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Abstract : A method for determination of toluene diisocyanates (TDI) in toluene diisocynate (TDI)-based
polyurethane (PUR) packing material was investigated, and also the migration of TDI to food was studied.
TDI was extracted using food simulants such as n-haptane and 4% aqueous acetic acid. The determinations
were performed using gas chromatography/mass spectrometry (GC/MS). One of major components for polyurethane,
toluene diisocyanates, were detected in ten samples among twenty six food contact materials with the

concentration range of 0.51~60.88 pg/ml. However the highest extracted amount was just 0.7% of 60.88 ug/
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ml if the contact surface of food packing for extracting liquid was limited to the outer layer without exposure

of the cutting edge of food packing multi-layers. The result of this study and the analysis method for TDI

diisocyanate will be very useful for further study about food contact material, and the monitoring result could

be used for evaluating the safety of food contact material before it is to be used for food, preservation.

Keywords : toluene diisocyanates, food simulant, packing material, hazard, GC/MS
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Table 1. A variety of adhesive used for food packaging
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PU : PolyUrethane, EVA: EthyleneVinylAcetate,
PVAc : PolyVinylAlchol , EB: Electron Beam
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Table 2. Usage of the adhesives for food packaging
T % A& FILMT-3 H8AF
Aukg- AL, W) 2, AR5 2 Az AER OPP/CPP, OPP/VMCIP PU, PEA
A7), A5 Uk, U, B4 E ON-6, PET/PE, CPP
Q. =4 > >
BOIL & Wy gEe KOP/elBF2/PE PU, PEA
POUCH& 3kek 7H), ZnE, 3 BM =2 A ZERE0 PET/CPP, Ny, PEPET/PE
Uy et A7) &, W PIN BALLAS 29 PU ,PE
RETORT & i?o?i{] = JHEE PET/AL/CPP or PE K
c ¢N N\\‘\"C
=
Cx _C
N N
toluene 2,6-diisocyanate toluene 2,4-diisocyanate
Fig. 1. The chemical structures of toluene diisocyanate isomers.
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Fig. 2. A extraction tool for the adhesive materials.
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packaging material 100
food simulants 200mL

95T lhr
‘ Liguid Liguid Partition ‘
I pH 1112 2M NaOH

2 Bg NaCl, 100ml. Ethylacetate (=2} to down laver
= Collect down laver

‘ Evaporation ‘

Evaporate until 2ml. left.
Add 50ml. of Ethylacetate
and evaporate consecutively

l Evaporation
Add Ethylacetate up to total volume 1mL
‘ Analysis by GC/MSD ‘

Fig. 3. Sample preparation method for isocyanates analysis
of aqueous food simulants.
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packaging material 100cr
food simulants 200mlL.

60T 1hr

Evaporation
Evaporate until 2mlL. left,
Add 50mL of Heptane
and evaporate consecutively

Evaporation
Add Ethylacetate up to total volume Iml

Analysis by GC/MSD

Fig 4. Sample preparation method for isocyanates analysis
in fatty food simulants.

Table 3. The operating conditions of the GC/MSD for the
TDI analysis

DB-5MS
(30 m>0.25 mm LD., X0.25 mg d)
He 1.0 mL/min
Inj Temp & Inj. mode260°C splitless mode
Mass Source Temp 260°C
Transfer Line Temp 280°C
Oven Temp 80°C(2 min)—10°C/min T —280°C(2 min)
Injection Vol. 1wl

Column

Column Flow

FHAR O MRS B2 & A4S B3 60°CE
AshHA] W 2 EE50]FA] water batholl A 14]7F &
Z AIZIT, o] &8 HAE Jlo] ¥F FopiI &
71 3 2 mL7HA 55A1Z1 $ A n-heptane 50 mLE

Hol] k2 o 2 FHA|A ethylacetate 1| mLE =<1
T AHGNCE FTH(Fig. 4).
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2EE 80°ColA 287 HET} BT 10°CE TV
7 280°COIA] 5E7F MEEE dlo] & 278 S B4
stk AE-e DB-5MS(B0mX0.25 mm LD, 0.25 um
film thickness)& AH&-3ISATE o84 71Al= E4E A
23192 1.0 mL/min %< constant flow mode®

HFEAT, FY WS v (splitlessydH 0] ARE-E

o
AL, FUFL 1 plel Atk Table 3).
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Fig 5. GC/MS chromatogram (upper panel) and mass spectra (lower panel) for the toluene diisocyanates.
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Table 4. Isocyanates concentrations originated from the adhesives for food packaging materials

&80

op 4

=
o 4% A.A(g/mL)

D.W(ug/mL) Heptane(pLlg/mL)

A= 2,6-TDI 2.4-TDI

2,6-TDI

2,4-TDI 2,6-TDI 2,4-TDI

PET/CPP - -
OPP/CPP -
PET/Ny/LLDPE 18.63
PET/Ny/LLDPE - -
PET/AL/Ny/CPP - -
OPP/CPP - -
OPP/CPP - -
PET/AL/Ny/CPP - -
PET/CPP - -
Ny/LLDPE - -
Ny/LLDPE - -
Ny/LLDPE - -
PET/PE/AL/Ny/PE - -
Ny/LLDPE - -
Ny/LLDPE - -
PET/LLDPE - -
Ny/LLDPE = -
Ny/LLDPE - -
PET/CPP = -
PET/CPP 4 -
OPP/CPP 1 -
PET/CPP = -
OPP/CPP - -
PET/AL/CPP - -
PET/AL/CPP - -
PET/Ny/LLDPE - -

