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Gas Chromatographic Fingerprints of Different Musk

YU Juan”
(Zhangzhou Pien Tze Huang Parmaceutical Co. Lid. , Zhangzhou 363000, China)

[ Abstract | Objective; To establish a gas chromatography (GC) fingerprints analysis method of farmed
musk, natural musk and artificial musk for effective control and scientific evaluation of the quality of musk.
Method: The sample was split in the 250 “C injection port, with 1:1 split ratio, and separated on a Capillary
column (325 C, 0.25 mm x 30 m, 0.25 pum). Nitrogen was used as a carrier gas, the flow rate was
I mL-min~'. The detector temperature was 280 °C. The temperature program was 80 °C for 2 min, increase by
5 Cemin ' to 160 °C , and by 1 °C-min "' to 200 °C for 20 min, then 5 ‘C-min "' to 260 C for 20 min. GC of the
30 batches of farmed musk, 24 batches of natural musk and 8 batches of artificial musk were analyzed by adopting
temperature programmer. The similarity evaluation system for chromatographic fingerprint of TCM (2004A) was
used to evaluate the similarity of these chromatograms. The fingerprint peaks were identified by using GC-MS
combination technology. The ion source temperature was set at 230 “C. The quadrupole temperature was set at
150 C. The GC-MS interface temperature was set at 280 °C. Electron impact (EI) was used as the ionization
source, and the electron energy was set at 70 eV. The scanning scope was m/z 30-550. Result: The GC
fingerprints of different kind of musk were established, and the similarities all conformed to regulations. Totally 17
common compounds in farmed musk, 10 common compounds in natural musk, and 8 common compounds in artificial

musk were determined and compared. Conclusion: This method features a high precision, reproducibility, and
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stability. The established fingerprints could be used for the overall quality evaluation for musk.
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TTREM R MRIE, A5 R H GC Xf 24 4t
KIREGA 30 ALFFHES &A1 8 LA TR &/ AT T &
Gt W38 SRS AT SE , IR GC-MS X} 3 i gk 47 T
ST, RPN R A A W AT LA, SR A R AR
VP B A 2560 0 T e PR AR 4R
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5 110719-201215 ) . Z fik . & K & B %5 35 o 4%
Mrédi

FIHBE R (405 TY1# ~ JY30#) , 3k A ¥ i
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Table 1 Number and origin place of farmed musk
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JY6# P il JY16# [ JY264 I Vg
IY7# pa i IY17# [ v Y274 pugl|
JY8# Py i JY18# Py i JY284 (S
JY9# ke vy JY194 5} JY294 gl
JY10# [ vg JY204# [ 7 JY304# B 74
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Table 2 Number and origin place of natural musk A
= 7 Hh = 7 = 7 10 20 0 60 %0 100
TR1# [Sdii) TRO9# pg i TR17# Bk v
TR# poi || triox  pun || TRiss g B
TR3# pg i TRI1# pg i TR19# pg i
TR4# pg i TR12# pg i TR20# S}
TR5# S TR13# S TR21# IS
TR6# Beps || TRI4# 7 TR22# Bz P WULJJ .
10 20 40 60 80 100
TR7# BePi || TRIS# Bepi || TR23# P Ji| ¢/min
TR8# BRPG || TRio#  BRIG || TR24# BRI AR 5 B JR AT (JY34)

0.25 mm x30 m,0.25 wm) , L O R 250 C, 1
) 289 BE 280 C L3R N, Pk 1 mLemin ™' gERE R
2 pL,ardite 121, BF R (WG IR EE 80 °C, 4R
2 min, ) 5 C - min ' EZFFEZE 160 C, L)
1 °C -min 'l 3 FHE F 200 C , {54 20 min, FL)
5 °C -min AR THE ZE 260 C {745 20 min) ,
VMR B B A I 06 31 58 N AN IR T 20 000,

