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Grey Correlation Degree Evaluation and Correlation Analysis of Trace Elements and

Active Ingredients in Moutan Cortex from Different Areas

LIU Wei', WANG Zhen-zhong®, HU Jun-hua’, LI Jia-chun®, ZHANG Zhen-qiu'* , XIAO Wei’"
(1. Liaoning University of Traditional Chinese Medicine, Dalian 116600, China;
2. Jiangsu Kanion Pharmaceutical Co. Lid. , Lianyungang 222001, China)

[ Abstract | Objective: To determinate the contents of seven components such as gallic acid, albiflorin
and peoniflorin, and 24 trace elements in the medicinal plant Moutan Cortex from different areas, discuss the
relationships between its various constituents, and provide a reference for the quality control of Moutan Cortex.
Method: Microwave digestion-inductively coupled plasma mass spectrometry ( ICP-MS) was employed to
determine the contents of trace elements such as Fe and Mg; HPLC wavelength fusion method was used to
determine the contents of gallic acid, albiflorin, paeoniflorin, 1, 2, 3, 4, 6-penta-O-galloyl-beta-d-
glucopyranose, benzoic acid, benzoyl paeoniflorin, and paeonol. Grey correlation degree model and correlation

analysis method were employed to comprehensively evaluate the quality of Moutan Cortex from the different areas

[FEA#] 20160106 (003)
[E€mB] EZE“HEAHL M BHL E KL 5 (20132X09402203)
[E—1EE] N, W, YR h, W25 /BB 5E , Tel: 15998519256, E-mail; liuwei0l @ 126. com
[BIRAEE] kIR, T, W2k S0, N2 3 W WF 58, Tel: 0411-85890199 , E-mail ; zhangzhenqiu@ sina. com;
CONE L A B AT B G G TR, DA e 2 i R 5T S5 HF &, Tel 0 0518-85521933 , E-mail : wzhzh-nj@ 163. com

.34 .



23 B 1M FEXEFFFRE Vol. 23, No. 1
2017 41 A Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2017

and analyze the correlation between the contents of main components and trace elements. Result: There were
significant differences in part principal components and the contents of trace elements in Moutan Cortex from
different areas and processing methods (P <0.05). The gray correlation degree model was stable, and there were

significant or extremely significant positive correlation or negative correlation between different components and trace

elements in Moutan Cortex (P < 0.05). Conclusion: The models of grey correlation degree and correlation

analysis method can provide sufficient basis and reference for the selection of Moutan Cortex.
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Table 1 Source and size of Moutan Cortex

No. kI B ML No. 8 K A% No. e 8 J A%

DOSROLRE || 15 VIR L REE || 29 WHT 3, K&
2 B2, 16 WLIR2, KK || 30 WL 4 KKK
3 OB ES 17 PR3, R 31 R RFERK
4 T4 18 LI 4 RER || 32 R 2, REM
SORMS. KM || 19 W LREK |33 W3 Rk
6 ZH6, T || 20 WIHI2. KK || 34 TH 4 RE
7 BT 21 WiEg3, K%K || 35 b1, kEK
8 il kEH || 22 wima, kEg || 36 w2, k3
9 gEg2,kFf || 23 U1, RFER || 37 a3,k
10 %83, Rk || 24 W2, k% || 38 b4, ks
T4 RE || 25 WIS RE || 39 WK1 KK
12 TS REK || 26 M4 RER | 40 W2 RERH
13 BR6 KK || 27 WOLIRER || 41 K3 REN
14 BT KK || 28 W2 R | 42 R4 R

- 35 -



5523 B 1 FEXEAFFEHRE Vol. 23, No. 1
2017 41 A Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2017
2 HAEEEZR F2 THMRINEEFERERETE

2.1 AEPHERERCE TERAE T B Y E i E
2.1.1 g5 R Waters-Symmetry-RP-C  ff,
PEAE (4.6 mm x 250 mm,5 pm) ;B LN (A) -
0.02% =3 L PR K W (B) BB VB (0 ~ 5 min,
5% A;5 ~20 min,5% ~17% A ;20 ~30 min,17% ~
19% A ;30 ~ 40 min, 19% ~ 26% A;40 ~ 60 min,
26% ~ 88% A; 60 ~ 70 min, 88% A), Wi &
1.0 mLemin ", K % & 230,267 nm, #3530 °C,
PEFERI0 wL, 78 IR OISR T, B TR A2
PR 45 7 S I J3 €03 I B A% 5 HL Al 1l o0 1Y) €033
KB B BB T IRAF T o YR G X IR A
VLT B B i o A8OBAH €535 DL AT 1

