
 
R5 7  

 
 

 

 

 

 
 

 
 

 

 

VC
5 mL VC

GC-MS 4 200 μg/L 40 2000 
μg/L 0.9999

96% VC

DME
VC

VC

 
VOCs

6
34

MeOH TCE PCE
MeOH PCE 2

MeOH 5% PCE 0.1% Registration, 
Evaluation, Authorisation and Restriction of Chemicals REACH 1,1-
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DCM CYH
BEN TOL 1,1,2- 1,4-

1,2,4- DCM
3 CYH 2 TOL

3 0.1% MeOH PCE DCM CYH
TOL

EN71-11 2005
DCM n- HEX BEN TCE TOL EB

XYL CHO 1,3,5- 1,3,5-TMB
NB IP

GC-MS 23 96 BEN TOL
EB XYL CHO IP 200 ng

BEN 1 REACH TOL EB
XYL CHO IP EN71-11 2005

BEN VOCs EN71

μg/m3  
6

EO
EO
GC-MS VF-WAXms ZB-1 PoraBOND Q

EO AA MeOH
ZB-1 PoraBOND Q EO AA MeOH

VF-WAXms EO AA AA EO
VF-WAXms

EO

EO 2-CE
2-CE EO

 

 
A.  

VC

1 VC VC
2, 3)
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VC

 
VOCs

MeOH
TCE PCE

1

VOCs

MeOH TCE PCE
Registration, Evaluation, 

Authorisation and Restriction of Chemicals 
REACH 4 VOCs 9

6

EN71-95 VOCs

 

6

6)

9
7)

EO

 
 

B.  
B1.  
B1-1. VC  

1
500 g VC 10 mg

A 5 mg B 1 mg
C
50 g DME 50 g

 
MeOH PCB

5000 DMSO

VC
2000 μg/ml

VC-d3

1000 μg/ml
99.99  

CP-

PoraBOND Q PT

50 m 0.32 mm 5 μm

1L GL

CEK-1 2

 

 

B1-2. VOC  
2023 2024

10 8
11 5

34 2  
MeOH TCE PCE

analytical Standard
1,1- 1,1-DCE

DCM CLF
CYH BEN

TOL 1,1,2-
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1,1,2-TCE 1,2,4-
1,2,4-TCB AccuStandard 2.0 

mg/mL MeOH 1,4-
1,4-DCB 1 mg/mL

MeOH
MeOH-d3 TCE-d 

Cambridge Isotope Laboratories BEN-
d6 99.6 atom%D TOL-d8

99.5%

PCB 300
EL

Rxi-624Sil MS (60 m × 0.32 mm
1.8 μm)  

 
B1-3. VOC  

2024 6
23
EN71-95

4

0.5 m2

Cat.1 6
Cat. 2 5

Cat. 3 5
Cat. 4 7 23
3  

DCM n- HEX
BEN TCE TOL EB
o- XYL m-XYL p-XYL
1,3,5- 1,3,5-TMB
AccuStandard 2000 μg/mL MeOH

CHO
NB IP

AccuStandard 1000 μg/mL MeOH
TOL-d8

99.5% IP-d8 CDN 
Isotopes 99.4%-d8 MeOH

PCB 5000
EL

Rxi-624Sil 
MS (60 m × 0.32 mm 1.8 μm)

 
 
B1-4. EO  

EO Supelco g/mL DMSO
2-CE

Supelco 20 g/mL MeOH
AA AccuStandard

1000 μg/mL MeOH

Milli-Q Integral MT

18.2 M cm  
VF-WAXms 60 m

0.32 mm 0.50 μm ZB-1 60 
m 0.32 mm 1.00 μm
PoraBOND Q

50 m 0.32 mm 5 μm
 

 
B2.  

