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2
2.1
7890A-5975C P&T 9800 ( Agilent ) o Sartorius
R200D o
16 ( 1) =97% Dr. Ehrenstorfer GmbH o
(1000 mg/T) : 16 0.1 100 ml. .
( ): o
( ): o
2.2
' N,; :20°C : 40 mL/min ;11 min; :250°C
2 min; :280°C 5 min; 140 mL :10 mL :5 mL.
2.3
DB-WAX (30.0 m x0.25 mm x0.25 pm) ; 45C 8 min 40°C /min
100°C 3min 10°C /min 160°C 40°C /min 220°C 4.2 min; :250°C;
:280C; :230°C; 1 150°C; : He( >99.999 %) 1.0 mL/
min, o1 uL; 20: 1; . EI
1 16
( SCAN) Table 1 ~ Characteristic ion of 16 monomers
( Selected ion mode SIM) - 1 2
Compound Quantitative ion Reference ion 1 Reference ion 2
; SCAN »m/z 33 ~500; P (m/2) (m/z) (m/z)
SIM : 1; Methylacrylate 55 85 58
3 mi Ethylacrylate 55 99 73
' mll’l( ) Methylmethacrylate 69 41 100
5.8 min ( 20% +50% Ethylmethacrylate 69 99 41
.95% ) 5 n-Butyl acrylate 55 73 85
2 4 Butylmethacrylate 69 87 56
) Benzocyclobutene 104 78 51
2.4.1 Styrene 104 78 51
( EU) Nol0/2011 a- a-Methylstyrene 118 103 78
GB/T23296-2009 4- 4—Methylstyrene 117 91 65
Benzaldehyde 105 106 71
(R) - ( R) -Styrene oxide 91 104 120
Acrylic acid 72 55 45
( pH > 4.5 Phenylacetaldehyde 91 120 65
Methacrylic acid 86 69 41
) 3% (pH <4.5 Benzothiazole 135 108 69
) 20% |
20% ) 50%  (
20% ) \95% ( ) o
2.4.2 80C 8 ho 3% +20% <50% <95% N
2.4.3 1300 W +20% +50% \95% o
+20% 10 min; 50% \95% 2 mino
2.5
20% o 3%
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o 50% “95% o
3
3.1
. (EU) No 10/
2011 40°C10
70C 2 h 100°C 15 min.
o 95% 80°C
99°C 80°C ( EU) No 10/2011 vV 2.1.3
t, =t *exp ( —EG/R) /( /T, - Z/Tz) ( 1)
E, 80 kJ/mol R 8.31J/(Ke+mol) T, 313.15K T, )
80°C 40°C10 t, 8 hs
3.2
( )
DB-WAX HP-5 DB-WAX DBXLB DB-624
HP5 DB-XLB ; DB-624
o DB-WAX ( 1),
3.3
. ((R) - . . )
2,
1.0r 6 457 o
4.0F )
0.8‘ — 3.5+
g S sof i
X 0.6f ¢ X >
20 < 25t Il o
z 1 E|
X RN |
E Ll e
02r 3 4 130 /15 LOF 2
)l i i fo
0 Ll I | L 1\]\ I [ 0 I L 1 | l. 12, 1l |
4 6 8 10 14 18 20 22 4 6 8 10 12 14 16 18 20 22
t(mln) t (min)
1 16 ( DB-WAX) 2 13 ( DB-WAX
Fig.1 SIM chromatogram of 16 monomers by DB-WAX )
column Fig.2 SIM chromatogram of 13 monomers by DB-WAX
1. ;2. ;3. ;4. column with purging and traping sampling
05 T 6. 7 1. v 2. 0 3. o 4.
;8. 7 9. a— ; 10, 4- o 5. ; 6. 7
1. :12. (R) - :13. ;14 © 8. 9. a- : 10, 4- ;
15. ; 16. 11 12. 13

1. Methylacrylate; 2. Ethyl acrylate; 3. Methyl methacrylate;
4. Ethyl methacrylate; 5. n-Butyl acrylate; 6. Butyl methacry—
late; 7. Benzocyclobutene; 8. Styrene; 9. a-Methylstyrene;
10. 4-Methylstyrene; 11. Benzaldehyde; 12. ( R) -Styrene ox—
ide; 13. Acrylic acid; 14. Phenylacetaldehyde; 15. Methacrylic

acid; 16. Benzothiazole.

