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HE.BH #ancskkee0Eagin e (Mg) 45 (A1) 4R (Ti) AL(V) 44 (Cr) (45 (Mn) \ 4k (Fe) (46 (Co) (42
(Ni) 4R (Cu) 45 (Zn) AP (As) \4&(Sr) 48 (Cd) 4 (Sb) AN (Ba) .7k (Hg) 45 (Pb) 18 #F 7L % 22 i A5 69 0 B4 4
F BT HRAHE(ICP - MS) ik HiE M4 0.25% &6y 3% B ik B, R A ICP - MS &l 2 &
BFRFIRAES 1500 W, 5 B FRA A TR DAL S A 15,1.2,0.86,3. 8 L/ min, A& A
A&, RERE A 3 R GBE AL mN A4 (PSe) B (PIn) 4k (WRe) L& R B dxFo ik Eo#45 5 042 A K
BigH R AAFELAMNTIRERAETLE RS FNTEF NGRS TG X R BIF(r>0.999 0) ;45 % JE FE T 1
F R PRI 2 R 69 RSD 3T 6% ; A EDIK % A 86. 80% ~ 110. 50%, RSD 1 1.56% ~ 8. 50% (n = 9) .3 #Lif & P 3 k4t Co,Cd,
Sh,Hg,Pb, L AT ELRATHENLTEAN L 27 kBN L SR EH, TH Tohkd SRR P L E L M4 TNT,
KR & BASSF B TR R SRR AT R RS EN R
Content Determination of Eighteen Types of Elements in Midazolam Injection by ICP — MS
HU Xing' ,SHEN Dandan' ,KUANG Xinyu’,CHEN Dandan’,ZHANG Wei'
(1. Chongqing Institute for Food and Drug Control -+ NUPA Key Laboratory of Quality Monitoring of Narcotic Drugs and Psychotropic Substances,

Chongqing ,China 401121 ; 2. College of Bioengineering ,Chongqing University , Chongqing , China 400044 )
Abstract: Objective To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for the content
determination of 18 elemental impurities in midazolam injection,including magnesium (Mg),aluminum (Al),titanium (Ti),vanadium
(V),chromium (Cr),manganese (Mn),ferrum (Fe),cobalt (Co),nickel (Ni),cuprum (Cu),zinc (Zn),arsenic (As),strontium (Sr),
cadmium (Cd) , antimony (Sh),barium (Ba), hydrargyrum (Hg),and lead (Pb). Methods The samples were dissolved directly in
3% HNO, (0.25% HCl) and determined by ICP — MS. The radio frequency (RF) power of the plasma was 1 500 W,the flow
rates of plasma gas,auxiliary gas,atomized gas and collision gas were 15,1.2,0.86 and 3.8 L/ min,respectively,with collision gas
of helium, and the repetition times were 3. By adding internal standard scandium (*Sc) , indium ('"°In) , and rhenium ('¥Re)
elements online,the short — term and long — term drift of the analysis signal was monitored and corrected. Results The linear range
of each element was good (r>0.999 0).The RSDs of precision,repeatability,and stability test results were all lower than 6%. The
recovery rates of 18 elements were in the range of 86.80% — 110.50% with RSDs of 1.56% —8.50% (n=9). No Co,Cd,Sb,Hg,or
Pb were detected in the three batches of samples, and the impurity content of other elements was within the specified limits.
Conclusion The method is simple and accurate,which can be used for the determination of elemental impurities in Midazolam Injection.
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1.1 s

NexION 2000 %I ICP — MS 1% ( 3% [# PerBinElmer 2
Al s Milli — Q B4l 7KAY (SE [ Millipore A F] ) o
1.2 X%

