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WE: B &0 H BR85S iR 828 R4S P45 (Cd) 85 (Ph) AP (As) R (Hg) 45 (Co) AL(V) AR(Ni) 42 (Li) 45 (Sb) .
A(Cu) A2 (ADT1 AT E LR AT b BT B FARME(ICP - MS)i: .73k KA 2% FAiiisk AE it $8Th5A
1550 W, 5 & -FHRAAREA 14.0 L/ min, RAAEH 4.9 L/ min, sEIEAAARREA 4. 3 mL/ min, FALEREHN 2.7 C, 555 RiEERA
40 v/ min, M X A B AL EAL(KED) R X R 11 AL EE AR ERETEE AL HLod it B8 &M X &3 RAF(r> 0. 996,
n=5); & SEBP M LR IE S RSD 30T 3% BX Sl ik 49 AnAf BDCR 3 42 90. 0% ~ 110. 0% 6B A ,RSD 34 F 3.0%(n=9).
B 3 B R A BB AR e P L 1 AP Rt kKT A SRR IR my koA At BT R
FEBCEA L, TR T Hem 3R H AR D B B AR R A P 1L AR R
KB - & BABEF B TR & 5 3B R ; B BOMURUBR ; TR R

Content Determination of 11 Elemental Impurities in Lysine Hydrochloride and Lysine

Acetate Active Pharmaceutical Ingredients by ICP - MS
Z0U Xiaojuan' ,WU Xuesong®*

(1. Jingzhou Central Hospital,Jingzhou ,Hubei 434000, China; 2. Yunhe Medicine < Tianjin > Co. ,Ltd. ,Tianjin 300301,China)
Abstract: Objective To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for the content
determination of the 11 elemental impurities [cadmium (Cd),lead (Ph),arsenic (As),mercury (Hg),cobalt (Co),alum (V),nickel
(Ni) , lithium (Li) , antimony (Sh) , copper (Cu) , and aluminum (Al) ] in lysine hydrochloride and lysine acetate active
pharmaceutical ingredients (APIs). Methods The sample was directly dissolved in the 2% dilute nitric acid solution, the plasma
power was 1 550 W,the plasma gas flow rate was 14.0 L / min,the carrier gas flow rate was 4.9 L / min,the collision gas flow
rate was 4.3 mL / min, the atomization chamber temperature was 2.7 °C,the peristaltic pump speed was 40 r / min, and the
detection mode was kinetic energy discrimination (KED). Results The 11 elements had good linear relationship with their
response count values within their respective mass concentration ranges (r > 0.996,n = 5). The RSDs of repeatability and
intermediate precision tests were lower than 3%,and the recovery rate of the test solution was in the range of 90.0% - 110.0%,
with an RSD < 3.0% (n = 9). The detection levels of the above 11 elemental impurities in each batch of lysine hydrochloride and
lysine acetate samples were all lower than their respective control limits. Conclusion This method has fast analysis speed, good
specificity, high sensitivity and accuracy,which can be used for the detection of 11 elemental impurities in lysine hydrochloride and
lysine acetate APls.

