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LR IR BT 10T ELRREEN T X, AL RN LB ERNGRBIRIE, Fik: RIEEZHL S
BRBEERGFEOTEALEFEDAARES(PDE), RA LA TRETFE, 2 10g-d" AKX B A
kAT & AN TR E AR B, KA iCAP RQ & BABASF & TR RS, 4 5 i &L 22 5K A
HBEME, LT A (Ge ) 48 (In) 4 (Bi) A AAFTE AR HABRMT 10 AL E L RERGEM 5
Mk, R BAEFRMHERFHEMLEZ (r=>099),45(Cd) 45 (Pb). A (As). & (Hg ). 4 (Co ).
ALV )5 (Ni )42 (Li )%k (Sb) #24R ( Cu ) 894 FE5 3 4 0.27.19.22.8.86,16.63.0.12,0.28 . 1.48.6.91 ,
0.35.926 ng- g™, & P AKKEE G M E (n=3) JE B % 82.4%~130.9%, T X %65 RSD (n=6) <
T1%, ¥ 3 R 77 ik hiEe) 2K, EIMBMMAES T &L E LR A Z KT PDE 8 30%, & A 336 8R40 P
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Determination of 10 kinds of elemental impurities in pharmaceutical
excipients sodium succinate by ICP-MS"
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Abstract Objective: To establish an inductively coupled plasma mass spectrometry (ICP—MS) method to
determine the contents of 10 elemental impurities in the pharmaceutical excipients sodium succinate according to
the ICH Q3D elemental impurity guideline, and to provide a basis for the comprehensive evaluation of potential
risks. Methods: According to the types of elements that needed to risk assessment and the permitted daily

exposure (PDE) of the injection route, the single—component limit calculation method was used to calculate
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the limit and control threshold of each element in sodium succinate with 10 g+ d™" as the maximum daily dose.
Samples were preprocessed by direct dissolution and the iCAP RQ ICP-MS was used for the simultaneous
determination of the residual amounts of 10 impurities in sodium succinate, using Ge, In and Bi as the internal
standards. Results: All elemental impurities showed good linear relationship (r > 0.99). The limits of detection
of Cd, Pb, As, Hg, Co, V, Ni, Li, Sb and Cu were 0.27, 19.22, 8.86, 16.63,0.12, 0.28, 1.48, 6.91, 0.35,
9.26 ng - g, respectively. The recoveries (n=3) of each concentration were between 82.4% and 130.9%, and
the RSD (n=6) of the repeatability test was not more than 7.1%, with all findings meeting the requirements for
methodological validation. The content of elemental impurities in sodium succinate was less than 30% of the PDE,
indicating that the elemental impurities in sodium succinate had no potential safety risk with the medicinal product.
Conclusion: The method is simple in sample pretreatment, with high sensitivity and good accuracy. It is suitable
for monitoring and risk assessment of elemental impurities in sodium succinate, which is conducive to the quality
control. It also provides a reference for the determination of elemental impurities in other products.

Keywords: sodium succinate; ICH Q3D; inductively coupled plasma mass spectrometry (ICP-MS); elemental

impurities; permitted daily exposure ( PDE ); content determination ; internal standard method ; risk assessment
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PEATHREI T vk R B B UE , ST ) 5 ik JE R
HERfE =, o2 PRI FR Bh 0 0 R 2% o XU TEA
T e s Tl B At T SR A
1 UHBE5RH
1.1 {4

MS205DU +J5 43 2 —HL TR (R e 2
5] )5 Milli-Q Academic Zii7K % ( MILLIPORE A F] );
iCAP RQ ICP-MS HLJZAH & 45 B TR B ( FEER €
HIRAF] ),
1.2 iK%y

4 (Au, L5 23A029-1) 5 ( Ge, #iL 5 23B116 ).
1 (In, #it 5 23A007 ). % ( Bi, it 5 238024-1). 4
(Cd, #t %5 23A030-2 ). 45 (Pb, #it %5 23A035-2 ),
fift ( As,4lt5 23B011-5 ) .7k ( Hg, it 23B027-1 ).
i ((Co, Ib*5 23A004-2 ) 41 (V, fit 5 23A003-2 ).
B (ONiL HIE5 23B044-1 ) 4 ( Cu, #iL5 23A041-2 ) 4
(Li, #it5 23A031 ). %6 ( Sb, Hit*5 238008-2 ) HLIT K bR
HEGS W, Y B A (048 8 S iR AT
PRt BT EARMEST RV R 1 000 pg - mL™; 65%
SR (g4t 45 K53975256 ), Wy [ 2R 5o /N 7 ; 8
4fi7k (KT 18.2MQ - em ), 5255 Hl,

