GC/MS
LC/IMSIMS

ICP-OES

GC




SUNATEC

SUNATEC

SUNATEC



SUNATEC

SUNATEC

SUNATEC

SUNATEC
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Zn

22

25 7

22

25

ABS

Ge

25

10

10
50 mL
18 19
2
10
10 50 mL
25 9 5 6
2
11
PS
AS
10 15¢
26 4 22



9
26 6 6
2
4 22

25

10

2
27 7 9
2

2
F
RSDr %

11

10 mL

11

23

10 mL

+5%

RSD; %

ISO 5725-2 JIS 7 8402-2
Cochran Grubbs
2
80 110% 70 120%
RSD,
RSDy
80 110%
70 120% RSD, 10% RSDr
25%
GC/MS
LC/IMSMS
GC/MS
a)
lg 100 mL
3
7 50 mL 40
100 mL
100 mL
10
2
GC/MS
b) GC/MS

DB-5MS (30 mx 0.25 mm i.d., 0.25
um, Agilent Technologies )

100 -20
250

/min - 320 (10 min)
280
1.0 mL/min
1.0 uL 70 eV

SIM



LC/IMSMS
a)
1 mL 10 mL

0.1%
8 mL 15
0.1% 10 mL

0.1%
LC/MS/MS
b)LC

x 100 mm, 1.8 pm, Waters )
40 A 0.1% , B 0.1%
B 70%
- (25 min) - 100%
0.25 mL/min 10 uL
B B 80%-
(25 min) - 95%

A
C InertSustain Phenyl HP (2.1
mm id.x 100 mm, 2.0 pm, GL
) B 50% —
(25 min) - 100%

A
D Cosmosil 2.57NAP (2.0 mm
i.d.x 100 mm, 2.5 pum, )
B  60%-
(25min) - 65% 0.3 mL/min
A

E Cosmosil 2.57NAP (2.0 mm
i.d.x 100 mm, 2.5 um) B

80% — (25 min) - 85%

0.3 mL/min A
c) MSMS

ESI (+) 3
kv MRM

A Acquity HSS T3 (2.1 mm i.d.

LC/MSMS
MRM
(m/z) V)
(eV)
DIBP 279 - 149° 20 16
279 205" 20 8
DBP 279 - 149° 20 16
279 205" 20 10
BBP 313.91° 20 18
3135 149° 20 16
TBC 361 - 185° 24 14
361 129° 24 20
DEHA 371 - 129° 26 18
3715 111° 26 20
DEHP 391 - 149° 26 20
391167 20 14
DNOP 391 - 149° 26 20
3915261° 20 8
DEHIP  391-279° 16 10
39171° 16 8
DEHTP  391-167° 22 8
391 279" 22 14
DINA 399 - 129° 28 16
399 255" 28 12
ATBC 403 - 185° 26 20
403 - 129° 26 24
DINP 419  149° 28 20
419-127° 28 10
DINCH 425155 28 16
425.,281° 28 10
DIDP 447 - 149° 28 24
447-,141° 28 10




b)

24

cm

10 cm X 10 cm

10 cm x 10 cm

80 60 40 30
d)
W, mg
e g
€
190 mL 10 mL
40
120
f)
10 mL
200 cm’ 0.5 mL
2 mL 15
5 mL 0.5 mL
9)
GC-FID
3cmx3
W, mg
0 1500 mg
2 mL 10 mL
GC-FID
Polyethylene glycol (0.25 mm, i.d.
x 30 m, 0.5 um) 100 - (2 min)
- 100 250 - (20 /min, ) - 250 (5
min) 250 250
10 kg 1:50
, 2.0 mL/min
h)
60 30 png/cm?



