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200 L i . '

TVOC (ug/m?)

0 T T
S
d &
L 2°
N
\’006 's\{'@)
2 &
& @
é\‘?‘ O
Sampling Method
1 NIHS TVOC

NIHSEREEE MRS > T > D8R

% 1000
2 6
S 8004
2
B 6007
8
400
)
A
A 2007 /ieesissn - = 0.9698
K BRI y = 1.175%x + 21.41
E 0 T T T T
0 200 400 600 800 1000
NIHSER#EETVOC (ng/m?)
2 NIHS TVOC
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7 TR

PTFEEMHZETF 71—

LR E

N
PTFEREREIZ 1> b
R LRI E T (F) S R BB E
3
1 TvOC VOC
Compounds RSD (%)
D-Limonene 1.19
2,2,4,4,6,8,8-heptamethylnonane 1.34
Nonanal 1.67
1-Methoxy-2-propanol 0.65
Decanal 1.79
Decamethylcyclopentasiloxane 3.38
Dodecamethylcyclohexasiloxane 2.98
2-(1,1-dimethylethyl)-cyclohexanol 2.48
Styrene 1.83
Toluene 1.68
Acetic acid, hexyl ester 2.28
Hexanal 2.08
Ethyl Acetate 5.14
2-ethyl-1-Hexanol 2.59
1-Dodecanol 5.37




DEP DiBP DnBP BBP DEHP DINP DIDP 7 DINP
DIDP
15
m 0.1pm DIDP m/z 307
DINP
DINP 2 (DINP-1
DINP-2)
20 DINP-2 DINP-1
DINP-2 25% DINP m/z 297
AERO
ISO 3 AERO
ISO DEP-d4 DnBP-ds BBP-ds4
DEHP-d4 AERO
ISO 5%
AERO
DEHP

31




DEP DiBP DnBP AERO
30%
GC/MS
GC
GC MS NPD
FPD 3
13 MS 1
NPD 14.9 FPD 41.2 FPD
4
2
OoDS 3 ODs
1 AERO LE Cartridge
SDB400HF SDB800OHF 2
(10 L/minx24 h) SDB400HF
TEP 80% 6
GC/MS
5 5
A.

(Semi-Volatile Organic Compound;
SVOC)

SvOC

27

28

32



( GCIMS)

7 Di-n-
butyl Phthalate (DnBP), Diethtylhexyl
Phthalate (DEHP),

Diisononyl Phthalate
(DINP), Diisodecyl Phthalate (DIDP),

Diethtyl Phthalate (DEP), Diisobutyl

Phthalate (DiBP) Benzyl Butyl
Phthalate (BBP) DINP
DINP
2
DINP-1
DINP-2
2. GC/MS
DINP
DIDP
2
3
DB-1 ( 15m 0.25 mm

0.25 ym J&W )
Inert Cap 5MS/sil ( 15m 0.25
mm 0.25um GL )
DB-17ht ( 15m
0.15 ym J&W )
DINP-2

0.2 mm
DIDP

90 (Amin)-6
(7 min) 1280
: 260 : SCAN

/min-280

Ultra-1 ( 12m
0.33 um Agilent )
30m 0.2mm 0.33
) DB-1( 15 m
lym J&W ) DB-1(
0.25mm 0.1pum J&W

0.2 mm
Ultra-1 (
um  Agilent
0.25mm
15m

)

3. GC/MS
GC/MS

5
DINP-1 DINP-2 DIDP
Method A: 90 (3 min)-
8 /min 210 (5 min) 10 /min
250 (5 min) Method B: 90 (3 min)-
8 /min 210 (5 min) 20 /min
250 (5 min) Method C: 90 (2 min)-
6 /min 210 (5 min) 20 /min



250 (5 min) Method D: 90 (3 min)-
10 /min 200 (10 min) 20 /min
250 (8 min) Method E: 80 (2 min)-
8 /min 210 (5 min) 20 /min
250 (5 min)
DnBP-d4s BBP-d4 DEHP-
ds
(R?)
4,
7
2
Diethylhexyl Terephthalate
(DEHTP) Di-n-octyl Phthalate
(DNOP)
m/z 149
DINP
5.
DINP
DIDP
DINP
DINP-1 DINP-2 2
20
(n=20)

34

50 mg
( )1mL
10
DnBP-ds 1 ng
10
6.
3
3
AERO
ISO
47 mm
(2500QAT-UP )
47 mm (ODS)
(Empore Disk Cis Fast Flow
3M ) OoDS
(EMO-47
GL ) AERO
(AERO LE
Cartridge SDB400HF GL )
400
mg 15 mm 20 mm
O
ISO
ISO/DIS 16000-33
(60/100 SUPELCO )
12 mm 200 mm (20
mL SUPELCO
) 100 mm



400 3 ODS

ISO

800

150 pL
100 mm

45

179
AERO

(n=3)

7
AERO
10 mL 1ISO

33

ISO/DIS 16000-
25 mL

AERO
25

10 1SO

30

DEP-

ds DnBP-ds4 50
pg/mL

50 ng)

L/min

BBP-d4 DEHP-d4
10 pL (
2 L/min
24

10

AERO

2 L/min 10 L/min 24

35

1.

13 Triethylphosphate (TEP),
Tripropylphosphate (TPP),
Tributylphosphate  (TBP), Tris (2-

chloroethyl) phosphate (TCEP), Tris (2-
(TCIPP),
phosphate

chloroisopropyl)  phosphate

Tris (1,3-dichloro-2-propyl)
(TDCPP), Triphenylphosphate (TPhP),
Tris (2-ethylhexyl-diphenyl) phosphate
(EHDPhQP), Tris (butoxyethyl) phosphate
(TBEP), Tris (crecyldiphenyl)- phosphate
(CDPhP), Tris (2-ethylhexyl)-phosphate
(TEHP), (TCP),
Trixylenylphosphate (TXP).

Tricrecylphosphate

2. GC/MS

(2500QAT-UP
) ODS
Cis Fast Flow 3M )

(Empore Disk

(Gas chromatograph; GC)

(Mass spectrometer; MS)



(Flame
photometric detector; FPD)
GC/MS
GC/MS DB-1
( 15m 0.25 mm 0.1um
J&W )
DnBP-d4 DEHP-d4
(R?)
3. MS FPD NPD
MS
GC-FPD
MS
FPD
MS
MS FPD

(Nitrogen Phosphoras
Detector; NPD) 3

3
( 47
mm) 1
(ODS)
Flow 3M
oDS
(EMO-47 GL )
3
2500QAT-UP ( )
QM-A ( ) QR-100
(ADVANTEC )

(Empore Disk Cis Fast
47 mm) 1

ODS

AEROLE
Cartridge SDB400HF SDB800HF
(GL ) AERO
15 mm 20 mm
(SDB)
O
SDB400HF
SDB800HF SDB

400 mg 800 mg



(AERO Holder SDB )
400 3
OoDS
AERO
OoDS
1
AERO O
SDB
10 mL 5 mL
10
13
(n=3)
OoDS
OoDS
13
10 pg/mL 25 pL (
0.251gQ) 10 L/min
24
10 mL
5mL
10

