gty "r (ﬂ ;;f; Y 2025 4F 11 7 5 H 55 34 455 21 1]

Inspection and Test China Pharmaceuticals Vol. 34,No. 21, November 5,2025
hE 422 :R927.2;R977.2*2 XEAREES A X EHS:1006 — 4931(2025)21 — 0086 — 05

d0i:10.3969 / j.issn.1006 — 4931.2025.21.017

SRS SETHREENEN®S 4 25 R ERRE
B E Ak EL,ENESEW2,E M-

(1. THAEFMNTHERRI,TH &M 2253005 2. BIHFEAFHER,EIT 999078)

WE: BN Zanlermi b 25 A X LR ETHLEMET B FHRAHEACP - MS)k . AE  RABIEHE MRS, 4

RZAA TR Z G, RAFBEX A S RHAL(KED) X, AEAA AL, F B THRMB RN 1550 W, RAFEREA 5mm, RRXEALAZA

1.045 L/ min, 3B 54254 0.8 L/ min, 22 AT H 14 L/ min, %53 R 4524 40 v/ min, ¥ F XA F 2 ER 25 E LML

ZARFRIZCEAASLS Lra B KR Z BIF(r=>0.997 3) ;M 2 EiXI6) RSD 5 0.45% ~ 3.62%(n=6) ;% AKX I 49 RSD %

0.63% ~4.82%(n =6); #2 EPLX I 49 RSD 4 0.71% ~ 5.89%(n = 6) ;T35 ©I 5 4 90. 34% ~ 101. 79% , RSD 4 0.97% ~ 8. 50%
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Content Determination of 25 Elemental Impurities in Folic Acid Tablets by ICP — MS

ZHAO Hui' ,ZHU Qiong' ,HUANG Xiaogin',GAO Dehua’,ZHAI Ye'

(1. Taizhou Institute for Drug Control,Taizhou, Jiangsu,China 225300; 2. School of Pharmacy,Macau University of Science and Technology,
Macao China 999078 )

Abstract: Objective To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for the content
determination of 25 elemental impurities in Folic Acid Tablets. Methods The sample was processed by the microwave digestion.
The injection system was acid resistant system,sampling mode was kinetic energy discrimination (KED) mode,the collision gas was
helium gas,the plasma output power was 1 550 W,the sampling depth was 5 mm,the maximum gas loading capacity was 1. 045 L / min,
the flow rate of auxiliary gas was 0.8 L / min,the flow rate of cooling gas was 14 L / min,the peristaltic pump speed was 40 r / min,
and the injection method was manual injection. Results The linear relationships of 25 elemental impurities were good (r = 0.997 3).
The RSD of the precision test was in the range of 0.45% — 3.62% (n = 6).The RSD of the repeatability test was in the range
of 0.63% — 4.82% (n = 6). The RSD of the stability test was in the range of 0.71% - 5.89% (n = 6). The average recoveries
of 25 elemental impurities were in the range of 90.34% - 101.79%,with RSDs of 0.97% - 8.50% (n = 9). Among the seven
batches of samples,the content of titanium in the two batches exceeded the upper limit of the standard curve,but both were below
the control threshold; the lead, mercury, cobalt, thallium, gold, palladium, iridium, rhodium, ruthenium, selenium, silver, platinum, and
lithium elements were not detected;the contents of cadmium,arsenic,vanadium, nickel, osmium, antimony , barium, molybdenum, copper,
tin, and chromium elements were all below the control threshold or not detected. Conclusion The method is simple, accurate, with

good reproducibility, which can be used for the content determination of 25 elemental impurities in Folic Acid Tablets. The risk of
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elemental impurities in Folic Acid Tablets is low and can be effectively controlled.

