sescee EW: “Mass spectrometry in support of
mass the environment, food, and health
twin Interaction and disease”

Characterization of non-intentionally added
substances in food packaging nanofilms by
analytical approaches based on HRMS

Maria Dolores Hernando Guil




——Z—w- ﬁ ERA-NET ON SUSTAINABLE FOOD PRODUCTION AND CONSUMPTION

ERANET SUSFOOD Sustainable food production

Title: Improved resource efficiency throughout

EREA {‘t the post-harvest chain of fresh-cut fruits
\"} and vegetables

The Fruit and Vegetable Sector is an important segment of the European
~ Agroindustry, with a weight of about 18% of the value of EU agricultural
“;. production

» Fresh cut products:
This sector is a major user of water; about 70% of the water consumption
is for cleaning and decontamination

e Proper disinfection technology is required to ensure microbial safety
44 avoiding at the same time the formation of disinfection by-products
: such as chlorinated chemicals

T e @ Growth of microorganisms is favoured by cutting/slicing, which remove
~ S SN the natural barrier

The quality of fresh-cut products also depends critically on packaging
technology, which has to preserve good appearance and flavour, as well
as meet safety requirement




Exporters of food products.
Water stressed areas, Mediterranean basin.
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CEREAL{[‘f washing technologies and

WV packaging materials

Resource-efficient
food processing:

e » Water savings

e  Reduce use of chemicals

* Valorization of food residues

Critical stages

Food quality & safety:
» Extension of shelf-life

WASHING

INFECTION

» Avoid harmful
disinfection by-products

» Good appearance and flavour

‘electrode

Pulsed corona discharge as an
advanced oxidation process for the
degradation of organic compounds

in water

Nanomaterials
included in fibers

Context




RN

These goals are to be achieved by the combination of the following nanotechnology-
based solutions for fresh-cut products:

@

Introduction of new membranes with biocidal functionality to allow operating in
closed loop and the reduction or elimination of chemical disinfectants.

Development of a hybrid technology in which the use of ozone combined with
ultrafiltration using ceramic membranes with (eventually) active surface.

@

Development of packaging materials with antimicrobial components, to increase
shelf life and, to reduce wastes.
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(m Consiglio Nazionale delle Ricerch

Institute of chemistry and technology of polymers

CEREAL approach

To design the materials mainly monolayers by directing the
structure and properties of the polymer matrix during crystallisation taking
iInto consideration the material characteristics, the nanoparticles shape
(rod shape and plate-like ), the conditions of the manufacturing packaging
process (extrusion and blowing).

To develop materials having improved physical, mechanical, barrier and
antibacterial activity properties that contribute to extend shelf-life and quality
of the food

Development of industrial scale processes for the synthesis and the post-
treatments of metal oxide nano-powders, and fabrication of nanocomposites
by melt processing.

CEREAL approach for packaging materials




New Food Packaging

Packaging materials Nanomaterials

(FPN)

I—I_I_I—I

" Assessment
] Selection ) Optimization As_sessment . Quality/Safety of Food;
Matrices/Nanoparticles Processing Packaging properties : Recyclibility/Degradability
Properties

@) Consiaiio Nazionale dele Ricerth 1. Development
e e 2. Optimization of the processing conditions

3. Assessment of properties of the materials :
filler/matrix interactions, thermal stability and rheological behaviour
of the nanocomposites, optical properties, UV- absorption and
degradation upon illumination, thermal and mechanical properties
and processability
4. Evaluation of new materials
zmee - IO/ INIA =Migration of substances
S =Antimicrobial activity, shelf life prolongation and impact on
- . fresh-cut produce quality. Relevant test strains:
Z Fraunhofﬁc Engineering and Packaging Listeria monocytogenes, E. coli, Pseudomonas fluorescens,
Bacillus subtilis (spores) and Aspergillus niger (spores).

|
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Development and evaluation of packaging materials




Polypropylene —based nanocomposites

(PP)-based nanocomposites functionalized with zinc oxide nanoparticles (ZnO NPSs)
and polylimonene (PL)

