metabolite
concentrations were still about 5 times higher
than the baseline values measured on day 0,
indicating a residual effect of exposure.
A considerable uptake of permethrin from
impregnated clothing with dermal absorption
being a plausible route of exposure. Whether
inhalation or cross-contaminations are also
potential routes of exposure.

High Quality

Rossbach B, Kegel P,
Süß H, Letzel S. 2016.
Biomonitoring and

Occupational

All participants
were
volunteers

Permethrin

May to November 2010 and
2011. The participants in
both the test and control

The study found that the urine samples of
non-treated pants showed median metabolite
levels (sum of DCCA and 3-PBA) ranging

High Quality
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/Environmental

Study
participants
quality check

Chemicals

evaluation of
permethrin uptake in
forestry workers using
permethrin-treated
tick-proof
pants. Journal of
Exposure Science and
Environmental
Epidemiology 26:95103

Rossbach B, Niemietz
A, Kegel P, Letzel S.
2014. Uptake and
elimination of
permethrin related to
the use of permethrin
treated clothing for
forestry
workers. Toxicology
Letters 231:147-53

Occupational /
volunteer

www.efsa.europa.eu/publications

All participants
were males
volunteers

Permethrin

Duration, frequency, rate

Results

group were further broken
down in terms of clothing
manufactured by producer A
and producer B and the
clothing either had or didn't
have cut protection. The
participants wore the pants
for 16 weeks.
Urine samples were
collected.

from 0.44 to 0.52 μg/l and is comparable
with environmental background exposure in
Germany.
The study found that the median metabolite
excretion in the total test group was up to 25fold higher. Median internal exposure was
even up to 64-fold higher than in the control
group when regarding only subjects wearing
pants of distributor B.
The metabolite levels also decreased during
the study, it was highlighted that this may be
due to permethrin losses associated with
laundering the pants.

The participants were
equipped with permethrin
treated forestry work
clothing (jackets and pants
either with or without cut
protective lining) obtained
from two different
producers. The participants
were to wear the equipment
for 8 hours under three
differing conditions; comfort
conditions, 4 hours under
conditions of increased
temperature and humidity,
and 4 hours under conditions
of increased temperature
and humidity and simulation
of intermittent physical
workload.
Urine samples were taken.

The study found that the uptake of permethrin
from clothing and its elimination from the
body can be tracked well by biomonitoring of
urinary permethrin metabolites. A single 8
hour use of permethrin treated clothing was
associated with a transient increase of internal
permethrin exposure up to levels which can be
also found after prolonged daily use of
respective clothing. The maximum metabolite
excretion in the study participants was 160.0
mg/L. Permethrin uptake can be substantially
affected by the type of clothing, external
climate conditions and/or physical workload
with the latter two probably facilitating dermal
uptake by altering the barrier function of the
skin.
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Study
participants
quality check

Chemicals

Duration, frequency, rate

Rubino et al (2012)
Farmers' Exposure to
Herbicides in North
Italy: Assessment
Under Real-Life
Conditions in SmallSize Rice and Corn
Farms. Toxicology
letters, 210, 189-197

Occupational

Population
chosen from
rice and maize
small-scale
farms from
workers
exposed to
herbicides

Propanil;
terbuthylazine

Sams C et al 2010.
Biological monitoring
for exposure to
pirimicarb: Method
development and a
human oral dosing
study. Toxicol Letters
192: 56-60

Volunteer

The
participants
were all
volunteers

Sams C, Jones K.
2012. Biological
monitoring for
exposure to

Volunteer

Volunteers, no
study lose.

www.efsa.europa.eu/publications

No information

Results

Quality

Analysis carried out 2008
and 2009; urine samples
collected pre and post
application. Exposure
assessment also measured
from application of pads and
collection of hand wash
liquid.

