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Chemicals can migrate to food

There are complex, potentially toxic, mixtures in food contact
materials

m undefined number of unknown chemicals

Ingredients Migrants

monomers % &
plasticizers ‘:‘> Migration

to food
inks )/\v %

Q’s
What are these chemicals?
Do they pose a risk?




Simulating migration from coated metal cans

95% Ethanol -

10 days

60°C Nitrogen evaporation

20x concentration

:> ::> E jl> Analysis!

Simulating contact
with fatty foods
(think: fish in oil)

Commission regulation (EU) No 10/2011



Analysis: Many chemicals in migrates

Chemical
analysis

-

Bioassay

N
&5

H, CH,

SR

HO OH

Target analysis

Specific migration limit (SML):
BPA: 0.05 mg/kg food

Estimation of risk with known
toxicity information
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Bacteria Yeast

Commission regulation (EU) No 10/2011
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Simplifying the mixture

30 -
30 -
25 i . 25 N
£20 £ 20
= =
S 15 - S 15 -
= * — c
5 - :. o
5 A * >
©
0 * a
T T 1 m
0 500 1000 1500 O . o0 1000 $
Molecular weight

Molecular weight -
Standard chemicals,

Il chromatographic separation Migrates of packaging

QP-0 o o

Fractions of extract S7 ID compounds
2000+ 4 -

- [ == Akaine o = Bep

e 1500 o 3| I==BPA

3 s

n &

o =

> [=]

L 5001 Lde

| complex mixture lIl fraction collection olestme=r™ O ol : :
123 4 56 7 8 9 101 | 4 -2 0
Fraction number Log(pM)

Fractionation figure courtesy of Alena Tierbach Rosenmai et al. 2017. Food and Chemical Toxicology 6



(g

High performance thin-layer chromatography

m Silicagel HPTLC plates

m Sample application 30 -
25 A
= Chromatography — = 30
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] (] 0 1000
m Indicator spray Molecular weight

Bioassay response

CAMAG
Derivatizer

Standard chemicals,
Migrates of packaging




Yeast estrogen screen

P-YES (planar-YES)

Muller et al. 2004. Chromatographia
Klingelhofer and Morlock. 2014. J. Chrom. A
Klingelhofer and Morlock. 2015. Anal. Chem.
Schoénborn et al. 2017. J. Chrom. A

Few comparisons

Buchinger et al. 2013. Anal Chem.

Q’s
Is P-YES more sensitive than
L-YES for food contact

chemicals?
L'YES (Iytlcase-YES) How do they perform for
ISO 19040-1. 2018. Water quality — Determination of example FCM migrates?

the estrogenic potential of water and waste water —
Part 1: Yeast estrogen screen (Saccharomyces
cerevisiae)




L-YES vs P-YES
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L-YES vs P-YES

Bioassay
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Comparison to regulatory guidelines
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Estrogenicity of coated metal cans

Migrates of metal cans
Controls 1 2 3

Cell growth
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L-YES vs P-YES conclusions

P-YES is more sensitive than L-YES, but yields similar relative
potencies

. Estrogenic chemicals detectable below specific migration limits

. P-YES reveals effects hidden in the whole mixture

(g
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Other bioassay endpoints on HPTLC plates

m Bacteria luminescence inhibition

m Schulz et al. 2017 .

= Photosystem Il inhibition . s N
s Riegraf et al. 2019 -

.. ¢ E{i‘,:{} X6

= Androgenicity k_... sl

s Riegraf et al. 2019 Schulz et al. 2017. J. Chrom. A Riegraf et al. 2019. Environ. Sci. Technol.

Blank Passive Passive Artificial
sampler 1 sampler 2 sample
replicate

50 uL 50 uL 50 uL 50 uL

X1

Enrichment factor SPE = 50

= Thyroid hormone receptor binding OPs CC II
s Riegraf et al. 2019 genotoxicants CC Il CC |
m Acetylcholinesterase inhibition

| 1 1
TTC: B RE
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1 | I |

s Genotoxicity 0.01 1 100 10,000
= Egentenmeyer and Weiss 2017 Dose in bioassay (ng)

= Shakibai et al. 2019
Thresholds of
Egentenmeyer and Weiss 2017. J. Liquid Chrom. Rel. Technol. tOXICOIOglcaI concern

Shakibai et al. 2019. Environ. Sci. Technol.
Schilter et al. 2019. Food Additives Contam.: Part A 14



Genotoxicity testing - umuC

recA recA lexA umuC lacZ
operon gene gene aperon gene
...... __gehs
\I\_/ \/
repressor 1 repressor
A I A4
SOS-umuC test N S
* Primary DNA damage: recAPmtem‘-“"-"---'-"*'U'“'
« multiple mechanisms of action DX proeese v

Fig. 3. lllustration of the fused umuC-lacZ gene reporting DNA damage detected by recA.

