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26

13

17

37
49

63

73

77

95

ICP-OES 113

131



HS-GC-FID

GC/IMS

HS-GC-FID

GC-FID GC/IMS
GC-FID

GC-FID GC/IMS

GC/IMS

GC/IMS




GC

Ge

Sb

40

EN

Ge

Ge ICP-OES

EN1186-2

120 1

GC-FID GC-NPD
GC-FID

N>
N>

ICP-OES
Sb Ge

GC-NPD




ICP-OES

EN 1186

EN

GC-FID GC-NPD

He N,

ICP-OES



B
PS
AS
ABS
10 21 GC-FID
GC-FID GC/MS
HS -GC-FID
HS-GC/MS TO
EB
iPB PB
ST
RSD, % RSDr %
ISO 5725-2 JISZ 8402-2
Cochran Grubbs
2
70 120%
RSD, % RSDg %
70 120% RSD, 10%
RSDr 25%

20%

EN

1 15 17 pg/mL
9 20
GC-FID GC-FID
GC/IMS
1SO 5725-2 JIS Z 8402-2
Cochran Grubbs
2 80
110%
RSD, % RSDg
80 110% RSD, 10%
RSDr 25%
EN
EN 1186



He N2
GC-FID GC- NPD He N,
He N,
GC-FID GC- NPD
1 2 5
RSD,
RSD;
70~120% RSD, 10% RSD;
15%
ICP-OES
PET 400 mL
4% 60

30
4%
Sb Ge

Sb Ge

Sb
Ge 1 2 5
RSD, RSD;
80 120% RSD, 15%
RSD; 20%
C
GC-FID
GC-FID 15
25 125 pg/mL
1 5 mg/g
20 100 nug/g
1/10
ABS
ST 1
RSD, 10 26% RSDr 25 5.8%
GC-FID
GC-FID 3



GC-FID
AS
ABS EB
ST
PS ABS
AS
GC/IMS
GC/IMS 5
5 TO EB PB
mz91 iPB m/z105 ST m/z104
1 2 pglg
4 100 ug/g
1
96.8 103.3%
RSD, 14
7.8% RSDgr 49 13.0%
PS ST
2
HSGC-FID
HS-GC-FID 10
2010
6.25 100 ng/g
3
5

95.9 97.8%

RSDr 8.1 13.5%
1
98.5
100.6% RSDr 3.3 6.9%
HS-GC/MS
HS-GC/MS 4
2010
THF PS AS
AS
2010
MS
/10
GC/IMS HS-GC-FID
HS-GC-FID



GC-FID GC/IMS

ST
ST
ST
GC/IMS
GC-FID
GC-FID 15
1 5pg/mL

15 pg/mL 1/3

95.9 96.5%
RSD, 33 54% RSDr 4.0 6.7%

98.4 98.8% RSD,

21 28% RSDr 26 4.7%

GC-FID
GC-FID 3

GC/MS
GC/IMS 13

m'z 113
png/mL

3

GC-FID

93.7 96.1% RSD, 6.7 14.4% RSDg

16.8 21.7%

94.1 96.0% RSD;,
7.0 9.4%

1

RSD,

20 4.4% RSDgr

GC-FID



GC/IMS
RSD,
GC/IMS
95 5
40 15 360
60
40 120
3

GC-FID

EN
EN

N>

EN

EN



He
N>
N>
GC-NPD
N, GC-NPD
|CP-OES
7
pH
Sb Ge
Sb
Ge
Sb

Ge 1

BG

0.2

0.2 pg/mL

GC-FID GC/MS

3
0.1 pg/mL
Sb Ge

ug/mL
Sb Ge 0.1 pg/mL
0.5 pg/mL
D

Sb Ge
ICP-OES
HS-GC-FID

GC-FID



GC/IMS

EN1186-2

GC/IMS

40

EN
HS-GC-FID
GC-FID
N>
GC-FID
GC/MS
N>
\P
GC-NPD
Sb Ge
Sb Ge
Sb Ge
Sb Ge
120

GC-NPD
He

ICP-OES
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1)

56
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PS
ST
TO EB
iPB PB
THF
DEB
GC-FID
5 mgl/g
PS
2 mg/g
ST EB 1 mg/g
PS
PS
ST o-
50%
Y PS
AS
ABS
ST 50%
2)
34 201

GC

5)

THF

GC

PS ST
GCIMS

HS-GC

GC/IMS
GC-FID

9 HS-GC

TO

ABS

6,7)

7-13)

7,9,



10)

+5%

MS
PS
26
2
GC/IMS HS-GC TO EB iPB PB
ST
B
25
11 DEB
10 21
26
PS PS PSJ GC-FID
SGP10 74 PS
109

AS AS STYLAC-AS
TYPE 767 71

109

ABS ABS ABS
GR-2000 109 GC/IMS

10
15¢ GC/MS
26 4 22
2 HSGC
HS-GC-FID HS-GC/MS
2 10



RSD; % 70 120%
RSDg %
RSD,  RSDy
16)
70
RSD, 10% RSDr  25%
GC-FID
TO PB iPB C
GC-FID TO ST
20 pg/g PS EB
3
3
3
ST AS ABS EB 15
EB ST
ISO 5725-2 ' JIS Z 8402-2 0.02¢g
Cochran Grubbs
30
(ng/g) PS
TO EB iPB PB ST ABS
PS <20 389 <20 <20 2728 GC-FID
AS <20 859.1 <20 <20 7277
ABS <20 1585 <20 <20 8527 TO iPB PB
DEB TO EB ST ug/g
EB iPB
ST GC-FID

PB

120%

05¢g

AS



3 05¢g
2
95 105%
10 2
F 5 iPB PB
TO
HS-GC 2
EB
10 ST
1.4
3.5%
2 %
RSDr (% RSDr (% X100
ug/g F %) ug/g F %)

PS TO <100 - - <100 - - -

EB <100 ; ; <100 - ; -

PPB <100 . . <100 - - -

PB <100 . ; <100 - ; -

ST 278 0.58 1.8 291 1.81 47 104.8
AS TO <100 <100 - - -

EB 833 1.00 3.5 843 2.07 2.1 101.2

PPB <100 . ; <100 - ; -

PB <100 ; ; <100 - ; -

ST 708 1.07 2.6 695 0.9 2.1 98.1
ABS  TO <100 - - <100 - - -

EB 163 0.75 2.8 156 118 4.9 95.8

PPB <100 ; ; <100 - ; -

PB <100 ; ; <100 - ; -

ST 859 1.67 1.4 818 2.95 1.9 95.2

,n=10 ,n=2 F 3.02

RSD,

10



GC-FID

PS (ng/g) AS (ng/g) ABS (ng/g)
GC-FID A <40,<40 <40, <40 <40, <40 <40,<40 283,284 <40, <40 854, 846 <40, <40 <40,<40 738,731 <40, <40 155, 155 <40, <40 <40,<40 858,850
B <30,<30  40.4,39.2  <30,<30 <30,<30 267,274 <30, <30 914,911 <30, <30 <30,<30 749,746 <30, <30 157,157 <30,<30 <30,<30 885,887
H <100,<100 <100,<100  <100,<100  <I100,<100 272,268 <100,<100 856,872  <100,<100  <100,<100 707,725 <100,<100 161,158  <100,<100  <100,<100 829,823
I <100,<100 <100,<100  <100,<100  <100,<100 274,269 <100,<100 850,839  <100,<100  <100,<100 735,717 <100,<100 162,158  <100,<100  <100,<100 860, 863
K <100,<100 <100,<100 <100,<100  <100,<100 288, 280 <100,<100 874,857  <100,<100  <100,<100 746, 735 <100,<100 170,167  <100,<100  <100,<100 873,867
M <100,<100 <100,<100 <100,<100  <100,<100 273,266 <100,<100 897,869  <100,<100  <100,<100 722,701 <100,<100 159,159  <100,<100  <100,<100 818,838
N <100,<100 <100,<100  <100,<100  <100,<100 292,275 <100,<100 846,860  <100,<100  <100,<100 725,737 <100,<100 164,172 <100,<100  <100,<100 864, 866
0 <20,<20  38.5,39.3  <20,<20 <20,<20 276,278 <20, <20 838, 836 <20, <20 <20,<20 721,718 <20, <20 159, 158 <20, <20 <20,<20 857,858
P <100,<100 <100,<100  <100,<100  <100,<100 227,245 <100,<100 837,839  <100,<100  <100,<100 713,711 <100,<100 161,162  <100,<100  <100,<100 836, 819
Q <100,<100 <100,<100  <100,<100  <100,<100 281,295 <100,<100 856,860  <100,<100  <100,<100 729,741 <100,<100 164,160  <100,<100  <100,<100 856,863
R <100,<100 <100,<100  <100,<100  <100,<100 260, 268 <100,<100 828,828  <100,<100  <100,<100 713,702 <100,<100 160,149  <100,<100  <100,<100 822, 809
S <100,<100 <100,<100  <100,<100  <100,<100 270,277 <100,<100 862,861  <100,<100  <100,<100 732,730 <100,<100 157,157  <100,<100  <100,<100 837,838
U <30,<30  38.6,37.3  <30,<30 <30,<30 277,281 <30, <30 869, 886 <30, <30 <30,<30 731,746 <30, <30 161, 165 <30, <30 <30,<30 868,908
\Y% <100,<100 <100,<100  <100,<100  <I100,<100 295,293 <100,<100 873,873  <100,<100  <100,<100 770, 760 <100,<100 154,154  <100,<100  <100,<100 896, 904
Y <100,<100 <100,<100 <100,<100  <100,<100 258,240 <100,<100 841,840  <100,<100  <100,<100 696, 704 <100,<100  136,144"  <100,<100  <100,<100 817,813
GC-FID C <100,<100 <100,<100  <100,<100  <100,<100 290,291 <100,<100 884,886  <100,<100  <100,<100 762,770 <100,<100 163,165  <100,<100  <100,<100 894, 900

F <100,<100 <100,<100 <100,<100  <100,<100 282,286 <100,<100 901,891  <100,<100  <100,<100 752,755 <100,<100 162,161  <100,<100  <100,<100 880, 872
X <100,<100 <100,<100 <100,<100  <100,<100 211,203 <100,<100  1010,1070  <100,<100  <100,<100 866,854 <100,<100 104,111  <100,<100  <100,<100 830,834

0 %100 (%)] 80% 110% GC-FID

_ *x100 (%)] 70% 120% GC-FID

" Cochran <5%

" Cochran <1%

" Grubbs <5%

" Grubbs <1%

GC-FID

Cochran

Grubbs



GC/IMS HSGC-FID  HSGC/MS
PS (hg/e) AS (ng/g) ABS (hg/e)
GC/MS D <100,<100 <100,<100 <100,<100  <100,<100 261,272  <100,<100 908,882  <100,<100 <100,<100 757,741  <100,<100 164,165  <100,<100 <100,<100 893,912
I <100,<100 <100,<100  <100,<100 ~ <100,<100 263,263  <100,<100 819,813  <100,<100  <100,<100 705,695  <100,<100 145,150  <100,<100  <100,<100 837,852
M <I100,<100 <100,<100 <100,<100  <100,<100 191,249  <100,<100 831,801  <I00,<100 <100,<100 696,647  <100,<100 154,152  <100,<100  <100,<100 809,787
N <100,<100 <100,<100 <100,<100  <100,<100 261,267  <100,<100 806,818  <100,<100  <100,<100 706,714  <100,<100 148,151  <100,<100  <100,<100 825,842
X <100,<100 <100,<100 <100,<100  <100,<100 294,321  <100,<100 864,891  <100,<100 <100,<100 785,849  <I00,<100 174,162  <100,<100  <100,<100 1020, 1030
HS-GC-FID B <30,<30  39.1,404  <30,<30 <30,<30 278,278 <30,<30 839,850  <30,<30  <30,<30 766,750 <30,<30 154,157  <30,<30  <30,<30 844,877
K <50,<50  <50,<50  <50,<50 <50,<50 204,178 <50, <50 648, 628 <50, <50 <50,<50 452, 449" <50,<50  127,121""  <50,<50 <50,<50  521.512'"
M <50,<50  <50,<50  <50,<50 <50,<50 264,262 <50, <50 773,727 <50,<50  <50,<50 718,771 <50,<50 145,153  <50,<50  <50,<50 763,776
N 12.0,12.0  35.3,36.6 <6.25,625 <6.25,625 278,281  <6.25<6.25 912,912  <6.25,<625 <6.25,7.31 731,728 7.06,7.13 160,160  <6.25,<6.25 <6.25,<6.25 871,878
P <25,<25  42.0,402  <25,<25 <25,<25 292,280 <25,<25 827,854  <25,<25 <25,<25 709,729 <25,<25 165,167  <25,<25  <25,<25 850,873
Q <25,<25  <50,<50  <50,<50 <50,<50 286,278 <25,<25 818, 839 <50,<50  <50,<50 701,728 <25,<25 148,160  <50,<50  <50,<50 812,833
R 9.85,9.59 40.4,28.9" <6.25,<6.25 <6.25,<625 282,271  <6.25,<6.25 843,830  <6.25,<6.25 <6.25,<6.25 715,720  <6.25,<625 157,154 <6.25,<6.25 <6.25,<6.25 857,851
S <100,<100 <100,<100  <100,<100 ~ <100,<100 275,268  <100,<100 862,826  <100,<100 <100,<100 738,713  <100,<100 157,159  <100,<100  <100,<100 862,835
T <20,<20 362,373  <20,<20 <20,<20 274,281 <20,<20 964,948 <20,<20  <20,<20 807,782 <20,<20 172,164  <20,<20  <20,<20 896,837
U <30,<30 355,356  <30,<30 <30,<30 256,268 <30,<30 837,835 <30,<30  <30,<30 722,717 <30,<30 161,160  <30,<30  <30,<30 857,865
HS-GCMS D <50,<50  <50,<50  <50,<50 <50,<50 272,264 <50, <50 862, 876 <50,<50  <50,<50 706,719 <50,<50 158,158  <50,<50  <50,<50 827,829
H  <100,<100 <100,<100 <100,<100  <100,<100 307,302  <100,<100 903,873  <100,<100 <100,<100 758,720  <100,<100 159,149  <100,<100  <100,<100 839,773
w <33,<33  <33,<33  <33,<33 <33,<33 240,190 <33,<33  1029.913  <33,<33 <33,<33 874,783 <33,<33 167,161  <33,<33  <33,<33 868,863
X <100,<100 <100,<100 <100,<100  <100,<100 303,309  <100,<100  1010,960  <100,<100 <100,<100 851.810  <100,<100  179.184  <100,<100  <100,<100 983, 1010
0 %100 (%)] 80% 110%
_ I %100 (%)] 70% 120%
Cochran <5%
" Cochran <1%
" Grubbs <5%
" Grubbs <1%