B 4 7
1 3
5 6
T L
0 10 20 30 40 50 60
t/min

ATRA XTI B S 1 B TR 2. AT NERTF;3. A

J 3
4.1,2,3,4,6- A TS KPRR6. RTBATLH ;7. fT

K 1
E1 #HfE#&A HPLC
Fig.1 HPLC chromatograms of Moutan Cortex

2.1.2 RAX RSB H R AR RS
ATEIAT 19.22 mg, A2 N EE AT 6.32 mg, W F R
9.35 mg, AHHE 1.32 mg,1,2,3,4,6- 1% E T
%M 6. 47 mg, RHFEAT 25T 1. 74 mg, FF R B 1. 19
mg, B F 50 mL T, i 50% R 0T R R 2
ZVEE 5] B S B R, AT R, AT 2
1,1,2,3,4,6- 1% & T e 8 A, 2K PR, 28 1 ik
A2 FF R 4 5 R 187.0,126.4,384.5,129. 4,
26.4,34.8,23. 8 mg- L™ IR & % IR S A% AW
2.1.3 AJHIFE T PSR dEh el 4 kS
5 PO A % R A 459 0.25,0.5,1,3,5,7.5 mL
F 10 mL A, i 50% FY R R I %0 L $E 4T,
3 K 2 T HCA ViR ) TR A 6 BRI VR 10 L Bt
B By BE 20 WL, 43 e ACVROAH 4354, 4% 2. 1.1
T o 3% 2% 4 i AT 00 5 O0 sk e T R S DL A%
Xif HE B MR B (X)) Al b, 06 T BB AR (Y)
R A AR b 22 i b v R R A A Oy R 5 ORI
2, R A AL G ) A AH R VR BE S R R O R
K.
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Table 2 Linear equations and concentration ranges of seven

compounds

ix 519 7 72 r o

/mg-L

WE TR Y=31.53X-26.79 0.999 6 4.67 ~140.25

SEIAT RS Y=11.78X +17.87 0.9995 3.16 ~94.80

SESR & Y=13.41X-18.18 0.9999 9.61 ~288.36
1,2,3,4,5-H%  Y=26.78X-33.62 0.9995 3.24 ~97.05

kL

R Y=51.52X+0.61  0.9999 0.66~19.80

7% RS 25 4F Y=36.94X-4.06 0.9998 0.87 ~26.10

PRz 1 Y=35.13X+8.14 0.9999 0.59 ~47.6

2.1.4 KB H S B E TR (40 B)

290.5 g K%M oE , B BRI T, R % m A 50%
H 2 50 mL, FRE 5t &, 7K ¥ 1819 40 min (90 °C) , it
PR, N 50% H RS U O i 0 i 8 O, AR
PEVRAE R B TV R

2.1.5 RSN GE RS WO P B AR R IR
TS 10 pL, 4% 2. 1.1 300 (03 45 20 I 5 L 30 %
W T RROIF TR S M e A5 AR LR 3,

2.2 B Rz 24 FCR TR I E Tk

2.2.1 EZM FEMSTAESHE.ZA0RE
1.01 Lomin ™' % 2 F{K RF 2% 1.5 kW, ik sf 1 &
1050 V, TAEBE KED 8K o #F I il 4500 T %
1 600 W,0 ~25 min F+ & 185 °C ,#5%% 30 min,
2.2.2 fHEIJCENBE WA BCH K% S L,
Be B % 24 FR A 4 B W, 0. 5% i R 5 TR
ekl A 1 mL 5452 %50.5,1,2.5,5,10,25,
50,100,125,200,500 ng Z %1 i & ¥ B IR & %F BEA,
W, AR Ge, In BA5T 20X I8 A 8 3 i,
KA BRI ALEE 1 mL 45 20 ng IR AW ME NN

