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[ Abstract] Objective To establish a systematic analytical method for multiple inorganic
elements in Rhododendron anthopogonoides Maxim. and construct its inorganic elemental
fingerprint, aiming to comprehensively evaluate medicinal quality and provide a scientific basis for

geographical traceability, quality assessment, and safe clinical application. Methods A combined
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analytical strategy utilizing flame atomic absorption spectrometry (FAAS), inductively coupled plasma atomic
emission spectrometry (ICP-AES), and inductively coupled plasma mass spectrometry (ICP-MS) was employed
to determine the contents of 15 inorganic elements (K, Ca, Na, Mg, Fe, Mn, Zn, Cu, Co, V, Se, As, Cd, Pb, and
Hg) in Rhododendron anthopogonoides Maxim. collected from 13 geographical regions. Principal component
analysis (PCA) performed, and an inorganic elemental fingerprint was subsequently constructed. Results The
established method was accurate and reliable, with good linear relationships between each element (=0.999
5~0.999 9), and an average recovery rate of 97.41%~103.38% (RSD=1.25%~2.72%, n=6). The first established
inorganic elemental fingerprint of Rhododendron anthopogonoides Maxim. exhibited consistent spectral
characteristics across samples from diverse origins. Correlation analysis revealed synergistic absorption trends
within groups: macroelements (K, Ca, Na, Mg), trace nutrients (Fe, Mn, Zn, Cu, Co, V, Se), and heavy metals
(As, Cd, Pb, Hg). Five principal components were extracted by PCA (cumulative contribution rate: 91.97%),
identifying Fe, V, Ca, Mg, and Zn as critical quality indicators. Comprehensive scoring highlighted superior
medicinal quality in samples from Beishan Forest Farm (Huzhu County, Qinghai), the southern slope of Daban
Mountain (Datong County), and Laji Mountain (Guide County). Conclusion This study innovatively established
an inorganic elemental fingerprint and a quality evaluation system for Rhododendron anthopogonoides Maxim.,
elucidating its elemental accumulation patterns. The findings provide methodological foundations and data
support for quality control, authenticity identification, geographical authenticity evaluation, and safe utilization

of this medicinal material.
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Table 1. Collecting regions of samples

G5 = KA AT 2 2 TR (m)
1 Rh070201 T Tl H a2 M 37°10123.9" 101°31'43.8" 2979
2 Rh070202 HEE Kl E AUl 37°19'4.5" 101°24'43.3" 3578
3 Rh070203 TR W L E 37°22'3.1" 101°24'17.6" 3723
4 Rh070204 T 1R ELF5 4w 37°22'55.7" 101°24'13.7" 3353
5 Rh070205 HIFA T TIREAIR M 37°23'28.6" 102°0'0.3" 3298
6 Rh070206 A H BRI 37°1'49.7" 102°15'12.7" 3025
7 Rh070207 WA BRI+ AR 37°0'56.3" 102°12'31.5" 3402
8 Rh070208 T BB AL A 37°0'7.4" 102°9'31.5" 3294
9 Rh070209 TR R IX ALk 36°44'37.5" 102°25'30.8" 3080
10 Rh070210 WA LRSI 36°17'22" 101°58'33.7" 3176
11 Rh070211 IR T E R 36°18'46.0" 101°37'42.8" 3304
12 Rh070212 T SR L 36°22'7.5" 101°28'34.9" 3521
13 Rh070213 T EIEM S 36°59'13.3" 102°3'0.1" 3187
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3 Co ZWEMHTIE Mn, Cu, Zn, Cd. Pb,
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SN 0.5 Limin, AP RN 0.5 Limin; 551k
1 179.27 kPa, BEBHZE 53 100 r/min, BE
SERTHEA AT E 15 s, Kk 4s, BOE2 %k, BOF
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AR RN EZR o BOET 2 ORI bR, e “2.27
TR LTI, DAL =3 A= 10 20560
R PR A P S50 2. ST RAEAH NI
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Fig “2.27 WUF ESHERENE 6 YK, Bk Heg It
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Table 2. Determination results of linear relationships, detection limits, and quantification
limits for 15 inorganic elements

