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W OE. IOk R BB A E B TR (ICP-MS) M & & 15 AN Z B A 5 B3 X ¥ 4P Fe Mn. Cu,
Zn.Co Li.V.Ba.Cr.As .Cd.Pb & 12 B o At & KT HER P F R EHG LS04 IE, KA SPSS 21.0 #4572 R o
SA AR S, SREF, AEEETREMEEX RH B KT 0.9990, # h FRE E £ 0.009~1.035 pe/L Z 8, 5% H
3% % (GBW10015) A= A4 v+ (GBWO7603) M £ A B RAF AR EMBECE N, RAZF EEH T, PR dES
HEGHHT RALE, FIEH Fe Mn CoV.Cr FAZFLERZTHE, HFAFBZASL T Fe LELZRES A A 31.8~
108.3.49.7~805.6 mg/kg, Mn 7. % 4% 5 %] # 5.59~35.6.12.9~67.7 mg/kg;Cu.Zn #= Ba 7. % F 3 4% £ 1~10 mg/kg Z
18 ;Co. Li.V.As .Cd.Pb.Cr %35/ F 1 mg/kg, 3+ As( <0.16 mg/kg) .Cd( <0.03 mg/kg) .Pb( <0.35 mg/kg) FH HE
EEARTERLABRRARE HREAML(WHO) o F B ) (2015 38) REMRE, % — 2 /o MERGHE
% %69 49.060% ,Mn Fe V. Li As Cr 0 E A MER K, KX PHIEALEH Mn Fe V. Li As Cr, XHESH B 14
M RAKZ ZARFERK (p<0.05) KA EHFANK(p<0.01), LEERFERIETALEALEGMERX R, RF R
BRPLELEERER, THREER BE ARG IFRFEP LR FTIXA £,

KR RE, W BARSF B TR (ICP-MS) , 5 R H , R 44T, 48 % o dr

Determination of mineral elements of wild
and cultivated Wolfiporia extensa collected from Yunnan
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Abstract:In order to study the distribution characteristics of mineral elements in Wolfiporia extensa from Yunnan
Province, 12 elements of Fe,Mn,Cu,Zn,Co,Li,V,Ba,Cr,As,Cd and Pb in wild and cultivated W.extensa from 15
origins were determined using inductively coupled plasma mass spectrometer (ICP-MS) method.The quantitative
results were analyzed by principle component analysis ( PCA) and correlation analysis using SPSS 21.0 software.
The results showed that the correlation coefficients(r) of linear regression equations were all higher than 0.999 and
the detection limits were in range of 0.009~1.035 ug/L.Besides,the measured values of national standard reference
of spinach( GBW 10015) and shrub leaves ( GBW 07603 ) were within the standard range, demonstrating that this
method could be used for the determination of mineral elements of W.extensa accurately and reliably. The results
showed that the test samples were rich in mineral elements and the content of Fe,Mn,Co,V and Cr in cultivated
W.extensa were higher than that of the wild ones.In addition,the contents of Fe in wild and cultivated sclerotia were
31.8~108.3 and 49.7~805.6 mg/kg,and the contents of Mn were 5.59~35.6 and 12.9~67.7 mg/kg, respectively. The
average amounts of Cu,Zn and Ba were 1~10 mg/kg.The average amounts of Co,Li,V,As,Cd,Pb and Cr were all
less than 1.0 mg/kg and the contents of other toxic heavy metals, such as As ( < 0.16 mg/kg), Cd
( <0.03 mg/kg) ,Pb( <0.35 mg/kg) ,were all lower than the maximum limit of the national food safety standard,
World Health Organization( WHO ) and Chinese Pharmacopoeia(2015 edition).The results of PCA showed that the
first principal component factor could represent 49.060% total variance contribution.The loading values of Mn,Fe,
V,Li,As and Cr were higher than that of other elements, which could be regard as the characteristic elements.
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Correlation analysis displayed that 14 pairs of mineral elements showed significant ( p < 0.05) or high significant

correlation( p <0.01)and these elements had intrinsical relationships in the growth process in W.extensa.