Wa (Wb Wc)

S
W, W, W,
S
EN
EN 1186-2
d) Wa Wb mg
e
10 mL
200 mL 7
f)
10 mL
10
5 mL 2
20 mL 5
50 mL
9)
g)
W.mg
h)
h)

%1000

10 mL

He
He N2 N2
He N2
RSD,
RSD;
a)
05¢g 20 mL
1,4-
1 mL
20 mL
GC-FID
05 g
1,4-
I mL
20 mL
50 pg/mL
b)
DB-WAX (0.25 mm % 30 m, 0.5 um)
60 -(4 /min)- 100 - (10
/min) - 150 1 uL
1:30 220 220
He N,, 1.6 mL/min
FID
a)
05¢g 20 mL
N,N- 2.5 mL

GC-FID



2.5 mL 50 uL
1 ug/g
b)
GC CP-PorabondQ (0.25 mm
X 25 m, 3 pum) 80  (Imin) -
(10 /min) - 250 (10 min) 0.5 mL
1:10 200
250 He
N,, 2.0 mL/min FID
90
100
110 60
0.5
a)
05¢g 20 mL
N,N- 2.5 mL
GC-FID
2.5 mL
50 pL
6 pg/g
b)
a)
1 cm? 2mL
20% 60
60 30
GC-FID
10 mL
150 pL
15 pg/mL
b)

DB-1 (0.32 mm % 30 m, 5 um)
120 (1 min) - (5 /min) - 170

1 uL 1:10
200 200
He N, 1.55 mL/min FID
a)
1
cm’ 2 mL 20%
60 60
30
GC-FID
10 mL
150 pL 15
pg/mL
b)
DB-1 (0.32 mm % 30 m, 5 um)
240 1 uL
1:10 240 240
He N,, 1.4 mL/min
FID
a)
25
GC-FID
10 mL
5 uL
0.5 pg/mL
b)
DB-WAX (0.53 mm % 30 m, 1 pum)
50  (5min) - (10 /min)- 100
5 pL 1:10
220 220
He N,, 15 mL/min
FID
a)
10g 200 mL
20 mL



100 mL 3,000

10
I mL
2mL
GC-FID
2mL
10
ug/mL 100 pL
0.5 pg/mL
b)
DB-1 (0.32 mm X 30 m, 5 pm)
150 (5 min) - (20/min) - 250 (5
min) 1 pL 1:15
200 250
He N,, 1.2 mL/min
Blos NPD
ICP-OES
200 mL
100
4%
4% 10 mL
ICP-OES
Sb
Ge
200 mL 25%
11 mL pH 7.5 8
lg 30 500 rpm

60 mL

50 mL PP
10% 10% 1 1
20 mL 10 500 rpm
10
mL
10 mL Y 40
pg/mL 50 pL ICP-OES
Sb Ge
Sb Ge 4%
10 15 20 25 30 pg/mL
100 uL 10 mL
ICP-OES X
y
Sb
Ge
Sb Ge 4%
10 20 50 pg/mL

Sb 0, 0.025, 0.050,
0.075, 0.10 pg/mL, Ge 0, 0.05, 0.10, 0.15, 0.20

pg/mL 100 pL ICP-OES
X
y
Sb
Ge
ICP-OES
1.2 kW
Ar, 0.35 L/min Ar, 17
L/min Ar, 0.6 L/min
206.833 217.581 nm
Sb  209.426 265.118 nm Ge 224.306



nm Y

Sb Ge 1

RSD; %
RSD; %

80 120% RSD, 15%

20%
80 110%
1 3
AS ABS
12
025 g
10 mL
THF
DEB
THF 10 mL
DEB
DEB THF
GC-FID

RSD;

0.5mL

DB-WAX (30 m x 0.25 mm, 0.50 pm,

Agilent Technologies )
60 -(4 /min)-100 -(10 /min)- 150
He, 1.4 mL
7890A
, , PN 5183-4647, Agilent
Technologies GC-2010
, PN 221-75195,
1 pL
10 uL THF
3 3
30 1 220
220 H, 30 mL/min
400 mL/min
He, 23.5 mL/min
GC
CPL
HPL  20% 15 pg/mL
GC-FID
DB-1 (30 m x 0.32 mm, 5 um, Agilent
Technologies ) 240 15
He
CPL 5
, , PN 5183-4647,
Agilent Technologies 1 uL
10 pL
20%



3 10 1 240
240 H, 30 mL/min
400 mL/min
N,, 24.6 mL/min
I mm % 5 mm 0.1g
10
pg/mL 1.0 mL
HS-GC/MS
a)
80
150 180
30 min 0.5 min
1 mL
b) GC/MS
GC VOCOL (60 m x 0.25 mm, 1.5 pum,
Sigma-Aldrich ) 35 (4 min)
-(4 /min) - 260 200
250
250 180
He, 1.4 mL/min
1:20 70 eV EI
SIM
5
a)
Bhas 42