K (Hg) RIC R AR MEE W (45 GSB 04 - 1729 -
2004, B E N 1000 g/ mL) , ZICRbREE R &
Mn, Ti, Ni &8 (Mg) (7 (AD) (HL(V) (4% (Cr) (B (Fe) |
45 (Co) i (Cu) JEE (Zn) 1 (As) (88 (Sr) 48 (Cd) .86
(Sb) \#1(Ba) #5(Pb), %5~ GSB 04 - 1767 - 2004, Jii
HIRE R 100 pg / mL], Bk (Re) (&2 (Rh)TR A bR fE
(bR, 95~ GNM — M022949 — 2013, Jif 4 ¥ JF 0
1 000 pg/ mL) , Y0 F E A 64 8 Sl Bk i
WL H G 5 B (Se) VR (In) TR A AR HES W (N R, B0 43R
IRERN AL 45 N9303832, JFi i e M 10 g / mL) 5
68% MR (UPS 4%, 4t 5 4y 220615263 ) ,37% LR
T (UPS 9%, It 5 4 220308126) , ¥y [ 75 M & Fig 1k
A A BRI 5 DRIAIE O TSR (A T 5%, BA% Ry 452
2 mL:10 mg, #5435 M201011,M201205,M201208)
2 HEEHER
2.1 ICP-MS iXIE&H

GETARGITIPE: 1 500 WA FA0H: 15 L / min;;
BB - 1.2 L/ min; Z5 4L : 0. 86 L/ min; 25
FE IR :20 °C; Rl 205 Al - 3. 8 mL/ min;
FAF B - 20 U5 R AR AL - 34K o il 2 i 24M g, 77AL, #8Ti,
51V, 52Cr, Mn, Fe, ¥Co L) *Sc YE I W #5 , ©Ni, ©Cu,
66Zn, 75AS, 8851‘, lllcd’ IZISb, 137]_))a Lj\ llSIn ,ﬂ;% Ij;]d:/]? s 2021,1g
F1208Ph LA 7R e /E A N A o
2.2 BEHE

Tk . B 68% FMFRIA R 60 mL.37% EhRVATR 5 mL,
2 000 mL BN SR P, R AR R B Y 1R
A7, Bi75

TR A BRI W (PSc, In, '8"Re) : A % & B Re Fl
RhiEBA PR HEE R (BT B4 1000 pg/ mL)0. 5 mL, &
50 mLAS s, FHAR RS AR BT Mk 50 10 g / mL
B VAT PG 23 T B T A1 S TR B AR vEVA TR (IR B
10 pg/ mL) & Re FIRhIAPMEAB (T EAE N 10 pg/mL)

2538 T, PR R 700 43 ) 4 B 0T R B R 5 ng / mL Al
10 ng / mL I

BRI 85 T - 43 VRS %5 B B Hig 500 AR EVE T (5T
FYEE M 1000 wg/ mL)0. 25 mL, £ 70 E bRifE AR (5
HYE 100 pg / mL)2. 5 mL, & [7]— 50 mL ¥R} 25
R, FHAR 88 R0 o B T VAR B R 5 g / mL A BRTAE I
WA EUL mLARER £ A, B 50 mL & =P, AR
TR BB MR B M 100 ng / mL YRR UEIN £ B .

T o T T R« A % e BROhR I 5 W B 3 o, A
BB & Ti, V, Co, As, Cd, Hg, Pb Tt ¢ 2 23 1)
0.1,0.5,2,4,6,10,25 ng/ mL 14 2 51 %5 W 5 45 55 5 L
PRUEI 28 T A 35 i, FHAR B SRR BB Mg, AL, Cr, Mn,
Fe,Ni, Cu, Zn, Sr, Sb, Ba Jit & ¥ &£ 4351 4 0. 1,0. 5,6,
25,50,75,100,150,200 ng / mL [ RN

