Current Environmental Health Reports (2018) 5:522-530
https://doi.org/10.1007/s40572-018-0216-x

EARLY LIFE ENVIRONMENTAL HEALTH (J SUNYER AND P DADVAND, SECTION EDITORS)

@ CrossMark

Pesticides and Child’s Health in France

Cécile Chevrier' - Rémi Béranger’

Published online: 28 September 2018
© Springer Nature Switzerland AG 2018

Abstract

Purpose of Review The use of pesticides is predominant in agriculture, inducing environmental contamination, and has been
extended to the domestic sphere. In France, > 500 pesticides were authorized for use in 2009; given their various toxicological
properties, there are legitimate concerns about the possible consequences for child health. This review summarizes the recent
French studies of good quality dealing with pesticides and child health.

Recent Findings Three cohorts (mother—child, retrospective) and two case—control studies have been conducted in the last
decade. Using various instruments for exposure assessment including biomarkers, they have suggested alterations of
subclinical health parameters at birth, increased risk of otitis at age 2, and increased risk of several types of childhood
cancer. However, there were no adverse neurodevelopmental outcomes at 6 years of age following prenatal exposure to
pesticides.

Summary Both agricultural and domestic pesticides might be involved in such adverse health outcomes. Similar studies are

lacking in Europe. Studies on fungicides and child health are scarce.

Keywords Pesticides - Environmental exposure - Pregnancy - Growth - Neurodevelopment - Cancer

Introduction

Synthetic pesticides are chemicals designed to affect liv-
ing systems [1]. They are used worldwide, predominantly
in agriculture, to enhance food production, by controlling
or destroying organisms harmful to crops. Pesticides have
also been used in the wood and textile industries and have
been shown to be potentially useful in other specific
areas, such as combating vector-borne diseases. Pesticide
use has also been extended to the individual domestic
context, to deal with various pests, such as weeds, ro-
dents, and fungi, and to human and animal medicine, to
treat mycosis, fleas, and ticks. The term “pesticide” en-
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compasses a huge number of molecules with various tox-
icological properties and being present in mixtures. There
have long been concerns about the possible consequences
for human health of this complex and widespread expo-
sure to pesticides of the general population.

Given the possible reprotoxicity, neurotoxicity, or
endocrine-disrupting properties established or suspected
for numerous pesticides, we review here association stud-
ies dealing with current-use pesticides and child health.
We focus on the recent French context, in which more
than 500 active substances were authorized for use in
2009 [2ee]. It does not, therefore, include organochlorine
pesticides, even though the population is still exposed to
background environmental levels, and health conse-
quences cannot be ruled out. In particular, there was a
specific environmental contamination of the soil and wa-
ter that occurred in the French West Indies between 1973
and 1993, due to use of the organochlorine insecticide
chlordecone to fight banana root borer infestations. It re-
sulted in exposure of the general population in these
areas, likely by ingestion of contaminated food, and for
which possible health consequences for children were
identified in a local mother—child cohort, not considered
in this minireview [3-5].
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Pesticide Usages in France and Population
Exposure

In France, 110,000 tons of pesticides were used annually in
the late 1990s [6]. Pesticide use subsequently decreased, to
76,000 tons in 2004, mostly due to the introduction of new
synthetic pesticides allowing the application of lower doses
per hectare [6]. Pesticide use has since remained stable (+
10%), with >90% destined for agricultural activities. France
was ranked as the eighth largest pesticide consumer in Europe
in 2014 when considering the mean application rates of
2.7 kg/ha [7]. According to the national sales data for agricul-
tural pesticides in 2016, 45% of the pesticides purchased were
fungicides (including copper and sulfur), 41% were herbi-
cides, and 5% were insecticides. Agricultural activities are
diverse in France, extending from wheat and other cereal
crops to husbandry and vineyards. Agriculture occupies half
the total area of the country, making use of the rich soils and
clement meteorological conditions.

