21

-1,3-

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

-1,3-

4 19
2,2,4-
-1,3-
80%
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10
4
10 24
1980
1996
2002 13
(Total volatile organic compounds, TVOC)
TVOC
n- n-
(VOC)
TVOC
WHO
TVOC

2-

-1- 2,2,4- -
1,3- TA
2,2,4- - - -GCMS

1,3-
TXIB 5
- -GC/MS GCMS
- -GC/MS
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(GC/MS) QP-2010
TVOC Plus Ultra
VOC 44 Rtx-
Volatile (60 m x 0.25 mm i.d. x 1.0 um)
-ds
:200
:200
:250
El
VOC
[ ]
(ATD-650)
B. : 250
120
1. : 250
(0 Pure) ( 40 /min
) -ds (NMR ) 2- : 240
-1- ( ) 2,2,4-
-1,3- :3min
( ) ( :10min
) ( PCB : 30min
) ( ) GC 2 70min
( ) :100mL/min
-ds (2,000 pg/mL : 30mL/min
) : OmL/min
2,2,4- -1,3- 1 1%
(> :ImL/min
98.5%) VOC 48 40  (Omin) 23 /min
Sigma-Aldrich HC 48 270  (5min)

Component Indoor Air Standard
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-ds: 7.542, m/z 98 (m/z 70, 100)
:6.675, m/z 78 (m/z 51, 77)

2- -1- : 9.608, m/z 57
(m/z 41, 70)
: 11.551, m/z 128 (m/z 51, 102)
2,2,4- -1,3-
: 12.450, m/z 71 (m/z 56,
89)
2,2,4- -1,3-
114151, m/z 71 (m/z 43,
111)
[ ]
21 pl ( )
40 (10 min) 10 /min
100 34 /min 270 (4 min)

-de: 12.400, m/z 84 (m/z 56, 82)
-ds: 16.575, m/z 98 (m/z 70, 100)
:12.608 m/z 78 (m/z 52, 77)

2- -1- : 20.283, m/z 57
(m/z 70, 83)
:21.892, m/z 128 (m/z 51, 64)

2,2,4- -1,3-

19: 22.550, m/z 71 (m/z
89, 98)
2,2,4- -1,3-

2. 22.600, m/z 71 (m/z
89, 173)
2,2,4- -1,3-

: 23.850, m/z 71 (m/z 43,

159)
") GC/MS

2,2,4- -1,3-

2,2,4- -1,3-

1 224

(TIC)
(CIC)
TA (TS)

50-100 mL/min

1pL
30

80-100 pg/mL

(n =10)
(TVOC)

-1,3-

1pL

310

(SIM)



RSD%
3
3 10
TVOC
n-
3 2-
-ds
14,28 SIM
4,
91
GC/MS
ImL
-ds 10 pL
GSP-2LFP
1 L/min
91
0.6 L/min

0.5 100 ng

VOC 48

Ol 3! 7l

100 pg/mL

(1)

)
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3 pL (3 ng)

1,000 pg/mL

GC/MS

EP

GR

(D4)

(D3)



(D5)

(D6) GR
3
PCB (300 )
-ds 1,000
ng/mL
4
20
500 mg 10 mL
50,000 pg/mlL
2 mL
50 mL
(2,000 pg/mL)
4 100
mg 10 mL
10,000 pg/mL
2mL 10 mL
(2,000 pg/mL)
(1,000
pg/mL)
2.
(GC/MS)

GCMS-2010 Plus
GCMS-2010 Ultra

Rtx-1 (60 m x 0.32 mm i.d. x 1.0 pm)
140 5 /min-280 (4 min)
-ds (
100 ng : 10 ng)
: 200
: 250
El
: SCAN/SIM
28

(1)

ATD-650
: 250
: 250
: 300
:3min
10 min
50 mL/min
:-20
: 280
:40 /min

2 5 min

N N P

1 mL/min

( ) 20 mL/min
&)
: 250
1 2.46 mL/min
(40 cm/sec)
s 1lpl
2 1:20 (
) 1:5¢( )
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3.
TS (60/80
) T/C TS (60/80
) T/C
(60/80 ) 100 mg
1000 (60/80 ) 80 mg
pL
ds 100 pg/mL
100 mL/min
30
310
4,
32 Small
2
XAD-7
615 2 6
GSP-2LFP
1L/min
GC/MS
1 mL
1,000 pg/mL 100 pg/mL