Key words ; Wolfiporia extensa;ICP-MS ;mineral elements; principle component analysis ; correlation analysis
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K% (Wolfiporia extensa ) “hy Z2FL A FF EL AR %5 1)
TR A, 22 MR BREAE M B 420 2 s 51 R A 14 R R
AR MR RN 2 A N £ R R
BUREFHNT HEAE 3 IR 2 IR I A Gt IR
BRI 70% L . P E,IRE SO . s ES
e ISR S RE A R AR 7 7R T 3 b B AL ET
DR AT & PR 2 S = /i
bR SER IS E R = E R EE
Hu X 22— R R AR O T IR M 2
JHOE , o [0 oG 28 09I 52 Sy BT AR X 4 b, s g vh

X E 4 5:1002-0306(2016)24-0360-07

12 (1ICP=-MS) | 5 == B B 2E 5 AR T IR 2 W A% Fe
Mn Cu.Zn . Co.Li.V Ba . Cr As Cd.Pb 4§ 12 Fhy™ &
JLER Y E i, A SPSS HEAT 2 s 43 B FAH A4 43
M, B E B ITR 5B LA FE bR vE R TR
ZHZL(WHO) FITE 22 25 8t (2015 W) dic v FR 8 3R 47 1L
BN = A RS T B0 IR & AR, AT R
FBERRDTE 22k, i S i SR A e AR s

1 BRI

11 BPRS

RERES T 2014 AER A=A 15 DHLIX
(PEIfE B WLER 1), i 2= B AR R 28 X0 vy 4 %
AR Z AL B IR 2 8 B AR & Wolfiporia  extensa
(Peck) Ginns , 347 T 2= B AR MV K22 BT BT 5T BT AL
LN HLDOCR AR S R =5 Ak B >
18.25 MQ - cm;65 % WA IR (g 4l) F1 30% i S b
(Griral) VB L TR A FRAH 07 BT R AR UL
W UE M AR AR B A R A F 2 Y kSR
(GBW10015) FIFEA KL - ( GBWO7603 )  Hl Bk 4y FH Hh,
BRAE A ST .

4 B T AL Mars6  3€ [ CEM 2\ w]; ICP —
MSNexION300 3 EZ- SN 7] AR1140 B 7 /022 —
IR MR- A 230 (TR ) AT BRZA W] 5100
HARMEGR & WD BB IE IR A DO ) s 4em 3
JH 10% HNO, ¥RIZ IR, BA/KIHBE , B4 .
1.2 WHE
12,1 FESHIMARE BT EEARZERE S S 85 49 U1 0 =6 Il

TERCHE M 4 TR/ e E )7 M . THERTE, O o IR R AZ AR ZE B . T Ff
AS SR PO T fe 45 6 L SRR 5 A5 S TR BT 3 MTEERAAM T e+, B F U T 50 C
F1 REHERGEER
Table 1  The information of W.extensa samples
P SR gt N KIE - WK (m) 2 4
1 W T 5 AR B S R A e 5 g 1346 N24°30752.90" E100°96'56"
2 T B 5 [iZa5 1921 N24°38'81.30" £102°25'82"
3 RMEip e B £ B SR 7 Py A= 2245 N25°02'98.00" E100°85'59"
4 FE B 13 1225 615 N23°95'78.90" £101°63"2"
5 TR AT HOE B A5 10 (15245 1741 N23°95'04.00" E101°94'73"
6 FEATH AT BV S B 5 i§dan 2138 N23°80'44.30" E101°56'57"
7 1 PR 2 7 EL AR R A E S 10 52 3200 N27°2086.10" £99°27"714"
8 KE B ALSF 2 634 20 WA 1943 N25°5416.00" £99°69'023"
9 RILZEFE R AR S KB A 27 Wy A 2495 N26°66'72.50" £99°18908"
10 SC Ul B A AR 13 g 1504 N23°47'5.00" E103°94'73"
11 B TIT LT X b 4 o A 16 ks 1720 N24°43'18.60" E102°51'82"
12 I TR S 22 ks 2011 N24°46'90.30" £99°50"319"
13 M VE T AT EL AR AR S ST AT 5 ki 1892 N23°82'00.10" E100°74'08"
14 T P OBURTT B ) L D AT 21 PR 2062 N24°69'11.70" £101°64'93"
15 [N =R S A 18 ot 2560 N26°88'31.90" E100°92'75"
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BT AR, o 100 H i85 o K 2 PREURE & 0.2000 g
FIHMAE A 6 mL f5EZ AT 3 mL XK, A%
VI SRR ) TAES BTN, 23R 2 19
SRR SE A, B G R 2 Lh 6 i, i 2lik
FEFFZE 25 mL, JiE A TS B AT AR SR AR I, SR
A TE) T 925 ) 4525 13 0 BE RIS vHE 40 5 90 4 8 o