DFS5F 7

HSGC/MS

m/z
methanol 31 32
ethanol 45 46
2-propanol 45 59
1-propanol 59 60
2-butanol 45 59
2-methyl-1-propanol 43 74
1-butanol 56 41
1-methoxy-2-propanol 45 47
2-methoxyethy acetate 43 58
2-ethoxyethyl acetate 43 59
3-methyl-3-methoxybutanol 73 103
cyclohexanone 55 98
acetone 43 58
methyl acetate 43 74
hexane 57 86
2-butanone (MEK) 43 72
ethyl acetate 43 61
tetrahydrofuran 42 72
cyclohexane 84 56
isopropyl acetate 61 43
heptane 71 100
benzene 78 77
propyl acetate 43 61
4-methyl-2-pentanone (MIBK 43 58
isobutyl acetate 43 56
toluene 91 92
butyl acetate 43 56
m, p-xylene 91 106
o0-xylene 91 106
fluorobenzene 96 70
ethyl acetate-dg 46 66
toluene-ds 98 100
60 70%
Bhas 42 DFSF 7x10°
cells/mL 1 2 mL
6 0
4
n=3 7
0.1%
570
nm
b)
Bhas 42
DFSF 7
60 70%
Bhas 42 DF5F 2x10°



cells/mL 1 2 mL
6 0
1
n=3 4 DF5F
7 0.1%
570 nm
c)
100%
%
a)
Bhas 42
DF5F 7
60 70%
Bhas 42 DF5F 7x10°
cells/mL 1 2 mL
6 0
4 7 11
1 6 n=6
14 DFS5F 21
5%
b)
Bhas 42
DF5F 7
60 70%
Bhas 42 DFSF 2x10°
cells/mL 1 2 mL
6 0
1
4 7 11 14 DF5F
n=6 21

5%

C
PET
Sb Ge
GF-AAS
ICP-OES
ICP-MS
GF-AAS ICP-OES Sb
ICP-MS
GF-AAS ICP-OES
Sb
214 36.7%

110%



RSD; RSDg (%)
(%) (%) (%) i 5
Sb GF-AAS 9 27 98.0 106.8 26 6.4 15.0 18.8 22.2 7.4
ICP-OES 5 14 100.7 106.3 32 54 13.7 147 21.4 7.1
5 14 99.8 105.9 40 75 144 172 21.4 0
ICP-MS 10 30 102.4 105.5 1.0 2.0 9.0 10.5 36.7 0
10 30 103.3 106.3 1.4 22 7.6 10.3 26.7 0
Ge GF-AAS 7 21 101.1  102.7 2.8 4.4 9.2 10.5 14.3 0
ICP-OES 5 13 100.9 101.4 1.7 2.7 20 2.7 0 0
5 13 98.9 102.5 23 55 32 55 0 0
ICP-MS 10 30 99.4 101.7 0.7 1.0 42 53 0 0
10 30 100.0 102.1 1.0 1.3 22 4.0 0 0
RSD; RSDg
. [ %100 (%)] 80% 110%
2 Cochran Grubbs <1%
Ge
Sb
ICP-OES ICP-MS GF-AAS
ICP-MS ICP-OES
ICP-MS
GF-AAS
ICP-OES
ICP-OES Sb  Ge
4% 10
Zn
AAS
ICP-OES ICP-MS
AAS 1