Key words:ICP — MS;lysine hydrochloride;lysine acetate;elemental impurities
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Koy Re R A0 51 B, Tolk A r= 2 R Y &
PR 10 o IR, (ELTE B8 6 R AN AR L 2 W R L i
— PR U R R T R e T A ) R Ry
AR TR b R Tl TR o 2k TR o0 S I S I e i 2 TR LA T T o
P L T 2020 A R 25 8 (38D )7 d s e
3Tz AR T v S A R R 4 i 2 ) R R
B BrDBORL R A 28O S, ORI ANE
FRE RIS, LR R IR SR
(19AA - 1) S HFEFER (15) B (2) HE 5% J5RH
Bl cyRab U e ol £ i a7 Wi I el v S e I 1R
A F TR E 4R 420, on R 2 T A W I
A RE S WIRE S O ORI T 244 4 R S e i T
PR AT I 45 i 25 W vh o0 2R AR B Bk B i o N 2
TV AR R [E Br U 25 (1ICH ) T % 2% i 45 5 5 )
Q3DYHILAE , # (Cd) A5 (Ph) (A (As) K (Hg) JGE R 128
JEE,H (Co) (V) BE(NDICE N 2A KT E A (Li)
B (Sb) il (Cu) LR N IKILER I E TH LKW
B B ARV R R (PDE) 1 S T 28 440 () 45 il b
FZ T FRR ), 4 1 B B B ™A e Ak, B A E 3R
WP AR (AD JC R B — B SR 2 4 ) 8,
o5 E i 2545 FUR (FDA) [ 2004 4E 42 B2 K %t
HNEFEWCP R AT R AT RSN, FDA 21 CFR
201. 323 FHLRE T s AL DG Z A& PR o A
BB T RS (1ICP - MS) VA& H AT JC R 4 /i i
FEE Ik, Al [ E 2R oo, B a2
TR w2 AN IS R 45 A 2024 4F RRCSE [ 2 i — by
££ <233 > )(USP - NF < 233 > )31 g thil50) b il T 25 2%
JoT % BA XU L SRR 24 Th HEA T T E RS, T Eh
T 8 2 PR 5 S 1R RS 2 1R ek 2 (v 5 ) v Cd, P,
As,Hg, Co, V,Ni, Li,Sh, Cu, Al 11 Fp 70 & 2= JF & 2 1)
ICP - MS7& BURIEIT .
1 XBE5RE
1.1 {238

iCAP RQAIICP — MS{YX(ZE[E Thermo Fisher Scientific
I3 H)) s FRQ — 1004HT AR 75 15 15 Ve A CBUJH 725 22 458
7R AT BR A F L PRk 240 W, AT % 40 kHz)
ML204T %73 ¥ K- (Fii -1 Mettler Toledo 2 &), %5 & 0
T2 —) 3 SQP R 43 Hr K- (12 [ Sartorius 23 7, K B
J I 2 —) s B (T8 Eppendorf 23 7], KA 43 3
410~ 100 wL.100 ~ 1 000 pL)
1.2 iK%

70% TE IR (FE 74, KT RS B 7 1100 A R A
Al ) s Eh R A IR IR kL 25 (L5 4 il A 23031112,
23070322, 23091822, 23110343, 24022253, 24031215) ,
Tl 2 8 2 2 Rk 24 (At 5 430 2 23072136, 23110320,

24032233,24051510,24052412) , ¥ [ | 765 B F0 48 ik
%4 PR 2\ 7 5 Cd, Pb, As, Hg, Co, V, Ni, Li, Sh, Cu, Al &
B (Ge) VA (In) B4 (Bi) BT (Sc) 4 (Au) TR AR HEN
T I AT (0,4 SR A b 43 B il o o et vk
171000 wg / mL) ; 4liEK O FECEER) .
2 FiEE4ER
2.1 TEZRREHE

TLE L FIBREE = PDE / f K H R el TR
T 1 2 PR 5 T T A 2 1 D e 24 v 4% ST 3R e o 4 ol PR B
Bf A R IR A B B e K H Fl i, v % TR
D7 8 R ) 7 Ak T v H A A R R 1) L, S H A A S
1% JFURE 24 114 7 25 4% o XUIS: B 90 255 ] 26 4 9 45 il
FN 25 B A e i s R i, Bk BRI 1 R R TR
N 172 g ()7 @ HE TR T S W 18AA — 11 ) AR 4 ICH
Q3D F& T I, FEEHR PR ALJC RSN, AT 10 o R 2
B4 PDE W3 1, A4 4 J0 2 19 PDE J¢ H e KBV LR
AR A TR A T A P B B (L3R 1) AR 4E FDA
21 CFR 201. 323 #& , HH F2 BN EFRIRIT I RE
=5 AN AL TT R & AT 25 pe/ LI 2
i) AR OGS AN E R PR 1 L& D AR
B KM 134 g[ 52 )7 & MR (15) XU (2) vES e ], 85
FREE H 257 134 = 0. 19 g / go M A 5 100 s R 41 £
T ¥ e 45 T0 R 44 T A i PR, A5 B S L4k 5 i TR
A TR ER 2 TR BE R (1) TELER 1,
*1 BETERRSAATREE(PDE) SHIRESRERE ()