HS-GC/MS

Cochran

Grubbs



25
125 ug/mLl 1 5 mg/g

18
11
5 THF He N, 18
1000 mg/L 12 He 6 N,
1.5 mL/min
DEB M U
DEB DEB 0.89 0.85 mL/min
I mL THF 100 mL THF X
10
1 uL/mL DEB
1000 mg/L
THF DEB
DEB THF 18 10 8
1 ug/mL DEB
DEB 0.87 g/mL X
DEB
DEB 51
40 1
DEB
21 11
6 A C H K O
W DEB 4 C DEB 7.8
A H K Y F
60 3
GC
GC-FID X
323
GC-FID 18 GC-FID
GC 18 C F X 3
F GC-FID

X GC-FID



GC-FID GC
*1
A DB-WAX' 60 -4 /min-100 -10 /min-150 -10 /min-220 (5 min) He 1.4 mL/min 30:1
B InertCap WAX | 60 -4 /min-100 -10 /min-150 -30 /min-220 (5 min) He 1.7 mL/min ( 51
C DB-WAX' 60 -4 /min-100 -10 /min-150 -20 /min-200 (5 min) N;  1.2mL/min 10 1
F  DB-WAX' 60 (3min)-4 /min-100 -10 /min-150 He  1.2mL/min 40 1
H DB-WAX' 60 -4 /min-100 -10 /min-200 (5 min) He 1.5 mL/min ( 20 1
I InertCap WAX | 60 -4 /min-100 -10 /min-150 He  1.2mL/min 30 1
K HP-WAX' 60 -4 /min-100 -10 /min-150 He 1.6 mL/min 15 1
M  TC-WAX ' 60 -4 /min-100 -10 /min-150 -10 /min-210 (2 min) He  0.89 mL/min ( 15 1
N DB-WAX ' 60 -4 /min-100 -10 /min-150 -30 /min-180 (5 min) N,  1.32mL/min ( 251
O DB-WAX' 60 -4 /min-100 -10 /min-200 (Smin) N> 1.49 mL/min ( 20 1
P Rix-WAX' 60 -4 /min-100 -10 /min-150 (5min)-20 /min-220 (5 min) " He 151 mL/min 30 1
Q DB-WAX' 60 -4 /min-100 -10 /min-150 He  1.4mL/min 10 1
R InertCap WAX ' 60 -4 /min-100 -10 /min-150 (1 min)-10 /min-220 (5 min) " He  1.42 mL/min ( 30 1
S InertCap Pure WAX ' 60 -4 /min-100 -10 /min-200 (5 min) " He 1.2 mL/min 15 1
U DB-WAX' 60 -4 /min-100 -10 /min-150 -30 /min-180 (I min) He  0.85 mL/min 51
V  DB-WAX | 60 -4 /min-100 -10 /min-150 (5 min) N,  1.46 mL/min 30 1
X DB-17 40 (15min)4 /min-140 -10 /min-200 (4 min) * N2 10 mL/min (

Y DB-WAX ' 60 -4 /min-100 -10 /min-150 (5 min) N, 1.1 mL/min ( 10 1

o 025mm,  30m,  0.5um

0.53 mm, 30 m,

Sp_m

60 -4 /min-100

-10

/min-150



GC-FID

DEB TO EB iPB PB ST

A 1.4 50 6.7 7.8 8.8 10.1
B 105 4.2 5.8 6.8 7.7 9.0 25 125 pg/mL 1 5
*2
(31 78 . 2.9 4.1 4.8 55 6.6 me/g
F 15.1 6.9 9.4 10.8 12.0 13.6
H 1.0 45 6.2 7.2 8.2 9.5
I 11.3 4.9 6.6 7.6 8.6 10.0 20 100 pg/g
K 11.1 4.8 6.5 75 8.4 9.7
M 12.8 6.0 7.9 9.1 101 115 1710
N 122 54 73 8.5 9.5 10.9
0 1.0 45 6.2 7.2 8.2 9.5
P 1.0 46 6.2 73 8.2 9.5
Q 109 46 6.2 73 8.2 9.4 GC-FID 15
R 10.7 44 6.1 7.1 7.9 9.3
S 11.3 5.1 6.7 7.8 8.7 9.9 4
U 112 50 6.7 7.7 8.6 9.9 3 DEB
\% 119 5.0 6.9 8.1 9.0 10.4
X' 3237 171 241 287 303 265
Y 109 4.6 6.2 73 8.2 9.5 1
DEB TO EB
iPB PB ST
*1
2 11
GC-FID
GC-FID ABS ST Cochran
ug/g 1
TO EB iPB PB ST
A 40 40 40 40 40 RSD; 1.0
B 30 30 30 30 30 2.6% RSDr 2.5 5.8%
H 100 100 100 100 100
I 20 20 20 20 20
K 100 100 100 100 100
M 100 100 100 100 100
N 100 100 100 100 100 96 102%
0 20 20 20 20 20 3)
P 100 100 100 100 100
Q 100 100 100 100 100
R 100 100 100 100 100
S 100 100 100 100 100
U 30 30 30 30 30 iPB PB
\% 100 100 100 100 100 TO
Y 100 100 100 100 100
c 100 100 100 100 100 EB
F 100 100 100 100 100 ST TO
X 100 100 100 100 100 iPB PB EB ST
DEB TO EB
iPB PB ST

ABS THF



GC-FID

PS AS ABS
(ng/g) (ng/g) (Lg/g)
EB ST EB ST EB ST
A <40, <40 283, 284 854, 846 738, 731 155, 155 858, 850
B 40.4, 39.2 267,274 914, 911 749, 746 157, 157 885, 887
H <100,<100 272,268 856, 872 707, 725 161, 158 829, 823
| <100, <100 274,269 850, 839 735,717 162, 158 860, 863
K <100,<100 288, 280 874, 857 746, 735 170, 167 873, 867
M <100, <100 273, 266 897, 869 722,701 159, 159 818, 838
N <100,<100 292,275 846, 860 725, 737 164, 172 864, 866
(0] 38.5,39.3 276,278 838, 836 721,718 159, 158 857, 858
P <100,<100 227,245 837, 839 713,711 161, 162 836, 819
Q <100,<100 281,295 856, 860 729, 741 164, 160 856, 863
R <100,<100 260, 268 828, 828 713, 702 160, 149 822, 809
S <100,<100 270,277 862, 861 732,730 157, 157 837, 838
U 38.6,37.3 277, 281 869, 886 731, 746 161,165 868, 908"
A\ <100,<100 295,293 873, 873 770, 760 154, 154 896, 904
Y <100, <100 258,240 841, 840 696, 704 136, 144 817, 813
3 15 15 15 15 15
ug/g 38.9 273 859 728 159 853
RSD;, % - 2.6 1.0 1.1 2.0 1.1
RSDr % - 5.8 2.6 2.5 4.5 33
o - 0/15 0/15 0/15 0/15 0/15
"2 - 0/15 0/15 0/15 0/15 1/15
EB ST RSD,
! [ %100 (%)] 70% 120%
*2 Cochran *2a Grubbs <1%
RSD, RSDr DEB
PS AS
6,7)
3
ST
ST ST
6,7)
ST GC-FID



GC-FID

60 -10 /min-200 (4 min)

PS AS ABS
(ng/g) (ng/g) (ng/g)
EB ST EB ST EB ST
C <100, <100 290, 291 884, 886 762,770 163, 165 894, 900
<100, <100 282,286 901, 891 752, 755 162, 161 880, 872
X <100, <100 211,203 1010, 1070 866, 854 104, 1 830, 834
[ x100 (%)] 70% 120%
GC
M N GC-FID
D 1 WAX
0.25 um
C GC-FID
F GC-FID X
He
1.0
X AS ABS EB 1.4 mL/min
GC/MS
GC-FID
PS ABS
AS
GC/MS
GC/MS 5 10 1 30 1
GCIMS GC
InertCap Pure WAX (0.25 mm, 30 m, 0.25 pum) .
S0 (2min)-5  /min-150 He, 1.0 mL/min 12 1
DB-WAX (0.25 mm, 30 m, 0.25 pum) .
60 -6 /min-100 -10 /min-150 He, 1.0 mL/min 301
TC-WAX (0.25 mm, 30 m, 0.5 pm) .
60 -4 /min-100 -10 /min-210 (2 min) He, L2mL/min ) 101
DB-WAX (0.25mm, 30m, 0.5mm) .
60 -4 /min-100 -10 /min-150 -30 /min-180 (5 min) He, 1.32ml/min () 251
VF-1ms (0.25 mm, 60 m, 1 pm) He. 1.4 mL/min 10 1




GC/MS

DEB TO EB iiPB PB ST DEB TO EB iPB PB ST
D 105 91 91 105 91 104 91,117 92 106 120 120 78,102
| 119 91 91 105 91 104 105 92 106 120 120 103
M 119 91 91 105 91 104 105,134 65,92 65,106 77,120 105,120 78,103
N 119 91 91 105 91 104 105 92 106 120 120 78
X 119 91 91 105 91 104 105 65 106 120 120 78
DEB TO EB iPB
PB ST
X
D DEB
4
5 I 2puglg
TO EB PB  m/z91 iPB m/z105
ST mz104 100 ng/g
GC/MS 5
PS EB
X 4 X 1
1 X
1 2
GC/MS
He/g
DEB TO EB iPB PB ST TO EB iPB PB ST
D 9.5 39 5.4 6.3 7.1 8.2 100 100 100 100 100
I 10.5 3.8 5.7 7.0 7.9 8.6 2 2 2 2 2
M 10.3 4.2 5.7 6.7 7.5 8.9 100 100 100 100 100
N 10.1 39 5.4 6.5 7.3 8.6 100 100 100 100 100
X 13.0 8.0 9.7 10.8 11.3 10.2 100 100 100 100 100
DEB TO EB iPB

PB

ST



GC/MS

PS AS ABS
(1g/g) (hg/g) (1g/g)
EB ST EB ST EB ST
D <100, <100 261,272 908, 882 757, 741 164, 165 893,912
I <100, <100 263,263 819, 813 705, 695 145, 150 837, 852
M <100, <100 191, 249 831, 801 696, 647 154, 152 809, 787
N <100, <100 261, 267 806, 818 706, 714 148, 151 825, 842
X <100, <100 294,321 864, 891 785, 849 174, 162 1020, 1030”"
0 5 5 5 5 5
ng/g - 264.2 843.3 729.5 156.5 880.7
% - 9.8 98.2 100.2 98.7 103.3
RSD: % - 7.8 1.9 3.6 2.7 1.4
RSDr % - 13.0 4.9 8.1 6.2 10.2
"l - 0/5 0/5 0/5 0/5 1/5
"2 - 0/5 0/5 0/5 0/5 0/5
EB ST RSD, RSDy
. [ x100 (%)] 70% 120%
2 Cochran Grubbs <1%
DMF 90 1
96.8 103.3% 0.5 mL GC
RSD, 14 7.8% RSDrx 4.9 13.0% 39,10
PS
ST M X
1
2 ST
90
ST HS
ST
HS GC
HS-GC
20107 0.2¢g HS

HS



HS-GC 14
10 FID 4
MS
T U 10mL
0.1 02¢g 1/2.5 1/5
H
0.025 g Y
0.015¢g
DMF
H
THF X DMF
THF
6 125
ug/mL
90 60
M Q 140
X 50 15
5 0.5mL 9 1.0 mL
T