GC-MS & 3% 2% 4 HP-1 3Pk 1 95 & 40 45 A
(325 °C,0.25 mm x 30 m,0.25 pum), i #E O & B
250 °C ,#%K He, i 1 mL-min ', JERE R 2 wl, 2
bt 11, PR (PR B 80 €, {&F 2 min,
LS C - min™' iy 5 KT E = 160 C, LU
1 °C -min " {3 FTFR E 200 °C 4445 20 min, LU
5 °C +min ' {HECR TR E 260 C L £ 20 min) . B
FURIEE 230 °C, POAR AT I EE 150 °C, GC-MS 2 1
WAE 280 C, i F&REH FIE(ED, B Fiigz 70
eV, = e H m/z 30 ~550,

2.2 A MR A B S (R 5 R A B
KIRBEH) , BT AA B E T4 24 h 5, 85 T3
Wik bt i K, 2 H5- 0%, (N TRH AT UL L
BRAE) PRIy 0.2 g W% R, & 50 mL HZEHEIE
R G B M A TG K S BE 10 mL, % %8, FrE B &, 0K
K R AL ER (33 300 WL 455K 40 kHz) 15 min, B
R A R, AR E B, ] TJC K & B AN R R Y
Fri  FR5T R IR SR, 1S o

2.3 JriksEEEE LISRGHBE R IY3# AL s, A
SR 25 i A 5 )RR E R RS B RE R A MR R AT

EZ T
2.3.1 RSP DUHRIBUE R TEK S BEAE

25 FURE i B HE ST @35 A, 5 58 0K S B R0 114
T, iR AE A xRS EE X T, W
[Zizl lo

B1 FEBE(JY3M4) L KZERNK GC @ik
Fig.1 GC chromatogram of farmed musk (JY3#) extract

2.3.2 FEMRAE R bR 4 2.1 T
T GC 3% &4, 5351 F 0,2,4,8,12,18,24 h #E#,
D7 o K RS T A b 2 603 4 2 R3S A BLEE O f
R HEATICHEL, LA O h i (3% K] S 2 IR R 3, HoAlh
R R] B A (2 3% P15 0 AH BLEE 43 3310 2 1,000, 1. 000,
0.999,0.999,0.999,0. 999 ,RSD #] <0. 1% , 3 B {it
A RE 24 h R
2.3.3 MEH B BRI R 2.1 30
T GC A3 56, 322 6 YCHFFE I E o 4% K5 3 A
“ 2 AR SRS AR R VR M R G AT UL L, LA
R HERE I B O S R, A (5 RS A
RLEE 43 314 0.999,0.999 1. 000, 1. 000, 1. 000, RSD
¥ <0. 1% , FRWIZALINGE % R AT
2.3.4 HEEMWIAE  HBUE K ST A 6
By 4 2.2 BT J5 2 i o8 b 3R A i U, S ) R A
W o BT S A o 2 0 35 48 SO A LR IE A R
G5 FEATUCHES, LA 1 A3 0 £ 1B O 2 1R
B Ay 5 0kt i € 3% 1 5 A B 4 30
1.000,1.000,1.000,0.999,0.999 ,RSD ¥ <0.1% ,
KR EEE R,
2.4 FESNIOINGE S VHCHR B B R AR BN
TR T A HERE G, 5 2.2 TR 7 i i A5 Ak A 7
W, HE 201 TR 8 S5 AT 0BT e SRk R
2.5 B4R SCE SR ST AL PR KA Ak
AW BRI E A 20 #it CRAREE A 14 dit L A
TERF 6 HURE S 00 (03 B 2L ATA A%, 20 51 5 A
2 (0 3% 45 SR TS AR RUE RN R G rh S T EE BT b
HU5 ~ 120 min [ €855 B (L BRE R T48) L 20 5 L
JY1# TR1#, RGL# % K AF S = BB, 3% 8 B (]
TR 0.2 s, XF 45 (0 1% W E 47 DCC , 2B o0t HE g 8 Bl
T, DL HR 5 2R 2 08 R S B B0 R A
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UKL A AARLEE , JF 43 500 3 WL 55 B8 g A 10 4t LR SR
JEE A 14 B N T B A 2 L € 1 47 5000 , A 2
G RBTF A ME