GC-
MS 5977B

S-trap HS  
 
B3.  
B3-1. VC  

25 2
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1-a 100 mL/

VC-d31000 μg/mL 5 μL
1 20 200

2000 μg/ml VC 1 2.5 5 
μL 1
DMSO 25 mL DMSO 5 
mL GC-MS 4

5 
mL 4
2000 μg/L  

2 kPa
125 mL VC 2000 μg/mL

10 μL

VC 160 μg/L  
1-a 100 mL/

5 μL
1

5 mL 3 mL

DMSO 25 mL
DMSO 5 mL

40 100 200 μg/L
3  

1-b 100 mL
1 L

1-
a 100 mL/

5 μL
1

5 mL
3 mL

1 DMSO 25 
mL DMSO 5 mL

4 10 20 40 μg/L
4  

 
B3-2. VOCs  

MeOH TCE PCE
8

ISTD
MeOH 0.25% TCE

PCE 0.005%  
1,1-DCE 9
9

GC-MS 5

20 mL
5 mL BEN-d6 TOL-d8

2 μg/mL 50 μL 0.01
10 μg/mL

1 mL PTFE
0.50 g
10 mL

1 mL
1,1-DCE DCM CLF CYH

BEN BEN-d6

TOL 1,1,2-TCE 1,4-DCB 1,2,4-
TCB TOL-d8

1,1-DCE
DCM CLF BEN TOL 1,4-DCB
1,2,4-TCB 0.2 μg/g 0.01 
μg/mL CYH 1,1,2-TCE 1 μg/g
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0.05 μg/mL

0.01 0.5 
μg/mL CYH 1,1,2-TCE 0.05 0.5 
μg/mL 0.5 10 μg/mL 2

 
 
B3-3. VOC  

GC-MS BS 
EN 71-11:200510 Annex A A.2 Static 
headspace - GC/MS – method
6  

EN71-11
TOL-d8

20 μg/mL MeOH 10 μL
2 μg/mL MeOH

5 10 25 μL 20 μg/mL
5 10 25 50 μL
PTFE

5
 

TOL-d8 IP-d8 20 
μg/mL EL 5 μL 0.1 40 
μg/mL EL 5 μL

PTFE
DME HEX BEN TCE TOL

EB XYL 1,3,5-TMB CHO TOL-
d8 NB IP IP-d8

ISTD  
100 mg TOL-

d8 IP-d8 20 μg/mL EL
5 μL PTFE

 
BEN

0.3 0.7 g
B3-2. VOCs

 
 
B3-4. EO  

5 
mL EO 500 μg/mL AA 1000 μg/mL
2-CE 2000 μg/mL
5 μg/mL 10 μg/mL

PTFE
80 30

1 mL
GC-MS 7  
 
C.  
C1. VC  
C1-1.  

4 200 μg/L 40 2000 μg/L 2

0.9999
2  

VC160 μg/L 6
1-a DMSO

5 mL
5

29% 8
5

155.7 μg/L 4.8%
97%

 
5 mL

8
153.9 μg/L
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5.1% 96%
8  

96%

 
 
C1-2.  

A B C 4

A
24.6 μg/L 7.2% B 13.7 μg/L

0.78% C 3.01
7.0% 9

DME

 

VC μg/L
DME 25 4450 

mmHg11) 760 mmHg

 
 VC  (μg/L)=  ( )  × ( ) ×  

 
DMEMW DME 46.07 g/mol11)

V 1 mol 25 24.45 
L DME 50 g VC A 1000 
μg B 500 μg C 100 μg

VC A 37.7 μg/L

B 18.8 μg/L C 3.77 μg/L

A 65 B
73% C 80%
VC VC
25 2980 mmHg12)

25 DME

 

231 mmHg13)

VC

 
 
C2. VOC  

34 MeOH 3 PCE 2
1,1-DCE 4 DCM 15

CLF 6 CYH 8 BEN 9
TOL 24 1,1,2-TCE 2

1,4-DCB 1
10 TCE 1,2,4-

TCB
 

MeOH PCE

MeOH
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1 7.7% PCE
2 74% 49%

MeOH PCE
14 2001

PCE
PCE

20
MeOH

PCE

 
1,1-DCE DCM CLF CYH BEN TOL
1,1,2-TCE 1,4-DCB REACH

0.1%
DCM

3
5.8% 84% 82% CYH

2 17%
29% TOL

3 0.13% 0.2%
30%

0.1%
DCM

CYH TOL

 
 
C3. VOCs  
C-2-1.  