Synthetic pesticides have been commonly used for seven
decades in France, inducing continuing environmental con-
taminations. Water systems have been routinely monitored
in France since 1998, and almost all surface and ground waters
have been shown to be contaminated with pesticide residues,
including a number of molecules that are now banned [8]. In
2006, a total of 243 pesticide residues, mostly herbicides and
their metabolites, was found in French rivers [2+¢]. Monitoring
of air contamination by pesticides has not been regulatory in
France and, until now, depends on initiatives of local air qual-
ity organizations (www.ATMO-france.org). Pesticides were
detected in 12% of the 100,000 air measurements combined
from 2002 and 2006, representing 114 different substances
[2¢¢]. Indoor contamination was investigated in samples of
air and dust from homes; in several studies, all of which
reported the presence of pesticides, some of which were not
detected in outdoor air [2¢¢]. At last, total diet studies (TDS)
have been set up as part of a national initiative, to analyze
pesticide residues in food and to estimate the dietary exposure
of the French population [9] (https://www.anses.fir/en/content/
total-diet-studies-tdss). The second TDS, conducted between
2006 and 2011, showed that one third of the 1235 food items
tested contained pesticide residues. Overall, 73 substances
were detected out of 283 of interest, mostly insecticides,
acaricides, and fungicides [9].

The French general population is exposed to multiple
current-use pesticides and their metabolites. However, knowl-
edge of this exposure remains incomplete and has focused on
few specific chemical families, such as organophosphorus
(OP) and pyrethroid (PYR) insecticides and triazine herbi-
cides. In early 2000s, a few research studies based on biolog-
ical monitoring provided the first solid data for exposure in the
general population, including children and pregnant women
[10, 11]. Ubiquitous exposure to OP and PYR insecticides

was confirmed for the adult population in 2006-2007 [12],
and the 2011 survey showed ubiquitous exposure to PYR
insecticides, less frequent exposure (<30%) to OP insecti-
cides and rare exposure to triazine compounds (< 1%) in preg-
nant women in France, consistent with the prohibition of at-
razine usage in Europe in 2003 [13]. These studies provided
clues to possible determinants of pesticide exposure in the
general population. National efforts have since been made to
assess the exposure of the population to pesticides through
domestic usages with an on-going nationwide study including
French overseas territories in which products against insects
are likely to be frequently used (https://www.anses.fr/ft/
content/pesti%E2%80%99home-1%E2%80%99%C3 %
A9tude-sur-les-utilisations-domestiques-des-pesticides), and,
more recently, through living proximity to treated crops,
including vineyards in particular.

Pesticides and Developmental Health
in France

Three Cohort Studies Focusing on Exposure
During Pregnancy

Two mother—child cohorts and one retrospective cohort in the
last two decades have investigated this issue (Table 1).
According to the developmental origins of health and diseases
hypothesis (DOHaD), they have focused on the exposure during
pregnancy and its possible effects on developmental health,
from prenatal life to childhood. The health outcomes of interest
related to fetal growth, metabolic disorders, otolaryngological
conditions, and behavioral and cognitive development might be
subclinical endpoints underlying functional alterations.

The PELAGIE (Perturbateurs Endocriniens: Etude
Longitudinale sur les Anomalies de la Grossesse, I’ Infertilité
et I'Enfance) cohort enrolled 3421 pregnant women at their
first prenatal visit (< 19 weeks of gestation), from 2002 to
February 2006, in Brittany. This region, in the north west of
France, has large areas devoted to vegetable production, but
its agricultural activities also include pig, poultry, and dairy
farming, requiring the production of corn or other fodder crops
(62% of the total area under agriculture). The children, their
health, and environment were followed, at birth and then at the
ages of 2, 6, and 12 years. Outcomes of interest were assessed
from medical records at birth, self-administered question-
naires, and measurements in biological samples or from clin-
ical examinations specific to the cohort, including neuropsy-
chological examinations by trained psychologists. Exposure
was assessed with self-administered questionnaires, in both
retrospective and prospective ways [14, 15], by determina-
tions of the chemicals present in maternal urine samples col-
lected during pregnancy [15, 16e, 17-20] and with spatialized
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soil occupancy data (municipality scale [14] or 250-m scale
[15]). More details are provided in Table 1.

The MecoExpo cohort was conducted in Picardie, a region
in which 69% of the total area is devoted to agriculture, prin-
cipally the cultivation of diverse cereals and rape seed. The
cohort enrolled 993 mother—child pairs from 11 maternity
wards, between January 2011 and January 2012. Health data
for the children at birth were collected from medical records.
Exposure was assessed through self-administered question-
naires completed by the mothers just after the delivery [21].
Meconium samples were also collected and stored for subse-
quent pesticide determinations [24].

