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# E: BB 7B A% TR % (inductively coupled plasma mass spectrometry, 1CP-MS)]v] s} il
FERRIE B KRR 25 P BT R S BNk, TEMARGIAR B XEE S RRP TR A REER . AE X
BT 8 ANELIX 39 1 L R BRAE S AT IR0 T A%, SR ICP-MS Mg Horp 25 FoT R i iR R
R ERERR . A KR D3R By VR A, ) B A N S SRR BT R TR s B IR e
A, S AR HT T s H 9 32 A4 43 BT (principal component analysis, PCA)FIIESE i fe /) — 3 4051 4
#r(orthogonal partial least squares discriminant analysis, OPLS-DA)ZEAT /= #isr AR, &R FHHELAMUXERR
15 (r>0.995), T MECHRT AR DR 224 0.8%~7.1%) FIAER P IR IR 93.2%~106.5%) i I 2% 2 3 B i 3
BRI BC R & i w HE K AR Na BOCERFED ., @ f8 5085 ¢ K. Fe. Mn, Zn, Sr. Ba, Al
JLER M iE %%WE‘J%EE%; FIFH PCA 11 OPLS-DA REW8 52 BUA [ B IX W3 5 KR HI AL X 43, ik i Fe .
Al. Mn. Sr. Ba. K. Zn 7 Fou g XA R X WS KRR ZER ) T 8EH. 458 ICP-MS fgignl
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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of 25 kinds of
mineral elements in Zhaotong Gastrodia elata Blume by inductively coupled plasma mass spectrometry, and evaluate
and distinguish the differences in element content among Zhaotong Gastrodia elata Blume samples collected from
different counties and districts. Methods The 39 samples of Zhaotong Gastrodia elata Blume collected from 8
districts in Zhaotong City were subjected to microwave digestion, and the concentrations of 25 kinds of elements
were determined by ICP-MS. The validity of the method was verified through linear relationships, limits of detection,
limits of quantitation, repeatability and spiked recovery rates. A fingerprint profile of mineral elements in Zhaotong
Gastrodia elata Blume was established, and statistical software was used in conjunction with principal component
analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) to perform origin analysis and
identification. Results The results showed that the method exhibited good linearity (»>0.995), high repeatability
(relative standard deviation of 0.8%—7.1%), and high accuracy (spiked recovery of 93.2%—-106.5%); the analytical
results indicated that Zhaotong Gastrodia elata Blume was rich in mineral elements and exhibited distinct elemental
characteristics of high potassium and low sodium. Through fingerprint analysis, elements such as K, Fe, Mn, Zn, Sr,
Ba, and Al were identified as characteristic elements of Zhaotong Gastrodia elata Blume; PCA and OPLS-DA could
be used to achieve preliminary differentiation among Zhaotong Gastrodia elata Blume from different counties, with 7
kinds of elements (Fe, Al, Mn, Sr, Ba, K and Zn) identified as playing a key role in classifying samples from different
production areas. Conclusion The inductively coupled plasma mass spectrometry method can simultaneously
determine multiple metallic elements in Zhaotong Gastrodia elata Blume. By analyzing the content and variation
patterns of mineral elements in Zhaotong Gastrodia elata Blume, this study provides a reference for the mineral
nutritional evaluation and quality safety risk assessment of Zhaotong Gastrodia elata Blume, and offers data support
for its diversified resource development and utilization, product promotion and traceability.

KEY WORDS: Gastrodia elata Blume; inductively coupled plasma mass spectrometry; mineral element, principal

component analysis
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KK EL G L Tt b 2 —, = FHEY) KR
(Gastrodia elata Blume)f®) THRRZE, /™ F=m. 5.
DO T BRI S Rl LA S RRR L £T KRR L 4k
KR BRIRFIFR R 5 FAR R A 3 WL, 1 RBR FARAR
P T EREER MRS YL E RO R SR 238 T 2 AR
JeFB X, i (P20 03k, KIBRH TIRIT Sk X
B AORA . KURFDR . FRAEERED B2
FERWRIE HAT RS T R o i Y
SRR, MR RGO | R A —
B TR & KRR . XA, BRI AR S
WESE Z R SRS, A A SRS E R Y, BA
B2 AmE . gRERMEm i EEE" 7, 2019 48 11
A 25 H, IR TARREZR 2 BE TSR T
K A RT R3S 9 R BT e BRAG G 2 12 i S

