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Biomonitoring of current pesticides

Matrix Time window of exposure Issues

Serum short-term invasive

Urine short-term metabolites

Milk short-term metabolites

Adipose tissue |less applicable to modern pesticides [invasive

Hair long-term not yet established
A Drug from extemal source

Incorporation routes*: o opuistang

Internal: directly from blood supply

indirectly from sweat and sebum
External: contamination
Rate of incorporation is compound dependent
Cumulative exposure over months

* Kintz et al, Hair Analysis in
Clinical and Forensic Toxicology, 2015



Biomonitoring using hair

Hair:

Established in forensic analysis/clinical toxicology
(drugs of abuse, doping, illegal treatment of livestock)
Emerging for exposure to (food) contaminants

Advantages:

 Sampling, easy non-invasive, protocols exist*

» Easy storage (RT/dark, stable)

« Many compounds incorporated as such (analytical standards
available)

* Exposure history through analysis of hair segments

e Average growth: 1 cm/month

Challenges:
* Incorporation rates of compounds are unknown il
* Possible of contamination on outside of hair L i
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* Cooper et al, ;O hearae

Forensic Science Int. 218 (2012) 20-24 e |
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Hair, the matrix

1-9% lipids (triglycerides, free f@t’ty aci

squalene, paraffins)
0.1-5% pigments (melanine) i

Trace elembnts polyﬁaccharldqs watern

¥ '

65 95% protelns (keratins) o = e
iSPWaXx, cholesterol-esters,
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Target pesticides

Method development

- Regularly detected in food

- High application rates in NL agriculture

Acetamiprid
Azoxystrobin
Boscalid
Carbendazim
Cyproconazole
Cyprodinil
Difenoconazole
Diflufenican
Epoxiconazole
Ethofumesate
Flonicamid
Fludioxonil
Fluopyram

Imazalil
Imidacloprid
Kresoxim-methyl
Metolachlor
Pendimethalin
Prochloraz
Pyraclostrobin
Pyrimethanil
Tebuconazole
Thiabendazole

F
|

F
H
H
F
F
F
F

F/P

Thiabendazole-50H met

Thiacloprid
Trifloxystrobin
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1 multi-residue method
— LC-ESI*-MS/MS




Decontamination Method development

Aim: remove surface residues
standardize the sample

Experimental outline: !
Hair sample with incurred reV A
Take ‘equivalent’ segments NE

Wash with water/organic solvent | dry | pulverize

analyse analyse analyse
Azoxystrobin Boscalid
| | | | | | | |
Dichloromethane I | Dichloromethane . |
- g =
E Acetone . | % Acetone - |
e i = 4
]
No-wash | No wash |
| | | | | |
0 10 20 30 40 0 1 2 3 4
pg/mg pg/mg
M In the hair MW Aqueous wash [ Organic wash M In the hair MW Aqueous wash @ OrgarMash

J



Extraction method Method development

Experimental set up

— A) Hair (1 subject): dietary/high level incurred substances (caf/theobr/lev)
B) Hair (mix multiple subjects) with incurred pesticides (low pg/mg range)

0
v @‘ ) j\)i N/> H>_0>_‘OCH3 E\H;
J‘ 07 N7 "N @ NH |
: | / HsC NAH

N carbendazim

pyrimethanil
HN—NO2
= N/&N NZ N
¢ N - i © o
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Extraction method Method development

Experimental set up

1 ‘bulk’ sample (hair A~2 g; hair B~5 g)

Decontaminate and pulverize into powder (ball mill, 25 Hz, 4 min)
5 Extraction methods; triplicates + 1 reagent blank

