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1- 2- 2-
MEK 2 -1-
1- 1- -2-
4- -2-
MIBK
2- 2-
3- -3-
()
O- m-
p- ()
()
()
FB - dg

-dg CDN Isotopes
10 mL
9 mL DMF FB
-dg -dg
DMF

100 mg
10 mL
10,000 pg/mL
DMF 10 200
ug/mL
10 mL

9mL DMF

MIBK

100 mg

DMF 10 mL
10,000 pg/mL m- p-
50 mg
DMF 10 mL
m- P-
10,000 pg/mL
A 1 A 12
1.0 mL
200 pg/mL 1.0 mL
DMF 20 mL 500
pg/mL 10 pg /mL
10 pg/mL 0.1
100 pg /mL 10 pg /mL
B 1 B 18
1.0 mL
200 pg/mL 1.0 mL
DMF 20 mL 500
pg/mL 10 pg/mL
10 pg/mL
0.01 10 pg /mL 10 pg/ mL
HS 7694
Agilent Technologies
GC/MS GC 6890 MS 5973 Agilent
Technologies
20 mL
Agilent
Technologies
PTFE/
Agilent Technologies
HSGC/MS



m/z
Hg/g Hg/mL
methanol 31 32 5.0 0.5 - 100
ethanol 45 46 1.0 0.1 - 100
2-propanol 45 59 1.0 0.1 - 100
1-propanol 59 60 5.0 0.5 - 100
2-butanol 45 59 5.0 0.5 - 100
A 2-methyl-1-propanol 43 74 5.0 0.5 - 100
1-butanol 56 41 5.0 0.5 - 100
1-methoxy-2-propanol 45 47 5.0 0.5 - 100
2-methoxyethy acetate 43 58 5.0 0.5 - 100
2-ethoxyethyl acetate 43 59 5.0 0.5 - 100
3-methyl-3-methoxybutanol 73 103 50 50 - 100
cyclohexanone 55 98 5.0 0.5 - 100
acetone 43 58 0.5 0.05 - 10
methyl acetate 43 74 0.5 0.05 - 10
hexane 57 86 0.5 0.05 - 10
2-butanone (MEK) 43 72 0.5 0.05 - 10
ethyl acetate 43 61 1.0 0.1 - 10
tetrahydrofuran 42 72 0.5 0.05 - 10
cyclohexane 84 56 0.5 0.05 - 10
isopropyl acetate 61 43 1.0 0.1 - 10
B heptane 71 100 0.5 0.05 - 10

benzene 78 77 0.5 0.05 - 10
propyl acetate 43 61 0.5 0.05 - 10
4-methyl-2-pentanone (MIBK 43 58 0.5 0.05 - 10
isobutyl acetate 43 56 1.0 0.1 - 10
toluene 91 92 0.1 0.01 - 10
butyl acetate 43 56 1.0 01 - 10
m, p-xylene 91 106 0.5 0.05 - 10
o0-xylene 91 106 0.5 0.05 - 10

int | fluorobenzene 96 70 - -

interna

standard ethyl acetate-dy 46 66 -
toluene-dj 98 100 - -

180 He 1.4 mL/min
80 I 20
150 180 70 eV EI SIM
30 min 0.5 min 1
1 mL
GC/MS
GC VOCOL 0.25 mm 1.0 mL
60 m 1.5 pum Sigma-Aldrich
35 (4 min)-4 /min-260 HS-GC/MS
200

