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• Accumulating evidence of pesticides health effects
on children’s health: emphasis on neurodevelopment
and cognition

• Gaps in exposure assessment of key pesticides in
vulnerable populations

• Associations of urinary biomarkers of exposure to
pesticides and oxidative damage

• Take home messages - Future steps

Synopsis

Makris et al., 2022; Environ. Res., https://www.sciencedirect.com/science/article/pii/S0013935122006430?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S0013935122006430?via%3Dihub


Over the years, increasing use of pesticide mixtures 

and overall increasing global pesticide use

Scientific evidence on the human toxicity of 

glyphosate (GLY) and its primary metabolite, 

aminomethylphosphonic acid (AMPA) is limited, 

particularly for children. 

GLY data is available for only about 500 children 

worldwide; urinary levels of GLY in children > adults, in 

studies with data for both (Gillezeau et al., 2020). 

P e s t i c i d e s  a n d  C h i l d r e n ’ s  H e a l t h



Eskenazi et al., 2004, EHP; Young et al., 2005, Neurotoxicology; Eskenazi et al., 2007, EHP; Marks et al., 2010, EHP; Bouchard et al., 2011, EHP; Sagiv et al., 2018, EHP; Sagiv et al., 2019, PNAS 

C H A M A C O S  c o h o r t  s t u d i e s  i n  t h e  U S A

Prof. Eskenazi’s CHAMACOS children cohort studies in the California, USA, were instrumental in 

phasing out organophosphates (OPs) in the USA, and later, globally.

Higher OP pesticide exposures during pregnancy resulted in:

✓ shorter pregnancies

✓ Abnormal reflexes in newborns

✓ Poorer verbal abilities in preschool children

✓ Problems of attention at 5 years of age

✓ Poorer social skills at 7

✓ Poorer working memory at age 12

✓ Traits similar to autism at age 2 and 14 



P o l i c y - i n f l u e n c i n g  c h i l d r e n ’ s  h e a l t h  s t u d i e s :  C H A M A C O S  s t u d y

Bouchard et al., 2011, EHP 

WISC-IV scores per quintile of 

prenatal urinary biomarkers of OP 

exposure (mean± std. error) 



Critical Life Stage: Childhood

Projected prevalence of obesity at future ages among 
2-year-olds in 2016

oObesity risk trajectory in 5-11 years old: 

o Steep increase in obesity prevalence, based on 

CHOICES simulation model

o Barker hypothesis (Barker, 2004)

o organism is “plastic” or “sensitive” to its 
environment during specific developmental periods

o programming: when stimuli are applied during early 
development, permanent changes are generated that 
persist throughout life

o not just limited to the in-utero environment, extends into childhood

o Increased susceptibility to environmental 
exposures
o rapid development

o differences in behaviors and metabolism capacity of 
stressors

o parents’ environmental exposures leading to passive 
exposures

o Lung function risk trajectories 
o contributed to 75% of COPD cases

o associated with childhood factors, like asthma, bronchitis, 
pneumonia, allergic rhinitis, eczema

https://www.tandfonline.com/doi/abs/10.1080/07315724.2004.10719428?journalCode=uacn20


Scientific evidence

➢ Strongest: Neurodevelopmental effects of pesticides on children adversely affect their normal 
development and growth

➢ Suspected: effects of pesticides on childhood leukemia, other cancer sites, and on the endocrine system.

How pesticides impact human health and ecosystems in Europe — European Environment Agency (europa.eu)

Children’s health effects associated with exposure to HBM4EU priority pesticides

https://www.eea.europa.eu/publications/how-pesticides-impact-human-health


Determine the association between the urinary pesticides and the biomarkers of 
DNA and lipid oxidative damage in primary school children. 

S t u d y  O b j e c t i v e



Cyprus:

• Top 3 of EU countries with the highest % pesticide 

residues in foods exceeding permissible limits (MRL) 

• Light orange: 2018 residues > MRL 

• Orange: 2019 residues > MRL

• This is a historic and persistent trend (10 yrs or more)

• EU Farm to Fork strategy will help in reducing 

pesticide use to the benefit of the environment and 

human health

P e s t i c i d e s  a n d  C h i l d r e n ’ s  H e a l t h :  
W h y  C y p r u s ?