Finally, a retrospective cohort study making use of the reg-
ulatory determination of pesticides in drinking water was per-
formed in Deux-Sévres, a region in which agricultural activity
is predominant (76% of the total area) and based essentially on
livestock, mostly sheep and goats. Health data at birth were
collected from the infant health certificates mandatory at the
eighth day of life. Exposure was assessed specifically during
the second trimester of pregnancy, at municipality scale. The
principal exclusion criteria were delivery by cesarean section
(17%) and municipalities with several suppliers of drinking
water (18%). The final study cohort thus concerned 11,466
births in 2005-2009 [22] and 13,654 in 2005-2010 [23].

The Results: From Fetal Growth to Neurodevelopment

Maternal occupational exposure to pesticides was not associ-
ated to anthropometric parameters at birth, or a risk of preterm
birth, whereas paternal occupational exposure was found to be
associated with a shorter duration of gestation and a higher
risk of preterm birth in the MecoExpo cohort [21].

Lower birth weight was associated in both the PELAGIE
and the MecoExpo cohorts with prenatal use by the household
of pesticide products, for the treatment of plants, in particular
[14, 21], and veterinary antiparasitic products against fleas
and ticks [21]. Mean head circumference at birth was also
smaller in families that reported to have treated plants with
insecticides during the prenatal period [14]. Human antipara-
sitic products, likely to be lice shampoos, were associated with
higher mean of birth weight [21]. It should be noted that part
of shampoos for treating lice do not contain pesticide mole-
cules. No association was observed between household pesti-
cide use during pregnancy and the gestational duration or
prematurity in the MecoExpo cohort [21] or the risk of otitis
in the child at the age of 2 years in the PELAGIE cohort [15].

In Brittany, based on soil occupancy data, living close to
crops likely to be treated with insecticides during pregnancy
was associated with a reduced head circumference on average,
but not with birth weight [14] or otitis risk in the child at age 2
[15]. In Picardie, self-reported residence close (< 1 km) to any
crop field, likely to reflect more largely rural life than

@ Springer

exposure to specific pesticides, was not associated with any
of the birth outcomes considered [21].

None of these studies assessed pesticide exposure through
diet, other than by considering the retrospectively self-reported
proportion of organic food in the general diet, which is very
limited as a means of assessing pesticide exposure [14, 21].

Various herbicides and their metabolites, specifically
known to have been used on corn crops and to have contam-
inated soil and water systems for several years, were deter-
mined in the prenatal urinary samples in the PELAGIE cohort.
A possible increased risk of fetal growth restriction and small
head circumference for sex and gestational age, and reduced
head circumference at birth were observed in association with
urinary markers of direct exposure to atrazine and to
metolachlor [16¢]. No association was observed with the uri-
nary concentrations of other herbicides (alachlor, acetochlor)
or those of dealkylated and hydroxylated metabolites of tri-
azine likely to result from the environmental degradation of
atrazine [16¢]. These findings are consistent with the absence
of association between drinking water contamination with
these metabolites and birth outcomes, including preterm birth
status, observed in the retrospective cohort [22, 23].

Due to possible neurotoxicity properties, prenatal expo-
sure to OP and PYR insecticides, assessed through determi-
nations of their common metabolites in maternal urine sam-
ples in the PELAGIE cohort, has been investigated in asso-
ciation with neurodevelopmental outcomes of the children at
the age of 6 years [17-19]. No association was observed for
either OP or PYR, other than a positive association between
maternal urinary concentrations of diethylphosphate (DE)
OP metabolites and the WISC-IV (Wechsler Intelligence
Scale for Children) verbal comprehension scores of the chil-
dren. DE metabolites are environmental degradation prod-
ucts that could be present in fruits and vegetables. We can-
not, therefore, exclude the possibility that these urinary con-
centrations partly reflect the intake of fruit and vegetables
and that residual confounding might persist despite the sta-
tistical adjustment for this intake [19]. The concentrations of
OP and PYR metabolites measured from the urine samples
of the children collected in the morning of the examination
were related to the neuropsychological performance of the
child in these studies, as secondary analyses [17, 19]. Both
WISC-IV verbal comprehension and working memory
scores decreased with increasing urinary concentrations of
PYR metabolites (3-PBA, common to several pyrethroid
insecticides, and cis-DBCA, specific to deltamethrin) and
working memory score decreased with increasing urinary
concentrations of DE metabolites, suggesting a possible
short-term impact of these insecticides on some cognitive
capacities. However, with this cross-sectional design, we
cannot exclude the possibility that a third factor, such as
fatigue during the day, might affect both urinary excretion
and cognitive capacities.
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Parent-reported recurrent otitis media in children at age 2
was positively associated with prenatal urinary concentrations
of both triazine dealkylated metabolites and OP insecticide
metabolites. As pointed out by the authors, these findings
are consistent with those of a few recent studies on mice,
suggesting possible long-term effects on the immune system
of prenatal exposure to atrazine or OP insecticides [15].