TR B r LR (pg/l) KR (pe/l) ERR (pg/l)
Mn Y=4802.41X-1 881.63 0.999 8 0.3~100 0.081 0.252
Cu ¥=29208.65X+185.43 0.999 8 0.3~100 0.060 0.213
Zn Y=2 442.32X+837.42 0.999 6 0.3~100 0.047 0.150
Cd Y=11216.89X+451.63 0.999 8 0~100 0.005 0.020
Pb Y=43 312.78X+656.11 0.999 8 0~100 0.001 0.004
Se Y=44.36X+12.38 0.999 6 0~100 0.015 0.053
As Y=1498.75X+30.92 0.999 9 0.1~100 0.013 0.044
Co ¥=39251.60X+1 450.31 0.999 8 0~100 0.004 0.015
\Y Y=22 070.60X+724.64 0.999 6 0~100 0.003 0.011
Hg Y=11944.30X+413.61 0.999 5 0~100 0.005 0.015
Fe Y=3394.50X+213.61 0.999 7 100~20 000 8.630 26.130
K Y=252.16X+17.00 0.999 8 100~2 000 5.370 17.910
Ca Y=221.33X+212.74 0.999 8 100~2 000 10.150 33.160
Na Y=573.27X+324.58 0.999 9 100~2 000 7.750 25.850
Mg Y=421.66X+213.76 0.999 6 100~2 000 1.270 3.830

https://yxqy.whuznhmedj.com



ZHEHEE 2026 £ 4 BE 30 55 4 HA

233 FHEMHIKE

] — ek (5. 4) B9ZFE AL BS B K
6y, % “2.1.37 Wi NIk Al e 6 ik i
VWL, FPHE “2.27 TR SRR E LR &,
Bk Heg TGERE A AL, TR RS TR EEN
RSD 7¥ 1.45%~2.90% Z 1] (n=6) , FWHIZITE
EIE R, ATAbE R Al EE
2.3.4 FET MR

R —HEk (25+2) CA&MFCE N FIRE
FESOEK AT (G5 4) , & “22” TR
B, BT 0. 4, 8, 12, 24 h FHAFINE, 5 Hg
JCEAKSL, AR RS ITE G BN RSD 1£
1.18%~2.69% Z 18] (n=5) , WML 5% 7
24 h WG Mk RAr 1Y
2.35  AwAREDRCE R I

KR & TR T /NS (R 4)
WA 61y, B2 0.25 g0 AHIMERIMAML, H .
= 3O A PR R W, 4TI T & 1
P R 2 R AR 5 /1 50% . 100% F1 150%
(REMAOEAT 20y ) o # “2.1.37 TR kil 4
BER SR, IR 227 TR & TN E, 3t
AR 15 FPOTE M RN 97.41%~103.38%,
RSD } 1.25%~2.72% (n=6) . 4558%H, K&
) SF- 25 [ i SR 241 b T 959%~105% 1Yy W AT 432323
BN, 207 kR RAr, v FRIE RS e
BTG AR 2 a1
24 HmHEENE

It R B0 A A RS A S A W, R <227
T B 97 0 B A AL RS TR ARG 15 R EHLT R,
R L 3 A 1. g5 REW, REICEEF

607

WS R, HR—IuRAEA R
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R, omimm THATR, X5EESR (K.
7 200~8 800 pg/g; Ca: 4 500~8 700 pg/g; Fe:
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As. Cd. Pb EICRM G 2 AR RE 6,
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M RERIX EAC IR ) 7E Fe o0 R M & i
5 H AR AEAE B 25 5 X 2 H 77 1l
PEA PR 7 o — S0 A S PR PR R 2 5 )
PRt T BB S

2.5 HIBAIBS5%ZIT0H

K SPSS 25.0 147 PCA FAH IS4
TE BRI S B R SRR, PCA 43 BT TG
A TG ER 1 S5 0 vk B U SR AT Z—score FRifEFLAL
B, fHISERS 0. BREER 1,

[, e P Bt S 3 v X L B
PRIRRIC R, BB TR S AT T k40
Jie MCHE M ER AL R R, ST T RR
URUR BRI, RN B G — 4 i A A A A
HIXME (29 1~100) .

TR, LRARIEA S S 8 U B

%3 1B EHEAM 1SN TEEE (ng/g, n=3)
Table 3. Contents of 15 inorganic elements in 13 batches of Rhododendron anthopogonoides Maxim. (ng/g, n=3)

As Co v Fe K Ca Na Mg

0.70 0.60 1.6 9400 7600 4500 1100 1100
0.50 0.40 1.2 7400 8000 5100 1300 1200
0.90 0.60 1.2 7100 8400 6800 1500 1400
0.50 0.50 1.2 7100 8000 5300 1100 1400
0.60 0.80 1.0 6800 8200 5200 1100 1500
0.80 0.80 1.5 9100 7700 6000 1200 1400
0.60 0.50 1.6 10500 8500 8700 920 1600
0.60 0.60 1.7 1100 7600 7500 900 1400
0.06 0.60 0.3 32 6800 8400 940 1400
0.60 0.50 1.4 9000 7400 6000 880 1100
0.60 0.60 1.6 10400 7500 7100 880 1200
0.60 0.70 1.9 11000 7200 5900 960 1100
0.50 0.60 1.0 6800 8800 8200 680 1700