AIR PUMP SIP-32L (
) DRY TEST GAS

37

Meter DC-2A ( )

4 AERO

GC/MS

AIR PUMP SIP-
32L ( ) DRY
TEST GAS Meter DC-2A ( )

10L/min 24 (n=3)

1 (2500QAT-UP,
QM-A, QR-100)  ODS
2
(2500QAT-UP)
oDS
oDS

ODS

SDB



C.
1. GC/MS
3
DINP-2 DIDP
DINP-2 DIDP
DINP-2: 2.3 min, DIDP:
3.0 min, DINP-2: 2.5 min,
DIDP: 3.3 min, DINP-2: 2.3
min, DISP: 3.2 min
1.3 min
1.4 min 1.5
min DINP-2
7 11
DINP DIDP
1
DINP-2
41 21
11 DIDP
3 DINP-
2 DIDP

DINP-2 DIDP

DIDP

15m 0.1 pm

DINP-2 DIDP

2. GC/MS
( 15m
0.25 mm 0.1um)
DINP-1 DINP-2
DIDP
250
DINP-1
210 5
min DINP
DIDP

DIDP

5 Method
Method A Method

Method B (DINP-1: 5.0 min,
DINP-2: 4.6 min, DISP: 2.4 min)
Method E (DINP-1: 5.5 min, DINP-2: 4.

Min, DISP: 2.3 min) 2
Method
2 Method
7
Method B DEP DiBP DnBP



Method E

DEP 2
GC/MS

Method E

DINP  DIDP
DINP-2  DIDP

DINP-2  DIDP

m/z 307 2

DINP-1
307

m/z
DIDP
2
25ppm  DINP-1
m/z 307  m/z 297
(307/297 ) 0.33
m/z 307 DIDP
DIDP
min 27.5 min)
4.2 ppm DIDP
(26.0 min  27.5 min)

ppm

(24.5

0.9

DINP-1
DIDP
DINP-1

ppm

DIDP 25
307/297

1 4.3
DINP-1  DIDP

1.42  DINP-

m/z 307

DIDP

DIDP
12

30.2 ppm

3%
250 ppm DIDP

25.7 ppm

DINP-1 25 ppm

39

10
307/297 0.46 DINP-
1 14
DIDP
55.7 ppm
24.3ppm
DINP-1  DIDP 10
3%
(26.0 min)
DnBP-d4
BBP-d4 DEHP-d4
(R?)
R2=0.990
2
R2
DEP DiBP DnBP BBP

DnBP-d4 DEHP DINP-1
DINP-2 DIDP
DEHP-d4
3.
7
DEHTP DnOP
GC/MS
9 DEHTP
DnOP
DINP
DEHTP DnOP
DINP m/z 297
m/z 307
DINP



DEHTP

m/z 261, m/z 279, m/z 167

DINP

96%
DINP

1

DINP-1

DnOP

m/z 149

20
DIDP

DINP-1  DINP-2
DINP-1
DINP-2
DINP-2
5

14

2 DINP

DINP-1

DINP-1

DINP-1
m/z 307

DINP-2

DINP-2

m/z 297

20 1
DIDP
DINP-2

m/z 307 DIDP

40

DEHTP

DINP-1 DINP-2
m/z 297
DINP-1
DINP-2 2/3
DINP
DINP-1 DINP-2
DINP-1
DINP-1 DINP-2
DINP-2
DINP-2
DINP
DINP-
1
DINP-2
DINP-1  DINP-2
(1.5)
DINP-1
5.
AERO
ISO 3
7
DINP DIDP
AERO
1 DEP DnBP
DEHP 1.3 13.7ng
DEP DnBP DEHP 2.0 236
ng AERO 2



ISO DnBP
DEHP DnBP 181
ng DEHP 213 ng
2
L/min
91.8% 95.5% AERO
88.1% 93.3%
ISO 3.5% 5.0%
10 L/min
92.8% 100.1% AERO
85.9% 94.6%
ISO
10L/min
10L/min
3
S/IN=5
ISO 10L/min
2L/min
DINP
DIDP
10
100
AERO
AERO
ISO
ISO

41

AERO
DEHP
AERO
2
30%
2 L/min
10 L/min
DnBP

DEP
55% DEP 40%
DiBP

AERO

32%

ISO
10L/min
2L/min 5L/min
AERO

1/2

1. GC/MS

GC/MS
Method |
[0 (2 min) 8
20 /min 250
13

/min 210
(5 min)]
TEP

(5 min)

60 (Method I1) 50
TEP

(Method I11)

Method 1
(DINP)

Diisononyl Phthalate
Diisodecyl Phthalate (DIDP)



15 /min
TXP
3

(Method IV) TCP
Method V [50
/min 110 8
/min 250 (5 min)]
DINP DIDP

15
15

min) /min

230

DnBP-ds  DEHP-ds
(R?)
0.9899
TEP, TPP, TBP, TCEP
TCIPP DnBP-d.
R2

DEHP-ds R2

2. MS FPD NPD
GC
3way
3

MS FPD NPD

(
MS FPD NPD 2 1 1)
MS < NPD < FPD
3

Abundance

MS
NPD  FPD
13
FPD
15~776

6.6~249  (

NPD MS
FPD

14.9 )
412 )

42

ODS
AERO
GC/MS
3 (S/N=3)
2 L/min 24 10
L/min 24
2 L/min 2.0~25.0ng/m3 10 L/min
0.4~5.0 ng/m3
6
80% AERO
SDB400HF TEP
73.4%
4,
TBP, TCEP, TCIPP, TPhP
TBEP 5
1 2
2
1 2
(2500QAT-UP) ODS



Diethtyl Phthalate (DEP),
Diisobutyl Phthalate (DiBP), Di-n-butyl
Phthalate  (DnBP), Benzyl Butyl
Phthalate (BBP) Diethtylhexyl
Phthalate (DEHP)

1 2
ODS
AERO
TBP
99.0%
TBP
63 72%
AERO
TBEP 22
25%
DEP
94.4%
DEP
12.7
26.2%

43

DnBP

2500QAT-UP < QM-A <

DEP DiBP
QR-100
AERO
7.8%
54.7 60.5%
D.
20
DEHP

34% DIDP 2.4%
DINP

t

DEHP

DEHP

(2015 )

59%
DINP

DINP-1

34- 35- 36- 45 46-
95%

DINP-2

n-

DINP-2

DINP-1

2

5,6-

DINP-



2 25% 7:3 6)

m/z 297
DINP
ISO
ISO DnBP DEHP
DIS ISO

(ISO/DIS 16000-33 Indoor air
— Part 33: Determination of phthalates
with GC/MS) DIS Draft
International Standard

ISO
ISO/DIS 16000-33
DnBP DEHP

5%

AERO ISO

ISO
AERO
40% ISO
DEHP
DEPH
ISO AERO
ISO DEHP
AERO
2

44



AERO
AERO
400 mg
800 mg
(2500QAT-UP )
ODS (Empore Disk Cis

Fast Flow 3M )