il

2k B R AR A T AR A ), DFSTOR R RN A 2
W H R E

B 30 2 4 ] A A0 AR 1) 5 KRR P AR A 0 X 118, 28 oy
CRIRZ A E KR Z 270 1546 T Yt BR (4 s |
A ISR, WE RIRLLAN R R
TSR, RIRE & w4 Ak, 2004 4E 3N [ 5
HBIEAT R AR AU R 2024 4R, W KRR EI AL E
ik 11.57 TTH, HaERRAE R 18.37%. =AW
89.91%, SEFRIBR7 & 5.82 Jif, HHLVIEMAL 10 I,
ZEATEEIE 93.91 A2cPY, BRI R, 6 C 3R
PR EE . R R AR BN R, R R
it HR 2 S SRR TR R . HRE, B S R
RBP4 G S AT A T AR P, HOC R R
FREARCR R D, b E R A R T, Ao
DABRIE T 8 ANASIA]EL X B 25 K BRAE fh M FTE 0 4, SRR
W i JE DA R B 55 8 TR BT 1512 (inductively  coupled
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plasma mass spectrometry, ICP-MS)XJ K JpEH 25 Fif™ Bt &
AR ALY A, ST W E 5 R T R R 4L
[zlij%#ﬂﬁﬁ?ﬁﬁ?ﬁ#, gl iR A 7 ik b A AR
43437 (principal component analysis, PCA)FI TF A2 fhifie /N —-
I ¥ 5] 43 ¥7 (orthogonal partial least squares discriminant
analysis, OPLS-DA)ZEAT ™ Hi43 #1251, LAk B3l 5 R
FRAHT BB SR BT i 2 R SR 3 it 52, LT
ZICATFRFI . 77 T I R A R A S 4%

1 MR5RE

1.1 MR5iRF
.11 M #

39 U S RBRAE AL R AR T TT, RATIZ 0 T4
bR A B A AETE” S R BRI IR TRE S B R 4R, B
ADTF 2.5 kgo FERAE XA H 0 B U XS FRATE 5 AR
FERL, B AU T BRI A R R, EEE N
100~150 g Jof IE Y EERIRE TR AS PR, PRgnic st
SREE BLAH GRS B R E R T S . BRAME B LR 1
1.1.2 AR /A s FoiX )

ICP A #TH 26 Fom RIR A b5 7 Wl (&
100 pg/mL, bk it EERAGRAF);, KF KR
MEVR W (B W E 1000 pg/mL). 6 Fh4x )8 o0 & MR IA
WO E 100 pg/mL, 178 AR RO A RA
Ay, S ERBERE 1000 ug/mL, HFEAGS
J& K B F AR AT ), JRISE R R R E 1 pg/L,
& PerkinElmer 23 A]); KoKF3H Pb, Cd. Cr. Hg. As.
Se 2 BT T ¥ B it (b 50 35 IE R B AR A BR A w1, 4R o 2
5 MRMO0834); fifR (B4, &hmH M B RD A

FRAHED; maiE A WA S (AhE =99.999%, BT
B RIARAE RTTAT A AD); —RaliK,

1.2 UFE5%&

NexION 2000G Hi %Al £ 55 B9+ IR Jot 3% 10 (36 1=
PerkinElmer /A r]); TANK S iE A . TK12 #EfR s (14
HFRERL XA A PR 1), CY-500A FYH8 75 i 22 T REM REHL
(i FETH HLAAT BR A |); AL204 B 43 B K7 (43
0.0001 g, Hi- LA FFEI-FCAI 224 7)); Milli-Q #E 4K HL(E
A )

1.3 5 %
1.3.1 AR aTa

i R PRAE fh U R 28 0, 60 °CHLT R IHE S
e 0.5 mm G . DA K- HERFREL 0.2~1.0 g R T
BRI RES, A 8 mL AMERINSEACE 1 h, eSS
PR T AR Y R T A . ARG, RIBHT TS
HR, FDRDOK PSRN R, 05 RERCE R 25 T 80 °Cl
POEERR 2 70, REEMIRRHAKER S 50 mL, RS &
FH o RN s 1