EN 71-11:2005
10 1000 ng ISTD

ESTD 3
m- p-XYL

DCM HEX

BEN TCE TOL EB m, p- o-XYL
ESTD

TOL-d8 ISTD
0.998

CHO 1,3,5-TMB NB IP ESTD
TOL-d8 ISTD

CHO NB
IP 25 μL

5
80

CHO 1,3,5-
TMB NB IP IP

EN 71-
11:2005

90
MeOH

 
EL

NB IP
IP

DME HEX BEN TCE TOL EB
XYL 1,3,5-TMB 0.5

200 ng CHO 5 200 ng NB IP
20 200 ng 0.999

4  
 
C-2-2. VOCs  

23 96
NB

11
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BEN TOL EB XYL CHO IP
200 ng 2 g/g

 
BEN REACH

5 g/g
Cat. 4

2 No. 17 19 3 2 
g/g BEN

No. 19
35 μg/g REACH

 
EN 71-11:2005 BEN VOCs

1 g μg/g

μg/m3 EN 71-9:2005
μg/m3

EN 71-11:2005
1 g

μg/g

μg/m3 VOCs
μg/g 12

Cat. 1 Cat. 2
Cat. 3

Cat. 1 BEN EB
XYL CHO IP CHO

Cat. 1 No. 1 6
0.25 

μg/g IP
No. 5

2 μg/g
5 μg/g

No. 1
6 IP %

 
Cat. 2 DCM HEX BEN TOL EB
XYL 1,3,5-TMB CHO IP

CHO Cat. 2 No. 7 11

0.1 μg/g No. 8
11 %

TOL No. 
7 No. 8 No. 9

0.1 μg/g EB No. 
7 No. 8 XYL No.7

No. 8 No. 11
IP No. 7

No. 9 No. 10 No. 11
0.5 μg/g

 
Cat. 3 DCM BEN TCE TOL XYL
CHO IP CHO

No. 12 13 15
0.5 μg/g  

μg/m3

3

IP

 
 
C4. EO  
C4-1. 
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EO

2-CE 15)

16) EO 2-CE
EO

EO 2-CE
 

EO
N,N-

GC
16)

17)

GC

18)

GC-MS
 

AA MeOH 
EO AA

MeOH
EO AA

5
GC EO AA MeOH

 

6% - 
94% USP Phase 
G43 EO
MeOH

19) VF-WAXms
USP Phase 

G16 ZB-1 100% 

USP Phase G2
PoraBOND Q

ZB-1
PoraBOND Q EO AA MeOH

VF-WAXms EO
AA 6 EO
AA

VF-WAXms EO

 
 
C4-2.  

EO
EO 2-CE 2-CE

2-CE EO

EO
2-CE 2-

CE
EO EO

2-CE
15) EO 2-CE

EO
2-CE

2-CE EO

2-CE
EO

20) 2-CE
EO

100



 
 
D.  

VC

VC

5.1% 96%
VC

VC
A 37.7 μg/L B 18.8 

μg/L C 3.77 μg/L

A 24.6 μg/L 7.2% B
13.7 μg/L 0.78% C 3.01 μg/L

7.0%

DME

VC

VC

 
VOCs

MeOH 1 7.7% PCE
2 74% 49%

REACH
0.1% DCM

3 5.8% 84% 82% CYH
2

17% 29% TOL
3 0.13%

0.2% 30% MeOH PCE
DCM CYH TOL

 
VOCs

23 96

BEN TOL EB XYL
CHO IP
200 ng g/g EB
XYL CHO IP EN71-11 2005

BEN
REACH g/g

1
TOL EB XYL CHO IP EN71-
11 2005

BEN VOCs EN71
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EO

GC-
MS

ZB-1 PoraBOND Q AA
VF-

WAXms  EO  AA 

EO
2-CE

2-CE
EO

 
 
E.  
E.1  
1     

: 

60

 (2023. 

11) 

2     

: 

—

— 61

 (2024. 11) 

3     

 : 

VOCs

121  

(2025.10) 

4     : 

62  

(2025. 11) 

5     : 

146  

(2026.3) 

 
F.  

1.  
 

2.  
 

3.  
 