9 HEBEHARREARE S, A= Al S5 BEILER 1.

®1 FHEBIERER

Tab.1 Sample information of sodium succinate

EFEJ/E#M g it
( production
. ('sample name ) ( batch number )
enterprise )
A (™) BRI KEY) 230413039Y
(' domestic ) (‘sodium succinate, hexahydrate ) 230412037Y
230411035Y
oK BEIREH 230506051Y
(‘anhydrous sodium succinate ) 230505049Y
230505048Y
B(#EM) SRHAR N AR AW (TR 37073A
(imported ) ('sodium succinate hexahydrate, 41808A
injection grade ) 41820A

2 AEEER
2.1 ICP-MS {X#2%0

KED 5=, DI 1 600 W, 54K g5 4l 4 S, 15 R it
1] 0.05 s, FAFEREL 25 YK ARG E I =845 7
LIRBTIAGEE T,
2.2 JUEIRITH LRSI ik

HRAE ICH Q3DP! A i [E 25 8t ) “I0 3R Z% o 3 ]
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(AR ) (2024 4F 4 H ) MRAEITTE AT 52K,
A BIMGIAMA 25EE, 456 SRR A
FEIERR IR T 255 A2 , i B S 45 2542 (o |
A ) T VS 10 Fpoc R AT PEAS . R AL BR
JETHE B RS TR S 43 253842 % JT R (19 PDE, L4 10
g dENEK BRI, AR A T & T R 1R
JEE R ] BE ¥, iy 9 4 253848 Cd JGE Y PDE K
2 ng-d', B JC F 2= JF PDE 4 30% & X ¥ i
B, #10g-d" W K H A B8, @R E N
0.2 ug- g FHIBIH 0.06 pg - o', & TCZ R EE A
il BB LR 2,0

R2 BRHBWITENTERARME SHATREEN
FEHIRE

Tab.2 Types, PDE and control limits of evaluated elements

in sodium succinate

PR ITCE . i i3 s ] %
(Ijii:il ZE PDE{ ( gejrjeﬁjllg;&iit ) cjmi“llffl )/
(class) (pg-d™) _ _
element ) (pg-g") (pg-g™")
"ed 1 2 0.2 0.06
205pl, 1 5 0.5 0.15
T As 1 15 1.5 0.45
2Hg 1 3 0.3 0.09
*Co 2A 5 0.5 0.15
oy 2A 10 1 0.3
*Ni 2A 20 2 0.6
Li 3 250 25 75
1228}y 3 90 9 2.7
Cu 3 300 30 9

2.3 FHRAEC S

231 AuBUERIAR RS R Au OTEPRER R
1.0 mL, & 100 mL i, ] 2% i8I FEH 4 1 mL
10 pg B

232 NARATR AE® R Ge . In, Bi FLCEARMER
WA 1.0 mL, B 100 mL I, N 2% A5 ER R B 25
BRI PSR R I ARYE I 0.4 mL, & 200 mL
SR, I 2% GEFRFR BEHI LA 1 mL P Ge In. Bi
20 ng WY INARI I -

233 fAmiEml BURS 29 0.05 o M ERROE, B
10 mL ST, I Au B20E FIER 1.0 mL, FH 2% figiR
Ve R LN B, 1108, B4

234 FHEW KE R Ac BUERIER 1.0 mL,
B 10 mL 2=, FH 2% IR E A B2 B, #2581
e, BIAE
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23.5 IRGIMESAMR KB RILCA. Pb.As.Co. V.,
Ni. Li,Sb Fll Cu BLICEAMER GG 1L, I 2% HFRE
Fis B35 Cd, Pb, As, Co, V, Ni. Li. Sb. Cu ik 4
249 10,25.75.25.50, 100 1 250,450, 1 500 ng * mL™"

PTR A PR UE LA B . K 25 LR 5 A 1 b B A5 TR
1.0.1.5.3.0.5.0.6.0.8.0,10.0 mL, 43 %I & F 50 mL
S, I 2% A ER AR RS TR & FR AR R S
K ICR R WL 3.,

R3 MEBZERRE

Tab.3 Concentration of linear solution

TE P %4 (content )/ (ng » mL™)