PPR3221 (wt%) PL (Wt%) | ZnONPs (wt%) | Composition

100 0 0 PPR

95 5 0 PPR/PL 95/5

97 0 3 PPR/ZnO 97/3

92 5 3 PPR/PL/ZnO 92/5/3

Biopolymer metal oxide nanocomposites

Nanocomposites :Poly(lactic acid) (PLA), PL, ZnO NPs, and ZnONPs coated
with stearic acid

PLA (Wt%) PL (Wt%) ZnONPs (Wt%) mZ(Vr:/f())/I(\)l)Ps Code
100 i i i PLA
97 i 3 i PLA/ZNO3%
95 i 5 i PLA/ZNO5%
93 i i 3 PLA/MZnO3%
95 i i 5 PLA/MZnO5%
85 10 5 i PLA/PL/ZNO

Composition of packaging materials




Packaging materials

Non-intentionally added substances (NIAS) are
compounds present in food contact materials (FCM), not
added for a technical purpose during manufacture.

Relevant issue for the food packaging industry

Impurities - bulk materials

Reaction intermediates formed during manufacture
Degradation of products.

Contaminants

>-Non-intentionally added substances




LC-HRMS

Mass Error (MS) < 5 ppm
Score (MS)275 % -

Elucidation of the mass
fragmentation

\L- MS/MS spectrum
Mass Error (MS/MS) < 15 ppm

Screening analysis




Test conditions for overall migration

Test Expected contact with food Migration test conditions
- OM1 Contact with frozen and cooled food 10 days @ 20°C
Long storage at room temperature + short heat-
OM2 , 10 days @ 40°C
ing
OM3 Short heating 2 hours @ 70°C
OM4 High temperature use 1 hour @ 100°C
_ 2 hours @ 100°C
OMS5 High temperature use (up to 121°C) )
Or 1 hour refluxing @ 121°C
OM6 Use of simulant AB or C at a temperature of more 4 hours @ 100°C
than 40°C or 4 hours refluxing
OM7 Use of fatty food at a high temperature 2 hours @ 175°C
Simulant Abbreviation
Ethanol 10% (v/v) Simulant A
Acetic acid 3% (w/v) Simulant B
Ethanol 20% (v/v) Simulant C
Ethanol 50% (v/v) Simulant D1
Vegetable Oil Simulant D2
Modified polyphenylene oxides, particle Simulant E for dry foods
size 60-80 mesh, pore size 200 nm

Migration test conditions




(EC) No 2023/2006

Framework Regulation
(EC) No 1935/2004

Good Manufacturing Practice

2007/42/EC 84/500/EEC 1895/2005/EC (EC) No 450/2009 93/11/EEC
Regenerated Ceramics, BADGE/BFDGE/ Active and intelligent Nitrosamines
cellulose film as amended NOGE materials and
nitrosatable
substances
Plastics
(EVU) No 321/2011 (EVU) No 10/2011 (EC) No 282/2008 (EU) No 284/2011
restriction of use of Plastics Implementation Recycled plastics polyamide and
Bisphenol A in plastic Measure, as melamine plastic
infant feeding bottles amended/corrected kitchenware

