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JHREGERE-EXAREEECERAAHBRELEHN SFNEALELE,) K M 510663)
WE:BH AL TR = a5 P4 (Cd) 45 (Pb) A7 (As) R (Hg) 46 (Co) AL(V) FR(NDT AL E R ARG EH L EBEFE
TR - Rikik FiE RREZNITR, BAALA,F & THRMEXA HML -8, B A TR B A EH A 0.8 L/ min, F 5T A
AEHN15.0L/ min, 555 R4k H 0.10r/ min, FALFEEH 2 CHER  V,Co,Ni,As,Cd,Pb L F R FIREL 0~20.0ng/ mlL
EE A, Hg TEMRZTRAELE 0~50ng/mLEEARN, 5B B EEMEXF RIF(r=20.9995,n=7) ;4% X% R0 RSD 31
T 3% (n=6); A el &5 5 4 97.58%, 96. 12%, 96. 56%, 100. 25%, 96. 63%, 99. 80%, 106. 73%, RSD 4% A 1.11%, 1. 29%,
2.43%,1.09%,0.89%,1.26%,4. 48%(n = 9) .23 $tAf o F 7T M AKX H A FHMT IR FMA IR 47 HRAFRAR M AT 4
RAH,THTMBBR =BT RILETRMG ST,

KB A YR = LB W BARSF B T - ok k LR R
Determination of Seven Elemental Impurities in Triethyl Citrate by ICP — MS
WANG Caimei,LIN Sixiang , WANG Miao
(Guangdong Institute for Drug Control - NUPA Key Laboratory of Quality Control and Evaluation of Pharmaceutical Excipients ,Guangzhou,
Guangdong ,China 510663 )
Abstract: Objective To establish an inductively — coupled plasma — mass spectrometry (ICP — MS) method for the determination
of residual quantity of seven elemental impurities [cadmium (Cd),lead (Pb),arsenic (As), mercury (Hg) ,cobalt (Co) , vanadium
(V) ,and nickel (Ni)] in triethyl citrate. Methods The online internal standard method was used,with helium as the carrier gas

and HMI-8 plasma mode. The flow rates of the carrier gas,atomization gas,and auxiliary gas were all 0.8 L / min,the flow rate of

F—1EE TR, &, KFAF, 8 TAEH T, B 5% 7 & A 2hdu 25 R HiAt e et (b F 12 45 )691262952@qq.com.,
MEEEE E &, B, MR A, 8 ZALHIT AR 7 @ A 25 2 R A e I m] , (4 F 12 H ) wangmiao@gdidc.org.cn .
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F6 MEMNIRELSREEITELER KA EFEA[]. o E 25 k,2022,31(20):69 - 72.
Tab. 6 Evaluation results of relative standard uncertainty [S] k#8532t . BERAFTEFELENZ RA T
kR AMARERHEE BA| RR AAEERAZE HA 2 [J]. FE%L,2022,31(5):93 - 95.
u,(B) 1.83x 1072 1, (V) 3.21x107° 6 (6] & S, AKM, T 4,.%5. AxErRENTHLLN
u (M) 8.99%10° u(D) 5 77% 10 7 MBI AR EEIRE)]. P A L,2022,31(4):75 - 79.

w(P) 2.89%10¢ 8 (714 0, KB, 2HA, S . RTIR A KRR w4
MEHTALS TN ERHEEFRL[T]. P E %L, 2021,
30(21) :66 - 69.

(8] wifmm, & s, 3HE, 5 . AU Gk Sk Ik

2
u, (V) 7.27%x107° 3

u,(A) 4.67x10°° 4 Ju (M) 4.55%107° 9
u,,(Ag) 4.35% 107 5 | u (W) 1.14%1073 10

B 05 1%, 42 2 [ iR & 98. 0% ~ 102. 0%, RSD < A AR RHE R (]]. P E%H,2021,30(18):60 - 64.
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plasma gas was 15.0 L / min,the speed of nebulizer pum was 0.10 r / min,and the temperature of atomizer chamber was 2 ‘C.
Results The linear ranges of V,Co,Ni,As,Cd,and Pb elements were 0 — 20.0 ng / mL,and the linear range of Hg element was
0 -50ng/ mL (r=>0.999 5,n = 7). The RSD of precision test result was lower than 3% (n = 6). The recovery rates of V,
Co,Ni,As,Cd,Pb and Hg were 97.58%,96. 12%,96. 56%,100. 25%,96. 63%,99. 80% ,and 106. 73% ,with RSDs of 1.11%,1.29%,
2.43%,1.09%, 0. 89%, 1.26%, and 4.48% (n = 9), respectively. The content of seven elemental impurities in 23 batches of