Key words:ICP — MS;Folic Acid Tablets;elemental impurities;quality control;content determination

MR (CoH,oN,O) JB K W PE B IR 4EAE R, & — 2K
INTCHRIRIEIE R AT AR Y, o L0 I i S A A%
% (DNA) B A& B HA B AR B AR 41 i AR 1
B T B TR i = R T RE 2 B0 A L AR B
B IR URIABT I . A SRV | A W v i S ] A2
R 230 % FH 245, Lo d s ol Fn 2 4 e L FE 2 o 24
W11 2 42 1k 55 20 ) R A A R 244 BB R 5% 2 W A% TR
IR B4 A TCAL 2% 5T o JoHL A i ZEA PG e R Y
S, FERT R R JEORG B R e A e T BE ) A
PR A PR FURE S A 28 i i e R 24 AR
Wi 245 ) i Re e M, HL AT REAEAE RS T 2R E , AT 7 2R 2 4
JRURS: , W50 0 20 77 s 42 1) 24 it 2 77 ek R vl Rl 245 el e
(T FR 2% 0T, IR 24 i 1) o et o 4 -5 T AR 5 v 2
N 25 5 W AR ZE R [ PR Pr i 2 (ICH) Q3D (R2) (It
B ARTAR T JE I Y o) 2020 ARG H R 25 8 (PO ) )3 )
9102 24 5 A= HrdR T IR LT (5% [ 2 i ) 23208171
2330 AR DGR HEN T I R b 25 FhT R AT
S LB G A B TR (ICP - MS)#:, DO
PITCER 2 TR T XU TAG AR 2 ] BARE AN
1 UE5iK%H
1.1 {¢=8

ICAP RQ B ICP - MS Y (FE ¥R R /RBHEL < h
> A RAR) ; BHW — 09A45 I 1E 15 5 i ( b i 1
WAL E R A R A F)) 5 Multiwave 5000 7 34 35z 1 gAY
(CZARM < B> A RA R ; XPEL05S B+ K1
(HEREEFC R Z R < P E > GBRA R KN+ J7 5
Z—);Milli — Q A4l /K R 5 (15 [E Merck 23 7)) o
1.2 X%

K (Hg) FRIC R An MEV MR (PfE—F5 1K : 22C034 - 4)
4 (Au) B0 2 A fE VS W (ME—FR 1R : 232001 - 1) , 48
(Pd) FRICZE FR METE W (MfE—FR i : 226049) , Bk (Ir) BT
RIREE T (ME—FRIH 1 236009) , 5 (0s) BT X hp i
W (fE—4R1H :23D0193) , 8% (Rh) LG R R AER W (ME—
FRif :239037) , 47 (Ru) 51JC & br ME 75 7 (ME—Fr iR -
23C055) il (Se) BT ZEFMAEA TR (ME—FRIN:21B021 - 2),
B2 (Ag) B J0 3 br 7 VR (ME—453H : 23B018 - 1) , 41
(PO FRIT R PRAER W (ME—HR1H:237004) , 51 (Mo) HLIT
ZFRMEV M (ME—FRIR: 233031 - 1), Bl (As) BT E bR
YE VA (ME—FRIH : 22B006 — 8) , £ (Ph) B IC Z bR ifE Vs
T (ME—FRIH 2231028 — 1), BL(V) BATT R BRIV R (ME—
PRI : 237008 — 4) , 4l (Co) FRIT R bR IR (ME—FRIR -
23A004 - 2) , #f (Ni) 590 3 b E 7 W (ME— AR i

229005 - 2) , ¥ (Ba) 51 70 K br 1 35 W (P — bR L .
239014 - 3) , 5 (Cr) .70 % b E 5 W (M — bR i .
234005 - 2) , i (Cu) BT 2 b5 ME 7 W (ME — A5 1L
228027 - 8) , 4 (Cd) 570 F A5 E % W (P — bR .

232029 - 3) , #f (Li) 5.0 2 A5 #E % W (ME — AR .
241028 - 1), 4 (T1) B0 2 br E % W (ME — R i .
239008 - 1), %6 (Sb) T & bk #fE 17 W (M — bR .
234014 - 2) , %) (Sn) .50 2 b fE 7 W (ME — bR .

23B016 — 1), Bk (Ti) B 50 3% s 1f ¥ 9 (P — 4 31
241005 - 1), Y0 A B A7 64 Jm Lo 5 AR A il
BUHL TR R 1000 pg / mL; FSFR (A2l f ]
Merck 23 ) ) 3 2B F /K i Milli — Q Bl 4li K R Ge il 25 5
R e (SN -DERIEL,
F1 THERER
Tab.1 Information of seven batches of samples

5 EFT R i A

1-2 FHMH %) ARG 19011815,22050913 4 4 5 mg

3-4 RFMAEHLARNS  S210324,8200401 K 0.4mg
5-6 TEH HA RN 1812231,2210265 44 0.4 mg
T TRBIR LA IRAG 20230803 K 0.4 mg

2 FEEH%R
2.1 RE&HEG

ARG TR RS0 ; R : SRR E A (KED)
B AR A U S R R T 1 550 Wi R
RIS mm; B RER iR : 1. 045 L/ min; i YR i .
0. 8 L/ mins @ EVFite : 14 L/ min; B EhE44 3 .40 r/ min;;
HERE T2 T3l AN E 3R
2.2 BREHE

TR0 U IR 20 mL, FH 2585 F/K B2 1 000 mL,
o), BIA .