Clinical observations and animal experiments have
shown that OPs may induce biological processes sugges-
tive of insulin resistance. These findings are consistent
with the increase in cord-blood insulin levels observed
with increasing prenatal urinary concentrations of OP me-
tabolites in the PELAGIE cohort [20]. This finding needs
however to be replicated.

Pesticides and Childhood Cancer in France

Case-Control Studies, Based on the High-Quality
French National Registry of Childhood Cancer

Childhood leukemia is the commonest childhood cancer, and
its main subtypes—acute lymphoblastic leukemia (ALL) and
acute myeloid leukemia (AML)—generally occur before the
age of 5 years. Childhood brain tumors (CBT) are the second
most common childhood cancer. Neuroblastoma (NB) is a
malignant embryonal tumor of the neural crest cells occurring
almost exclusively in infancy and early childhood.

Two nationwide population-based case—control studies,
ESCALE (Etude Sur les Cancers et les Leucémies de
I’Enfant) and ESTELLE (Etude Sur les Tumeurs
Embryonnaires, Leucémies et Lymphomes de I’Enfant), were
performed with the support of the high-quality French national
registry of childhood cancer [25]. In both studies, the cases
(n > 1000) were children under the age of 15 years living in
France at the time of their diagnosis with cancer in accordance
with the third edition of the International Classification of
Childhood Cancer. In ESCALE, cases were diagnosed over
the 2003-2004 period, with leukemia, lymphoma, malignant
CBT, and NB. The ESTELLE period was more recent, 2010—
2011, and other diagnoses were added such as benign CBT,
Wilms’ tumor, and hepatoblastoma. In both studies, the con-
trols (n > 1000) were children free from cancer recruited from
the French population by quota-sampling methods, by a tele-
phone, and with a similar age distribution to the cases for the
study period concerned. Computer-assisted telephone inter-
views were conducted blind to case—control status, with a
standardized questionnaire collecting diverse data, including
maternal pesticide use at home and the main parental occupa-
tions during the pregnancy, for the index child. In ESTELLE,
details for various periods of interest (around conception, dur-
ing pregnancy, after birth) were also requested.

The Results: From Individual Studies to Crucial
International Collaborations

Based on an international coding system for jobs and the spe-
cific development of a job-exposure matrix, the Childhood
Leukemia International Consortium (CLIC), a multinational
collaboration of case—control studies on childhood leukemia
including the ESCALE study, showed an association between
maternal occupational exposure to agricultural or farm-related
pesticides during pregnancy and the risk of AML [26], but not
of ALL, with little evidence of between-study heterogeneity.
Paternal occupational exposure around conception was asso-
ciated with a risk of ALL, but not of AML, with a high degree
of heterogeneity between studies [26]. An increased in the risk
of NB associated with maternal occupational exposure to pes-
ticides was also suggested in the ESCALE study, despite the
small sample size [27].

The CLIC consortium showed an increase in the risks of
both ALL and AML associated with maternal use, at home, of
pesticide products during pregnancy and an increase in the
risk of ALL with household pesticide use after birth [28¢],
with little evidence of heterogeneity between the 12 studies
performed between 1980 and 2008, in North America,
Europe, and Australasia. Pooled analyses of the ESCALE
and ESTELLE studies revealed an association between mater-
nal domestic pesticide use during pregnancy and increased
risk of both NB and CBT. A stronger association was sug-
gested for indoor use and for products against insects, which
were the most frequently used [27, 29].