1009% MARAHE A  BURE i 5 mL SAR7EN 4 B
2 mL, [ — 50 mL & i, AR B 25 V6 i,
V, Co, As, Cd, Hg, Pb 100% /il br A3 5 1 W B 5 55 BURE
i 5 mL SFRAEN W A 0.5 mL, & [7]— 50 mL 25 &
o, R B A 25, /8 Mg, AL, Cr, Mn, Fe, Ni, Cu, Zn,
Sr,Sh, Ba 100% finkr st w0 A

T 5 100% IbR AL 5 I - BURE &4 6, 43
SIVE R R (40 + 2)°C AHXTIREE R (75 + 5) %My 55444
AN A 34 BRI g e 5, 4 100% IAn A
VTR 85 T % A I 36 100% Jnbs A s T
2.3 FEEEE

LRMEIC R B2 20T ARG An e ph 2RV L,
2. 151 1CP — MS I A AR A2 , LA BRI WA T
FELRAZIE , LA o0 2 1) T B VR BE (X, ng / mL) R A
B DN T 2 5 T BE I ARG 2R N A S H A (Y) Oy
INABFRPEAT LA R BE SR L 1,

B 5 5 e BIR A 5 IR M G R 5 88T NI T
F2 2. 150 F 1CP — MS IR A& R A 5, 4 A =00 H 5
K1 BR (LOD) A1 5 BR (LOQ) ,LOD = 3 SD / k,LOQ =
10 SD / ko520, SD SR 7% S0 7 11 IR %S I WO B 1Y
P2,k ARE R I RPR ZE R LR 1,

K25 R R B 2. 2 35 100% hnkr At izt
VWA B A E B $2 2. 100 F ICP — MS T AR 4 3% 5¢
PEREDN G2 6 TR 25 50 L% 1, WL Bkt 2 B L 1.

T PR b 2 5 HORE 5 (JIE5- 2 M201011) &
L2 2700 F 7 45 100% IFRAR S AR A FI B,
T IRCE 0,2,4,8 hif4% 2. 130 F ICP — MSiX L
ZADEREI S 45 R WL 1, 2 B VA TR TR S R
8 h INARE M R AT

AL 2. 2300 R 100% M bR AL 5 A A
FIB 4% 643, 4% 2. 170 F ICP — MSIR IR S5 REI 22 45
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Tab.1 Results of the methodelogical investigation
_ . SZMWEE  HwR ZER RSD(%) Fo kDR (n = 9)
Vora = )37 A2 r - . =
(ng/mL) (ng/mL) (ng/mL) #HHEERE HIERXE FTLARXE  X(%)  RSD(%)
Mg Y=0.0869X+0.0155 0.9999 0.1~200 0.10 0.34 1.97 1.52 2.16 102. 40 1.80
Al Y=0.0445X+0.0299 0.9997 0.1~200 0.40 1.35 4.84 5.81 4.88 104. 80 1.56
Ti Y=0.2193X-0.0123 0.9998 0.1~25 0.09 0.28 1.43 1.67 1.42 98. 10 2.70
N Y=0.6048X-0.0468 0.9998 0.1~25 0.05 0.16 2.29 2.73 1.29 95.20 2.60
Cr Y=0.7240X+0.1604 0.9998 0.1~200 0. 06 0.20 2.10 1.01 2.41 101. 30 2.10
Mn V=0.4856X+0.1251 0.9998 0.1~200 0.09 0.29 2.34 1.63 2.44 95.30 2.30
Fe Y=0.7181 X+0.3131 0.9998 0.1~200 0.18 0.59 2.65 2.02 2.58 99.90 4.80
Co Y=1.5606X-0.0999 0.9999 0.1~25 0.21 0.70 1. 81 2.84 1.73 91.30 2.60
Ni Y=0.0834X-0.0636 0.9996 0.1~200 0.08 0.26 1.88 1.07 1.81 103. 80 2.20
Cu Y=0.2112X-0.0832 0.9998 0.1~200 0.09 0.30 1.76 0.93 .77 101. 90 2.20
Zn Y=0.0236X-0.0100 0.9990 0.1~200 0.08 0.27 1.51 4.91 3.92 104.70 5.30
As Y=0.0134X-0.0016 0.9999 0.1~25 0.09 0.30 1.13 1.32 1.63 107.20 2.70
Sr Y=0.1324X-0.1378 0.9993 0.1~200 0.08 0.25 2.12 1.84 2.02 106. 80 2.70
Cd Y=0.0394X-0.0054 0.9997 0.1~25 0.08 0.25 2.34 3.82 1.30 92.30 4.10
Sh Y=0.0966X-0.0820 0.9992 0.1~200 0.08 0.28 1.73 2.29 1.98 99. 40 2.10
Ba Y=0.0490X-0.0444 0.9997 0.1~200 0.10 0.32 1.38 0. 81 2.51 110. 50 3.30
Hg Y=0.0473X-0.0213 0.9990 0.1~25 0.01 0.04 1.61 1. 04 1. 64 87. 60 8.50
Ph Y=0.3090X-0.0285 0.9999 0.1~25 0.09 0.29 2.72 4.32 1.12 86. 80 5.50
R, RUTEEEE R JUR % ICH Q3D {41 ik 42 ML sE i PDE {115 45