Methods



A cross-sectional study of the baseline dataset of the ORGANIKO LIFE + trial (ClinicalTrials.gov number: 

NCT02998203) (Makris et al., 2019). 

In 2020, ORGANIKO was approved for alignment in the frame of the European Human Biomonitoring 

Initiative, HBM4EU (Gilles et al., 2021) with the aim to collect harmonized HBM data of children's 

exposure to prioritized pesticides with EU wide coverage. 

Out of 191 children recruited through their primary schools located in the Limassol urban area of 

Cyprus, a total of 179 children, aged 10–11 years were included in this analysis.

M e t h o d s

Cyprus National Bioethics Committee, ΕΕΒΚ/ΕΠ/2016/25

http://clinicaltrials.gov/
https://www.sciencedirect.com/science/article/pii/S0013935122006430?via%3Dihub#bib22


Questionnaires

• Sociodemographic 
variables, diet, pesticide 
use at home

Urine samples

• Biomarkers of exposure to 
pesticides, biomarkers of 
oxidative damage

C h i l d r e n ’ s  H B M 4 E U  a l i g n e d  s t u d y



HBM4EU-accredited labs using mass spectrometry: 

i) the Institute and Outpatient Clinic of Occupational, Social and Environmental Medicine, Germany

ii) the Wageningen Food Safety Research Laboratory, the Netherlands. 

The following pesticides were measured: 

• glyphosate (GLY)

• aminomethylphosphonic acid (AMPA)

• 3,5,6-trichloro-2-pyridinol (TCPy)

• cis-(2,2-dibromovinyl)-2,2-dimethylcyclopropanecarboxylic acid (cis-DBCA)

• cis-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (cis-DCCA)

• trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (trans-DCCA)

• 3-phenoxybenzoic acid (3-PBA)

• 4-fluoro-3-phenoxybenzoic acid (4-F-3-PBA) 

• cis-3-(2-chloro-3,3,3-trifluoroprop-1-enyl)-2,2-dimethylcyclopropanecarboxylic acid (CIF3CA or CFMP)

B i o m a r k e r s  o f  e x p o s u r e



B i o m a r k e r s  o f  e f f e c t  ( l i p i d  d a m a g e  a n d  D N A  d a m a g e )

Competitive ELISA kits: 

• 8-iso-PGF2α (catalog no: STA-337; Cell Biolabs, Inc, California, USA) 

• Lipid damage biomarker

• 8-OHdG (catalog no: ABIN2964843; antibodies-online, Aachen, Germany)

• DNA oxidation biomarker



Results



Overall Male Female p-value^

median [IQR] n (%) median [IQR] n %) median [IQR] n (%)

n 177 93 84

Age (years) 10.97 [10.53,11.52] 10.97 [10.49,11.48] 10.97 [10.53,11.55] 0.879

Mother’s education 0.945

Primary/Secondary 32 (18) 16 (17) 16 (19)

University/college 100 (57) 54 (58) 46 (55)

Master/PhD 44 (25) 23 (25) 21 (25)

Father’s education 0.482

Primary/Secondary 53 (31) 29 (32) 24 (30)

University/college 72 (42) 41 (45) 31(39)

Master/PhD 46 (27) 21 (23) 25 (31)

Weight status* 0.125

Underweight 4 (2) 1 (1) 3 (4)

Normal Weight 111 (66) 54 (61) 57 (71)

Overweight 32 (19) 18 (20) 14 (18)

Obese 22 (13) 16 (18) 6 (8)

Physical activity (hr/wk) 3.5 [2,6] 3 [0,5.5] 4 [2,6] 0.117

Sedentary (hr/wk) 20 [13,28.5] 21 [14,29] 16 [11.75,27.25] 0.055

Vegetables (portions/wk) 4.5 [2.81,8] 3.5 [2,7] 6 [3.5,8] 0.001



Population, year
Sample size, 

age range
3-PBA (ug/L) TCPy (ug/L)