25 VW - AR RS RIE S 28 ISR o

X HE S 48 8 A s B Hg PAOC B ARESIR 0. S mLL,
B S50 mLAEIR R BRESS 485 R HH0. S mL,
50 mL AR, FEHIRR BRI 2, #50, RIAS X HR
TF 28 VR A o 53 K %5 B BUBR Heg JT 2R A AR 24 Fh LT
EPRERE LS 0. 1 mL, B[/l — 100 mL 25 s, FHG R
R ZE HE5T, RIS I I 35 W B

P 1 1RV V< KG BORT IR IV A R A 0. 25,
0.50,1.00,2.50,4.00,5.00 mL, 43 5l ‘& 50 mL %% i
o, RSB A, S0, RIS BT s VR B 43 il R 0.5,
1.0,2.0,5.0,8.0,10. 0 wg/ L BYFRuE MR A A K 5%
ORI B 0. 1,0. 2,0.5,1.0,2.5,5.0,10. 0 mL,
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S3E 100 mL 25 EOf Y RS R 25, F250 , R4S It i
WelES3941.0,2.0,5.0,10.0,25.0,50. 0,100. 0 pg / L
AR I 2 IR B

AubREA TR G I Ao T RPREATR 0. 5 mL,
B 50 mL A RO A, RSB 25, 9250 RE B Rt bk
V0. 1 mL, & 50 mL 25 50 b, AR BRI 45, 12
AY B Hg T2 (1 wp Pk 100 - 11 I 5 He Jo i, b
SARFH RS B IEFE R VEAT Au bR IR TR LR RE

B S VA T U R H 20 A, BIFAN, B B [ 290 Y
T2 0. 8 mg (KLA% A 5 A 0. 4 mg) 529 40 25 F I iR
10 mg(FA% R85 mg) |, KB FROE | B DU 9B S M b ot
T i BE TR INAS TR 5 mL, 6 min N MR ZE 170 CIEARHF
6 min, 6 min N R 2 180 CHAREES min. I il 52 UG ,
D, B AR IR N ARAY 1 90 °CEERR 3 h, Z AR i
55 SEHE R SE A R R E D B R AR BRI 1 mL s,
25 B TR T A TE N T AR TR A e B & 50 mL AR i
M R B FKESS 5 WA
2.3 HEFEEE

RN R EE 2. 2550 T bR 2R W A FlB 45
T A 2. 1T R A A R I, A T E Y T
WePE (X, g / L) AR AR 45 TG 3 10 (B (Y) A9k Ak
PREATER PRI 25 R LR 2, RS IO R4 H R
VR R P 5 i 7 e 1 G R R AT

L JEAPES  B2. 20 A LI RO et R
FI T U R T BRI, 42 2. 1300 R iR 4514
HEREI A | T2 SR 45 76 2 MR 0L {8 o 45 SR 28 I TR TP 450
FR 1] 7 A7 37 B IS T e Y T PRV i Rz A, L
25 RIS T4 T Z I , R A LBk R AT

E B R ) BIR A B2, 2 TR S (A TROE B
Fi2 2. 100 F s A5 2 UERE DN A 11K TR TR
11 RS R N A AR E R 22 (SD) , L 3 SD 1 PR TR 4%
JCR MR, L1 10 SD / #H2H A TR I e 1B 45
RUER2,

8 B B 2. 2 700 R AR 2 i A R B (BT it
He 438 2.0,10.0 we / L) & 3E &, 4093 2. 1 5 F
PRI A A SRR 22 6 UK, 10 SR 4% T R B T 1 (L o 45
H25FPICE A RSD 7 0. 45% ~ 3. 62%(n = 6) , F HIAY
ok o R AT