« Reporter gene response

» |SO standard for microtiter plates
« 1SO 13829:2000(E)

« Good agreement with Ames

Escobar et al. 2013. Mutat Res.

Egentenmeyer and Weiss. 2017. J Liquid Chrom Rel Technol. Planar-umuC with fluorescence detection 15
Reifferscheid and Heil. 1996. Mutat Res/Genet Toxicol.



Genotoxicity testing: Aims

Evaluate HPTLC umuC for chemicals relevant for food contact
materials

. Evaluate diverse samples for genotoxicity profiles

Persue identity of genotoxicants for case-study FCMs using HPTLC
coupled to high resolution mass spectrometry

16
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Thank you
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Planar yeast estrogen screen

We started with planar-YES (P-YES):
 YES relevant to CMR chemicals

* One of the more established bioassays on HPTLC
» |SO standardized in microtiter plates (ISO 19040-1)

m Silica gel 60 (Merck), cleaned by development with methanol
m Sample application in 6 mm bands, 40 pL sample in ethanol

m Chromatography based on Cimpoiu et al. 2005
m Isocratic: chloroform, acetone, petroleum ether

m Yeast sprayed onto plate with CAMAG Derivatizer
m MUG as fluorescent indicator

Muller et al. 2004.

Buchinger et al. 2013.
Klingelhofer and Morlock. 2014.
Klingelhofer and Morlock. 2015.
Schdnborn et al. 2017.
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Native fluorescence of FCM

2 3 45 6 7 8 91011

Figure S12. Estrogen screening of food contact materials with P-YES . Fluorescence (A) after incubation with
yeast but before detection of B-galactosidase with MUG (i.e. native fluorescence) and (B) after addition of MUG
in lacZ buffer. From left to right the samples on the plate are (1) positive control estrogen mix, (2) solvent
control, (3) sample preparation control, and duplicate migrates of (4-5) big metal cans, (6-7) small metal cans,
(8-9) fish cans, and (10-11) migration negative controls. Images were collected with CAMAG Visualizer I, with

illumination at 366 nm and camera duration 550 ms.



Effect of Yeast Strain
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Effect of indicator solution

ED,, of L-YES with CPRG or MUG

plate CPRG MUG ratio (CPRG/MUG)
1 6.07E-11 5.33E-11 1.1
2 5.37E-11 5.01E-11 1.1
3 9.12E-11 5.35E-11 1.7
summary
average 6.85E-11 5.23E-11 1.3
standard deviation 2.00E-11 1.93E-12 0.35

(g
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Phenol, 4-cyclohexyl-{ @® A .
4-Phenylphenol{ ® A .
Bis(4-hydroxyphenyl)methane o A .
Bisphenol B o A .
S Bisphenol A" o A .
0O Nonylphenolphosphite (3:1)1 - A Bioassay
& 4-Nonylphenol+ e A . A |YES
g 2-Hydroxy-4-methoxybenzophenone o A . ® P-YES
o Triphenyl phosphate | + @ —A—
2,4-Bis(1-methyl-1-phenylethyl)phenol; «-@h
Benzene, 1,1'-(1,3-propanediyl)bis-1 . AP
2,2'-Dihydroxy-4-methoxybenzophenone A .
Benzylbutylphthalate - A

1e-11 1e-09 1e-07
ED,, (Moles)

Dose at 10% effect compared to water solubility. Water solubility (black dots) of test chemicals
is shown as moles at saturation in 120 pL (volume of L-YES). Specifically calculated as: water
solubility (M, according to U.S.EPA Chemistry Dashboard in Table 1) times 1.2 x 10 L. Water
solubility is not calculable for P-YES because the assay has no defined volume. Water solubility
was not available for nonylphenylphosphite (3:1).
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L-YES vs P-YES
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Comparison to regulatory guidelines
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