ODS 1
SDB400HF TEP 73.4%
SDB800HF
82.3% SDB
SDB800HF
2 TEP
SDB800HF

45

2500QAT-UP QM-A QR-100
3
3 0.3 um DOP
( )
(ASTM D 2986-95A JIS Z
8901 ) 2500QAT-
UP 99.9% QM-A 99.95% QR-
100 99.99%
DOS
2500 QAT-UP QM-A  QR-100
97%
15
mm
47 mm

10



DEP, DiBP, DnBP, BBP,
DEHP, DINP DIDP 7
DINP DIDP

15m
DIDP

0.1 pum

m/z 307
DINP

DINP
2 (DINP-1 DINP-

2)

20
DINP-2
DINP-2

DINP-1
25%

DINP m/z 297

DEHTP
DnOP DINP
DINP
m/z 297 DEHTP
DnOP

DINP

AERO
1SO 3
AERO
1SO
DEP-ds DnBP-d4

DEHP-ds

BBP-d4

46

AERO
1SO 5%
AERO
DEHP
DEP DiBP DnBP AERO

30%

TEP, TPP, TBP, TCEP, TCIPP,
TDCPP, TPhP, EHDPhP, TBEP, CDPhP,

TEHP, TCP  TXP 13
GCIMS
GC
80 50
GC
MS NPD FPD
3
13 MS
NPD 149 (15 776 ) FPD
412 (6.6 249 ) FPD
4



ODS
3 ODS

AERO LE Cartridge SDB400HF
SDB800HF

(10 L/minx24h)
SDB400HF TEP
80%
6
GC/MS

(TBP, TCEP, TCIPP, TPhP, TBEP)
5 (DEP, DiBP,
DnBP, BBP, DEHP)

DOS

QAT-UP QM-A QR-100

47

1)

15 (1), p13-22, 2002
2) : GC-MS
Technical Report No.4
http://www.an.shimadzu.co.jp/gcms/su
pport/lib/pdf/c146-0274.pdf
3) Abb M., Heinrich T., Sorkau E., Lorenz
W.: Phthalate in house dust, Environ.
Int., 35 (6), 965-970, 2009
4)
http://www.kasozai.gr.jp/data/
5)

(DINP)
6)

,14 (1), p62-63,
2001
7)

16, p209-216,
2001
8) lkue Saito, Aya Onuki and Hiroshi
Seto: Indoor organophosphate and
poly- brominated flame retardants in
Tokyo, Indoor Air, 17, p28-36, 2007

9)

http://www.t-
dylec.net/products/pdf/pall_pallflexfilt
er.pdf

10)



QM-A 470
http://san-web.co-
sansyo.co.jp/SanOutWeb/detail/n_deta
il_15-1313.html
11) ADVANTEC QR-100
https://www.advantec.co.jp/products/d
etail/?id=734

, 2015;
66: 225-233
2)

2015; 24(1):
37-47
3)

2015; 18(1): 15-25
4)
: , 2018, 28-29.

1)

27

2)

3)

4)

5)

6)

48

2015.12
27
2015.12
2
27
2015.12
28
(2016.12)
28
54
2017.11
2017 2017.12



7

8)

9)

11
10)

, “qNMR
137 , 2017 3
» 54
2017 11
54
, , 2017
29
, , 2018
138 ,2018 3
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21

-1,3-

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

-1,3-

4 19
2,2,4-
-1,3-
80%

51




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

52



(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

53



-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)

)

55

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¢( )

56



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

58

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

)

63

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
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SCAN
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L/min 24
O, O-
30%
(TvOCQC) 4
70%
TVOC
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C3), (C2, C4)
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VOC 44 3
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11 9
11 2
3 3

75

0.1



50%
p_
2-
-1- 2,2,4- -1,3-
2,2,4- -1,3-
l) ’ ’ ’ ’
, 13 (1): 39-54 (2010)
2) 1 H b

, 21 (2): 91-100 (2011)

3) Takeuchi S., Kojima H., Saito 1., Jin K,
Kobayashi S.,
Jinno H., Sci. Total Environ., 491-492:
28-33 (2014)

4) Takeuchi S., Tanaka-Kagawa T., Saito
I, Jin K., Satoh M.,
Kobayashi S., Jinno H.: Differential

of

organophosphorus flame retardants in

Tanaka-Kagawa T.,

Kojima H.,

determination plasticizers and

residential indoor air in Japan.

Environ Sci. Pollut. Res., 2015, DOI

76

10.1007/s11356-015-4858-z

5) : : :
, 52 (12): 1215-1220 (2003)
6) : , : :
, 17 (2): 69-79 (2014)
7) , , : :
, , 8 (1): 15-26
(2005)
8)
1115001
, 19 11
15
9)
1224 1
22 12 24
10)
0906 1 1
, 24 9
6
11) 1018 1
1018 1
, 20 10 18
12) , : :
, , 2017
, P-52
13) : :

, , , Bull. Natl. Inst.
Health Sci., 126, 88-92 (2008)
14)



4 5 , 12
12 22
15) 21
20 4 19
16) JIS:
(VOC) / /

JIS A 1968:2005
17) : : :
, 36 (2), 99-113, 2001.
18) J. Bartulewicz, E. Burtulewicz, J.
Gawlowski, et. al., Chem. Anal., 41,
743-752 (1996).
19) , \ ;
, 27 (4), 111-119, (2017).
20) ;
, 873-874, (2007).
21) R. D. Nelson Jr.,, D. R. Lide, A. A.
Maryott: NSRDS-NBS10, 1967.

1) Takeuchi S., Tanaka-Kagawa T., Saito
l., Kojima H., Jin K., Satoh M.,
Kobayashi S., Jinno H.: Differential
determination of plasticizers and
organophosphorus flame retardants in
residential indoor air in Japan.
Environ Sci. Pollut. Res., 2015, DOI
10.1007/s11356-015-4858-z

77

2) : : ,

gNMR
, , in
press, 2018.
3)
; , 2018, 28-29.
2.
1)
2015
2015. 9,
2)
52
2015. 12,
3)
27
2015. 12
4) Shinji Takeuchi, Toshiko Tanaka-
Kagawa, Masayuki Sato, Satoshi
Kobayashi, Hiroyuki Kojima, Ikue

Saito, Hitoshi Uemura, Hideto Jinno:
Comparison of existence forms of
plasticizers and organophosphorus
flame retardants in residential indoor
ISEE-ISES

AC2016 (Conference of International

air in different seasons,



Society for Environmental

Epidemiology and International
Society of Exposure Science - Asia
Chapter 2016), June 2016, Sapporo

5)

, 65 2016.
91
6)
53
2016. 11
7)
54
2017.11
8)
28
54
2017.11
9)
2017 2017.12
10)

78

TVOC 2017
2017.12
11)
2018
2018.1
12)
( )
TvVOC
29
2017.12
13)
/
TVoC 29
30
2018.2
14) : :
: : “gNMR
” 137 ,2017
3
15) , : :
137 ,2017 3
16) : :



2017 ,
9
17) «
54
, ,2017 11
18) : :
11
19) [13
b2 29
1
20) : :
138 , 2018
H.
1
2
3

