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Food contact materials (FCM) made from PVC, such as e.g.
gaskets of metal lids or cling films, may release plasticizers
into the packed food. Such migration repeatedly exceeded
legal limits or non-authorized plasticizers have been used. In
a European enforcement campaign on migration from gaskets
into oily foods in 2011, for example, legal limits were exceeded
In 24% of the 308 samples analyzed [1]. The EU also banned
the use of certain phthalates as plasticizers for toys and childcare
products, whereas its content is limited to below 0.1 % [2].
Furthermore the directive 2011/65/EU will restrict “certain
hazardous substances in electrical and electronic equipment”,
including the same group of phthalates [3]. Plasticizers are
analyzed and quantified by GC-FID or MS, if detection limits
lower than 0.1 % are required. So far up to 40 different
plasticizers were found and quantified in FCM and toys.

A piece of the PVCis solved in tetrahydrofuran and precipitated
with ethanol. The supernatant is analyzed directly as well as after
transesterification to ethyl esters. Transesterification enables
the detection of epoxidized soybean oil (ESBO), epoxidized
linseed oil (ELO) and polyadipates (PA), but also confirm the
Identifications of the direct analysis through the transesterified
products [4]. Furthermore, after transesterification phthalates
may be determined as sum parameter.

PVC dissolved in tetrahydrofuran (THF)

N

direct analysis via transesterification

precipitation of PVC add ethoxide/ethanol

with ethanol reaction during 2 min

add citrate solution
(stops reaction and separates phases)

add MTBE/hexane

Fig 1: Procedure of the sample pretreatment. Two anaylysis of one sample are
performed by either GC-FID or MS.

2 | IngeniousNews 04/2018

2) CTC Analytics AG, Zwingen, Switzerland

3) BGB Analytik AG, Adliswil, Switzerland

z
o e
] w TE
2 oa
o
g =
| (N ‘[
e =5
-
]
z
L
w -
_12 [=] T ” |-°|‘-|
2o u w w e
5 e I
> w
* alg e < e
w o e
a o
I
M l o
_ L .
o =50 B o

Time [min]

Fig 2: GC-FID chromatograms of test mixture, analyzed before and after tran-
sesterification: DMPi dimethyl pimelate, EN 1-ethyl naphthalene, DBS dibutyl
sebacate, DEHP di-(2-ethylhexyl) phthalate, DEHT di-(2-ethylhexyl) terephthalate,
DEA diethyl adipate, DEPi diethyl pimelate, DEP diethyl phthalate, DET diethyl
terephthalate, EHEP 2-ethylhexyl ethyl phthalate, 16:0-18:2E (epoxidized) fatty
acid ethyl esters from ESBO

Internal standards: transesterification yield and onset
saponification is monitored by comparing the peak areas
of the inert internal standard EN with DMPi transesterified
to DEPI (verification).

Polyadipates: quantified after transesterification via DEA,
calibrated by certain types of polyadipates.

ESBO, ELO: quantified after transesterification via sum of
fatty acid ethyl esters (FAEE) or selected FAEE, calibrated
on ESBO or ELO.

Verification of identity: DBS by DES; DEHP by DEP, DEHT
by DET.

Sum parameter:  quantification of DEP  (complete
transesterification required), screening for absence of
phthalates, e.g. <0.1 % calibrated on the largest phthalate
to be detected.



Modules of automated method

The sample pretreatment consists of three parts; automation
starts after weighing of e.g. 50 mg of PVC into a 10 mL
autosampler vial:

The PAL RTC autosampler and its ability of exchanging e.g.
diluting and injection tools offers the possibility to fully automate
all steps of sample preparation and derivatization.

The automatization not only eliminates manual lab work, it also
allows an automated elaboration of optimized conditions for

transesterification.

START
Plasticizer in PVC
PVC dissolution

sample prep l
Change tool
Get the dilutor tool

Prime dilutor
Purge the dilutor with EtOH

Prime dilutor
Prime the dilutor with IS solution inTHF

IS addition
Deliver interenal standard solution in THF to the sample vial

Vortex vial
Vortex sample vial

1

Start timer
Start wait time after 1st vortexing step

Prime dilutor
Purge the dilutor with EtOH

Clean dilutor tool
Clean dilutor tool/needle with EtOH in LCMS wash station

Wait timer
Wait for timer to start 2nd vortexing step

Vortex vial
Vortex sample vial

Repeat steps n times
n= number of samples

END
Plasticizer in PVC
PVC dissolution

Plasticizer in PVC
Transesterification

Plasticizer in PVC
Direct analysis

Dissolution

Fig 3: Flow chart of the three modules of automated method.

