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20

(As At) E 1000
C =

v V 298 / (273 t) P / 101.3

C 25 ( g/m3)
As (ng)
At (ng)

E (mL)
v ( L)
V (L)
t ( )

( )
P (kPa) (P Pw)

Pw t ( ) (kPa)

[ (As A) (E / v) / {V (298 / 273 t) P / 101.3} ] 1000

(As A) (E / v)

( g)
(E / v)

V (298 / 273 t) P / 101.3
25 (L)

25

1000
1000 (L m3)
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v (mL) 100 22.4 (273 t) / 273M
M t 100 mg

v ( L) 100 / 100 mg

ppm ( L/L) ( g/L)
273M /{22.4 (273 t)} M t

mg/m3 ppm 
ppm mg/m3 24.45 / (25°C)

ppm 

(A: ng)
(As At) A

( )

= 3 ( g/m3)
= 10 ( g/m3)

t = 25 P = 101.3
V

1/10 
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( )
(%)

(kPa)
5 mL 5000 L
5 25
20 L

(6:4)
1.0 mL/min mL/min

mm cm

UV 360 nm                                  
                            

     (As A) D E 1000     
v V (298 / 273 t) P / 101.3

g
g
g
g
g

or

or

or

N.D. N.D.
        g/m3         g/m3         g/m3
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or

or

N.D. N.D.
        g/m3         g/m3         g/m3
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   (As At) E 1000 
v V (298 / 273 t) P / 101.3

g
g
g
g
g

or

or

or

N.D. N.D.
        g/m3         g/m3         g/m3

(As At) E 1000     
v V (298 / 273 t) P / 101.3

g
g
g
g
g

or

or

or

N.D. N.D.
        g/m3         g/m3         g/m3
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(L)
( )
(%)

(kPa)

1.0 mL/min mL/min
m m m

MS

                            

   (As At) 1000     
V (298 / 273 t) P / 101.3

g
g
g
g
g

or

or

or

N.D. N.D.
        g/m3         g/m3         g/m3
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   (As At) 1000         
V (298 / 273 t) P / 101.3

g
g
g
g
g

or

or

or

N.D. N.D.
        g/m3         g/m3         g/m3

                            

   (As At) 1000    
V (295 / 273 t) P / 101.3

g
g
g
g
g

or

or

or

N.D. N.D.
        g/m3         g/m3         g/m3
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1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
1 1 1
2 2 2
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HPLC

2,4- (DNPH)

HPLC

-2,4- -2,4-
98

(100 mL) -2,4- 70.0 mg
100 mL 1 mL 100 g

(100 mL) -2,4- 50.9 mg
100 mL 1 mL 100 g

(1 mL) (10 mL)
10 1 mL 10 g
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100 L

10 100 L

2 mL

DNPH

20 1000 mL/min
10

20 1000 mL/min
24
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3 5 mm 150 250 mm (ODS)
3.5 10 m

360 nm

HPLC
4.6 mm 150 mm ODS

5 m
40
A: B: 
60% B (0 14 min), 60 80% B (14 27 min), 100% B (27 30 min)
1.0 mL/min
20 L
360 nm
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1 L/min 30

100 mL/min
24

HPLC

1 mL
5 mL

5 mL

HPLC 360 nm

2,4-

HPLC 360 nm
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(As: g/mL)

(At: g/mL)

(As At) D E 1000     
                         V 298 / (273 t) P / 101.3

C 25 ( g/m3)
As ( g/mL)
At ( g/mL)

D
E (mL)
V (L)
t ( )

( )
P (kPa) (P Pw)

Pw t (°C) (kPa)

25 2,3)

C’ C 1.09 (25 t) 100/ (50 rh)

C’ 25 ( g/m3)
C ( g/m3)
t

rh

C =
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25 50%
4)

25

2,4-

trans-1,2- 2-
(BPE) DNPH

2,4-

10 10
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4

2,4-

2,4-
70 130%

2,4-
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o- m- p-

(GC-MS)

o- m- p-
98% JIS

(100 mL) 100 mg 100 mL
1 mL 1000 g

(1 mL) (10 mL)
10 1 mL 100 g

-d8 98% JIS

(100 mL) 100 mg 100 mL
1mL 1000 g

-d8 98%
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(100 mL) 100 mg 100 mL
1 mL 1000 g

