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Where pesticides

Miljgstyrelsen / Pesticider/ Food
Eksponering af harer for

pesticider i agerlandet - et

pilotprojekt. 2025. Hakme et al

The project examined the health and reproduction of

402 hares and compared the results pesticide loads Soil
and with studies from other European countries.

The most frequently detected pesticides in pelt were

tebuconazole (fungicide), boscalid (fungicide), and

prosulfocarb (herbicide). Water
The most frequently detected pesticides in urine

were the herbicide glyphosate, its metabolite AMPA.



.? K@BENHAVNS UNIVERSITET Pesticides and Health Oct 2025 Lisbeth E. Knudsen 5

CHEMINOVA  foto: Tiki Media / Tv2 GRINDSTED
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Kortleegning: Lasse Skou Andersen, Sebastian Gjerding. Bo Elkjeer, Morten Wulff, Anton Geist, Dagbladet Information
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"Poison free" campaign v/Danmarks Naturfredningsforening

14 days organic

16 persons fra 5 families

95 measurements af 6 pest

Pesticides and Health Oct 2025 Lisbeth E. Knudsen

Antal analyser Under 50 pctl. Under 95 pctl. Over 95 pctl. Yo detekteret

Pesticider DAGO | DAG15J| DAGO | DAG15 N DAGO | DAG15 | DAGO | DAG15 | DAGO | DAG154| DAGO | DAG15
Neonicotinoider 15 15 12 14 1 0 1 1 0 20% 7%
TTCA 16 16 14 4 1 2 1 0 0 38% 13%
Glyfosat 16 16 14 0 1 7 1 1 0 50% 13%
Chlorpyrifos 16 16 11 1 2 11 3 2 0 88% 31%
Pyrethroide - CI2CA 16 16 15 3 1 0 0 0 0 19% 6%
Pyrethroide - m-PBA 16 16 5 7 8 7 3 0 0 88% 69%
Total 95 95 73 16 13 28 9 4 0 51%

NOTE: <LOD betyder under detektio

95 percentiler.

sgraensen, gltl. er forkortelse for percentil og referere til referenceduppens 5049

http://www.dn.dk/media/19723/resultater undersoegelse.pdf



http://www.dn.dk/media/19723/resultater_undersoegelse.pdf
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Percentage of samples from 12 of the most commonly consumed food groups set for the year 2022
in Europe complying with legislation on pesticide residue levels
LOQ, limit of quantification; MRL, maximum residue level.

Below LOQ
Between LOQ and M
Above MRL

B MNon-compliant

Apples

Barley

Cow’s mil

zad cabbages

Lettuce

Oat

Peaches

Spinaches

Strawberries

Swine fat

Tomatoes

Wing|

1] 20 40 20 80 100

Percent (%o)



.? K@BENHAVNS UNIVERSITET Pesticides and Health Oct 2025 Lisbeth E. Knudsen

Percentage of monitoring sites with threshold exceedances of pesticides in
surface waters, rivers, lakes and groundwater in European countries 2017-2022

Country Surface waters Rivers Lakes Groundwater
Austria 0% (24) 0% (24) n.d. 4% (2028)
Belgium n.d. 8% (394)
Bulgaria 1% (111)
Croatia 3% (58)
Cyprus 5% 0% (77)
Czechia 51% 7% (660)
Denmark 10% (21) 10% (21) n.d. . 13% (761)
Estonia 0% (97)
Finland o 14% (229 5% (200 (2) n.d.

France 27% (1753) 29% (1609) (144)

Germany 27 % 271 30% (251) 0% (20) 4% (1225)
Greece 7% 8% 0% (24) n.d.

Hungary

Iceland
Ireland

Italy

Latvia
Lithuania
Luxembourg
Malta
Montenegro
Netherlands
Norway
Poland
Portugal
Romania
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Total

(1) n.d.

(156)

[ 0% 0-10% M 10-20% B 20-30% M =30% n.d.

