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Determination and principal component analysis on 19 Kkinds of metal
elements in Nelumbo nucifere Gaertn. from different origins by
inductively coupled plasma-mass spectrometry
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SHI Cheng, YANG Xiao-Bin, YAO Yi-Xin

(Kangmei Pharmaceutical Co., Ltd., Shenzhen 518000, China)

ABSTRACT: Objective To establish a method for the analysis of 19 kinds of metal elements in Nelumbo nucifere
Gaertn. by inductively coupled plasma-mass spectrometry (ICP-MS), and to compare and analyze the metal elements
content from different areas. Methods The Nelumbo nucifere Gaertn. sample was digested by microwave, and the

metal elements content was determined by ICP-MS. The metal element fingerprint was drawn, and principal
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component analysis was performed on the metal element content using SPSS 26.0 software. Results The fingerprint

of 19 kinds of metal elements in the Nelumbo nucifere Gaertn. had certain characteristics, and the content of harmful

metal elements should be of concerned. Principal component analysis identified 8 main factors and identified B, S,

Ca, Mn, Fe, Zn, Sr, Sb, Ba, As, and Pb as characteristic metal elements for Nelumbo nucifere Gaertn.. The correlation

of 19 kinds of metal elements with the comprehensive score value of principal component analysis that were

positively correlated in decreasing order were as follows: Pb, As, Ba, Zn, Sb, Mg, Cd, K, S, B, Na, Hg, Cu, Fe, Ni,

and negatively correlated correlated in decreasing order were as follows: Sr, Mn, Ca, Mo. Conclusion The method

is rapid, accurate and sensitive, and can be used for the simultaneous determination of the content of various metal

elements in Nelumbo nucifere Gaertn.. It provides the basis for the quality control and safety evaluation of Nelumbo

nucifere Gaertn..

KEY WORDS: Nelumbo nucifere Gaertn.; metal elements; principal component analysis; inductively coupled

plasma-mass spectrometry
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25 £ [RIUR ) T 2 4 WE 2 B SR TR 2 M I I, S
FRE RO IATR E TLAEFR A (2 B R 44 B 2
— MR TIEEREYERFF, BEAT MEAEYIE ],
WAl DIAEA 2 o 30k IR T SR 5% (Nel umbo
nucifera Gaertn.) % BLEFN T B T4 gh it K IRAR, B
BT DTN 7 BN 7ab (BTG = SN - 112 5

T AR 5T 2% B 4 T O 358 2o R AR A 1 A T R
WA 350 R R o 4 S JC 3SR 2R AR IE 8T R A A
G ELEY, 5 ARERSEA 4, AN E I
FHMFHEMREICER, W E M8 TR S R AR R
FAe s tBRA, Bz At RS AT R B B AT, B
ZHKRITTE ATRES 5 AR B Re R SR AL, %t
FARAERE R AR 2 4%, TRIFANRG, Hras
LR TS, UEMERE. &EME . fEmmEN
T4 JE 45 A S 2T AT R A o= Tk
JCE ATREXT ANMCH F, AR G 1 BETHEE, WIATRE
2230 WD REREAS 5 1 A AR R s A
WHNEAFRINEELNICE, K. Mg, Na fil Ca 2 AL
(RO ER, Mg SN A Z R0 g, m KR Ca®*
iz, WG S fEE, S5, SORaER
M4 s> Fe 25 MLTE A . WLLLEE R ZFh Sk
B B SRR, Zn JUR ISR R L T 0
BFHRE; CdxF LI A HA B B M8 EAE A, Mn 8BS
NEN W Z R, AU . BrocAs e, i m
R R JEUS Mo S BEIZENS S TR | T Sk R AR R
FALTER AR Y, Ni SR . B R ARy, Sr
HARRE. ik, vosE. (R BeErEM, 5EmEm
WUISE, A ARB BT B LR 43 2220 AR K
BHELRRTEMEE NN EZIS, AELBILE Pb,

Hg. Cu. Cd. As fiF AR, X7 i it R A A F 2
HIsZm . EEBERANKESERN B, Yikdl—E
AKOPB, AT X A MAES B 2H 23S e 3 . 2020 AR EI 24
PUFB 9302 ( Fh 244G 5k B Wy PR A ol e e S TR ) il e T2y
MR (25 HE 48 ) Pb. Hg. As. Cd. Cu A% 4
JRICE MR FRERT 0, R, st o2k R AR Y
LR LA FEITRWIEN AR EEE L,