TRE RS E: < B 5 7 BORE S A 18 403, A %%
FRAE , 43 7] B 5 VU 96 £ A b Jo %) 3 fige e oy, b 9 43 m
ANHHR SIS A 0. 25,1, 00,4. 00 mL, 4% 3453, 4% 2. 235
T AR b e A IIRE [T O TR A 5 Ak 9 10
FE ARG AT BEARIE £ B 0. 1,0. 5,2. 5 mL, 45 317,
Fi£ 2. 2300 T J7 A TR T A FIUEE R , Be 2 FH A B Tk
Y50 Fre 8 PR TR R S U AR B8 % 100 mL 2R U,
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F2 ZUXRERSKUNREESRHELER
Tab.2 Results of the linear relation test and determination of

limits of detection and quantification

SELE RER ANR

(pe/L)  (pg/L) (pglL)
YCd F=3168.6278.X+104.0009 0.999 1.0~50.0 0.0453 0.0136
Mph F=65285.5350X+21933.4281 0.997 1.0~50.0 0.0520 0.0156
As V=630.449 7X'+38.0002 0.998 1.0~50.0 0.1802 0.0541
Mg V=2732.0416X+12.400 1 0.998 0.5~10.0  0.0121 0.0036
“Co V=6604.386 3.X+122.001 2 0.998 1.0~50.0 0.0234 0.0070
oy Y=2591.9559X'+98.000 7 0.998 1.0~50.0 0.0532 0.0160
ONi V=1568.8134X+1414.086 7 0.997 1.0~50.0 0.5371 0.1611
) V=94259.4313X+106.000 8 0.999 1.0~50.0  0.0014 0.0004
YAu  ¥=25033.768 9.X+742.0254 0.973 1.0~50.0  0.0525 0.0158
pd - F=7038.725 8.X+206.0023 0.999 1.0~50.0  0.0147 0.0044
¥ V=107508. 174 3X +852.032 6 0.999 1.0~50.0  0.0019 0.0006
®0s  F=32209.1252X+1836. 1424 0.9984 1.0~50.0  0.0310 0.0093
"Rh F=33598.769 6.X+22.000 1 0.998 1.0~50.0 0.0010 0.0003
"Ru  F=7709.279 0X 0.9995 1.0~50.0  0.0005 0.0002
7Se Y=21.9107X 0.999 1.0~50.0 0.3849 0.1155
Ag  V=58477.6822X+144.0047 0.9999 1.0~50.0  0.0076 0.0023
Py F=40458.3852X+14.000 1 0.998 1.0~50.0  0.0031 0.0009
i V=2739.407 1.X+126.001 0 0.999 1.0~50.0 0.1079 0.0324
PSh F=5379.816 54+ 64.000 5 0.999 1.0~50.0 0.0263 0.0079
YBa  F=1196.3479X+2516.2775 0.997 1.0~50.0  1.4350 0.4305
Mo F=4449.6309X+264.004 3 0.998 1.0~50.0 0.0433 0.0130
®Cu V=4655.869 54+ 1598.108 5 0.998 1.0~50.0 0.1146 0.0344
S F=5316.5735X+438.0100 0.999 1.0~50.0 0.0909 0.0273
Cr F=4776.6263X+2792.3242 0.999 1.0~50.0 0.3279 0.0984
i F=1360.848 1.4+592.016 8 0.997 1.0~100.0 0.1513 0.0454

BT AT ARG b m v B B R
T B B A i IS TR A T B 453 o, #2 2. 1301 R
B SRR 10 SR A T R A N 25 R LR 3, 3R
5 92 v A B LA

MR BRSO 1RO RE S AR E & AT
6 13, A B FRE , $ 2. 2 T F 7 kil 45 M S I R,
2. 1350 R RIS REIE Ti T 28 5 il TRE S T HAY 24 5
JCE I B B B RAIG, wLA b v B R TG W A T
M IRV A TS L 2. 1 T R IR IR A
PRI , 10 SR 45 JC 2R 1Y R 7 1 o 25 5 25 F T 19 RSD
0. 63% ~ 4. 82%(n = 6) , K T EHEL MR