EU legislation




LC-QTOF-MS

Qualitative analysis

Compound Details View ‘

ically Show Columns | 4 Sl 50| G R @ b o 36 [e] 1) @

zn Data Files
User Chromatograms T Cpd V& Name va Label VR ShowHide # Formula ¥R miz ¥+ Mass VR Mass (Tgt) V- Diff (Tgt. ppm) ¥R Score (Tgt) ¥+ RT ¥+
Fin can - PS, (2E)-3-PHENYLACRYLALDEHYDE ( e)] Cpd - FHENYLACRYLALDEHYDE (cinnamaldehyde) B 133.0843| 1320571 132.0575 -32 47| 14148
] ; Cp - ybenzophenane B C13H1003
iy Cpd 5: CAPROLACTAM ] CEH11NO| 1140912 =207
JEa ~ Scan:1 (st 1.553 min) Sub- PS_PVP2. 9 dias_NIAS_ - TN pd
[F2fIN + Scan:2 (r: 1.559 min) Sub- PS_PVPZ_Sdias_NIAS_ |5 e x: v 83
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Background Spectra s}
lul 1(r s_NIAS_Rober
x
4-Dihydroxybenzophenone - PS_PVP2_9 dias_N - . s — S S : -
Cpd 5: CAPROLACTAM - PS_PVP2_9 dias_NIAS_Roberto. — || E & 3 | © B %41 1 A2t 2 [B)% % B = alo el - i 0 [B]% Ke ] =) 3
7] EIC(114.0913) Scan - PS_PVP2_3 dias_NIAS_R«
¥/ B J e sl %105 [Cpd 5: CAPROLACTAM: +ES| EIC(114.0913) Scan PS_PVP2_9 dias_NIAS_Roberto.d x105 |+ESI Scan:1 (rt: 1,553 min) Frag=350.0V PS_PVFZ_9 dias_NIAS_Roberto.d Sublract =
4.4 1
42 i
1582
X 4 0.8 f I I
| ull-scan
28 | 06
2% 04
24
024
32 a
| 0. ¥ i 8 i
4 %104 |+ESI Scan:2 (rt: 1.558 min) Frag=365.0V CID@5.0 PS_PVP2_3 dias_NIAS_Roberto.d Subtract
9
28 b
8 £
2] ‘1 Fragmentation
= S &
Search Database
: 22 b
Search Library L] 4
= = il 2
| v ¢ v i 1]
18 2]
16 1
04 b l. L Atk " i ‘n Lol 1 i "
LY %103 [+ES1 Scan:3 (rt: 1,564 min) Frag=380.0v CID@20.0 PS_PVP2_9 dias_NIAS_Roberto.d Subiract
12 1.84
4 164
144
0.8 1.24
06 14
04 by T
06
0.2 = 044
o 032 T o sV P fihas nt el adihes e 0.2 S \. | 101 koo
- 77.0383 107,082 1110
0402 0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 ol Ll " —— = /
Countsive! Aoquisstion Time (min) 72 74 76 78 8 8 8 8 8 9% 92 94 9 S8 100 102 104 106 108 110 112 114
BN P Counts vs. Mass-to-Charge (m/z) -

Screening analysis




LC-OTOF-MS

ethed Wizards Actions Configuration Tools Help

] 4| A il B B [E) G55 @ | B | Navigator View |#) Compound Details View Qualltatlve anaIyS|S

| 48 Automatically Show Columns |_t§|°ﬂsﬂ|@ﬁl%&lﬁ_ﬂ§l| O
Cpd YR Name va Label * ¥4 Show/Hide 8 Formula ¥ miz V48 Mass V8 Mass (Tgt) V4 Diff (Tgt, ppm) ¥ Score (Tgt) ¥+ RT ¥4 Score V48 Mass (DB) ¥+ Diff (Tgt. mDa) ¥
& » 1| (2E)-3-PHENYLACRYLALDEHYDE (cinnamaldehyde)| Cpd 1: (2E)-3-PHENYLACRYLALDEHYDE (cinnamaldehyde) ® C9HBO 1330543: 132.0571 132.0575| -329 86.47| 14.148 86.47 132.0575 -0.
® < 4 4"-Dihydroxybenzophenone Cpd 4: 4,4-Dihydroxybenzophenone [} C13H1003| 215.0698| 214.0624 - 84.48 0.86 84.48 ) -0.
(1] 5 CAPROLACTAM Cpd 5: CAPROLACTAM M CEH1INO 1.542 -0.
] 7 ERUCAMIDE Cpd 7: ERUCAMIDE ] C22H43NO -0.
o) 8 LAUROLACTAM (AZA-2-CYCLOTRIDECANONE) (AZA-2-CYCLOTRIDECANONE) (=] C12H23NO -0
® 9 N.N-BIS(2-HYDROXYETHYL)TRIDECYLAM [} C17H37N 02 95.1 -0.
/\ Chromatogram Results X || || MSSpectrum Results
ieotQBWE[xaoc 1w ieet QB¥ Y [Ea 0c 5 -m)[]e % % k= s
x105 |Cpd 1: (2E)-3-PHENYLACRYLALDEHYDE (cinnamaldehyde): +ESI EIC(133.0648) Scan PS_PVP2_9 dias_NIAS_Roberto.d %105 |+ESI Scan:1 (rt: 14.159 min) Frag=360.0V PS_PVP2_9 dias_NIAS_Roberto.d Subtract
115 164
1.1 1.44
"1 full-scan
1 5
0.8
0.954
0.6
0.9 044 1220842
103.9555 3.0643
0.85 0.2 ' == 113.1070 g0ats 1210720 120.1588
0.8 ol | 1os081 O | i Ot | 4 -~ ] " -
i %105 |+ESI Scan2 (rt: 14.165 min) Frag=365.0v CID@5.0 PS_PVP2_8 dias_NIAS_Roberto.d Subtract
] 1.8
0.7 1.6 -
.| Fragmentation
0.654 =1
or 1.2
6+ |
0.55 0.8
0.5 0.6 103.9557
04+ 1240868 133.0643
0454 e 105.9535
1 113.1073 130.1589
04 ol DL L S o A WL I e L
0.35 x104 |+ESI Scan:3 (rt: 14.170 min) Frag=380.0V CID@20.0 PS_PVP2_9 dias_NIAS_Roberto.d Subtract
70912 59
0.34 A 117.4912 1330859
0.25 25
d 115.0751
02 5
0.151 154 103.0543
0.1 1 013 1210622
1 105.0695
005 g S5t
s B i T AT
105 m 115 12 125 13 135 14 145 5 185 16 185 0 .t 0 I I D P VIR OO N N P PR I L L l !
Counts ve. Acouiaition Tiime (min) 102 104 106 108 10 112 114 116 118 120 12 124 126 128 130 132 134 1%
. . — —— ——— — Counts vs. Mass-to-Charge (m/z)
/A Chromatogram Results IJHSpecnwn'ldemienhonRﬁdb |[Z Method Editor: Generate Formulas |

