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ICP - MS £4&4& %ﬁ%ﬁﬁ*ﬁ%ﬁ[@*ﬂﬁm 22 MFEHITE

REZ,BFREREC,EER KT

(1. THAHMTE = ARER,TH I 224000; 2. THLHMT LGS EESIFO,TH HIN 224056)
WE: B ZIREMNTLHZFH(V). 48(Cd) 45 (Ph) 4 (TD 43 (Cu) 41 (Na) (57 (Zn) A1 (B) .48 (Al) (4 (Cr) .81 (Ba) . &
(Hg) .45(Ca) .48 (Mo) .45 (Mn) .4 (Co) 5 (Mg) | E%’(Aq) A7 (K) A8 (Se) 4K (Ti) 8k (Fe) 22 # AT Z A 09 & BASEF B T RR
P (ICP = MS) sk Fo 1 & RALTLE S FAL G L ZF 5k Tk RAMOLE Rt 7T A 2 H s &5 1500 W,
FEFARA(AA)AZTH ISL/ min, RAAZH 0.8 L/ min, RAKEHN §~10 mm, MBI B A EFH 0.6 L/ min, 5 EREH
2.0 °C, M F A X A 2 IE X3 A AL (KED) A2 X, 2838 A AR E A 4.0 mL/ min, #AF 2P 2B 18] 4 20 s, %530 & ik 4 40 v/ min, 244
3R AR TAFH 20 MM R T 2 HLEZNEZTMNELER, AR E FRFTRESH P EIRS SN ER 2H XL
2B RERELE NS HMNTE A AARTF R AR ALK K R RAF(r>0.998 8) 4 % & . Atk A8 X IR 25 R 69 RSD 3
F 5%, A e & 2 85. 41% ~ 120. 56% (RSD < 10%,n = 6) ;20 A F ARLE L E (K, Ca) 255 5,2 B LE B E1E(P),
Cd, As,Hg, Cu) & F 3 RABAF; T A F WAt P 21 AU F AL B35 H AL (Hg A ) ; RE ST 2R o M4 R IR —5,20
:}ttir%é":i’]T%k/yﬂfJé& HE RS OMERE R, Mg,Se,Cd,Pb,Ca,Cu,TL,V,Fe,As 4 L#e F 4548 T2 ;20 B MR8 ST & £ FAATE K,

TR 8 SR B IRAFOY A STMARKE AR BARG A T RN I S 0Y ICP - MS kAR Pk 4R, A RE A, T AT, TR T ¥
A 22 A RALE A A s A AR B i R E TR E RS ST T A L e A T A A R Ae R E IR RAE R
LR DM b RIS F B TR Rk AL AR RS R E M RSO

Analysis of 22 Inorganic Elements in Verbenae Herba by ICP — MS Combined with

Chemometrics
LE Yulan' ,CHEN Lingling’,ZHI Rongrong’,ZHANG Yuanping'
( 1. Pharmacy Department of Yancheng Third People's Hospital ,Yancheng,Jiangsu,China  224000; 2. Yancheng Food and Drug Supervision and
Testing Center,Yancheng., Jiangsu,China  224056)
Abstract: Objective To establish an inductively coupled plasma — mass spectrometry (ICP - MS) method for simultaneous
determination of 22 inorganic elements [vanadium (V) , cadmium (Cd) , lead (Pb), thallium (TI), copper (Cu) , sodium (Na) , zinc
(Zn) ,boron (B),aluminum (Al),chromium (Cr),barium (Ba), mercury (Hg) ,calcium (Ca), molybdenum (Mo) , manganese (Mn),
cobalt (Co), magnesium (Mg) ,arsenic (As),potassium (K),selenium (Se), titanium (Ti),and iron (Fe)] in Verbenae Herba, and
the chemometrics analysis method for determing the distribution characteristics of these inorganic elements. Method Microwave
digestion was used for sample pre — treatment. The radio frequency power was 1 500 W,the plasma gas (argon) flow rate was
herba 15 L / min and the carrier gas was 0.8 L / min,the sampling depth was 8 ~10 mm,the auxiliary gas flow was 0.6 L / min,
the temperature of the atomization chamber was 2.0 °C,the measurement mode was collision pool kinetic energy discrimination
(KED) mode,the collision airflow was 4.0 mL / min,the injection flushing time was 20 s,and the peristaltic pump rate was 40 r / min,
scanning three times. According to the content determination results of 22 elements in 20 batches of Verbenae Herba officinalis
samples from seven regions, the characteristic map was established, and the cluster analysis and principal component analysis
(PCA) were carried out. Results The linear relationship between the response values of 22 inorganic elements within their
respective mass concentration ranges and the measured elements / internal standard elements was good (r > 0.998 8). The RSDs
of precision, repeatability, and stability test results were all lower than 5% (n = 6). The recovery rates of inorganic elements were
in the range of 85.41% ~ 120.56% (RSD < 10%,n = 6). Among the 20 batches of samples,the contents of essential elements (K,
Ca) were high,and the contents of metallic elements and harmful element (Pb,Cd,As,Hg,Cu) did not human exceed the standard;
the characteristic peaks of 21 elements in seven samples were similar (Hg was not detected) ;the results of cluster analysis and
PCA were basically consistent,and 20 batches of samples were clustered into two categories. The results of PCA showed that Mg,
Se, Cd, Pb, Ca, Cu,Tl, V,Fe and As were the characteristic elements of Verbenae Herbaj;the quality difference of 20 batches of
samples were relatively significant. The highest score and the best quality were produced in Tongzi, Guizhou, and the lower score