JinEE Rl B8 - RG 2  BORE 5 mlL, B 50 mL 2
B SEA T 90y, A B M AFRHER & B 1,2,3 mL, %%

30y, IR BRI E 25 5850, 70 IE N 50%, 100% , 150%
3 ANk B KT B9 i b A3 A W B (T, V, Co, As, Cd,
Hg, Pb) ; 7545 %2 BURE i 5 mL, B 50 mL &5 &, F
179100, 43 AMABRAE £ A 0. 25,0. 50,0. 75 mL, 7%
34, IR RER & 25, #5620, 53 IE 2 50%, 100% , 150%
3R BE AT B A A3 A VR A (Mg, AL Cr, Mn, Fe,
Ni, Cu,Zn,Sr,Sh, Ba) 45 % W HL 50% , 100% , 150% fiit%
P AIA TR A FI B 45 iE &, #5202, 130 R ICP - MSRER 4%
PEHERENNE 25 R 1,
2.4 TEZFRREITHE
KRR O AR H A KA 338, 5 mg, MIKE M S mg/ mL,
7 H & KN 67.7 mL,. 2 M ICH Q3D, H fit K7
AT 2 LA PDE 3 ARV B o R iF iR (pg / ) =
PDE / & H 84 o DA R Fe v/ e B B BE Y 309% Ry s il 154
{8 . Fe fll Zn JLZ W) PDE £ % (fb 22 24 b i3 91 57 5 25

PO R A A A A PRI T R T I (347 ) ) Hh 37
H A s Mn JT R (9 PDE 2275 B 24 4 A8 LR (EMA) &

A5 1 4 JE A Ak 70 X 4 T ) 3 B e PR R 1 4 5
) 5 Al, Mg, Ti, Sr G R AE ICH Q3D K H Al 7 ) v I8
H#EAERY PDE, MR, AT E P ICH Q3D f
FRAE A =5 i PDE 1 500 g / d FEA7 XU B 45374 Hidy

24

W2,
*2

KM EHBRTRELARNATAREESATRE

Tab.2 Permissible daily exposure and permissible concentrations

of heavy metals and harmful elements in Midazolam Injection

P PDE AR e PDE RAFRIE
(pg/d) (pg/g) (pg/d) (pg/g)
Mg 1500 4431.31 Cu 300 886. 26
Al 1500 4431.31 Zn 1300 3 840. 47
Ti 1500 4431.31 As 15 44.31
\Y 10 29. 54 Sr 1 500 4431. 31
Cr 1100 3 249. 63 Cd 2 5.91
Mn 250 738.55 Sh 90 265. 88
Fe 1300 3 840. 47 Ba 700 2 067.95
Co 5 14.77 Hg 3 8. 86
Ni 20 59. 08 Pb 5 14.77
2.5 HEmEENE