Screening analysis



Simulation of fragmentation

I) 2.4,6-Triamino-1,3,5-triazine

H,N N NH, B 2 NH,
\1// \|'\L/ ot H;N \FVYW“ - .;( Y
\Y' — N \\(N —_— \\(

NH, NH, NH,
m'z 126.0654 m/z 127.0727 m/z 110.0467
C3H6'\-6 C;Hﬂqﬁ-'T C‘3H3:\5 i

II) Azepan-2-one

- H,, / H, H, .
HO:O Hhe | o tha Hoﬂ it </
HN HN HN—~ HN-
- / m/z 114.0913 m/z 96.0807
HN
m'z 113.0841
CeH;NO O =t .0 =, O:(\+

H, \u./ NH,

m/'z 114.0913 m/z 86.0600
C6H12N01* C4H7I\01

III) (2E)-3-phenylprop-2-enal

U A mO =,

m/z 132.0575 m'z 133.0648 m/z 105.0698
CoHgO CoHy O™ CgHg1™

rH: Charge-Site Rearrangement, i: inductive cleavages; m: n-Bond Dissociation

Tentative assignation of fragment ions




LC-QTOF-MS

Polypropylene —films

Accurate mass  Error (ppm), Product Accurate mass

RT  Molecularion [H'] (m/2) scope (%) ion (loss) [H'] (m/z) Error (ppm)  NIAS (tentative identification)
Simulant A
0.8 C3HNg 127.0727 —0.82 ppm, >86%  C3H;N5 (-NH;) 110.0467 =95y 2,4,6-Triamino-1,3,5-triazine
1,5 CgH 1NO 114.0913 —0.70 ppm, >98%  CgHoN (-H,0) 96.0807 —8.9 Azepan-2-one

C,4H;NO (-C,H,) 86.0600 —8.0
8,9 CoHgO 133.0648 1.50 ppm, >76% CgHjg (-CO) 105.0698 5.0 (2E)-3-Phenylprop-2-enal
Simulant B
0.8 CzHN, 127.0727 2.5 ppm, >65% C3H;3N5 (-NH;) 110.0467 9.0 2,4,6-Triamino-1,3,5-triazine
1,5 CgHy11NO 114.0913 —1.35 ppm, >85%  CgHoN (-H,0) 96. 0807 —9.7 Azepan-2-one

C4H,NO (-C,H,)  86.0600 7.6
8,9 CoHgO 133.0648 0.3 ppm, >76% CgHg (-CO) 105.0698 7.9 (2E)-3-Phenylprop-2-enal

Characterization of NIAS




Data processing LC-QOrbitrap-MS

Compounds per File || Merged Features | Features | Custom Explanations | ChemSpider Results | Mass List Search Results EmopatCopee o A