 
G.  
1) 

 
2) Naeko Sugaya, Kaoru Inoue, Maiko 

Tahara, Tsuyoshi Kawakami: Analysis 
and risk assessment of vinyl chloride 
emitted from aerosol products, J. Environ. 
Sci. Health A, 58, 284–294, 2023. 

3)   : 
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20KD2001 R2 4

13–37 2023 
4) REGULATION (EC) No 1907/2006 OF 

THE EUROPEAN PARLIAMENT AND 
OF THE COUNCIL of 18 December 
2006 concerning the Registration, 
Evaluation, Authorisation and Restriction 
of Chemicals (REACH), establishing a 
European Chemicals Agency, amending 
Directive 1999/45/EC and repealing 
Council Regulation (EEC) No 793/93 
and Commission Regulation (EC) No 
1488/94 as well as Council Directive 
76/769/EEC and Commission Directives 
91/155/EEC, 93/67/EEC, 93/105/EC and 
2000/21/EC 

5) British Standards Institution, BS EN71-9: 
2005 +A1:2007, Safety of toys—Part 9: 
Organic chemical compounds—
Requirements 

6) 
: 

6 7 1 . 
https://www.mhlw.go.jp/content/111200
00/001317561.pdf. Accessed Mar. 13, 
2026. 

7) 
: 

. 
https://www.mhlw.go.jp/content/111200
00/001317560.pdf. Accessed Mar. 13, 
2026. 

8) 0404

 
https://www.mhlw.go.jp/content/111200
00/001317751.pdf, Accessed Mar. 13, 
2026. 

9) 
2.46 p53

https://www.mhlw.go.jp/content/111200
00/000788359.pdf, Accessed Mar. 13, 
2026. 

10) British Standards Institution, BS EN71-
11: 2005, Safety of toys—Part 11: 
Organic chemical compounds—Methods 
of analysis 

11) National Center for Biotechnology 
Information. PubChem Compound 
Summary for CID 8254, Dimethyl Ether. 
https://pubchem.ncbi.nlm.nih.gov/comp
ound/Dimethyl-Ether. Accessed Mar. 13, 
2026. 

12) National Center for Biotechnology 
Information. PubChem Compound 
Summary for CID 6338, Vinyl Chloride. 
https://pubchem.ncbi.nlm.nih.gov/comp
ound/Vinyl-Chloride. Accessed Mar. 13, 
2026. 
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Information. PubChem Compound 
Summary for CID 180, Acetone. 
https://pubchem.ncbi.nlm.nih.gov/comp
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52 217–220 2001 
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Chemistry of Ethylene Oxide: V. The 
Reaction of Ethylene Oxide with Halide 
Ion in Neutral and Acid Solution, 
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30, 3, 169-227. 
https://doi.org/10.1139/v52-025 
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18) Tyler C. Huang, Gaosheng Chu, Sushma 
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investigations for polyethylene glycol, 
Journal of Pharmaceutical and 
Biomedical Analysis, 2023, 235, 
115613. 
https://doi.org/10.1016/j.jpba.2023.1156
13 

19) Jason Hoisington, Jason S. Herrington: 
Rapid Determination of Ethylene Oxide 
and 75 VOCs in Ambient Air with 
Canister Sampling and Associated 
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35 

20) C. Gardner Swain, Arthur D. Ketley, 
Richard F. W. Bader: The Mechanism of 
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1 VC  

 

w/w%  

g/mL  500 g

g  

mL  

 90 0.79 450 571.1 

 0.8 0.79 4 5.00 

 1.0 0.80 5 6.24 

 1.0 0.87 5 5.75 

n-  1.0 0.88 5 5.67 

 1.0 0.90 5 5.56 

 1.0 0.81 5 6.21 

 1.0 0.79 5 6.34 

1-  1.0 0.81 5 6.21 

2-  1.0 0.79 5 6.37 

1-  1.0 0.81 5 6.17 

 0.1 0.77 0.5 0.65 

 0.1 0.80 0.5 0.62 
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2  
No.    