Y Tatal niimhber af renorted maonitarinn sites where an avreaedance or non-evreadancea
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DRINKING WATER

Pesticidrester i aktive drikkevandsboringer

Andel drikkevandsboringer med fund af pesticidrester
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Fundandele i danske zktive drikkevandsboringer, der er blevet undersegt | perioden 2018 til 2024, * GEUS-tal fra 2024 stammer fr
kvartalsopzgrelse 1/1-2024t 31/12-2024, mens de gvrizge GEUS-tal stammer fra Grundvandsmoniteringsrapporterne fra GEUS.
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Levels of pyrethroid biomarker 3-PBA in urine (pg/L) of children
and adults in countries included in the HBM4EU Aligned Studies
on pyrethroids, 2014-2021

Children Adult

8 -~ Tier 1 - BEs
= = Tier 1 - HBM-GVs

HY/L

W

Belgium  Cyprus France Israel Slovenia Netherlands France Germany Iceland Israel Switzerland

The figure shows the p95 (95th percentile) values of pyrethroid biomarker 3-phenoxybenzoic acid (3-PBA) in the urine (ug/L) of children (6-12 years) (left) and adults (right), sampled as part of the HBM4EU aligned studies on pyrethroids between 2014 and 2021. The biomarker 3-PBA represents a proxy for total exposure to pyrethroids. For children, the studies
covered Belgium, Cyprus, France, Israel, Slovenia, and the Netherlands. For adults, the studies included France, Germany, Iceland, Israel and Switzerland. The horizontal red lines represent different Tier 1 (more conservative) guidance values proposed for pyrethroids. The solid red lines represent a Tier 1 guidance value derived in Aylward et al. (2018) for persons above 6 years of age
based on biomonitoring equivalents (BEs): concentrations of a biomarker of exposure consistent with an existing external exposure guidance value or reference toxicity value. The dashed red lines represent the Tier 1 HBM guidance values (HBM-GVs) derived in Tarazona et al. (2022) for both children and adults as part of the HBM4EU project. These were based on an internationally

accepted health-based guidance value, the Acceptable Daily Intake (ADI), and reflect the level of exposure below which no risk for adverse health effects is expected, based on available knowledge. When using the Tier 2 values proposed in the same study (not shown in the chart), levels of exposure are below but still close to the acceptability threshold, particularly for children.
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Pesticide breakdown by type, World, 1990 to 2022

Pesticide use, broken down by product type, measured in tonnes of active ingredient.
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Data source: Food and Agriculture Organization of the United Nations (2024) OurWorldinData.org/pesticides | CC BY
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Classification of

Shekhar et | pesticides
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Shekhar et al Toxicology Reports 13 (2024)
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* Key Findings on Pesticides

Glyphosate: In 2015, IARC classified glyphosate as a probable carcinogen (Gro
up 2A) based on limited evidence of carcinogenicity in humans and sufficient e
vidence in animals for the carcinogenicity of glyphosate. This classification has |
ed to significant public health discussions and regulatory scrutiny.

Malathion and Diazinon: Both of these organophosphate insecticides have als
o been classified as probable carcinogens (Group 2A). Evidence suggests that
they may be linked to non-

Hodgkin lymphoma and other cancers based on agricultural exposure studie

Tetrachlorvinphos and Parathion: These pesticides are classified as possibly ¢
arcinogenic to humans (Group 2B), indicating that there is some evidence of ¢
arcinogenicity in animals but limited evidence in humans
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Shekhar et al Toxicology

Aggregate exposure

ITET

Reports 13 (2024)

o}
Risk assessment
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Interspecies extrapolation
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Occupational exposure
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wﬁ %  Environmental exposure

Lifelong exposure

Arterial Blood Pool

Human biomonitoring

I

16



.? K@BENHAVNS UNIVERSITET Pesticides and Health Oct 2025 Lisbeth E. Knudsen

Erectile dysfunction

Shekhar T
Decreased No smooth muscle relaxation De|ayed
fr':oet::: - 4 decreased embryo g‘f:;z?isnzd
cGMP will not be produced epithelium and development mortality

seminiferous
f tubule diameters \ /4

decreases Nitric oxide not produced Qe ¢uced fe"lilio,
sper.rn count and T Damaged and/or
quality - immature spe
No enhancement of NOS activity R (PH : ) Ova- testes
o ) — Reduced serum /
Inhibits sertoli testosterone
cells functioning O S Increased serum
vitellogenin
Androgen receptor,
Antagonism
Decreases FSH and LH Apoptosis of Leydig cells Estrogen receptor,
Agonism

/~ PESTICIDES
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Birth N
defects

Musculoskeletal
—» abnormalities

Breast _— Holoprosencephaly,
feeding ;;:/' _____» Neural tube defects — g[}agephaly, ORI

> g > ifida
Placenta > )

L » Urogenital abnormalities

= Cryptorchildism

a smaller head circumference and hypospadias

at birth and increased risk of
spontaneous heart failure
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Glyphosate

