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[ Abstract] Objective Using inductively coupled plasma mass spectrometry (ICP-MS)
combined with chemometric methods, to determine and analyze the content of 26 inorganic elements
in Aconitum vilmorinianum Kom. from different regions, and to evaluate the influence of origin
factors on the quality of Aconitum vilmorinianum Kom.. Methods Microwave digestion-ICP-MS
was used to determine the content of 26 inorganic elements in 57 batches of Aconitum vilmorinianum
Kom. samples from different origins, and principal component and cluster analysis were combined
for data processing. Results It showed that the contents of Cu, As and Pb in 14 batches exceeded

the limits specified in the Chinese Pharmacopoeia (2025 edition). The origin factor resulted in
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differences in the content of 9 elements, 16 characteristic elements were ultimately identified related to the origin,

and Aconitum vilmorinianum Kom. was classified by differences in elemental content. Conclusion The quality

of Aconitum vilmorinianum Kom. is significantly affected by its geographical origin, and the analysis method of

this inorganic element can be effectively used for its origin identification and quality assessment. Additionally, this

study provides theoretical basis and scientific support for the production of high-quality Aconitum vilmorinianum

Kom. in different regions.

[Keywords] Aconitum vilmorinianum Kom.; Inorganic elements; Microwave digestion; Inductively

coupled plasma mass spectrometry; Chemometrics; Content determination; Analysis; Geographical origin

WHELRERAMEY Sk (Aconitum
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TR BRI SRE IR 1 B L Sy rp R YR,
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B TR % 7 (inductively coupled plasma mass
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1.1 FENEH

iCAP RQ HLIEFE G 45 B IR BT ( S [E2§
BRI R AR E] ) 3 Multivave PRO 0% TH
fEAL (B MR ZE AR MAA FR A ] ) 5 Sartorius SQP
R A AT ROF (AU P2 FIHTRL AR A BR
7] ) 3 Chorus 1 Complete #E 4L KA ( J [ gl 7
KA PREEARA R AT )
1.2 FEHRGIAF

K (Hg) HICEPRER I (5. 24D40586,
R . 10 pg/mL) 14 (Au) HITRIRUER
W (5. 23DB0457, JEEWE: 10 pg/ml) 1
A E XA 4R X BT Rt £
ERMEIRW [ 42 (Rh) Bk (Re) , NBFY8 vk
WEEAR A B2 ]S « 24060588 , JiT e
10 pg/mL]; ZFPICEIRGER R (Ag)  F(AL) |
T (As) . Bl (Ba) . B (Be) 8 (Bi). 45 (Ca) .
B (Cd) . # (Co) . % (Cr) . 4 (Cs) | 4
(Cu)  # (Fe) . 8 (Ga) . #l (In) | £/ (K) .
BRCLD) CBE(Mg) 46 (Mn) . 48 (Na) (BE(ONi) |
i (Ph) . #n(Rb) i (Se) . #8(Sr) & (TI) |
BoCu) L BL(V) LB (Zn) , EEEFERHEA
FRNE], 45 CL5S1-078CRYA, #&ICE Fiinik
JEXI M 10 pg/mL]; iCAP Q/RQ P& [ 81 (Ba) .
B (Bi) | 4l (Ce) . % (Co) . 4 (In) . £
(Li) . 4 (U) , SEEFER CHRBMARAH,
LS. S55602.AP, £ ICE RN 1 ng/L];
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Table 1. Information of 57 batches of Aconitum
vilmorinianum Kom. samples
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P SRAEH SREEAEAY
S1~82 LI AN TH T 20174
$3~86 LIS TH T 20184
S7 LIS TH T 20214F
S8 LI AN TH T 20224
S9 B 20174
S10~S11 B AR 20224
S12~S14 EBHZR)IIX 20184
S15~S16 EBHZR)IIX 20194
S17~822 Rt B 20184
$23 Rt B 20214F
S24 EARTIPIF/ENITRAS 20174
$25-~828 EARTIPIF/ENITRAS 20184F
$29 EARTIPIF/ENITRAS 20194
S30 EARTIPIF/ENITRAS 20214F
S31 EARTIPIF/ENITRAS 20224
$32~833 EARTIPITFE:Y/ €5 20194
S34 BT TR 5 20214F
$35~841 BT TR 5 20184
S42 BNV TR S 20224
S43~548 WE IR B 20184
$49~850 FKELMIEG P B 20224F
S51 s i i 20224
S52 HE N k22 L 20224
53 A AT L 20224F
$54~856 it B A A LR T 20224
857 fr il 20224