HS-GC

GC MS

GC

2010
0.25 pm

1.0 1.6 mL/min

51 33 1

100 1
MS

GC/MS

MS

MS

GC

0.32 mm i.d.x 30 m

0.25 mm i.d.x 30 m
0.5 pm

DEB



HSGC

mL g mL mL
HS-GC-FID B FID 2 0.1 DMF 2 50 ug/mL 90 60 1
K FID 20 0.2 DMF 2.1 50 pg/mL 90 60 1
M FID 20 0.2 DMF 1 125 pg/mL 140 60 0.5
N FID 20 0.2 DMF 1 125 pg/mL 90 60 1
P FID 20 0.2 DMF 1 125 pg/mL 90 60 0.5
Q FID 20 0.2 DMF 2 125 pg/mL 140 60 1
R FID 20 0.2 DMF 1 125 pg/mL 90 60 0.5
S FID 20 0.1 DMF 2 125 pg/mL 90 60 1
T! FID 10 0.2 DMF 1.5 83.3 pg/mL 90 60 0.5
U FID 10 0.1 DMF 2 50 pg/mL 90 60 1
HS-GC/MS D MS 20 0.2 DMF 1 0.025 pL/mL 90 60 1
H MS 20 0.025% THF” 17 50 pg/mL 90 60 1
w MS 20 0.015 DMF 1 25 pg/mL 90 60 0.5
X MS 22 0.2 10 0.005 pg/mL 50 15 1
DMF THF
*1
- 1 mL
HS-GC GC
HS-GC-FID B InertCap WAX (0.25 mm, 30 m, 0.5 um) He 51
60 -4 /min-100 -10 /min-150 -30 /min-220 (5 min) 1.5 mL/min ( )
K HP-WAX (0.25 mm, 30 m, 0.5 pm) He 101
60 -4 /min-100 -10 /min-150 1.6 mL/min
M TC-WAX (0.25 mm, 30 m, 0.5 um) He 21
60 -5 /min-150 -30 /min-180 1.3 mL/min ( )
N DB-WAX (0.25 mm, 30 m, 0.5 pm) N> 25 1
60 -6 /min-150 -30 /min-180 (5 min) 1.32 mL/min ( )
P DB-WAX (0.25 mm, 30 m, 0.25 pum) He 21
60 -5 /min-150 (1 min)-20 /min-200 (5 min) 1.3 mL/min
Q DB-WAX (0.25 mm, 30 m, 0.5 pm) He 1
60 -5 /min-150 1.3 mL/min
R InertCap WAX (0.32 mm, 30 m, 0.25 pm) He 21
60 -5 /min-150 (5 min) 1.3 mL/min ( )
S InertCap Pure WAX (0.32 mm, 30 m, 0.25 pm) He 100 1
60 (1 min)-5 /min-150 (5 min) 1.6 mL/min
T HP-INNOWAX (0.25 mm, 30 m, 0.5 pum) He 31
60 -4 /min-100 -10 /min-150 (5 min) 1.5 mL/min
U DB-WAX (0.25 mm, 30 m, 0.5 pum) He 5
60 -4 /min-100 -10 /min-150 -30 /min-180 (2 min) 1.5 mL/min ( )
HS-GC/MS D  InertCap Pure WAX (0.25 mm, 30 m, 0.25 pum) He 100 1
50 -2 /min-80 (5 min)-20 /min-150 1.0 mL/min
H VF-WAXms (0.25 mm, 30 m, 0.5 pm) He 101
60 -4 /min-100 -10 /min-200 (5 min) 1.1 mL/min
W DB-WAX (0.25 mm, 30 m, 0.5 pm) He 21
60 -4 /min-100 -40 /min-230 1.5 mL/min
X VOCOL (0.25 mm, 60 m, 1.5 pm) He

45 (4min)-10 /min-200 (3.5 min)

60 psi (1 min)-30 psi




HSGC/MS

DEB TO EB iPB PB ST DEB TO EB iPB PB ST

D 105 91 91 105 91 104 91 92 106 120 120 78
H 105 91 91 105 91 104 119 92 106 120 120 78
A\ 119 91 91 105 91 104 134 92 106 120 120 103
X 105 91 91 105 91 104 119 92 106 120 120 78
DEB TO EB iPB
PB ST
EB
DEB 14 8 K
98.5 100.6% RSDg
33 6.9%
K X PS EB
P R S A\ RSD, 9.2%
6.25 100 pg/g R
RSD, 2.0 3.0%
HS-GC-FID HS-GC-MS
HS-GC-FID 10 HS-GC-MS 4
PS EB
6 2010
3
K ST
5 4 THF H PS
K AS
HS
959 97.8%
RSDg 8.1 13.5% H 90 THF

66

K AS ABS



HSGC

ng/g
DEB TO EB iPB PB ST TO EB iPB PB ST
HS-GC-FID B 1.0 4.6 6.2 73 8.2 9.6 30 30 30 30 30
K 15.1 6.1 8.8 10.3 11.6 13.3 50 50 50 50 50
M 1.0 49 6.5 75 8.4 9.7 50 50 50 50 50
N 11.1 5.3 6.9 7.9 8.7 9.8 6.25 6.25 6.25 6.25 6.25
P 8.9 42 5.3 6.1 6.7 7.7 25 25 25 25 25
Q 102 4.6 6.1 7.0 7.8 8.9 25 50 50 50 50
R 8.4 4.0 5.0 5.7 6.4 7.3 6.25 6.25 6.25 6.25 6.25
S 7.9 3.6 4.6 5.3 59 6.8 100 100 100 100 100
T 10.6 44 6.0 7.0 7.9 9.2 20 20 20 20 20
U 11.8 5.1 6.9 8.0 9.0 10.4 30 30 30 30 30
HS-GC/MS D 1.5 3.8 5.4 6.6 7.6 9.2 50 50 50 50 50
H 10.2 4.2 5.7 5.7 7.5 8.8 100 100 100 100 100
W 9.9 3.9 5.4 6.4 7.1 8.4 333 333 333 333 333
X 21.4 14.4 17.1 18.4 19.2 18.1 100 100 100 100 100
DEB TO EB iPB PB ST
HS-GC-FID
PS AS ABS
(ng/g) (ng/g) (ng/e)
EB ST EB ST EB ST
B 39.1,40.4 278,278 839, 850 766, 750 154, 157 844, 877
K <50,<50 204,178 %" 648,628 452,449 127,121 s521,512°%°
M <50, <50 264, 262 773,727 718,771 145, 153 763,776
N 35.3,36.6 278, 281 912,912 731,728 160, 160 871,878
P 42.0, 40.2 292,280 827, 854 709, 729 165, 167 850, 873
Q <50, <50 286, 278 818, 839 701, 728 148, 160 812, 833
R 40.4.28.9% 282,271 843, 830 715, 720 157, 154 857, 851
S <100, <100 275,268 862, 826 738,713 157, 159 862, 835
T 36.2,37.3 274, 281 964, 948 807, 782 172, 164 896, 837
9] 35.5,35.6 256, 268 837, 835 722,717 161, 160 857, 865
6 10 10 10 10 10
ng/e 373 266.7 828.6 707.3 151.1 813.5
% 95.9 97.8 96.4 97.2 95.3 95.4
(100.2) (98.5) (100.6) (98.9) (99.2)
RSD;, % 9.2 3.0 2.0 2.4 2.6 2.2
Q2.1 (2.0) (2.4) (2.6) (2.3)
RSDr % 9.4 10.6 10.5 13.3 8.1 13.5
(3.3) (6.9) (3.9) (4.2) 4.1
"l 0/6 1/10 0/10 1/10 0/10 1/10
"2 1/6 1/10 0/10 1/10 1/10 1/10
EB ST RSD, RSDy
ol [ x100 (%)] 70% 120%
"2 Cochran “2a Grubbs "2 <1%

K



HSGC/MS

PS AS ABS
(ng/g) (ug/g) (ng/g)
EB ST EB ST EB ST
D <50, <50 272,264 862, 876 706, 719 158, 158 827, 829
H <100, <100 307, 302 903, 873 758, 720 159, 149 839, 773
w <33, <33 240, 190 1029, 913 874, 783 167, 161 868, 863
X <100, <100 303, 309 1010, 960 851, 810 179, 184 983, 1010
EB ST
RSD, RSDr
(%) (%) (%)
GC-FID 15 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 s EB° 982,987 19,27 4.9,6.2 0/10 0/10
ST 96.8-103.3 1.4-7.8 8.1-13.0 1/15 0/15
HS—GC—FID*1 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 3.3-4.1 3/30 3/30
EB ST RSD, RSDy
"I HS-GC-FID RSD, RSDy K
2 PS EB
W AS
3)
RSD,
X RSDy
2010
MS D 1/10
GC/MS iPB PB
TO
HS MS EB
ST
TO iPB PB EB ST



GC/MS
96.8 103.3%

RSD, RSDgr

GC-FID
GC/MS

GC-FID GC/MS 3

ST
ST

ST
DEB

ST

GC/MS

HS-GC-FID 1
98.5 100.6%

RSD, RSDg

HS-GC-FID

HS

PS

GC/MS

GC-FID

HS-GC-FID

GC

HS
MS

GC-FID
HS-GC-FID

GC/MS
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GC-FID

GC-MS

GC/IMS

4 5
4 22
2

HS-GC

26 11
26

11



SUNATEC

28

27



HS-GC/MS

HS-GC-FID

GC/IMS

GC-FID

Code

2010 p 618

HS-GC-FID

-GC-FID

PS



10

2
1 1
AS ABS 1 109
1 2
GC-FID GC-FID
GC-FID
GC-FID
0.450 0.550 g 05¢g 059 30
0.0179
GC-FID
HS-GC-FID GC-FID

GC/MS HS-GC-FID HS-GC/MS
GC-MS HS-GC-FID HS-GC-MS



25 125 pug/mL
25 125 pug/mL

3
1 2

1 2

<01 01

3 4

mg/mL
2

3

pug/mL
ND
3

/10

E-mail



70 120%
10%
25%

1
100 mL 90 mL
50 mg
100 mL 500 ug/mL
ImL 2mL 3mL 4mL 5mL 20 mL
1mL 20 mL
25 125 pg/mL
2mL 20 mL
20 mL 50 pg/mL ImL 2mL 4mL 6mL 8 mL
20 mL 1mL
20 mL 2.5 20 ug/mL

1uL



H26

*1 No. *2 *3
1 GC-FID
F
1 GC/MS
GC-FHD Agilent Technol ogies 6890
GC/MS Agilent Techno ogies 6890/5973
*G*7 Grade (%0)

1000mg/L THF

1000mg/L THF




*8

GC/MS

*8 DB-WAX, 0.25mm, 30m, 0.5mm
He
*8
1.5 mL/min
SEALLEE *8 220 *8 220
300
*9
2kV
*10
*10
*11
*8 HS-GC
*8
*8
SEALTREE *8 *8
*9
*10

*10




H26 *12
F No GC-FID
TPEH  5/10 5/26
No 1 3
mg *13 502 485 475 512 503 499
(bvg/g) 14| ND
(bg/9) 0.854
(ng/g) ND
(H9/9) ND
(H9/9) 156
(pg/g) *15 2414 0 0 0 0
*16)
{EAUIARSR ~17 2 2 1 1 1
E=MRA> *18 *18
512
6.77
755
8.24
10.0
112
pg/mL 25,50, 75,100,125 5 *19 2
pg/mL *2Q 5 ng/mL 1
( ) (R) *21 *22)
y=2.354x+0.0255 0.99953
y=2.354x+0.0255 0.99953
y=2.354x+0.0255 0.99953
y=2.354x+0.0255 0.99953
y=2.354x+0.0255 0.99953
*23
pg/mL 25,5,10,15,20,25 6 *19 2
pg/mL *2¢ 25 1
( ) (R) *21 *22)

BT ERUEORR




*1
*2
*3
*4
*5
*6
*7
*8
*9

*10
*11
*12
*13
*14
*15

*16
*17
*18
*19
*20
*21
*22

*23

GC/MS,

R2

SN

mg
ng/g

4 ND 0

sf2 Se SRESM2



20%

20%
60 30 GC-FID

GC-FID

15 pg/mL

20%

3

1), 2)

GC/IMS  GC-FID

GC



GCIMS
4), 5
GC/IMS
LC LC/MS
6- 14)
GC/IMS
LC LC/MS
B
25
11
9 20
15 pg/mL
10 mL
26 6 6
2
2 3¢9

26

22

99.5%
& 100.0%
®- 99.0%
1
No. (ug/mL)
1 11
2 15
3 17
20%
2 10
2
+5%
26
2



26

C
GC-FID
%
7), 14), 18) ug/mL 8-12)
GC/MS GC-FID GC/MS
20%
ISO 5725-2 19 JIS 7 8402-219
Cochran Grubbs
2
10 2
2 80
110%
RSD, %
RSDy % 2
17) 2
99.1 99.4%
80 110% RSD, 10%
RSDr  25%
No.
mL
(gmb) | gmL) F (ugmL)  F
1 11 11.1 1.83 11.0 0.96 99.1%
2 15 15.1 1.02 15.0 0.75 99.3%
3 17 17.1 1.58 17.0 2.16 99.4%
F ,n=10 , =2 F 3.02