¢ Data Source: |Compounds ¥| X Data: [PC1 v | Y Data:|PC2 v ¥| Center and scale

Group Areas [E Log Char v |[=|
& .
B _ g
S 2
g ol
g w <
& Checked | Predicted Formula Molecular Weight RT [min] # ChemSpider Results | Area (Max.) fr) f g (A) PLA/ZOnO
« < "‘? @ < < & 14 i
S .7 o £ 5| E & @ B) PLA/ZnO
t ¢ £ ¥ & 3 F & §
P s 2 s 388 38 (B) PLA/PL/ZNnO (B) control ©
1 [c11marneps3 33606740 9799 3 10314 | L06e4 10704 14364 21064 | 22005 | . ®
2 CI7H3SNO 269.27156 | 11.975 4 97521 |205¢4 210e4 264ed 971e3 975e4 -
3 C9H18S3 22205626 9.799 2 285715 [262e4 34404 29404 2594 2865 é (A) COHITO|
4 COHI6CIN2OS P 26204869 | 8322 4 228734 |200e4 210e4 221e4 260e4 2295 1 ~ . B ®
5 COH18S3 22205626 8318 2| 451004 |405es | 4ades 46704 stes 40205 g 1 princi pal com ponent
6 C6H17NBPS2 29607494 | 9.803 2 164875 | 17764 20084 2174 20264 16505 1 o
1 C22 H43N 02 353.32916 11.837 9 212010 [275¢4 3084 264e4 273¢4 212¢5 an a.I yS I S
8 20 H37 N7 02 407.30125 | 12217 0 771023 [149¢5 14465 10365 10405 7.72e5 1 2
9 C6HITNB P S2 29607494 2 180076 | 32664 258e4 313 . 286 (A ) PLA/PL/ZnO
10 CI4H29NO 227.22481 9 234816 [298¢4 2914 33404 32564 23565 324ed| 01 0 | 288 °
1 C11 H20 N10 53 388.10417 1 225895 .mﬁ 3384 31714 31864 22665 ;:'..4‘ 017 | 013 |28 10 ‘3 6 'z '2 p 2‘
LA ' PC 1(86.4%)
| Show Related Tables ® AContol © APLA ®© APLAPL ® BControl @ BPLA ® BPLAPL

v — Screening analysis




structural elucidation

Chromatograms w» B X | Mass Spectrum -2 x
4 Group By: % Simulant A Simulant A Simulant A Simulant. B <)  SimulB_PLA_P1_ZnO, #2363, RT=11.744 min, FTMS (+) i
) Simulant Film: Control Film: PLA Film: PLA_PL Film: Control C16HIZN O as M+HJ+1
7 il Simulant. B Simulant: 8
) Film Film: PLA Film: PLA_PL
[£] Sample 16
4 Filter B 2
¥ 1 14 4 256.26321
o Simulant 11744 o (M)t
= Film g 15 "-“. :E_: 12 4
on Sample T | = 10 4
= l \ €
5 ( a
5 I S
g1 | \ z
£ [\ 2 i =
£, [ | ) 5.
278.2452
= / \ | i [v.!D»H:?nl
/ \ N 21 | 27924843
_//\\m [ 258.26987 [
0 fr u = u P~ T T T 0 dloley —+ T — T L 2 L
15 "6 "7 118 19 120 121 230 240 250 260 270 280
RT [min] miz =
< m » ‘< |} m 3
@ Compounds ¥ Compounds per File | Merged Features = Features | Custom Explanations || ChemSpider Results || Mass List Search Results
Group Areas [=] | Log2 Fold Change [E] &
@ -3
5 @
. < o E
e 5
e Checked | Predicted Formula Molecular Weight | RT [min] | # ChemSpider Results | Area (Max) ~ é 5 &
< = =
< < = . 2 = B
E <« ¥ - & g| & 3 &

/_|CI6HBNO 1

A ) Hide Related Tables
L EL MO LRl | Compounds per File || Matched Patterns || ChemSpider Results || Mass List Search Results

=] Checked Formula Molecular Weight Is known to ChemSpider | AMass [Da] | AMass [ppm] | SFit [%] ~ |# MI *  RDBE
1 & M |c6HsNO | assaseat % | -000012 -046 1| 3] 10