samples was lower than the control threshold. Conclusion This method is simple, has good precision, and accurate results, which

can be used for the determination of trace elemental impurities in triethyl citrate.

Key words:triethyl citrate; ICP — MS;elemental impurities

MR RR = TR FRFF IR = Ol fbe 4 M 2,2 -
PRI - 1,2,3 - NhE =M = Ll , W T IR gEs]
R GO R B VR R 3 R IR T R
il & o MR — TR AR R AN & B AE AR S5
T RS N A2 40 RN A R S 2R G 4 T R R A
) 4 JR UG R AR 5 4 @ O B ARG i L il
B F Bl ARG PR EAE S
RETE BB A3 15, 45 [ 24 i W A8 HLAA R i T G 3 A4 I
B 2017 422 A, N 24 b B R 25K [ s iy e L 5
2 (ICH) Wi AR T Bk 2y il 37 oo 2 42wk 55 45 5 J 00
(ICH Q3D)') Bl i T 4% JTC R 24 L TEAN [ 45 253 12 T 1)
FUVF U A 02020 45 B [ 24 i (U ) ) U7 bR
R el I s g o AR NP 1 I LRl TV W (E N & i 1]
EL TG L T 2 0 28 2% I (ARG o s o 7 B (e R 2 il ) T
2018 4F B 1 3 W 7 1 < 232 > il < 233 > 17 A B
gy < 231 > (Hefmyk ) SO E T 2017 A
ICH, [ 5 24 2% 5y 25 B 76 B HEDE ICH #5424 R
D0 7 ] ) S, e A FR 1ICH Q3D L JEH & 46
B PR - T (ICP - MS) A2 R T R 2 R K L8
PE ORI R EERE wE, HoAT R bR B E £ Rh o B e
JRL0- 14 AT g p E SE T GE M B R = 2 TR R R
(Cd) A (Pb) B (As) 7K (Hg) 4 (Co) JHL(V) H#(Ni)
7 Fh 02 44 5% BA HE (9 1CP — MS 15, 9145 % 22 FIEAL 6
FE MR R — TR v 45 T 2 2% R AU , oA TCH Q3D 7E
TR (0328 25 St R A 2 2 40 AR E AN T
1 UE5ik%

1.1 {8

Agilent 7900 A HEHRE S 55 B AR BT (32 Agilent
25 F]) s ETHOS One B0 T ffA X (SE[E Melestone 22 F] ) 5
ED16 B B HGEF R 2% (6 AR 28 BHMUAR A w5 CP225D
RIHL 1 - (15 Satorius A G E N T T2 —) .
1.2 X%

MR = B8 (sl 1 - 233 X 10 K474k,
45 A -1);V,Co,Ni,As, Cd, Pb I E IR AR MR W
(1t 51 - 042CRY2, Jlu i ¥e B2 444 10 pg / mL) , Hg
FOT R bR MER IR (L5 12 - 20HGY 2, i Bk il
10 wg/ mL) , %t (Sc) H (In) 44 (Ge) B (BI) JILRIR S
FRUAEE W (L5 4 5190 — 9770, i & e JE 4391 4 10, 5,

5,5 ng/ mL) , ¥ H 3£ H Agilent Technologies N4
(Aw) 70 2 b AR 7 (IR G B b I 3 oo 9 A A
8B BE L5 R 170523631, BT 4 1 000 pg / mLL) 5
65% T (12 Merck A ) 5 30% i A AL S W () R
JEAERHE N B RRA D .