2 MBI

Table 2 Microwave digestion program for the decomposition

Tht o ] il 2 A ] PIES

AU (min) (c) (‘min) (W)
1 5 20~120 5 1800
2 5 120~150 5 1800
3 5 150~170 5 1800
4 5 170~180 10 1800

1.2.2  #ESTARUEINZ B Fe \Mn Cu 1 Zn 550# 1Y
FRUEAG AR, IR S35 5% 11 HNO, ¥R BCHI AL O |
0.5.1.2.5.10.20 pg/mL (IR -G bR EW , A+ &
Fe Mn Cu #1 Zn JTER bR #ERTZ . B Co Li\V Ba,
Cr.As .Cd 1 Pb JLERARMERE 2 UL, IA T35 5% 11
HNO, %%, Bc il 5% 0.,0.01 ,0.02 ,0.05 0.1 ,0.5.1 pg/mL
AR A PRI
1.23 JCESEME  XALE 0 TAESHGHAT
1k, 155 ICP - MS feAF: iy A a5 T AE 254, S 4 1y &<
1300 W, 4 8% 5 K Ty i 15 L/min, 7% <R &
1.6 mL/min, RFEIRE 6.5 mm, JEEEEE R 0.1 mL/min,
Ha s 7 AR SRy Em o, &Rk
RE A TAESAF , BRI B3 2 45 DR & &, &%
IR E I 3 K.
1.3 #HiR4bE

SR W FH Microsoft Excel 2007 X3R4 T4
AL TR R P AR Th T BT R I, T
JH SPSS 21.0 RGEHEAT I8 Hr AAH DG I3 4T o
2 HRE5HMH
21 FEWIE

MRIEIRZE DR F JT R Y& &, PG 38 1wk &

TROR®

WHZE R TR AR EIN T B (R 3) o 12 FIOCR I
LR RN 7 FEAR G AR 8 v R T 0.9990, X2 A kf
s I BT A 4 B o i 22 7 3 A5 T A% J0 R B S
FRL, 4G R 7 0.009~1.035 pe/L S Bl P, TH 5300 52
J7 5 WA bR A 22 (RSD) Y/ T 8% o RS
br e 3% 5% = % ( GBWI0015 ) F1 # A A nt
(GBWO07603) Xf ICP-MS 7Lk #EA7 4k, 3k 4 Af
A5 G 3R A DN R HB A B S bR TE = 2B {E T
Wo RWNZT7EMER AT 55, 1 TAR 2 A Bioc
R BUME .

# 3 JLRANEBIATEE FSE R LA BRI RSD

Table 3 The linear regression equation,

R,LOD and RSD of the elements

o, RO
% e A o 0
(pg/L)

Mn y=0.901541x +41.3564
Fe y =0.2158x +9.89954
Cu y =4.0894x + 187.597
Zn y =1.6956x +95.1688
\Y y =2.3115x + 106.037
Li y =0.2710x + 12.4329
Co y =3.6461x +167.259
Ba y =12.9923x +595.995
Cr y = 1.4002x +64.2327
As y =0.3599x + 16.5119
Cd y =1.1629x +53.35
Pb y =12.8154x +587.881

22 BEHR12HMFTRTEIESN

REFZ T Fe Mn Cu.Zn . Co. Li .V Ba Cr As.
Cd.Pb 45 12 Foc R &R ME N R 5, 45K,
e EZREREMAFEZSHE, S6HFEEW
Fe Mn Cu.Zn £ JiioL K., Fe BERZ P EEHKT
HHYICE ;Mn JLER IR Z ;Cu Zn Fl1 Ba 1Y~ & G0 7E
1~10 mg/kg 2Z[a];Co . Li.V As Cd . Pb Cr By &

0.9999 0.306 5.95
0.9995 0.456 297
0.9999 0.207 2.44
0.9997 1.035 5.72
0.9999 0.075 722
0.9999 0.105 6.66
0.9999 0.009 232
0.9998 0.108 5.99
0.9999 0.993 7.90
0.9999 0.171 747
0.9999 0.036 5.51
0.9999 0.096 3.40

F4 WS (GBWI0015) FIHEARB M (GBWOT7603) 12 FoT R M E LR (n =5)
Table 4  The recoveries of 15 elements in spinach leaves( GBW10015) and bush branch and leaves( GBW07603) (n =5)

L WEsEr (GBW10015) AR (GBW07603)