Four propanil and no terbuthylazine workers
were overexposed. The study concludes that
farmers working in small estates and applying
lower amount of pesticides are more exposed
than farmers working in larger estates and
applying a higher amount of pesticides; this is
likely due to better condition of storage with
regards to hygiene and better machinery. For
propanil, clothes exposure was 73.5
μmol, skin exposure was 22.4 μmol and
extraction of the metabolite 84 nmol in
24h urine. For terbuthylazine clothes
exposure was 37.2 μmol, skin exposure
was 0.86 μmol and extraction of the
metabolite 13 nmol in 24h urine

High Quality

Pirimicarb

Year of study not indicated.
The volunteers were given a
single oral dose of pirimicarb
at the acceptable daily intake
(ADI, 0.02 mg/kg). Urine
samples were collected over
48 hours and blood samples
were taken to monitor
cholinesterase activity.

The study found that MDHP was the major
urinary metabolite, however, significant levels
of conjugated MDHP and DDHP were released
upon hydrolysis. The study found that the
total MDHP and DDHP recovered over 48
hours accounted for 74% (range 32–123%) of
the administered dose. Both free and
conjugated metabolites had fairly short
elimination half-lives (2.8–4.6 hours). Urinary
excretion of MDHP and DDHP was almost
complete within 24 hours.

High Quality

deltamethrin

Year of study not indicated.
Volunteers were given a
single oral dose of
deltamethrin at the ADI

The study has quantified urinary metabolite
levels in volunteers exposed to a single oral
dose at the ADI. The data showed that
metabolites were rapidly excreted, with short

High Quality

196

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

deltamethrin: A
human oral dosing
study and background
levels in the UK
general
population. Toxicolog
y Letters 213:35-8

Study
participants
quality check

Chemicals

reported for
the general
population
survey, no
information on
study lose.

Duration, frequency, rate

(0.01 mg/kg) dissolved in
ethanol and diluted with a
soft drink.

Results

Quality

elimination half lives.
The results from the general population
survey show that environmental exposures to
deltamethrin in the UK are low or infrequent,
with 95% being less than 1% of the ADI
equivalent. Even the maximum result seen is
less than 10% of the ADI equivalent. The
levels detected indicate either low exposure or
infrequent exposure and, on a population
basis, there is reasonable assurance that
exposures are generally well below the ADI.
The UK results are slightly higher then those
found in a study of background exposure to
the general population in Germany.

Sams, C. and K. Jones
(2011). "Human
volunteer studies
investigating the
potential for
toxicokinetic
interactions between
the pesticides
deltamethrin ;
Pirimicarb and
chlorpyrifos-methyl
following oral
exposure at the
acceptable daily
intake." Toxicology
Letters 200(1-2): 41-

Volunteer

www.efsa.europa.eu/publications

The
participants
were all
volunteers.

deltamethrin and
chlorpyrifosmethyl;
pirimicarb and
chlorpyrifosmethyl

The year of the study is not
indicated. The participants
were given two separate oral
doses of mixtures at the ADI.
The first mixture contained
deltamethrin
(0.01mg/kg/day) and
chlorpyrifos-methyl
(0.01mg/kg/day), the second
dose contained pirimicarb
(0.02mg/kg/day) +
chlorpyrifos-methyl
(0.01mg/kg/day). A single
participant did not take part
in the pirimicarb+
chlorpyrifos-methyl mixture
197

The study was able to compare information on
the mixtures to data obtained from the same
individuals given a dose of each individual
pesticide on a separate occasion. The study
found that peak excretion of deltamethrin and
pirimicarb metabolites occurred at around 4
hours post-exposure for both the individual
and the mixed exposure scenarios, and
metabolite excretion was almost complete
within 24 hours. The study also suggests that
no significant toxicokinetic interactions occur
between either deltamethrin or pirimicarb and
chlorpyrifos-methyl when orally administered
together at the ADI.
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Volunteer
/Environmental

Study
participants
quality check

Chemicals

45 .

Duration, frequency, rate

Results

Quality

exposure. Urine samples
were collected.