2 HEEHER

21 UHBIEEH
210 BRORH AL AR S

SR O TH ff vk X S AT AT AR B, HLAKR T
BT : 0~5min FHEZE 80 C, F£FF S min;
10~15 min FHEZE 160 °C, {££F 5 min; 20~25 min
THEZ 180 °C, #4F 20 min.
2.1.2 1CP-MS A&+

HL B A5 B R B AU AR SR
T HHSIIE 1550 W, BALEIRE N 2.7 °C;
*H KED ( Kinetic Energy Discrimination ) L,
LR R A RFEIREE R 5.0 mm; %R
R ESECH . XIS 140 Umin, L2530
1.0 L/min, #iPh’< 0.8 L/min, S/ SRR
i 5 L/min; SE3NZE 530 40 v/min, 5B S E]Y

0.03 s, BENFEMIERME 3K; LLRh Al Re A
WHRICER

22 AiEHFIE

221 ARERINIER

0 W 22 e IR A WO He F T R bR
WL, R 5% HRK I REATE R, Hlas
B 0.0, 1.0, 5.0, 10.0, 50.0. 100.0 ng/mL Y £
FICRIRAPRER IR L 0.0, 0.5, 1.0, 2.0,
4.0, 5.0 ng/mL 1) Hg JCEIRERFNE
222 AulRBEIRR

¥ Au FRIT R AR UETS W 5% T R 7K I35 T
BEZE 1000 ng/mL, ER Au brofEfd WK
223 ANIFER

K2 W BL— 2 AR BLUY Rh, Re ZIC R bRl
W, H 5% WRKERRBER 100 ng/mL, {ERH
PRI
224 BEXSmEiR

R B G2 Ve . T, Bt
80 Hfii . Ki% IR 03 ¢, B FIEGHFHIER
VSR Z M T A EE N, INAERR 5.0 mL, % “2.1.17
T U A () R 7 2R A T O T o T A S
JEEHI BRI, RS MA 0.1 mL Au AR FHR
(1000 ng/mL) , HEBZAIKEZRZE 50 mL, #2],
RIS AR . D BORR A1), [R) v il 2
25 AW
2.3 EiEATE

K H WPS Office Excel #44: #E47 504 118
54 H OriginPro 2025 #{4 #4788 e i1
55¥r.

2.4 TFHHER

TR T EmE O R, A
58 R KED B (ZCRiE ) , A R0 BRIR
HRVETIN, ZRFE TSGR 7T
o, BERKTIRGSRE, FEHES I E
SHRRE .

FEBHRAL PR, BRI R0 W A D R
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FIBRAE S 25 AR E(E . AR AR W] A RO R 58
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FE S ARG 25 SR A )

25 ZMeE. KWHRMESR

AR B R ERE, FFNRESRE
Je , KB bR IE RIS PR AR RS |
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Table 2. Results of linear equations, linear ranges, detection limits, and quantification limits for 26 elements