6),



GC-FID

GC/MS
pg/mL pg/mL
1 2 3 1 2 3
GC-FID A 105,115 149,137 157,165 10.6,11.6 151,141  15.9,16.7
B 107,107 142,147 164,162 106,112 147,147  16.8,16.6
C 101,104 147,148 166,165 103,10.6 149,149  16.4,17.2
F 118,117 154,153  16.5,16.7 11.1,10.8 153,153  17.1,17.2
H 106,107 145,146  16.1,16.0 109,109 145,145  17.0,17.0
I 105,109 151,148  16.7,16.6 108,112 152,148  17.1,17.0
K 114,102 146,147  16.5,16.4 117,112 142,147 157,162
M 919,953 134,139 160,152 9.14,9.92"  13.7,148 153,165
O 982106 152,147 167,157 10.6,10.6  14.6,14.5  16.4,15.9
P 934117 1291157 163,159 11.0,11.1  14.6,15.1 17.6,17.8
Q 993,101 145,140 162,154 11.0,10.8 152,151  16.6,16.3
R 109,106 155152 172,176 11.6,11.3 149,150  17.0,17.2
S 955996 158 124 165,149 11.1,11.1 151,146  17.7,17.2
T 104,109 140,147 152,168 1.1,11.1 151,150  17.1,17.1
U 110,112 153,152 174,172 10.6,10.6 142,146  16.9,16.6
GC-FID N 107,106 145,140 159 16.1 10.9,10.7  15.0,143  16.4,16.1
X 111,113 154,157  17.8,17.7 113,112 153,152  17.5,17.2
Y 104,101 122,135  14.6,15.1 11.1,10.9 133,133  15.8,17.2
GC/MS A 108,956 144,128  16.8,16.7 8.03,9.82° 139,128  15.7,15.8
D 108,109 145,148  16.6,16.6 10.8,10.8 149,148  16.6,16.7
F 108, 11.6 147,151 163,156 108,112 146,144 163,165
H 169,103 167,158  19.8,17.0 11.2,11.1 156,157  17.1,17.2
I 10.6,10.6  14.8,16.5  16.0,15.9 108,109 155,149 164,173
K 608714 810,769 9.87.88" 940,105 155,140 165,155
M 128,105 134,156  21.5,18.0 9.13,8.72 125119  13.7,13.9
N 814,823 127,135 149,150 113,107 153,151  16.6,16.2
P 945107 145146 158 16.4 9.89,9.71  13.6,13.7 154,153
Q 868764 124,125 141,146 9.65,9.48  14.0,13.8  15.7,16.4
S 123,137 151,178  252.167 11.5,11.4 153,147  16.6,16.8
W 930,955 127,128 141,145 948,991  13.1,13.1  14.7,14.8
X 115128 151,169  187.19.2 11.4,11.6 157,161  18.3,18.2
_ 1 %100 (%)] 80% 110%
* Cochran <5%
™ Cochran <1%
T Grubbs <5%
' Grubbs <1%
GC-FID Cochran Grubbs



GC-FID 240
Y 2 uL
GC-FID 18 1 puL
GC
X 5
1.6
GC-FID
18 N X Y
0.32 mm 30 m GC-FID
GC-FID
5 pm
GC-FID GC
ne
A  DB-I He 1.4 mL/min 1 10 1 5.2 6.5
B  DB-1 He 1.1mL/min( ) 1 10 1 5.1 6.4
C DB-I N, 1.0 mL/min 1 10 1 4.2 5.2
F  DB-I He 1.99 mL/min 1 15 1 4.0 5.0
H DB-I He 1.3 mL/min 1 20 1 5.1 6.4
I InertCap 1 He 1.2 mL/min 1 20 1 5.2 6.5
K  HP-1 He 1.5 mL/min 1 10 1 45 5.6
M  DB-1 N, 1.3mL/min () 1 10 1 5.4 6.6
N  DB-I N, 475 mL/min () 1 50 1 1.6 2.0
O DB-l N, 1.3mL/min( ) 1 10 1 4.8 6.1
P  DB-l He 1.56 mL/min 1 20 1 4.4 5.6
Q DB-I He 1.5 mL/min 1 15 1 5.0 6.2
R  DB-1 He 1.33 mL/min 1 10 1 52 6.5
S  TC-1 He 0.7 mL/min 1 50 1 5.2 6.5
T  DB-1 He 1.2 mL/min 1 10 1 5.6 7.1
U  DB-I He 0.8 mL/min 1 10 1 5.1 6.3
X DB-1" N, 27mL/min( ) 1 9.6 13.7
Y DB-l N, 1.7mL/min () 2" 10 1 5.1 6.4
B 0.53mm,  30m,  Spum
0.32 mm, 30 m, 5 pm
"2 180 (20 min)-20 /min-240 (12 min) 240

*3

1L

5



18 12 He 10 20 1
6
16
0.7 1.99 mL/min
18
6 1 5pg/mL
15 pg/mL 1/3
X
GC-FID
pg/mL pg/mL
A 25mL IS (0.3 mgmL) I mL 20 s
20% 10 mL
B ImL IS (1 mg/mL) 50 uL 50 5
C 25mL IS (37.5 ug/mL) 1 mL 75 5
20% 5mL
F 10mL IS (1 mg/mL) 150 uL 15 1
H ImL IS (1 mg/mL) 50 pL 50 1.5
I 2mL IS (30 ug/mL) 1 mL 10 1.5
K 2mL IS (1 mg/mL) 20 uL 10 3
M ImL IS (0.15 mg/mL) 50 uL 7 5
N 2mL IS (0.6 mg/mL) 50 pL 15 3
0 2mL IS (1.5 mg/mL) 50 pL 38 1.5
P IS (1 mg/mL) 30 uL 2 mL 15 1.5
Q ImL IS (1 mg/mL) 30 pL 30 1.5
R 2mL IS (0.16 mg/mL) 200 uL 15 1.5
S 2mL IS (1.5 mg/mL) 20 pL 15 1.5
T ImL IS (0.75 mg/mL) 20 uL 15 1.5
U ImL IS (1 mg/mL) 15 uL 15 1.5
X! 0.9mL IS (0.2 mg/mL) 100 uL 20 1.5
v ImL IS (0.1 mg/mL) 100 uL 10 2

—
w2

*

*
[N

20%



GC-FID 15 0O Q S
Cochran M
2 Grubbs
1
Cochran 2 95.9 96.5%
RSD, 33 54% RSDrx 4.0 6.7%
Grubbs
98.4 98.8% RSD,
Grubbs 1 2.1 2.8% RSDr 2.6 4.7%
GC-FID
pg/mL pg/mL
1 2 3 1 2 3
A 10.5,11.5 14.9, 13.7 15.7,16.5 10.6, 11.6 15.1, 14.1 15.9, 16.7
B 10.7, 10.7 14.2,14.7 16.4,16.2 10.6, 11.2 14.7,14.7 16.8, 16.6
C 10.1, 10.4 14.7, 14.8 16.6, 16.5 10.3, 10.6 14.9, 14.9 16.4,17.2
F 11.8,11.7 15.4,15.3 16.5,16.7 11.1,10.8 15.3,15.3 17.1,17.2
H 10.6, 10.7 14.5, 14.6 16.1, 16.0 10.9, 10.9 14.5, 14.5 17.0,17.0
I 10.5,10.9 15.1, 14.8 16.7, 16.6 10.8, 11.2 15.2,14.8 17.1,17.0
K 11.4,10.2 14.6, 14.7 16.5, 16.4 11.7,11.2 14.2, 14.7 15.7,16.2
M 9.19,9.53 13.4,13.9 16.0, 15.2 9.14,9.92%° 13.7,14.8 15.3,16.5
(0] 9.82,10.6 15.2,14.7 16.7,15.7 10.6, 10.6 14.6, 14.5 16.4,15.9
P 9.34,11.77% 12.9,11.5 163,159 11.0, 11.1 14.6, 15.1 17.6,17.8
Q 9.93, 10.1 14.5, 14.0 16.2,15.4 11.0,10.8 15.2,15.1 16.6,16.3
R 10.9, 10.6 15.5,15.2 17.2,17.6 11.6,11.3 14.9, 15.0 17.0,17.2
S 9.55,9.96 158,124 165,149 11.1,11.1 15.1, 14.6 17.7,17.2
T 10.4, 10.9 14.0, 14.7 15.2,16.8 11.1,11.1 15.1,15.0 17.1,17.1
U 11.0,11.2 15.3,15.2 17.4,17.2 10.6, 10.6 14.2, 14.6 16.9, 16.6
ug/g 10.5 14.5 16.3 10.9 14.8 16.8
% 95.9 96.5 96.0 98.8 98.4 98.7
RSD; % 5.4 5.2 33 2.8 2.3 2.1
RSDr % 6.7 6.6 4.0 4.7 2.6 3.5
o 0/15 0/15 0/15 0/15 0/15 0/15
& 1/15 2/15 0/15 1/15 0/15 0/15
RSD, RSDy
. [ <100 (%)] 80% 110%
2 Cochran " Grubbs 2 <1%



240

GC-FID

20%

GC/IMS

GC/MS 13
GC
F M Q
M
N
He
0.8
1.66 mL/min
5 1 100 1 MS
FID
GC-FID
24 12.8
5
m/'z 113
m/z 55
85
9 m/'z 99

m'z 127



GC-FID

pg/mL pg/mL
1 2 3 1 2 3
N 10.7,10.6  14.5,140  15.9,16.1 109,10.7  15.0,143  16.4,16.1
X IL1L,113 154,157  17.8,17.7 113,112 153,152 17.5,17.2
Y 104,101 12.2,13.5  14.6,15.1 111,109 133,133 15.8,17.2
GCIMS GC
DB-WAX (0.25 mm, 30 m, 0.25 pm) He
30 1 42 52
200 (1min)-2 /min-220 (5 min) 1.2 mL/min
DB-1 (0.25 mm, 30 m, 1 H
(025 mm, 30 m, 1 pm) © 50 1 75 89
100 -10 /min-240 (5 min) 1.2 mL/min
DB-1 (0.32 mm, 30 m, 5 H
(0.32 mm, 30 m, 5 m) © 10 1 50 59
70 (1 min)}-20 /min-300 1.66 mL/min
VE-1ms (0.25 mm, 30 m, 0.25 H
ms (0.25 mm, 30 m, 0.25 um) _ © 201 65 78
75 (0.5min)-10 /min-180 -25 /min-310 (10 min) 1.5 mL/min
DB-5 (0.25 mm, 30 m, 0.25 H
(025 mm, 30 m, 0.25 pm) © 30 1 47 56
100 (1min)-15 /min-180 -50 /min-300 (1 min) 1.0 mL/min
DB-5ms (0.25 mm, 30 m, 0.25 pm) He
10 1 78 93
80 (1 min)-10 /min-300 1.0 mL/min
DB-1 (0.32 mm, 30 m, 5 H
(032 mm, 30:m, 5 pm) S, 101 47 59
240 1.0 mL/min
DB-1 (0.25 mm, 30 m, 0.25 H
(025 mm, 30 m, 0.25 pum) S, 1001 24 25
240 1.32 mL/min
DB-5ms (0.25 mm, 30 m, 0.25 pm) He
20 1 39 49
120 -10 /min-240 -30 /min-300 (1 min) 0.8 mL/min
DB-1 (0.32 mm, 30 m, 5 H
(0.32 mm, 30 m, 5 pm) © 51 44 55
240 0.8 mL/min
TC-WAX (0.25 mm, 30 m, 0.25 H
(025 mm, 30'm, 0.25 pm) © 30 1 28 138
75 (0.5min)-10 /min-230 (10 min) 1.0 mL/min
DB-1 (0.25 mm, 30 m, 1 H
(025 mm, 30 m, 1 pm) © 10 1 4.1 47
150 (2min)-30 /min-240 (1 min) 1.5 mL/min
VF-1ms (0.25 mm, 60 m, | pum) He
30 1 83 96

150 -10 /min-250 (10 min) 1.2 mL/min




GC/MS

A 4.2 52 113 127 55,85 55,99
D 7.5 8.9 113 99 55,85 55,127
F 5.2 5.9 113 127 85 99
H 6.5 7.8 113 99 85 127
I 4.7 5.6 113 99 85 127
K 7.8 9.3 113 127 85 99
M 4.7 5.9 113 127 84, 85 98, 99
N 2.4 2.5 113 99 85 70
P 3.9 4.9 113 99 55,85 55,85
Q 4.4 5.5 113 99 85 127
S 12.8 13.8 113 99 85 70
W 4.1 4.7 113 99 85 127
X 8.3 9.6 113 99 85 127
GC/MS
GC-FID
1 5 pug/mL GC-FID
GC-FID
GC-FID
GC/MS
/3 1/10 94.1 96.0% RSD,
44% RSDr 7.0 9.4%
GC/MS 13 GC/MS GC
9 GC/MS
Cochran 2
Grubbs
93.7 GC-FID
96.1% RSD, 6.7 14.4% RSDr 16.8