Sanderson WT,
Biagini R, Tolos W,
Henningsen G,
Mackenzie B. 1995.
Biological Monitoring
of Commercial
Pesticide Applicators
for Urine Metabolites
of the Herbicide
Alachlor. American
Industrial Hygiene
Association
Journal 56:883-9

Occupational

Study
participants
were selected
from
commercial
pesticide
application
companies.

Alachlor

Year of study not indicated.
The participants in the study
were asked to provide three
urine samples over a 24-hour
period. One sample was
collected at the work site on
the morning of the exposure
survey before participants
began work. A second urine
void was collected at the
work site at the end of the
workday, after the
participants had washed
their hands thoroughly and
were prepared to leave for
home. The third urine
sample was collected at the
worker' s home or the work
site before work on the
morning following the
exposure survey.

The study found that the application company
employees who do not routinely work with
herbicides had low levels of alachlor
metabolites in their urine. But three individuals
who mixed and loaded alachlor for relatively
short periods of time had comparatively high
levels of alachlor metabolites in the urine.
There was a lack of correlation between the
average post exposure urine levels and the
amount of alachlor used during the survey. It
was identified that no objective, systematic
measures of individual work practices were
collected during the study; therefore, the
effect of work practices on absorbed doses
could not be evaluated. However, several
workers were observed not properly Following
label requirements.

High Quality

Sankaran G, Chen L,
Chen Z, Liu Y, Lopez
T, et al. 2015. The
Importance of Hand
Exposures to
Absorbed Dosage of
Hand
Harvesters. Journal of

Occupational

The
participants
were all
volunteers
who worked
as harvesters.

Malathion;
fenpropathrin

The study was conducted in
2011. Participants provided
end-of-shift hand washes
and 16 hour post-shift urine
samples were collected on
study days 4 and 7. Foliar
samples were collected
between 4 and 14 days post

The study found that gloved harvesters
displayed 23% lower bio monitored exposures
than barehanded ones, demonstrating that
latex gloves are an effective protective barrier
against surface residues. The 7-day decline in
excreted urine metabolites was 43% for
gloved harvesters and 29% for barehanded
ones.

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Toxicology and
Environmental Health
- Part A: Current
Issues

Duration, frequency, rate

Results

Quality

pesticide application.

Scher DP, Alexander
BH, Adgate JL, Eberly
LE, Mandel JS, et al.
2007. Agreement of
pesticide biomarkers
between morning
void and 24-h urine
samples from farmers
and their
children. Journal of
Exposure Science and
Environmental
Epidemiology 17:3507

Occupational

The
participants
were all
volunteers
made up of
farm families
where
pesticides had
been applied.

2,4dichlorophenoxya
cetic acid (2,4D); chlorpyrifos

Year of study not indicated.
Urine was collected from 24h
before through 96h after
pesticide application.

The concluded that using a single void urine
sample can bias daily exposure and dose
estimates when compared to estimates based
on 24 hour samples. Therefore, substituting
single voids for 24-h urine samples may result
in upwards or downwards biasing of exposure
and dose estimates following exposure to
chemicals which are excreted fairly rapidly.

High Quality

Schettgen T, Weiss T,
Angerer J. 2001.
Biological monitoring
of phenmedipham:
determination of mtoluidine in urine.
Arch. Toxicol. 75:
145-149.

Occupational

Participants
from
agricultural
workers

Phenmedipharm

Workers used pesticide for 16 hours with 24 hour urine
samples collected after
exposure. Workers used
protective gloves during
spraying. Control group used
with no occupational
exposure with 40 spot urine
samples collected.

m-toluidine has been detected in the 87% of
the urine samples from the agricultural
workers after exposure to phenmedipham with
a median value of 0.36 µg/l (range of
<LOD-27.1 µg/l). The control group had mtoluidine present in 62% of urine samples with
a mean of 0.16 µg/l (range <LOD-0.64
µg/l) which may be through exposure from
diet. The protective gloves may prevent
absorption of phenmedipharm.

