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W E B AEIRNTRRERRMSL TP L8 LK SRR TR WAk LR UERG T Tk, Hik kA
AAaE ik, AN DB-WAX £ 8A4E M 35 5 S KM B T 2, 5 A 501, AN RA(LIE:99.999% ), kit A
1.0 mL/min, # 4% A 1 pL, A At 4, B2 40 A 4k &6 IR L =83, MR AL 5 H 474578 % 40 °C, 2 # 5 min, A 10 C/min ik IR
£90 °C, A VA5 C/minik £ IR £ 200 °C, #AE TR A 220 C M BIBE A 230 C, LR T LB O FAE PE o
Aok v Ae LR T B 69 T A E M TE B 450 4 0.24~12.00 pg/mL(#=0.999 7) .0.40~20.00 pg/mL(#=0.999 5) .0.033~1.64
pg/mL (7=0.999 8) ,0.40~20.00 pg/mL (»=0.999 5) .0.071~3.56 pg/mL (+=0.999 6) .0.058~2.88 pg/mL (r=0.999 8) . 0.40~
20.00 pg/mL (r=0.999 7) ; &% FE 5 #| 4 0.24.0.40,0.033.,0.40,0.071,0.058.0.40 pg/mL, # 7l F& % %] %4 0.08.0.10,0.01.0.13
0.02.,0.02,0.13 pg/mL;# %8 B Aae ik  F X5 ad RSD 3/ T 2% ; At bk 5451 4 98.17% ~100.48% (RSD=0.92% ,n=9) ,
97.77% ~101.30% (RSD=1.32% , n=9) . 97.56% ~100.85% (RSD=1.20% , n=9) ,98.64% ~100.92% (RSD=0.87% ,n=9)
98.54% ~100.62% (RSD=0.76% ,n=9) .98.26% ~100.00% (RSD=0.74% ,n=9) .98.30% ~100.59% (RSD=0.76% ,n=9) , £t
%7 ik AR VEAEEST, T A T R e R ROERE R 2 b W B LR LM ST RM P OR w9 Ak LR LER R 2
KR RRMEEL ARG R G F; TR L8 O SR BE; TR W Rk LR TES

Simultaneous Determination of Seven Residual Solvents in Nilethylenol Raw Material by GC
SUN Ting, ZHANG Jing, JIANG Jianguo, LIU Hongli (Hebei Institute for Drug Control, Shijiazhuang 050011,
China)

ABSTRACT OBJECTIVE: To establish a method for simultaneous determination of residual methanol, ethanol, acetonitrile,
isopropanol, methylbenzene, tetrahydrofuran and ethyl acetate in Nilethylenol raw material. METHODS: GC was performed. The
determination was performed on DB-WAX capillary column. The detector was hydrogen flame ionization detector with split ratio of
5:1. The carrier gas was nitrogen (purity: 99.999% ) at the flow rate of 1.0 mL/min. The sample size was 1 pL, directly sampling
with bonded crosslinked polyethylene glycol as stationary phase. The initial temperature was 40 “C and was maintained for 5 min,
increased to 90 °C at 10 “C/min, and then increased to 200 °C at 5 °C/min. The temperature of injector was 220 °C, and detector
temperature was 230 °C. RESULTS: The linear range was 0.24-12.00 pg/mL for methanol (»=0.999 7), 0.40-20.00 pg/mL for
ethanol (#=0.999 5), 0.033-1.64 pg/mL for acetonitrile (#=0.999 8), 0.40-20.00 pg/mL for isopropanol (»=0.999 5), 0.071-3.56
pg/mL for methylbenzene (#=0.999 6), 0.058-2.88 pug/mL for tetrahydrofuran (#=0.999 8), 0.40-20.00 pug/mL for ethyl acetate
(r=0.999 7), respectively. The limits of quantitation were 0.24, 0.40, 0.033, 0.40, 0.071, 0.058, 0.40 ug/mL, respectively. The
limits of detection were 0.08, 0.10, 0.01, 0.13, 0.02, 0.02, 0.13 pg/mL, respectively. RSDs of precision, stability and
reproducibility tests were all lower than 2% . The recoveries were 98.17% -100.48% (RSD=0.92% ,n=9), 97.77%-101.30%
(RSD=1.32% , n=9) , 97.56% -100.85% (RSD=1.20% , n=9) , 98.64% -100.92% (RSD=0.87% , n=9) , 98.54% -100.62%
(RSD=0.76% , n=9) , 98.26% -100.00% (RSD=0.74% , n=9) , 98.30% -100.59% (RSD=0.76% , n=9) , respectively.
CONCLUSIONS: The method has high sensitivity and good accuracy, and can be used for the simultaneous determination of
residual methanol, ethanol, acetonitrile, isopropane, methylbenzene, tetrahydrofuran and ethyl acetate in Nilethylenol raw material.
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SR A LR LTRSS A ML, i DR 2 b A 5 2 4
DA B o i T4, 12 244 IR 2015 AF e ) 24 310) (DU )™
4 i 8 1l PR AR R« A 0 ) e HAAR S
SR, RISz 2 A LR AR B RS 56 . HAT, (A
2015 4F R ] 24 40 ) (380 W 17 e K e IO 245
Fi 7R R RE AR T T (e [ 25 4 ) (2017 4R i) BRI 24
) (9.0 b)) (HAZ ML) (17 i) (& E 25 80) (41 ki) 1
ARMCZR , 1 A AT S T JE R eI IR 245 v A AL R
FRERARIE . I, AR A @35 (GO [H]
HINRE 1 JE K ERRE OB 24 v B L O L B S R
IR DU Sk I R R T T R DL R AR B e, BT
TR ER SEF RIS