START
Plasticizer in PVC
Direct analysis

sample prep l
Change tool
Get the dilutor tool

Prime dilutor
Prime the dilutor with EtOH

EtOH addition
Deliver EtOH into sample vial
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Pressure compensation (optional)
Compensate pressure in sample vial

Vortex vial
Vortex derivatization vial

Start timer
Start settling time

Clean dilutor tool
Clean dilutor tool/needle with EtOH in LCMS wash station

Injection

Change tool
Get the injection tool

Syringe cleaning (optional)
Pre clean the syringe

Wait timer
Wait for end of settling time

Wait for sync signal
Wait for GC readiness

Rinse the syringe with sample from the derivatization vial

Syringe rinsing (optional) ‘

Get sample for the injection from the derivatization vial

Get sample ‘

Inject sample
Inject sample in the GC and set the injected signal

Syringe cleaning (optional)
Post clean the syringe

Analytical run

Analytical run / END of method
Plasticizer in PVC

Direct analysis

Direct analysis

START
Plasticizer in PVC
Transesterification

sample prep

Change tool
Get the dilutor tool

¥

‘ Prime dilutor ‘

Purge the dilutor with EtOH

Transfer sample
Get dissolved sample from sample vial and dispense sample
into derivatization vial

Clean dilutor tool
Clean dilutor tool/needle with EtOH in LCMS wash station

Prime dilutor
Purge the dilutor with EtOH

Transfer NaOEt solution
Get NaOEt solution from reservoir vial and dispense solution
into derivatization vial

Start timer
Start derivatization time

Vortex vial
Vortex derivatization vial

purge the dilutor with water

!

Prime dilutor
Prime the dilutor with citrate

‘ Prime dilutor ‘

Wait timer
Wait for end of derivatization time

Citrate addition
Deliver Na-citrate solution into derivatization vial

Prime dilutor
Prime the dilutor with MTBE / Hexane

MTBE / Hexane addition
Deliver MTBE / Hexane into derivatization vial

Vortex vial
Vortex derivatization vial

Start timer
Start phase separation time

Pressure compensation (optional)
Compensate pressure in derivtization vial

Prime dilutor
Purge the dilutor with water

Prime dilutor
Purge the dilutor with EtOH

Clean dilutor tool
Clean dilutor tool/needle with EtOH in LCMS wash station

Injection

Change tool
Get the injection tool

Syringe cleaning (optional)
Pre clean the syringe

Wait timer
Wait for end of phase separation time

Wait for syncsignal
Wait for GC readiness

Syringe rinsing (optional)
Rinse the syringe with sample from the derivatization vial

Get sample
Get sample for the injection from the derivatization vial

Inject sample
Inject sample in the GC and set the injected signal

Syringe cleaning (optional)
Post clean the syringe

Analytical run

Analytical run / END of method
Plasticizer in PVC

Transesterification

Analysis after transesterification
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1 Tool

2 Water (Waste)

3 Ethanol

4 Sodium ethylate solution
5 MTBE / Hexane (4+6)

6 Disodium citrate solution

Fig 4: Up to 5 different solvents and solutions may be dispensed by the
dilutor tool.

Fig 5:
1: Dilutor (dosage of solvents and solutions),
2: Park station

3: Large wash module (container for ethoxi-
de/ethanol solution)

4: LCMC wash module (outside rinsing of
syringe of dilutor)

5: MHE tool (pressure release of sample and
derivatization vials)

6: Vortex mixer module
7: Tray holder
8: Standard wash module

GC conditions, instrumentation

Injection: 0.5-2 L, injection with band formation, split injection, split flow 20 mL/min, 250 °C
Injector liner: packed with glass wool

Separation column: 20 m x 0.25 mm i.d., 0.15 pm 100 % dimethyl PS

Carrier gas: Hydrogen (FID), helium (MS) 60-80 kPa const. press.

Oven temp. program: 60 °C (0.5 min), 30 °/min to 110 °C, 50 °/min to 300 °C
Instrumentation: PAL RTC, CTC Analytics, Trace 1310, DSQ I, Thermo Scientific

Transesterification
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Fig 6: Example, conversion of DEHP to DEP via EHEP.
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Verification

The transesterification reaction must be stopped by adding a citrate buffer after complete reaction before onset of saponification.
The precise reaction time is established by running a test sample under different conditions. The yield of transesterification and
the start of saponification is monitored by comparing an inert standard (EN) with a standard (DMPi) which is transesterified.
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Fig 7: Incomplete transesterification or saponification results in a lower ratio of DEPI/EN. Left graph: comparison of the verification ratio (normalized to 100) with the tran-
sesterification products of PA and ESBO; complete transesterification already after 45 s, no significant saponification up to 240 s. Right graph: example of failed verification;
during the second series of 20 samples (red line) derivatization failed after sample #14 due to less ethoxide added (partially blocked tube).
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Legal Statements Imprint
CTC Analytics AG reserves the right to make improvements and/or changes to the Date of print: 01.2019
product(s) described in this document at any time without prior notice.
CTC Analytics AG makes no warranty of any kind pertaining to this product, including CTC Analytics AG
but not limited to implied warranties of merchantability and suitability for a particular Industriestrasse 20
: . . . Switzerland
Under no circumstances shall CTC Analytics AG be held liable for any coincidental T +4161 765 81 00
damage or damages arising as a consequence of or from the use of this document. Contact: info@ctc.ch

© 2019 CTC Analytics AG. All rights reserved. Neither this publication nor any part
hereof may be copied, photocopied, reproduced, translated, distributed or reduced
to electronic medium or machine readable form without the prior written permission
from CTC Analytics AG, except as permitted under copyright laws.

CTC Analytics AG acknowledges all trade names and trademarks used as the property
of their respective owners.

PAL is a registered trademark of CTC Analytics AG | Switzerland
www.palsystem.com

Visit our homepage for more information.