PRI
2.2.3 BT RAAMEMA R EH  WETR L,

Be,B,Ti, Mg, Al,V,Cr, Mn, Co, Fe, Ni, Cu, Zn, Ga,
As,Sr,Cd,Sn,Sb,Ba, Hg, T, Pb, H: A %t 5 & 50/
F 100 [ CZ (Li,Be,V, Cr, Co,Ni, Cu, Ga, As, Sr)
Ll Ge fER 4%, Cd, Sn, Sb, Ba, TI, Pb L In {E 4
B o ACES B AR AR A AN 20 B AR G 2 R 4
T IR, AR OB A A 0 B S A& R
JEE B4 XoF B TR b AT I (v BE AR s 1 ), DA
HAE (3 WA 2ME ) AL, v B2 S B AL A
gxmlbrdEh g, W 3,
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Table 3 Linear equations and detection limits of 24 trace elements

R4 UMYUETEHERMEKE(n=6)

Table 4 Results of accuracy of 24 trace elements(n =6) pgeg”!

I 2 LRV A R

LR my 5
X 0 )y 2 gl Jpge !

Li ¥=3.8005x10"*X+0.0441 0.9998 0.5~50 0.041

Be Y=4.3289x10"*X+0.0249 0.9993 0.5~50 0.017
B Y=7.1290x10"°X+0.0088 0.9997 0.5 ~50 1.367
Mg Y=1.5308x10"*X +0.0349 0.999 9 10 ~500 2.951
Al Y=1.1725x10"*X +0.0125 0.999 6 10 ~500 2.858
Ti ¥Y=4.6679x10°X+0.0051 0.9996 0.5~50 0.451
V. Y=1.3976x10"*X+0.1373 0.9997 0.5~50 0.036
Cr ¥Y=2.6191x107°X+0.2392 0.9997 0.5~50 0.302
Mn Y=1.4887x10°X+0.1101 0.9992 0.5~100 1.106
Fe Y=4.6286x10"°X+0.0042 0.9996 10 ~500 4.593
Co ¥=3.8522x10"°X+0.3344 0.9997 0.5~50 0.051
Ni ¥=3.5071x10"*X+0.0982 0.9999 0.5~50 0.313
Cu Y=1.8945x10°X+0.2063 0.9997 0.5~100 0.746
Zn Y=3.3746x10"*X+0.0257 0.999 3 10 ~500 0. 609
Ga Y=1.2274x10°X+0.0699 0.9992 0.5~50 0.073
As ¥Y=2.0736x10"*X+0.0172 0.9997 0.5~10 0.032
St Y=1.1134x107°X+0.0902 0.9993 0.5~50 0.058
Cd Y=6.9232x10°X+0.0044 0.9994 0.5~10 0.028
Sn ¥Y=6.8047x10 " X +0.0074 0.9996 0.5~50 0.041
Sb ¥Y=1.0287 x10"*X +0.0071 0.9992 0.5~50 0.051
Ba Y=3.1744x10"*X+0.0306 0.9995 0.5~50 0.127
Tl Y=1.0754x107°X+0.0956 0.9996 0.5~50 0.048
Pb Y=1.1598x10°X+0.0658 0.9993 0.5~50 0.104

Bi Y=1.1004x107°X+0.0926 0.9997 0.5~50 0.031

THE BHEH Wi T® %M RS (E8
Li 2.6 +0.4 2.8+0.1 Cu 6.6 +0.8 6.7 +0.2
Be 0.051 £0.004  0.050 £0.004 || Zn 55 +4 54 +2

B 38 +6 39 +2 As 1.25 0. 15 1.26 +0.05
Mg/ % 0.48 £0.04 0.47 £0.09 Sr 246 16 248 x1
Al/%  0.20 £0.03 0.19 £0.02 Sb 0.095+0.014  0.092 +0.014
Ti 95 £20 89 +2 Ba 18 £2 20 1

v 2.4+0.4 2.7 +0.07 Pb 47 +3 46 +3
Cr 2.6+0.2 2.8+0.3 Fe 1070 £57 1074 +42
Mn 61 +5 64 +3 Co 0.41 £0.05 0.38 £0.01
Ni 1.7+0.3 1.9+0.2