(element ) (control limit )/ (pg+g™") S1 s2 S3 S4 S5 S6 s7
Med 0.06 0.2 0.3 0.6 1 1.2 1.6 2
205ply 0.15 0.5 0.75 1.5 25 3 4 5
PAs 0.45 L5 225 4.5 7.5 9 12 15
*Co 0.15 0.5 0.75 1.5 2.5 3 4 5
sy 0.3 1 1.5 3 5 6 8 10
*Ni 0.6 2 3 6 10 12 16 20
Li 7.5 25 37.5 75 125 150 200 250
23}, 2.7 9 13.5 27 45 54 72 90
“Cu 9 30 45 90 150 180 240 300

2.3.6 Hg RIRUESAR A% I He LT R R
WEV 0.3 mL, & 100 mL B, Il 2% WG R E
KEZIFE PRA] K% 1.0 mL, & 100 mL &I,
T 2% REFRA BEE 25 R 20, F550 19 He Al a5
W A % I B Hg Br o i it 45K 0.5.0.75.1.5.2.5,
3.5.4.5.6.0 mL, 2> %1'E 50 mL HHH, & A0A Au k2
FE T 5.0 mL, I 29% A B R B il B & Hg 4 0.3
0.45.0.9.1.5.2.1,2.7.3.6 ng* mL™" () Hg ZRFIFRIE T
a8
2.4 WETTE

HURA Z5bRIE ST He REVbRIE AT 1
AV TR, PR AR HEA T E , FEr As Co V

Ni. Li il Cu LA Ge A#R, Cd Fl Sb L In AR, He
FIPh DL Bi AR, #HR “2.17 WA S 5E , #2 Y
PR E AR HE R T TP & TR IS &
2.5 JriEsEnE
251 LMEXFRBE

I “2.3.5” TR & 2R GRS ME b R TRORT “2.3.67
T He ZR AR AE S, 4345 “2.17 T 2% A4
JE, UASTC R B iR (X)) AREARAR, DL H ARG W
A 55 P9 bR oG 2 M N A Y LUAE (V) S b, 223
PR 2R, 1528 0 R LRk [ )3 5 78, A 56 R %k -
£ 0.993 6~1.000 0, FH £ TR M R4, 45 7 L
* 4,

x4 BERFRDRAFERLGEEEBEERNREEERER
Tab.4 The regression equation, linear equations, precision test, LODs and LOQs for each element
7T 55 LB B R
( e;fm )« regreifnjiﬁmon ) (linear mfgr: ii cmL) ' ( precisioﬁifrfnﬁ/%< wmg) OD/(ngrg?) LOQ/(ngrg )
"ed ¥=0.008 2X+0.000 1 0.2~2 0.999 8 0.90 0.267 4 0.8103
205p}, Y=0.035 2X+0.007 6 0.5~5 0.996 4 1.0 19.22 58.24
"As ¥=0.113 1X+0.003 2 1.5~15 1.000 0.7 8.859 26.84
“Hg ¥Y=0.005 2X-0.000 1 0.3~3.6 0.993 6 5.1 16.63 50.39
¥Co ¥Y=1.996 4X+0.022 2 0.5~5 1.000 0.7 0.1182 0.358 1
Sy ¥=0.619 5X-0.000 6 1~10 0.999 9 0.6 0.278 8 0.844 9
FNi ¥=1.158 8X+0.067 9 2~20 0.999 9 0.7 1.481 4.487
Li ¥=0.014 1X+0.003 5 25~250 0.999 9 0.6 6.912 20.95
1223 ¥=0.013 8X-0.002 5 9~90 1.000 0.4 0.3455 1.047
Cu Y=0.776 6X-0.907 5 30~300 0.999 9 0.6 9.255 28.05
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DU SE 15 4 25 FURE fb 35 8, T 5300w 07 L 7 s 4
2= (SD), Lk “3.3 SD/S (£ %) Sk I FR , LA
“10 SD/S (&Rl ) e f bR, 4551 W3k 4.
253 fHEE

W “2.3.57 WUT MR G Fn i W (7 Cd, Pb,
As,Co,V,Ni Li.Sb.Cu #4518 1.2.5.7.5.2.5.5.
10,125.45.150 ng+mL™" ) Fil “2.3.6” il | /% Hg p5ifE
PV (7 Hgl.5 ng - mL™" ), 4 “2.17 TR 4544, 1 4E
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WAE 6 WK, A4 TR WKL RSD, ¥R 5.1%,
FATT G5 R, 45 R L3R 4,
254 HEME