H T4 @ oo R e Jr vk B8 A BB A E Tk
it & (inductively coupled plasma-mass spectrometry,
ICP-MS) 7% . WL & % & 71k & it )6 1% (inductively
coupled plasma-atomic emission spectrometry, ICP-AES)7%
DL K F W I 3% (atomic absorption spectrometry, AAS)
Pio HH AAS IEAAAERERTC . Rt BREG R . BRI K .
LRAMETE A L BMELLSE I 2 o0 R R B 43 BT (9 [R) i, ICP-AES
BT AR E ZROcR, HAAEIRE TS, REUE
BAK. ICP-MS HEA AT . & HBRAG . JER%0M
N R . RS RMERE R 2R R
S o W T i A P R PR A, AR R EREE T i
TR, HATHMEEET . 599N . HEIEG 4 L
K R h | SRR P,

F6 BB 23 A ok T 3R R SR A P 2 1853 FR AT
B — B R PE BT 40 AT 7k, AT LA Ry 4 T b s e i R AR
T2 AR R MR DL, —ede SCRI R 5 T R SR
YWINA VUSR03 HT . SRR SE 0 i LT R il T
B OB BT X i B A X > . ARBFSEIE A ICP-MS
EANTET DREEILE, L4 R X O . L . R,
WIACEERT 65 33T O S BFFE X4, A Fril e 3 19
ME&JEITR &R, 456 Fa 9Pk (principal component
analysis, PCA)RI AN [A] )™ H3E 0 th & JR JU R Z Al 1 22
5, DA O . 20, BleE b T oh Buirmr 44k
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SO FORE S 40 T DA I B 28 LT | TP A R T A
Po . fmas = IAm AR I T . IR IR T AN B
ML E 65 Oy, AR ERGRIER R 1, hBREELLL BN
A BRIl A B X 75 0% AT 24 U AR 4l L MR AR 43 1)
U508 A SRR P38 1 R A TR S SRR . vk
MR (R T4, RETRNE R 22504 BR 2 R o bR S i
TORARAE LS 2.

Fz1 EFLHRER
Table 1 Information of Nelumbo nucifere Gaertn. samples

GATE A e
HN-1~HN-11 Wim A N
JX-1~JX-5 TLPG A M T
JX-6~JX-16 VLV T
FJ-1~FJ-8 s =
FJ-9~FJ-12 g AR LT
SC-1~8C-3 VU 1] 48 R
HB-1~HB-9 WAL IR M T
HB-10~HB-23 Wb mak

1.2 UFE5E%

CEM MARS6 A8z 1 % {3 (2 ] Berghof 24 F]); 7900
T H JROR 5 46 2 A BT (S 2 BB 12 22 Wl ); BSA 224S
R 53 22— ROV (FEE 2 R w)); Milli-Q 7Y
B4l K HL(3E E Millipore Bedford MA A #]).

1.3 XWHE
1.3.1  sBoRAR R H &

ZIOCRIRA M AT 1 BH % BEZILRIRAIE
WW(F S. Mo, Pd. Re. Sb., Si. Sn. Ti. W) 10%fi
% T ) R B3 A 1, 5., 10, 50, 100, 500, 1000,
5000 ng/mL TEAXT BE S K

ZICRIRA X RSV 2 B & MEZ TR IR A
W (& B, Na, Mg, K. Ca, Mn, Fe, Co, Ni, Cu, Zn,
As. Se. Sr. Cd. Ba)H 10%/i & B il 55T i W B2 53510 1.
5. 10, 50, 100, 500, 1000, 5000, 20000 ng/mL HJiRA
Xef R VA TR o

ZILRIRA XTSI 3 Ml & 7338 As, Pb #x
HEVEI 0.5 mL FH 10%AHER 2 2 2 50 mL, Pl k2t
TRAXT R SR UEVS M (% As POYBEVE, FF 10%fi5 FR A7 B
B VBB o BT R BE 3k 0.5, 1.0, 5.0, 10.0. 50.0.
100.0 ng/mL F1%) % HE fh VT o

Hg HIT 2% IR BV G4 T He ST RSB R
0.1 mL, F 10%EREIE 2 2 100 mL, Aol Hg JT&H
FruEE R, BTN 1 pg/mL. FH 10%E BRI B
Hg JC& BHRELHI B 4050 0.1, 0.5, 1.0, 5.0,
10.0 ng/mL F% B SV
1.3.2 BAEAAFERGH &