1. Methylacrylate; 2. Ethyl acrylate; 3. Methyl methacrylate;
4. Ethyl methacrylate; 5. n-Butyl acrylate; 6. Butyl methacry—
late; 7. Benzocyclobutene; 8. Styrene; 9. a-Methylstyrene;
10. 4-Methylstyrene; 11. Benzaldehyde; 12. Phenylacetalde—
hyde; 13. Benzothiazole.
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3.4 N
16 (2
0.997 ( LOQ Limit of quantification S/N =
10) <0.7 mg/L o
2 16 N N

Table 2 Regression equations correlation coefficients linear ranges and quantification limits of 16 monomers by direct injection

G 1 Regression Correlation Linear range LOQ
ompounc equation coefficients (mg/L) (mg/L)
Methylacrylate y =5055x + 969.8 0.9995 1 ~100 0.6
Ethylacrylate y =7067x + 663.4 0.9995 0.5 ~100 0.4
Methylmethacrylate y =3300x + 367.3 0.9995 0.5 ~100 0.2
Ethylmethacrylate ¥y =6158x —238.7e 0.9995 0.2 ~100 0.1
n-Butylacrylate y =10090x — 3305 0.9995 0.05 ~100 0.04
Butylmethacrylate y =7506x —2909 0.9995 0.05 ~100 0.04
Benzocyclobutene y =7895x —258.7 0.9995 0.05 ~100 0.04
Styrene y =11060x —447.6 0.9995 0.05 ~100 0.03
a- a-Methylstyrene y =8224x —2041 0.9995 0.1~100 0.06
4- 4 - Methylstyrene y=11180x —3381 0.9995 0.1 ~100 0.06
Benzaldehyde y =6255x + 2512 0.9995 0.1 ~100 0.07
(R) - ( R) Styrene oxide y =6763x + 1595 0.9995 0.1~100 0.05
Acrylic acid y =3867x — 1444 0.9995 1 ~100 0.7
Phenylacetaldehyde ¥y =6760x + 1835 0.9995 1 ~100 0.7
Methacrylic acid y =5388ex —2029 0.9995 0.1 ~100 0.08
Benzothiazole ¥ =21570x — 14620 0.9985 0.1~100 0.06
13
(3 0. 995 LOQ < 0.2 pg/L .
3.5
MS 3 o 50%
80.1% ~97.5% (n=6) 5%
3 13 N N

Table 3 Regression equations correlation coefficients linear ranges and quantification limits of 13 monomers by purging and
traping sampling

Compound Regression equation  Correlation coefficients  Linear range ( pg/L) ( ;Lt(;)/(%)
Methylacrylate y=12221x + 1314.5 0.9995 0.2 ~100 0.2
Ethylacrylate y=17125x + 1447.7 0.9995 0.2 ~100 0.2
Methylmethacrylate ¥ =9200. 8x +1857.8 0.9995 0.2 ~100 0.2
Ethylmethacrylate y =17266x +2963. 1 0.9995 0.1 ~100 0.09
n-Butylacrylate y =12359x +4731. 1 0.9995 0.05 ~100 0.05
Butylmethacrylate y =6255. 8x +4276.8 0.9995 0.02 ~100 0.02
Benzocyclobutene y =4007. 1x +5234.9 0.9985 0.005 ~ 100 0.005
Styrene y =20765x +24797 0.9985 0.005 ~100 0.003
o- a-Methylstyrene y =11456x + 14113 0.9980 0.01 ~100 0.01
4- 4 Methylstyrene y =15191x + 14673 0.9975 0.01 ~100 0.009
Benzaldehyde y =2329. 7x +991.55 0.9995 0.02 ~100 0.02
Phenylacetaldehyde y=902. 12x +413.3 0.9990 0.02 ~100 0.02
Benzothiazole y =553. 16x +3253.6 0.9995 0.2 ~100 0.2
3.6
3.6.1 12 16
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MA2. PMMAS . () PMMAS; MS1.MS6.MS12.MS14  MS22,
3.6.2 PMMA PMMA2 PMMAS PMMAS
4, N
4 PMMA ( : mg/dm’)

Table 4 Migration result of samples in PMMA material ( mg/dm?)