21.7%

1

RSDr

2.0



GC/MS

(ug/mL) pg/mL
A 25mL IS (0.3 mg/mL) 1 mL 30 s
20% 10 mL
D ImL IS (1 mg/mL) 15 uL 15 5
F 10mL IS (3 mg/mL) 150 pL 45 1
H ImL IS (1 mgmL) 50 uL 50 1.5
I 2mL IS (30 pg/mL) 1 mL 10 1.5
K 2mL IS (1 mg/mL) 20 uL 10 3
M ImL IS (0.15 mg/mL) 50 uL 7 5
N 2mL IS (0.6 mg/mL) 50 uL 15 3
P IS (1 mg/mL) 30 uL 2mL 15 3
Q ImL IS (30 pg/mL) 1 mL 15 3
S 2mL IS (1.5 mg/mL) 20 uL 15 1.5
W ImL IS (30 ug/mL, ) 0.5 mL ; .
3.5mL
X 0.5mL IS (20 pg/mL) 0.5 mL 10 1.5
IS 20%
GC/MS
pg/mbL pg/mL
1 2 3 1 2 3
A 10.8,9.56  14.4,128  16.8,16.7 8.03,9.82 139,128  15.7,15.8
D 10.8,10.9  14.5148  16.6,16.6 10.8,10.8 149,148  16.6,16.7
F 108,11.6 147,151  16.3,15.6 108,112 14.6,144 163,165
H 169,103 "% 167,158  19.8,17.0 11.2,11.1 156,157  17.1,17.2
I 10.6,10.6  14.8,165  16.0,15.9 10.8,10.9 155,149  16.4,17.3
K 6.08,7.14" 8.10,7.69 "* 9.87,8.83" 9.40, 10.5 155,140  16.5,15.5
M 12.8,10.5 134,156  21.5,18.0" 9.13,8.72  12.5,11.9  13.7,13.9
N 8.14,823" 127,13.5  14.9,15.0 113,107 153,151  16.6,16.2
P 9.45,10.7  14.5,146 158,164 9.89,9.71  13.6,13.7  15.4,15.3
Q 8.68,7.64 124,125  14.1,14.6 9.65,9.48  14.0,13.8  15.7,16.4
S 123,13.7" 151,178 252,167 " 115114 153,147  16.6,16.8
w 9.3.0,9.55  12.7,128  14.1,14.5 948,991  13.1,13.1 147,148
X 11.5,12.8 151,169  18.7,19.2" 11.4,11.6  15.7,16.1  18.3,18.2
ug/g 10.4 14.1 16.3 10.4 14.4 16.2
% 94.9 93.7 96.1 94.1 96.0 95.1
RSD;, % 14.4 6.7 11.7 4.4 3.0 2.0
RSDrx % 21.7 16.8 19.8 9.4 7.9 7.0
o 4/13 1/13 4/13 0/13 0/13 0/13
2 1/13 1/13 1/13 0/13 0/13 0/13
RSDr RSDy
. [ x100 (%)] 80% 110%
2 Cochran 2 Grubbs 2 <1%



GC-FID GC/MS

D
GC-FID GC/MS
GC/MS
GC/MS
GC/MS
GC/MS
RSD; RSDg
(%) (%) (%) h &
s 959 96.5 33 54 40 6.7 0/45 3/45
98.4 988 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 4.4 7.0 94 0/39 0/39
RSDr RSDy
o [ x100 (%)] 80% 110%

*2 Cochran Grubbs <1%



1)
ISBN4-8058-2663-0
p 32-34 (2006)
2) 2010
ISBN978-4-307-47039-1
p 624-626 (2010)
3) 2010
ISBN978-4-307-47039-1
p 426-428 p 630-631 (2010)

4) Felix J.S. et al, Identification and migration of
degradation compounds from irradiation of
multilayer polyamine 6 film for meat food
stuffs and cheese, Anal. Bioanal. Chem., 391,
847-857 (2008)

5) Felix J.S. and Nerin C., Analytical tools for

added

substances (NIAS) coming from polyurethane

identification of non-intentionally
adhesives in multilayer packing materials and
their migration into food simulants, Anal.
Bioanal. Chem., 403, 2869-2882 (2012)

6) Kraijnik V, et al, High-performance liquid
chromatography of 6-caprolactam and its
cyclic oligomers present in polyamide 6, J.
Chromatogr., 240, 539-542 (1982)

7) Bonifaci L. et al, Analysis of e-caprolactam
and its cyclic oligomers by high-performance
liquid chromatography, J. Chromatogr., 585,
333-336 (1991)

8) Barkby C.T. and Lawson G., Analysis of
migrants from nylon 6 packaging films into
boiling water, Food Addit. Contam., 10,
541-553 (1993)

9) Begley T.H. et al, Determination of migrants
in and migration from nylon food packaging.
Food Addit. Contam., 12, 671-676 (1995)

10) Soto-Valdez H. et al, Determination of
potential migrants present in nylon microwave

and roasting bags and migration into olive oil,

Food Addit. Contam., 14, 309-318 (1997)

11) Gramshaw J.W. and Soto-Valdez H.,
Migration from polyamide microwave and
roasting bags into roast chicken, Food Addit.
Contam., 15, 329-335 (1998)

12) Bradley E.L. et al, Method of test and survey
of caprolactam migration into food packaged
in nylon-6, Food Addit.
1179-1185 (2004)

13)

Contam., 21,

51 228-236 (2010)
14) Heimrich M. et al, Cyclic oligomers in
polyamide for food contact material:
by HPLC-CLND  and

Food Addit.

quantification
single-substance calibration.

Contam., 29, 846-860 (2012)
15) ISO 5725-2 Accuracy (trueness and

precision) of measurement methods and

results — Part 2 : Basic method for the
determination of repeatability and
reproducibility of a standard measurement
method (1994)

16) JIS Z 8402-2

(1999)
17)
0926001

20 9 26
18) Mori S., Gel permeation chromatography of
the cyclic monomers and oligomers in nylon 6
and nylon 66, J. Chromatogr., 49, 230-238
(1970)
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GC/IMS

GC-MS

15 pug/mL

GC-FID

LC-MS

26 11
26

11



SUNATEC

28

27



GC/IMS

GC-FID

GC/IMS

GC-FID

LC/MS

LC

10



20%

GC-FID

GC-FID

GC/IMS
GC-MS

3

3
No
GC-FID
FID
15 30pug/mL

15 pg/mL

10 mL

10 mL



1 2
<01
3 4
mg/mL
2
3
ug/mL
3

01

E-mail



80 110%

10%
25%
H26
*1 No. *2 *3
1 GC-HD
T
3 GC/MS
GC-FHD Agilent technd ogies 6890
*6 Grade (%0)
99.5%
MilliQ
= 99.9999%




H26

*7 GC-HD
*7 DB-1, 30m, 0.32mm, 5um
He
*7
1.0 mL/min
EALLEE *7 240 *7 240
N2
*8
15 mg/mL
10 mL Img/mL 150 uL
*9
*7
*7
*7
EADEE *7 *7

*8




H26 *10
T No 1 GC-FID
ZpEH  5/10 5/26
No 1 2 3
(ug/mL) *11 123 115 8.23 7.56 16.7 17.2
(Hg/mL) *1] 123 119 8.00 8.03 152 151
fERUIARSERR <12 1 1 1 1 1 1
*13
*14
*15 1 1 1 1 1 1
EERAA> *16 *16
521
6.53
pg/mL 0,5,10,15,20,30 6 *17 2
pg/mL  *1§ 5 pg/mL 1
y=2.354x+0.0255 *20
( ) ) y=2.354x+0.0255 *20
(R) *19 0.99952 « ) 0.99953
*21
pg/mL *17
pg/mL *1§
*20
( )
) *20
(R) *19 C )

FERIEOEET T EN VDR




*1
*2
*3
*4
*5
*6
*7
*8

*9
*10
*11
*12
*13
*14
*15
*16
*17
*18
*19
*20

*21

GC/MS

R2

SN

10

10

f2 Se SRESM2



40 120

EN

He

Ge

N>

ICP-OES

EN 1186-2

GC-FID GC-NPD

GC-FID

EN




Ge

N>

GC-NPD

Ge

Sb Ge

Ge

N>
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N>
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1)
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2)
1

3)
2

4)

108

(2014. 12)

GC/IMS

108
(2014. 12)

108
(2014. 12)
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Overal Migra-
tion Test into Olive Oil

Overall Migration Test

EN

1186-2 EN D

20

19 21

22 24

EN

EN

EN

43
50

EN



119 1000 ml
11 g/L
200 g 800 ml 70
0.1 mm
0.03 mm
0.009 mm 43 20+
0.3 mm 1
0.5mm 50+ 2
0.5mm XS204 XSE204
0.1 mg
()
95 T-N22S
() ()
43 5479 95 453 g
GC-FID  6890N Agilent Technologies
()
71
16 Sigma-Aldrich
()
(99.5) 10 cmx 10 cm
PCB 5000
()
()
28
()
99
Sigma-Aldrich
200 mg
100
ml 2 mg/m 10 cmx 10 cm 200 cm?
14
24

()

0.5mg



W, mg

3 cmx 3
cm 18 cm?
1cm? 2ml
10 kg
60 30
80 60 40 30
W, mg
190 ml 10 mi
40
120
10 ml
0.5ml
2 ml 15
5ml 0.5ml

10 mi

GC-FID

20

EN
EN 1186-2

200 ml

Polyethylene glycol
i.d.x 30m

GC-FID

W, mg
0 1500 mg

0.25 mm
0.5 pm

100 2min 100 250

/min 250 5 min

250
250
1:50
2.0 ml/min

FID

png/cm’

Wa (Wb Wc
x 1000

x 1000

W. W, mg

10 ml



10 ml

10 ml 190 ml
10 40
60
5 ml 2 360
20 ml 5
50 ml
190 ml
40
W, mg 120 240 360
png/cm?
190 ml
40 120
10 cmx 10 cm 3cmx 3
cm 40 60
1 4
W, mg Wi
mg W, W,mg
1
3 1
1
W, W,mg
10 ml
1 3
60 30

80 60 40 30 EN

(95:5)

10 ml

0 60 120 240

4 ml

190 ml

0

10 ml
15 30 60
4 ml



0 0.05 0.1 0.5 mg

GC-FID
0.5 mg
11.0 S/N
0.1
S/N 20 10
S/N 10
0.05 mg
0.05 1500 mg
R*>  0.9999
0.9974
!
0.1 mg

2 4 6 8 10 12 14
Time (min)

EN
W, W,mg
W. mg W,
Wy W.mg
100
0.05 mg
0.5 1500 mg
0.5 mg

] 0.5 mg l ]
O | c o
28 28
0o 0no
&N: g(\l:

g1 | s

g — S

0 2 4 6 8 10 12 14 =0
Time (min)

] 0.05 mg ]
=k 58
QO QO]
8K ] 8]

o B o B
O: o:
S %J
s ————— St
0 2 4 6 8 10 12 14 -

Time (min)

0,0.050.1 0.5mg
10.2 min

4 6 8 10 12 14
Time (min)

11.0 min



60
R2=0.9999 /. 75.7
s )
© 13.5 2)
H
£ 2 /./
.
L 9
10 /
0 / T T 1
0 500 1000 1500
F 1) 7l (ng) 0.05 mg
S EH00 11.3 SN 10

' Re= 0.9974/‘
e 0.05
5 2E+09
A
N
]

mg
LE+9 /./ !
5.E+08 ]
0.E+00 . . . .
0 500 1000 1500 €S- !
N QS 4
A7l (ng) 851

(0.05 1500 mg)

10q000

— T
6 8 10 12 14

o
N 4
N

0.05 mg 0.05 Time (min)
1500 mg (0.05 mg)
10.2 min,
11.3 min
0.05 1500 mg

RZ

0.9948
RZ

0.9999

77.3
10.4 7.0 2

0.05 mg 0.05 1500 mg



R*=0.9999 .

10
0/ . ; .