2.2.4 MEMEILE HGEARE M4 0.5 ¢, &K
2. 1. 4 0N J7 3 i w5, S AT A 6 4y, T
Eo LEAIRIIE 4,

2.2.5 FEMARBE HUH PR ECRE SRR (60 H) &
0.25 g, K FRIE , B M BE N, AN R 10 mL, 155
WL B, BT A SO, 9 400 8 i AR PP T A T
fife 58 4 e O 15 28 AU R A, B 50 mL B
FHOK B8 it 0 O e A, I Au B0 2 X IR
(1 mg-L7)200 pL, ok 2 20 B 2% 53 B A
BRANI Au 50 28X B ah 9 o, TR] ik i 4 1k 7R 23
FE

2.2.6  FEANEIINE AU B0 PN bR IR R A A AL 2R
Hr AR 2 v 6 248 A AR V8 R, AR UORS A 25 1Y
AR A AL P R HEA TN E o AR iR i 2R L
TR HR B . 20706 % 55 H P BC G M Y

K R RSD 0.5% ~5.4% , 8 & Pk % RSD
2.2% ~14.9% ,JNFEEYR % RSD 2.3% ~5.6% .
2.2.7 Giitordr SEE R SR A SPSS 19.0 it
AT AT AL, Z R A B B3R FH A R 5 22 57
Br ONE-WAY ANOVA, SCBs 25 B 1L x = s 3255, U
P<0.05SHABENZESR,

2.2.8 HEPHET T M SRR 500 B
1,2,3,4,6- 108 &+ WA Mo b, R 26 4t B 45
B B A3 A TRV AR B R 1 26 B P F B 48 A 43 1
i, PR E IR AT AR AT R BEAT 24
TS TR R R & & (P <0.05), B It #E
P R R 2 0 T vk A B R R
6 2% LAl AT LAAS H O ] 72 st A P R 38 bR i 5 BN
— AT N A B EEER, WS,
2.2.9 A4EFRE 24 MR TE M S RN 4T
B bf v & A BFE ' Y Mg, Al Fe, Sr, B, Ba, Mn,
Zn,Cu,Ti FFI0HE HFHE PR ITTE TR E2E
SR 2E SRR AR R A T R T R ER
WP R R e, Hovb DL Mg & & fiey , Hik Al Fe,
Sr, AN UL S JC F TiAY & B IR R, X6 Gy
i MRS A — 2 SR, B R
KRR, B UCLE 2 P B R Ak 3 S, L
Se R Ry 22 MR ) 4t P R B T R IR AR
W% 6,