Tab.1 Permissible daily exposure (PDE) value,control limit and

concentration limit (J) of each elemental impurity

A& 4% EHPDE(pg/d) d=HRE(pg/g) J(ng/mL)
Cd 1% 2 0.01 0.6
Pbh 1k 5 0.03 1.8
As 1% 15 0.09 5.4
Hg 1% 3 0.02 1.2
Co 2A K 5 0.03 1.8
A% 2A K 10 0. 06 3.6
Ni 2A % 20 0.12 7.2
Li 3k 250 1.45 87.0
Sh 3% 90 0.52 31.2
Cu 3% 300 1.74 104. 4
Al Al 0.19 11.4
2.2 ICP-MS ERMEGSH

2.2.1 A& 4

ERT IR 1550 Wi A B IR ARG S A
AR 14, 0 L/ min; 250 WA A 4. 9 L/ min;
TR AR U AR SR - 4. 3 mL/ min; S5 AL ZE TR
2.7 °C3BEEh I 40 v/ mins KRR . STREE AL (KED)

81



A IEA I -

Inspection and Test

¥ &35 ¥

China Pharmaceuticals

2026 4F2 J1 5 H 5 35 54 3 ]
Vol. 35,No. 3, February 5,2026

AR EE A I 3 YR, INBR TG R e H P Ge, 191, 2B,
BSe A TCR AR RN R M NARIC R LR 2.
F2 ERFEFRMERMESHNIRTE
Tab.2 The preferred isotope and internal standard element of

each elemental impurity

®3 F@pERAMKEER
Tab.3 Results of the system suitability test

MAME R EAA - MAME BaE BB
(eps)  (eps) (%) T (eps)  (ceps) (%)

TFE MRERMEE NAFLE | AE RERMEET ARFTE
Cd "Cd "n Ni ONi Ge
Pb 2P B4 Li Li “Sc
As PAs "Ge Sh 121Sh In
Hg Hg B4 Cu “Cu "Ge
Co ¥Co "Ge Al Al #Sc
A% MV Se

Cd 1989 2006 0.85 |Ni 20530 20265 1.29
Pb 78930 78102 1.05 |Li 246277 241487 1.94
As 4788 4845 1.19 |Sb 331082 328094 0.90
Hg 5290 5502 4.01 |Cu 352190 350160  0.58
Co 21755 22190  2.00 |Al 40783 41299 1.27
\ 14457 13962  3.42

2.2.2 AW g7k

FEALES B N FRAE 1 A BRI AR A TR A
D 2ot A P AR RN AR B AR AR RS P AT R R
B VRS P 5 PR A A A VR A s o T 4k
VSR, LAV FE 3 G WU A AV B2 T A 328 3 K, i
SEIF TR 446, DL A4S JC 28 vk B S i A b | D AT L
(m [ 2) 0 B A THE00m 1 AE A DN AR A 22 1 4% T R i ek
J7 R B A A A S A TR A R 3 I, il
IS S (E ARG 2t Ty BT 5 & J0 R AR B A
W R UEMIAR A C R I Y i
2.3 BEHE

i B0 < K 2% i I Au T R AR EIY A TGS i, 2%
o B R VAR BRI 1 mL 295 AuTT % 40 ng VAR
(AuTCEEN He o 2 & 1 iR E 7)) o

i o 1 2 W - 2 0 kG %% it B Cd L, Pb, As, Hg, Co,
V,Ni, Li, Sh, Cu, Al JC Z AR MEI 45 45 38 12, FH A B 711
FE BRI TR 73008 0.27,0.57,1.0,1.5/,
2. 0 JIRTRA XTI S A RS E T S

PARIET : 73 5KE % 5 B Ge, In, Bi, Sc JCE bRifEL”
WA A, A B A B 1 mL P 2% Ge,
In,Bi, Sc TR YN 10 ng (NIHW -

P o VA VAL« B T A 2 TR I T ot 2 TR R 25
FESL A 1.5 o K BFRE , 40 1) 25 mL 28 0 b, i
BRI i, B S R T 2  F25) B S .