0 500 1000 1500
+7 57—l (ng)
3.F+00
R2=0.9948
2.F+00 ®
it
|2 2E+00
N /
1 1LE+00
4 /

T
500 1000 1500

5.F+08
0.E+00 ‘y’/
0

F757 i (ug) 60 30 10
cmx 10 cm 200 cm?
0.05 1500 mg
EN 7 3
EN
7
7
2 (95:5)
36.1
68
(95:5)

4-7)
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EN

3
60
240 59.6 2
mg 1 3
60 GC-FID
60.5 mg
60
1 3
57.15 mg 1
60 57.76  57.95 mg
1
40 120
40 120
200 ml 60
3
1 53.16
mg 96.6 2 40 120
1.70 mg 3.1 3 0.15 mg
0.2 4
4
1 2 3 4
(mg) 53.16% 1.03 1.70+ 0.05 0.15% 0.01 ND 55.01% 1.05
() 96.6 3.1 0.3 0 100
3 + ND < 0.05 mg
(mg)
1 1 2 1 3
53.16x 1.03 56.17« 0.54 57.15% 0.56
57.95% 0.33 57.76x 0.27 57.91% 0.08

I+




10.50 mg

1 2
2
2
80
60
10 ml 120
190 ml 40 1
120
200 ml 40 60
2
1 16.58
(mg)
1 2 3 1 2
16.58+ 0.41 ND ND 16.87+ 0.34
16.32+ 0.48 16.30+ 0.48
10.50% 0.26 ND ND 10.66+ 0.27
11.06% 0.34 11.02+ 0.32
ND ND ND ND
ND ND
3 +

ND < 0.05 mg




EN

EN
500 mg

500 mg
o 1
0o
c o
88
no
DN
o]
st |
o
=8
=} T T T T T
=0 2 4 8 10 12 14
Time (min)
3 cmx 3 cm
B2 l
88
no
DN
o]
8:
o
=8
=} T T T T T
—0 2 4 8 10 12 14
Time (min)
0.05mg !
91 !
c o
88
no
DN
o]
8:
o
=8
=} T T T T T
0 2 4 8 10 12 14
Time (min)
0.05mg
0.05 mg)

10.2 min 11.0 min

1500 mg

11.3 min



10 ml

1/10 3 cmx 3 cm 18 cm’ 190 ml 40
120
200 ml 40 60
3
40 120
1
48.06 mg 2 0.55 mg 3
11.0 4
1 2 49.15
0.03 mg mg 1 3 50.60 mg
11.3 0.05 2
mg
1 1 2
0.05 mg 1 3
49.65 49.82 mg
1 3
60 30 50.60 mg
50 mg EN
0.03 1
mg 0.06
1
3cmx 3 cm
60 30
40 120
1
(mg)
1 2 3 4 1 2 1 3
48.06x 0.64 | 0.55+ 0.24 ND ND 49.15% 0.44 | 50.60% 0.18
49.65% 0.37 49.82+ 0.24 | 49.81% 0.23
3 + ND <0.05 mg




40 30

10 ml 190 ml
0.8 mg 40 120
200 ml
40 60 2
0.07 mg
1 10.98 mg
2 3
1 1
80 60 2 1
0.5 mg
2
60 30 40 30
40 1
4mg 10mg
11mg 80 60 11.26 11.29 mg
60 30 1
40
40 30 1
10 mg
0.07 mg 0.7 40 120 1
(mg)
1 2 3 1 2
10.98+ 0.07 ND ND 11.11£ 0.22
11.26 0.12 11.29+ 0.15
3 + ND < 0.05 mg
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28]
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0.5mg
!
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I
0 2 4 6 8 10 12 14
Time (min)
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(0.5 mg) (0.05 mg)
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EN W,

W. mg
EN
EN 5 pg/em?
EN
5 EN
80 60
60 30 40 30
10 cmXx 10 cm
200cm’
EN
3 cmx 3 cm 18 cm?
3
W, W.mg EN 1186-2
W, mg W,
W, W. mg pg/cm?
Spg/cm’
40 120
W, W, mg 1

EN



EN

Wb Wa Wc Wa Wb WC

(cm®) (mg) (mg) (mg) (ng/em?)
6.3+ 0.3 16.3+ 0.5 10.1x 0.2 50.3+ 0.9

200 80 60
EN 59+ 04 16.5+ 0.3 10.5%+ 0.1 52.7% 0.7
11.0+ 0.1 11.1+£ 0.3 0.1£ 0.3 03+ 1.3

200 80 60
EN 11.0+ 0.2 11.2+ 0.1 0.2+ 0.1 1.1+ 0.5
0.3+ 0.2 ND 0.3 0.2 1.5+ 1.1

200 80 60
EN 0.3+ 0.2 0.1+ 0.1 0.4+ 0.3 20+ 1.4
8.3+ 0.5 11.3+ 0.1 19.5+ 0.4 97.6x 2.0

200 40 30
EN 8.2+ 0.5 10.6x 0.1 18.8+ 0.4 942+ 1.9
29.5+ 0.7 57.9+ 0.3 28.5+ 0.4 1424+ 1.8

200 60 30
EN 312+ 04 59.6x 0.7 28.4+ 0.9 142.1+ 4.5
27.6x 0.6 49.6+ 0.4 22.0+ 0.8 1,223 + 44

18 60 30
EN 27.7% 0.6 49.9+ 0.7 22.2+ 0.5 1,235 + 28

3
ND < 0.05 mg

ND

0 mg

I+




EN

EN

1) EN 1186-2:2002 Materials and articles in
contact with foodstuffs-Plastics Part 2: Test
methods for overall migration into olive oil
by total immersion (2002).

2)

2 1 (2005).
(http://www.mext.go.jp/b_menu/shingi/gijyu
tu/gijyutu3/toushin/05031801/003.htm)

3) 2010,
p-216-7, (2010).

4) HPLC

37 272-280 (1996)

5)
40 189-197 (1999).

6)
41 54-161 (2000).

7)

42 316-321(2001).



He
GC
2012
2012
He
2013 He
GC-FID
GC-FID
N> He
N, He
He
He
NPD FTD
GC

He
FID

NP
He
GC He
N2
Ho H;
GC He
N2
N, GC
He N,
GC-FID GC-NPD
He N,

GC-FID GC-NPD HP7890
HSS 7697A Agilent

Technologies



5
1000 mg/L
1,4-
1000 mg/L
1 mL
50 100 150 200 250 pL
1,4-
100 pL 2mL
25 50 75 100 125
pg/mL  1,4- 50 pg/mL
5 1000
mg/L 1,4-
1000 mg/L
1,4-
05¢g 20 mL
1,4-
1 mL
20 mL
GC-FID
05 g
1,4- 1

mL 20 mL

50 pg/mL

DB-WAX (0.25 mmx30 m 0.5
pum) 60
100 (0 min) -10 /min-150 1 uL
1:30 220
220 He
N, 1.6 mL/min FID

(0 min) - 4 /min -

10 mg/L

N,N-

N,N- 2.5 mL

10 25 50 100 250 pL
02 05 1 2 5Spng/g

05¢g 20 mL
N,N- 2.5 mL
GC-FID
2.5 mL 50 pL
1 ug/g
GC CP-PorabondQ (0.25
mmx25 m 3 pm) 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
1,1-
N,N-
25ul N,N-
10 mL 0.1 mL
5mL 60 pg/mL
N,N- 2.5mL
5 10 25 50 100
200 pL 06 12 3 6
12 24 pg/g
05¢g 20 mL
N,N- 2.5mL
GC-FID
2.5mL
50 uL
6 ng/g

100 mg  20%

100 mL
1000 pg/mL 20%
2 5 10 15 20pg/mL
1 cm® 2 mL
20% 60
60 30
GC-FID
10 mL
150 pL
15 pg/mL
DB-1 (0.32 mmx*30 m 5 um)

120 (I min)-5 /min- 170

1 uL 1:10
200 200
He N, 1.55 mL/min
FID
100 mg  20%
100 mL
1000 pg/mL 20%
5 10 15 20 25 30 pg/mL
1 cm® 2 mL
20% 60
60 30

GC-FID



10 mL

150 pL
15 pg/mL
DB-1 (0.32 mmx*30 m 5 um)
240 1 pL
1:10 240
240 He N, 14
mL/min FID
100 mg
100 mL 1000
ug/mL
025 05 1 2.5 5pgmL
25
GC-FID
10 mL 5 pL
0.5 pg/mL
DB-WAX (0.53 mmx30 m 1
pm ) 50  (5min) - 10 /min -
100 5 uL 1:10
220 220
He N, 15 mlL/min

FID

100 mg 100
mL 1000 pg/mL
02 04 06 08 1 pug/mL
10g 200 mL
20 mL
100 mL 3,000
10
1 mL
2mL
GC-FID
2mL
10
pg/mL 100 pL
0.5 pg/mL
DB-1 (0.32 mmx*30 m 5 um)
150 (5 min) - 20/min - 250 5
min 1 pL 1:15
200 250
He N, 1.2 mL/min
Blos NPD
He He N,
N, — He
N, N,



ug/mL
0.5 pg/mL

N

He

RSD, 10% RSD;

50 pg/mL

He N,

N,

N;

RSD;
RSD;

70~120%
15%

50 pg/mL
N;

He N,
N;
He N,
125 pg/mL
0.9992  0.9999
25 pg/mL
He N,
5
He N,
100.6 103.5%
0.1 0.6%
He

N

He

25



He |, 50 mg/mL N, 50my/mL
PA pA
\ pA*s 620  61.1 pA*s 62.1  60.0
40 584 604 633 589 40 565 590 628  58.0
20 ‘ 20 \
\ J \ \[\ f B
S——— \ L I ;kuu\qukrm_
4 8 12 4 8 12
He N,
PA PAg
40 \ 40
20 \ 20
\\ \ f
L ,K__J wo ,—‘.,.J \\ /\_J\k ——
2 8 © 4 8 12
GC-FID
1,4
GC-FID
my/mL RSD; RSD;
1 2 3 4 5 % % %
TO He 50.7 50.7 50.8 50.6 50.8 1016 03 03
50.9 50.8 50.9 51.0 51.1
N 50.7 50.5 52.8 50.6 50.8 102.0 03 21
50.5 50.4 53.0 50.4 50.6
EB He 50.7 50.8 50.9 51.0 51.0 101.9 02 0.3
51.0 50.8 50.9 51.0 51.2
N, 53.1 52.0 51.9 50.9 51.1 103.5 02 17
53.0 51.9 51.9 50.7 51.0
iPB He 50.3 50.6 50.2 50.3 50.5 100.6 0.2 0.5
50.4 50.6 49.9 50.1 50.4
N2 50.5 50.5 50.9 50.6 51.1 101.3 0.6 0.6
50.9 50.5 50.0 50.7 50.9
PB He 50.6 50.6 50.5 50.4 50.8 1011 0.1 02
50.4 50.6 50.5 50.5 50.6
N 50.6 51.1 51.1 50.5 50.9 1015 03 0.5
50.7 50.9 50.8 50.4 50.7
ST He 50.4 50.5 50.9 50.8 50.9 101.6 0.3 0.5
50.7 50.4 51.0 51.2 51.0
N» 50.7 50.5 52.8 50.6 50.8 102.0 03 21
50.5 50.4 53.0 50.4 50.6
TO EB iPB
PB ST
RSD, RSD;



oW A N W A N oW b o, N W N

N W s

—

He N,

4
¥ = 0.0208x +0.1552 3 Y7 0}-{82:4(7;‘9'98-90259
R2=0.9992 )
1
| . . . 0 : : :
0 50 100 150 0 50 100 150
He 4 N,
y= 0}'{022:0%)(9; ;)3.1398 31V 0;32:43?;-9 890364
2
/ 1 /

0 50 100 150 0 50 100 150

He N,

y=0.0239x - 0.0666

y=0.0192x + 0.1122 R?=0.9997

R>=0.9992

'
\

. T T ) 0 - T T )
0 50 100 150 0 50 100 150

He N,
y =0.0243x - 0.0513

y=0.02x +0.1252 R>=0.9997

R*>=0.9992

'
\

0 50 100 150 0 50 100 150

He N,

y=0.0213x + 0.1584 y=0.0252x - 0.0258
R>=0.9992 R>=0.9998

'
\

50 100 150 0 50 100 150
ng/mL my/mL



2 5
0.2 5pug/g He
10 250 uL N, 94.9 96.7%
R?=0.999 0.9998 RSD, 5.6 3.9%
1 ug/g 1/5 RSD; 6.8 5.2%
0.2 pg/g
pA He , lug/g pA NZ ’ lug/g
3 oars 182 U\ 3 pA*s  1.65 D(
N {\/\‘u_mﬁ f\ /\““
2 ; 2 ‘
2 4 2 4
He NZ ’
PA PA
3 3
N R R )
2 2 :
2 4 2 4
GC-FID
He N,
12 4 12 -
y=2.0805x - 0.1012 y=1.8843x - 0.0728
10 R2=10.999 10 4 R2=0.9998
8 -
6 4
4 i
2 -
. 0 . .
5 6 0 1 2 3 4 5 6
ng/g
GC-FID
ny/mL RSD; RSD;
1 2 3 4 5 % % %
He 0.86 0.94 1.05 1.02 0.96 94.9 5.6 6.8
0.86 1.00 0.91 0.94 0.96
N> 1.00 1.00 1.06 0.90 0.94 96.7 3.9 59
0.96 1.01 0.94 0.90 0.95




pg/g 5 200 pL

R*= 0.9995 0.9993
6 pg/g 6 ug/g
He N, 1/10 0.6 ug/g
1 2 5
He
N, 102.2 103.0%
RSD, 8.0 8.1% RSD;
10.9 9.0%
0.6 24
He N 6“g/g Nz ’ 6llg/g
PA pA
pA*s  3.89 pA*s 345
4 J 4 ! |
I _M_— N - /LM_ = -
0 ‘ . ; > 0 .
4 8 4 8
pA He s pA N2 ’
4 4
A . \ K P : :
0 S . 0
4 8 4 8