95 Mn Cu Zn Cd Ph Se Hg
1 33 7 34 0.4 10 0.10 —
2 25 8 28 0.2 4 0.06 —
3 66 7 28 0.2 3 0.09 —
4 26 10 26 0.2 3 0.10 —
5 24 8 27 0.1 2 0.07 —
6 35 7 32 0.2 4 0.30 —
7 32 9 30 0.2 4 0.03 —
8 41 8 32 0.3 7 0.06 —
9 24 7 33 0.2 2 0.00 —
10 25 10 24 0.2 4 0.03 —
11 33 9 38 0.3 9 0.06 —
12 32 9 35 0.4 7 0.06 —
13 25 8 26 0.2 4 0.10 —
E: =7 ATAFEAKEE
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Figure 1. Heat map of 15 inorganic elements in
Rhododendron anthopogonoides Maxim.
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Figure 2. Inorganic element fingerprint spectrum of
Rhododendron anthopogonoides Maxim.
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Figure 3. Correlation heat map of inorganic elements
i#: 'P<0.05, "P<0.01, "P<0.001,

2.8 AERHFMAEMEBHERELIITE
PCA

KMO M A & U] 7 i %0 ( Kaiser—Meyer—
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K, P AT IEFIEALIT R XA = M Z LA L RS i)
M EITITN . T &2 IEHLTE RS
BZ, FEZEFBEK, MOERE PCA XTI 5
PEIEAT A AL BRIS FEATIEAN, AR PRI 45 5
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P SIVE ¥ I M Y R Ok W [
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Oy FEZMLT Mn Al Ca JCE A5 E. Hibnl i,
AT 5 A ER LT T 10 FetlooR e
fFE.

MG F Ry Y, LS AT 51
B (25, FROEE AL M) AR, XA TE
& ERUr B AT INECKR R, SRR
LA MAETEN (£6) , £iB1R5r (F) it
SR

F=(M /2N x Fi+ (A2 N) x Fot(Ay/2N) x Fa+
AN X Fyoot(hs/ M) X Fs

F4 ERSHFHEERSTEER
Table 4. Eigenvalues and contribution rates of principal components

ey WIRRAEE FEHCT-J7 FIZRA
Bt JEAML (%) ZRADE (%) Mt TEADL (%) ZRESE (%)
1 2.774 27.739 27.739 2.774 27.739 27.739
2 2.076 20.764 48.504 2.076 20.764 48.504
3 1.684 16.836 65.340 1.684 16.836 65.340
4 1.491 14.912 80.252 1.491 14.912 80.252
5 1.172 11.720 91.972 1.172 11.720 91.972
x5 ERSHEF T
Table 5. Factor loadings of principal components
B % Mn Zn Se Co \% Fe K Ca Na Mg
1 0.324 0.506 0.386 0.252 0.830 0.738 0.299 0.562 0.298 0.689
2 0.538 -0.424 0.579 0.230 0.073 0.159 0.794 0.065 0.513 0.539
3 -0.008 0.210 -0.11 -0.006 0.490 0.569 0.289 0.610 -0.689 0.365
4 0.040 0.505 0.437 0.824 -0.229 -0.284 -0.315 0.249 -0.104 0.245
5 0.739 0.337 -0.351 -0.234 -0.051 -0.122 0.115 0.439 0.331 —-0.045
*6 HRERNESERHF
Table 6. Scores and rankings of the main components of the sample
Herw i F, F, F, F, F, F
1 6 1.69 1.78 -0.44 2.24 -1.02 1.06
2 3 0.15 2.68 -1.135 -0.29 2.49 0.71
3 12 2.35 -1.34 0.54 0.43 -0.05 0.56
4 8 0.70 —-0.18 1.52 0.05 0.72 0.55
5 11 1.33 -1.41 1.16 0.51 0.63 0.46
6 1 2.012 -0.58 -0.72 -0.23 -0.25 0.27
7 7 -1.01 0.59 2.33 -0.85 0.54 0.18
8 5 -0.82 0.89 -0.84 0.78 -1.37 -0.24
9 13 -2.74 1.063 1.68 0.21 -1.02 -0.37
10 4 -0.61 0.42 —-0.87 -1.02 -0.85 -0.52
11 2 -0.06 -0.14 -1.55 -1.95 -0.13 -0.66
12 10 0.01 -1.31 -0.28 -1.66 -0.77 -0.71
13 9 -2.99 -2.47 -1.38 1.80 1.10 -1.28
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Figure 4. PCA score plot of Rhododendron anthopogonoides
Maxim. samples from different regions
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