—_
—
~
w
3
2

2,6-TDI, 2,4-TDI 7} 1.08, 1.3 (ug/em’) £5HS &
UAIL, Al7bo] Lojd4E &) BoldS I

T AT
4, 1

2F A HAAR AHEEE Eeeawe] A
F29I isocyanate®] XA 2] ZHFe} 2]F 0 2] o]
of thall A-3l7] flsted, GCMSe &) EAHE &
g3kt

= 21F A AREE JZAL] 60%E 2HA|
3lal &= polyurethane isocyanate2} polyol©] 5§+
Fe|ZA] Y7 AJH-2l aromatic isocyanate®] FHF 2 &
Zo] 7Fsalth AEFTHL A 6. 717 B 712749 7]
= - 74 T AEE 749 Z -2 e(Polyurethane :
PU)N %= o]aA]old| o] E (isocyanate)2] 71520] 1 mg/LE
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ARt & Aol 2FE FARSUIE ©]&-st]
kel - A= isocyanate®] 7% 2,6-toluene diisocyanate
(2,6-TDI) % 2,4-toluene diisocyanate(2,4-TDI) + 7FA| =
A 26714 A AR F 107 A A 055~
101.38 ug/mLe] H& HFFo 2 AEHUY 52
A A AES] AR heptanest =04 7HE
Hol &5 747} 8E9 A AZHISW 4%
acetic acid&- ol = 1AM ESF U /M =&
A% 432 PET/Ny/LLPDE 2% ZEol4 heptane 5
% X ZA2¥ 2,4-TDI 101.38 pg/mL(A Y] F5H 9]
£ glojtt wxof disiA= H34 #48 & S ES
A FEE AR)EAM AT AR A= 37HA 9
FARE ) A|2=E]o)| A F 712]9] diisocyanate”} B 7
25|t} Heptaneol] &% TDI9] 321 113.03 ug/mL
2 EoM A= DI <) 12.09 ug/mLe] 9.3uR
o]2# toluene diisocyanateF= A4 2% w2 E &
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Table 5. Isocyanates amount per cm’ of food packaging materials, originated from the adhesives

=z FE &0

ERu) 4% A.A(ug/cm?) D.W(ug/cm?) Heptane(pig/cm?)
A& 2.6-TDI 2.4-TDI 2.6-TDI 2.4-TDI 2,6-TDI 2.4-TDI
PET/CPP - - - - - -
OPP/CPP - - - - - -
PET/Ny/LLDPE 37.26 144.32 7.88 16.3 23.3 202.76
PET/Ny/LLDPE - - - - - -
PET/AL/Ny/CPP - ; - ; ; ;
OPP/CPP - - - - - -
OPP/CPP - - - - - -
PET/AL/Ny/CPP - - 2.28 7.54 1.18 1.98
PET/CPP - - - - - -
Ny/LLDPE - - - - - -
Ny/LLDPE - - - - 1.12 1.18
Ny/LLDPE - ; - ; ; ;
PET/PE/AL/Ny/PE - - 1.4 2.58 1.28 1.46
Ny/LLDPE - ; - ; ; ;
Ny/LLDPE - - 1.28 1.74 2.7 7.26
PET/LLDPE - - 2.32 3.9 - -
Ny/LLDPE - - 1.8 3.38 ; ;
Ny/LLDPE - - 1.48 2.06 1.1 1.22
PET/CPP - - - - - -
PET/CPP - - - - - -
OPP/CPP - - - - - -
PET/CPP - - - - 3.46 7.6
OPP/CPP - - - - - -
PET/AL/CPP - - - - - -
PET/AL/CPP - - - - - -
PET/Ny/LLDPE - - 1.98 2.14 1.34 1.22
=9 750l & o2 FYEr. 2,6-TDI®F 2,4-TDI Aol vlEte] arEEe] H2A A EU=E R toluene
£ 25 3 H4E59 2™ mass spectral fragmentation diisocyanate’} tFF A&E AR XA HF 34
pattern'= A 0] A9 FAlsle] W=7} ofd gHile o] o] g HEA HEEC] & T ¢F HAEEH
o3t FHE e AoE FriEAL F AR & HkSsle] 7] 918 SES o] FREA] 1
APHS 7H S JFSHAl= GC-MS SIMe 2 ¢F 0.01 o S AiEo] FE AL FHFHEE A A

Z Ao FF T4 st o] Hask FEoR

pgmLe 2 Z28 AFE S 2 2o 8 HrhE
371 113.03 pgmLe] FZFA= £gA o] HHo=z g
A 202.76 pglem’Z2 ALTEATE v A3 e
z7do] A Hrto] guje} JFah= Zlo] ofet X
Ao AetE WA= gufol A JEE He vl
AQlo|P o B A AR Ale] 27& Z.%ﬁ}oq 3
ZgA ] ko] FAREEIQl heptanes} FEE o
60°CollA A2+ 241 7F 853 5 TDIE A st 23t
1.08~1.50 pg/em?= VFeh} X4 ¢ \-‘:"o]"’ﬂ ot )
;g];’dxﬂ H‘ﬁg] 7024;910] Q%E'l’ gj\x;].x:r:] TDLg] _9_‘

WA ke FEOR BrhTh ae 7 3

fo 4o r

H~i
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