2.4 HEFER

FOiE P IS TR B R 1. 0 J TR A%t
OIS 1, 6 A S W A I A JS 43 4 2. 2. 10
RIS A HERE N R 0 SRS TO R TR, IR RS
FEE MR USP — NF < 233 > 318k & nE 14
T 20% B R 7765 FR gl PR SER 85 R4 e R 1)
EREIINT 5% 5 G 2R E LR 3,

L JE MG - 2 I 2. 300 R AR R TR A X IR
W CHRE KSR 1.0 D45 3E i, 4% 2. 2. 1 300 R Al %
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PEHEREINSE , WL 8T Fp 2% 0 3R A AR G i S Xt A 0
SERA TN OO o 45 R0 B 79 Hh 2% J0 3R AT B0 1 (E
B TR A X B 10 10% , B ik & Tm kR Af .
L4,
*4 TEMHRABRER
Tab. 4 Results of the specificity test

P &Axﬂ@ 10%%% ik AN &/\xﬂé mwmf

Rk RERER Rk BRRER
Cd 15 2209 0l N 40 20151 2015
Pb 3200 77087 7799 | Li 490 251200 25121
As o8 4393 89 | S 385 329105 32911
Hg 302 5488 59 | Cu 477 393850 35385
Co 175 20742 2074 | Al 120 411 4112
y 44 15085 1509

A I IR 5 7 ek BIR A < B 2. 3 T00 I A B 0 o,
2.2, VI AN A6 AR S EREIN AE 119, TE SR A U IR
JGRE 18 O 7 A, 3-SR0 8 i 2 , LR (L B 10 A7 7 B 2
I RF L PR 5 e 5 A R W IO 14 3 A s A O 22 e
X o7 B e R DA A I PR 45 SR BR Hg TR b, HATE R
2% SO A ARG PR o R E S Rl 0. 1 T, R Tk
R R TEILERS.

x5 WNRSEEMBESER
Tab.5 Results of the LOD and LOQ

. Evilid 2R 0.1]
e REREg/nl)  RE2(pgle) ATHREg/ml)  RENK(nglg) (ng/ul)
(d 0.001 0.00002 0.004 0.00007 0. 060
Ph 0.010 0.00017 0.031 0.00052 0.180
As 0.017 0.00028 0.049 0.000 82 0.540
Hg 0.048 0.00080 0.159 0.002 65 0.120
(o 0.003 0.00005 0.008 0.00013 0.180
v 0.010 0.00017 0.025 0.00042 0.360
Ni 0.017 0.00028 0.056 0.00093 0.720
Li 0.016 0.00027 0.048 0.00080 8.700
Sh 0.015 0.00025 0.014 0.00023 3120
Cu 0.023 0.00038 0.073 0.00122 10. 440
Al 0.012 0.00020 0.039 0.00065 1.140
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LRk R EE 2. 3T R IR E K43 k0.2
0.57,1.0J,1.5],2.0 J B b5 il 42 %5 W 4518 &, %
2. 20 LIRS S5 A A D 2 e SR AV T TP 11 RT3
Z U A ) 7 AL, DA% 0 R 44 A9 T VR B (X, ng / mLL)
S AR R (Y, eps) MM ARFEAT M [T,
PLEAFL M TR A5 A O R B () K TF 0. 996, F B
B TUER A AL A 1A 0T £ IO v R 5 PRI P 5 F e 1 14
HMZM R BRI IEILER 6,

F6 BMXRERER(n=5)

Tab. 6 Results of the line relation test (n = 5)