K H GC-MS Bt H, %528 #2785 7 R AR B v Je
N LEFfR o gL/ g5 HE , m T GC
5 GC-MS Wy # A, % 015 6 O/ 83 s 8] 45 T Jid
B, 18 Bh €0 33 05 1 R X £ BA R 1) LR R I BT 0 A
BT B, AT & 0 0 19 U Ak A Wi R
KR o
2.5.1  FE5H B A 4R SO 0 ST S A U SRR
i F 20 HEFE A B A (JY1# ~ JY20#) /< AH £2 3% [&] 7
ST IR FE SCE A S T R R 63 A A g, LA
2 3 4 B R A o HR AR S0 LR 3,

3473  52.10 69.46 86.83 104.19

0 1737 121.56

t/min
B3 #FEBE GCRIELIE
Fig.3 Reference fingerprint of farmed musk
7 0.963 ~0.995, W3 3, % & k., % GC-MS
BRIHHOAR  JL 85 ) 63 NI I 17 DMLYy, 45
Rk 4,

*£3 FEBESE JY1#-~JY304# GC B ELHLE

Table 3 Similarity results of farmed musk ( JY1 #-JY30 #)
chromatographic fingerprints
I FrHH B AT I 4 B A
AR EE AR EE AR EE
s L s L s L
TY20#
JY1# 0.939 JY11# 0.994 JY21# 0.990
= e JY2# 0.993 JY12# 0.996 JY224# 0.994
= S TY1# JY3# 0.968 JY13# 0.996 JY23# 0.994
0 17.37 3473 5210 69.46 86.83 104.19 121.56 TY4# 0.991 TY144# 0.996 TY244 0.982
t/min
JY5# 0.931 JY15# 0.992 JY25# 0.988
B2 FMEEE JYL#~JY204GC &/
Fig. 2 Matching results of farmed musk ( JY1 #-JY20 #) GC Jye# 0.984 JYl6# 0.997 Y264 0.99
chromatogram peaks IYT7# 0.993 JY17# 0.996 JY27# 0.995
. SR v o . JY8# 0.990 JY18# 0.998 JY28# 0.963
LSR5 83 75 0 RS U RS 2 IR &R R Bl
JYO# 0.996 JY19+# 0.997 JY294# 0.99
JB3 A (Y AH AL BE 7E 0. 931 ~ 0. 998, fifi ] H: v 10 it 5%
N . JY10# 0.985 JY20# 0.994 JY30# 0.988
SHBG AT (JY21# ~ JY30#) UM &1 3% BE A7 56 1IE , A B E
F4 GC-MSETE2HFAEBES NHEFERM 1T ANLEY
Table 4 GC-MS identified 17 compounds from 63 common peaks of 20 farmed musk
ARXT {7 BR AHXT DCCRE ARXT 43 ¥
No. R . CAS %45 4 N
° A aE WER /% Y o i
1 4-H FLIE Y 4-methyl-phenol 0. 190 0.010 96 000106-44-5 C,HgO 108. 06
2 K H % benzenecarboxylic acid 0. 252 0.013 96 000065-85-0 C,H,0, 122. 00
3 1-2,3&-34 1 % 1-ethenyl-cyclododecanol 0.782 0.010 90 006244 -49-1 Ci,HyO 210. 20
4 F% Ji% 7 i cyclopentadecanone 0. 909 0. 005 99 000502-72-7 CisHyiO 224.21
5 Ji% 75 W 3-methyl-cyclopentadecanone 1 1 96 000541-91-3 C¢H;0 238.23
6 1,15-F 7Nk 4508 1,15-hexadecadiene 1.052 0. 009 91 021964-51-2 CieHyo 222.24
7 n-+ 752 n-hexadecanoic acid 1.229 0. 005 95 000057-10-3 C¢H5,0, 256.24
8 (1s,15s)-FF [13.1.0 ] + /N #-2-fd (1s, 15s)- 1.370 0.043 93 102572-89-4 C¢HysO 236. 21
bicyclo[ 13. 1. 0 ] hexadecan-2-one
9 -9 -+ 7S BT cis-9-hexadecenal 1. 457 0. 024 94 056219-04-6 CisH3 0 238.23
10 fifs R 25 A R ME I prasterone acetate 1. 868 0.211 95 104597-49-1 Gy Hy Oy 330. 22
11 (3a,5B)-3-#% H-MfE 5 -17-FH (3a, 58) -3-hydroxy- 2.358 0. 105 99 000053-42-9 CoH; 0, 290. 23