A | Hide Related Tables

e S e LT Compounds per File | Matched Patterns || ChemSpider Results || Mass List Search Results

==] Checked Formula Molecular Weight | Is known to ChemSpider AMass [Da]  AMass [ppm] | SFit [%] ¥ |# MI ¥ |RDBE
1 & ¥ [C16HBNO 255.25621 X | -000012|  -046] 73| 3| 10|




N,N-Diethyldodecanamide

Chromatograms - @ x v 3 X
4 Group By: Simulant A Simulant A Simulant A Simulant B g
7 Simulant Film: Control Film: PLA Film: PLA_PL Film: Control
e Simulant B Simulant B
| Film Film: PLA Film: PLA_PL
Sample
20
4 Filter By:
Simulant 11744 oH}s
Eila = 1
@ Hide Related Tables
Predicted Compositions || Compounds per File | Matched Patterns | [ReGTURLETIGE | Mass List Search Results
@ Checked | AMass [Da] | AMass [ppm] | CSID Formula Molecular Weight| Name Structure # References ~
0
L
/\/\/\/\/\)\\/\
1k 0.00011 044 17736 C16 H33 N (| 255.25621 N,N-Diethyldodecanamide k 76 |
F NP N
280
= =
R /\/\/\/\/‘~\/\/\/1L....=
Y Compor
hﬂ ZaH 0.00011 044 62629 C16 H33 N (| 255.25621 Palmitamide 70
# :
3 B 0.00011 044 66404 C16 H33 N (| 255.25621 N-Laurylmorpholine ¥ 37
5 &
6 4 0.00011 044 68863 €16 H33 N (| 255.25621 N,N-Dimethyltetradecanamide v
#
2 5 0.00011 044 84518 C16 H33 N (| 255.25621 N,N-Dibutyloctanamide
6 0.00011 044 £5623 C16 H33 N (| 255.25621 N-Butyldodecanamide 13
7 0.00011 044 81853 C16 H33 N (| 255.25621 N,N-Dipropyldecanamide 11




Tentative fragmentation pathway
N,N-Diethyldodecanamide

2 H &8~ |XiaB EUPPOPAD
& ©°m i A S @ | "% Fragments & Mechanisms: 1 |
S L° No 1

B EBm| xv e

[~ 2510 | 86.06 | 86,08 | 96.08 [ 9810 | 9912 [ 100.08 | 10208 | 11313 ] 114.09 m/z116.11 | 127.15 | 14116 ] 15518 | 167.18 | 17319 | 18219 [ 18317 | 19419 196.21 | 20020 | 210.22 | 212.20 | 224.24 | 2282/« |

<1 Select possible fragments with m/z 116.1070

+
|0| OH
N N N —>+H+ /\/\/\/\/\/H\
N N
_ miz 256.2635
Gh Structure Editor: 1 [E=E]=] C16H34NO
A ZHE | o> | B XE|ICA|Fv RS
R =
” L
v o+ L
- B 0
Gl e /W\/\/\)L.\'/\
ik L,
(@) (0
@
e -
iz Unspecified Charge Site: none -
CigHoND m/z 255.25621

m/z 256.2635

m/z 116.1070

CeH,,NO

rHBl

OH
= Jl\rﬁ
m/z 88.0757

m/z 102.0913
CsH,NO

[==]
A3
[ =]

BEFES
-t QOO
NO o

M 100.08
02.09

— b D (D D QD 0D

= =
=0
(=
@ w

IS EEEEEEEE
— "
=
GH

M 141.16
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LC-QOrbitrap-MS

Biopolymer metal oxide nanocomposites

accurate formula mass accurate formula mass
Rt massvalue proposed deviation* mass value ron0sed deviation* Candidate compounds
[M+H]* [M+H]* (ppm) (m/z) prop (ppm/mDa)
11.7  256.2635  C;gH;,NO -1.2 116.1070 CgH14NO -2.6/0.3 N,N-Diethyldodecanlamide
102.0913 C5H12NO -1.4/0.1 \/\/W\/\/\“/N\
990441 C5H702 '50 / 05 HO OH
\/\/\/\/\/\/\/;?0/\
(o]
2852788 C18H3702 '20 / 06 HO OH
/j’/\
VWV\/\/\/\/\LI
12.5 310.3104  C,,H,NO -0.9 268.2999 CigHagN 0.2/0.1 N-[(92)-9-Octadecen-1-yl]acetamide

Characterization of NIAS; use of standards. Simulant B: 2.7 — 7.6 ng.g!