5 10 mL

1 10 L 10 100 L

7, 8)

3 4 mm 150 mg
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100 1000 mL/min
10%

100 1000 mL/min

35 300

0.2 0.32 mm 25 60 m
5% - 0.25 1.5 m

200 300
160 300

EI (SIM)
(Scan)

99.999 vol% 1 mL/min

(m/z)

65, 91, 92

o-, m-, p- 91, 105, 106

65, 91, 106

51, 78, 104

111, 146, 148

43, 57, 71

-d8 70, 98, 100

-d8 54, 84, 112
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GC-MS

40 5 /min 280 4
250

1 5 1 100
250
200

MS (PFTBA)
(PFK) (m/z) 18 300

(amu)

1 L/min 30
30

100 mL/min
24

1 mL (1000 g/mL) 1 L

0

10000

20000

30000

40000

50000

60000

70000

80000

8 10 12 14 16 18 20 22 24 26 28 30 32 34

1 3

4,5

7

8

9

10

2

6

1: -d8 2: 3: 

4, 5: m- p- 6: -d8

7: 8: o- 9: 10: 
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(1000 g/mL) 1 L

T 1 L
50 100 mL/min

3 5

2 mL 1
mL (1000 g/mL) 1 L

(1000 g/mL) 2 L

1 L GC-MS

T
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L GC-MS

(As: g/mL)

1
(At: g/mL)

    (As At) E 1000    
                        V 298 / (273 t) P / 101.3

C 25 ( g/m3)
As GC-MS ( g/mL)
At ( g/mL)

E (mL)
V (L)

C =
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t ( )
( )

P (kPa) (P Pw)
Pw t ( ) (kPa)

GC-MS

(1L) (1000 g/mL)
(100 L) mL

0.1 g

0.01 ppm 0.05 ppm 0.3 
ppm 2 ppm 70 99.999%

15 g

300
700 m

7,8)

m- p-

- 263 -



45

m- p-
99.999% 99.999%

70 130%

70%

70 130%

m- p- m- p-
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90 110%

20%

5% 2%
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GC-MS

o- m- p-
98% JIS

(100 mL) 100 mg 100 mL
1 mL 1000 g

(1 mL) (10 mL)
10 1 mL 100 g

-d8 98% JIS

(100 mL) 100 mg 100 mL
1mL 1000 g

(1 mL) (10 mL) 10
1 mL 100 g

1 10 L 10 100 L
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3 4 mm
60 80

50 100 mL/min
300

2 500 mL/min 10%

2 500 mL/min

GC-MS
10 80
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10 50
80 /min 30 50 mL/min

250 /min
99.999 vol% 1 mL/min

280
50 mL/min 8

20
280 5
250
250

35 300
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0.2 0.32 mm 25 60 m
5% - 0.25 1.5 m

200 300
160 300

EI SIM Scan
99.999 vol% 1 mL/min

(m/z)

65, 91, 92

o-, m-, p- 91, 105, 106

65, 91, 106

51, 78, 104

111, 146, 148

43, 57, 71

-d8 70, 98, 100

GC-MS

40 (5 /min) 250 3
250

1 5 1 100
250
200

MS PFTBA PFK
(m/z) 18 300 1 (amu)
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30 1 5 L

24 5 20 L

T
50 100 mL/min

1 10 L

T

5 10 15 20 25 30 35

0.5

1.0

1.5

2.0

2.5

3.0

(x1,000,000)

1: -d8 2: 3: 4, 5: m- p-

6: 7: o- 8: 9: 

4,5
32 6 7

8

9

1
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T
50 100 mL/min

GC-MS
h

GC-MS

(As: ng)
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(At: ng)

GC-MS

(As At)
                        V 298 / (273 t) P / 101.3

C 25 ( g/m3)
As GC-MS (ng)
At (ng)

V (L
t ( )

( )
P (kPa) (P Pw)

Pw t ( ) (kPa)

ISO 16017-1: 2000

VOC VOC

GC-MS

C =
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0.01 ppm 0.05 ppm 0.3 ppm
2 ppm 70 99.999%