Fae MG B 5 ol 1 B RE S ATk I & RS S PR
FE 4% 2. 200N J7 v A R S H 2. 1 TR iR
SR HEREN E Ti ST FR 5 HARTTER DA vl BE 09 A i
BT AR MR B R S 18 i, o T E IR
JE0,2,8,12,24,48 hifd 2. 1 300 2000 4% {4 A

TE B35
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3 MERKRELER(%,n=9)

Tab.3 Results of the recovery test (%,n = 9)

R4 BWHETRFFHSERESEHBIE

Tab.4 Types,limits,and control thresholds of 25 elemental

POy - @%% - X RSD
AR TR R
med 91.88  100.65 98. 62 97.05  4.73
205p}y 95.34  102.25 103. 15 100.25  4.26
PAs 88. 68 93.36 96. 34 92.79  4.16
2Hg 88.93 98.27  101.76 96.32  6.89
*Co 89. 44 99. 88 99. 74 96.35  6.21
Sty 97. 34 99.23 98.51 98.36  0.97
Nj 90. 47 94.53 98. 40 94.47  4.20
2] 92.43 98. 03 101. 52 97.33  4.71
9 Au 85.93 90. 42 94.67 90.34  4.84
105pq 87.18  100.93 101. 86 96.66  8.50
9]y 96.40  101.26  100.36 99.34  2.60
190 97.35 99.35 102. 02 99.57  2.35
1BRh 94.43 95.97 97. 88 96.09  1.80
0Ry 98.17  103.28 102.27  101.24  2.67
7Se 100.59  100.16  102.47  101.07  1.22
Ag 96. 87 99.86  101.45 99.39  2.34
195py 94. 61 97.85 103. 81 98.76  4.73
Li 97.70 97.21 101. 47 98.79  2.36

"'Sh 100. 35 102. 68 100. 24 101. 09 1.36
""Ba 97.45 100. 02 97.96 98. 48 1.38
“Mo 90.99 97. 88 99.78 96. 22 4. 81
Cu 88.79 97.30 99. 59 95.23 5.98
"5Sn 100. 36 102. 85 102. 15 101.79 1.26
*Cr 86. 64 96. 58 101. 86 95.03 8.13
“Ti 98. 11 103. 45 101. 88 101. 15 2.71

FE 0 SR A5 T0 2 e N {F . 45 S 25 MO K 1 RSD R
0.71% ~ 5. 89%(n = 6) , 3 W 2 i 48 h WAR e
PER T
2.4 H@mEENE

HUORE i (RS 1 = DR &5 38 2, B R, 757
2. 250N I v A A R R, 2. 1 T R A ik
FEIE SR AR ML TR A T R 0 & & B pn e
i b B A R S R AT IS AR R S PO R 45 TR
4328 BRI R L3R 4.7 AR AL R, Ph, He,
Co,Tl, Au, Pd, Ir, Rh, Ru, Se, Ag, Pt, Li JC & $J K # K
W A 12 FP e 2 i & B 25 R L3R S .
3 itig
3.1 TEMEEE

MR J5 e 8 i ICH Q3D (R2) (T & 4% 5 5 J5 ) )
NP A 128 24 28 2B 2K 3 2K 24 FPoC R AR Rk
A5 4 T AU VA AN il Ti JC R AR A B RG22 6 )
TEAETR , T A 5% B RURS: O A SC A = T8 S e KU

impurities

%8 A% HA(Smg/ k) A0, 4mg/ k)
rE 4R REE R #ZHAL TR EHBEE

(pg/d)  (pglkB) (pgl k) (ugl k) (ngl ®)
Med 1% 5 0.83 0.25 5.00 1.50
25p} 5 0.83 0.25 5.00 1.50
PAs 15 2.50 0.75 15.00 4.50
MHg 30 5.00 1.50 30. 00 9.00
Yo 20% 50 8.30 2.50 50. 00 15.00
Sy 100 16. 67 5.00 100. 00 30.00
ONj 200 33.33 10.00 200. 00 60. 00
"7 2Bk 8 1.33 0.40 8.00 2.40
YTAu 300 50. 00 15.00 300. 00 90. 00
1%pd 100 16. 67 5.00 100. 00 30. 00
By 100 16. 67 5.00 100. 00 30. 00
¥0s 100 16. 67 5.00 100. 00 30.00
"“Rh 100 16. 67 5.00 100. 00 30.00
Ru 100 16. 67 5.00 100. 00 30.00
7Se 150 25.00 7.50 150. 00 45.00
"Ag 150 25.00 7.50 150. 00 45.00
5Pt 100 16. 67 5.00 100. 00 30.00
'Li 3% 550 91. 67 27.50 550. 00 165. 00
21} 1200 200. 00 60. 00 1200. 00 360. 00
“'Ba 1400 233.33 70. 00 1 400. 00 420. 00
“Mo 3000 500. 00 150. 00 3.000. 00 900. 00
SCu 3000 500. 00 150. 00 3.000. 00 900. 00
153 6 000 1000. 00 300. 00 6000.00 1800.00
Cr 11000 1833.33 550. 00 11000.00  3300.00
T A 13000 2 166.67 650. 00 13000.00  3900.00