androstan-17-one
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i 8 01 i3 o
12 B/ 5 HEEA androsterone/epiandrosterone 2.452 0.019 99 000481-29-8 CoHy 0, 290. 23
000053-41-8
13 “4UHE B dihydroandrosterone 2.478 0.017 99 1000248-26-6 C o H3, 0, 292.24
14 (3a, 5a, 178) M 153, 17-— B (3a, 5a, 178)-  2.500 0.051 99 001852535 C,oHy, 0, 292,24
androstane-3,17-diol
15 (38)-FH{5-54%3-R (38)-cholest-5-en-3-ol 3.492 0.163 99 000057-88-5 Cypr Hye O 386. 36
16 JHE R cholestanol 3.502 0.038 99 000080-97-7 €y HygO 388. 37
17 (38,5a) - & -7-453-F (38,5a) -cholest-7-en-3-ol, 3.557 0. 009 96 000080-99-9 €y HeO 386. 36

2.5.2 KON I ST A0 A 5 AR DI O £
(T 14 416 SR B 7 (TRI# ~ TRI14#) S0 3 16 2
Sy SO S T PR R 18 A S AT I DT
PNy e T Ll ARt
R 7 A 5 L 5 B 2 G T 9 R 7 0 ' ‘ :
0 17.37 34.73 52.10 69.46 86.83 104.19 121.56
L 75 0.951 ~ 0.993, f JHl Lot 10 it K 4% I 7 imin
(JY15# ~ JY24 #) S A B 3% #F 17 56 0F, #8710 % 7 E5 X#EE TRI#~ TRI4HGC 3 R I5 403
0.965 ~0.994 4B A FR WHE S, FH GC-MS Fig.5 Reference fingerprint of natural musk ( TR1#-TR14#)

BT, 3L 85 18 A b Ay v 10 ML AW, 4558 W

%5 XHREBSE TRI# ~ TR2#H GC 55 BB BLE

%:2 6, Table 5  Similarity of natural musk ( TR1#TR24#) chromatographic
fingerprints
it AR AL it AR AL it AR AR
TR1# 0.968 TRO# 0.979 TR17# 0.977
A, . -~ TR14#
=t ) — Frose = TR2# 0.990 TR10# 0.993 TR18# 0.965
3 ? : TR3# 0.959 TR11# 0.985 TR19# 0.992
— e
ek - : . IR1# TR4# 0.951 TRI12# 0.991 TR20# 0.967
0 17.37 3473 52.10 69.46 86.83 104.19 121.56
Ymi TR5# 0.988 TR13# 0.993 TR21# 0.972
‘min
TR6# 0.980 TR14# 0.978 TR22# 0.978
B4 XAEBE TRI# ~ TR14# GC Btk
. . 3 .
Fig.4  Matching results of natural musk ( TR1 #-TR14 #) GC TR7# 0.979 TRIS# 0.994 TR23# 0.971
TR8# 0.982 TR16# 0.988 TR24# 0.974
chromatogram peaks

®6 GC-MSYEFMH#ARRBEE I8 NMHFIESH 10 MLEY
Table 6 GC-MS identified 10 compounds from 18 common peaks of 14 natural musk

No. s MO s T oasmn opex T
1 JB$% W 3-methyl-cyclopentadecanone 1 1 96 000541-91-3 CeHy 0 238.23
2 1,15-F X 4 EE 1,15-hexadecadiene 1. 050 0.009 91 021964-51-2 C¢Hs 222.24
3 n-F75# n-hexadecanoic acid 1.243 0.070 99  000057-10-3  CH;,0, 256. 24
4 R oleic acid 1. 640 0.058 99  000112-80-1 C;H,,0, 282.26
5 [BSER 25 A FMEMR prasterone acetate 1. 856 0.022 95 104597-49-1  C, H;,0,4 330.22
6 (3a, 58) -3-¥% H-IfE §5-17-8 (3a, 58)-3-hydroxy-androstan- 2.350 0.036 99 000053429  C,,H,0, 290. 23