PRI Ge, In. Bi AnHEREE 0.5 mL i 10%fiS2 25
2 50 mL, BIhEEIRAE R 10 pg/mL FTRA NFRE R
1.3.3 ICP-MS | & 44F

IR . &5t RE S IHRbRAHER TES
B Al e S50 S5 8 T2 1550 W, S5+
SR 15 L/min, HBISARRE 1 L/min, B4 1 L/min,
AME/FRREAR 1 Limin, 254054 2 °C, IE3NRHE 0.1 s,
BRI 3 W BRRAER: BTSRRI N
BE, gl PIA; RFEEE RN 10 mm; A *Ge.,
W, 2YBi MNARICE, WG SRR SIS, BEARGT
NRAEAF 5 A TS RIS 1E FE AR AR
1.3.4 4RSS m b &

BGEFORER 0.2 g(f 40 BT, H#ERE, TER
VUSRI T AR v, B 38 W, AR AR AR 8 mL, B
e 52 d BARGEIE R T, Hew MIE R T (W3R
NPT WiREHE)E, BEESIR, BULNAEE, 758
R el IR, #B A LB TFKER %L 50 mL.

#x2 WERBRER
Table 2 Information of standard solution

HFR AR Eilney SRR/ (ng/mL)
PRI (S B Na. Mg, Al, K. Ca,
V. Cr. Mn. Fe, Co. Ni, Cu, Zn, JE[E SPEX A H] 2-192AB 1000
As, Se, Sr, Cd, Ba, W)

?Fé%m’ﬁ%iﬁ?&(ﬁ S, 1\.40\ Pd. Re. Sb. S5 SPEX /A F 1 194AB 1000
Si, Sn, Ti, W)
PR UET W (Ge) rP TR 2T B AR HE A T 5 O GSB 04-1728-2004 1000
HHBR U (In) v [ TR 2R ST B [ SR HE Y BT 5 A0 GSB 04-1731-2004 1000
B bR HEVE W (BI) v [ R 2R AT B 1 SR HE ) RS 0 GSB 04-1719-2004 1000
PR AEVS TR (Pb) v [ R 2R AT B 1 SR HE R A5 0 GSB 04-1742-2004 1000
TRAR AR (As) PR RS B 1 AR HE A BT 5 O GSB 04-1714-2004 1000
RARER R (Hg) rPE TR B R AR ) T 5 O GSB 04-1729-2004 1000
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Table 3 Microwave digestion time temperature program

P W /°C AR ] /min JE J1/MPa
1 130 5 1.0
2 165 10 3.0
3 180 10 4.5
1.3.5 O RER L

BRASINE F 0 FE BB R Sb, FoARH & 7 % 5 a0 R
TRl 28 AR R], R ES X R
1.4 HIELIE

K Microsoft Excel 2019 $E47 8B MG, *
FH IBM SPSS Statistics 26.0 X SEE BRI 401108, dF
TP RMAHRE AT BT .

2 HER5SH

21 FEEEE
211 ZMEZR

A 1.3.1 BLhAr i 45 R AR ME b TAEV AT 1.3.2 i
LTI AR TR, 500 A4S J0 3R e vk B AR AR AR (X,
pg/mL), PIRE SIS PIAR T AR VA VR I AF 14 b AR A A A
FR(Y), A2 mibi ek, MRS CREIH R HXR
BOMZ M L3 4. 45 %W 19 P @ o R4 AL
PV Bl N 2R G 22 BT r=0.99, AT IRy HE R R

2,12 MFEE, BEBEE
KRR 0.2 g SETOFESBAR, &l b A,
AR 6 4y, RE 19 Bt M & A TR MEL 7 RSDs
# 0.46%~3.89%, FKAFHEMEL M RIF. AFEBEAFE
RIGA B E S 6 i iEm, W 19 FocEmaE,
T 12 MEWE(FEEE )R RSD, 14 Hh AR % 45
B HAK B RSDs 7E 0.16%~1.79%, Z2HIA 7 v b
K% AT