High Quality

Shealy DB, Bonin MA,
Wooten JV, Ashley

Occupational /
Environmental

Participants
from farmer

Variety of
chemicals

Biological samples (urine and
blood) and environmental

The applicators had higher urine
concentrations of pesticide metabolites than

High Quality

www.efsa.europa.eu/publications

199

EFSA Supporting publication 2017:EN-1185

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in the context of a contract between the European Food Safety Authority and the
authors, awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European
Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Human biomonitoring for occupational exposure to pesticides

Reference

Occupational /
Volunteer
/Environmental

DL, Needham LL.
1996. APPLICATION
OF AN IMPROVED
METHOD FOR THE
ANALYSIS OF
PESTICIDES AND
THEIR METABOLITES
IN THE URINE OF
FARMER
APPLICATORS AND
THEIR FAMILIES.
Environment
International, Vol. 22,
No. 6, pp. 661-675.
Simcox NJ, Campa, J,
Kalman D, Stebbins A,
Bellamy G, Lee I-C,
Fenske R. 1999.
Farmworker Exposure
to Organophosphorus
Pesticide Residues
During Apple Thinning
in Central Washington
State. AMERICAN
INDUSTRIAL
HYGIENE
ASSOCIATION
JOURNAL 60:752–
761.

Occupational

www.efsa.europa.eu/publications

Study
participants
quality check

Chemicals

Duration, frequency, rate

applicators
and their
families in the
pilot
Agricultural
Health Study

including 2,4-D;
propuxur;
paradichlorobenz
ene; carbofuran;
naphthalene;
chlorpyrifos;
chlorpyrifosmethyl;
parathion

(air, dust, food) samples
collected from the
agricultural study. Pre
exposure (1 day before
application) and post
exposure (2 days after
application) were used in this
study with a maximum of 5
urine samples per person
used.

the general population, however these levels
were comparable or lower than the
concentrations reported for occupationally
exposed workers. Exposure and elimination
patterns have been found for the applicators
and their families when carbaryl, dicamba and
2,4-D have been used. For 2,4-D, a median
of 0.54 µg/L was measured for the families
and 3.8 µg/L for the applicators.

Participants
from three
orchard sites

Azinphos-methyl

Analysis carried out MayJune 1994. Application of
Guthion 50WP in site 1 was
1.75-2 Ibs acre/formulation,
4 Ibs acre/formulation at site
2 and 2 acre/formulation at
site 3. Folar residue samples
collected from the sites.
Blood samples collected
before exposure for all sites.
Blood samples collected at
site 1 in the 1st and last
week of thinning and
biweekly for six weeks at the
other two sites. Urine
samples collected two weeks
before thinning and then
daily at the end of the shift.

DMTP has been detected in the majority of
urine samples. The mean DMTP
concentrations for site 1,2 and 3 were 0.53,
0.29 and 0.90 µg/mL respectively. Post
thinning DMTP urine concentrations resulted
in decreased concentrations of DMTP with the
maximum concentration measured of 0.09
µg/mL DMTP was also measured in 9% of
the control urine samples with a range of
0.04-0.18 µg/mL. A median residue level of
0.5 µg/cm² has been measured in the foliage
which results in continuous exposure to the
pesticides. Results from orchards 1 and 3
differed from results from orchard 2; possible
reasons were (1) foliar residue variability was
much lower at Site 2; (2) workers entered the
Site 2 orchard much later after pesticide
application; (3) only one pesticide application.

200

Results

Quality

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Stiller-Winkler, R., et
al. (1999).
"Immunological
parameters in
humans exposed to
pesticides in the
agricultural
environment."
Toxicology Letters
107(1-3): 219-224.

Occupational

The
participants
were all
volunteers
from the same
region who
were either
exposed to
pesticides or
non-exposed.

mixture of
pesticides such
as
organophosphate
s, carbamates,
phenoxy
herbicides and
pyrethroids

Thomas KW et al.,
2010. Assessment of
a pesticide exposure
intensity algorithm in
the agricultural health
study. Journal of
Exposure Science and
Environmental
Epidemiology, 20,
559–569.