2 HEEHER

2.1 JRIL&EH

HA AR HFE FIRB HMI - 8RR .
10. 0 mm; FFAR % .1 600 W; 2 i & :0. 8 L/ min; %
AR 0. 8 L/ min; fff I : 0. 8 L/ min; 55 1
AP :15.0 L/ min; BESIZEFE 38 : 0. 10 v/ min; 540 =
R 2 °C,

2.2 BEHE

Au fE PR W A 7 B Au B0 R AR T (R
HeF Jy 1 000 g/ mL) 100 pL, B 100 mL 2 & A, 0
2% T R VA VLR R I 2%, Wl B MR B2 M 1. 0 pg / mL
) Au PRI

B SIAT  BURESL 0.5 o KRB E , BN i EE T
WA Al 3P AR 0. 2 mL, IMAGSER 5 mL & 30% i
AACERI 2 mL, 55 LN TS R AN T, AR A U e
B TFE 180 CIHME 1 h, 04, EITAh 55  BUF N 3%,
P4 R R 2% T 100 CHNHGERS , IR ORI 24
3 mL, FH 2% BS PRI BOE 5575 2 50 mL A =i, i 2%
THPR I BRI 25, 3250 VR A b i VA o

25 PRV < 2 P VS VB ) 4% T o B AN R
B2 VT

FRUE 45 W K 2% 8LV, Co, Ni, As,Cd,Pb LR IR
AR ET IS &, FH 2% SRV WA B B 1 mL & 4500
500 ng MIRA AW, BVASPRIEN &0 1 5% I He
BT bR R B, 2% Gl R IS TR B M BE 1 mL
Hg JGE 100 ng (A, BISARER & 1T .

i oA 1T TR A5 2 1 A VR R % BROPR Y A U
FIL 45385 5, FH 3% RS BRI B 4 1 mL % Cd,
Pb,As,Co,V,NiJt%0,0. 5,1.0,2. 0,5. 0,10. 0,20. 0 ng }%
T HgIt%0,0.1,0.2,0.5,1.0,2.0,5. 0 ng I RINEW -

INFRIATR K5 %5 BB Se, Ge, In, Bi TR TR A FRIEIA W
5 mL, & 50 mL 2w, FH 2% WS PR HOE 25,
Sc, Ge, In, Bi Fi W 43 91 4 1. 0,0.5,0. 5,0. 5 pg/ mL
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B DI BRI T o 25 FA I TR s R V5 VB0 AR 3 i 7 Y 0
IUERFELIMA AR
2.3 HEFEE

MR RFEL 2. 20 N RANBRUE N ZTR & 2t
VRS B, 4 2. 1 TN B A AR S, A4S T R
HREE (X, ng / mL) A AL bR AXES IR R (V) S YA bR
PEATERPE N A5 5 L3 1, %8 Cd, Pb, As, Co, V,NiJG
EW R R 0~ 20 ng/ mLIE N, Hg DU B9 i &
WEFEO ~ 5. 0 ng / mLIBEN, SR AL R R
H(r=0.9995,n=7),

60 BRI A R BR A B2, 2 30T 2N A RGOS
Fi 2. 1 WU B3k A5 40 3% St AR I 2 15 0, LA W i 1)
35 hRIE IR 25 (3 SD) FT X o7 ) Jo e TR A R R B, LA
Wi 1 (B Y 10 f25 BR vEE A 22 (10 SD) BTt I il Jo e e S5 4
FERR AR,

K% B 2. 2 700 N AR HE I 2R IR B Ze ki i
o1 B] 5 5 M6 (Cd, Pb, As, Co, V,Ni JTC 2 (19l B ik S
2.0ng/mL,Hg LR M BT H 0.5 ng/ mL) , 4% 2. 1
T i A EE R RN A 6 YR A5 R L3 1, AL
Fa 2 i R

TR DGR  BORE & (G5 1)0. 5 o R FRAE
FLo 3, A BIMAFRHER&W T 0.8,1.0,1.2 mL M Fr
HEW AW 0.4,0.5,0.6 mL, % 313, ¥ 2. 25 F )ik
il £ AL S TRV, 352 2. 1 T I SRR 5 o 4
W22,