JLE By VB (ng/ml) r R (mg/kg ) AR (me/ke)
Be Y=116.732 3X+5.480 2 0~100 0.999 6 0.015 0.051
Na Y=1255.549 3X+33 745.280 5 0~100 0.999 4 0.341 1.125
Mg Y=477.269 9X+1 112.779 3 500~2 000 0.999 8 0.095 0.315
Al Y=98.782 6X+116.010 3 500~2 000 0.999 9 0.130 0.428
Y=351.389 2X+9 772.928 3 500~2 000 0.999 4 0.482 1.591
V Y=11 266.800 4X+676.604 8 0~100 0.999 9 0.003 0.011
Cr Y=17 864.694 4X+3 192.376 7 0~100 0.999 9 0.003 0.009
Mn Y=6747.844 3X+638.144 1 0~100 0.999 9 0.005 0.015
Fe Y=14 147.805 8X+19 117.567 1 500~2 000 0.999 9 0.016 0.053
Ni Y=21 070.644 9X+3 829.137 6 0~100 0.999 9 0.002 0.006
Co Y=33 891.360 5X+1 829.641 6 0~100 0.999 9 0.001 0.004
Cu Y=24 463.543 5X+5 164.869 4 0~100 0.999 9 0.003 0.011
Zn Y=4729.499 5X+1 821.106 1 0~100 0.999 9 0.006 0.019
Ga Y=6259.755 6X+672.810 6 0~100 0.999 9 0.003 0.010
As Y=1380.165 6X+86.418 9 0~100 0.999 9 0.007 0.024
Se Y=157.569 5X+630.430 8 0~100 0.999 6 0.082 0.270
Rb Y=3827.923 6X+228.886 5 0~100 0.999 8 0.007 0.023
Sr Y=4861.369 1X+376.516 4 0~100 0.999 9 0.001 0.003
Ag Y=46 820.158 9X+2 691.080 7 0~100 0.999 5 0.005 0.001
Cd Y=6 577.522 0X+333.190 3 0~100 0.999 9 0.002 0.006
Cs Y=23 136.390 8X+1 234.827 5 0~100 0.999 8 0.002 0.007
Ba Y=31 326.045 6X+7 630.725 4 0~100 0.999 9 0.002 0.005
Hg Y=16 840.919 2X+258.404 7 0~5 0.999 2 0.001 0.004
Tl Y=135978.406 5X+8 763.337 8 0~100 0.999 6 0.001 0.005
Pb Y=92 023.460 8X+9 906.088 3 0~100 0.999 6 0.004 0.014
4] Y=188 939.724 4X+11 497.415 3 0~100 0.999 5 0.002 0.006

2.6 EEMHAW

K B FRIU A — X B B S SR 12 07, &
0.3 g0 Hrr, /i 6 RS 14, BHiER “2.2.47
TR Jy il s A o T e s 5 6 I fEA
F24, MEMA—ERmNZITRIRGIRERIS,
[FIREE “2.2.47 TR Jik bl & st st im o F A i
o AR 2 25 R I S RSD, 45
W52 3, 26 FioC & & 811 RSD 75 0.2%~3.2% Z |H]
(n=6) , RUIAINEMELGIERL
2.7 fmEEEK RIS

MRYEAE G &S TT RS2, R B
EST AP TEST . 1 HINE Be %5 18 FhC R .
K FREURE S AR 0.3 g, A 5IIMAAL, H. &
3R B A IR B PR AEA I, B Ao
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2.8 BENELR
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57 L RE S R 21 FOCHLIC R 1A
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Cr. Mn. Fe, Ni, Co. Zn. Se FFIHMEITE; *R3 EEMRWER (n=6)
PA M Be. Al, Ga, Rb, Sr. Ag, Cs, Ba, T, U Table 3. Results of repeatability tests (n=6)
FHBMEEABRRTHE. Hob, Be MAgle T Lo LMy BB
SHPEFTIRR N, R ARIET 50%; Cs, Tl ) e - B
MU BRAR GRS, BRI, Al 4980.744 1.6
A 0.3 me/kg. K 4704.905 0.4
2.8.2 Cu, As, Cd, Hg, Pb5fF T £ 4 N 13638 06
ERLLR W e o
o 45 2R 8 s, 57 4t B H SRR i Cu, Fe 2270.765 0.4
As. Cd., Hg. Pb W& EILALTS (hEZG5H (2025 Ni 11.789 28
A ) ) AR & BR B SR (Cus 20 mg/kg, Cu o141 02
As<?2 mg/kg. Cd<1 mg/kg. Hg<0.2 mg/ke. o ZZZ -
Ph< 5 mgkg) , {EA7A 14 HLRE R AF1ETE 2 AR . son 0
MG, NEESEBEE 24.56%, HARNLFE 7, Hrp Rb 21.428 0.5
P HLMAS TR R, A 24 (g5 S1 Sr 9.266 32
F1S2) [FIRAFLE As Fil Ph 5 BRI S " . »
2.9 WEITEFSH sl Be 8419 3
291 RIMTE IG5 Co 9.680 0.5
IS TR R AT A RS, IR Se 8.873 24
Ao R B AR B 22 O i R AG HE Y Be, Se Ag. Ag 8325 02
Cd. Hg, TI, U 7HGEE, J5RIAK 19 HERi s - o o
R ZPREAE S T OriginPro 2025 2/ He 8.358 13
WA MR, B 57 LI FE ARSI 2o 12 4 g 8.382 02
9 (A~L) . U 8.721 1.1