L FRUERA (mg/ke) 52 {8 (me/kg) FRUERA (mg/ke) 72 {8 (me/kg)
Mn 41 +3 429 +1.98 61 £5 59.8 £5.01
Fe 540 +20 557 +18.7 1070 £57 1170.2 £26.512
Cu 89 +04 8.92 +0.43 6.6 £0.8 7 +0.37
Zn 353 +1.5 339 +1.82 20.6 £2.2 19.7 £1.02
Li 1.46 £0.23 1.54 £0.098 26 +04 2.7 +0.164
\Y 0.87 £0.23 0.76 £0.13 24 +04 2.28 £0.26
Co 0.22 +0.03 0.24 +0.01 0.41 £0.05 0.47 +0.04
Ba 9+0.8 9.15 £0.44 18 £2 19 £0.32
Cr 14 +£0.2 1.32 £0.24 26 +02 2.61 £0.554
As 0.23 +£0.03 0.23 +0.01 1.25 £0.15 1.3 £0.05
Cd 0.15 £0.025 0.18 £0.01 ND ND
Ph 11.1 £0.9 11.2 £0.26 47 £3 46.76 +1.972
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RS OHESH AR B BULER & (mg/kg)

Table 5 The elements content in wild and cultivated samples of W.extensa( mg/kg)

VR PR Mn Fe Cu Zn Co Ba A% Li Cr As Cd Pb

1 13.99 108.3 1.96 1.28 0.05 2.74 0.31 0.05 0.54 0.03 0.01 0.30

2 13.38 58.7 4.87 3.84 0.07 3.50 0.08 0.02 0.26 0.02 0.01 0.06

3 11.2 108.0 3.30 2.94 0.05 27.5 0.17 0.02 0.32 0.06 0.02 0.35

4 8.01 772 2.29 1.10 0.05 11.7 0.12 0.04 0.37 0.02 0.01 0.14

- 5 353 69.6 2.36 1.38 0.11 3.98 0.18 0.03 0.38 0.03 0.01 0.11
e 6 9.76 472 1.44 0.68 0.05 4.40 0.11 0.03 0.29 0.02 0.02 0.14
7 8.04 31.8 224 1.94 0.10 2.56 0.04 0.03 0.16 0.03 0.01 0.03

8 35.6 47.7 2.16 3.97 0.22 2.84 0.07 0.05 0.23 0.01 0.01 ND

9 104 51.4 1.78 3.45 0.12 2.98 0.08 0.06 0.18 0.01 0.01 0.07

10 5.59 48.1 6.85 6.72 0.01 1.73 0.03 ND 0.25 0.01 0.01 0.17

11 56.7 805.6 6.46 4.84 0.37 3.52 2.00 0.33 1.51 0.16 0.03 0.26

12 67.6 49.7 3.26 3.47 0.16 297 0.08 0.04 0.24 0.01 ND 0.01

e 13 279 73.4 5.37 5.78 0.10 3.02 0.12 0.06 0.15 0.02 0.02 0.23
14 12.9 69.5 3.60 292 0.75 4.04 0.17 0.07 0.10 0.05 0.04 0.63

15 15.2 69.4 2.52 3.81 0.07 2.64 0.13 0.07 0.23 0.02 0.02 0.05

T ND FoR A E]

HYE/NF 1 mg/kg, BIFEHET TREEESE
ELMTRE S MK IRIESESRBEAMNZREGE X, 5
H TR KA+ BERRET | Ml M5 A A S5 R AT G

221 Fe Mn & IFAFHLIEEESS b Fe &850
24 31.8~108.3,49.7~805.6 mg/kg, Mn JGZ - #945
TN 5.59~35.6 12.9~67.7 mg/kg, # IFH KL% Fe Mn
TJCE IS RS TR AR AR S LY IR 2 g
AFEE Fe JEZR S HIE Y 121 mg/kg, Liu'™ W58 =
7 10 AP A EFHE Y Fe Mn JCE &2 1.4~70
22~510 mg/kg, Liu 257 52 & FH B Fe .Mn JC2 &
4 1.54~110.5 2.00~826.5 mg/kg,Fe Mn &85
MR R AE 19 & R B AH T .