, 2017

54
, 2017

, 2018

79



13

-n- 2-
27 28 ( )
28 29 4
n- -2-
(
) (
) 1>
29 4 19
21 2)
n- -2-
17 pg/ms3
100 pg/m3
1/10 1/100
13 1 pg/m3
B.
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-n- -2-
— 6
7 2 34 ( 13
7 5 )1
26
50
(
(
)3
-n- 3.6
ug/ms3 0.65 ug/ms3 -2-
1.3 pg/m3
0.6 pg/m3 3
-n- 220 ug/ms3
-2 120
png/ms3
_n_
1/60 -2-
1/90
-n_
_2-
24
100 1
10 1 1 pg/ms3
C. (

82

27-28 )
[ ]
/
(GC/MS)
[ ]
1. 1uL GC/MS
PCB
1L
2.
3. (1000 pg/mL) -n-
-2-
100 mg 100 mL
100 mL
1 mL 1000
ng
4, (100 pg/mL)
10
1mL 100 ug
5. (1000 pg/mL)
( -n- -d4 -2-
-d4) 100 mg 100 mL
100 mL
6. (100 ug/mL)
10 1mL
100 pg
7.
[ ]
1. 1 10
L/min



+10% 24
47 mm oDS
OoDSs
20 mL/Filter 5
OoDS
47
mm 0.25mm
400
3
400 mg 15 mm 20 mm
O-
4,5)
10 mL
47 mm
2 10 mL
1 10uL
10 100 pL
1
2 1
2
10 L/min 100
3
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L/min

(n=2)

10

5mL

2,500

24

10%

10%

10

GC/MS

GC/MS

5mL

5mL
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4.
1.
[ 1
GC/MS
ng
t=20
P=101.3 kPa
5
S
1
=3s mg/m3
=10s mg/m3
1/10
[ ]
GC/MS
(As-At) x E X 1000
C =
v XV x 293/(273 + t) x P/101.3
C: 20
mg/ms3
As:GC/MS
ng
At: ng
E: mL
v:GC/MS
V. L
t:
P: kPa

84
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10
47mm ODS Empore Disk
C18 Fast flow, 3M 1 20 L
5 5
EMO-47 GL
1 pg/ms3 3
L/min 24
4 pg
ODS
ODS
4 pg
-n- -2-
400 pg/mL
10 pL
5
AERO AERO Cartridge SDB-
400HF, GL
AERO
4 pg
_n-
-2- 400
pg/mL 10 pL
5
AERO
SDB
4 g -n-
-2
00pg/mL 10

"y SDB

AERO

SDB
5mL

10
GC/MS

[GCIMS ]
/
Shimadzu GCMA-TQ8030

[ ]
47 mm
SDB Cartridge
SDB
0.1 pg/mL
GC/MS 1
-n- -2-

0.1 pg/mL

4 m3 5mL
1m3

0.1 pg
0.1 pg /m3

0.1 pg/mL x 5 mL

4 me 0.125 pg/ms3

0.12 pg/ms3
26 50



GCMS

-n- -2- «
0.6 pg/m3 7
3 Empore Disk C18 Fast flow, 3M
EMO-47 GL
GCMS
[ ]
GC/MS 2 E-2. ( )
( ) ),
-n- -2- ( :
2 ), (
),
97% 5 ( )
5% 47mm  ODS
E-3.
SDB [ ]
10
Empore Disk C18 Fast flow 1 20
L 5 5
AERO Cartridge SDB-
400HF 2
E. ( 29 )
E-1. [
1
1.
2
1.Empore Disk C18 Fast flow 47 mm Empore Disk C18 Fast flow
3M 2.AERO Cartridge SDB-400HF, GL
2
-n- -2-
AERO Cartridge SDB-400HF
Empore Disk C18 Fast flow, 3M 47
mm 2.
-n- -2-
1 pg/ms3
3 L/min 24
GCMS
4 pg
Empore Disk C18 Fast flow
AERO Cartridge SDB-400HF
4ng
Empore Disk C18 Fast flow AERO -n-
Cartridge SDB-400HF 5 -2-
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400pg/mL
10uL

Empore Disk
C18 Fast flow

AERO Cartridge SDB-400HF

5
1
5
5
Empore Disk C18 Fast flow
5mL AERO
Cartridge SDB-400HF
O-
SDB
5mL
10
GC/MS
GC/MS
/ Shimadzu GCMA-
TQ8030
]
[
11.
GC/MS
2

87

E-4
[ 1
_n_
-2-
4.4% Empore Disk -n-
5.6% Empore Disk -
2- 2.3% AERO Cartridge
-n- 3.0% AERO
Cartridge -2-
[ ]
1. 5
2. ( )
6)
( )
(
_n_
-2-
4pg 2 Empore Disk

C18 Fast flow AERO Cartridge SDB-
400HF 5mL

0.8 pg/mL.  GCMS

3 -n-
85.3 107.9%
Empore Disk C18 Fast flow 92.1
105.0% AERO Cartridge SDB-400HF

_2-
84.5 107.3%
Empore Disk C18 Fast flow 73.3

103.3% AERO Cartridge SDB-400HF

-N-



Empore Disk C18 Fast flow
8.3 AERO Cartridge SDB-400HF
7.5
-2- Empore
Disk C18 Fast flow
20.7 AERO Cartridge SDB-400HF
8.1

4 -n-
Empore Disk C18
Fast flow 99.9
8.6% AERO Cartridge SDB-
400HF 990.1
5.1% -2-
Empore Disk
C18 Fast flow 96.7
9.7% AERO Cartridge
SDB-400HF 91.3
13.1%

Empore Disk

C18 Fast flow, 3M

10

EMO-47 GL

GCMS
5
0.049 pg/mL
ug/m3

28
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3
6
-2-
0.1 pg/ms3
pg/ms3
23 3
1/10
EPA 105
F.
-2-
G.
H.
)

-N-

0.09 pg/mL
3 L/min

1/10 1/100

7

1/10

WHO
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3)

4)

1)

2)

3)

4)

Azuma K, Tanaka-Kagawa T, Jinno H.
Health risk assessment of inhalation
exposure to 2-ethylhexanol, 2,24-
trimethyl-1,3-pentanediol diisobutyrate,
and texanol in indoor environment. 14th
International Conference on Indoor Air
Quality and Climate, Ghent, Belgium, 3—
8 July, 2016.