B BE MR AN AL 5 (HE5 41820A)0.05 g(6 14y ),
FEEFRE, & 10 mL w3 S A “2.3.57 T
T HYIR A FRE S A W1 mL, A “2.3.6” TF Y
Hg HRIES G2 0.5 mL A1 Au 28 FEW 1 mL,
2% THIRHM B A B 20 B, $55), 108, I & 45 TT R
JE A SR RSD, S5 L3 5,

x5 HHBWIETREEHEER
Tab.5 The test results of repeatability test
JLE SR (recovery ) /% (AR 4 (E
(‘element ) 1 2 3 4 5 6 (‘average recovery ) /% fsb/e

ed 86.8 89.4 89.2 89.4 88.3 87.7 88.5 1.9
205p}, 104.3 98.8 98.3 94.1 99.87 112.6 101.3 6.3
PAs 111.0 110.8 111.8 109.1 110.2 110.8 110.6 0.80
Hg 123.9 111.0 125.0 131.0 113.1 130.9 122.5 7.0
¥Co 100.9 101.1 102.6 101.1 101.1 100.5 101.3 0.70
Sy 129.0 127.7 130.2 127.5 130.2 127.9 128.7 0.90
¥Ni 85.5 85.5 86.5 84.6 86.1 85.4 85.6 0.80
Li 123.4 1243 127.9 124.8 126.2 125.9 125.4 13
125} 108.6 110.2 109.1 109.4 108.5 107.3 108.8 0.90
%Cu 81.3 81.4 82.7 80.8 81.8 81.4 81.6 0.80

2.5.5 PG
FEAN A E] Cd), )

R, TR A U R IE SR RSD, 40 RSD 2

2547 WAy 6 ks AR 19.0% (/NF 25% ), 45 R 0L 6,

R6 RHBMWPELEZHEARZESEER (n=12)

Tab. 6 The test results of intermediate precision test

Erac i (content )/ (ng* mL™)
(No.) "ed 2%ph, PAs “Hg ¥Co oty *Ni "Li 1223} ®Cu
1 0.868 1 2.608 8.325 1.859 2.524 6.451 8.550 154.2 48.89 122.0
2 0.893 8 2.470 8.309 1.665 2.528 6.387 8.552 155.4 49.59 122.2
3 0.8915 2.458 8.384 1.875 2.566 6.502 8.649 159.9 49.11 124.1
4 0.8939 2.352 8.182 1.965 2.529 6.378 8.462 156.1 49.22 121.2
5 0.883 1 2.497 8.266 1.697 2.527 6.512 8.614 157.8 48.81 122.8
6 0.876 9 2.815 8.309 1.964 2.514 6.397 8.539 157.4 48.27 122.1
7 0.896 0 1.990 8.206 1.210 2.529 6.221 8.950 162.9 48.41 123.8
8 0.907 6 2.018 8.232 1.234 2.544 6.291 8.995 164.2 48.59 123.8
9 0.8932 2.063 8.263 1.260 2.564 6.410 8.992 166.0 47.84 124.7
10 0.880 1 2.002 8.137 1.468 2.508 6.152 8.824 162.0 47.52 1224
11 0.8711 2.072 8.031 1.540 2.485 6.064 8.712 158.5 47.05 120.7
12 0.8919 1.999 8.142 1.214 2.503 6.196 8.843 159.5 47.56 121.8
RSS(EN 0.887 3 2.279 8.232 1.579 2.527 6.330 8.724 159.5 48.41 122.6
(average )/
(ng-ml™)
RSD/% 1.3 12.6 1.2 19.0 0.93 23 22 23 1.6 1.0

AL HREL



(JPA 2B RN

=

XY

Chin J Pharm Anal 2025,45(3) + 527 -

256 [N HIRHARRENFE A (Fit 41820A)0.05 ¢,
FEBPRE, B 10 mL s, oy, I 3 A,
B IMA “2.3.57 TN IR A PR AE G 0.5
1.0, 1.5 mL, B3 SN A “2.3.6” R B Hg A5 i 5 fif

# 0.25.0.5.0.75 mL Fl Au F2E FIEHAS 1 mL, FH 2%
TSR AR FE R 2B, $250, 1 08, A5 2 BR K19 150%
100% F1 50% )45 TG R AR A (n=3 ), 1% “2.47 T
TR TR A TR IR 25 SR L 7

K7 BRHBAPEITRERELKERLER (n=9)

Tab.7 The test results of recovery test

[FTSCR (recovery ) /%

L& VA SIEES

( eljcfjjm ) frerki RS R ( averizge,]rle_li%jy )% RSD/%

(low concentration ) ( medium concentration )  (high concentration )