Cyprus, 2017 (this study) 177, 10-12 years 1.93 6.72

Spain, 201613 568, 5-12 years 1.63 1.13 

Italy, 2014-20159 199, 7 years 0.56 0.36 

USA, 2009-2010 383 & 386, 6-11 years 0.48 1.46 

Canada, 2016-2017 (3-PBA), 

2014-2015 (TCPY)10
3-PBA: 534, 6-11 years

TCPY:489, 6-11 years

0.38 1.4 

Costa Rica, 20077 140, 6-9 years 0.8 1.4 

Thailand, 200311 207, 12-13 years 0.07 2.64 

China, 20146 406, 3-6 years <LOD 0.63* 

Chile, 2016-201712 48, 5-13 years 1.29^ 1.96^

H i g h e r  p e s t i c i d e  e x p o s u r e s  i n  C y p r u s  a n d  S p a i n



8-OHdG8-iso-PGF2a

A s s o c i a t i o n  o f  o x i d a t i v e  t i s s u e  d a m a g e  w i t h  p e s t i c i d e s



Key study Findings

This is the first children’s health study, globally, exploring
the association between glyphosate (GLY)/AMPA and
oxidative damage, being aligned with the methodology
and tools used in the HBM4EU project.

This is the first children's health dataset that presents
evidence of AMPA oxidative stress toxicity, albeit this was
not the case for glyphosate.

Median 3-PBA and TCPy levels were higher compared to
those in other children’s populations; these pesticides
metabolites were associated with genotoxicity marker (8-
OHdG).

Although a significant association was seen between
AMPA and the DNA oxidative stress marker in this
children’s population, these results need to be replicated
in a larger study.



ΠΡΟΚΑΤΑΡΚΤΙΚΑ ΑΠΟΤΕΛΕΣΜΑΤΑC a n  t h i s  h e a l t h  r i s k  b e  r e v e r s e d / c o n t r o l l e d  i n  c h i l d r e n ?

Makris et al., 2019, PLOS ONE, 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219420

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219420


ORGANIKO LIFE study: Evidence of impact presented in the 
European Environment Agency (EEA) briefing

✓ Switching from a conventional to organic diet for children’s meals in
schools was demonstrated to be cost effective, supporting the broader
implementation of such a measure (McKinney and Makris, 2019).

✓ Providing organic food in school was found to be cost-effective in
Cyprus.

https://www.eea.europa.eu/publications/how-pesticides-impact-human-health/reducing-childrens-exposure-to-pesticides

Reducing children’s exposure to pesticides by providing organic food in Cypriot schools

McKinney, A. and Makris, K., 2019, http://organikolife.com/wp-
content/uploads/2019/10/Ecosystem-function-restoration-study.pdf

https://www.eea.europa.eu/publications/how-pesticides-impact-human-health/reducing-childrens-exposure-to-pesticides
http://organikolife.com/wp-content/uploads/2019/10/Ecosystem-function-restoration-study.pdf


✓ I led the team that submitted a health claim dossier to EFSA
for organic food (lower pesticide residues) for the protection
of cells from oxidative damage, being relevant for children’s
health and development.

✓ This EFSA dossier preparation (causality inference
assessment) was made possible thanks to our ORGANIKO
trial results and those of other observational and animal
studies around the globe.

✓ The application assembled a synthesis report on causality
assessment for the proposed health benefits, abiding by EFSA
internationally renowned standards

Lowering pesticide content of foods could be implicated with children’s health benefits: 
An EFSA health claim application



✓Will European Union’s pesticide policy follow that of the USA, by banning a few every
1-2 decades for which substantial scientific evidence have accumulated, and at the
same time continue introducing newer active ingredients/formulations in the
market?

✓Observational studies coupled with randomized controlled trials of no or little
pesticide residues (organic food) have shown that pesticide use and human
exposure can be controlled; thus, facilitating the market uptake of such available
options from farm to fork.

✓The much needed paradigm change for pesticides use can be accomplished over
time gradually, by offering incentives to farmers and by accounting for technical and
socioeconomic constraints of related interventions.

Policy Implications
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