-1  70 mL  

-2 Reed diffuser 140 mL  

-3  400 mL  

-4  6.3 mL  

-5  50 mL  

-6  160 mL  

-7  210 mL  

-8  220 mL  

-9  80 mL  

-10 Reed diffuser 200 mL  

-1  50 g 66% 34% 
 

-2  100 g  

-3  100 g  

-4  10 mL 100%  

-5  100 g 29% 71%
 

-6  25 mL 16% 9%
75%

 

-7  51 mL 96% 4%  

-8  20 mL 20% 25% 55%
 

-1  0.7 L  

-2  200 mL  

-3  0.2 L  

-4  0.7 L  

-5  0.7 L  

-6  10 mL  

-7  18 mL  

-8  18 mL  

-9  10 mL  

-10  10 mL  

-11  10 mL  

-1  100 mL  

-2  400 mL 83% 5~10%  

-3  250 mL  

-4  63 g  

-5  70 mL  
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3  
No. EN71-9   

1 Cat. 1  

0.5 m2

 

 

2  

3  

4  

5  

6  

7 Cat. 2  

 

 

8  

9  

10  

11  

12 Cat. 3  

 

 

13  

14  

15  

16  

17 Cat. 4  

 

 

18  

19  

20  

21  

22  

23  
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4 VC  
 

 

 30 30  

  (1 mL) 

 100 190  

GC-MS 
 

 50  (2 ) 10 / 250  (5 ) 

 200  (1 5) 

 2 mL/min ( ) 

 EI 70 eV 

 200 230  

 VC: m/z 62 ( ) m/z 64 ( ) 

VC-d3: m/z 67 ( )  m/z 65 ( ) 

 
 
 

5 1,1-DCE 9  
 

 

 30 30  

  (1 mL) 

 200 200  

GC-MS 
 

 35  (5 ) 5 / 170  20 / 240  (5 ) 

 200  (1 5) 

 2 mL/min ( ) 

 EI 70 eV 

 200 230  

 SCAN (m/z 30–250) 
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6 VOCs  
  

 90 45  

  (1 mL) 

 220 220  

GC-MS  

 35  (5 ) 5 / 170 20 / 240  (5 ) 

 235 1 5  

 2 mL/min ( ) 

 EI 70 eV 

 240 230  

 SIM 

 
 
 

7 EO  
 

 

 80 30  

 1 mL  

 

 

100  

190  

 
 

 (VF-WAXms ZB-1) 

 (PoraBOND Q) 

35  (5 )  20  00  (5 ) 

80 2  50  50 ) 

 200  (1 5) 

 2 mL/min  

 EI 70 eV 

 

 

200  

230  

 SCAN m/z 20–300  
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8  

 

  

 (μg/L)  (%)  (μg/L)  (%) 

1  164.7 103 150.5 94 

2  166.5 104 165.1 103 

3  149.6 94 158.7 99 

4  154.7 97 146.1 91 

5  153.1 96 46.9 29 

6  144.7 90 158.1 99 

7  148.2 93   

8  149.8 94   

 153.9 96 137.6 86 

 ( n-1) 7.83  44.93  
 (%) 5.1  32.7  
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9  
  (μg/L) 

A-1 24.7 

A-2 24.5 

A-3 26.8 

A-4 22.4 

 24.6 

 1.77 

 (%) 7.2 

B-1 13.6 

B-2 13.8 

B-3 13.7 

B-4 13.8 

 13.7 

 0.107 

 (%) 0.78 

C-1 2.87 

C-2 3.18 

C-3 3.20 

C-4 2.79 

 3.01 

 0.212 

 (%) 7.0 
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10
V

O
C

s
 

N
o.

 
M

eO
H

*1
 

PC
E*1

 
1,

1-
D

C
E*2

 
D

C
M

*2
 

C
LF

*2
 

C
Y

H
*2

 
B

EN
*2

 
TO

L*2
 

1,
1,

2-
TC

E*2
 

1,
4-

D
C

B
*2

 

-1
 

*3
 

 
 

 
 

 
 

 
 

 

-2
 

 
 

 
 

 
 

 
 

 
 

-3
 

 
 

 
 

 
 

 
 

 
 

-4
 

 
 

 
 

 
 

 
0.

33
 μ

g/
g 

 
 

-5
 

 
 

 
 

 
 

 
0.

57
 μ

g/
g 

 
 

-6
 

 
 

 
0.