KRR 0.2 g SETOFEMBAR, Hil& Ml b A,
TVRAE 2~8 CIAIE T ORAE, 435I THIEEG 0. 2. 6. 8.
12, 24 h #FFE, W 19 FoTRWEE. SRRt
RSDs 7E 0.25%~4.13%22 8], FRBIHLE A 24 h NER
FEME R 4).
2.1.3  AmARE FX g

KR 0.2 g B FOFESRIER 6 14, 43 BImASFE
i R BTN S G2 S A 2 A X RE, A AN A — e RO A
TCEARER W, &AW, A B e, T
HATR| K TC R T ECRLE 97.92%~101.71% 2 [6], [
Wi 2R RSDs 7E 0.84%~4.43%2Z [0] o 455 B [ml i 36 1 4 .
22 EBRRTRBENH

AR R 19 BB OC R & A —E 22 5,
Hrpot#®E Mg, S. KM& KR, K8 gke BEH; K
WEHEKHMILEAN B, Na, Ca, Mn., Fe, Cu, Zn,

F4 VVHMEBTRENZMSTE. HUTEE. HEXRH, EEM. BEE. BEM. MFREWEE RSDs (n=6)
Table 4 Linear equations, linear ranges, correlation coefficients, repeatability, precision, stability, spike recovery, and RSDs of 19
kinds of metal elements (N=6)

- y—— e @mEW TR et TR g
a /(ug/mL) RSDs/% [ RSDs/% RSDs/% [T %/% RSDs/%
B Y=0.1133X+0.0091 0~0.50 0.9999 0.89 0.34 0.41 99.61 2.78
Na  Y=3.4459X+2.3091 0~5.00 0.9997 234 0.16 3.35 99.36 1.17
Mg Y=1.2997X+0.0392 0~20.00 0.9999 1.95 0.25 0.93 99.51 2.29
S Y=1.6518¢ *X+1.003 0~5.00 0.9993 3.05 0.35 2.55 99.11 1.34
K Y=0.3219%X+0.0124 0~20.00 0.9998 1.45 0.30 0.57 99.20 0.84
Ca  Y=0.0032X+1.9924¢*  0~2.00 0.9997 3.89 1.79 2.02 100.96 443
Mn  Y=2.1235X+0.0018 0~2.00 0.9999 2.52 1.02 2.59 99.00 227
Fe Y=4.3291X+0.0723 0~2.00 0.9999 2.11 0.94 1.65 99.83 2.95
Ni  Y=4.0008X+0.0121 0~2.00 0.9998 1.90 1.79 2.55 98.17 2.08
Zn  Y=0.7991X+0.0321 0~2.00 1.0000 1.42 0.92 2.96 99.51 3.02
Sr Y=2.9238X+0.0113 0~2.00 0.9998 2.96 131 4.13 99.61 3.06
Mo  Y=0.1082X+6.9231e*  0~2.00 0.9999 2.39 0.98 1.26 100.18 221
Sb Y=0.2312X+0.0114 0~2.00 0.9999 3.29 1.69 1.68 101.71 2.40
Ba  Y=0.1201X+3.2912¢*  0~2.00 0.9997 1.59 0.84 2.18 99.80 233
Cu  Y=9.0326X+0.0019 0~2.00 0.9999 0.46 0.27 0.25 98.77 1.80
As  Y=0.5893X+1.008¢>> 0~0.50 0.9995 1.35 1.35 2.11 97.92 2.38
Cd  Y=6.0293X+4.0932¢  0~2.00 0.9996 1.03 1.12 0.99 99.67 3.82
Hg  Y=1.2938%+2.0018¢°  0~0.01 0.9998 2.24 1.32 1.93 100.86 2.81
Pb Y=6.5773%+2.0128¢7> 0~1.00 0.9998 2.21 1.47 1.76 99.44 3.44

T AT BR R 22 (relative standard deviation, RSD).
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i Ni, Sr. Mo. Sb, Ba. As. Cd. Hg. Pb A& K. il
R LUF, RRENETORERS, REHREBITEN
HWHWHBZER, It RN 20 & R E R E SR,
H Mg L S f s (B 1833.23 mg/kg, fAR{EJy 209.38 mg/kg, K
TCE RN 1402.98 me/ke, FRfR{E N 923.19 mg/kg, WA %
SEICRME, A RS IKICA Cu, Pb. Cd. As.
Hg. 7EMER 65 FETFOFEMH, Cu 7 1.92~13.26 mg/kg, H{E
433 mg/kg; Cd 7E 0.02~0.17 mg/kg, ¥EK 0.11 mg/kg; Pb 7
0.00~1.27 mg/kg, ¥IME K 0.14 mg/kg; As 7£ 0.00~ 0.25 mg/kg, 3
{4 0.06 mg/kg; Hg 7F 0.00~0.22 mg/kg, HI1HH 0.03 mg/kg, 2020
IR EZGME ZNE TES R LA IR SRR S
Pb 51t 5 mg/kg, Cd A5 1 mg/kg, As AN153d 2 mg/kg, Hg
A5t 0.2 mg/kg, Cu A5t 20 mg/kg. 65 HyFEdh AT 2 He
JLR MR, HARER 3%.
221 &EAFTHRULBHEES