R4 18MIT R MBI RINELER (n=9)
Table 4. Results of spiked recovery tests for 18 elements (n=9)

s A JAH AR PIEE TFHEL RSD e A JRAE AR CPIWEME FHEN RSD

(ng/mL) (ng/ml. ) (ng/mlL) K (%) (%) (ng/mL) (ng/mL) (ng/mL) E (%) (%)

Be 0.000 20 20.428 102.1 42 Rb 42780 20 63.267 1024 1.7
30 31.585 105.3 30 71.960 103.9
60 58.076 96.8 60 102.969 100.3

\Y 12.228 20 30.756 92.6 2.1 Sr 40.890 20 62.530 108.2 4.6
30 41.029 96.0 30 72.594 105.7
60 67.840 927 60 100.382 99.2

Cr 29.802 20 49.575 98.9 4.9 Ag 0.060 20 20.890 1041 48
30 62.412 108.7 30 32.109 106.8
60 93.789 106.6 60 58.424 973

Ni 21.850 20 41.190 96.7 45 Cd 2352 20 23.464 1056 47
30 49.298 915 30 31.961 98.6
60 81.998 100.2 60 60.315 96.6

Co 2334 20 23.735 107.0 37 Cs 0.942 20 21.225 1014 26
30 33314 103.3 30 31.705 102.5
60 61.997 99.4 60 59.520 97.6

Cu 73.530 20 92.085 92.8 3.5 Hg 0.126 0.5 0.725 119.8 4.3
30 100.882 91.2 1 1.133 1112
60 132.062 97.6 4 4583 1114

https://yxqy.whuznhmedj.com
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Zhka
P AJRAE AR CEEIEE PR RSD e AR CFEIEE PR RSD
(ng/mL ) (ng/mL ) (ngmL) X (%) (%) (ng/mL ) (ng/mL) 2 (%) (%)
Ga 38.106 20 58.667 102.8 45 Tl 20 20.875 102.5 3.4
30 71.483 111.3 30 33.081 109.1
60 100.234 103.5 60 65.600 108.7
As 4.860 20 24.908 100.2 4.0 Ph 20 36.340 103.6 33
30 34.856 99.9 30 45.604 99.9
60 60.830 93.3 60 79.644 106.7
Se 0.000 20 18.614 93.1 3.7 U 20 19.830 96.4 4.7
30 27.481 91.6 30 29.029 94.9
60 58.982 98.3 60 64.323 103.5
=5 SHIILEMMEEKRIXIGER (1=6)
Table 5. Results of spiked recovery tests for 8 elements (n=6)
JLR AJEAE (ng/mL) JmA#: (ng/mL) SEEMESE (ng/mL) SR (%) RSD (%)
Na 70.068 100 175.432 105.4 1.0
Mg 4745.121 3000 7 806.525 102.0 1.8
Al 3581.889 3000 6 622.575 101.4 0.5
K 19416918 3000 2572710 105.2 32
Mn 149.226 100 248.178 99.9 24
Fe 2 006.589 3 000 5124.496 103.9 2.6
Zn 92.328 100 195.987 103.7 2.7
Ba 40.932 100 144.623 104.9 3.3
6 21T TREMEICE (7=3)
Table 6. Summary of detection values of 21 inorganic elements (n=3)
Ui JCHR MR (%) A (mg/kg) e fE (mglkg) FHME (me/kg)
HWHITR Na 100 8.376 366.769 44.697
Mg 100 892.406 2730.121 1434.298
K 100 3794.111 14 580.846 7316.245
W T TC R v 100 0.401 27.366 5.400
Cr 100 1.566 17.727 4.997
Mn 100 13.801 200.679 71.366
Fe 100 162.738 4266.061 1194.378
Ni 100 1.360 16.188 5.774
Co 100 0.138 2271 0.713
Zn 100 9.714 42.039 21.320
Se 64.91 0.145 0.850 0.434
AR IR Be 29.82 0.006 0.222 0.100
Al 100 338.934 5519.863 2087.517
Ga 100 1.690 27.169 7.199
Rb 100 3.113 43.241 14.585
Sr 100 3.070 43.998 15.312
Ag 45.61 0.001 0.029 0.004
Cs 100 0.038 0.864 0.255
Ba 100 3.269 47.358 14.330
Tl 92.98 0.006 0.169 0.049
U 92.98 0.007 0.420 0.098
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R7 BEESHCu, As. PEIBIRIER ST
Table 7. Statistics on excessive levels of Cu, As and Pb in Aconitum vilmorinianum Kom.
JLHR AL S SRR R A
Cu S38. S41 BV (24)
As SI., S2. S4. S6. S7. S10, S11, S25, S26, O IETE (54D . BREITTE LI (k) |
S27. S30, S31 AT AR (k) o Zom My vE i (54)
Pb S1, S2 LA IHT (241)