250 250



) Hg/g
No
2-propanol ethyl acetate heptane ;g:t’;)t'le toluene
1 PET12/AL7/PE8O ND ND ND ND ND — —
2 NY15/PE80 ND ND ND ND ND 85 30 -40
3 PP30/PP50 ND ND ND ND ND — —
4 KPP20/PE15/PP40 ND ND ND ND ND —_ —_
5 PET12/PE20/PP40 ND ND ND ND ND — —
6 NY15/PE60 ND ND ND ND ND 85 70 —
7 NY15/PE60 ND ND ND ND ND 90 90 —
8 NY15/PE60 ND ND ND ND ND 100 100 —
9 KNY15/PE60 ND ND ND ND ND 65 70 —
10 NY15/PE6O ND ND ND ND ND 95 30 -40
11 NY18 PE67 ND ND ND ND ND 95 30 -40
12 NY15 PE70 ND ND ND ND ND 95 30 -40
13 NY/NY/PE/PE/PE ND ND ND ND ND 100 30 -40
14 NY/EVOH/NY/PE/PE ND ND ND ND ND 100 30 -40
15 NY15/PE20/PE40 ND ND ND ND ND —_ —_
16 NY15/PE60 ND ND ND ND ND 100 30 —
17 KPP20/PP40 ND ND ND ND 0.20 — —
(0.006)
18 PET12/AL9/NY15/PP60 ND 3.4 ND ND 0.10 130 30 —
(0.21) (0.006)
19 KNY15/PE60 ND ND ND ND ND 90 30 -40
20 NY15/PE60 ND ND ND ND ND 85 30 -40
21 NY15/PE50 ND ND ND ND ND 95 30 —_
22 PP20/PE40 ND ND ND ND ND — —
23 KPP20/PE40 ND ND ND ND ND — —
24 PET12/PP40 ND ND ND ND ND — —
25 18/PE15/KPP20/PE15/PE20 ND ND ND ND ND —_ —_
26 18/PE15 ND ND ND ND ND — —
27 NY15/PE15/PE30 ND ND ND ND ND — —
28 NY15/PE15/PE40 ND ND ND ND ND 95 30 -30
29 NY15/PE15/PE40 ND ND ND ND ND -30
30 NY15/PE15/PE40 ND ND ND ND ND 95 30 —
31 iy ND ND ND ND ND — —
32 PET12/AL9/NY15/PP60 ND (02_'166) ND ND ND 130 30 —
33 PP40/PP30 ND ND ND ND ND —
34 NY15/PE60 ND ND ND ND ND 95 30 -40
35 NY15/PE60 ND ND ND ND ND 105 30 -40
36 PET12/PE20/PET12/PE25/PE40 (02_'154) (Ol.igl) (O].-gl) ((;)_674?0) ND — —
37 PET12/PE15/PP50 ND ND ND ND ND — —
38 PET12/PE15/NY15/PE15/PE50 ND ND (07_'432) ND ND — —
39 PET12/PE15/PE50 ND ND ND ND ND — —
40 99/PE15/PET12/PE15/PE50 ND ND ND ND ND — —
41 PET12/PE15/AL6.5/PE15/NY15/PE15/PE40 ND ND (03.-296) ND ND — —
42 NY15/PE60 ND ND ND ND ND 95 30 -40
—_ ND
AL PE PP PET NY EVOH K
“ um o
1m FB

ND: 2-propanol, ethyl acetate < 1j4g/g; heptane, propyl acetate < 0.5p49/9g; toluene < 0.1j49/9



mmx 5 mm 0.1¢g

1.0 mL

1 mmx 5 mm

/mL 1.0 mL

HS-GC/MS

20
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10 30

HS-GC/MS

FB

0.1g
10 pg
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GC
2
PE PP
PET NY
EVOH
K
AL
HS-GC/MS
153
DMF
8
1 mm DMF
3
No.6 No.34 NY PE
DMF
HS-GC/MS
3 DMF
No
1 PET/AL/PE o
6 NY/PE =<
18 PET/AL/NY/PP o
23 KPP/PE o
24 PET/PP o
26 /PE o
33 PP/PP o
34 NY/PE >




HS-GC/MS

mm

30

GC

VOCOL

60 m 1.5 um
ENV-624MS
1.4 um

22000
21000
200001
19000,
18000
170004
160001
150004
14000,
13000,
12000
110004
100004
90001
80001
7000/
6000
5000
4000
3000
2000

1000

0.25 mm
()

VOCOL

' | '
10.00

0.5 min
VOCOL 0.25 mm

120

250

50pg/mL B

70 eV El

0.25

60 m

15+16

17

10/ 14

' | '
15.00

1mL
60 m 1.5pm

250

5p1g/mL

30

SCAN

1: methanol 2: ethanol 3: 2-propanol 4: methyl acetate
5:acetone 6: 1-propanol 7: hexane 8:2-butanol 9: MEK

10: ethyl acetate 10': ethyl acetate-dg, 11: 2-methyl-1-propanol
12: tetrahydrofran 13: cyclohexane 14:isopropyl acetate