15 g

300
700 m

Tenax® TA Tenax® GR CarbopackTM B Carboxen® 1000 or Carbosive S
Tenax® GR CarbopackTM B CarbopackTM C CarbopackTM B or Carboxen® 1000

10%
300

B C

20

99.999%
99.999%

m- p-
m- p-
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m- p- m- p-

90 110%

20%

5% 2%
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-n- -2-

GC-MS

GC-MS

-n- -2-

100 mg 100 mL 1 mL
1000 g

(1 mL) (10 mL) 10
mL 1 mL 100 g

-d10 -n- -d4 -2- -d4

98% JIS
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100 mg 100 mL 1 mL
1000 g

(1 mL) (10 mL) 10
mL 1 mL 100 g

1 10 L 10 100 L

14)

1 10 L/min 10

1 10 L/min
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/
300

0.2 0.32 mm 25 60 m
5% - 0.2 1.5 m

200 300
160 300

EI SIM Scan
99.999 voL 1 mL/min

(m/z)

-n- 149, 205, 223

-n- -d4 153, 209, 227

-2- 149, 167, 279

-2- -d4 153, 171, 283

121, 150, 91

179, 137, 152

314, 197, 97

-d10 324, 200, 99

GC-MS

80 1 20 / 120  6 /
290  30 / 320 3

1 mL/
280

1
280
280

MS PFTBA PFK
(m/z) 18 300 1 (amu)
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5 10 L/min 30

1 10 L/min 24

5

5 mL
1 mL

(10 g/mL) 100 L
2 mL

0.5 mL 0.5 mL (10 
g/mL) 50 L

1

1: , 10: 
2: ,      11: -2-
3: -n- ,
4: ,
5: -n- ,
6: ,
7: -n- ,
8: -n- ,
9: -n- ,
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2 L GC-MS

2 L GC-MS

(As: ng)

(At: ng)

20%
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(As At)
    V 298 / (273 t) P / 101.3

C 25 ( g/m3)
As (ng)
At (ng)

V (L) 
t ( )

( )
P (kPa) (P Pw)

Pw t ( ) (kPa)

GC-MS

L GC-MS

C =
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20%

20%

5% 2%

- 281 -



63

GC-MS

GC-MS

100 mL 100 mg 100 mL
1 mL 1000 g

(1 mL) (10 mL)
10 1 mL 100 g

98% JIS

(100 mL) 100 mg 100 mL
1 mL 1000 g

(1 mL) (10 mL)
10 1 mL 100 g
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1 10 L

3 4 mm

Tenax®

TA Tenax® GR
50 100 mL/min

300

10 200 mL/min
10%

10 200 mL/min

GC-MS
10 80
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10 50
80 /min 30 50 mL/min

250 /min
99.999 vol% 1 mL/min

280
30 mL/min 20

5
280 10
290
250
5.8

A

B

C
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35 300

0.2 0.32 mm 15 60 m
% - 0.1 1.5 m

200 300
160 300

EI SIM Scan
99.999 vol% 1 mL/min

(m/z)

-n- 149, 205, 223

-2- 149, 167, 279

-n- -d4 153, 209, 227

-2- -d4 153, 171, 283

GC-MS

80 2 -25 / -300 5

5 -
20 m 0.18 mm 0.40 m

250
250

MS PFTBA PFK
(m/z) 18 300 1 (amu)
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1: 

2: -n-

3: 

4: -n-

5: -n-

6: -n-

7: -n-

8: -2-

9: 

30 100 200 mL/min

24 10 100 mL/min

T
10 100 mL/min

T
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T
10 100 mL/min

GC-MS

GC-MS

(As: ng)
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(At: ng)

20%

GC-MS

20%

(As At)
                        V 298 / (273 t) P / 101.3

C 25 g/m3

As ng
At ng

V L
t

P kPa P Pw
Pw t (°C) (kPa)

C =
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GC-MS

10

300

20

99.999%
99.999%

m/z=149
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90 110%

20%

5% 2%
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(TVOC) VOC
GC-MS n- n-