222 Cu.Zn fl Ba & BrAfMEkEM Cu JLEP
P8R 1.44~6.85 2.52~6.46 mg/kg, Kalac™' £k
V5 b X SRAEF| W EH B Cu JLR =N 20 ~
100 mg/kg, Liu'™' 7 = M REWEHE T Cu L&
oA 13~58 mg/kg, Mazurkiewicz > jil] G2 =FhEr B
JARH Cu JTEGEN 5.9~340 mg/kg, BFA 55
Cu TR EEMIE, M THAMERE, Zn THXESERN
0.68~6.72 2.92~5.78 mg/kg, HWFIT % I — L H &
Zn JUHE 1K 16~160 mg/kg™  FEfh Zn JCHE & b
AT AR FIH B KRB H R, Ba & 458 1.73 ~
27.54 mg/kg . 2.64 ~5.35 mg/keg, B A Ff Ba B 5
Cvetkovic™®! Kovacs™ 3&F B 1 b 00 0F 73 45 S A0 T,
FeIERP A AR

223 Co.Li.V.Cr & Co 7EHFA Fk i Fh & &
47 0.01~0.22 .0.07~0.37 mg/kg. SCHAIRIE £ B+
Co &4y %4 0.049%" 1.2~2.9 mg/kg™ F1 0.20 ~
1.0 mg/kg™ R BEF & B IR T HOE B, Li 7E
FeBE AP R, SF A S /T 0.06 .0.33 mg/kg, 5
Cvetkovic™ W E B Li JGE —3, V EBFE A
RG4Sk 0.07 ~0.31 .0.12 ~ 2.0 mg/kg, 5
Falandysz““ F1 Quarcoo LI sE B P V SR AT
PEH Cr IGE & 4 0.16~0.54 .0.10~1.51 mg/kg,

Kalac ' Z5R & B Cr 76 4 0.5~5 mg/kg,Tel:m
Mg 24 FhECpdrh Cr JTE S EALT 10 mg/kg, £
i Cr S8 5 HAD B o — 2, B AR Fh S B T A Fh
224 As . Cd.Pb ELESE As.Cd . PbVERNERH
FEEEIUCR, ZB MWz, bk S5 0T, IR
2t As (Cd \Pb JG2EE&r =I5 B4 51~ 0.01~0.16 .0.01
~0.03 .0.01~0.35 mg/kg, Kalac"™” 2R & A As .
Cd JLE S HEHUFE N 0.5~5 . 1~5 mg/kg, Pb & (LT
5 mg/kg, Zhang %57 5 48 Fh ELEE  As JU R & i
JELEISA 0.17~1.7 mg/kg, Fang 258 iF 5% 59 Fh 70 &
B Cd & EKT 3 mg/kg, GB 2762-2012 5 T4
ZHZL(WHO ) FHH = 24 B AR AN 26 6 BTz, BEf v
3 FhEE 4R O IR T e s R A o, A H At R o
BN

# 6 GB2762-2012 \WHO FIr 5 2 HibRifE (mg/kg)
Table 6 The comparison between heavy metals of
W.extensa and the standard ( mg/kg)

As Cd Pbh

GB 2762-2012"" <05 <05 <l
WHO PR <4 <1 <10
2t e R g <2 <02 <5

23 HEEFH12FHYT BRTEERD ST

X 15 A X IGIRZEFE S 12 PR Bion 2R & 2
EABARHEAG S FEAT RS 5MT (3R 7)), 2t B L [E]
1., 37 AT, AR SCHEBUAY 4 A4~ 35 053 i) B AL BTk
8 91.406% ,BIER B T IR A +5 4% 91.406% 15 2.,
HAERTME, 8B—F s iR E(E N 5.887, fif BE IR
TR A B 1Y) 49.060% ,Mn Fe .V . Li As Cr 257545
Foi I 78 Anf LK, 6 Min (Fe |V |Li As Cr 0%
X — A B W TRk R A T R A AR AR
1B} 2.199, Rl 5@k HR K 67.389% ,Co .Cd . Pb ¥E+5
P L ey bk K, B Co .Cd .\ Pb TEF — E s
v A S o 8 = VB DU 3 A4 I AR (B R 1.604 |
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1.165 , BT 51k R4 5 80.75% .91.406% , (3 7
TR SR SR PO A R T Cu . Zn (Ba 50T
ZME B, KR 22 49.060% 1) BTk Rk 14—
EAST T, BN IR EE P ARRE ST E SN Mo (Fe |V,
Li.As #l Cr,