Azuma K, Tanaka-Kagawa T, Jinno H.
Health risk assessment of inhalation
exposure to cyclic dimethylsiloxanes,
glycols, and acetic esters in indoor
environments. 28th Annual
International Society for Environmental
Epidemiology Conference, Rome, Italy, 1-
4 September 2016.
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Empore Disk_DBP: m/z 149 Empore:Disk_DRP=:a1/=223

80000 — Blank 800001 — Blank
— 0.1 pg/mL — 0.1 pg/mL
60000 \ 60000
£ z
g 40000 £ 400001
£ E
20000 \ 20000-
1
0 /; T T 0 T T "
8.20 8.25 8.30 8.35 8.20 8.25 8.30 8.35
Retention Time (min) Retention Time (min)
Empore Disk
SDB Cartridg_DBP: m/z149 SDB Cartridg_DBP: m/z223
80000 — Blank 80000~ s Biaril
— 0.1 pg/mL — 0.1 pg/mL
60000 60000
& oy
§ 40000 g 40000-
£ 5
20000 20000
0 T T T 0 T T T
8.2 8.3 8.3 8.4 8.20 8.25 8.30 8.35
Retention Time (min) Retention Time (min)
SDB Cartridge
1-1 — -n- DBP
_n_
DBP 0.1 pug/mL GC/IMS
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Intensity

Intensity

Empore Disk_DEHP: m/z149 Empore Disk_DEHP: /2279

50007 = Blank 2000
0.1.0/mL — Blank
— u.lug/m
— 0.1 pg/mL
1500 .
10000+ r‘"n“a.\.
M
2 R
£ 1000 b \
E ;\f \
5000 -
500+ }'j T
:[’ \‘\'\
e . ‘ mmmwm
15.3 154 15.5 0 = s .
Retention Time (min) Retention Time (min)
Empore Disk
SDB Cartridg_DEHP: m/z149 SDB Cartridg_DEHP: m/z 279
15000~ — Blank 00 — Blank
— 0.1pg/mL — 0.1 pg/mL
3000
100001
&
5 20001
s
5000
1000-
0 T T 1 0 = . ,
15.3 15.4 15.5 15.3 15.4 15.5
Retention Time (min) Retention Time (min)
SDB Cartridge
1-2 — -2- DEHP
-2-
DEHP 0.1 pg/mL GCIMS

91



Intensity

Intensity

Intensity

Spiked (4 pg) Empore Disk

800000 — m/z149
600000
400000
200000
"o 5 10 15 0

Retention Time (min)

Spiked (4 1g) Empore Disk

80000+ — m/z223
60000
40000
20000
0 e T T "
0 5 10 15 20
Retention Time (min)
Spiked (4 ng) Empore Disk

20000 — m/z279
60000
40000
20000

0 5 10 1; 0

Retention Time (min)

2

-n- DBP

Intensity

Intensity

Intensity

GC/MS
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Spiked (4 pg) SDB Cartridge

800000+ — m/z149
600000
400000
200000
o 5 10 i 20

Retention Time (min)

Spiked (4 pg) SDB Cartridge

80000 — m/z223
60000+
40000-|
20000-
0 o T T 1
[ 5 10 15 20
Retention Time (min})
Spiked (4 pg) SDB Cartridge
800001 — m/z279
60000-
40000+
20000
|
0 5 10 15 0

Retention Time (min)

DEHP 4ug

1 ug/m?



Dibutyl Phthalate

s Extracts Conc/ Amount Calculated Atmospheric Concentration
(ug/mL) (ug) (ug/m3) Average SD

Empore 0.8779 4.3894 1.0161 0.9637 0.0372
0.8419 4.2095 0.9744 104.1% 3.9%
0.7907 3.9536 0.9152
0.8176 4.0882 0.9463
0.8351 4.1755 0.9666

SDB (Dropped) 0.7432 3.7161 0.8602 0.8985 0.0420
0.8380 4.1902 0.9700 97.0% 4.7%
0.7721 3.8605 0.8936
0.7590 3.7951 0.8785
0.7694 3.8468 0.8905

SDB (Injected) 0.8250 4.1248 0.9548 0.9473 0.0424
0.8664 4.3318 1.0027 102.3% 4.5%
0.8341 4.1705 0.9654
0.7706 3.8531 0.8919
0.7962 3.9808 0.9215

Bis(2-ethylhexyl) Phthalate
Method Extracts Conc] Amount Calculated Atmospheric Concentration
(ug/mL) (ug) (ug/m3) Average SD

Empore 0.8316 4.1579 0.9625 0.9066 0.0378
0.7832 3.9159 0.9065 97.9% 4.2%
0.7395 3.6974 0.8559
0.7794 3.8968 0.9020
0.7831 3.9155 0.9064

SDB (Dropped) 0.7494 3.7470 0.8673 0.9036 0.0474
0.8505 4.2524 0.9843 97.6% 5.2%
0.7794 3.8968 0.9020
0.7526 3.7632 0.8711
0.7718 3.8592 0.8933

SDB (Injected) 0.8231 4.1157 0.9527 0.9329 0.0424
0.8538 4.2688 0.9881 100.8% 4.5%
0.7995 3.9973 0.9253
0.7541 3.7703 0.8727
0.7997 3.9986 0.9256
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Gas Chromatograph
Column

Oven temperature
Carrier gas

Inlet temperature

Injection volume

Agilent Technologies 7890B

DB-5 30 mx0.32 mm 1.d.x0.25 um

70°C (2 min)-15°C/min-170°C-5°C/min-220°C-
20°C /min-280°C (10 min)

Helium, 70 kPa(constant pressure mode)
280°C

1 uL, splitless mode (purge on time 3 min)

'(\j/l etaesstz;?ectral Agilent Technologies 5977A MSD
Detector temperature 260°C

Acquisition mode SIM

Compounds Quantification lon Confirmation lon
DnBP 149 223

DEHP 149 167

DnBP-d4 153
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3

Di-n-butyl Phthalate

ID01 ID 02 ID03 ID 04 ID 05
Empore disk C18FF
Average (ug/mL) 0.83 0.81 0.86 0.68 0.81
Recovery (%) 103.5 101.1 107.9 85.3 101.6
SD 0.03 0.02 0.02 0.06 0.11
RSD (%) 3.0 2.1 2.8 8.4 13.6
AERO SDB 400HF
Average (ng/mL) 0.77 0.82 0.80 0.74 0.84
Recovery (%) 96.3 102.0 100.1 92.1 105.0
SD 0.05 0.02 0.06 0.03 0.02
RSD (%) 6.9 2.0 7.5 4.5 2.3

(n=5)
Bis (2-Ethylhexyl) Phthalate

ID 01 ID 02 ID 03 ID 04 ID 05
Empore disk C18FF
Average (nug/mL) 0.86 0.84 0.76 0.73 0.68
Recovery (%) 107.3 104.8 95.0 CHL7/ 84.5
SD 0.04 0.03 0.04 0.05 0.14
RSD (%) 4.2 4.0 4.8 6.7 20.7
AERO SDB 400HF
Average (ug/mL) 0.77 0.83 0.68 0.78 0.59
Recovery (%) 96.6 103.3 85.4 97.9 73.3
SD 0.05 0.02 0.06 0.02 0.00
RSD (%) 6.6 1.9 8.1 2.3 0.8

(n=5)
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Empore disk C18FF AERO SDB 400HF

DnBP DEHP DnBP DEHP
Average (nug/mL) 0.80 0.77 0.79 0.73
Recovery (%) 99.9 96.7 99.1 91.3
SD 0.07 0.08 0.04 0.10
RSD (%) 8.6 9.7 5.1 13.1

(n=5)

ID 01 ID 02 ID 03 ID 04 ID 05
DnBP
Average (ug/mL) 0.016 0.008 <0.072 <0.0279 <0.0059
Background (%)* 2.0 1.0
SD 0.001 0.002
DEHP
Average (ug/mL) 0.002 0.017 <0.072 <0.0079 0.049
Background (%) * 0.3 2.1 6.1
SD 0.0014 0.0002 0.0003