Isotopic labels added to sample to exclude procedural losses/matrix effects

MeOH ACN ACN/H20 (8/2) | Protease VIII* TCEP** Acid Alkaline
A) 50 mg hair (caf/theob/lev); B) 100 mg hair (pesticides)
add isotope labels for each analyte: A @ 250 pg/mg, B @10 pg/mg
2mL 2mL 2mL 2mL 2mL
37°C, 1 hour |ambient, 1 hour
B:+2mLMeOH|B: +2 mLMeOH
centrifuge, take out supernatant
SPE (only B) SPE SPE
evaporate to dry
Reconstitute in 300 pL: A in eluent; Bin ACN/water 1/1
Inject into LC-MS/MS A 5 uL, B 10 pL

40°C, overnight, ultrasonic

* based on De Kesel et al, Talanta 144 (2015) 62—-70
** based on Stolker et al, Anal Bioanal Chem (2009) 395:1075-1087
TCEP = tris(2-carboxyethyl)phosphine hydrochloride



Extraction efficiency Method development

Results

Calculate relative response native extracted vs label
Results normalised to methanol extraction:

OMeOH OACN [JACN/H208/2 [ Protease VIl ETCEP
140%

120%

100% -

g

60% -

Relative extraction yield

40% -

20% -

0% -

caffeine  theobromine levetiracetam carbendazim thiabendazole imidacloprid imazalil azoxystrobin boscalid pyrimethanil

—=0ptimum extraction method compound dependent
—MeOH > ACN/H,O~TCEP > ACN > Protease
= Differences up to 40%, but mostly <20-30% _
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Detectability

Method development

Results

Extraction method also affects co-extractants
—>ion suppression in LC-MS; selectivity

OMeOH DACN [OACN/H208/2 OProtease VIl ETCEP

120%

100%

80%

oo | ;

X

| |

a0% |||

Area label hair extract
Area label in solvent

20%

;‘9 \‘5“\ 6"0 ‘Q‘"g s \’P

0% -

;;

OQ

iTI'

\
&
S
&

ACN > MeOH~ACN/H,O > TCEP > Protease
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The quantification challenge Method development

Matrix effects for 2 hair samples LC-ESI-MS/MS

Matrix effects 0%
60%
50% -+
slope in matrix o
o 30% - — ] —
slope in solvent x 100% fg; ] 4 a1
0% - '-1—r|1 :
EBYZQCOQDZ=ZUSENEFTLL T
SRS RYRBESRascs58c8RRcas
F2CSC5E20cEs2Re8E883 ¢
$S858:8583 88 8EsEES
N & §D0g< E¥T " Cx8mgF ¢
< > s 8@ § & k£ E =
4
Solutions:
e Clean-up of extract
* Matrix-matched calibration
* Addition of isotopically labelled internal standards <=
« Standard addition (to sample or extract) ——
-
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Final method

Sampling &

Pulverization
Segmentation =

- @Y

T

LC-MS/MS Analysis Clean-up-Pre-concentration

1.5 ml aliquot

N, 40°C
Reconstitute
150 pl ACN+150 pl H,0 100 mg + ILIS

u or a) 100 mg b) 100 mg +STD ADD
2 ml ACN

40°C, ultrasonic 16 hr

RIKILT, Wageningen, November 22" 2018, part of
2"dHBMA4EU Training School, Nijmegen, November 19t-23rd, 2018
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Samples Sample analysis

Sample collection (2016-2017):

* 52 samples

36 subjects (males/females, 4-71 year)
Segments analysed separately for 7 subjects
1 subject occupationally exposed

* In most cases undefined hair segment

* Various hair colours (blond, brown, red)

RIKILT, Wageningen, November 22" 2018, part of
2"dHBMA4EU Training School, Nijmegen, November 19t"-23"4, 2018




Frequently detected pesticides

Sample analysis

13 out of 23 pesticides were found

In 50 of 52 samples at least 1 pesticide was detected, up to 7 in 1 sample

Pesticides found in hair

45
40

35
30
25
20
15
10
5
0
Q>

number found out of 52 samples
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Detected levels of pesticides

Sample analysis

pg/mg in hair

Levels found in hair samples
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Link with food residues?