ICP-OES



RSD; RSDg (%)
(%) (%) (%) " 2
AAS 4% 14 42 102.1 1027 13 1.6 3.6 4.4 4.8 0
14 42 101.6 1021 1.1 1.6 33 37 11.9 14.3
ICP-OES 4% 14 42 99.7 100.5 1.2 1.9 25 4.0 0 24
14 42 1002 1004 12 1.9 32 38 0 0
4% 14 42 100.0 100.6 0.7 1.8 1.7 3.7 2.4 9.5
14 42 98.8 99.2 1.4 1.6 1.9 24 0 0
ICP-MS 4% 8 24 972 987 1.5 29 48 89 4.2 4.2
8 24 97.1 98.1 1.0 2.0 52 8.1 4.2 12.5
4% 8 24 983 100.0 1.3 2.1 42 8.6 4.2 0
8 24 99.1 99.8 1.0 4.9 42 69 0 4.2
RSD; RSDr
B [ x100 (%)] 80% 110%
2 Cochran Grubbs <1%
ICP-OES
RSD, RSDr
ICP-MS
ICP-OES ICP-MS 1/10
iPB
PB
AAS TO
ICP-OES
ICP-OES ICP-MS /n EB ST
TO iPB PB
EB ST

HS-GC-FID

GC-FID GC/MS



RSD;, RSDr
(%) %) %) i 2
GC-FID 5 EB - 1.0,2.0 2.6,4.5 0/30 0/30
ST - 1.1-2.6 2.5-5.8 0/45 1/45
GC/MS 5 EB 98.2,98.7 1.9,2.7 49,6.2 0/10 0/10
ST 96.8-103.3 1.4-7.8 8.1-13.0 1/15 0/15
HS-GC-FID 10 EB 98.5,98.9 2.0,2.6 4.2,6.9 0/20 1/20
ST 99.2-100.6 2.1-2.4 3.34.1 3/30 3/30
EB ST RSD: RSDr
o [ %100 (%)] 70% 120%
2 Cochran Grubbs <1%
GC/MS
GC/MS
96.8 103.3%
RSD, RSDy HS-GC-FID 1
98.5 100.6%
GC-FID
GC/MS RSD,
GC-FID GC/MS 3
HS-GC-FID
ST
ST HS
DEB
ST HS

MS



GC/MS

GC-FID
95%
4% 20%
GC/MS
A
GC/MS
RSD, RSDgr
(%) *%) %) ! 2
5 95.9 96.5 3.3 54 40 6.7 0/45 3/45
98.4 98.8 2.1 28 26 4.7 0/45 1/45
93.7 96.1 6.7 144 16.8 21.7 9/39 3/39
GC/MS 13
94.1 96.0 20 44 7.0 94 0/39 0/39
RSDr RSDR
o [ x100 (%)] 80% 110%
2 Cochran Grubbs <1%



RSD; RSDg
% % % *] 2
A 34 98.4 102.6 1.1 2.1 41 22.0 7 (21%) 0 (0%)
81 93.1 105.8 1.3 8.9 6.5 244 18 (22%) 3 (4%)
B 44 - 1.8 182 41 359 - 0 (0%)
117 - 2.1 9.6 6.9 483 - 2 (2%)
1 3 10 11
B 49 12
RSDx RSDr
o [ x100 (%)] 80% 110%
= Cochran Grubbs <1%
A RSD,
RSD, RSDy
21% 34 7
22% 81 18
4%
A
B
105 2



B RSD,
RSDr A
95%
A B 95%
11% 46
5 95%
1% 92 1
RSD: RSDr
% % % *1 *2
46 99.4 102.6 1.1 2.1 41 8.6 5(11%) 1 (2%)
0
95% 92 92.9 102.4 1.1 3.2 2.8 7.2 1 (1%) 2 (3%)
23 - 9.0,11.3 35.9,48.3 - 0 (0%)
0
95% 46 - 5.3 9.8 36.1 44.3 - 1 (2%)
10 11 13 14 16 17
B 12 15 18
RSD: RSDr
o [ %100 (%)] 80% 110%
2 Cochran Grubbs <1%



BBP (2- )

DEHA (2-
GC/MS ) DEHP
LC/IMSMS DINA DINP -1,2-
DINCH
DIDP
LC/MS/MS
DEHA B DEHP
6 DEHTP DIDP
GC/MS 6
GC/MS DIBP BBP DINA
GC/MS 6 DINP DINCH DIDP  InertSustain
Phenyl HP C DIBP
DINA DBP BBP ATBC BBP
(2- ) DEHTP Cosmosil 2.5TNAP D
-N-
DNOP LC/MS/MS 6
DINP
Acquity HSS T3 A
DNOP  DINP 6
DBP
BBP DINP DINA DIDP DEHTP
DINP DIDP DINCH
InertSustain Phenyl HP
C DBP DIBP BBP
LC/IMSMS ATBC Cosmosil
2.5nNAP D
GC/MS
LC/MS/MS
GC/MS 6
LC/MS/MS
Acquity HSS T3 A
DIBP