Xt 24 MOCE L 22T LA W3R T, R
FEPE R 5 R BOR 25 B 4P B2 e #E, JC R Al Fe, Ba,
Mn,Zn,Cu,Ti,V,Co,As,Cd,Sb,Tl, Ga & & H i 3
FEAK (P <0.05) s AN 77 Hb 4t FF Bz 1 1 i o0 2 L8R
LRGP Co JTFR W 3w T Rg b= 1 R ™
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RS AEFHARMBHESERTHESRESF B (2 +5,n=3)
Table 5 Assay results of seven components in Moutan Cortex from different areas(x £s,n=3) mg-g -1
M WETR AR gggp  D2OAOIE e s P
T T b
3 C 2.220 +0. 109" 0.330 £0.078'") 3.473 +0.846" 17.867 +1.340 1.060 +0.213 (.785 +0.066'"  14.480 2. 111
R F 3.227£0.703  0.591 + 0.130  8.428 £1.159  15.522+2.792  1.603 +0.294 1.442 = 0.310 16. 483 +2.207
LA KR 2.416 £0.660  0.556 £0.231  8.718 £2.427  18.272 +3.435 1.011 £0.596 1.152 0. 685 14.137 £3.541
WIRE A2 3.086 +0.151  0.585 +0.068  8.676 £0.335  14.416 +1.977 1.516 +0.284 1.553 =0.139 15.881 4. 803
i o g e 3.066 £0.591  0.586 £0.273  8.120 £2.347  13.543 +1.419  1.292 +0.166 1.416 =0. 209 15.920 £2.982
T o 25 2.702£0.177  0.515+0.159 10.184 £2.437  13.871 £3.377 1.407 +0.544 1.602 0. 458 16.390 + 1. 064
AR o 2 K 3.177 £0.570  0.499 +0.159  8.378 £0.486  16.312+1.828 1.369 +0.247 1.169 =0.178 19.395 £1.510
bk 2 2.662 £0.375  0.361 £0.144  7.934 £0.540  16.682 =1.712 1.182£0.236 0.932 =0. 333 19. 786 +0.792
WA & 2.833+0.140  0.403 £0.090  7.623 £0.579  15.201 +1.880 1.037 £0.297 0.927 =0.316 15.871 £3.933
FE SRR ERALE P <0.05(£6 ),
x6 AEFHEABHAR R 24 FHPELELR (v £5,0=3)
Table 6 Assay results of 24 trace elements in Moutan Cortex from different areas(x +s,n =3) ug-g’l
HA% Mg Al Fe Sr B Ba Mn Zn
GRE K 937.15 +44.35 242.09 £30.2") 119.42 +5.86" 54.14+1.97 17.82+0.95 8.38+0.88") 11.17 £2.60" 5.05 £0.48"
WAL 847.95 £38.43 861.93 £70.51 486.53 £70.64 59.43 +11.91 18.36 +2.48 16.62 £3.08  30.58 £9.41 9.49 +3.18
LA 899.33 £25.60 838.99 £67.75 525.14 £104.07 51.13 +4.63 19.13 £0.74 10.47 £2.20  28.90 £3.43  6.00 +2.22
WIm AL 912.11 £43.80 915.01 £29.64 505.81 +£43.66 56.20 +6.59 20.68 +1.91 17.37 £4.56  23.87 £8.39 10.50 +2.82
DU F e 881.98 £59.30 827.83 £49.67 512.55 +86.71 61.16 £5.97 19.64 £1.84 15.09 +3.87  26.24+7.34 8.85+2.24
WITT R 22 )% 892.32£70.54 712.22 +166.7 446.41 +62.80 58.08 £9.93 19.76 +4.48 16.41 +£5.82  18.69 £4.90 7.99 +0.71
IR A F . 837.14 £22.67 703.76 £+105.8 398.96 +8.21  64.28 £13.68 17.54 £0.49 14.68 £9.70  23.2129.28 7.28 +1.63
Wbk Je 7 881.51 £50.34 743.12 £23.76 435.28 +67.81 46.50 £6.06 16.76 £0.75 9.3922.93  16.3126.15 5.46 +0.40
INARAK L 841.60 £40.05 775.47 £62.27 426.23 £35.58 51.41 +11.72 18.04 +2.18 11.22 +4.97  20.78 +7.51  5.93 £1.05
KR Cu Ti Ga Li Be v Cr Co
3 TN 3.27£0.28"  5.35+1.47"”  1.59£0.17” 0.36+0.10 0.00+0.00" 0.28 +0.10"  0.75+0.19" 0.12 £0.02"
RA I 5.07+1.023) 18.58 £3.77 3.20 £0.62 0.52£0.23 0.02+0.00 1.01+0.23 2.00+1.33  0.23 £0.05
IHALE  3.46+1.12  13.40£6.43 2.04 +0.46 0.53£0.19  0.01£0.01 0.73 +0.39 1.32+£0.80 0.18 £0.06
MR ALY  3.53%0.57 18.40x1.85 3.38 £0.82 0.55+0.11  0.02£0.00 1.09 +0.09 1.82£0.29 0.22+0.02
Mk e 3.98+0.53 17.34 £2.84 2.97 £0.76 0.54£0.12  0.02+0.00 0.99+0.16 1.69£0.40 0.20%0.05
WL ALY 4.04£1.06  19.34+7.25 3.22 +1.10 0.58£0.18  0.02£0.01 0.97 +0.20 1.91+0.59 0.21+0.03
MR AL 3.2920.40 8.68 £2.95 2.88 +1.90 0.31£0.03 0.01x0.01 0.5220.24 1.67£0.99 0.14 20.03
Wbk 3.08£0.29 9.22 £8.67 1.81£0.58 0.38£0.23  0.01£0.01 0.46+0.48 0.94 £0.40 0.140.08
INARFER  3.55+0.40 10.24 £4.70 2.17 £0.96 0.43£0.10  0.01 £0.01 0.58 +0.34 1.22+£1.13  0.15+0.04
KK Ni As cd Sn Sh Tl Pb Bi
GHEK 0.45+0.08"”  0.09+0.03"”  0.04 £0.01 0.01£0.01 0.01%0.00 0.01%0.00 0.31 +0.12" -
BRI 1.18 +0.36 0.27 £0.06 0.25 £0.12 0.03£0.00 0.02£0.01 0.04+0.01 1.21 +1.10  0.03 £0.02
WHALER  0.71£0.31 0.17 £0. 10 0.08 £0.09 0.02£0.01 0.02£0.01 0.02=0.01 0.49 £0.48  0.01 £0.01
il NP 1.20 £0.67 0.37 £0.07%  0.27 £0.11 0.03£0.00 0.03+0.01 0.05%0.02 1.77+1.35  0.02 +0.01
WA 0.880.27 0.27 £0.07 0.20 £0.10 0.02+0.01 0.03£0.00 0.03=0.01 1.15+0.51  0.02+0.00
Witk £ 0.83£0.17 0.21 £0.07 0.16 £0.09 0.02+0.01 0.01£0.01 0.03=0.01 0.60 £0.37  0.02+0.04
WAL 0.8120.48 0.16 £0.07 0.12 £0.07 0.01£0.00 0.01£0.00 0.02=0.01 0.38 £0.21  0.01 £0.00
WALk 0.54£0.25 0.13 £0.06 0.04 £0.01 0.01 £0.01  0.01£0.01 0.01+0.00 0.31£0.19 -
AR KEE  0.68+0.17 0.16 £0.10 0.09 £0.07 0.02£0.01 0.01£0.01 0.02=0.01 0.27 £0.23  0.01 20.01