17-o0ne
7 (3a,50,17B) M5 -3,17- i androstane-3 ,17-diol, (3a,50,178) 2.488 0.008 99  001852-53-5  C,,H,,0, 292.24
8  (3B)-MH{-5-4-3-B% (38) -cholest-5-en-3-ol 3.484 0.108 99  000057-88-5  C,,H,O 386. 36
9 cholestanol JH § e fizz 3.494 0.019 99 000080-97-7  CpHu,O 388.37
10 (38,5a) - -7-%5-3-B2 (38,5a) -cholest-7-en-3-ol 3.549 0.003 96  000080-99-9  C,;H,0 386. 36
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2.5.3 N LBS A 46 SC B35 0 g 7 5 A RLUEE PEARY
i 6 #E N T BF & (RG1# ~ RGO#) S AH (1% 18] £ 37
fe oS BN T RS 25 AN g DR TR B3 DL
65 24 LN TG A 0 B8 S, LI 7
6 17.37 34.73 52.10 69.46 86.83 104.19 121.56
t/min
] | RG6#
= 1 Kl B7 AILEE RGl#~RG6#H GC X BIFLIE
— i % §8%§ Fig.7 Reference fingerprint of artificial musk ( RG1#-RG6#)
0 17.37 34.73 52.10 69.46 121.56

t/min

BE6 AIES RGl#~RG6# GC Bimit

Fig. 6 Matching results of artificial musk ( RG1 #-RG6 #) GC

chromatogram peaks

DA T JBS A o) B 48 S 181 3 S 2

B A (9 A AL R

B8]k 0.987,0.995, 0.995,

0.995,0.994,0.997, % {f I H b 2 it A T B &

(RG7#, RGS#)W?FHIEI%J& EME PFHMV m A N

%E:LH 25 /l\/ﬂﬁﬂ&qj 8 /l\%ﬁ%,%%'ful%% 7,

x7 GC-MSEESHAIBE2S AHLFTETHNSNMUEY
Table 7 GC-MS identified 8§ compounds from 25 common peaks of 8 artificial musk

No. 0 MHRE epms “CF casmm pya AT
isf [1] J
I P tetradecanoic acid 0.876 0.012 95 000544-63-8  C,,Hy0, 228.21
2 J 7 3-methyl-cyclopentadecanone 1 1 96 000541913  CH;,0 238.23
3 n-1 75 n-hexadecanoic acid 1.242 0. 080 99 000057-10-3 C,eH5,0, 256.24
4 3R oleic acid 1.627 0.061 99 000112-80-1  C4H,,0, 282.26
5 RS octadecanoic acid 1. 696 0.032 91  000057-114  C,4Hs0, 284.27
6  WHiMERR prasterone 2.462 0.339 99 00005343-0 C,,Hy0, 288. 21
7 HEEA/ S HERA androsterone/epiandrosterone 2.472 0.087 99 000481-29-8  C,yH,,0, 290.23
000053-41-8
8 (3B) -5 -5-45-3-BE(38) ~cholest-5-en-3-ol 3.487 0.029 99 000057-88-5  C,;H,O0 386.36
2.6 FRFHEFA CRAR B FION TR A 48 8 K S 3FBAFEC LAY R S E, 225 Wk S,

[l e h SC g il S 3 Bl RE A 48 40 3% OF 8K

®8 BHERIWBECHNEBVRHRE

Table 8 Compare the similarities and differences between three kind of musk known common substances

K8 ~10,

No. &4 L& W4 KU RE RABE ANTHE
1 4-F 3 phenol ,4-methyl- v N N
2 % W iR benzenecarboxylic acid N
3 1-2 -3+ cyclododecanol , 1-ethenyl- 4 N N
4 —+ DU iz tetradecanoic acid N N V4
5 ¥ i e i) cyclopentadecanone Vv N N
6 R 75 T cyclopentadecanone , 3-methyl- vV vV vV
7 1,15-F 0k M iR 1,15-hexadecadiene VvV Vv NN
8 n-+ 7R n-hexadecanoic acid \V4 V4 A4
9 (1s,155) -3 [13. 1. 0] 7 B -2 - (1s,155) -bicyclo[ 13. 1. 0 ] exadecane-2-one Vv N NN