Occupational

Participants
from the AHS
study

Tsatsakis AM et al.
2010. Determination

Occupational /
Environmental

Participants
from pesticide

www.efsa.europa.eu/publications

Results

Quality

The samples were collected
between 1995 and 1997.
The exposed samples were
provided by agriculture
applicators and indoor pest
controllers.

The study found that pesticide applicators had
significantly increased odds ratios for
neopterin and soluble tumour necrosis factor
receptor (sTNF RII) and a decreased odds
ratio for immunoglobulin M. The obtained
results indicate enhanced macrophage
activation and an impaired humoral defence.
The alterations were found to correlate with
exposure duration in the group of pesticide
applicators in agriculture. The participants
who worked in indoor pest control had an
inverse correlation for sTNF RII with exposure
duration obtained indicating impairment of cell
mediated immune function.

Not High
Quality

2,4dichlorophenoxya
cetic acid (2,4D); chlorpyrifos

Study monitoring in 2000
(Iowa) and 2001-2002 (Iowa
and North Carolina).
Participants involved in
mixing, loading and
application (MLA). Pre
application single void urine,
day 1 void urine samples and
the first morning void urine
sample after three days were
collected. Hand wipe, patch
and air samples also
collected.

A pesticide exposure intensity algorithm has
been assessed by comparing algorithm
intensity scores with measured exposure
levels. Post application 2,4-D (r=0.42,
p<0.001) and chlorpyrifos levels (r=0.53,
P= 0.035) are highly correlated with intensity
scores from questionnaires. Using a linear
regression model resulted in explaining 24%
of variability in pre exposed 2,4-D urine
samples and 60% for post exposure urine
samples. The results of the measurements
support the use of the algorithm for
estimating questionnaire-based exposure
intensities in the AHS for liquid pesticide
products.

High Quality

organophosphate
s

Head hair samples of 3- 24
cm in length (200-500 mg)

DMP, DEP, DETP and DEDTP has been
detected in the hair samples for the general

High Quality
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Reference

Occupational /
Volunteer
/Environmental

of dialkyl phosphates
in human hair for the
biomonitoring of
exposure to
organophosphate
pesticides. Journal of
Chromatography B,
878 1246–1252.

Study
participants
quality check

Chemicals

applicators
and the
general
population

Duration, frequency, rate

Results

were provided by the nonexposed group and head hair
samples of 3-5 cm collected
during the spraying season
for the applicators.

population with median concentrations of 165
pg/mg, 51.2 pg/mg, 54.0 pg/mg and
40.0 pg/mg respectively. In the exposed
workers, the median concentrations for
DMP was 181.7 pg/mg, for DEP 812.9
pg/mg, for DETP 660.1 pg/mg and 60.6
pg/mg for DEDTP.

Quality

Tucker JD et al.,
2003. Multi-endpoint
biological monitoring
of phosphine workers.
Mutation Research
536, 7–14.

Occupational

Participants
from
phosphine
applicators

Phosphine

One blood sample collected
between November-January
(1-3 months after the last
application of aluminium
phosphide). PPE has been
reported as being used for
13 workers. The median
exposure use was 5 days per
season.

In the study, no difference in frequency of
translocations have been found in the
phosphine applicators when compared to the
controls and there was also no effect of
smoking. Age has a significant effect on the
frequency of translations (p<0.0001). In the
GPA assay there was no effect from exposure
or smoking.

High Quality

Tuomainen A et al.,
2002. Monitoring of
pesticide applicators
for potential dermal
exposure to malathion
and biomarkers in
urine. Toxicology
Letters 134, 125–132.

Occupational

Participants
were
greenhouse
workers

Malathion

The malathion concentration
in the spray was from 7701026 mg/l. Participants
involved in mixing and
loading of the pesticide.
Urine samples collected preexposure (blank), during
application and up to 24
hour post-application.
Dermal exposure (post
exposure) and hand samples
(rinsing gloves) were
collected.