*ERZERRE 1ug/m DEE (n=5)
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DnBP DEHP DnBP DEHP
Empore disk C18FF AERO SDB 400HF
ID 01
Blank conc. X 3 (ug/mL) 0.045 0.006 0.045 0.012
Air conc. (pg/m3)* 0.05 0.01 0.05 0.01
ID 02
Blank conc. X 3 (ug/mL) 0.09 0.09 0.03 0.04
Air conc. (pg/m3)* 0.10 0.10 0.03 0.05
IR/ min T4 ESEELGES
6)
RSD RSD
70 130 10 15
70 130 20 25
70 130 30 35
10%
20%
24 9 6 0906
29 10 18 1018
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27-29

9
svocC oDS
C18
BHT 1L/ 24
GCIMS
20%
GC/IMS (SIM )
LC/MS GCIMS
-d5 LC/MS
oDS ISO
LC/MS
oDS

SvOC

LC/MS

ODS

PUF
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svocC
svocC
oDS
ISO
PUF
27 GCIMS
28 LC/MS
29 2
PUF oDS
B.
B-1

1
-d4
1
B-2.
Isotope
PCB (5000
HPLC

(BHT)
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ODS

47mm 7
0.3um Model 2500 8mL 10
QAT-UP OoDS 3000 rpm 10
C18 47mm 3M 10mL
450 4 ODS
0.2um 0.45um
PUF PUF 20mL
-d5 1mg/L 100pL
GC/MS
OoDS PUF 3mL 10mL
1ppm BHT
ImL
1mL GC/MS
4
B-3. LC/MS
oDS ODS
(
EMI-47 7 8mL 10
SP208 3000 rpm 10
10L
i/ 20% 7 8mL 2
24 1440L
PUF
-d4 1mg/L 2.5mL
PUF 20%
OoDS 50mL
0.2um 0.45um
LC/MS
B-4. 5
OoDS PUF
GC/MS PUF OoDS
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GC/MS

100mL
60mL 10
60mL
3mL
10mL
1mL 1mL
GC/MS
LC/MS
50mL
30mL 10
20%
30mL 2
-d4 1mg/L
2.5mL 20%
100mL
0.2um
0.45pm LC/MS
B-5
GC/MS
2pLL
GC/MS SIM

Thermo Fisher Scientific
TRACE
TSQ-8000

-1310,

VF-5MS

DB-5MS 30mx 0.25mmID

0.25pum
2pLL
280
230
50 2 )-3B5 [/ )-
120 -6 / )-310 (2 )
-d5
1.0mL/
2
LC/MS
5uLL LC/MS
MRM

Waters Aquity UPLC Xevo TQ
MS
Waters Aquity UPLC HSS T3

(2.2mmIDx 100mm 1.8pum)
A5% B:
A(100%) - (5.5 )->A(BY)(1.5 )
0.32mL/
1oo0L/ 500
-d4
3
B-6.
100mg/L
GC/MS
LC/MS 1mg/L



0.1mL 1/10

0.1pg 4
GC/MS
GC/MS
2 6 435ng/m3
LC/MS 2 5
GC/MS
6261g/L 1/10
50png/L
LC/MS
11.6ng/m3
LC/MS
0.334ng/L
1/10
0.02ng/L
C.
C-1. C-2. GC/MS
(10mg/L) GC/MS
ADI
ADI SIM
ADI 6
/ADI
58 ADI
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50 100 200
500pg/L /

C-3. LC/MS

10mL
(Img/L) LC/MS
200rpm
1 3
2
MRM
PUF
PUF
7 LC/MS
0.02 0.1 0.2 04 GC/MS
1 2 5 10 20 50pg/L 20% 10
-d4 10mL
7 8mL 10
100%
C-4.
LC/MS
GC/MS

104

9:1

PUF

3000rpm 10



60% -

log Pow 5
20%
20%
2
LC/MS
50mL
5
C-5. GC/MS
GC/MS
-d10 -d12
200 300%

15

C-6
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(TMS)

LC/MS

LC/MS



7 LC/MS

C-7 PUF
PUF
8 PUF
ODS
D.
GCIMS
-d10 -d12 LC/MS
ODS
E.
D H
svocC
9
LC/MS 9
svocC
oDS
c18
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BHT 1L/ 24 F.

1
GC/MS : : :
LC/MS
20%
, 39(5), 153-162 (2016).
2
G.
GC/MS  (SIM 1
)
3.
LC/MS
GCIMS H
-d5
LC/MS
-d4 ,
18 20
, 48-68 (2009)
oDS ISO
PUF 24-26
oDS 54-76(2015)
LC/MS
oDS . ,

39(5), 153-162 (2016).
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Imidacloprid ~ NO2

D,

Dinotefuran

U\f

N02
Nitenpyram
HN/
C\ 8 /K _NO,
Ny I o
N | S N \N/
Clothianidin P |
Cl N
/CN Acetamiprid
Thiacloprid FaC -
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Cl

HsC CHs
Permethrin-d5

O D
\T/\Y)'L O/UO D
Cl D D
D

-HO;

- 2

HiM

[ ﬁjf ”LH
o W o | D
M T

Imidacloprid-d4
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ODS 2 BHT
1L/min 24hr (1440L)

v
D 7 8mL
\ 4
10 <2
3000rpm 10
F -d5

ImL

1
l

GC/MS

4 GC/MS
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ODS

1L/min 24hr (1440L)

1(7 7 8mL

10
3000rpm 10

l(— 20%

10
3000rpm 10

= T

l

50mL

LC/MS

5 LC/MS
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7 8mL



GC/MS

(m/2)
21.36 123, 136
23.53 59, 247
26.94 181, 166
27.08 164, 123
27.89 123, 183
28.8 181, 208
-d5 30.09 188, 189
30.12 183, 184
31.86 163, 135
32.07 179, 286
34.01 181, 253
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ADI 141)1_0/L 2
(mg/kg weight/day) (ng/m®) ug/L
0.026 1508 2172
0.024 1392 2004
0.0075 435 626
0.01 580 835
0.07 4060 5846
0.05 2900 4176
0.031 1798 2589
0.11 6380 9187
0.057 3306 95.2
0.097 5626 162
0.22 12760 367
0.53 30740 885
0.071 4118 119
0.012 696 20.0
0.018 1044 30.1
0.0002 11.6 0.334
(mg/kg vﬁelzjigllht/day) (pg/m?) /AD!
0.01 1 100
0.012 33 2750
0.005 0.29 o8
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logPow

-0.549

-0.66

-0.13

0.57

0.80

1.26

4.00
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6 GC/MS

No. (mg/0) %) ) )
1 allethrin 0.1 99.3 5.6 12.8
2 chlorfenapyr 0.1 72.6 145 16.7
3 bifenthrin 0.1 90.3 13.1 13.1
4 phthalrhtin 0.1 88.6 10.2 13.9
5 phenothrin 0.1 1075 4.3 4.9
6 acrinathrin 0.1 103.1 143 143
7 permethrin 0.1 87.8 2.2 9.6
8 etofenprox 0.1 100.7 14 7.8
9 silafluofen 0.1 87.3 5.2 13.8
10 tralomethrin 0.1 100.4 2.3 141
70 120 25 30

