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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;
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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

'
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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
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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
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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
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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;
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