"ed 91.4 89.9 91.5 90.9 1.4
208p}, 84.9 81.0 81.3 82.4 6.2
"As 111.6 109.8 109.5 110.3 1.2
2Hg 93.5 82.3 87.9 87.9 7.8
¥Co 103.1 101.8 102.0 102.3 1.1
sty 128.5 126.2 125.6 126.7 1.5
¥Ni 91.0 89.8 89.7 90.2 1.0
Li 1312 131.5 130.1 130.9 15
1228} 109.0 107.3 107.8 108.0 0.92
®Cu 84.3 82.7 82.9 83.3 1.2

2.6 BRFARRHNAE AT ER AR B E B R o b

X WSCER B B4 9 it 5% FA TR BARE A 1 i 42.3.37 I
BT A A R R AL A 2 ), E
R E . ALHCEE 2 XAl ke a, K2 i Hg

[

(EpI

Co.V.Ni.,Li.Sbh,CuJ G (B e R /T
ICH HEFEHE I B (30% #5461 BOME ) 22 PFAN , i
T 70 28 4 o AR FEAS T 42, Sy il ) il A e R
J7 TR , 45 R W3R 8.

&8 IRMMMERMVWELSR
Tab.8 The test results of samples

Al Elin=2 i (content )/ (ng-g™")

(manufacture ) (lot No.) "ed 205p}, PAs Hg *Co Y *Ni i 123}, %Cu
A 230413039Y - - - - 25.93 5.74 81.99 - 72.96 164.1
230412037Y - - - 66.27 5.066 5.768 57.37 - 63.04 166.4
230411035Y - - - < LOQ 8.21 5.738 46.55 - 74.79 158.8
230506051Y - - - <L0Q 3588 7.58 57.39 < LOQ 73.04 403.8

230505049Y - - - - 13.67 7.917 27.37 - 76.15 226
230505048Y - - - <LOQ  14.05 6.643 20.35 - 65.65 227.7
B 37073A - - - < LOQ - 5.965 < LOQ - 63.6 144.8
41808A - - - - - 5.905 - - 65.74 147.5
41820A - - - - - 5.584 - - 64.5 150.1

1 (note ): “=7: AIFTFHEMIBR (lower than limits of detection ); “< LOQ” : fIXF 7€ #FR (lower than limits of quantification )

3 itig

3.1 HALBET VAR RS

B FP TR AR AT AL B3 VA — AL B E |
LA AR R g I )™ B E — s
T WARES . B R OE T TR R,
WNJCHLERZE . el kil T AN RE LRI R 1K

A B AR A, B GTM A0  AR A TE SRR L
et e PR EAE T HEA T A , W R A P AR 2 Y
JCE (U0 He) MPRI . BRFARREM KA PEALT , AR 920
PEFE ELHR R IR R D7 25 1 2 (i i RIS
N T BRRICER He M8 , 16 5 (i dh I8 oM
o RV TR B Au 50T R AR S TR AE A
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R M, JE 4 R 5%, ABRARICIZ 800, T4 55 He JT
F IR PR RGN () oA 1 1O
3.2 HEAREERIERE

ICP-MS 256 %) 32k fib BEAR GO0 1) T4, # o i
1 10~100 mg Bf A] DL e R B s/ o &5 1 5 [ i 1
Yoo T BEARSEFARR A AL A B 19 T4, AR SE 56 43
WIFEELT 500,50 F1 20 mg B FA TR SHRE & 0 I 12 45
SR, 25 5 W1 SR 5 R 500 mg B, AR T
FR 1 M 1 (L B A A A, AR S L PN o e 7 (L
) 20% ., SFE R 50 mg F1 20 mg i, 3% ¥ 2 44
XF AR TG 2 A I RO B BT 500 mg BEHIEREN
{H 2B i 50 20 mg I, B o il 26 32 A8 2 e T3k
(RSB, 2R PR 22 . FESL N 50 mg B, INAR T
F B R AT, AR i 2R AN 5225 (R R RE ), 2 P A
KEBRI, 2 1, A BEH 50 mg BEHIRREN UE1 T
3.3 (UEREE R IR AR

LA S B0 B R R B) AR 0, T e — B A Y
SRS 5 AL - (R 5, , S8 T 52 M A Y0 25 1140 R X 5%
o M ICP-MS RS E3E BB E] R 0.01 s B, 28
FI W Ph JC 3 M N {E 485, H Pb Jo R pn i il 2k
R B A N (B ANERE bR HE I ZAH C R B r < 0.9,
MUE BT HR 0.05 s B, AT 4 5 ICP-MS {5 A
JE IR R Ph TC 2 ZEAR MR B AT Ao r M 7, s v T £
B RIFMLEERR,
34 NIRPIRYREE

BEFARR N AR RN B, 23 50 P AR ) 1) i
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