E KMy r LML E (ng/ mlL)
Cd Y=3018.62X+79.78 0.9979 0.12~1.20
Pb Y=44808.34 X -371.22  0.9999 0.36~3.60
As Y =2895.00X-96.12 0.999 6 1.08 ~10. 80
Hg Y=4221.02 X +134.37 0.9992 0.24~2.40
Co Y=12150.95 X -12.59 0.999 4 0.36~3.60
v Y=3977.92 X +91.85 0.999 9 0.72~17.20
Ni ¥Y=2900. 89 X +102. 32 0.998 7 1.44~14.40
Li Y=3001.29 X + 893. 05 0.997 6 17.40~174.00
Sh Y=10023.41 X -41.39 0.998 2 6.24~62.40
Cu Y=3146.45 X + 684. 80 0.9997 20. 88 ~208. 80
Al Y=3796.95 X -272.85 0.996 5 2.28~22.80

153 P FCER R o 2 T i R i 2 TR 24
s 1.5 g MEEE S AT 6407, 70 25 mL A il
NS T ER S bR I A8 YRR o, IR TR T 7 i
I IR h A TR IR TR B 1. 0 J KU, 4%
2.2, 13 R R A% A RE I 22 L 2 5% Cd, Pb, As, Hg, Co,
V,Ni,Li,Sh, Cu, AlJGE AR AR, 5155 6 3 st it i
P 4% 0 2% 2% J5 0 I3 {8 1 RSD o 45 J 1) RSD $4/N T 3%
(n=06), RUINEEL R EWET,

H )RS % B X - IR TR 0 U I T A R [ )
RSG5 1 AR A R E G IR
B 6 U B A A TR, 45 2. 2. 1T A A% 1k HE AR
% ,iC 5% Cd,Pb, As,Hg, Co, V,Ni, Li, Sh, Cu, AL JTTE (1)
M JO7 A, I 31030 12 0 fb ki 5 8 v 4% 5T 38 4% 5 i) g
) RSD o 45 R4 TG R W RSD 4 /NTF 3% (n = 12) , R 5
P ARG % R A PR T

TR [l o+ B T o 2 T A s 2 e D ek 24
FEaA 1.5 g KR BFRE , & AT 90, 40 25 mL A5 &
IR NS T 2R AR TUAR I A8 VRGE B, IR R A R
ff T A ATV TP A TR A 550 0.5 7,1.0 ,
1.5 JAKSF- MR BE , B3N BE A7 3 40, 4 S s [l e %5
W, 4% 2.2, 1 TN R S5 AR AR A2 L 8 5% Cd, Pb, As,
Hg, Co, V,Ni, Li, Sh, Cu, Al JG 2 [ i W {F, I 3158 [l
ROGERIFR T, R IEMER B R AT

®7 EEMR. PEBTE NEEKIREER(%)
Tab.7 Results of the repeatability,intermediate precision,and

recovery tests (%)

RSD(A/B) IR EER(A /B, =9)

MR (=6) PAREERRGL=12)  FHEkE RSD

Cd 1.55/1.93 1.66/1.55 93.43/91.95  2.21/2.44
Ph 1.53/1.62 1.73/1.99 91.77/92.75  1.98/1.72
As 2.94/2.65 1.95/1.22 104.33/104.09  0.85/0.95
Hg 2.74/2.88 2.69/2. 44 95.99/92.98  1.55/1.35
Co 2.03/2.33 2.4/2.03 96.72/93.89  (0.85/0.74
y 0.83/0.93 1.29/2.29 105.88/104.97  1.81/1.88
Ni 0.91/1.73 1.45/1.83 97.99/93.94  2.33/2.32
Li 2.40/2.55 2.14/2.08 92.26/92.99  2.04/2.9
Sh 1.45/1.83 1.04/1.42 98.99/95.74  1.84/1.71
Cu 0.77/0. 64 0.72/0.95 94.22/98.54  1.75/1.80
Al 1.78/1.36 2.23/2.11 108.25/107.11  0.83/0.93

VE A EOBURER , B A B ER B AR

Note:A refers to lysine hydrochloride,and B refers to lysine acetate.
2.5 HmEENE

B4 b vk 2 1 20 R 5 TS T RSt 2 I i ek 24 R
AR, 2. 3T Jy i A il U 2. 2. 1
RN A PRI A, 0 SRS HEAE S Cd L Pb, As, Hg,
Co,V,Ni,Li,Sh,Cu, Al JGE MR N AR, FEARA B H )7 R
TR & S5 SR AR b A 11 FhoT 2 24 I 1 A6 1
LT AR RIRR A, 28 11 Mo R A B o o1
W2 8,
3 it
3.1 HEEFEE