Data representative sampling fruit/veg
2014-2016 (N=1648)* Ppesticide

boscalid
imazalil

Residues in fruit/veg fludioxonil

. . . thiabendazole
vs residues found in hair cyprodini
fluopyram
iprodione

Link? pyraclostrobin

pyrimethanil
Yes and no..... chlorpyrifos
imidacloprid
azoxystrobin
spinosad (a & d)
fenhexamide
prochloraz
propamocarb
difenoconazole
tebuconazole
trifloxystrobin

* Dutch Food and Consumer Product Safety Authority (NVWA)

ttdetected (in 1648 samples)

176
172
155
113
111
100
93
88
84
83
78
61
57
53
51
51
47
47
44

#detected (in 52 samples hair

35
34

39

11
12

19
19



SO mples Timeline of pesticides in hair strands

Two strands ~30/40 cm; 1 brown 1 blond
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Sample Segm en ta t[on Timeline of pesticides in hair strands

Segmentation

~3 cm segments
scalp side

Each segment:
Decontamination
Pulverization
Duplicate analysis

RIKILT, Wageningen, November 22" 2018, part of 19 )
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AZOXyStrOb//’) in ha//’ stran dS Timeline of pesticides in hair strands

pg/mg | I | I
A-0 30.6 33.6 B-0
A-1 18.1 19.4 20.7 19.6 B-1
A-2 16.4 16.6 14.6 14.5 B-2
A-3 13.9 13.6 16.4 15.7 B-3
A-4 14.3 15.5 15.5 18.1 B-4
A-5 14.4 15.0 18.5 17.6 B-5
A-6 19.6 17.3 19.6 18.6 B-6
A-7 19.3 21.3 19.6 20.0 B-7
A-8 28.9 27.2 35.3 36.0 B-8
“N\
RIKILT, Wageningen, November 22" 2018, part of 20 )

2"dHBMA4EU Training School, Nijmegen, November 19t"-23"4, 2018



Pesticides detected

Timeline of pesticides in hair strands

Azoxystrobin Boscalid
35 3.0
* * L
30 25
25 0 4 .
¥ 20 + + o *
¢ E 15 T T S
Bis | e g e @ #subject 1 B & subject 1
10 msubject 2 Lo W subject 2
5 05 <LOD
6 0.53
o m m W' mom e -
0 10 20 30 0 10 20 30
months months
Carbendazim Imidacloprid
0.9 1.2
1.1 +
08 * 10 @ Y
09
g i £08 *
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CitrUS fl’Uit /’6/(] teal pestic[des Timeline of pesticides in hair strands

Imazalil Thiabendazole
35 Py 7.0
30 * 60 ¥
25 . * 5.0 ¢
+
w20 | * 840 |
3 ¢ £ PO
215 4 ¢ 4 subject 1 230 —0—0—’—‘— # subject 1
10 M subject 2 2.0 M subject 2
| I |
s B | = g 1.0 =
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TRAC 37467
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Conclusions

Analvtics:

 MeOH gives best extraction yields, ACN best detectability
e LOQs for generic LC-MS/MS based method down 0.5-1 pg/mg (ppb)
First data sample analysis:

» Part of targeted pesticides found in hair of general population

* High detection rates in hair associate with high detection rates in food
* Range 0.5-40 pg/mg

Variability within hair strands:

* Good repeatability of duplicate strands/segments

* pg/mgin 3 cm-segments varies but not more than factor 2.5 over 30
cm/months



Hair analysis tips

* Hair decontamination is an important step. Test and validate the protocol

* Extraction efficiency can only be tested with incurred material

 Use either isotope labelled internal standard for each compound or a
standard addition method for quantification.

 Concentrations are low in general population, be aware of contamination
risks in the lab and instrumental carry-over.

e |tis possible to compare population groups, but not yet possible to
calculate exposure from hair analysis results
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