RT REY TICE ERIT AR

Table 7 The matrix of PCA results about elements of W.extensa

. BN Wiy
LH 1 2 3 4
Mn 0.888 0.514 0.043 -0.351
Fe 0.966 0.175 0.149 0.028
Cu 0.557 0.167 0.693 0.075
Zn 0.304 0.285 0.847 -0.062
Co 0.514 0.550 0.205 -0.298
Ba 0.024 0.403 0.347 0.657
\% 0.965 0.162 0.177 -0.001
Li 0.952 0.144 0.122 -0.110
Cr 0.885 0.261 0.301 0.063
As 0.953 0.095 0.198 0.137
Cd 0.599 0.711 0.150 0.066
Pb 0.400 0.837 0.148 0.197
FRAE(Y 5.887 2.199 1.604 1.165
TR (%) 49.060 18.329 13.364 9.707
%f?;ﬂ;iﬂr? 49.060 67.389 80.75 91.406

2.4 HZER12F#y RITEMRXESWT

SCOGI AR v 12 ARG R & R #EAT AR OC
PRSI, WER 8 Fron, 14 X4 5ot 2 2 BB 3E A G
(p <0.05) &t W ZEAHE(p <0.01), Fe 5§ V. Li Cr,
As;V 5 Li Cr As;Co 5 Cd .Pb, 24 W ZF A G, I
E A 0.997, Cu 5 Zn Cr 5 As .Cd 5 Pb &2 4 2
FAHE, REGVLEAE 0.784~0968, Mn 5 Li As 5
Cd 2 I ZFAH G AHC R Eh 0.520 ,0.596, JTER [HIAH
Ko, R WK ITTRAERE LA KSR HEEN
TEMIAEIE KR

1 ARZE TR T B g 1]
Fig.1 The loading plot of the first
three principal components of W.extensa

3 #Hit

ARG R ICP-MS 3, X = a4 15 A4l X HF
AR SGARFEARZE B A 12 A BT R S R T E AN
[\ 7= M AR ZEAE S R R & R 22 5 B i, vT AR S5 R K |
MRS AU S Y 28 S e G, 5 T AR KRy g
FREE S S M A A I A . ARIEARZE R Fe (M|
Co V.Cr U & i oy THPAARES , Cu [ Zn JLERTEM
FhE T, Fe WA & A F W AIICE ; Mn
JEEIKZ ;Cu Zn Fll Ba FI P& ETE 1~10 mg/'kg 2
[@];Co, Li, V, As, Cd, Pb, Cr By V3 & & ¥ /N T
1 mg/kg ARZE AL & A 5 #Y Fe \Mn 56 JiJU =K,
X ARG D) BE 110 4 4 BT MR A 45 A i 1T S A7 HE
SRR, ATAE S AR B W0 BOCER BRI . S A
As Cd \Pb 454 3 # 4 JR AR T [ Z bR E . WHO |
2 ML RE B9 e FR A

XPARZS v 12 FPOT R B9 o B4 2R s, A
SCREBUR 4 > T2 1 BRERTTRR AN 91.406% , )7
22 49.060% Y TTRRAK F 25— F o3 1, T il
IRZEHPHFIEICER i Mn (Fe |V [ Li As Fll Cro AHICHE
Sy AT IR 14 X5H B ER B FEAH G (p <0.05) 5
e A SE (p <0.01) , JTER [AIAH S PER S . AH SCHE
TP a RS B o AT A R — B0, R TR A
RZE ARG TP AATE NTERIAH G OC 2R, A] RE 5 AR
AR I A K.

8 IREH 12 FOTER A T

Table 8 The correlation analysis about 12 elements of W.extensa

JLE Mn Fe Cu /n Co A% Li Cr As Cd Pb
Mn 1
Fe 0.488 1
Cu 0.224 0.488 1
Zn 0.213 0.235 0.818*" 1
Co 0.238 0.314 0.151 0.073 1
Ba -0209 -0.010 -0.095 -0.207 -0.153
\4 0494  0.997"" 0.451 0.192 0.334 -0.046 1
Li 0.520" 0.964 " 0.392 0.231 0.433 -0.142 0.968 " 1
Cr 0469 0963  0.388 0.090 0.155 0.000  0.968"" 0.893"" 1
As 0.371 0944~ 0.432 0.120 0.436 0.182 0943 0.895"" 0.885"" 1

Cd  -0.109 0432 0.258 0.104
Pb -0.192  0.210 0.232

0.724*"  0.121
-0.010 0.651""  0.302

0.440 0.495 0274  0.596" 1
0.224 0.200 0.129 0421  0.784" 1

T # R p <0.05 BEMRK, = Fom p <0.01 B FHIK,
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