15: 1-butanol 16: heptane 17: benzene 18: 1-methoxy-2-propanol
19:propyl acetate 20: MIBK 21:isobutyl acetate

22: toluene 22': toluene-dg, 23: butyl acetate 24: 2-methoxyethyl
acetate 25:m-xylene 26: p-xylene 27: 0-xylene

28: 2-ethoxyethyl acetate 29: 3-methyl-3-methoxybutanol

30: cyclohexanone,

IS (internal standard) : fluorobenzene

DMF
22 24
22
19 25+26 30
20% 27 78
23
29
20loo ' 2500 ' 30lco ' (min)

150 180 30 min

35 (4 min)-4 /min-260 200
180 He 1.4mL/min

SIM



4 30 RSD

60 80 100
2.5 0.1 0.2 0.1 0.1 0.2
9.9 9.5 4.0 3.5 2.0 3.0
n=3
FB
HS
A 50 pg/mL
B 5 pg/mL
60 80 100 30 GC/MS
2 10 FB 4 FB
30
RSD, %
RSD
FB
GC/MS
1
0.996 FB
0.997
RSD  4.0% 0.999
80
80 3 90 10
FB 3
7
30
30

HS

GC/MS

30



1600000 / —A— methanol
1400000 + —A— MEK
//‘> —+— cyclohexane
1200000
+ —+— heptane
1000000 / —&— benzene
800000 /// —&FB( )
+
—A— propyl acetate
600000 A Propy
/ /% —©&— toluene
400000
200000 /X —%— 3-methyl-3-methoxybutanol
0 XX . . —&— cyclohexanone
50 60 70 80 90 100 110
2
60 80 100 30
30 10
A 50pg/mL B 5pag/mL 1
1000000 —A— methanol
—&— MEK
800000 —+— cyclohexane
—+—heptane
600000 —o—benzene
—&—FB

—A&—propyl acetate

400000 N — -
f’r A : —©—toluene
/A/r Nl . b
200000 e/é/‘/ —— ﬁ" —8—0-xylene
/*_*/* *\X —X— 3-methyl-3-methoxybutanol
0 . . . . . . \ . \ —&— cyclohexanone
0 10 20 30 40 50 60 70 80 90 100
80 3 90
30 10
A 50pg/mL B 5p1g/mL 1



5
No.l PET/AL/PE No.6 NY/PE No.19
KNY/PE No.26 /PE No.33 PP/PP

4 6
2.
1- -2-
3- -3-
3- -3-
3- -3-
4 No.33
No.33
3.
23

5
10
A 50 pg/g
3- -3- 500
ng/s B 10 pg/g
3- -3-
93.0 103.2
RSD 0.0 85
3- -3-
74.8 120.4 RSD 5.6 226
42
2 2-
| 2.5 ug/g
3 1.9 3.4 pgl/g
2.0 3.4 pg/g 3
3.9 14 pg/g |
0.70 pg/g 2 0.10
0.20 pg/g
0.10 pg/g
2
FB

FB



5.0

4.0

3.0

2.0

1.0

0.0

1.2

heptane

ethyl acetate

No.l1 PET/AL/PE A

1.0
2-propanol /A
0.8
/ 0.6
0.4
0.2
Ega/' : . : 0.0
0 20 40 60 80 100
g/mL
1.0
1-methoxy-2-propanol
0.8
0.6
0.4
0.2
0.0
100
g/mL
4
] -
[ ] No.19 KNY/PE
5 0.1g

30 6

FB

8 10

No.26

1.0 mL

0.16
3-methyl-3-metoxybutanol )
- //é
0.08 /
0.04 /
0.00 . . . .
0 20 40 60 80 100
jg/mL
1.0
toluene
0.8
0.6 /
0.4 /
0.2
0.0 Ba/ .
0 2 4 6 8 10
g/mL
No.6 NY/PE
/PE o No.33 PP/PP