.38 .
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(28800, TP ST Y B BB LE . SR T /Y fH
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PR R W DU TV 2 6 b SR LR Y
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(LR W R Z6hs, Z 0K K25 200
RERA VP A HE P 35 S A8, oy b AT DL PF e 25 Bz )
oA LA MRl L R AR A — 5 YR 2K, 4T B
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Table 7 Quality ranking of grey correlation degree evaluation of Moutan Cortex from different specifications

i ?f&bﬂﬁxff EZ 27 ?ﬁ%ﬂﬂx# ZILH 5?‘&&5%7‘5%& EZ I E
KR (r) HEF KK (r,) HEFP AR OCHRJE (rp) R
GRE 0.321 1 0.314 1 0.3156
TR LR 0. 648 0 0. 669 0 0. 664 5
TLIRAR 25 52 0.480 4 0.468 7 0.471 4
W AR 25 % 0. 607 6 0.689 4 0.672'5
IEE 0.539 6 0. 606 9 0.5915
WK 25 5 0.567 5 0.584 4 0.580 6
AR o 2 0. 608 9 0.439 5 0. 476 2
b o 5 K 0.494 5 0.337 0 0.369 5
Aok 2 i 0.413 6 0.402 6 0. 405 0

2.4 4P ZG A v 32 B Ry B B T F 2[R A
KRS HT AR OE S BT R 5T BE AL AR f5 22 1) 56 P 1Y)
BT 7 ik 4 BEAH SC T 30T 43 4 A 6
LR G, S MR A DG 2 BT A 4 UL R AH DG A T A A
Sy ARG B 4 o X A2 Y 24 Fh i TR T
A RS AT RUAE 1 M DG A BT, A5 1 4k 2 24 6 AS TR
A3 B ot e R 22 1) i A O R 0, DA K i e R R
B R NSRS B o s <00
GERAT UL, 1,2,3,4,6- L E TR SHE T
W2 ATZG N BRAT AT R IR R W AT 251 Sk
43 ok et o0 2R 5 AR DG B A A OGS PE R S
AR B EIEME, 5SRE FRER RS EAN
BFEIEME AE KA RE ML, P S L,
B ARG 3 W TR AT MR AT 2 R
TR 2 R EAT 24 1 22 ) IE M DG Bt 3 IR A G, AT 2y
TR 1,2,3,4,6- 1% & F o m Aif AN, B 47 48 b5
LAY B TE AR G . Mg 55 48 B 43 B KR 43 it O

