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A.  

1)

21

1)

58
17

2)  
1-

APO
1

40

1)

53 1 1
40

GC-FPD
3)

GC-MS

2)

GC
GC-MS

4)  

APO
APO

 
 
B.  
B1.  

5
2

6 ~  
 

B2.  
APO Santa Cruz Biotechnology APO-

d12 Toronto Research Chemicals

Acenaphthene-d10 Ace-d10

Triethylphosphate-d15

TEP-d15 C/D/N isotope

Waters Sep-Pak®

Plus Long cartridge 910 mg 50–

m

 
APO 2 mg

10 mL
2 g/mL

0.5 mL 10 mL
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APO
1 g/mL APO-d12 1 

mg 10 
mL

100 μg/mL 0.4 mL
10 mL

4 
g/mL Ace-d10 TEP-d15

10 mg

10 mL

1000 μg/mL

0.1 mL 10 mL

2 mL  5 mL

4 g/mL

 
 
B3.  

APO

1)

OEKO-TEX® STANDARD 100
APO 10 

g/g 5)

ISO
ISO 17881-

2 APO
g/g 6)

APO
2 0.5 g/g g/g  

100% A
50%

50% B 2

0.5 g

0.5 g APO
L g/g L 1.0 

g/g
30

4
 

 
B4.  

1

0.5 g 100 mL

APO-d12 100 μg/mL 20 

μL 25 mL

30

100 mL

5 mL 2

5 mL

5 mL

1 mL

5 mL 1 mL

10 mL  

10 mL 1.0 

mL 10 

mL Sep-Pak

5 mL

10 mL

1 mL

5 mL
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1 mL

0.3 mL

1.0 mL

25 L GC-MS

 

APO
APO

1 5 30

A B
50%

50%  
 
B5. GC-MS  

GC-MS 1
 

GC  
5%

30m 0.25mm 0.25 
m Agilent HP-5MS UI  

40 2 20 /
180 10 / 300 10  

250  
 

1~2 L 
1.0 mL/

 
 
MS  

EI 70eV  
280  

 280  
 [m/z] 

APO  131  90 
APO-d12  139  95 
Ace-d10  164  162 
TEP-d15  167   103 

 
B6.  

APO 0.01
1 μg/mL

APO-d12

Ace-d10 TEP-d15

 
 
C.  

APO
40

APO -O-
CH2CH2-NH-

7)

APO

A B 1
30

2 B

APO

A B
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30  
GC-MS

g/g

[m/z 90]

GC-MS

3

4  

APO-d12

APO Ace-d10

4)

APO
GC

GC

%
8,9)

APO

triethylphosphate

TEP-d15  

10) 70 120%
10% 15%

5
4

 
4

APO-d12

2 Ace-d10

TEP-d15

3
4

5
APO-d12

APO-d12

5
% RSDr

RSDR 6
 

APO-d12

70 120%
5 Ace-

d10

120%

A 1 μg/g B
70% 5

g/g
0.01 g/mL

3
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TEP-d15

Ace-d10 120%
70 120%

5
Ace-d10

TEP-d15 APO

Ace-d10

4
APO

APO
11)

APO

APO

GC-MS
APO

50%
5

APO
APO

 
APO-d12 RSDr

A 0.5 μg/g

B 0.5 μg/g
1 μg/g B

0.5 μg/g 10%
6
RSDr

1 g/g

Ace-d10

 

Q&A12)

RSDR

RSDR 6

APO

APO-d12

RSDr 3.3 6.3%

40%
APO-d12

15%

TEP-d15 0.5 g/g

 
APO

GC
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APO

TEP-
d15  

4) GC-MS
APO

APO

APO-d12

B 0.5 
g/g

APO APO-d12

GC

1 g/g

 
ISO 17881-2 APO

2,3-
TDBPP

- LC-MS
6)

2,3-
BDBPP 3

LC-MS
13)

GC

LC-MS

 
 
D.  

APO
2 APO

2 0.5 g/g g/g
6

GC
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1. APO  

 

0.5 g

25 mL 70 30

5 mL 5 mL

1.0 mL SeP-Pak *

4 /mL 25 μL

10 L

0.3 mL 1 mL

GC-MS

1 mL 5 mL

1 mL 10 mL

* 10mL
10 mL5 mL

1 mL 5 mL

1 mL

APO 10 /mL
25 0.5 /g 50 μL 1 /g

30

g/mL 20 μL

5 mL 2

P

O

NN

N

APO
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2. APO %  

n=3  
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4.  
TEP-d15: 0.1 μg/mL APO-d12: 0.2 μg/mL APO:1 μg/mL Ace-d10: 0.1 μg/mL  
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5. APO %  
[n=4 *n=3 70 120% ] 
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 1. GC-MS
Lab.1 Lab.2 Lab.3