GC-HRMS

Deconvolution

= Min. intensity signals: 2e6
= Mass Error (MS) : 5 ppm
= Signal to noise: 10

= lon overlap window: 98
= RT Alignment: 10 sec

Mass spectral
library

(250.000 chemicals)

= # Top matches: 4
« S| Threshold: 800
e Score Threshold: 95

Characterization

Screening analysis




GC-QTOF-MS

Characterization NIAS in PP films

Sampies ~ X |Chromztogram v X
Sample Name Filz Namne Cemponents Hits PfR-EW'_" |PPR_Etoh.0)
PPA_Etoh .l 594 £
(] 224
24
184
164
1.44
124
14 -
0e+ g
D6+ @ o o w ™ @
e 04+ g :’i é g I ﬁ g & rg w e 0 g: e
IEonornens .| Yl s S- hNg o igeee—ge b g a8 T 8
| yropmm——T 3 T T T T T T T T T T T T T
cack Compound Name Formuda CompomtAT  Mash  _* 400 BC0 BOO 10M) 1200 1400 1600 1B00 2000 Z200 2400 2600 ZE0D 3000 3200 3400
B = L i Factor 2 Acquitition Time (mn)
100031562-1 | Phtnaie acd, metyl . C24HZZ04 55886 853 |[irEiie < 7 x [ %
550214 Pentanz, 2.3,3Mnm=... CHI1E £.5592 953 o ¢ BT 12200 | Conponent RT: 1220197772294 Sample spectrum
533497 Heptasasane C27HEE 226143 854 X106 49,136 2 x102 F— mpie spe
40975 Cyclohexasiloxane, ..  C12HIEO6SIG 71045 5.7 4 101085 g ix
593.45.3 Oetadacane [mE=e ] x93 260 18989 02+
18772-36-5 Cyclodecasilosane, .. C2OHECO70SiD 127208 6.1 o (7970 | 06+
1003377.72-3 | Phtnalc and, dfost-.. C2AHZE04 293199 862 02 105,056 04
1789
U2 Diwiglpivhalale  CISHZZ0L 175913 874 _ ot e g 02{  gscaes 10508%
1000203180 | Sulurous ad, Zeth..  C1AHZ003S 41858 g6 Aoquistion Tine (nin)
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Counts

Counts

Phthalic acid, butyl undecyl ester

Fragmentation pattern of phthalates
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GC-QOrbitrap-MS
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GC-QOrbitrap-MS

PLA films
PRECURSOR ION FRAGMENT IONS
accurate formula accurate formula mass candidate
i AESSEE roposed SI*  score®  HRF mass value (m/z) roposed deviation™ compounds
(m/z) prop prop (ppm/mDa) P
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Characterization of NIAS




a-Tocopherol acetate

Data Review - Packaging_120K_15062016 [Unknown]
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Use of standards: Identification, quantification
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proposed package
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Single score ReCiPe (H/H) shows that the use of PLA+ZnONP reduces the
environmental impact of lettuce consumption by 10% while the package
made from PP+ZnONP entails reductions of a 9%.

LCIA, life cycle impact assessment
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The contribution of packaging to the whole environmental impact, including
disposal stage, is not relevant

The production stage is by far the most environmental damaging

LCA, life cycle assessment




HRMS approach is useful for the optimization process and development of
films

Migration of NIAS from PP based films in both simulants A and B, and from
PLA films in simulant A and B.

NIAS detected are not included in the candidate EU list of chemicals to be
evaluated for risks

Based on ZnONPs release test (ICP-MS), the nanopolymers composed of PP/
PL/ZNnONPs, 92/5/3, and PLA/PL/ZnONPs provided the most suitable contact
material with improved functionality

ZnONPs release test (ICP-MS): solubilization in the form of Zn?* is below SML
(25 mg.kg™)

PL additive appears to hinder Zn?* release

Conclusions
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