TA

1

1 pL

91

30

5.
@)

ug/mkL
(60/80

GC/MS
SIM
-ds

)

615 2

1ng)

®3)

lpL

1,2,4,20,100

(1,000 pg/mL)
1 L/min

10 pL

100 pg/mL

TS (60/80

10 pL

500
TS

4 plL (4
30

100 pg/mL
GC/MS

4pg/mL

615



GC/MS

SIM
-ds
6.
(1)
(1,000 pg/mL)
0.5,1,2,4,10,
20 100 pg/mL 100
uL 1,000 pg/mL -ds
1 uL GCIMS
(1:20) SIM
(2)
(1,000 pg/mL) 4 uL (4 ng)
1,000 mL/min 30
GC/MS
4 pg/mL
2
32 Small
91
(1,000 pug/mL) 4 pL (4 pg)

1L/min 30

-ds 1,000 pg/mL

pL GC/MS
4 pg/mL
7.
1 2 3
4 pL (4 ng)
30
pg/mL 10 pL
20%
8.
2
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30

(1,000 pg/mL)
1 L/min

-ds 100

GC/MS

4 pg/mL

70 130%
25%



1 100 mg
1 mL
-ds
100 pg/mL
10 pL GC/MS
10 pL
9.
1.
4
1
5
(C1)
(C2) GASTEC
No0.251S-20 (C3)
No0.258-20 (C4)
C1 C3
C2 C4
100 mg 50 mg
ORBO-615 (R1)
XAD-
7 60 mg 30 mg
2.
VOCs
45 2-
-1-

59

2,2,4- -1,3-
Alfa Aesar
-1, 3-

2,2,4-

2,2,

-1,3-

GL
VOCs

mg/mL

-ds ACROS ORGANICS

5000

VOC 44 28

13 11

4. GCMS
DB-1 (60 mx0.25 mm i.d.
lpum )
40°C (5 min) - 10°C/min-
200°C
(23.8 cm/sec)
10 : 1)
SCAN

270°C (4 min)

1ul(
250°C
450)

(m/z = 45-

10 ng

0.1 L/min 24 (144 L)



30% 50%
80%

(C1-c4)
1mL (R1)
1mL 1
(180 rpm)
GCMS
(n=3)
70% 120%
20%
6.
C.
1.
TIC
GC/MS
1%
99%
10
c/IC
TIC
GC/MS
2- -1-

60

2.
TS 3
2- -1-
TVOC
3.
2- -1-
-ds
5% T/IC CIC
TS 2- -1-
96.1, 89.5% -ds  98.9,95.5%
4,
3 2- -1-
TS 0.9995,
TIC 0.9990, C/C 0.9999
0.999
3L
0.17 33.3pg/m3
2- -1-
TS T/IC CIC
5.48 VOC TVOC
3 VOC 48
TS
TIC
TVOC C/IC TS
(Ce6-C10) 83.7



(C11-C16)  63. 6% (

R1 1,009 )
TS+TS T/IC+TS 1pg/mL
CIC+TSs 2
VOC 48
0.03
TS VOC pg/mL 0.0006 pg/mL
C/C
GC/MS SIM
6.
2- -1-
28 3
75%
GC/MS
30m
7. DB-5MS 40
GC/MS
VvOC
Rtx-Volatile
TIC
VOC45
5
2- -1-
2,2,4- -1,3-
2,2,4- 91
-1,3- 1,000 pg/mL 3pL
0.1 pg/mL
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GC/MS
GC/MS
100%
3
91 30%
30
30% 2
24
30 30%
30
91
2
71
24
24
2.

TS (60/80 )
1 uLL (500 ng)

500 pg/mL

20

TVOC

( £ 17.825 )

( :17.866 )
(m/z) 43 45

86 90

( : 20.242

( :20.311 )
(m/z) 45 59

( :31.199 )

(

0 31.221 ) (m/z)



57 73 TIC 2

)

(1)

B. 5. (1)
-ds
/ (S/N)
5
( )
S/N (60/80
S/N
1 3L
500 ng
4 20 ng
3
1:20
95 %
)
500 ng 3)
-ds

)
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TS (60/80

20 %

TS

5% GC/MS

TS (60/80



(1)

20%

20

GC/MS

(1,000 pg/mL)
100 pg/mL

TVOC

(1)