70 130 30 35

7 LC/MS

No. (mg/0) ) ) )
1 thiacloprid 0.002 95.2 4.2 8.9
2 acetamiprid 0.002 95.0 2.6 79
3 dinotefuran 0.002 95.6 4.1 4.3
4 nitenpyram 0.002 83.8 7.1 75
5 imidacloprid 0.002 94.7 4.9 9.7
6 clothianidin 0.002 94.0 5.7 7.2
7 thiamethoxam 0.002 77.0 5.8 15.1
8 fipronil 0.002 85.6 4.8 4.8
70 120 25 30

70 130 30 35
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8 PUF

121

% %
107.1 84.5
78.2 94.4
92.7 95.5
106.7 90.2
102.5 84.6
130.5 84.8
1132 72.5
921 915
77.2
1116




27 29
ISO 29 SVOC(

27 (1S) JIS
SVOC(
28

ISO/TC146/SC6
29
Airborne particles PM2.5 Bacteria

SVOC
A (Semi-Volatile Organic Compound
( SVOC)
) (
)
(Volatile Organic (VvOC 50
Compound VOC) 250 ) (svocC
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250 400 )
(1S)
(J1S)
1SO ( )
B.
1)JIS IS 1~5)
J1S) (1S) JIS IS
ISO/TC146/SC6
IS ISO/DIS( )
AWI( )
2)
JIS A 1904 1S0O-16000-25
1
Tenax TA
24
Tenax TA
D6
BHT DEP
TBP

124

TCEP DBA

DBP

TPP DOA

DEHP

BBP

TBEP DNOP
DINP

DIDP

SvOC

27 JIS

JIS
(2008, 2015)
(1S) 1SO-16000
(TC)146( )

(SC)6

JIS 1SO ( 1
13 ) 3

JIS 1SO ( 2
10 )

28 1SO-16000

(TC)146( )

Working Groups
WG16(Test methods for VOC
WG18(Flame

WG22(Brominated

(SC)6

detectors), retardants),
WG20(Phthalates),

flame retardants)

ISO/TC146/SC6

SC6  Working groups



NWIP
SC6
SC6 ISO/DIS  AWI
IS
29 ISO/TC146/SC6
2017 ISO/TC146/SC6

Working Groups WG3(VOCs), WG18
(Flame retardants), WG20 (Phthalates),
WG22 (Brominated flame retardants)

2015 -~2016
SC6
ISO/DIS CD AWI
JISA1904 1SO-16000-25
SvOC
SvOoC
DBP
(MC)
5 6 DEHP DINP

125

2011 7
JIS ISO
JIS 2 8301(
) JIS
JIS
IS ISO/DIS(
) AWI( )
JIS
SvoC IS
ISO/DIS AWI
2017 1ISO-16000/TC146/SC6
1
ISO/TC146 2 ISO/TC146/SC6
3 I1SO/TC146/SC6
Working groups(2017) 4 SC6

ISO/DIS CD AWI(2017)
5 6 IS 1



JIS IS

ISO/TC46/SC6 Working groups

svocC
1) JIS

, 2008
2) JIS

, 2015
3) JIS

, 2014

4) JIS , 2015
5) 1SO-16000:

http://www.iso. org/iso/home.htm

SvOC

No.41, pp.423 ~ 426, 2018.3

G.
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1 1S0O-16000/TC146

1SO-16000 TC146: (DIN:Deutsches Institut fur Normung)
sc1 Stationary source emission( )
(NEN:Netherlands Standardization Institute)
<o Workplace atmospheres( )
(ANSI:American National Standards Institute)
Ambient atmospher
sc3 spheres(
(ANSI)
General aspects
sca aspects ( )
(DIN)
Meteorolo
- ay( )
(DIN)
Indoor Air( )
SC6
(DIN)
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2 1SO-16000/TC146/SC6 (2017)

Austraia (SA)

Austria (AS)

Belgium (NBN)

Denmark (DS)

Finland (SFS)

France (AFNOR)

Germany (DIN)

India (BIS)

Italy (UNI)

Japan (JISC)

P-Members Kenya(KEBS)

Korea, Republic of (KATS)

(23) Malaysia (DSM)

Netherlands (NEN)

Norway (SN)

Poland (PKN)

Russian Federation (GOST R)

Spain (AENOR)

Sweden (SIS)

Switzerland (SNV)

United Arab Emirates (ESMA)

United Kingdom(BSl)

USA(ANS))

Canada(SCC)

Czech Republic (UNMZ)

HongKong(ITCHKSAR)

Mongolia(lMASM)

O-Members Morocco (IMANOR)

Romania (ASRO)

(11) Slovakia (SOSMT)

Sri Lanka (SLSI)

Thailand (TISI)

Turkey (TSE)

Ukraing(DSTU)

ISO/TC 22 (Road vehicles)

ISO/TC 24/SC 4 (Particle characterization)

ISO/TC 35 (Paints and varnishes)

ISO/TC 158 (Analysis of gases)

Internal Liaisons ISO/TC 205 (Building environment design)

(10) ISO/TC 207/SC 1 (Environmental management systems)

ISO/TC 219 (Hoor coverings)

I1SO/PC 302 (Guidelines for auditing management systems)

ISO/TC 22 (Road vehicles)

ISO/TC 24/SC 4 (Particle characterization)

External liaisons CEN/TC 264 (Air quality)

CEN/TC 351 (Construction products)

3) CEN/TC 421 (Emission safety of combustible air fresheners)
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3 1SO/TC146/SC6 Working Groups(2017)

WG 3 VOCs

WG 10 Fungi

WG 11 Performance tests for sorption

JWG 13 Determination of volatile organic compoundsin car interiors
WG 17 Sensory testing of indoor air

WG 18 Flame retardants

WG 20 Phthalates

WG 21 Strategies for the measurement of airborne particles
WG 22 Brominated flame retardants

WG 23 Amines

WG 24 IAQ Management System
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4 SC6 ISO/DIS CD AWI (2017 )
Reference Title Reglds;:ltl on Curr;eg(tj:tage Comments

Interior air of road vehicles — Part 8: DIS due
1SO/DIS 12219-8 Handling and packaging of materials and 2014-03-05 20.00 2017-03

components for emissions testing

Interior air of road vehicles — Part 9:

Screening method for the determination of DIS due
ISO/CD 12219-9 the emissions of volatile organic 2015-05-08 20.00 | 5010.05

compounds from vehicle interior parts and

materials — Large bag method

Indoor air — Part 23: Performance test for

evaluating the reduction of formaldehyde DIS due
ISO/DIS16000-23 | ¢ centrations by sorptive building 2016-05-10 2000 | 551905

materials

Indoor air — Part 24: Performance test for

evaluating the reduction of volatile organic DIS due
1SO/DIS 16000-24 | compound (except formaldehyde) 2016-05-10 20.00 2019-05

concentration by sorptive building

materials

Indoor air — Part 34: Strategies for the DIS due
ISO/DIS16000-34 | g rement of airborne particles 2013-09-02 20.00 | 5516 09

Indoor air — Part 36: Test method for the DIS due
ISO/DIS 16000-36 | reduction rate of airborne bacteria by air 2014-01-14 2000 | 551701

purifiers using atest chamber

Indoor air — Part 37: Strategies for the DIS due
1SO/DIS 16000-37 messurement of PM2.5 2014-08-04 20.00 2017-08