RN B3 FUM 5, 1M Mn, Fe, Al,Zn, Cu Z [H]
F 5 Ry o0 R 2Z M)t B OE AR G B 3 IE A,
BEHE G R Fefb 2 41 4 2 1) i DG Bk T R 2 EIl T
BN 2= A o Wk A 2 TR A R T A 2
A5 A A B R ARG, X 5 24 54 R AR Y
IS A -
3 #igHipt

ARG SR FH v A00RRE WL K il A €2 i 2 [] st 30
SEAN[F] 7 M S E A B TR AT Z R T AT 2
S5 T A TE bR B 1 B ik B T - S R TR T
P 24 PR TR B, N W R g R AR bR
BAT BHCRE T FR A 22 R XN T A P R T
Hr B EEE X,

TR A0, ST A HR A B ot B340 7% ek RN S 40 A
A TR B BRI R A 0 DA i | BT 78 4 )
FHE AV, S 3R R rh A M K 0 R 5 2 TR
TAHCHEL, XASA RGN RG, 8 % =
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Table 8 Correlation analysis matrix results of 24 trace elements and seven compents in Moutan Cortex

Ei | I m \Y \Y Vi Vi Li Be B Ti \% Cr Co Ni Cu

I 1

Il 0.294 1

i} 0.368" 0.607% 1

IV -0.198 -0.092 -0.01 1

Vv 0.414 0.580% 0.384" -0.118 1

Al 0.360" 0.774” 0.666% -0.142  0.730% 1

VI 0.105 0.165 0.32" 0.09 009 0143 1

Li 0.243  0.048 0.194 -0.329" -0.034 0.313" -0.323" 1

Be 0.490”  0.564” 0.510 -0.396” 0.5312 0.763” -0.077  0.568% 1

B 0.233  0.174 0.174 -0.251 -0.152  0.29 -0.371" 0.676 0.407° 1

Ti 0.417%  0.439”  0.470% -0.490” 0.541” 0.681% -0.113  0.646* 0.856> 0.269 1

v 0.456 0.491% 0.494% —0.459” 0.486Y 0.724¥ -0.139  0.7132 0.9342 0.411> 0.960% 1

Cr 0.517% 0.171  0.276 -0.398> 0.107 0.291 -0.293  0.706> 0.615” 0.550> 0.614> 0.696>

Co 0.441%  0.336"  0.375" -0.443”  0.340" 0.555% -0.196  0.776 0.853” 0.423% 0.904> 0.945% 0.722% 1

Ni 0.449%  0.389"  0.317" -0.379" 0.498% 0.495% -0.252  0.402” 0.6852 0.2600  0.673” 0.702% 0.58>  0.668> 1

Cu 0.188  0.514% 0.394% -0.075  0.470° 0.541 -0.029  0.066  0.535% 0.120  0.351" 0.390" 0.118 0.360"  0.364" 1