Xt 19 BICHLoT R AT 538 (principal
component analysis, PCA) , KRHEFIE IS
BedETrik, AR 5 MREER T 1A E R
¥+, FEit I ZTTEkE N 81.071%. 45 F R
TEAEL . 7 22 DURRAE S i DX 7S B AR WL 8 I
% 9. MR AT, AROTRAES EIr
TR TTRRAR BEAAE 22 5% ALL Fe HI Ni 25205
W—FWSr; Cu. Ga. Sr Ml Ba 5% = F W%
YIMHE s Na, Zn, As, Cs. Pb X505 = E i B
AWFEN; FMHERSFES Mo MK B
TP E K, Cr. RbAFITHR .

AU, EESRRHETCHICR F
f14E Al, Fe, Ni, Cu, Ga, Sr. Ba, Na. Zn,
As, Cs. Pb, Mn, K, Cr, Rb 16 Fiot %, T
PCA R ENFE AR AT SR LI 1o
29.2 REHH

JH OriginPro 2025 F X} 57 b 88 B 5y R i i
TR HMT (cluster analysis, CA) , ZHrg5H I
K2, IRIERESIRIR, 57 #HEBEE kLSl R o0
4 A B o AN bl PR AR b A A5 280
(3 ATAFAE—E 2257, FUAIY 73 845 R SrE it IH
JEEOLILEE 10,

x8 THSFHEER T ERHE

Table 8. Principal component eigenvalues and variance contribution rates

B % FHIEE i 2 TTHE (%) I ik (%)
1 6.998 36.835 36.835

2 4.137 21.775 58.610

3 1.567 8.250 66.860

4 1.476 7.771 74.632

5 1.179 6.208 80.841

R HELBHRIHNSREREEER
Table 9. Rotated load matrix of principal components for Aconitum vilmorinianum Kom. samples

JLHR B 7 Fnsr2 Fnir3 B SR
Na 0.096 0.092 -0911 0.116 0.415
Mg -0.004 0.332 0.090 -0.064 -0.108
Al 0.862 -0.070 0.007 -0.031 0.052
K -0.022 0.333 0.122 -0.149 0.926
AY 0.345 0.015 -0.132 -0.181 0.040
Cr 0.287 0.075 0.110 0.202 0.816
Mn 0.093 0.068 -0.114 0.898 -0.074
Fe 0.853 0.034 -0.193 -0.132 0.025
Ni 0.864 0.055 -0.126 -0.081 -0.003
Co 0317 0.029 -0.294 -0.017 -0.153
Cu 0.109 0.883 -0.012 -0.377 -0.386
Zn 0.145 0.213 0.829 -0.068 -0.114
Ga -0.036 0.932 0.179 0.213 0.025
As 0.260 -0.122 0.877 -0.082 0.192
Rb 0.800 0.015 -0.083 0.294 -0.917
Sr 0.086 0.887 -0.052 -0.071 -0.104
Cs 0.292 -0.160 0.841 0.076 0.079
Ba -0.047 0.934 0.146 0.229 0.010
Pb 0.227 -0.214 0.818 0.149 -0.107
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PC2 (21.8%)
= N T S N -

S :
-14-12-10-8 -6 -4 -2 0 2 4 6 8 10 124, « b T T T . r
PC1 (36.8%) M 0.0 0.2 0.4 0.6 0.8 L0 1.2

E2 AR EESCAE
Figure 2. CA diagram of Aconitum vilmorinianum Kom.
from different origins

Bl AR~ HEESPCARSE
Figure 1. PCA score plot of Aconitum vilmorinianum Kom.
from different origins

R10 BEEBANMREADINER
Table 10. Analysis results of the four clustering groups of Aconitum vilmorinianum Kom.

R4l AL FERHEICR JER F KT fRFe7= 1
R4 21 Fe, Al, Zn, Cu, Pb =3 ANHTT . W@
A2 18 K ICR B thag ESES R T}
RA43 11 Na. Rb, Sr. Mn. Ga IR R A E . HK R
RHH4 7 RPN {liS SRR AR R
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