THAFFET R 10 min HFHEE 120 °C, {HiE 10 min;
10 min WA 120 °CFE ZE 160 °C, B 10 min;
10 min P M\ 160 °CFHEE 190 °C, fHE 20 min.
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ICP-MS piEFa%E 30 min JFH 1 pg/L FERXT
ICP-MS TAE&ME#E1F AL *Be>4500 cps; *In>40000 cps;
28U>60000 cps; Bkgd<4; **Ce0/'*°Ce<0.03; °Cet++/"Ce
<0.03, RAETIERE TR, REMUERAMIE 2,

F1 #RER
Table 1 Sample informations
FEGh g FEAEU 7L (e RS FEA B 7
YL1~YL18 18 ER AR A=Y DG1~DG3 3 R E TR
YS1~YS3 3 A 3 Tl k% B SI1~SJ3 3 A 3 T T B
ZX1~ZX3 3 I 3 Tl g B WXI1~WX3 3 3 Tl A B
ZY1~ZY3 3 FER I Y R YI1~YJ3 3 3 Tl e B
#F2 ICP-MS {XREITIEEH
Table 2 Operating conditions of ICP-MS instrument
INE e 338 W &S 21 WEH
SRR /W 1200 U A A A 1.0/0.4 mm, Ni 4
BB PR (Ar)/(L/min) 15 AL R /(L/min) 0.85
B B /(L/min) 1.2 B /(mL/min) 3
I A= A Bt R4 T kg
RAERE /mm 8 EV=R/¢ 3K
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1.3.3 ARk o) B b

PL 5% I A i Ra 7, (8 PR Wt v A% TG o=
9 100 pg/mL 26 FOCRIESHRER LT 100 mL 2550,
FeHRER 3 R Y BRI EEE R RO . B 2 mL GxprdE
TRWCT 1000 mL &8, LI SOH Al BT B 2 %1 B B i
RFRERAEF . FE 1000 pg/mL FRIRUER R, LIREER
BYHFRESR 0.00. 0.10, 0.50, 1.00, 1.50. 2.00 pg/L KR
HE ARV

Fie R 28 32 B e i 4 1 T = R BRI 67 %, Na
Mg. Al. K. Ca. Ti. V. Cr. Mn. Fe L *Sc JN¥5; Co.
Ni. Cu. Zn. As. Se Ll ?Ge HWMFE; Se. Sr. Mo, Cd.
Sn, Sb. Ba L) 'Rh Ky P#x; Hg., T, Pb. Lk *”Bi A xR,
N BRI VR BT B MR B Dl 100 pg/Lo
14 BUELIE

HARBEZNE 3 W, WELRUFHEER,
PCA FIRZEAHIR A Z 08 2= W ki SIMCA-P15 ik
TTAbER , Z34 7% 8 WS/T 476—2015 (EF41ARIE ). GB
2762—2022 { b Z A EZEIRE s YRR E ) (%

OGRS AR ) PUEErI 25 M FOCE SN 3
X, BN ANERLTFEEICE, 15 K. Ga, Mg, Na
4 Fp; 55 IR ATFRIAT BELATT MU JCE Fe, Mn. Zn,
Cu. Se. Mo. Co, V. Ni. Sr M AHI#iE) Ba, Ti. TI,

Sb At 14 Fh, =R TTE, WEESLEILE Pb, Cd.
As. Hg K EA BRI R REA #5019 Cr. Sn.

AlIL 7 Fifr,

2 HREDM

2.1 ZMXAEKRHRELE

RUEFRUE 30 min 582 LIS WAE 1.3.2 Pralflan 5
PEFUERE AT, ELEREREIE 11 WS 5 i 5
(CPS fE)MbriEdm 2, LA 3 f5brifElms 5 Eih 2 ihe
R FEAEAE A R BR, DL 10 fibn i 22 SRS HERT 2 A AR AY
FABAE Ry BB . 4% 1.3.3 BC il Ar rdn il R AR 7,
PADCER PR B A AL BR (X, /L) Frill e R A i 1o 5 B2
(CPS {E) W AFR(Z bRt LR, Zeth )y f S5 M e S 8K
L3 3. B 3 AL, 25 FpoC R 7E HR VL E N ek R