DBP



EN 1186-2 EN
43.4% 20+ 1 50 £2%
60+5 1.3 kPa
20 £ 1
10 £ 2% 20+ 1
50 £ 2% 4
EN 1/4
0.5 mg
10 mL
28%
0.5 mL 2 mL
15
5 mL 0.5 mL 5

0.5 1500 mg

40 120

EN

EN

10

14.8%

37.6%
EN
AOAC

26.1%

26.0%

EN

2.6%

10.6%

4.3%

5 pug/em’

15.6%



EN
GC-FID GC-NPD
He
N,
He N2
25 125 pg/mL R’ =
0.9992  0.9999
25 pg/mL
He N2
100.6 103.5%
RSD, 0.1 0.6%
RSD; He
N,
He N2
0.2 5Spug/g
10 250 uL R’
=0.999 0.9998
1 ng/g 1/5 0.2 ng/g

He N, 94.9
96.7% RSD, 5.6
3.9% RSD;, 6.8 5.2%
0.6 24 pg/g
5 200 pL
R?=0.9995 0.9993
6 ng/g 1/10
0.6 ng/g
He N, 102.2 103.0%
RSD, 8.0 8.1%
RSD;, 10.9 9.0%
N,
He N2
2 20 pg/mL
R?=0.999 0.9991
15 pg/mL 2/15
2 pg/mL
N2 He
2 pg/mL
N2 He



0.9931 0.9956

Sb

N, He
0.2 pg/mL
N, He
5 30 pg/mL
R*=0.9994 0.9995
15 pg/mL
1/3 5 pg/mL
GC-NPD

He N» N,

N,

He 107.3%
1 2 pg/mL N,
12
N, ICP-OES
0.25 5 pg/mL
R*=0.9997 0.9996 Sb

0.5 pg/mL Ge ICP-OES
172 0.25pg/mL
He

N,

Ge
He
N,
He 1.5 2 Sb Ge
He N,

He 0.2 1 pg/mL Ge

R?=0.9998 0.9962
Nz He



26

GC
Sb Ge ST
ST
Sb Ge ST
ST
Sb 102.5 105.0% RSD, 29
6.5% RSD; 50 7.4% Ge 94.1 ST
99.6% RSD, 2.3 7.4% RSD; 39 9.5%
BG
Sb
ng/mL ST
x=0 ST
5 ST
Sb
60 -

(4 /min) - 100 - (10 /min) - 150 - (20
/min) - 240  (10min)
10

ST

ST
ST



ST
GC
26
CPL
HPL
CPL
GC
CPL HPL
20%
HPL
20%
GC 1uL
0.8 uL
0.2 uL 74 uL

ST

15 pg/mL

GC 1
CPL

963 pL
20%
1,037 uL

850 uL
20%

30 m 60 m
0.32 mm 0.25 mm
0.5 uL
240
280
20
280
280



30

N,N-
A
B
1-
SCAN
p_
42

1 2.5 ug/g

42

-GC/MS

1.9 3.4 pgle 3 3.9

14 pg/g 1 0.70
ug/g 2 0.10 0.20 pg/g
5
IARC
2B
3,3’-dimethylbenzidine A 3,3-di-
chlorobenzidine B  4,4’-diamino-
diphenylmethane C  3,3’-dimethyl-
4,4’-diaminodiphenylmethane D
1 4,4’-methylene-
bis(2-chloroaniline) E 5
invitro Bhas 42
A C D
E
B 1000 ng/mL
80% 3000 ng/mL 70%
A 300

3000 ng/mL 3



B 0.03 0.1 ng/mL

2
1000 ng/mL
B
C D
E
A 10000
ng/mL
80% B
E
C D
A E
B 1000 3000 ng/mL
2

C 10 ng/mL 1

D 1 ng/mL 1



25 27

ICP-OES

GC/MS
LC/MS/MS

GC
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