HFET LM T 19 Fi&moR SR, M
14 JE T R IR BB T LA LG B A Bz 45 b X 2 (] 4
TR EGEES . N THEE TR EMEW,

45 ¢

40 +
35¢
30 ¢

oH 25 |

&

20

AHXF

15 +

10 +

T2, BARTTRERNS /Y K/ N e85 — iR Mg,
S. K %i/N 100 £, Fe, Sr. Mo, Ba., PbJ "k 10 f%, Ni.
Sb. As. Cd. Hg ¥ K 10 %), LIJCEFIS ARG AAR(X),
XA ARFR(Y), LR SEIE A 1. BORRE™ %
FORE AR TR B R BE L R SUR S WL 2,
222 &RBTE AL

Rk — 2 A T T O A TR Z R ARG . 2
SPSS 26.0 143 19 FhITZ (1 B /R ith(Pearson)FHE R EN(FR 5).
SR B XGE T O P &R T E 2 M E—E A
fEFX%& . B-Mg, B-Mo. Mg-K. Mg-Hg fil Ca-Mn JGZ&
&) 15 5 M 2 IEAH € (P<0.01), B-Na, B-As, Mg-As. S-Hg.
K-Cd. K-Hg. Ca-Cu. Fe-As fll Sb-Hg JLE [AliA%] B #1E
A (P<0.05), B-Mn, Mg-Ca, Mg-Mn, K-Ca, Ca-Cd.
Mn-Mo FI Ni-Sr 762 B35 F# 5 3 114 (P<0.01), B-Ca,
Na-Mn. Mg-Pb, K-Mn, Mn-As. Sr-Cu Fl Mo-Ba JCE 7]
KB 5k 25 671 AH 2C (P<0.05).

—¢—HN-1 —#-HN-2 _, pN3
—HN-4 —%=HN-5 _o_HN-6
—+=HN-7 ——HN-8 _HN-9
——HN-10—8—HN-11 _,__jx-|
——=JX-2 X3 g X4
——JX-5 —IJX-6 __JX.7
——JX-8 WIX9 4 JX-10
= JX-11 =*=JX-12 _o_JX-13
——=JX-14 —IJX-15 __JX-16
~+—FJ-1 -=FJ2 _, F)3
——FJ-4 —=FJ-5 _4 FJ6
~—+—=FJ-7 ——FJ-8 ___FJ9
——FJ-10 —==FJ-11 _, _FJ-12
SC-1 —*=SC-2 _4_8C-3
—+—HB-1 ——HB-2 HB-3
HB-4 —=HB-5 _, HB-6
HB-7 HB-8 HB-9
HB-10 ——HB-11 _{B-12
HB-13 HB-14 HB-15
HB-16 HB-17 HB-18
HB-19 HB-20 HB-21
HB-22 HB-23

PIE Y LS
Bl 1 65 ByETORER T 19 Fh4: 8 o 2 46 SR i

Fig.1 Fingerprint of 19 kinds of metal elements in 65 Nelumbo nucifere Gaertn. samples

40, ' . e
Wl R T e AR A R
35 S VT P ) 1 e A
30 —a— VT PG He M T ——WIdC & M T
5 s SRR T —— LA T
&1
20+
15¢
10+

AHXT

0 Q,éq,@%% & o“*@“@é*q,@%‘@@‘bo*’yﬁob«z»
JLRFNA
F 2 AFEF=HETOH 19 Fig g o R B8 SO/ g

Fig.2 Fingerprint of 19 kinds of metal elements from different
origins of Nelumbo nucifere Gaertn.