5 GC-FID



N,

H
4, 14 -
y =0.5496x + 0.1726 y=0.5479x + 0.017
12 4 R® = 0.9995 12 4 R> = 0.9993
10 - 10
8 - 8
6 - 6
4 4 4
2 2
0 T T T T T 1 0 T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
ng/g ng/g
GC-FID
my/mL RSD; RSD;
1 2 3 4 5 % % %
He 5.85 7.31 5.64 6.19 5.85 1002 2.0 10.9
6.55 6.71 5.46 5.19 6.55
N> 6.68 6.14 5.82 5.74 5.88 103.0 31 9.0
6.85 5.67 5.49 7.09 6.43
RSD; RSD;
15 pg/mL 2 20 pg/mL
He N, R*=0.999 0.9991
15 pg/mL 2/15
2 pg/mL
N2 He
N,
2 pug/mL
He N, 1 2 5

N2 He



He |, 15 pg/mL N, , 15 pg/mL
PA PA
8 8
pA*s 9.34 pA*s 10.49
4 4
_.______A}‘-J SS———— Y
4 8 4
He s N2 >
PA pA
8 8
4 4
' 4 ‘ 8 ‘ ' 4
GC-FID
He N,
6 T 05717 + 03361 = 0.6723x +0.226
g Y TOSTIX . 14 R?=0.9991
12 r 12 ¢
10 - 10
8 8
6 6
4 - 4
2 2
0 ‘ ‘ ‘ , 0 :
0 10 15 20 25 0 5 10 15 20 25
m/mL my/mL
GC-FID
ny/mL RSD; RSD;
1 2 3 4 5 % % %
He 14.4 14.9 15.0 14.6 14.4 96.5 35 35
14.4 13.5 14.3 15.0 14.3
N, 14.6 14.6 14.6 15.2 15.1 992 17 17
14.8 14.8 15.3 15.0 14.8
RSD; RSD;



0.9995

pg/mL 1/3 5 pg/mL
15 pg/mL
He N2
1 2 5
N2 He
N,
N2 He
107.3%
1~2 pg/mL
5 30 pg/mL 12
R? = 0.9994
He , 15 pg/mL
PA| pA*s  7.68
‘ 7.10
7 ﬂ
5|
4 8 8
He ,
PA | ?
7|
M " rorrm. |
| |
> 4 8 4 g

GC-FID



He N,
1 18 -
12 |y=10.5381x - 0.3565 16 4 y=0.5216x - 0.8695
R?=0.9994 R*=10.9995
14 4 14
12 12
10 10 -
8 8 -
6 6 -
4 4 -
2 2
0 T T T 1 0 T T T 1
10 20 30 40 0 10 20 30 40
mg/mL ng/mL
GC-FID
ny/mL RSD; RSD;
1 2 3 5 % % %,
He 15.5 15.1 14.7 15.7 15.1 100.4 15 o
15.3 14.9 14.5 15.3 14.6
N> 16.9 15.6 14.4 16.6 15.6 107.2 28 6.3
17.3 15.9 14.9 17.0 16.7
RSD; RSD;
0.25 5 pg/mL
R” = 0.9997
0.5 pg/mL 0.9996 0.5
He N, pg/mL 172 0.25png/mL
I 2 5
N2 He
N;



~He , 0.5 pg/mL N, , 0.5 pg/mL
PA | pA
pA*s 1.24
3 1 3
— ] - pA*s 124 /
2| 2 “"'J
4 8 4 8
) He , N, ,
PA PA
3 3
E 2
2 4 8 4 8
GC-NPD
He N,
10y 22 6467x - 0.1196 Yy =28301x - 0.1234
1497 R2=0.9997 14 47 R2=0.9996
12 - 12 4
10 - 10
8 - 8 -
6 - 6 -
4 - 4 -
2 - 2 4
0 - : . : : . .0 . . . : : .
0 1 2 3 4 5 6 0 1 2 3 4 5 6
mg/mL mg/mL
GC-FID
n/mL RSD, RSD;
1 2 3 4 5 % % %
He 0.52 0.44 0.56 0.49 0.54 100.0 35 6.0
0.48 0.46 0.48 0.50 0.52
N> 0.46 0.42 0.57 0.51 0.52 96.6 55 10.3
0.44 0.43 0.50 0.48 0.51
RSD; RSD;



0.5 ng/mL
N»
. 1.5 2
He N
N,
He | 0.5 pg/mL
PA
PATs
7.65  4.42
19 F—" J\

B

16

” \

19

18

10

‘-‘—”_‘——-J.——Mw
AJ j\ﬂJ JKW\.‘M,BM/

/ﬂ

\
T e

10

I pg/mL

He 0.2
R?= 0.9998 0.9962
N, He
0.9931 0.9956
He
0.2 pg/mL
2 5
N, He
N 0.5 pg/mL
PA
PA*s
11.84 876
19
MU\ }
\
o || “
/ L‘\%F T T
lf o
|
y To 16
N, ,
pA,
ﬂ
19 M

18

16

GC-NPD

10



He N,
25 - 25
y=14.833x - 0.768 y=21.583x + 1.1564
20 - R =0.9998 20 | R2=0.9931
15 A 15
10 A 10 A
5 A 5
0 T T T T T 1 0 T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1.2
15 He 15 - N
y=9.5451x - 0.0915 y = 15x + 0.2095
R2=0.9962 R?=0.9956
10 - 10 |
5 - 5 -
0 T T T T T 1 0 T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1.2
ng/mL ng/mL
GC-NPD
my/mL RSD, RSD;
1 2 3 4 5 %o % %
TEA He 0.51 0.48 0.47 0.52 0.46 974 19 43
0.49 0.48 0.47 0.51 0.48
N> 0.53 0.51 0.50 0.48 0.53 1016 0 45
0.53 0.48 0.48 0.51 0.53
TBA He 0.51 0.50 0.50 0.47 0.47 98.6 11 47
0.52 0.53 0.47 0.47 0.49
N, 0.54 0.52 0.52 0.55 0.50 104.0 34 46
0.55 0.53 0.51 0.50 0.48
TEA TBA

RSD; RSD;



GC-FID GC-NPD

N;

GC-FID

N;

N;
GC-NPD

N, GC-NPD
NPD Blos
FTD
N,

E
1)

20 9 26 0926001

(2008)



ICP-OES

Sh
PET Ge
Sbh
Ge 0.05
0.1 pg/mL
4%
Ge As Se Sn Sb
AAS
GF-AAS Sb
ICP-OES &
ICP-OES |CP-OES
Sh Ge Sh Ge
png/mL
b Ge Sb Ge
1,2)
1 0.1 0.1
2 0.1 0.1
3 0.5 0.5
4 0.1 0.1
5 0.1 0.1
9 0.5
05 ) 1o: 0.025 0.025
11 0.02 0.02
13 ICP-OES Sh Ge 1o 0.025 0.05
13 0.2 0.2
S Ge 14 0.05 0.1
> 15 0.05 0.05
16 0.025 0.04

4%
10 ICP-OES



PET
Sb Ge
|CP-OES
ICP-OES
Sb Ge

U3 1/2

Sb Ge

25%

60% 1.38

-d, D 99.96 atom%

ISOTEC
Milli-Q Gradient A10

L (+)-

Sb Ge Y
1000 pg/mL

MetaSEP CH-2

60
10 mL
PTFE 0.45 um ADVANTEC

Sb Ge
4% Sb Ge

0.050 0.10 ug/mL
Sb Ge
4%

DigiPREP HP SCP Science

SPS3500
S1I
ICP-
MS  7500c Agilent Technologies
-GC/MS HS-GC/MS
7890A GC System 5975C inert XL MSD 7697A

Headspace Sampler Agilent Technologies

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 224306 nm Y
ICP-MS
1.3 kW
Ar 15 L/min

Ar 0.2 L/min m'z
74 Ge m/z8 Y m/z121 Sb

HS-GC/MS

Ar 0.7 L/min

90 30
150

200 0.5

1 pL
GC/MS
DB-FFAP 30 mx0.25 mm 0.5 pm
50 2 -10 / -150 -20
/=250 5 280
100 1



He 1.2 mL/
250 SIM

m'z60 HOAc 63 HOAc-d4 200 mL 25%
m/z43 HOAc 46 HOAc-d, 11 mL pH 75 8
lg 30 500 rpm
PET 400 mL 60 mL
4% 60 30
50 mL PP
Sb 10% 10% 1
Ge 20 mL 10 500 rpm
Sb Ge 10
Y ICP-MS mL
1 3
Sb Ge
Sb Ge
10 mL
Y 40 pg/mL 50 pL ICP-OES
200 mL Sb
100 Ge
4%
4% 10 mL
Sb Ge 4%
Sb Ge 10 15 20 25 30 pg/mL
ICP-OES A E 100 pL.
10 mL A E
ICP-OES
Sb Ge X
y
Sb Ge
1 3 S Ge
pg/mL
1 2 3
Sb <0.005 0.04 0.05 0.06
Ge <0.001 0.08 0.10 0.12

ICP-MS



X pg/mL
A A 10 pg/mL 0.10
B B 15 pg/mL 0.15
C C 20 pg/mL 0.20
D D 25 pg/mL 0.25
E E 30 pg/mL 0.30
Sb Ge Y 4% 80
a ¢ 120% RSD, 15% RSD;  20%
Sb 0 0.025 80 110%
0.050 0.075 0.10 pg/mL Ge 0 0.05 0.10
0.15 0.20 pg/mL 100 uL 1 3
ICP-OES
X
y
Sb Ge 1 3
1 3 Sb
Ge 1 2 5 SDr SDr
RSD; % RSD; %
1 1
Y 3 1
6)
A C S Ge Y
pg/mL pg/mL
Sb Ge Y Sb Ge Y
0.1 pg/mL a 10 20 0.1 0.2
0.2 pg/mL b 20 20 0.2 0.2

0.5 ug/mL c 50 20 0.5 0.2




pg/mL pg/mL
0.1 pg/mL Sb 0.14 0.15 0.933
| Ge 0.18 0.2 0.900
0.2 pg/mL Sb 0.24 0.25 0.960
Sb  0.04 pg/mL
Ge 0.28 0.3 0.933
Ge 0.08 pg/mL
0.5 pg/mL Sb 0.54 0.55 0.982
Ge 0.58 0.6 0.967
0.1 pg/mL Sb 0.16 0.15 1.067
; Ge 0.22 0.2 1.100
0.2 pg/mL Sb 0.26 0.25 1.040
Sb  0.06 ug/mL
Ge 0.32 0.3 1.067
Ge 0.12 pg/mL
0.5 pg/mL Sb 0.56 0.55 1.018
Ge 0.62 0.6 1.033
a) b)
f(X) f (%)
T S — (]
060 070 080 090 100 110 120 080 090 100 110 120 130 1.40
a) 0.9, 0.1
b) 11, 0.1



25
7 8 200 mL
4% 20 mL
ICP-OES
Sb Ge
¥ Sb Ge
PP
PMP
PTFE
PFA
20
Sb
Ge
Sb Ge
Sb Ge lg
89.1+£2.9 194+1.3
69.6 £3.9 21.5+5.4
PP 30.6 £3.1 04+1.3
PMP 503+79 21.1+5.2
PTFE 64.4£9.0 12.8+5.9
PFA 472+24.1 9.0+2.6
+SD % n=4or5
PP PMP
PTFE PFA

Sb Ge

Sb 65% Ge 87%

Ge As Se Sn Sb

Sb

4)

Sb Ge

4)

pH

Sb Ge

75 8
30 Sb
50 mL
10%

PP
10%
20 mL 10

Sb Ge

Sb



2 Sb Ge
Y 0.2 Sb  Ge
pg/mL  ICP-OES
Sb
71.8% 83.0% Sb Ge
1
Ge 85.2% Sb
98.4%
RSD, RSD; 0.8 1.3%
1.4 3.9%
GF-AAS ICP-OES
Sb Ge
Sb Ge
Sb Ge
Sb
Sb
Sb pg/mL Ge pg/mL
1 0.34%,0.34" 0.41,0.41 0.84, 0.84 1.00, 1.00
2 0.36",0.36" 0.42, 0.43 0.87,0.87 1.00, 0.97
3 0.36",0.36" 0.41, 0.42 0.86, 0.86 0.98, 0.99
4 0.37",0.38" 0.43, 0.44 0.86, 0.84 0.99, 0.97
5 0.36",0.35 0.39",0.39° 0.84, 0.85 0.97, 0.97
pg/mL 0.36 0.41 0.85 0.98
% 71.8 83.0 85.2 98.4
RSD, % 1.0 1.3 0.8 1.3
RSD; % 3.4 3.9 1.4 1.5
RSD, RSD;

80 110%



Ge

Sb Ge
Sb Ge
Sb Ge Sb
Ge
Sb Ge
ICP-OES  Sb Ge
Ge
Sb Ge
265.118 nm Sb
206.833  217.581 nm
Sb Ge 25 & 12
Sb 8 206.833 nm 4 217.581 nm
Ge
206.833 nm
Sb Ge 217.581 nm
0 0.6 pg/mL  Sb
217.581 nm Ge 265.118 nm
Sb Ge
700000 350000
600000 300000
500000 250000
400000 200000
300000 150000
200000 100000
100000 50000
0 T T T ) 0 - . T T
21756 21757 21758 21759 217.6 265.1 265.11 265.12 265.13
nm nm
ICP-OES Sb  217.581 nm Ge 265.118nm
Sb 0,0.05,0.1,0.2,0.3,0.4,0.5, 0.6 ug/mL  Ge 0,0.1,0.2, 0.3, 0.4, 0.5, 0.6 ug/mL