The urine excretion of MMA was found to be
very rapid, reaching maximum excretion
around 6-7 hours after the completion of the
application and was in small quantities. For
dermal exposure, the lower limbs accounted
for 48% of exposure, the upper limbs 19%,
hands/chest and back/head regions accounted
for 30% & 3% of the dermal exposure. The
dermal exposure for the three applicators
were: 193.9 mg/kg a.s, 256.7 mg/kg a.s
and 113.7 mg/kg a.s respectively.

Not High
Quality

Tuomainen, A.;

Occupational

The

deltamethrin

The year of the study is not

The study found that 3-PBA was present in

Not High
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Occupational /
Volunteer
/Environmental

Kangas, J.; Liesivuori,
J., et al (1996)
Biological Monitoring
of Deltamethrin
Exposure in
Greenhouses.
International archives
of occupational and
environmental health,
69, 62-64.
Vaccaro, J. R.; Nolan,
R. J.& Bartels, M. J.
(1996) Human Dose
Comparisons Utilizing
Biomonitoring and
Passive Monitoring of
an Exposure
Environment,
Following Surface
Treatment with in
Insecticide. Abstracts
of Papers American
Chemical Society,
211, 150-AGRO 150.

Study
participants
quality check

Chemicals

participants all
worked in
greenhouses

Volunteer

www.efsa.europa.eu/publications

Participants
from The Dow
Chemical
Company or
DowElanco

chlorpyrifos

Duration, frequency, rate

Results

Quality

indicated. The participants
were working in greenhouses
where an automatic cold fog
generator was used. The
greenhouses varied in size
and different concentrations
of spraying solution and
active ingredients were used
in each. Urine samples were
collected.

urine of two of the participants, the urine
concentration of the metabolite varied from
2.4 to 51.7 µg/l. The authors conclude that
3-PBA is suitable for biological monitoring for
the assessment of exposure to deltamethrin
and other pyrethroids.

Quality

Participants performed
exercises on the treated
fields for a combined total of
240 minutes. Fields were
treated with the highest
labelled rate. Dislodgeable
residues collected by the
Dow drag system (as
Vaccaro 1996 paper above)
before exposure (4 hrs after
application for liquid
formulation), 8, 12, 24 and
48 hours post application.
Hand rinse samples
collected. Blood samples
collected on two days on the
week before the study and
24 and 48 hours after the
start of the study. Urine void
samples collected before, on
the day of the study and on
the first five days of the start
of the study.

The mean inhalation exposure dose of
chloropyrifos was calculated as 0.59 µg/kg
with an absorbed range of 32.1 to 45.6 µg
chlorpyrifos for the liquid formulation. The
mean dislodgeable residue concentration was
3.28 µg/kg for the liquid formulation . The
mean measured hand dermal adult dose was
0.007 µg/kg. The mean Chloropyrifos
biomonitoring dose concentration was
calculated as 7.07 µg/kg. The calculated
chlorpyrifos dose is 3.88 µg/kg for physical
data and 7.07 µg/kg for biomonitoring for
the liquid formulation. The calculated
chlorpyrifos dose is 0.36 µg/kg for physical
data and 1.3 µg/kg for biomonitoring for the
granular treated field turf.

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Vaccaro, J. R.; Nolan,
R. J.; Murphy, P. G.,
et al (1996) The use
of Unique Study
Design to Estimate
Exposure of Adults
and Children to
Surface and Airborne
Chemicals. ASTM
Special Technical
Publication, 1287,
166-183.

Volunteer

Participants
are adult
volunteers

chlorpyrifos

van Welie, R. T. H.;
van Duyn, P.&
Vermeulen, N. P. E.
(1991a)
Environmental and
Biological Monitoring
of Non-Occupational
Exposure to 1,3Dichloropropene.