223 & BAER LRSS

F2 L343 BT 2 ) B A 11y 20K R R 2 A AR i LA
R DB LA E RS, FUR AT REZ R B JRG AE R 1A .,
J ik — R R o & BT R R, 2
SPSS 26.0 1 7E M 1T R EIFEECKTF )T
22 TUBRR IR VPR Lo 1A, 25 4R EE] 8 A F s
T ERA T HEHEAE AT 22 SRR L 6.

Ry ilt— A A T R 2R S R A RO R,
Oy A E C R W3R 7. £ 7 AT ERORIE e
Je AR o T DU A 1A B R Ca 2R
ARG 55 2 A FERFH B 2w BEIEARDE, A Mn 55 B 7R



190 B L4 T AR I 2 4R %16 &

X 5 3 A RHE TR Sr 2 E AR, 4 FE T Zn, ;5 8 A~ F T Ba BmEBEIEMSE; FrLIRTLIKH B,
Pb R E LM, 5 5 A FHFA S BREEMK; 564 S. Ca. Mn. Fe. Zn, Sr. Sb. Ba. As. Pb & T O
FHFH Fe. As i BEIEAHIG 55 7 A~ F A1 Sb 52 & B IE TE&EITER . WER A G M55 R BUERE UL 8.

#=5 RKBILEZIEIA Pearson HXMRH

Table 5 Pearson correlation coefficients between elements

B Na Mg S K Ca Mn Fe Ni Zn Sr Mo Sb Ba Cu As Cd Hg Pb

B 1.000
Na 0.245"  1.000
Mg 0.394” 0.018 1.000
S 009 0.171 0.110  1.000

0.180 —-0.128 0.566™ —0.011  1.000
Ca -0316" 0.037 —0.507" 0.156 —0.506" 1.000
Mn —0.733" —0.300" —0.430"" 0.119 —0.264" 0.524™ 1.000
Fe 0.060 -0.070 0.091 -0.072 0.135 0.012 -0.118 1.000
Ni —0.118 -0.016 —0.051 0.157 0.005 0.034 0.102 0.040 1.000
Zn -0.123  0.046 —0.169 0.040 —0.169 -0.032  0.056 -0.074 —0.222  1.000
Sr —0.037  0.068 —0.067 0.020 —0.162 —0.078  0.010 0.088 —0.389™ 0.190  1.000
Mo 0396 0.112 —-0.142 —-0.050 —0238 0.032 —0.440" 0.053 -0.083 0.138 0.164 1.000
Sb —0.047 —-0.086 0.123 -0.010 0.241 —-0.143  0.024 -0.122 —0.145 0.023  0.020 -0.013 1.000
Ba —0.034 -0.056 0.039 -0.102 —0.054 —0.148 —0.022 0.013 —0.120 0.076  0.006 —0.308" 0.124 1.000
Cu -0.096  0.120 —0.100 —0.061 —0.090 0.261° 0.062 0.116 —-0.035 -0.234 -0273" 0 0075 0045 1.000
As 0312 —0.040 0.290° 0.164 0.165 —0.033 —-0.315" 0279" -0.030 —0.120 0.037 0.165 —0.074 0.030 —0.093 1.000
Cd 0161 0.088 0210 0.068 0.274" —0.342" —0.138 0.072 0209 0.008 -0.233 -0.148 —0.050 —0.131 —0.047 —0.028 1.000
Hg -0.131 -0.030 0.354™ 0255" 0.256" -0.101  0.184 —0.124 —0.018 0.032 0.101 -0.227 0258 —0.052 —0.099 0.028 —0.029 1.000
Pb —0.177 0.084 -0305" 0.179 -0.234 0226 0.095 —0.013 0206 0.3397 —0.088 0.133 -0.078 —0.175 0.003 0.119 0.075 —0.052 1.000

2 5 i 2 (P<0.05); **h 25 SRR 35 (P<0.01).
Fz6 ETROMIFEERSERBKE

Table 6 Eigenvalues and variance contribution rates of principal components

ESIWiy B AR RFAE E TV 2846 - T Al
EER 582 JIE I % KB/ % Bt TEAI % 2RI/ %
1 3.241 17.059 17.059 2.480 13.054 13.054
2 2.261 11.902 28.961 2.420 12.735 25.789
3 1.896 9.977 38.938 1.739 9.152 34.941
4 1.663 8.754 47.692 1.608 8.466 43.406
5 1.387 7.301 54.993 1.520 7.998 51.404
6 1.275 6.712 61.705 1.465 7.710 59.114
7 1111 5.846 67.550 1.333 7.015 66.129
8 1.010 5.318 72.868 1.280 6.739 72.868