Indoor air — Part 38: Determination of

aminesin indoor and test chamber air — DIS due
ISO/AWI 16000-38 | A crive sampling on samplers containing 2015-02-25 2000 | 5017.02

phosphoric acid impregnated filters

Indoor air — Part 39: Determination of

aminesin indoor and test chamber air;

Analysis of amines by means of high- DIS due
ISO/AWI 16000-39 performance liquid chromatography 2015-02-25 2000 | 561709

(HPLC) coupled with tandem mass

spectrometry (MSMS)

Indoor air — Part 40: Indoor air quality DIS due
1SO/AWI 16000-40 management system 2016-03-14 20.00 2019-03
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5 IS

(

1 2017 )

Reference

Title

Publication date

1SO 12219-1

Interior air of road vehicles— Part 1 : Whole vehicle test chamber —
Specification and method for the determination of volatile organic
compoundsin cabin interiors

2012-07

1SO 12219-2

Interior air of road vehicles— Part 2 : Screening method for the
determination of the emissions of volatile organic compounds from
vehicleinterior parts and materials— Bag method

2012-06

1SO 12219-3

Interior air of road vehicles — Part 3 : Screening method for the
determination of the emissions of volatile organic compounds from
vehicleinterior parts and materials— Micro-scale chamber method

2012-06

1SO 12219-4

Interior air of road vehicles — Part 4 : Method for the determination
of the emissions of volatile organic compounds from vehicle interior
parts and materials — Small chamber method

2013-05

1SO 12219-5

Interior air of road vehicles— Part 5 : Screening method for the
determination of the emissions of volatile organic compounds from
vehicleinterior parts and materials — Static chamber method

2014-05

1SO 12219-6

Interior air of road vehicles — Part 6: Method for the determination of
the emissions of semi-volatile organic compounds from vehicle
interior parts and materials — Small chamber method

2017

1SO 12219-7

Interior air of road vehicles — Part 7: Odour determination in interior
air of road vehicles and test chamber air of trim components by
olfactory measurements

2017

1SO 16000-1

Indoor air — Part 1 : General aspects of sampling strategy

2004-07

1SO 16000-2

Indoor air — Part 2 : Sampling strategy for formaldehyde

2004-07

1SO 16000-3

Indoor air — Part 3 : Determination of formaldehyde and other
carbonyl compounds in indoor air and test chamber air — Active
sampling method

2011-10

1SO 16000-4

Indoor air — Part 4 : Determination of formaldehyde - Diffusive
sampling method

2011-12

1SO 16000-5

Indoor air — Part 5 : Sampling strategy for volatile organic
compounds (VOCs)

2007-02

1SO 16000-6

Indoor air — Part 6 : Determination of volatile organic compoundsin
indoor and chamber air by active sampling on TENAX TA sorbent,
thermal desorption and gas chromatography using MS or MS-FID

2011-12

1SO 16000-7

Indoor air — Part 7 : Sampling strategy for determination of airborne
asbestos fibre concentrations

2007-08

1SO 16000-8

Indoor air — Part 8 : Determination of local mean ages of air in
buildings for characterizing ventilation conditions

2007-06

1SO 16000-9

Indoor air — Part 9 : Determination of the emission of volatile organic
compounds from building products and furnishing — Emission test
chamber method

2006-02

1SO 16000-10

Indoor air — Part 10 : Determination of the emission of volatile
organic compounds from building products and furnishing —
Emission test cell method

2006-02

1SO 16000-11

Indoor air — Part 11 : Determination of the emission of volatile
organic compounds from building products and furnishing —
Sampling, storage of samples and preparation of test specimens

2006-02

1SO 16000-12

Indoor air — Part 12 : Sampling strategy for polychlorinated
biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs),
polychlorinated dibenzofurans (PCDFs) and polycyclic aromatic
hydrocarbons (PAHS)

2008-04

1SO 16000-13

Indoor air — Part 13 : Determination of total (gas and particle-phase)
polychlorinated dioxin-like biphenyls (PCBs) and polychlorinated
dibenzo-p-dioxins/dibenzo-furans (PCDDS/PCDFs) — Collection on
sorbent-backed filters

2008-11

1SO 16000-14

Indoor air — Part 14 : Determination of total (gas and particle-phase)
polychlorinated dioxin-like PCBs and PCDDs/PCDFs — Extraction,
clean-up and analysis by high-resolution gas chromatography/mass
spectrometry

2009-05
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6 IS (212017 )

Reference Title Publication date
1SO 16000-15 I(rl\llci())(z))r air — Part 15 : Sampling strategy for nitrogen dioxide 2008-07
Indoor air — Part 16 : Detection and enumeration of moulds —

150 16000-16 Sampling by filtration 2008-12
Indoor air - Part 17 : Detection and enumeration of moulds —

1S0 16000-17 Culture-based method 2008-12
Indoor air — Part 18: Detection and enumeration of moulds —

1SO 16000-18 Sampling by impaction 2011-07

1SO 16000-19 Indoor air — Part 19 : Sampling strategy for moulds 2012-06
Indoor air — Part 20 : Detection and enumeration of moulds —

150 16000-20 Determination of total spore count 2014-12
Indoor air — Part 21 : Detection and enumeration of moulds —

1S0 16000-21 Sampling from materials 2013-12
Indoor air — Part 23 : Performance test for evaluating the

1SO 16000-23 reduction of formaldehyde concentrations by sorptive building 2009-12
materials
Indoor air — Part 24 : Performance test for evaluating the

1SO 16000-24 reduction of volatile organic compound (except formal dehyde) 2009-12
concentrations by sorptive building materials
Indoor air — Part 25 : Determination of the emission of semi-

1SO 16000-25 volatile organic compounds for building products — Micro 2011-07
chamber method

1SO 16000-26 Indoor air — Part 26 : Sampling strategy for carbon dioxide (CO2) 2012-08
Indoor air — Part 27 : Determination of fibrous dust on surfaces

150 16000-27 by scanning electron microscopy (SEM) (direct method) 2014-06
Indoor air — Part 28 : Determination of odour emissions from

1S0 16000-28 building products using test chambers 2012-03

1SO 16000-29 Indoor air — Part 29 : Test methods for VOC detectors 2014-06

1SO 16000-30 Indoor air — Part 30 : Sensory testing of indoor air 2014-09
Indoor air — Part 31: Measurement of flame retardants and

1SO 16000-31 plasticizers based on organophosphorus compounds; Phosphoric 2014-05
acid ester
Indoor air — Part 32 : Investigation of buildings for the

1S0 16000-32 occurrence of pollutants 2014-07

1SO 16000-33 Indoor air — Part 33: Determination of phthalates with GC/M'S 2017
Indoor, ambient and workplace air — Sampling and analysis of

: volatile organic compounds by sorbent tube/thermal )

1SO 16017-1 desorption/capillary gas chromatography — Part 1: Pumped 2014-07
sampling
Indogr, ambi ent and workplace air — Sampling and analysis of

1SO 16017-2 volatile organic compounds by sorbent tube/thermal 2014-07

desorption/capillary gas chromatography — Part 2: Diffusive
sampling
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