Volunteer

Participants
are volunteer
bystanders

1,3dichloropropene
(DCP)

www.efsa.europa.eu/publications

Results

Quality

Volunteers conduced active
and passive exercise on
grass and carpeted surfaces.
Air concentration samples
collected. Dermal exposure
measured using "The Dow
Sled" which has a defined
uniform pressure when
sample collecting. Hand
samples collected from
cotton gloves worn by the
participants and hand wash
samples collected. Blood
samples collected before the
study on two separate days
and after 24 and 48 hours of
the study commencing
(pressure similar to walking
or crawling of a 1 year old
child). Urine void samples
collected the day before the
start of the study and the
first five days of the study.

The mean inhalation exposure dose of
chloropyrifos was calculated as 0.59 µg/kg
with an absorbed range of 32.1 to 45.6 µg
chlorpyrifos. The mean dislodgeable residue
concentration for low pressure (represent the
child) was 23.6 ± 13.8 µg/ft² after 4
hours, 26.0 ± 6.73 µg/ft² after 48 hours
and 10.3 ± 2.64 µg/ft² after 48 hours.
The mean dislodgeable residue concentration
for high pressure (represent the adult) was
27.8 ± 11.3 µg/ft² after 4 hours, 26.6 ±
3.01 µg/ft² after 48 hours and 20.3 ±
2.98 µg/ft² after 48 hours. The mean
measured hand dermal adult dose was
0.039 µg/kg. Chloropyrifos urine
concentrations ranged from 2.5 to 10.3
µg/kg with a mean concentration of 10.5
µg/kg. The total chloropyrifos absorbed
ranges from 148 µg to 894 µg. From the
adult measurements a mean dose of 13.5
µg/kg has been calculated for children
exposure.

High Quality

Analysis carried out in
September 1989. Bystanders
located downwind alongside
the treated fields from the
start to the end of
application with exposure
only by inhalation.

Respiratory air concentrations at site 1 was
ND for Z-DCP and E-DCP, at site 2 the Z-DCP
level was 1.12 ± 0.26 mg/m³ and 0.91 ±
0.21 mg/m³ for E-DCP and at site 3 the ZDCP level was 0.36 ± 0.05 mg/m³ and
0.29 ± 0.04 mg/m³ for E-DCP. Mercapturic
acid urine excretion for the Z-isomer was 6.98
± 1.97 mg/m³, 8 hr TWA and 3.05 ±
1.14 mg/m³ for the E-isomer compared to

Not High
Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

International archives
of occupational and
environmental health,
63, 169-173.

Results

Quality

7.50 ± 108 mg/m³ for the Z-isomer and
1.86 ± 2.58 mg/m³ for the applicators.

Van Welie, R. T. H.;
Van Duyn, P.;
Lamme, E. K., et al
(1991b)
Determination of
Tetrahydrophthalimid
e and 2
Thiothiazolidine-4Carboxylic Acid
Urinary Metabolites of
the Fungicide Captan
in Rats and Humans.
International archives
of occupational and
environmental health,
63, 181-186.

Occupational

Participants
are fruit
growers or
non exposed

captan

Fruit growers sprayed captan
with a tractor-drawn sprayer
with a urine sample collected
after exposure. Urine spot
sample collected for the non
exposed group.

THPI has been detected in the fruit growers
with an extraction recovery of 54 ± 5%. TTCA
Has also been detected for the fruit growers.
No THPI or TTCA has been detected for the
bystanders.

Not High
Quality

Wielgomas B, 2013.
Variability of urinary
excretion of
pyrethroid
metabolites in seven
persons over seven
consecutive days—
Implications for
observational studies.
Toxicology Letters
221, 15– 22.

Environmental

Participants
from the
general
population

Pyrethroids

Study between June and
October 2011. Participants
are not occupationally
exposed to pesticides. Urine
samples collected: 281 in
total including 49 first
morning voids. Each
participant supplied on
average 5.7 urine samples
per day.