®7 RETBRERIRSER

Table 7 Component matrix after rotation transformation

g FS AT
1 2 3 4 5 6 7 8
B 0.230 0.815 —0.028 —0.131 0.048 0.134 —0.036 —0.066
Na —0.147 0.545 0.026 0.047 0.396 —0.341 —0.294 0.174
Mg 0.617 0.271 0.000 —0.334 0.305 0.211 0.201 0.103
S —0.056 0.021 0.051 0.126 0.816 0.065 —0.070 —0.086
K 0.683 0.025 0.165 —0.264 0.068 0.193 0.313 —0.007
Ca —0.808 —0.271 0.094 0.011 0.163 0.054 —0.087 —0.120
Mn —0.326 —0.854 0.009 0.027 0.138 —0.157 —0.009 —0.019
Fe 0.033 —0.013 0.002 —0.064 —0.140 0.719 —0.226 0.076
Ni 0.115 —0.203 0.602 0.054 0.115 0.045 —0.265 —0.279
Zn 0.051 -0.017 —0.288 0.788 —0.014 —-0.138 0.051 0.142
Sr —0.030 —0.009 —0.859 0.061 0.072 0.043 —0.108 —0.048
Mo —0.284 0.613 —0.160 0.213 -0.229 0.103 0.111 —0.478
Sb 0.110 —0.019 —0.007 0.050 0.012 —0.140 0.821 0.073
Ba 0.031 —0.054 -0.076 0.040 —0.109 0.075 0.071 0.875
Cu —0.490 0.117 0.454 —0.304 —0.039 0.005 0.067 0.281
As 0.036 0.275 —0.031 0.043 0.230 0.780 0.071 —0.013
Cd 0.582 0.070 0.409 0.162 0.044 —0.103 —0.295 —0.036
Hg 0.235 —0.253 —0.151 —0.108 0.606 —0.052 0.413 —0.054

Pb —0.220 —0.035 0.294 0.760 0.157 0.137 —0.016 —0.153
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Table 8 Score coefficient matrix of components after rotation transformation
. F RS HF

LE 1 2 3 5 6 7 8
B 0.013 0.331 —0.001 —0.062 0.044 —0.003 -0.019 —-0.025
Na -0.099 0.303 0.010 -0.011 0.321 -0.297 -0.227 0.212
Mg 0.177 0.064 -0.010 -0.141 0.182 0.083 0.065 0.056
S -0.057 0.028 0.001 0.048 0.549 0.039 -0.072 0.002
K 0.239 -0.051 0.097 -0.075 -0.010 0.097 0.179 —0.057
Ca -0.351 -0.050 0.047 -0.080 0.142 0.095 0.024 -0.058
Mn -0.063 -0.341 —-0.033 -0.038 0.088 -0.018 —-0.026 -0.041
Fe 0.010 -0.092 -0.028 -0.004 —-0.087 0.513 —0.173 0.079
Ni 0.096 -0.105 0.304 0.038 0.040 0.029 —-0.157 -0.190
Zn 0.097 0.007 -0.106 0.529 -0.021 -0.047 0.051 0.169
Sr 0.030 -0.056 -0.537 —0.038 0.080 0.034 —0.193 —-0.063
Mo —-0.158 0.270 —0.041 0.094 —-0.158 0.035 0.201 -0.350
Sb —-0.042 0.048 0.105 0.107 -0.039 -0.075 0.665 0.015
Ba -0.018 0.011 0.008 0.123 -0.028 0.091 0.011 0.707
Cu -0.302 0.140 0.300 -0.179 0.012 0.008 0.148 0.244
As -0.065 0.058 —0.004 0.078 0.146 0.538 0.082 0.040
Cd 0.308 -0.012 0.204 0.156 -0.006 —-0.111 -0.253 —-0.002
Hg 0.050 —-0.105 —0.091 —0.063 0.374 —0.028 0.239 -0.071
Pb -0.051 0.015 0.225 0.506 0.073 0.150 0.115 -0.016