were produced in Chaozhou, Guangdong. Conclusion The established ICP — MS method is rapid, simple, accurate and reproducible,
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and can be used for the determination of 22 inorganic elements in Verbenae Herbaj;the characteristic map, cluster analysis and

PCA can provide reference for the development,utilization and quality control of Verbenae Herba.

Key words: Verbenae Herba;ICP — MS method;inorganic element;characteristic map;cluster analysis;principal component analysis

LRy B R RERME YY) S HER Verbena officinalis L.
SO S i s MR L 8O 1 O 2 S SR S
T 2 | B ik i 2 S b 2 R o312 A I RO L T A
B KGR B OSSR, T TR YT AN R
TATHEERE KM G CEUIE IR R S R AR
i34 B TR 2 b R W B A N E B Ak , TR R 2h
A R S B R e B A n) R H g o Pk
24 I EE 4 i 4R B 2 E R 24 R 25 08 1T 32 XU (A
KU AT R 5 25 19 K AR AR P B9 AE i
MZGHEAE M RIEA S YR, B2 A AR Hi X
B B 358 R 28 R A 2% R 5% i fo) 2020 4 it ([ 2 i
(—EB) VR T S ¥E R 2 68 Ko ik e (R = R B 5 4
J& S FA TEHLIT 2 I T vkl He R A 45 B AT
T (ICP — MS)IE W] FIE 25 M A F ELEITETIM
BB TR SRS AR P S % 3k [9 - 1174
ST [R) S I R R L (V) VB (Cd) LT (Ph) L&
(T1) A1 (Cu) A4 (Na) B2 (Zn) J(B) 45 (AL) & (Cr) .
B (Ba) 7R (Hg) 55 (Ca) 5H (Mo) 4 (Mn) 5 (Co) JEE
(Mg) B (As) B (K) i (Se) &k (Ti) 4k (Fe) 22 Fh I
MLICZ & 5L ICP - MS ¥, [R] B MG 28 20 2% 1 ff i 4t
S TCHLIC R FRAE i, %0 45 S s 517 = o b
R, R0 S THLIT R AL, i 25 #
Wk — 25 A 5 N AR AR I RIE I T
1 5%
1.1 {8

ICAP — MS %I ICP — MS /¥ ( 2 [E Thermo Fisher Sci-
entific 22 A ) ; MARS6 UG 7 15 ff A (SE [E CEM A F] )
EHD - 16 &R A (b 50 R A B Es A BR A A ) 5
MS304TS Hl #, 1 K- (it -+ Mettler Toledo 23 & , 4 B
0.1 mg),
1.2 %4

V(354208042 - 1) .CAd(HHt5 4209021 - 5) .Pb
(#L*5 204002 - 3) \TI(HE* 4 208032 - 1) .Cu(HiL5
4 20A005 - 3) . Na (L5 4 202006 - 3) . Zn (L5 K
20A003 -2) BALS-45204007 - 1) AlGHHES4H20A041 - 1) |
Cr(4It5 4208010 - 7) .Ba(fit*5->4 208001 - 2) .Hg (It
55 20A038 - 2) . Ca(fit*5 4209006 — 5) Mo (Hit*5 K
203012 - 3) . Mn (#t 5 & 209016 - 3) . Co (L5 K
207022 - 2) . Mg (It 5 & 20A001 — 1)  As (HIt5 K
208030 - 6) K(#HE5-5208042 - 3) Se(Htt5-419C030-2) .
Ti(#t*5 4 208022 — 1) \Fe (L5 20A004 — 4) FLITHE
PRy ST, BT R B 14 1 000 wg / mL, B (Bi) L4