600000 - 300000 ~
Sbh y=76L72x+ 1715 Ge y = 243.42x- 433.49
500000 - R?=0.9994 250000 - R2 = 0.9992
400000 - 200000
300000 - 150000
200000 - 100000
100000 - 50000 -
®
0 : ; : 0 : ; ; : ,
0 0.2 0.4 0.6 0 02 04 06 08 10
ng/mL ngy/mL
ICP-OES b Ge
Sb
217.581 nm Sb
BG
PSM
0 pug/mL  Sb 217.581 nm
Sb 0 pg/mL
5
PET
BG Sb Ge 1 3
ICP-OES Sb Ge
RSD, RSD;
Sb Ge Sb 102.5 105.0% RSD, 2.9 6.5%
RSD; 5.0 7.4% Ge 94.1 99.6%
RSD, 23 7.4% RSD; 3.9 9.5%
Sb Ge
1 3
Sb Ge
Sb 4 Ge 1



3090001 qpy y=757812x+ 39749 1200007 G y=244730x+ 22044
250000 - R?=0.9992 100000 R? = 0.9982
200000 - 80000
150000 - 60000
100000 - 40000
50000 - 20000
0 T T , 0 T ]
0 0.1 0.2 0.3 0.2 0.3
ng/mL ng/mL
2 Ge
Sb pg/mL Ge pg/mL
1 2 3 1 2 3
0.046"  0.051  0.062 0.084 0.092 0.116
0.043  0.054  0.059 0.078 0.098 0.118
0.044  0.049  0.068" 0.086 0.098 0.112
0.045""  0.052  0.065 0.070 0.085 0.106
0.043  0.053  0.056 0.078 0.094 0.115
0.045""  0.053  0.063 0.080 0.095 0.115
0.037  0.053  0.064 0.069 0.093 0.132
0.039  0.055  0.062 0.069 0.096 0.138"
0.039  0.050  0.064 0.088 0.098 0.121
0.040  0.047  0.055 0.084 0.092 0.122
pg/mL 0.042  0.052  0.062 0.079 0.094 0.120
% 1050  103.3 102.5 98.3 94.1 99.6
RSD, % 2.9 3.8 6.5 7.4 5.2 2.3
RSD; % 7.4 5.0 6.9 9.5 3.9 8.5
" 3 0 1 0 1
2 0 0 0
RSD, RSD;

80 110%



110%

0.10

BG
Sb
ng/mL
x=0
Sb
Sb Ge
BG BG
180000 - Sb
160000 - y =739716x + 77116
140000 - R?=0.9976
120000 -
100000 -
80000 ¢
60000 -
40000 -
20000 -
0 T T T T 1
0.00 0.02 0.04 0.06 0.08
ng/mL

0.1 pg/mL

Sb Ge
Sb
Ge
X
y
1 3
0.1 0.2 0.5 pg/mL 3
0.1 pg/mL
0.2 pg/mL
0.5 pg/mL

Sb Ge
RSD, RSD;
80000 -
70000 Ge y =240991x + 22728

| R? = 0.9985
60000 -
50000 -
40000 -
30000 -
20000 ¢
10000 -

0 : . . .
0.00 0.05 0.10 0.15 0.20
ng/mL
So Ge



0.1 pg/mL

pg/mL pg/mL
1 2 3 1 2 3
Sb 1 0.043, 0.041 0.052, 0.052 0.062, 0.064 0.040, 0.038 0.044, 0.053 0.062, 0.064
2 0.043, 0.043 0.053, 0.051 0.062, 0.064 0.045™", 0.041 0.053, 0.053 0.0717, 0.063
3 0.042, 0.044 0.055, 0.050 0.060, 0.062 0.040, 0.042 0.057"', 0.054 0.058, 0.064
4 0.040, 0.043 0.049, 0.050 0.060, 0.056 0.038, 0.048" 0.044, 0.050 0.055, 0.047""2
5 0.0457',0.044  0.051,0.056" 0.064, 0.062 0.043, 0.046" 0.058™",0.052 0.058, 0.061
png/mL 0.043 0.052 0.062 0.042 0.052 0.060
% 107.1 103.7 102.6 105.3 103.9 100.4
RSD, % 3.0 4.4 3.2 9.5 7.9 75
RSD; % 3.7 4.4 4.4 9.5 9.6 11.1
*L3 1 (0) 1 0 (0) 3(0) 2 2(1)
Ge 1 0.076, 0.088 0.109, 0.108 0.122,0.122 0.072, 0.083 0.096, 0.110 0.121,0.121
2 0.085, 0.081 0.098, 0.100 0.122,0.122 0.088, 0.078 0.099, 0.103 0.1357,0.121
3 0.081, 0.085 0.093, 0.098 0.113,0.124 0.078, 0.083 0.096,0.103 0.111, 0.127
4 0.072, 0.084 0.101, 0.093 0.122,0.117 0.069, 0.091"" 0.093, 0.092 0.115,0.105
5 0.088, 0.082 0.103, 0.103 0.121,0.122 0.085, 0.085 0.113"", 0.099 0.112,0.121
pg/mL 0.082 0.100 0.121 0.081 0.100 0.119
% 102.5 100.4 100.6 101.5 100.4 99.0
RSD, % 7.3 3.0 3.1 10.5 6.8 6.8
RSD; % 7.3 5.7 3.1 10.5 6.9 7.3
*L3 0 (0) 0 0 (0) 1 (0) 1 1 (0)

(

)

80 110%

*2

1



0.2 pg/mL

pg/mL pg/mL
1 2 3 1 2 3
Sb 1 0.038, 0.039 0.051,0.050  0.060, 0.063 0.039, 0.032 0.048, 0.051 0.060, 0.057
2 0.041, 0.043 0.050,0.053  0.061, 0.065 0.035, 0.034 0.036'", 0.040 0.045"'2,0.048™
3 0.038, 0.038 0.048,0.050  0.060, 0.060 0.031"',0.036 0.054, 0.049 0.070™", 0.086""
4 0.038,0.039  0.056™,0.054  0.063, 0.063 0.041, 0.045 0.068", 0.048 0.066, 0.067"
5 0.043,0.047""  0.050, 0.056""  0.058, 0.059 0.032, 0.041 0.049, 0.048 0.051, 0.055
pg/mL 0.040 0.052 0.061 0.037 0.049 0.061
% 101.1 103.7 101.9 91.6 98.0 100.9
RSD, % 4.1 4.5 2.5 11.3 13.7 9.0
RSD; % 7.7 5.3 3.9 13.0 17.2 21.1
*L3 1 (0) 2 0 (0) 1 (0) 2 4(2)
Ge 1 0.089™,0.089""  0.097,0.107  0.118,0.126 0.077, 0.073 0.090, 0.106 0.118,0.121
2 0.083, 0.080 0.095,0.101  0.121,0.126 0.077, 0.071 0.079", 0.086 0.103, 0.106
3 0.082, 0.081 0.100,0.108  0.122,0.127 0.077, 0.081 0.108, 0.110 0.134",0.157"
4 0.078, 0.080 0.096,0.101  0.126,0.119 0.081, 0.087 0.109, 0.093 0.129, 0.123
5 0.086, 0.083 0.104,0.108  0.128,0.127 0.072, 0.076 0.102, 0.098 0.118,0.121
pg/mL 0.083 0.102 0.124 0.077 0.098 0.123
% 103.9 101.7 103.3 96.5 98.1 102.5
RSD, % 1.9 4.8 3.3 4.5 7.6 6.4
RSD; % 4.7 4.8 3.3 6.5 11.1 12.9
1.3 2 (0) 0 0 (0) 0 (0) 1 2 (0)

(

)

80 110%

*2

1



0.5 pg/mL

pg/mL pg/mL
1 2 3 1 2 3
Sb 1 0.036, 0.032 0.034"', 0.041 0.062, 0.058 0.077°% 0.113"%  0.098™',0.057""  0.059, 0.037""
2 0.061°'% 0.050"  0.057",0.056"  0.070™,0.076" 0.0547"2 0.059"%  0.050, 0.053 0.069",0.070™
3 0.034, 0.042 0.047, 0.050 0.058, 0.061 0.039, 0.040 0.0847',0.044  0.072™,0.070"
4 0.046™",0.041 0.058"",0.056"  0.066, 0.065 0.038, 0.020" 0.044, 0.040 0.057, 0.043""*
5 0.052"'2,0.038 0.057"",0.053 0.065, 0.061 0.032, 0.026" 0.061"",0.051 0.058, 0.079™
pg/mL 0.043 0.051 0.064 0.050 0.058 0.061
% 107.9 101.8 107.3 124.6 116.0 102.3
RSD, % 14.9 5.8 4.2 26.0 31.7 17.5
RSD; % 21.5 16.6 9.0 58.3 323 22.5
1,3 4(2) 6 2 (0) 6 (4) 4 7(2)
Ge 1 0.073, 0.082 0.108, 0.103 0.134™,0.117 0.1117%,0.074  0.186™,0.123""  0.132,0.093""?
2 0.073, 0.090" 0.108, 0.102 0.118,0.143" 0.072,0.104™ 0.098, 0.098 0.120, 0.135™
3 0.078, 0.085 0.102, 0.098 0.123,0.114 0.082, 0.083 0.144™',0.090 0.138™,0.125
4 0.094"',0.093""  0.111"",0.110 0.131, 0.131 0.085, 0.068 0.095, 0.090 0.119, 0.104
5 0.081, 0.084 0.106, 0.097 0.125, 0.121 0.057°",0.071 0.1117,0.094 0.117,0.143™
pg/mL 0.083 0.105 0.126 0.081 0.113 0.123
% 104.3 104.5 104.8 100.7 113.0 102.1
RSD, % 7.9 3.7 8.1 21.2 23.5 13.6
RSD; % 9.0 4.8 8.1 21.2 27.6 13.6
"3 3(0) 1 2 (0) 3(1) 4 4 (1)

(

)

80 110%

*2



0.1 pg/mL

Sb 102.6 107.1%
RSD, 3.0 44% RSD; 3.7 44% Ge
100.4 102.5% RSD, 3.0 7.3%
RSD; 3.1 7.3%
Sb 2
Ge 1 3 Y
Sb Ge 224.306 nm
RSD, RSD;
Sb
1
0.2 pg/mL
RSD, RSD; Sb Ge
0.1 pg/mL
PET
Sb RSD, RSD;
2
0.5 pg/mL
Sb  RSD, RSD;
Ge 6
Sb Ge 1 3
Sb 0.05 pg/mL Ge 0.1 pg/mL
1 3
0.1 pg/mL
2 Sb 0.0008
0.044% Ge  0.033 0.025%
1/2000
0.2 pg/mL
Sb 0.13 0.055% Ge 0.20
0.014% 1/500
0.5
pg/mL Sb 14 6.3%
Ge 3.3% +20%



0.1 ug/mL 0.2 ug/mL 0.5 ng/mL
3 1 3 1 3
Sb 1 0.94, 0.93 1.07, 1.09 0.96, 0.97 1.05, 1.06 0.97,0.97 1.02, 1.02
2 0.96, 0.96 1.09, 1.10 0.97, 0.98 1.06, 1.08 1.02, 0.99 1.04, 1.05
3 0.96, 0.97 1.08, 1.09 0.96, 0.96 1.05, 1.05 0.97, 0.98 1.01, 1.02
4 0.93,0.95 1.06, 1.03 0.95, 0.95 1.05, 1.05 1.00, 0.99 1.04, 1.04
5 0.97, 0.96 1.09, 1.07 0.97, 0.99 1.03, 1.04 1.01, 0.98 1.03, 1.03
0.933 1.067 0.960 1.040 0.982 1.018
0.015 0.020 0.013 0.012 0.017 0.012
>0.999 <0.001 0.999 <0.001 0.859 0.0632
% 0.0008 0.044 0.13 0.055 14 6.3
Ge 1 0.89, 0.95 1.12,1.12 0.96, 0.97 1.06, 1.09 0.96, 0.97 1.06, 1.03
2 0.95, 0.92 1.14,1.14 0.91, 0.90 1.04, 1.06 0.94, 0.97 1.02, 1.06
3 0.93,0.95 1.10, 1.16 0.94, 0.93 1.07, 1.09 0.96, 0.97 1.04, 1.02
4 0.87,0.93 1.11, 1.09 0.91, 0.92 1.06, 1.04 1.00, 1.00 1.06, 1.06
5 0.91,0.89 1.07, 1.08 0.95, 0.94 1.08, 1.08 0.98, 0.99 1.06, 1.05
0.900 1.100 0.933 1.067 0.967 1.033
0.029 0.029 0.023 0.018 0.018 0.018
>0.999 <0.001 0.998 <0.001 0.967 0.033
% 0.033 0.025 0.20 0.014 3.3 3.3
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