*1

Tab.1 Results of the linear relation

o=

2.4 HmHBPTEXREKBENE

B3t (g5 R 1 - 23) KRS, 742 2. 2300 F 5 kil £
P TR, #e 2. VIR S A o i HERE N 22 . S 5%
ICH Q3D(R2)!¢), As, Cd, Hg, Pb, V, Co, Ni 1 7294 He &
I35 41.5,0.5,3,0.5,10,5,20 pg/ g, L AR iF e 10
30% 15 5 45 il A, 43991 8 0. 45,0. 15,0.9,0. 5, 10,5,
20 pg / go G5 A TR 4% As, Cd, Hg, Pb,V,Co, Ni
4 6 00 BR 43531 4 0..000 7 , 0. 000 8,0.001 5,0.001 7,
0. 000 002,0. 01,0. 005 g / g, & e ik T4 6l B {H , 3
B MK R < T v o0 2 44 T 8% B i B8 Ak TIOR3
W3,
3 g
3.1 HEmETAbE

MR IR = BRI /N oy F A ML A W, 101 T B
TCAE 7% B AT A 52 42 5 5 He JC R A, TH IS 10
JEE R e FE AN B3 i, W AN 2 100 “Co
3.2 TEZERIEE

ICH Q3D K TT ZE 24 o M 32K 58— IR N As,
Hg, Pb, Cd, %I R N ANREE R, 7625 5 Az vp g R il
S, 72 A S 25 iR B 25 e B 5 R
KIUURRI R S BN BRBA K, 2 D
H1,2A 28V, Co, Ni, H FiX e Z HA K& ARFE
VI, FTA 45 253845 (0 25 1) X5 75 Xof HO e R IR UEA 704
2B Ag, Au, Pb SR (Tr) V& (Os) JFA (Pt) (88 (Rh) ET
(Ru) il (Se) & (T1) , X BT R 1 F B 5, BRAEZY

ZUXRER KRNRMESRBE BETERRER

test, LOD,LOQ,and the precision test

rE S OARLE ZREF r LA E (ng/mL) Bl E(ng/mL) EEMR(ng/mL) % ERRM RSD(%,n=6)
AV ®S¢  ¥=0.0818X+0.00098 1.0000 0~20.0 0. 006 98 0.023 1.62
£(%Co)  PGe  ¥Y=0.1751X+0.0026 0.9999 0~20.0 0.008 16 0.027 1.34
£L(“Ni) PGe  ¥Y=0.0477X+0.0142  0.9999 0~20.0 0.015 33 0.051 2.24
B(PAs)  PGe  ¥Y=0.0232X+0.0003 0.9999 0~20.0 0.017 34 0.057 2.72
#(Cd) ™In ¥=0.0045X +0.00001 1.0000 0~20.0 0. 000 02 0. 000 07 2.41
&("Hg)  ™Bi  Y=0.0017X+0.0002 0.9995 0~5.0 0.110 60 0.37 2.28
Z(%Ph)  ™Bi ¥Y=0.0186X+0.0129 0.9996 0~20.0 0. 049 59 0.16 1.39
R2 THILEZERRMEBBEREER (%,n=9)
Tab.2 Results of the recovery test of seven elemental impurities (%,n = 9)

TE 1 2 3 4 5 6 7 8 9 X RSD
A 96. 19 97.31 97.42 96.73 98. 54 97.71 96.78 97.79 99. 82 97. 58 111
Co 94.70 95.94 96. 55 96. 56 97. 11 94. 84 94. 35 97.05 97.95 96. 12 1.29
Ni 94. 39 93.70 95. 54 99. 89 99. 53 94. 16 95.94 98. 05 97. 86 96. 56 2.43
As 100. 01 99.55  100.97 98.77  100.72  101.27 98.97 99.94  102.06  100.25 1.09
Cd 95.70 96. 94 97.18 97.24 95. 81 97. 63 95. 61 95. 89 97. 66 96. 63 0. 89
Hg 100.60  107.23  109.35  103.08  109.78  109.68  100.74  114.99  105.15  106.73 4.48
Pb 97. 69 98. 59 98. 99 99.46  101.19  100.70 99.56  100.71  101.35 99. 80 1.26
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K3 HRPTHTERERZBENEER (pg/g)
Tab.3 Determination results of residual quantity of seven elemen-

tal impurities in samples (pg / g)