02 2R g e 0 P B e W 1 S R e
Yl\ YZ\ Y3\ Y4\ Y5\ YG\ Y7\ YS, i’%ijjitgu?
Y,=0.013xB—-0.099xNa+0.177xMg—0.057%S+0.239xK~
0.351xCa—0.063xMn+0.010xFe+0.096xNi+0.097xZn+0.030x
Sr—0.158xMo0-0.042xSb—0.018xBa—-0.302xCu-0.065xAs+0.308
xCd+0.05xHg—0.051xPb
Y,=0.331xB+0.303xNa+0.064xMg+0.028xS—-0.051xK—
0.050%Ca—0.341xMn—-0.092xFe—0.105%Ni+0.007%Zn—-0.056
xSr+0.270xMo+0.048xSb+0.011xBa+0.140xCu+0.058x As—
0.012xCd—-0.105xHg+0.015%Pb
Y3;=-0.001xB+0.010xNa—0.010xMg+0.001xS+0.097%
K+0.047xCa-0.033xMn—0.028*xFe+0.304xNi-0.106%Zn-0.537
xSr—0.041xMo+0.105%xSb+0.008xBa+0.300xCu—0.004xAs+
0.204xCd-0.091xHg+0.225%Pb
Y4=0.062xB—-0.011xNa—0.141xMg+0.048xS—-0.075xK
—0.080xCa—0.038xMn—0.004xFe+0.038xNi+0.529xZn—-0.038
xSr+0.094xMo+0.107xSb+0.123xBa-0.179xCu+0.078x As+
0.156xCd—0.063xHg+0.506xPb
Y5=0.044xB+0.321xNa+0.182xMg+0.549%S-0.010xK
+0.142xCa+0.088xMn—0.087xFe+0.040xNi—0.021%Zn+0.080
xSr—0.158xM0—-0.039xSb—0.028xBa+0.012xCu+0.146xAs—
0.006xCd+0.374xHg+0.073%xPb
Ys=—0.003xB—-0.297xNa+0.083xMg+0.039%S+0.097xK
+0.095%Ca—0.018xMn+0.513%Fe+0.029xNi-0.047xZn+0.034
xSr+0.035xMo0-0.075xSb+0.091xBa+0.008xCu+0.538%As
—0.111xCd-0.028xHg+0.150%Pb
Y,=—0.019xB-0.227xNa+0.065xMg—0.072xS+0.179xK
+0.024xCa—0.026xMn—-0.173xFe—0.157xNi+0.051xZn-0.193
xSr+0.201xMo+0.665%Sb+0.011xBa+0.148xCu+0.082xAs—
0.253xCd+0.239xHg+0.115%Pb
Ys=—0.025%B+0.212xNa+0.056xMg+0.002xS-0.057xK
—0.058%Ca—0.041xMn+0.079xFe—0.190xNi+0.169%Zn-0.063
xSr—0.350xMo+0.015%xSb+0.707xBa+0.244xCu+0.040xAs—
0.002xCd—-0.071xHg—0.016xPb

SEEER 6 TN R RFAE(EL AN )5 22 TTRRR A Kodhe

GEIES WIS RSN S
Y =Y, x13.054/72.868+Yx12.735/72.868+Y3x9.152/72.868+

Y4%8.466/72.868+Y5x7.998/72.868+Yx7.710/72.868+Y;x7.015/
72.868+Y5%6.739/72.868=0.053xB+0.037xNa+0.065xMg+
0.058%xS+0.058xK—-0.052xCa—0.078xMn+0.017xFe+0.016x
Ni+0.080xZn—-0.088%xSr—0.002xMo0+0.080%Sb+0.087xBa+
0.026xCu+0.092xAs+0.060xCd+0.026xHg+0.114xPb

1Y (RBAP UG ITE N BRI RSB LR Y
TS WAL B AT AHOCE, TR 3. HR4E Y o 3Rk
X, 5 ERI BT B EE AR A OC R ITER PAH SC 1 AR E
MR K Pb, As, Ba, Zn. Sb, Mg, Cd. K. S, B. Na,
Hg. Cu. Fe. Ni; ZHAHIHICER WM KEIMEIR
A Sr. Mn, Ca., Mo,

\?‘éo.osl
20
junng

=
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Fig.3 Correlation between different metal elements and the

comprehensive score of principal component analysis of Nelumbo
nucifera Gaertn.
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Bi JCE M7 R M SL RSN AT . Hodh B. Na, Mg,
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S. K. Ca. Mn. Fe. Ni, Cu. Zn. As L Ge {F N NFRifE
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