Gas chromatograph Trace 1310
(Thermofisher Scientific)

8890
(Agilent technologies)

Nexis GC-2030
(Shimadzu)

Injector temperature 250 230 250

Injection mode Splitless Pulsed splitless
(25 psi, 1min) Splitless

Injection volume

Column
HP-5MS UI

30 m×0.25 mm, 0.25 μm
(Agilent)

HP-5MS UI
30 m×0.25 mm, 0.25 μm

(Agilent)

HP-5MS UI or DB-5MS
30 m×0.25 mm, 0.25 μm

(Agilent)

Oven program
40 (2 min hold)-20 /min-180 -

10 /min-300 (10 min hold)
40 (2 min hold)-20 /min-180 -

10 /min-300 (10 min hold)
40 (2 min hold)-20 /min-180 -

10 /min-300 (10 min hold)

Carrier gas He (1 mL/min)
Constant flow

He (1 mL/min)
Constant flow

He (1 mL/min)
Constant flow

Mass spectrometer ISQ 7000
(Thermofisher Scientific)

7000D
(Agilent technologies)

GCMS-TQ8040NX
(Shimadzu)

Transfer line temperature 280 280 280
Ion source temperature 250 280 280

Ionization EI (70 eV) EI (70 eV) EI (70 eV)
Lab.4 Lab.5 Lab.6

Gas chromatograph 7890B
(Agilent technologies)

7890B
(Agilent technologies)

QP-2010 Plus
(Shimadzu)

Injector temperature 250 250 250

Injection mode Pulsed splitless
(30 psi, 1min) Splitless Splitless

Injection volume

Column
HP-5MS UI

30 m×0.25 mm, 0.25 μm
(Agilent)

DB-5MS UI
30 m×0.25 mm, 0.25 μm

(Agilent)

HP-5MS UI
30 m×0.25 mm, 0.25 μm

(Agilent)

Oven program
40 (2 min hold)-20 /min-180 -

10 /min-300 (10 min hold)
40 (2 min hold)-20 /min-180 -

10 /min-300 (10 min hold)
40 (2 min hold)-20 /min-180 -

10 /min-300 (10 min hold)

Carrier gas He (1 mL/min)
Constant flow

He (1 mL/min)
Constant flow

He (Linear velocity: 36.1cm/sec)
Constant pressure

Mass spectrometer 5977A
(Agilent technologies)

5977B
(Agilent technologies)

QP-2010 Ultra
(Shimadzu)

Transfer line temperature 280 280 280
Ion source temperature 230 280 250

Ionization EI (70 eV) EI (70 eV) EI (70 eV)
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5. 

Lab.1 Lab.2 Lab.3 Lab.4 Lab.5 Lab.6

211 59 78 43 99 70

180 220 123 84 97 69

220 114 113 45 61 88

225 97 103 45 64 78

160 182 104 40 70 131

150 205 124 38 73 88

165 236 96 40 88 112

190 182 90 41 43 68

168 137 119 53 64 64

200 95 101 56 33 66

182 71 124 56 58 77

186 60 148 48 53 61

170 291 83 53 39 107

148 285 93 42 85 96

141 139 109 50 67 90

181 174 91 63 46 132

Sample B

Sample A

6. RSDr  RSDR)
RSDr (%) RSDR(%)

Lab.1 Lab.2 Lab.3 Lab.4 Lab.5 Lab.6 5 Laboratoriesa

0.5 μg/g 4.4 4.6 4.0 23 3.6 6.8 8.7
1 μg/g 3.1 6.1 6.4 8.8 3.3 4.9 7.0

0.5 μg/g 1.9 9.5 3.6 14 6.3 12 9.2
1 μg/g 8.4 8.7 4.2 13 5.5 4.4 11

0.5 μg/g 1.8 28 13 n.c.b 17 4.1 38
1 μg/g 5.2 13 2.0 16 19 15 32

0.5 μg/g 5.2 27 14 n.c. 16 10 35
1 μg/g 8.1 24 5.4 7.5 25 4.6 35

0.5 μg/g 2.1 14 12 n.c. 15 4.0 13
1 μg/g 4.9 7.3 3.6 11 18 15 24

0.5 μg/g 5.5 9.0 12 n.c. 13 11 16
1 μg/g 6.0 19 5.1 10 21 5.1 23

a RSDR are calculated with data from 5 laboratories except Lab.4.
b not calculated

TEP-d15

Sample A

Sample B

APO-d12

Sample A

Sample B

Ace-d10

Sample A

Sample B
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