EEAL B As G H P v G N

A <IOD  <LOD <LOD <LOD  0.0005 <LOD <ILOD
<I0D  <ILOD  <LOD <LOD  0.0004 <LOD <LOD
<I0D  <I0D <LOD <LOD <LOD <LOD  <I10D
<I0D  <ILOD <LOD <LOD <LOD <LOD  <I10D
0.003 <LOD <LOD <LOD  0.0002 <LOD 0.7
<I0D  <LOD  <LOD <IOD <LOD <LOD  <LOD
<L0OD  <LOD  <LOD <LOD  <LOD <LOD  <LOD
<I0OD  <IOD <LOD <ILOD <LOD <10D  <LOD
<I0D  <ILOD <LOD <LOD <LOD <IOD  <I1OD
10 <LOD <LOD <LOD <LOD <LOD <LOD <IOD
11 <LOD <LOD <LOD <LOD <LOD <1OD  0.009
120 <L0D <LOD <IOD <LOD <LOD <LOD  <I10D
13 <L0OD <LOD <LOD <LOD  0.0001 <LOD <LOD
14 <LOD  <LOD  <LOD <LOD <LOD <LOD  <LOD
15 <LOD  0.0001 <LOD <LOD  0.0003 <LOD <LOD
0.0022 <LOD  <LOD <IOD <LOD <LOD  <LOD
[ 17 <LOD <IOD <LOD <LOD <LOD <LOD  <LOD
18 <LOD <IOD <LOD <LOD  0.0134 <LOD <LOD
19 0000 <LOD <LOD <LOD <LOD <1OD  <I10D
J 20 <LOD <LOD <LOD <LOD <LOD <LOD  <10D
21 <LOD <LOD <LOD <IOD <LOD <LOD  <I10D
2 <LOD  <LOD <LOD <LOD  0.0001 <LOD <LOD
23 <LOD  <LOD <LOD <LOD  0.0001 <LOD <LOD

[>T <o I B e B S
O oo - O\ W = W o

VE:LOD AAam R,

Note: LOD refers to the limit of detection.
it AR SR AR, R AR A S TS 5 W) T 5 64 7 AU T
21 R AR SE TP B A — 28 2A KOTRAE N F
SRV XS4
3.3 KEEiFf

H T, 24500 XU PEAl 1Y 8 82455 ICH Q3D Hid
H o 17 7 5 it (PDE) P4l 25 8 Hh oo R 4 B 1 /K F- .
PDE {HACE A H e K45 25550 2 1Y 24 it vh A1 D 3 i e
KHAVFEA R (ng/ d) ARG IRE N ITCE AT
PDE {H A A] , MMk R = C TR )& 121 B il 700 FH 24 T ek,
JG 3 7% 51 PDE {8 # 11 Al 45 25 3% 42 k47 KU DAk o (3
PDE {EAY Jz WS 1 24 i 9 5 2 5% 1, 77 1 PDE {H % 4
Ry BE A R — R ITEAL 24 i s A TR On R A T
B TH AR AR ARV, VPR EZE (pg / g) = PDE/
2 H Rl

ICH Q3D #4245 i B %2 PDE {4 30% & X R ¥ il 14
{8, VR A 200 5T 3R 2 SR - 1 35 1 ) 4 e A A, 4 7 1R
B AT T A 2 75 7 B A ) 5 24 b BT A R TR

B TC R 28 UK F IR 24X T PDE B 30% , A -5
AR 5 o AU PFAk T 125 Tk I A1 I8 3R A BUKF- B
AT 4R B, D)5 A S 4 i 5 ik DL ORIE 24 i Hh e
R ARBUKF- AN PDE .l 38 3 A AR 58 b iy 23 4t
BEdh R Cd, As, Hg, Co, V,Ni, Pb 7 Fh It 2 2% i 1) 5 Bk 4
T L 2 B 22 2 XU AR

S 3L Hk
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