59
 μ

g/
g 

 
 

 
 

 
 

-7
 

 
 

 
 

 
 

 
 

 
 

-8
 

 
 

 
 

 
 

 
 

 
 

-9
 

 
 

 
 

 
 

0.
21

 μ
g/

g 
 

 
 

-1
0 

 
 

 
 

 
 

0.
19

 μ
g/

g 
 

 
 

-1
 

 
 

 
4.

0 
μg

/g
 

 
9.

3 
μg

/g
 

 
16

 μ
g/

g 
 

 

-2
 

 
74

%
 

0.
38

 μ
g/

g 
0.

60
 μ

g/
g 

2.
1 
μg

/g
 

 
0.

93
 μ

g/
g 

13
00

 μ
g/

g 
(0

.1
3%

) 
16

 μ
g/

g 
 

-3
 

 
49

%
 

0.
25

 μ
g/

g 
2.

4 
μg

/g
 

1.
7 
μg

/g
 

 
0.

23
 μ

g/
g 

45
0 
μg

/g
 

15
 μ

g/
g 

 

-4
 

4.
1%

 
 

 
 

 
 

 
0.

28
 μ
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g 

 
 

-5
 

 
 

 
32

 μ
g/

g 
 

65
 μ
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g 

0.
20

 μ
g/

g 
20

00
 μ

g/
g 

(0
.2

0%
) 

 
 

-6
 

 
 

 
58

00
0 
μg

/g
 (5

.8
%

) 
0.

43
 μ

g/
g 

17
00

00
 μ

g/
g 

(1
7%

) 
17

 μ
g/

g 
30

00
00

 μ
g/

g 
(3

0%
) 

 
 

-7
 

1.
7%

 
 

 
 

 
 

0.
62

 μ
g/

g 
7.

3 
μg

/g
 

 
0.

36
 μ
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g 

-8
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00
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9%
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1.

4 
μg

/g
 

 
 

-2
 

 
 

 
0.

49
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-4
 

 
 

 
 

 
 

 
0.

31
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-5
 

 
 

 
 

 
 

 
1.

3 
μg
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-6
 

 
 

 
0.

25
 μ

g/
g 

 
2.

8 
μg
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0.
29
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g 
30

 μ
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g 
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M
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*1
 

PC
E*1

 
1,

1-
D

C
E*2

 
D

C
M

*2
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-7
 

 
 

 
 

 
 

 
40

0 
μg
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-8
 

 
 

 
 

 
 

 
16
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g 
 

 

-9
 

 
 

 
0.

28
 μ
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g 

 
 

 
12

 μ
g/

g 
 

 

-1
0 

 
 

 
0.

40
 μ

g/
g 

 
 

 
5.

5 
μg

/g
 

 
 

-1
1 

 
 

 
1.

0 
μg
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1.

1 
μg

/g
 

48
 μ

g/
g 

13
0 
μg

/g
 

 
 

-1
 

 
 

 
 

 
 

 
28
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g/

g 
 

 

-2
 

7.
7%

 
 

71
 μ

g/
g 

84
00

00
 μ

g/
g 

(8
4%

) 
14

0 
μg

/g
 

 
 

5.
2 
μg

/g
 

 
 

-3
 

 
 

3.
4 
μg

/g
 

82
00

00
 μ

g/
g 

(8
2%

) 
7.

2 
μg

/g
 

 
 

 
 

 

-4
 

 
 

 
10
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g 
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g/
g 

 
8.

2 
μg

/g
 

 
 

-5
 

 
 

 
2.

4 
μg

/g
 

 
 

 
2.

1 
μg

/g
 

 
 

*1
 1

*2
 2

*3
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11
V
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12 EN71 11:2005  

 
μg/g  

   

BEN    

TOL 1 0.1 2 

EB 5 0.5 10 

m-, p-XYL 
5 0.5 10 

o-XYL 

1,3,5-TMB 1 0.1 2 

TCE 0.1 0.05 0.2 

DCM 0.1 0.05 0.2 

HEX 10 1 20 

NB 0.2 0.2 0.2 

CHO 0.25 0.1 0.5 

IP 5 0.5 10 
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1 VC  

(a) (b)  
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2 VC  
a 4 200 μg/L b 40 200 μg/L 
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3 EN71-11: 2005 VOCs  
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