1 ##
1.1 {8

7890B MY GCAY , A4 A M = AU AG I 2% AT IR AR
(£ [H Agilent A ] ) s MCM36 5 T3 43 2 — L F 3BT K
- (7 [5] Sartorius 23 1) ) 3 XS205 %+ 5 3 2 —HL 40t
K- (%ii-1: Mettler-Toledo /2 ] ) ; UL TRASONIC Hl i 5
WAL BREERHR A TR A ] o
1.2 #m5iR#F

JE IR MERE )R (A 8 AL iS5 : 20170201A, 260
99.8% ; B/l L 5 :20170202B, 4§ i : 99.6 % ; C /A ),
#5552 20170203C, 4l J&F : 99.5% ) 5 FEEXT BR 5L (HE 5.
10945607812, 4l & . =99.9% ) . 5 PN BE X} B (35 .
k47208640544, 4l & . =99.9% ) . Z g X RS (45 .
JA070530, 4% : =99.9% ) 1 3& & Merck 23 7l #2415 20
P} B (41657 20180524, 453 . =95.09% ) | HI &%) R
(#5:20171114, 4l . =99.5% ) . Z.TR Lg% HE & (3L
5:20170824, 44 . =99.5% ) ¥ i [ 25 S b 2Fl F A
RRZ w HR L 5 O & ok i e B [T T35 (kg ) 5 B
ocw] S H1602108, 463 : =99.9% 15 H B L S N
N N, N-ZHFEH LR Dk mg o g4l ARt
N R a3t K R aifbK
2 AERER
2.1 fiEEH

0 3% A : DB-WAX E 4l 4 4 (30 mx0.53 mm, 1.00
um) s KR - A B AR s A bl 50 1520
R4 :99.999% ) 5 ik : 1.0 mL/min; #EFE ;1 uL,
ELHEUEAE S [ E A RS SRR 4 T THEAR Y W IR
TREE 40 °C L, 454%5 min, DA 10 °C/min R THE %2 90 °C, 1
PL5 °C/min # ZEFHE Z 200 °C 5 $EAE TS : 220 °C 5 #
L : 230 C,
2.2 BRHEE
2.2.1 IREXIGIT AR R R OB O .
SEPNE B 2K DU R I R 2R TR X B S
F 100 mL &I, I N, N- 7 F 5 B e i O 2
Ao B — 3 BRI 5 A0 N B 3 PR — o B A O e 2
A —2 R, i AV, N- FE e A e e 2, il i
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Fit LW NG SR R DU SR IR R TR £ TR o

W BE 435124 60.100.8.2,100,17.8 . 14.4 100 pg/mL (1R

A RE I R

222 RAXBEMER MHEEIC2.2.170 A X

HESLIE 26 1 mL, & T 10 mL A, in v, N-— HI 3L

ke e 25, 4250, RS

2.2.3 fHASRAE BURRIZGRE i 20 mg, KB AR E , B

F 10 mL B, 0N, N-— H 35 H G i o7 i o 2 %

I

224 IR

MRV

2.3 RgEAMLE
H2.27 50 R IRA T BE i S AR R A ot

MW AT o, 3 2.1 T S A5 R AR I A L TE S

TR EOLE 1o B LT R AT, A

YIRESCBIIL LR i, i B E R KT 1.5, 45 (G B Ont

REOUH ) s Jo 4
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CASFIXSIR
T LSRG 5 2. Z 8 IR 5 3. FH A s 4. 57 B 5 5. LT 6. 205 7.
LIES
Note: l.tetrahydrofuran; 2. ethyl acetate; 3. methanol; 4. isopropa-