Conclusion

The cohort studies mentioned above are original in France; to
our knowledge, no other such study had already been conduct-
ed in France. Their findings have therefore improved our un-
derstanding in the French context of the possible effects of
current-use pesticides on developmental health, from newborn
to school-age child. According to them, we conclude that pre-
natal exposure to pesticides might have an impact on subclin-
ical health parameters at birth, suggesting fetal growth alter-
ations, and that no evidence of adverse neurodevelopmental
outcomes at 6 years of age following to prenatal exposure to
insecticides has been identified. According to the variety of
pesticide exposure assessments, agricultural activities but also
domestic usages should be considered in these adverse health
associations. Cohort studies are a long-term research ap-
proach, and only one, the PELAGIE cohort, has pursued the
longitudinal follow-up until adolescence, offering the possi-
bility to study the pesticide effects on puberty outcomes.
However, assessment of exposure from single urine sample,
as initially planned in the PELAGIE cohort, is subject to lim-
itations for some non-persistent pesticides. More generally,
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chemical analyses and sample preparation may also constitute
limitations when using exposure biomarkers. Perhaps even
more importantly, although this remains to be assessed,
long-term storage of urine, as required for cohort studies,
may have limited some of these findings. Our understanding
of matrices with “cumulative” properties remains incomplete;
however, preliminary findings using meconium samples, as in
the MecoExpo cohort [24, 30], and maternal hair samples, as
in the Elfe French national birth cohort (personal communica-
tion with R. Béranger), appear promising for the assessment of
multiple exposure during fetal life.

The French studies on childhood cancer make consistent
contributions to the dense existing literature including several
high-quality meta-analyses for childhood leukemia.
Unfortunately, these studies have not yet obtained sufficient
evidence to infer a causal link, such as a “dose—response”
relationship, and no predominant biological mechanism in-
volving one or a few possible pesticides with potentially dif-
ferent properties in addition to their carcinogenic effects has
been suggested. Studies on maternal occupational exposure,
which is infrequent, and childhood cancer, a rare outcome,
should inevitably be pooled, making it difficult to perform a
standardized quantitative or ordinal assessment of exposure.
Efforts have been made to exclude differential recall bias in
assessments of the household use of pesticide products [31]
and to consolidate maternal self-reports as good proxies for
residential pesticide exposure, through correlations with deter-
minations of pesticide levels in household dust, for example
[32-34]. The persistence of this association in many case—
control studies from the early 1980s to the 2010s, and the
consistency of findings are remarkable. They suggest that
the causal pesticides, if indeed there are any, might have been
consistently used in the composition of household products
over time and in different countries.

In the field of epidemiological research on the effects of
pesticides on human child health, exposure assessment is an
important challenge and remains the most important limiting
factor in the quality of evidence that observational studies can
provide. We may adopt two approaches: assessments of expo-
sure to specific molecules or families of molecules in order to
improve pesticide regulations and assessments of the determi-
nants and sources of exposure for possible future direct pre-
ventive actions among pregnant women. The first way is like-
ly to rely on biomarkers of exposure for which sources and
other determinants are not always identified. For example,
with OP and PYR insecticides, several studies over a number
of years were required to show that urinary concentrations
predominantly reflect dietary exposure, rather than exposure
through other sources, and the relative contributions of the
various sources of human exposure remain unknown for most
pesticides in current use. Pesticide determinations in other
biological matrices, such meconium and maternal hair, which
hold promise for studies focusing on the prenatal period,
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should thus be complemented by studies of their determinants.
For this biomonitoring approach, multiresidue analyses can
deal with mixtures of selected pesticides and should be en-
couraged, even though not yet integrated into the regulatory
system. The second approach is another way to deal with
realistic human exposure to mixtures, even if unidentified.
Knowledge of the molecules used should be integrated into
the exposure assessment. For example, the composition of
each household pesticide product available on the market
should be known. This should become possible soon in
France, through the national initiative Pesti’Home (https://
www.anses.fr/fr/content/pesti%E2%80%99home-1%E2 %
80%99%C3%A9tude-sur-les-utilisations-domestiques-des-
pesticides).

In conclusion, French studies have clearly contributed to
the literature on the role of pesticide exposure on child health.
To our knowledge, such studies are lacking in many other
European countries, despite the existence of high-quality
mother—child cohorts (www.birthcohorts.net). Studies on the
effects of fungicides on child health are scarce, particularly in
France where fungicides are heavily used in agriculture.
Finally, previous studies have focused heavily on exposure
during pregnancy and not enough on exposure during
childhood, despite the ubiquitous exposure of children to
several types of pesticides [10, 19, 34].
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