BTN Ti T ER A S R E ) R 2 R AT ICP — MS 35
FE MR b 25 Rhou 3R A B iy i 6, LAk — 2D 4a il iR
Fr Y it o
3.2 REWIT

AR ICH Q3D (R2) TR A% o4 3 J5 U ) 5 45 It
FIREE PRI = 4 H foVF 25 it (PDE) / il 51 £ K H 5
it ] RS S R S me IR B iR H R 6
FUA% A 85 0. 4 mg (YR Jr e K H A 1R .25 3
BR[13 — 14 ] F0 KRN 245 & 48 3 )5 (EMA) “Guideline on
The Specification Limits for Residues of Metal Catalysts™ i
VT TiTCRIBRAE A TC R MR I AR 30% FRIEE
3.3 tFmETAbIE

o T HE i AN BB 58 0 T 25 FE A, BOCA I rh ok
JH S T T2 1% S B ik 10k %o AR ot A7 T Ak 3L Rl T
fife R v I el B 07 3, TR P A A rh o PR | 5E 4
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x5 HRPTEERSEVNESER (ng/ F)
Tab.5 Results of the content determination of elemental impuri-

ties in samples (g / tablet)

o 3 1 2 3 4 5 6 7
"cd  0.0012 0.0011 - - - - -
PAs 0.0049 0.0031 0.0029 0.0023 0.0019 0.0021 0.0023
V. 0.0032 0.0052 0.0044 - 0.0009 0.0026 -
ONi 0.0217 0.0173 0.0096 0.0412 0.0183 0.0142 0.0069
®0s  0.0143 0.0054 0.0108 0.0085 0.0071 0.0049 0.0056
PSho0.0174 0.0078 - - - - -
YBa  0.1248 0.1257 0.0648 0.0514 0.0523 0.0426 0.0601
"Mo  0.0083 0.0023 0.0032 0.0033 0.0073 0.0041 0.0008
®Cu 0.0168 0.0155 0.0052 0.0048 0.0043 0.0053 0.0028
"Sp0.0215  0.0116 0.0177 0.0199 0.0129 0.0072 0.0114
PCr 0.0251 0.0331 0.0090 0.0128 0.0337 0.0256 0.0822
ST 573127 59048 0.0220 0.0100 0.0100 0.0111 0.0343

E:o- WBAAH R EREME LRAOEREHFEE
#roml g,

Note: — refers to those not detected;* refers to samples that exceed

the upper limit of the standard curve were diluted and reassay.
b IR A A5 1 DU T 3R o8 4 i 5, 4 v T AR 0
TH A 50 5 TR AT R R A B ol A3 VS T TR S R b
WV — 20, R o] R4 R AN SZ R
3.4 HHKETERG

257 I, ICH Q3D (2R){IT &K 4= T 45 S J5 ) v
FILAE 19 24 Fh o R Ti G F 1Y B i Y I T4 1 B,
FIIEIR R A = ik B P A R 2 R A A S A
WA RES I AW TR 44 B RE B A A ], JC R 42 K
Ik

ABFFEEE R WoR R AT 1 250K As TR A )
A A LA AR A Cd T ER 5 2A 20T
FE VIR NI TR AL TR B h A R R 2B 28
TCRANA Os TR A MM ;3R T E RS HE
B (EBR B R/ AR T B, JRURS: S A1 5 i i
F AR Tioe 2R 8 o LAY R iR rp Ti o %
B AR R 6 ng, SRR HAL ) K, Al ek
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