nol; 5. ethanol; 6. acetonitrile; 7. methylbenzene
E1 StHEeEE
Fig1 GC chromatograms
24 ZMXRER
G3AE  REEC2.2.17 U R TR A W BRSEIE 4 0.1
0.2.0.5,1.0.2.0,3.0,4.0,5.0 mL, & F 25 mL &+, Jin
N,N - WP EROEZ 35 8 R PR T
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YRR . BRI RSV R TR A G &, #2217
TR B SRR E 10 SR T AR . LS TR il o3 o
IR (O, pg/mL) AR AL AR WEETHIER () AR KR HEF TER
PRI, [ 7 RS A A 1.

F1 EEAFEERMEEE

Tab 1 Regression equation and linear range

TRl [l )i r YR, pg/mL
i y=2458 8x—1.050 7 09997 0.24~12.00
L y=5.906 1x+17.7940 09995 0.40~20.00
LI y=3.083 1x—0.041 0 09998 0.033~1.64
SR y=5706 1x+18.999 0 09995 0.40~20.00
PR y=1389 240,041 5 0.999 6 0.071~3.56
U y=1.749 4—0.030 2 09998 0.058~2.88
LMLE y=5.607 8x+20901 0 09997 0.40~20.00

25 TEERSHKNREZR

BL2.2. 27 50T VR A X Mt VA VRO o, A LU AR R, 4
“Q.17 I A AR A, A DA E A 10: 1.3 1
T R KRR . 255, W O FE . O RN
FHOR | DU Sk I Fl 2 PR TR 1) 5 12 BR 43971 R 0.24.,0.40
0.033.0.40.,0.071.0.058.,0.40 pg/mL, ¥R 43514 0.08 .
0.10,0.01.0.13.0.02.0.02.,0.13 pg/mL.
2.6 BEEIXRK

BL2.2.27 T TR A% IR Sl VA RS o, 42,17 T -
TS SRR A 6 UK, IE I AL, S5, R . 2
st O N6 R HOR O A IR R 2R £ TR U TR Y
RSD 43 %] 4 0.5% .0.2% .0.4% .0.6% .0.3% ,0.8% .
0.7% (n="6) , RIUHNE B E R4
2.7 RREMAE

B2.2.37 50 A S U (FiE5 : 20170201 A) i
Ay T IR 0.1.2.4.6.8. 12 hisfH#“2.17 T T (34
SAFUEREINE SR TR AL, S5, L O O 5
PRI L FHOR | U &0k I 2 TR B 0 1T R RSD 43 31
1.4% 1.5% .1.3% 1.8% 1.1% 1.2% 1.7% (n=17) , 3
WL T TS0 R 12 h N EARRE
2.8 BEEMHLE

BB ZHRE 5 (451 20170201 A) & i, 2L 6 44y, %
“2.2.3" TN 7 il g AR AR, T 2.1 IR i 4
PEBERENRE |30 SR AR IR UM R e AR i P A ALY
R AR R A5 OR, HRE L ST R B A o
0.01% .0.03% , W i LA RSD 43 1) 4 0.7% .0.9% (n=
6) , HAh R A AAG H  RIIA LG RAT .
2.9 IR R

FERAREC M AR b (A5 : 20170201A) , 319
0y, By 249 20 mg, 43 I — & B TR AT B VAT
F:2.2.37 500 ikl e sl i S T, PR 2. T a3
FAF AR 2 | 10 SR 0 TR O DA 5 1155 A [ i
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F2 EERKRIREER(n=9)

Tab 2 Results of recovery tests (n=9)