(1,000 pg/mL)
0.5, 1, 2, 4, 10, 20

100 pg/mL

SIM
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0.5 100 ng

1 4ng

100 ng

)
)

( 32Small)
91

(1000 pg/mL)

SIM

4 puL



( ) - 10 20 %

ds ( )
4 pg/mL
-ds 60 %
( )
30 50%
( )  4pg/mL
4 pg/mL
-ds
( )
-ds (D3)
(D4)
(D35)
91
2 (
251L)
91
( )
2
91 28
70 %
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ds

B. 4. 1)
2
32 Small
91
(1,000 pg/mL) 4 pL
GCMS SIM
-ds )

4 B. 6. 2)
ng/mL 2

2 )

-ds 615
(1,000 pg/mL) 4 pL
GCMS SIM

615

-ds -ds

4 pg/mL
2
2
2
2
1
100 mg
14
60%
2

200
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mg 2

100 + 50 mg
2 3
2 B. 7
2
(1,000 pg/mL) 4
22 ul GCMS
11 SIM
60%
-ds
9 1, 2, 4, 6, 8 pg/mL
60%
4
2 1 2
3 30 4 1
9) 70
130% 20% 25%
615
2 24
1 8 70%
16
12 4
60%
615
10%
2
60%
10) 9)
615
1 2
50% 3 50%
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1 10 (TVOC)

68

2 9 GCMS
70% 6
1 2 5.6 35
60% 3 TVOC
60% 7.9
3
114 147
(m/z) 45

SIM

4,

SIM
SCAN
(TIC)
5.5 7.9 9.3
35
GCMS
9.3 o,
5.5 O-
7.9 o, O- -ds
9.3 35 9.4 m/z
SIM
TVOC
SCAN o, 0-



B.
2
100 mg
55 7.9 9.3
5.5
7.9 0, O-
9.3
55
7.9
35
9.3 35
1mL

10 pL

1 mL

10 pL
10.4 13 37.6
GCMS
5.5
7.9
35
35
O, O-
9.3
35 m/z 0O, O-
m/z 106
m/z 134
m/z 28 CH2
9.3 (m/z)
7.9 m/z
10.4
13 37.6
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TVOC
1.
44 c3
30%
30%
(C1 - C4) (R1)
R1
13 C1 -
c4
11 C1-C4
2
C1-C4 30%
67 7% 80%
46 55%

20%

80%

30%
R1

C3

R1
80%

50%

Cl-C4
20 40%

C1,C2 C4

80%

27 50%

11

Cl-C4

_1,3-

Cc2 C4

-1,3-

70

R1

50% 1

Cl-Cc4

2,2,4-

80%
R1
2,2,4-

2,2,4- -1,3-

TIC



Cc/IC
2- -1- 1-
TIC TIC
GC/MS
TIC
VOC
1%
18%
5
C6 - C30
C2-C5 C5-C12 30%
2- -1-
18.4 min C10 n- (17.9 24
min) c11 n- (21.2 min)
-ds
95 min C7 n- (7.8 min)
C8 n- (11.0 min)
2- -1-

71

GC/MS

VOCA45

71

TIC
2-
TS
0.1mg/mL
GC/MS
5
91
5
30



10

142
4
(C1 - C4)
c3 c4
44
38 70%
c3 c4
5
70%
5
4
C2 35%
Cl-C4
(R1)

5)

6)

VOC

250D

72

30%

R1

284 D
1.66D

R1



2,2,4-

-1,3_

GC/MS
GC/MS

TIC
5
1/100 GC-MS
30ng
100ng

TD-GC/MS

30%

2,2,4-

10ng

(10

GC/MS

1/20
1ng
500 ng
(60/80

VOC

(60/80

73

91

) (4
a0 ) 24
- -GC/MS
TS (60/80 )
GC/MS
4 20 ng
TS
) T/IC
100 ng
TS (60/80 )
TS
) 100 ng
95%
1 2



GC/MS
0.5 ng 1
100 ng
-ds
91
-ds
2

1/20

4 ng

32

74

Small

615

16

91

14

60%

60%

70%

10%

50%
10

2

9

60%

60%
615
2
24
9

615

12



SCAN
30% 50% 80%
L/min 24
O, O-
30%
(TvOCQC) 4
70%
TVOC
4
(C1,
C3), (C2, C4)
(R1) 5
d
GC
VOC 44 3
13
11 9
11 2
3 3
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0.1
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