B 2.2 30F 100% fin A At 2 a7 W R in i i 5
100% Jbs A3k i 35 9, 446 2. 1 3R ICP — MS i35 451
PEREISE , 485 S D02 3. 0T I, 3HERE & i 18 FhoT 24 i
PIFF 6 FRAE R o Heoi ALFI Ba 10 & BE4E 0 , T BEAEE
JCRITRIEN , AR 40 & i K T FR Y 30%,
& B RIR W TR SRR A P i B B A T R AR T AR
2 O LTI O 1 o N | B 87 L 0 o Sl SO G e e =8 - 11| S B35
AR P A T AE R, Al, Mn, Sr, Ba TG 2 4% 5 A GE 1A 1
RGO, (50 2 i 2 PR R AU AR
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R3 HERPTEZRREVNELE R (pg/g)
Tab.3 Results of content determination of elemental impurities

in samples (pg/g)

AF  M201011  M201205  M201208 ik
I~A 34A

Mg 0.0177 0.014 6 0.0143 0.0158 0.0212
Al 0.7437 0. 806 6 0.7859 1.3570 1.3284
Ti 0.002 3 0.004 0 0.0037 0.0004 0.0005
AY 0.001 4 0.0015 0.001 4 - -
Cr 0.002 4 0.002 1 0.0047 0.0018 0.0017
Mn 0.002 8 0.001 8 0.0023 0.0098 0.0097
Fe 0.045 1 0.0319 0.0510 0.0361 0.0368
Co - - - - -

Ni 0.004 5 0.009 0 0.0071 0.0096 0.0023
Cu 0.0007 0.0007 0.0010 0.0007 0.0011
Zn 0.0110 0.0223 0.0210 0.0244 0.0256
As 0. 000 3 0. 000 1 0.0001 0.0001 0.0003
Sr 0.003 6 0.008 1 0.0067 0.0184 0.0168
Cd - - - - -

Sh - - - - -
Ba 0.2875 0.3558 0.3025 0.4891 0.4914
Hg - - - - -
Pb - - - - 0.000 1

PR LE ST
Note: — refers to those not detected.
3 i

3.1 EFRFH

ICP — MSZrHr& H BR R 2 2 R 738 OO HL fir
BT SO T R BN, e A2 RN A AR e i T
Pobro- il wk kw4 i B Ak g 5 fl A T SR
(9 mg/ mL A5 mg/ mL)FE R85 H 15 7], it R 24
JOI 72 B 7 v AN () B AR A i B
R B 7 2, BRAR T A 2L T, R AR
Tl 488 S5z o7 3 5 AR/ 22 S s i 4 .
3.2 HmElE

FE i il £ 2 T0 R AR50 BT 1 S BB B N T R B
TR PRI T & BYF 2 Ke VRIS Y M b T AR Ak, 1
PV i THEEL R E— e B LW T H
FROGE RIS, 318 FH PR i A R B I T R A
TE L BB 30 0 00 F R ot BT, B 5 SRR T i e 2R AR
M S R MRS 30 N R B AR T R R
WK 5 W 7 S W o VT R A R VA T, BUE SR T B4
AT DK TR A Y VR T 3% R VA T I Ah, i T
Hg JO R W5 K& M3, 75 U IR E 77 LAk A Rl it
R SRR AT LIS A He? B PR B FAE IR TR P RSO | kit
B SE IR N ACAZ RN = 15T ORI 5% B 2R
0. 25% LRI 3% il TRV A VA FRAE i

3.3 FHEIEM
ABIFFE ST 1 HE BRA M ST P 18 Mo

AP B ICP - MS ¥k %05 5 B A ZI0 R R I 43

Bt A TC R E M Bl B | R U FORG 23 E s AA, T

TRIRMA TSP TP TR 2R B Y i E 5 KU A
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