‘shikimic acid

Glyphosat (C;HgNO-:P)

TH
HO OH
\"‘a P //\“'-. N
| ;
O o
AMPA (CHgNO;P) chorismic acid
0
H.N 4! ‘anthranilic acid
OH

I Phenylalanine I LTyrosine l Tryptophan l
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Glyphosate-based
herbicides

Inhibition of steroid

aromatic binding sites
ToXxicity and _I

endocrine disruption

Metal

Mitochondrial respiratory

chain uncoupling chelation
I g ,g
Glyphosate penetrance EPSPS : PN
and stabilization Inhibition of aromatic-

recognizing active sites
v
Aromatic molecules shortage ( Sy,
Plant Death
hem it ... -

R. Mesnage et al. / Food and Chemical Toxicology 84 (2015)
133el153
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Toksikological effect ved low dose — Endocrine disruption

Glyphosate regulatory assessment (2002 approval)
A new ADI of 0,5 ppm (based on a NOAEL of 50 ppm) has been
proposed for the new assessment in 2015.

2 Doses never tested for regulatory purposes > The LOAEL for chronic toxicity was 350 mg/kg bw/day.
NOAEL LOAEL
Uncertainty factor 100
ADI (0.3 ppm) £ F 7 (30 ppm) (60 ppm)

|_ ______
/_M 0.0001  0.001 0.01 100 1000 10 000 ppm
~ Roundup
Endocrine cytotoxicity Glyphosate cytotoxicity
disruption (>0.17 ppt) Hepatorenal effects (>20 ppm) (>20,000 ppm)
Thongprakaisang etal., 2013 (0.09 mg/kg bw/d) 1000
Larsenetal.,2012 |\ J/ | | KgKreemmsssssssssssssssTTg

. In vitro underestimating factor of GlyBH
Chronic effects of Roundup Reprotoxic effects toxicity when adjuvantgs are neglec¥ed
(4 ng/kg bw/d) (>5 mg/kg bw/d) (Mesnage et al., 2013)
(Séralini et al., 2012) Hepatotoxic effects (Ramania:st.ad.2010)
(>4.87 mg/kg bw/d) Teratogenic effects
(Benedetti et al., 2004) (>20 mg/kg bw/d)
(Antoniou et al. 2012)

Peer-reviewed studies

ADI = 0,5 mg/kg/day (based on NOAEL 50 mg/kg/dag)
R. Mesnage et al. / Food and Chemical Toxicology 84 (2015) 133e153
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Advserse health effects of pyrethoids

CASE: Cypermethrin
* Synthetic insekticid

* Food primary source 5
* Measured in urine Cl/l\

Irritant
* Neurotoxic

« Reproductive toxicity
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Tebuconazole, fungicide

 Tebuconazole is classified as h
aving moderate acute toxicity,
with potential risks to human
health, particularly regarding
reproductive effects.

Pesticides and Health Oct 2025 Lisbeth E. Knudsen
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Organophosphates

CASE: Chlorpyrifos, insecticide O N CL
| oo
Cl N~ SO~ \O
* Neurotoxic, Endocrine disrutor, passes CH
placenta

* High urinary concentration

« Imported from outside EU

23
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Chlorothanonil

* The pesticide chlorothalonil,

which has been sold in Denmark
in the period from 1982 to 2000.

Chlorothalonil has been approved
for use as a fungicide in wheat,
potatoes, peas, onions, leeks,
blackcurrants, currants and
strawberries in the open field, as
well as cucumbers and ornamental
plants in the open field and in
greenhouses.

Chlorothanonil is found in blood.

Pesticides and Health Oct 2025 Lisbeth E. Knudsen
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RISING LEVELS OF TFA

Leaves or needles from trees in Germany
== Lombardy poplar in Lelpziy = Lombardy poplar in Saarland
== Morway spruce in Saarland Scots pine in Lelpzig

TFA comncantration micr ograms
per kilogram of diry weight)

IR o ricmsantscassstsensss a1 A it st .

rqgrrerrrergrorrrrre
1|80 1885 2000 2005

1983

896 | Nature | Viol 643 | 24 July 2025

Trifluoroacetic acid (TFA) has been found In Increased concentrations in vanous environments, including German forests (left) and Danish groundwater (right).