No.1 No.6 No.19
PET/AL/PE NY/PE KNY/PE) /PE

RSD RSD RSD RSD RSD
methanol 100.8 0.9 101.3 0.7 102.2 0.3 97.3 0.7 102.9 1.0
ethanol 99.3 0.6 99.5 0.7 100.6 0.9 98.2 0.3 101.3 1.2
2-propanol 101.0 0.7 101.1 0.6 102.0 0.8 99.7 0.2 101.8 0.2
1-propanol 100.9 0.8 101.1 2.2 103.2 0.2 99.0 1.0 101.3 0.2
2-butanol 102.6 0.4 103.7 1.7 102.8 0.7 102.1 0.8 102.5 0.4
2-methyl-1-propanol 99.0 2.8 102.1 4.4 102.8 1.3 100.1 2.6 102.3 1.3
1-butanol 100.1 1.5 104.4 5.7 100.4 1.1 101.7 1.4 101.0 0.8
1-methoxy-2-propanol 100.6 0.4 102.6 4.1 101.1 1.5 100.4 1.3 100.4 1.4
2-methoxyethy acetate 97.5 5.5 101.0 8.5 98.0 4.9 97.6 1.0 96.6 2.4
2-ethoxyethyl acetate 100.9 3.0 101.1 7.3 101.4 1.3 98.0 4.4 98.9 3.1
3-methyl-3-methoxybutanol 120.4 13.1 93.8 10.5 116.6 5.6 84.1 22.6 74.8 6.2
cyclohexanone 99.9 2.7 99.3 6.4 97.8 1.7 98.2 2.0 98.4 0.3
acetone 101.0 0.0 100.0 1.0 100.0 1.0 98.7 0.6 101.3 1.5
methyl acetate 99.3 0.6 101.6 2.0 100.0 1.0 98.7 0.6 100.7 1.5
hexane 103.0 2.5 96.5 1.8 96.5 0.9 98.5 0.0 96.5 1.8
MEK 101.6 0.5 101.3 0.5 100.3 0.5 100.0 0.9 101.9 0.9
ethyl acetate 101.2 1.4 100.3 1.4 100.6 0.5 98.8 0.5 101.2 0.5
ethyl acetate 101.4 0.5 100.3 0.5 100.6 0.5 99.7 0.5 100.3 0.5
tetrahydrofran 99.0 1.0 98.4 1.5 99.0 0.0 98.0 1.0 99.0 1.0
cyclohexane 95.4 0.0 93.5 0.7 93.5 0.7 96.2 0.7 93.9 1.4
isopropyl acetate 100.3 1.9 100.6 0.5 100.0 1.9 100.0 0.9 100.0 0.9
heptane 96.3 0.7 93.0 1.4 93.4 1.2 97.4 0.7 93.0 1.8
benzene 100.0 0.0 99.4 0.6 101.0 0.9 101.0 0.0 101.0 0.9
propyl acetate 101.9 0.0 101.3 0.5 102.5 1.1 102.5 0.5 102.8 0.0
MIBK 101.2 1.4 102.8 1.6 99.7 1.1 99.7 1.1 99.1 2.5
isobutyl acetate 101.9 0.9 101.6 0.5 101.2 0.5 101.6 0.5 100.3 1.4
toluene 101.0 0.9 100.3 1.1 100.0 1.9 100.0 0.0 98.7 1.1
toluene 101.0 1.0 100.7 1.5 101.3 1.5 101.0 0.0 100.3 0.6
butyl acetate 101.9 0.9 101.9 0.9 99.7 2.1 98.5 0.5 99.7 1.4
m, p-xylene 99.7 0.5 100.0 2.4 96.3 1.0 96.6 0.5 95.4 1.0
o-xylene 100.0 0.9 102.5 2.6 96.6 2.0 95.4 0.0 93.5 1.7

n=3
FB
501g9/g 3-methyl-3-methoxybutanol 500p4g/g B 10pg/9g



2 No.21 31

5)

permitted daily
exposure PDE

2-
PDE 8.9 mg/day
50 mg/day
2 kg
0.006 mg/m*
No.16 17
1kg 600 cm®

6)

0.006x 600x 2/10,000=0.00072
mg PDE  1/12,000
2-

No.36 1.1

mg/cm’

0.13 mg PDE  1/380
PDE
30
DMF
GC/MS
42
6 5
1)
80 2
80-89 2007
2)
1999

3) Eiceman GA and Karasek FW:
Identification of residual organic
compounds in food packages, Journal of
Chromatography, 210, 93-103 (1981)

4)

2015
p.635-636, 682-683 2015



5 10 3 30 14 January 2011 on plastic materials and
307 articles intended to come into contact

6 Commission regulation (EC) No 10/2011 of with food (2011)