7n 0.5332  0.512% 0.435% -0.191  0.614” 0.649% -0.108 0.170  0.727 0.319"” 0.5512 0.604% 0.341"  0.477% 0.660° 0.520”
Ga 0.492% 0.393" 0.372" -0.391" 0.613Y 0.5152 -0.098  0.169  0.6577 0.153  0.631¥ 0.616% 0.404  0.497% 0.543% 0.351"
As 0.492%  0.518” 0.456” -0.358" 0.518” 0.700° -0.166  0.559% 0.897% 0.480% 0.778% 0.872% 0.583”  0.777% 0.712¥ 0.4677
Sr 0.38" 0.261 0.154 -0.145 0.335" 0283 -0.127 0.066 0262 0.174 0.231 0.23 0.395> 0.114 0.343" 0.052
Cd 0.446%  0.6452 0.476” -0.213  0.697” 0.736 -0.051  0.101  0.779® 0.195  0.600> 0.645> 0.249 0.512%  0.680* 0.610”
Sn 0.249  0.473% 0.238 -0.192  0.303  0.449” -0.201  0.4477 0.6467 0.269  0.579% 0.643% 0.418  0.6477 0.493” 0.400”
Sh 0.340"  0.626” 0.4757 -0.249  0.493Y 0.724Y -0.199  0.450 0.795 0.398% 0.7217 0.800% 0.459”  0.6687 0.6717 0.484%
Ba 0.4872  0.381" 0.355" -0.392" 0.607” 0.49%6* -0.105 0.163  0.6512 0.146  0.623” 0.605% 0.402%  0.492% 0.5422 0.348"
Hg 0207 -0.241 -0.143 0.032 -0.036 -0.127 -0.146 0.238 -0.050 0.218 -0.053 -0.039 0.281 0.093 0.051  0.062
Tl 0.452%  0.597” 0.54% -0.172  0.640” 0.752% -0.070  0.268  0.768% 0.348" 0.619” 0.670* 0.330"  0.533” 0.59* 0.458%
Pb 0.341"  0.435Y 0.247 -0.113  0.545 0.540 -0.230  0.128  0.592% 0.207  0.493% 0.522% 0.224 0.418”  0.735%  0.4247
Bi 0.182  0.5412 0.506 -0.185  0.497” 0.659% 0.079 0.167 0.5712 0.117  0.493% 0.520% 0.131 0.4917  0.439%  0.7427
Mg -0.158 -0.169 -0.076 -0.113 0.271 0.022 -0.010 -0.084 -0.142 -0.295 0.215 0.004 -0.18 -0.044 -0.09 -0.231
Al 0.427”  0.480% 0.689% -0.393" 0.256  0.509” 0.131  0.417° 0.652% 0.284  0.610” 0.659% 0.461”  0.579% 0.488% 0.289
Mn 0.509  0.491% 0.461% -0.077  0.455% 0.482% -0.051  0.142  0.547% 0.124  0.494% 0.502> 0.198 0.4382  0.530%  0.409”
Fe 0.510¥ 0.520 0.777” -0.261  0.320" 0.613% 0.170  0.476 0.683> 0.307" 0.685% 0.728% 0.448%  0.652% 0.458% 0.304
FahR 7n Ga As Sr Cd Sn Sh Ba Hg Tl Ph Bi Mg Al Mn Fe
Zn 1

Ga 0.777% 1

As 0.739”  0.613” 1

Sr 0.391"  0.52% 0.195 1

Cd 0.896” 0.7372 0.7777 0295 1

Sn 0.437% 0.368" 0.646” 0.131  0.501? 1

Sh 0.706 0.564> 0.8832 0.274  0.734% 0.633% 1

Ba 0.773%  0.999% 0.601% 0.515% 0.733% 0.371" 0.549” 1

Hg -0.070 -0.167 -0.039 -0.088 -0.151 0.065 -0.172 -0.151 1

Tl 0.737%  0.58% 0.837% 0.312" 0.806” 0.492” 0.716” 0.5712 -0.169 1

Pb 0.8717  0.582% 0.682% 0.227  0.826” 0.403” 0.724” 0.579° -0.095  0.671? 1

Bi 0.390"  0.316" 0.559% -0.077  0.644% 0.502% 0.506 0.308" 0.034  0.565% 0.349" 1

Mg -0.008 0.199 -0.134 -0.065 -0.025 -0.146 -0.103 0.205 0.008 -0.072 0.048 -0.058 1

Al 0.4497  0.363" 0.6277 0.043  0.4547 0.292  0.588% 0.354" -0.179  0.448% 0.339" 0.305" -0.217 1

Mn 0.714”  0.639”  0.490% 0.330" 0.676” 0.399” 0.551% 0.634” -0.157  0.450 0.623% 0.303 -0.04 0.539% 1

Fe 0.4729  0.404% 0.657% -0.008  0.483” 0.377" 0.609% 0.390" -0.124  0.495% 0.336" 0.414” -0.128  0.911% 0.608> 1

TV AE 0.05 ACF (R 8 EMSE, Y A2 0. 01 AKF (UM @M, 1. %EFm; 1. AT N L AT V. 1,2,3.,4,6- 0%

BB V. R VI R BEAT 25955 VI PRl .
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