3PBA was detected in over 60% of the urine
samples and was the only metabolite
detectable in a large quantity for statistical
analysis. First morning void samples were the
least reproducible samples with an intraclass
correlation coefficient (ICC) of 0.350 for the
creatinine adjusted concentration. The ICC for
the spot and 24 hour samples were 0.846
and 0.796 µg/g creatinine and were the
most reliable measurements. The general
population is exposed to small amounts to
pyrethroids that metabolises to 3PBA.
Conclusions for biomonitoring methodology:

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Duration, frequency, rate

Results

Quality

the determination of the concentration in a
single random urine sample with high
reliability reflects the average exposure.
Creatinine adjustment should be performed
and spot or multiple spot samples should be
preferentially be used for reliable exposure
measurements.
Wilkes, M. F.;
Woollen, B. H.;
Marsh, J. R., et al
(1993) Biological
Monitoring for
Pesticide Exposure the Role of Human
Volunteer Studies.
International archives
of occupational and
environmental health,
65, S189-S192.

Volunteer

The
participants
were all
volunteers

Cypermethrin

The year of the study is not
indicated. In both studies the
participants were
administered and oral dose,
cypermethrin 3.3 mg and
molinate 5 mg. Urine
samples were taken. Dermal
application was also carried
out using a single dose of 31
mg of cypermethrin, the
application site remained
unoccluded for 8 hours and
it was then washed.

The study found that human volunteer studies
with pesticides at low does are the most
accurate way of establishing a sound basis for
biological monitoring. The mean absorbed
level of cypermethrin was calculated to be
36% with a mean elimination half-life of 16.5
hours, peak excretion of molinate was
calculated to occur within 4 hours and was
almost complete by 24 hours.

High Quality

Williams RL et al.
2004. Perspiration
increased human
pesticide absorption
following surface
contact during an
indoor scripted
activity program.
Journal of Exposure
Analysis and
Environmental

Volunteer

Participants
from the
general
population

chlorpyrifos

Exposure study has been a
cross-over design with two
events 2 weeks apart from
chlorpyrifos treated nylon
carpets . Transferrable CP
residues measured by cotton
cloth coupons. Dermal
exposure measured by
clothing dosimeters (socks
and shorts). Sweat samples
collated. Urine samples

The average absorbed dose of chlorpyrifos for
participants who performed the warm-up
exercise before the activity was 2.8 and 2.0
µg CP equivalents/kg per day for the two
groups. Those who did not perform the
warm-up had less exposure with an absorbed
dose of 1.9 and 1.3 µg CP equivalents/kg
per day for the two groups.

High Quality
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Reference

Occupational /
Volunteer
/Environmental

Study
participants
quality check

Chemicals

Epidemiology 14,
129–136.
Zhang X et al, 2011.
Concurrent 2,4-D and
triclopyr
biomonitoring of
backpack
applicators,
mixer/loader and field
supervisor in forestry.
Journal of
Environmental
Science and Health
Part B 46, 281–293.

Duration, frequency, rate

Results

Quality

In the study, 55 acres have been treated with
24 gallons of Garlan (tricolypr) and 24 gallons
of 2,4-D LV. Dosages based upon
accumulation of herbicides on body suits
averaged 42.6µg 2,4-D/kd-d and 8.0µg
triclopyr/kg-d. Backpack applicators
excreted an average 11.0µg 24D/kd-d &
18.9µg triclopyr/kg-d. estimates based on
curve fitting 17.1µg 2,4D/kd-d & 29.3µg
triclopyr/kg-d. The results suggests that
passive dosimetry for 2,4-D overestimated
dosage measured using biomonitoring by 2-3
fold, while for triclopyr it underestimated the
absorbed dose by a factor of 2-4 fold.
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Analysis of exposure for one
week in 2002. Urine samples
collected pre-exposure and
complete 24 hr samples
(collected in 8 and 16 hour
portions) collected for the six
days of the study.
Applicators divided into 2
groups, group A wore whole
body suits under coveralls
and group B wore normal
work clothes. Dermal
exposure measured from
PPE worn over long-sleeved
cotton coveralls.
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