Samle No. Migration way Food simulants Methylacrylate II/{S&}:}IT tz - Styrene Benzaldehyde lz:lﬁ?eﬁ;:lz_
Baking oven  95% 95% Ethanol nd 1.7 nd nd nd
PMMA2 .
Microwave oven 95% 95% Ethanol nd 1.2 nd nd nd
Baking oven  95% 95% Ethanol 0.25 19 nd nd nd
PMMAS ’
Microwave oven 95% 95% Ethanol 0.17 13 nd nd nd
. 95% 95% Ethanol nd 0.15 0.092 0. 0060 0.014
Baking oven
PMMAS Isooctane nd nd 0.041 nd nd
Microwave oven 95% 95% Ethanol nd 0.10 0.084 nd nd
‘nd- not detected
PMMA 95% o
70% o
PMMA2  PMMAS 6 mg/kg(
I mg/dm®)  PMMAS 20 . o
PMMAS 95% PMMA2  PMMAS
o 95% o
95% 45% - o
PMMAS 95% o
70% o 0.3 mg/dm’ o
. PMMAS 95% o
3.6.3 MS MS1I MS6 MS12 MS14  MS22
5o 0
5 MS ( mg/dm?)
Table 5 Migration result of samples in MS material ( mg/dm”)
Samle No. Migration way Food simulants Methylmethacrylate Styrene
. 95% 95% FEthanol 0.17 0.13
Baking oven
MSI Isooctane nd 0.060
Microwave oven 95% 95% Ethanol 0.041 0.026
95% 95% Ethanol 0.19 0.24
Baking oven
MS6 Isooctane nd 0.050
Microwave oven 95% 95% Ethanol 0.046 0.048
95% 95% Ethanol 0.39 0.48
Baking oven
MSI12 Isooctane nd 0.060
Microwave oven 95% 95% Ethanol 0.090 0.10
95% 95% Ethanol 0.19 0.30
Baking oven
MS14 Isooctane nd 0.060
Microwave oven 95% 95% Ethanol 0.043 0.057
95% 95% FEthanol 0.012 0.41
Baking oven
MS22 Isooctane nd 0.047
Microwave oven 95% 95% Ethanol 0.0030 0. 0080

:nd- ( not detected)
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MS 95% .
25% o 0.2 mg/dm’ o
MS 95% .
20% o 0.3mg/dm’ o
4
16
80°C 3% 20%  \50% \95% 8 h
(1) ; (2) ; (3)
; (4) ; (9) .
95% . PMMA
PMMA MS o
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Investigation on Determination of 16 Monomers in Food Contact
Materials Made of Acrylic Resin and Their Migration Risk

LAI Ying" LIN Rui LIN WeidJing GE XiuXiu DONG Qing-Mu HUANG Zong-Ping
( Technology Center of Xiamen Entry-Exit Inspection and Quarantine Bureaw Xiamen 361026 China)

Abstract A reliable gas chromatography/mass spectrometric ( GC/MS) method was developed for the
determination of migration amounts of 16 monomers including acrylates and styrenes in food contact materials
made of acrylic resin. Samples were immersed in food simulants such as water 3% ( W/V) acetic acid 20%
(V/V) ethanol 50% ( V/V) ethanol and 95% ( V/V) ethanol at 80°C for 8 h. The migration amount in
water and 20% ( V/V) ethanol was determined by GC/MS with purging and traping sampling. Results showed
that 16 monomers were separated within 21 min on DB-WAX column. The limit of quantification ( LOQ) of
the method was below 0.7 mg/L by direct injection and below 0.2 pg/L by purging and traping sampling.
The recoveries ranged from 80. 1% to 97. 5% with three addition levels. The sensitivity recovery and
selectivity of the method could fully meet the requirements of practical work. The migration risk of methyl
methacrylate was very high in samples made of polymethylmethacrylate ( PMMA) . And the samples made of
Styrene-methyl methacrylate copolymer ( MS) had lower migration risk than that of PMMA.

Keywords Food contact materials; Acrylate; Styrene; Migration; Gas chromatography/mass spectrometry
( Received 7 April 2015; accepted 15 July 2015)
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