Groundwater samples in Denmark
Land use where samples taken: ®Forest « Arable » Urban
T .
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Trifluoroacetic Acid

KOBENHAVNS UNIVERSITET

v" Increasing in concentration in environmental
v' TFA concentrations are orders of magnitude higher than other PFAS

v' TFA’s persistence and ongoing emissions = levels increasing irreversibly?

v" Human Health Relevance ?

Eg!lﬂﬂ"m "JHI- Environ. Sci. Technol. 2024, 58, 19925-19935
e"ce & ec n uuu This article is licensed under CC-BY 4

pubs.acs.org/est

The Global Threat from the Irreversible Accumulation of
Trifluoroacetic Acid (TFA)

Hans Peter H. Arp,*’§ Andrea Gredelj,§ Juliane Gliige, Martin Scheringer, and lan T. Cousins
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Analytical method

Analytical: Gemini C18 (150 x 2.1 mm, 3 um) Phenomenex

Delay: Two Luna Omega PS C18 (50 x 3 mm, 3 um) + Venusil HILIC
(100 x 2.1 mm, 3 um) Phenomenex

Mobile phase A: 0.5% acetic acid + 10mM ammonium acetate
Mobile phase B: 90:10 Acetonitrile:A

v' Contamination!

v’ Interference

v' But LC-MS/MS Method has Transition m/z 113 - 69
and m/z 113 to 19

Modified from

Norén E, et al. Journal of Exposure Science and Environmental Epidemiology
2020,30(4):756-767.

\

(/A
\\ s, I(
A -,;(/.
E74 AL
a
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Muir et al https://doi.org/10.1021/acs.estlett.5c0067/8

Environmental Science & Technology Letters

pubs.acs.org/journal/estlcu
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Table 1. Concentrations of TFA in Human Urine and Serum Based on Studies of the General Population

TFA (ng/mL)

sample
type study group location N  male/female (%)
urine adults Belgium 83 47/36 30
83 47/36 63
urine  adults (49 + 6 years) Indiana, U.S.A. 81 29/52 31
urine deidentified Australia 58 30/28 100

(from >5 to >60 years)
serum  adult females Shijiazhuang, 66 0/66 55
China

serum  adults (49 + 16 years) Indiana, U.S.A. 81 29/52 74
serum  adults (19—87 years) Tianjin, China 252 95/157 62
serum  adults (24—72 years) Norway 144 44/100 100

median (range)
=20 (CL1)"
>20 (CL4)°
<3.5 (<3.5-290)
23.5 (12.5—-305)

0.23 (0.06—2.4)

6.0 (<4.4-77)
8.46 (5.36—12.6)
6.75 (2.69-16)

extraction

method”
LLE
LLE
Oasis WAX

dilute and
shoot

Dasis WAX

Dasis WAX
Qasis WAX

TBA ion pair

internal
standard

15C,-TFA
5C,-TFA
13C,-PFBA
'5C,-TFA

C,-PEBA

15C,-PFBA
5C,-PFBA
13C,-PFBA

column”

C18
C18
IC
IC

C18

IC
C18
SEC

reference
23
23
20

present
study

19

20
18

38

“LLE, liquid—liquid extraction using 5% ammmua in water (v/v) and 2 mL of ethyl acetate/isopropanol (95:5, v/v); Oasis WAX, solid-phase
cartridge; and TBA, tetrabutyl ammonium. "Liquid chromatography: IC, ion exchange; C18, reverse phase; and SCF, supercritical fluid
chromatography. “Confidence levels 1 and 4 are for identification by HRMS as described by Schymanski et al ™




()
.

K@BENET ' Pesticides and Health Oct 2025 Lisbeth E. Knudsen 29
Neuropathology

S h E cell death Memory
(apoptosis,  Persistent impairment,
necrosis) _, memoryand  *learning,

scodugiioniof oro: \ cognitive defects disability,
seizures inflammatory forgetfulness
cytokines
-l Ca2+ influx Neuropsychiatric Mental and
Glutamatergic " disorder i
| 9 ROS generatlon symptoms,
exgitoloxieity anxiety, somatic
& L> Potential complaints
Sali\(atiop, Cholinergic _, secondary
Lacrimation, etc excntotoxlclty damage effects

post- traumatic

\ystress disorder,

C Stimulation of <«———_ Accumulation of —— stimulation of brain cancer

muscrinic receptors ACh in synaptic cleft nicotine receptors

Inhibition of AChE \

Fasciculations,
convulsions, etc
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Environment vs Health

I-'-I-

m; Milje- og

== Ligestillingsministeriet

Miljgstvrelsen

E
g&g European

Agency
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