10 -9 -+ 75 Ttk T cis-9-hexadecenal vV N NN

11 R oleic acid N vV vV

12 1 g iR octadecanoic acid N N vV

13 ﬂiﬁﬁﬁ Zﬁiﬂlﬁ@lﬂ prasterone acetate \/ \/ NN

14 (3a,58) -3 -3 Ik -1 §55 -17 - i (3a,5B) -3-hydroxy-androstan-17-one vV vV NN
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No. AL/ LB EA AL/ b S KM EH RARWE ATHEE
15 L R I prasterone N N \

16 i i/ S5 T T androsterone/epiandrosterone vV N vV

17 U §55 dihydroandrosterone v N NN

18 (3a,5a,178) -H {5 -3 ,17- 8 (3a,5a,17B) -androstane-3 ,17-diol vV vV NN

19 (3B) -HH # -5 -4 -3 - (3B) -cholest-5-en-3-ol v VvV vV

20 JHE ben cholestanol v vV NN

21 (38,50 -JIH {5 -7 -J 3 - (38,5a) -cholest-7-en-3-ol Vv vV NN

VA E Y N AR A S AL A AL LA NN A IR S A A AR A

L

17.37 3473 52.10 6946 8683 104.19 121.56

t/min

B8 REBELEUR

Fig.8 Schematic diagram of common substance of farmed musk
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B9 RABELEUR

Fig.9 Schematic diagram of common substance of natural musk

|
1 ! |

[N 4 LA J
0 17.37 3473 52.10 69.46 86.83 104.19

121.56

t/min

E10 ATIHEXEUR

Fig.10 Schematic diagram of common substance of artificial musk

ML 3R 3 Y F B A R FT LA Y, 20 4L 57 GE R
AW R . 14 HORIRE & 19 3L il 80,
oY B 28 S R B A . N LR AR Y R
B BN B S BT, B SRR R
B A LA W 22 AR EOR . 3 R R A I LA LG
YA 3 A, o i B A I (W 6) , n-+ /S TR (U 8) Al
(3B) -MH {$§ -5-%-3-Bz (W 15)