®3 BRUENEMEHREREXSHIIESR

Table 3 Verification results of linear equations and related parameters for each element

. [ A N o B ERER SERINER AR AR AE
GE RREEEEGL) AR HRRR ﬁ@@) e O
“Na 500~20000 Y=213600X+8286.1  0.999956 0.0582 0.1938 99.8 1.0
Mg 200~10000 Y=157524X+189371  0.999992 0.1159 0.3859 100.5 13
YAl 200~5000 Y=64838X+89751 0.999875 0.1231 0.4099 94.5 1.2
YK 500~20000 Y=197952X+14081 0.999959 0.7157 2.3833 103.2 1.5
$Ca 500~20000 Y=311.07X+74.993  0.999730 3.0480 10.149 98.6 2.4
i 10.0~300.0 Y=639.96X+1093.3  0.999999 0.0148 0.0493 98.5 1.4
Sty 1.0~50.0 Y=2266.5X-191.68  0.999989 0.0008 0.0027 97.9 1.5
2Cr 1.0~100.0 Y=3156.7X+5692.2  0.999843 0.0183 0.0609 95.0 2.1
Mn 200~5000 Y=1x10°X+307372 0.999949 0.1245 0.4146 102.1 1.2
TFe 200~5000 Y=64723X+74417 0.999984 0.1664 0.5541 96.5 0.8
%Co 1.0~50.0 Y=6804.7X-582.69  0.999992 0.0003 0.0010 98.9 1.7
ONj 1.0~100.0 Y=2080.5X+1383.1 0.999851 0.0098 0.0326 96.5 1.8
$Cu 200~5000 Y=5x10°X+940422 0.999985 0.0727 0.2421 102.5 1.0
7Zn 200~5000 Y=382658X+114501  0.999889 0.1096 0.3650 106.5 1.1
TAs 1.0~100.0 Y=323.67X+356.97  0.999924 0.0158 0.0526 96.9 4.0
82Ge 1.0~100.0 Y=17.035X-3.872 0.999803 0.0650 0.2165 93.2 7.1
88Sr 10.0~300.0 Y=1695.4X+38559 0.999990 0.0579 0.1928 98.3 1.7
%Mo 0.10~20.00 Y=3346.1X+643.67  0.999712 0.0010 0.0033 97.8 1.7
ed 1.0~100.0 Y=1006X+23.088 0.999939 0.0028 0.0093 97.2 3.8
1880 0.10~20.00 Y=1842.5X+771.5 0.996864 0.0026 0.0087 95.3 1.6
12ISb 0.10~20.00 Y=1905.1X+1684.9  0.999988 0.0070 0.0233 97.6 1.8
13%Ba 10.0~300.0 Y=5518.5X+323929  0.999999 0.2137 0.7116 98.5 2.6
Mg 0.10~2.00 Y=6737.0X+92.049  0.999577 0.0009 0.0030 101.3 2.0
2051 1.0~50.0 Y=21562X-3504.9 0.999981 0.0001 0.0003 97.8 1.5
208pp 1.0~50.0 Y=51518X+91275 0.999975 0.0177 0.0589 99.6 1.3
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RAF, LML REBIKTF 0.995, & H R, WL
FE IR R
22 MAREIRERSHEEE

HEFIFREL 0.2 g RIRFESH(YLD), EATIE 3 43 LIt
BICRMAN G . TG, . s BT v B B0 4 45 PRI
3 Gy EA TR R ER SR FE T S M g, A 7 W
AR B, 453 3, 25 P4 Jm T £ nonbR A
TE 93.2%~106.5%2Z [0, FHXTFRHEMZELE 0.8%~7.1%Z [,
IR [ i R 88 Bl A R
23 RISHRNLE

HERRFREL 0.3~0.5 g JOKBth RIS RS, 5
it SR P AR ) A9 i s A0 o 2 A PbL Cd
Cr. Hg. As. Se 6 fioc®, & Hirjc myillE 45 LB A
BB Bl 2 P, 22 AR 5 05 A ARG N 50 B 1% v T
hy, AR 4,
24 HMENER
241 REFMEEE L X RP A R E A LR