Hg 702 HLAT B0 W B , 5 76 1CP — MS X
i AR O R AR SR AR B AR R AT T A
Iy, 5 ICP — MS ¥ A6 I Hg T R BA — & Jay BR 1%
AuTCE & Hg TR WA e 7, vl se IR He oo R 9 id
TR o Au M Hg TGER BRI UK 2 ~ 100 I, AT Al 4
K, HAE—ET I, Au e Z 0 il ok, 7= Pk ke
AU OASBIFGE AR R PO AT SR B A 40 ng / mLL
M AuTLE S
3.2 HEmBTAAE AR

ICP — MS ¥ (R 5 b B 32 25 5k B 42 K600 47 R 725
i | TR AR AU T A S T LR R I IS TS VR TR
st , 9 PR IR T AR P TS A A 2 R o o B R M
1% K It B M6 22 R () KV R 1) LA, 2 i TR R T, 2%
Tl R 1 VR R 1CP — MIS ¥ i 8 A BE 3R, A ot 52 v ok
FH 29 Fi GF PR 1 W B T A i o
3.3 WIRBRIEE

FEE TR (A5 5 23 Bl 53 AT s ] 1) SE G S A AR
W B = A AL, BORE Y 2 RN 23 TP OT R Y
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*8 HEBEHMEBRSHBEHEBET NMHTELRNESEVNELER (ng/g)

Tab.8 Results of the content determination of 11 elemental impurities in lysine hydrochloride and lysine acetate (pg / g)

R s Cd Phb As  Hg Co v Ni Li Sh Cu Al
BEMAS 23031112 ND  0.002 ND ND  0.002 0.002 0.007 0.012 0.019 0.065 0.011
23070322 ND  0.001 ND ND  0.001 0.003 0.006 0.015 0.015 0.072 0.010
23091822  ND  0.001 ND ND  0.002 0.002 0.006 0.011 0.015 0.068 0.012
23110343 ND  0.001 ND ND  0.002 0.002 0.007 0.014 0.018 0.072 0.011
24022253 0.001 0.002 ND 0.001  ND  0.004 0.003 0.014 0.014 0.061 0.014
24031215 0.001 0.002 ND 0.001  ND  0.004 0.004 0.014 0.014 0.058 0.014
BRERMUAB 23072136 ND  0.000 ND  ND  0.002 0.004 0.007 0.011 0.021 0.061 0.013
23110320 ND  0.001 ND ND  0.001 0.005 0.008 0.012 0.019 0.069 0.011
24032233 ND ND ND ND  0.002 0.004 0.005 0.017 0.020 0.071 0.014
24051510  ND ND ND 0.001 0.003 0.003 0.007 0.017 0.019 0.073 0.012
24052412 ND ND ND 0.001 0.003 0.005 0.008 0.016 0.022 0.067 0.010

E:ND A A,

Note:ND refers to not detected.

AR, PIBR I R R X A4S B4 3 Bl I el 5 R SRR
AR TG 8 H B 1E A AR F EEAR RRIAE S o & s
B M B RS RN TR BRI T R ORI it
$£73Ge,°In, 2 Bi, “Sc fE W NFR TR .
3.4 WNERSH
il E g R BN, 1R T R A a5k B =
YIRS PDE 9 30% - 4 ICH Q3D FLAE , 5 24 i Hh it
AR B TR % BUK P IR 241K T PDE 119 30% , H %
IR DNO R/ i Rl = § ) & () T AP0 e 43I ik
T T Feor 4 VA P75 B A A 4 il L) OIE 20 A
AR E
3.5 AEEM
AHIF 5 H A ST 0 T i o b R R SR e R
JE S A B R, T[] B 0 S R s I B T R A TR
SR 11 FP G R 44 5T, Ry 3 1 1 2 1 S s T 1 2 TR
SRR R IEHLIT R B RS PEA R T R AR 555
52 Uk
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