GC-MS

n- n- n- n- n- n- n-
n- n- n- n- n- o-

m- p- 1, 4- 2-
-1- 2, 2, 4- 1, 3- 2, 2, 4-

-1, 3-
98% JIS

(100 mL) 50 mL 1 g
100 mL 1 mL 10 mg 1 mL

10 mg

(100 mL) 50 mL 10 mL
100 mL 1000 g/mL 1000 g/mL

100 g/mL 10 g/mL 1 g/mL

(100 mL) 50 mL 1 g
100 mL 10 mg/mL

(100 mL) 50 mL 1 mL
100 mL 100 g/mL
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-d8 98% JIS

(100 mL) 50 mL - d8 1 g
100 mL 1 mL 10 mg

100 mL (100 mL) 50 mL 10 mL
100 mL 1000 g/mL

1000 g/mL 100 g/mL

1 5 L 1 10 L 10 100 L

6.4 mm 89 mm 0.18 0.25 mm
60 80 2, 6- -1, 4- 200

mg
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50 100 mL/min
300 2

2 10 mL/min 10%

VOC

(Tenax® TA) 2 mm
10 VOC 80 /min

VOC GC-MS

0.5 mm
100 VOC 250 /min

VOC GC-MS

35 300

0.2 0.32 mm 25 60 m
5 - 0.25 1.5 m

200 300
160 300

EI Scan

50 mL/min
100 30 300 2

VOC 100
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(PTFE)

TVOC

24
1.2 1.5 m 24

3 L
GC-MS

1 10%

1 10%

T 30 50 mL/min
1 g/mL 10 g/mL 40 g/mL 100 g/mL 400 

g/mL 1000 g/mL 1 L 3 5

T 30 50 mL/min
100 g/mL 1 L 3 5

1

VOC
VOC GC-MS
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280
50 mL/min 8 min

20
280 5 min
250
250

GC-MS

0.2 0.32 mm i.d. 25 60 m
0.25 1.5 m

5% -

40 5 /min 280 4 min
1 5 1 20

40 cm/sec 1 mL/min

250
200
35 400 m/z 2 10 Scans/sec

- d8

Scan n-
n-

25 TVOC g 
/m3

(As At)
      V 298 / (273 t) P / 101.3C =
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C 25 TVOC g /m3

As TVOC ng
At TVOC ng
V L
t

P kPa P Pw
Pw t kPa

WHO VOC 50 100 240 260
TVOC GC-MS n- 69

n- 287 VOC
400 g/m3

ISO 16000-6: 2021
VOC VOC
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TVOC 1/2

TVOC VOC

1,4- n-
2- -1- 2,2,4-

1,3- 2,2,4- -1.3-

n- n- n- n- n-
n- n- n- n- n-

1,3-
1-

- d-

1,2,4- 1- -3-

GC-MS

PTFE

SSCM (Standard Square Centimeter per 
Minute) SLM (Standard Litter per Minute)
0 1 atm

2 mL/min 10
mL/min 
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99.999% (v/v) 
0.5 ng

Tenax® TA 200 mg n- (SSV; Safe 
Sampling Volume) 3 L

24 2 mL/min
30 100

200 mL/min

VOC

(PEEK) 0.8 mm 30 cm

10 mL/min
10 mL/min 6 24

48 2.88 L

TVOC
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VOC
10 2 g

/m3

NIST / EPA / NIH Wiley Registry

Kovats (RI; Retention Index) RI

( ) 10 
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1) JIS A 1960: 2015 8
2) 52 (1) 9-14 (1997)
3) 45 (7)

313-319 (1990)
4) JIS Z 8703 
5) Chiba M. et al.: Validation study for establishing a standard test method for volatile organic compounds in 

indoor air in Japan using solvent extraction, BPB Reports, 7(2), 39-43 (2024).
6) H30- - -002

30
7)

27(2), 107-117 (2024).
8) 21KD2002

3
9) 21KD2002

5
10) Tanaka-Kagawa T., et al.: Method validation for the determination of phthalates in indoor air by GC-MS 

with solid-phase adsorption/solvent extraction using octadecyl silica filter and styrene–divinylbenzene 
copolymer cartridge, BPB Reports, 2(5), 86-90 (2019).

11) H30- - -002

12) H30- - -002

2
13) Yoshitomi T., et al.: Development of a standard test method for insecticides in indoor air by GC-MS with 

solid-phase adsorption/solvent extraction, BPB Reports, 6(3), 76-80 (2023).
14) 21KD2002

4
15) 21KD2002

3 5
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