5 R EEEERA, BT RS XSRS
HEBWH TR, 25 A TocRAERE, BT V. As,
Se. Sb., Hg MFEEMAAERPIIE, HRITETP,
K>Mg>Ca>Na, H K785 2 $(20.3%)5/), Na 28 5 2 5%
K (44.0%): K 10 15.533~32.268 g/kg(F i MK YS2),
MR 21.346 g/kg; Na &84 0.101~0.607 g/kg(Fci A
WIBH ZY2), F-BIE N 0.217 ghkg. FH 4PV E 7F
22 B 5 KAIK Na PR &1 R F 4EREHLIR i iR 57
i K T H I, X B YA IR AE AT 45 . BRGE SRR K
F1 Na Y LLIE 250 100, ZIAIR) S KR Na BY), 565
1 B IR E TR . iE iR H Fe, Mn, Zn, Sr, Cu
SHOTR S EEGE, Zn B 5 REE /N (22.6%): Fe & & =
B IX(ZY2) 164.346 mg/kg; Mn & 15 85 0 A5 (WX2)
64.264 mg/kg; Zn . Cu 7 fE A N 7K (Y S1) 29.015 mg/kg .
6.299 mg/kg; Sr & & i N E (YL10) 26.704 mg/kg, Sr
ENANELTFMEITTRZ —, FEARPEEASTERD
VEREIR A SRAF AN TR S0, AR 2% 0] Sr Ak

L AR 3 O WU RE R AR A A L R
M RFHTAASE Z R AW AR, A BT a %, il
B AR YT B BB A AR T . S IR S . KU T
HEHLL Al S afm HAR R REUR/N34.8%), FIEN
64.162 mg/kg. Pb, Cd. Hg. As 4 Fifi FHEH 4 E T, He.
As{RFE M, LI Pb, Cd IFEEI5YY), Pb & VLR
0.073~0.892 mg/kg, “FIIME A 0.350 mg/kg; Cd & v Fl 2
0.102~0.861 mg/kg, FIHMH N 0.395 mg/kg, Pb, Cd H#JLIH
HEZX1) i HRER DAMERR S BRI
EHER(KETHSE 9 Fpib i G SR & 5 SR 2
M) (2023 455 9 S)FRYREME: KEEH Pb<
1.0 mg/kg., Cd=<1.0mgkg. As<0.5 mg/kg. Hg)<0.05 mg/kg,
NFZAHR RS S RBEF Pb, Cd. Hg . As & ERIREE5R .
242 AR FHBEL XK RAEGIEEEE

ST SN E R B R B R S R AR AL
FA, 275 R SCHR[27-28148 20 Al o= (B BR AL T
FERFRA V. As. Se. Sb. Hg 5FPtx, K. Ca, Mg,
Na 4ii/Iv 1000 £5) 4% B[R] 77 b v 45 00 R 7 12 10 3 {222 i
FeocE i, UL 1o LA R TR XA R R 4 SR e R
Mg ERISEAY) 4, K. Fe. Mn, Zn. Sr. Ba. Al &
HEEEA TR, AT ARy DO At 7 H A i) 2
243 REF FHBBEXREYF UK AL F X R A
S

b2 AR 43 BT 2 — IR e F 53 6 52 b I 5 A 11
EBAHE B, RT3 2B ik, REAEHET
WY PCA I WiB Y OPLS-DA 2%, T 2 M T A
7 L 24 0 S R B s 1R 00 Sk T IR AR T R
JRIY SR ZE 5, XS T B4 BT s #8417 PCA Fil OPLS-DA
ZICGIT T BRI ARIREA 3 05 B, L AT I 3k
B2 H e A e, B EF RS, R4S
OPLS-DA #4755 — 3= ji 43 19 A% o 4% 5 5 %2 J¥ (variable
importance in the projection, VIP), fiiitf5 2 A [H4H 2 [6] )
ERMER S . AFITHTA 39 AR 20 Fli g m o R &
it A SIMCA-P 15 #AFh kA28, srpras Rank 2
IR

R4 REFENES
Table 4 Determination results of quality control samples

H bt 2 FrifEAi/ RHEE W E Hbpot FRifE(E AW 5 i
(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
Pb 0.21 0.04 0.198 Hg 0.075 0.020 0.071
cd 0.11 0.02 0.097 As 0.35 0.06 0.335
Cr 0.25 0.05 0.238 Se 0.39 0.06 0.354
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