TR A IA N 17 MeaW, 85 T RARE
H10 M EEHE LGP R 9 A Al 8 ANl B
Je A By (B TE R AR B A 1R OO R IR R

A% 6,7,8,13,14,18,19,20,21 {4k-& 41l e
JB% A R e Y B oY T AR A, T RE TR
7 o BOR RS TR W AT BT X o i A B 20 41t 57
BEL B A RE A CORIE DI ARIER ) o, BT 35 A 16 54 1R 26 %
JIEES BE oSy ot (W 13, 14,16 ~21) R KA E 5 H Y
TR T U A 14 4t 5 9K 8% 7 A it v 1 i 288 )
B0 e AR, AT RE SR S A R A R A, A
Tﬁ%%i?ﬁ%%‘ﬁrﬁ:ﬁ:ﬂ?ﬁﬁﬁEPE&%TEH:%)E
o MR, NPT S A B i B R A R
%JE%‘E%%E‘J?FHMTE%?%O
NLEEDA 8 AT ML A LE Y, BREF
Wi (U 6) , n-t- /SR (W 8) 15 (3B) -1 -5 -0 -3- B
(U 19) LA , 30 A7 HfE B / S M I ( 06 16) Sy 5% L oG
A S, W 4,15 3R R AR B g AR
A W ARSI KRB P RSBk, AT
B A 55 IR BH R AR B A 1 22 5, DA B MR 264 5 W 22501
B N TR A b A A 5 26 16 5 P A 3 i
HETR (U 11) 55 HE R /S MR (08 12) , 5 HL & i 58
e (WA AR 23538 2 000,500 7247 ) (EAE R AR (3741
JES A v A0 A 22 T 55 256 W0 T R X R B I (] 24
FE2.3 ~2.5) 538 437 A Wil A i/ S A A 55 2 20 AR
IR Cige i BRSO L) 5 AT B 7 v A9 IR 5 26 A 45
Py & AR (LA T AR L) A (3B) -IH 5 -5 -0 -
3-BE(UE 15) , JF HOAN & IR B LR AR B A 29 30 9 R
S BE IR (15 16) F1(38,5a) -lH 5 -7 -45 -3 - (15 17)
TRLE TR A LR B — i) i o3 AR A
KRB E N B N E R LR G YA DL
G W DXl R AR S DO TR R 5 98 91 R AR
B A I 3 o
3 g
3.1 fRBUAR L OISR ESE  DISREEE JY3#
AR 2 T K B | £ Tk IE AT R R AR IR
I AT 3 AN [ #4591 7 9 B 40 4 (35 A (DB-
1701, HP-1, HP-5 ) #4705, DL €0 3% 04 2 o 45 A 2k
PR, 4520 HP-1 (/K S H) 96 A~ , DB-
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1701 (TE7K & BE$ HL) 90 A~ Ug , HP-5 ( To 7K & i 4
BU)53 S04, HP-1( ZBE4R HL) 79 S, DB-1701 ( Z,
Bk 42 L) 73 A0, o HP-1 ( Jo/K & B2 H0) 43 B
TS RGBS 2, R I i 8 0 K 2 4 BOA $12 U
), e HP-1 #PE £7 96 E 1A 4 (0. 25 mm x 30 m,
0.25 pm) KAt
3.2 RIOFEMERE WO TR 6 8 A AL
M2y 0.2 g KEEFRE , BB IR TR % AL
10 mL, % %€, R ik, PR 4% 2 min, FEAEAH LT 4
R BT s OUVK IS HE A S min, iE 2 0, K5
AR FES] R E G QUKIB R AT 15 min, HUE
Z M, AN R T %A QR E 2 hy @
4 h, ZERERO,Q 2 Moy REBETE S, HTO
FEI IR S, 15 2 [, R O 6 B ik @), R VK V8 8
15 min, it & 2 =, R AR 2 B B 5
3.3 SR A AT A 1Rk B
3.3.1 AR ik ge SRR AR ]
L EET ARSI 1:1,5:1,10: 1 X4 4 0 4
MEE R sEm . BRFYRM 11 W, s
6 SC I ik I 5 I &, HL 3% 0 o (B 5K .
WO PR R 101 BEATIEG .
3.3.2 RREEFERBA L SR %R T A F
FERAL 1,23 L X 45 4 43 K 0 45 SR 1) 52 i), 25 SRR
A2 pL A3 L (3 RE AR, T 15 46 20 B 1 1
Wk B . BEHE 3 pl B AT SR AE 2 L Al ST 0
(20 53 1 1 A 20 43, 25 18 B0 ¥ 50 R Tk & BOR%E
GC ik R MY, I 5 B RER B, 2 L i
1k
3.3.3 AFEUREHM A SEER T AR ®E,
0.8 mL-min ") X 45 25 43 K6 T 4% SR A 5 i, &5 SR ¢ T
DL AR AN AL 0 i 0 174 4 85 B oA )l e | A
TEAEE D o R IR R R B R 1 mLemin '

FrHH B AT 5 KRB A 19 Lo B 4 (R A O oy
ZAEPTE R AT S § RS, R —4 07 i
i I\ — 7k L% v R AT B A Sy S8 B W LA B, R
H T 1 2 I 1 3 i R R ] i SRS, T R
ERE ‘B F IS G — 2 W iF R
rh, AT K R A R 2K 5 AR S S 30 3 A, 2 4 )
T AR SRS v LAAS B R T e a0 fE B DL
TIvEf

SERM T GC H AR #EAT B A 48 LR BT
R T AT S WA o B A AL 2 A3, R 4R U R 4R R
Dk SR OGS AR DU AR R AT AR, 3
2 A o 28 T Tk B 8 T A I A A, R E TR T
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LR ENE R A AR R . AL TSR
SHBR AT R AR B A N TR A 1) 45 S I3, A% L U R
AR it O BE HG oF TR A SR % B AR UL 2 7E 0.9 ~
L O, 5 2548 LU B A 5L i A G 2EOR . 3 MRS A
LA A B AN TR, T AR S S B =% 3 Rl
A48 SRS BAT L Jm A, TR D (b [ 25 ) g A
o s v ) B8, X 3 B A O A o 2 2
A A M

[ Brigh ] A BRI T LA 7R 35 M 758 25 M0 B 5 I 58
B0 A £ O 24 A TS I e B8 A L ) A% S T Y A = TR
WP TR B 28 AN R R iR .
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