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%
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