pgen OREERL RRERER, AR MR, WERMCR, FREMERIE, RSD,
fslliRts ng i i ve % % %
Gl 20.05 200 600 79 9833 9938 092
2001 200 600 789 98.17
20.03 2.00 600 791 98.50
20.04 200 3000 3175 99.17
20.06 200 3000 3182 99.40
2007 200 3000 3188 99.60
20.08 2.00 6000 62 10037
2011 200 6000 6226 10043
2021 200 6000 6229 100.48
LR 20.10 6.00 1000 1598 99,80 99.55 13
2031 6.00 1000 1589 98.89
20.02 6.00 1000 1577 97.77
20.03 6.00 5000 5636 100.72
20.05 6.00 5000 5587 99.74
20.06 6.00 5000 5655 10110
20.02 6.00 10000 107.30 101.30
20.05 6.00 10000 10413 98.13
20.03 6.00 10000 10458 98.58
LI 2002 0 082 080 97.56 9934 120
20.03 0 082 081 98.78
20.03 0 082 08l 9878
20.02 0 410 41 100.73
20.04 0 410 408 9951
20.05 0 410 41 100.73
20.03 0 820 827 100.85
2007 0 820 806 9829
20.02 0 820 810 9878
SRR 20,03 0 1000 10,00 100.00 99.72 0.87
20.02 0 1000 995 9950
20.05 0 1000 997 9970
2007 0 5000 5022 100.4
20.08 0 5000 5036 100.72
20.09 0 5000 5046 100.92
20.03 0 10000 98.73 9873
20.04 0 10000 98.64 98.64
20.05 0 10000 98.80 98.80
iES 2003 0 17817 100.56 99.46 0.76
20.06 0 1817 99.44
2007 0 178 176 98.88
2003 0 890 877 98.54
20.08 0 890 888 9978
20.06 0 890 878 98.65
2007 0 1780 1791 100.62
20.06 0 1780 17467 9927
20.09 0 1780 17.69 9938
WA 2011 0 14 14 100.00 99.11 0.74
2.12 0 14 144 100.00
20.13 0 14 144 100.00
20.14 0 720 708 9833
20.12 0 720 70 9875
2011 0 720 114 99.17
20.13 0 1440 1415 98.26
2.12 0 1440 1417 9840
20.13 0 1440 1427 99.10
LR 014 0 1000 991 99.10 9925 0.76
2.12 0 1000 983 9830
2.1 0 1000 984 9840
China Pharmacy 2019 Vol. 30 No. 10 - 1359 -



gk2
Continued tab 2
T kee,  HEaGE, AR, MR, IEERE YR, RD,
mg 8 [ g % % %

LECEE 2002 5000 4973 99.46

20.13 5000 49.64 99.28
2022 10000 99.47 99.47
2021 100.00 100.59 100.59

P
0
0
20.13 0 5000 49.69 99.38
0
0
0

20.16

2.10 HRPENBRFZREENE
W3 HE SRR 2GR i A5 e, $42.2.37 IR ik 4%
P SR, AR 2.1 T T i S R I 5, A
3R, G0 W T AR LA S MR 1SR S A HLIA R Y
FREA R AR 3,
x3 HRPEINBRFAZRBENNELER (n=3,%)
Tab 3

100.00  100.30 100.30

Determination results of residual solvents in
samples(n=3, %)

] R LB L FAE Wk R LRCE
201702014 001 0.03 Kk REH O KRS KR KBS
200702028 0.02 0.04 Rl KRS KB REH KB
20170203C 0,01 0.06 Kk kRE kRE Kb KR

3 Tt
3.1 BifRERE

EH BT HP-5(55% 1% ) \DB-624 (FR &% 7% ) |
HP-210 (&4 P ) L AT-1000 (1 ) . DB-Wax (# 14: ) 25
ANV T A R 1 2 B RO, 45 R S/ L) DB-Wax 1
PE BRI T2 B 1 43 B RO T, W 480 HL X
PR, R 0% SR DB-Wax B PE B AN HE A5
A
3.2 AFIREE

JE R MRS JEORL 25 6 K HR LT AR, AKCh 5
SR AT HLIE IR ATE Tk, Bl BE S S AE RIA Y
[P 285 SR ME A i op |, T SO AR VR N SN B
PIIKAE RN . ARSI R, YR SR T K, v] ik
FH v A (A ML TR A ) DR H D e e A 2> 4
ME™, 1 BB L N RIS DU SR A
LR TR N AR S A ML L. R, 2
HBH IR SCERY, PN, N - L R A BT RY
Vo0 B B
3.3 BANBEFIZBENELERSHT

FESR A AR P B, R BESE A KRR P
FI B2 R B AT 2015 4F R 1 24 i) (O ) ek
AR S LE - AN IS4 0.3%  Z BTG 0.5% |
ZNEAS#EIL 0.041% SFNBEATSEL 0.5% H R A
1L 0.089% (PUA K AR L 0.072% | LR LA
i 0.5% . H  HE 2 2K A kiR o 282
sl A 7 T PR e R PR e A R O R
B R O R = BRI R ) ABIEgE Hp, H R
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