4

(In) Bt (Sc) TCERE A WARA R (L5 24080270, Jit i
W 100 g/ mL) , 3904 B E KA 648 X 4k
BT s s WS R A G 4l K R R 4l K 5 R 2
LA 204E, 4300 1 AR AL FERA T PEA N
AT R BH VLR VR BE SR ARAE U SR L g 530
S1 - S4,85 - 86,87 - S10,S11 - S13,S14 - S15,S16 -
S17,S18 — S20, £ Eh W 45 — N R BE B Sk £ 22 Bl F4E:
rh 24 I 4 R IE o
2 FiEE4ER
2.1 AENE
2.1.1 RBAH

ST :1 500 W A5EFAS (A) Tk : 15 L/ ming
AV 0. 8 L/ min; REEVEEE : 8 ~ 10 mm; i B <t
H:0.6 L/ min; 540 ZEIRE 2.0 °C ;245 X . wlf 4
SRR A (KED) #8225 flf 48 <A FR I i : 4. 0 mL / min;
AR PRI A] 2 20 s 5 856 3 58 S 3 40 v/ min; FHHIREL:
3 ‘(QL»\ o {M /THI:Z, EM‘ , B! Na23, Mg24\ Al27 K3 Ca*  Ti® V5!,
Cr’2 Mn* Fe5 DL Se* F N FR ; Co™ ., Cu® . Zn®  As™ Se”” .,
Mo, Cd"" \Ba'¥7 LA In"'5 Ry A ; He?02 [ T2 Ph28 L) Bi2®”
FNAR o
2.1.2 EWH %

XoF RV VR O R e IS JC R AR SSRGS i,
5% TSR B IMA L TR B 1 wg / mL AYIE 1 N AR
VW, BT VR B K, Ca 39435124 500, 1000, 2 000,
5 000,10 000,20 000 ng/ mL; Mg, Fe Y4351} 50, 100,
500, 1 000, 2 000, 5 000 ng/ mL; Al, Mn 343 51 Jy 10,
20,50,100,200,500 ng / mL;Ba, Cr,B,Zn,Na, Mo, Ti
4354 2,5,20,50,100,200 ng / mL;Se, As, Hg, T1, Pb,
Cd,V,Cu,Co¥J 3 0.1,0.5,1,2,5,10 ng/ mL
FYNRA N IR TR

M S B MRS R 0. 3 o K FRE , B
THRRED AR 8 mL St A AL A 3 mL, eI,
TOUTH e, CE A R IO I RS e QI AR I
T 1) AHREE AT R H R R s, 218
A B LA ORI WA R 2 ~ 3 mL, R A
JE % 2 50 mL AT, A 0.5 mLiIBA NARE R
(100 wg / mL) , I 5% SR E 4% 1 5) , RIS,

23 PV < LA 5% Tl R Vs VR4 AL 3k ot 5 R 5 T 1
A2 W o
2.1.3 FEFEEEK

RVEEREEL 2. 1. 230 T RYIIEA RIS T
WA, #2011 IT R0 A5 2 A I | 1 SR 3L e 7
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Tab.1 Microwave digestion programs

F3% et (min) FEHREECC) 12 7% &} 18] (min)

1 5 120 5
2 5 150 10
5 180 20

R2 R2WMTENEEXRRRKENR ESRERER
Tab.2 Investigation results of linear relationship and limits of

detection and quantification of 22 elements

ZBEE ANk IR

3 =275 A
T P (ng/mL) (ng/mL) (ng/mL)

VoY, =13227.75X,+ 724. 64
Cd ¥,=12587.59X,+4518.63

Ph ¥,=30605. 12X, + 105 892. 17
Tl ¥,=52341. 65X, + 145 234. 52

0.9996 0~10 0. 001 0.003
0.9992 0~10 0.002 0. 006
0.9998 0~10 0.011 0.030
0.9996 0~10 0. 001 0.003

Cu  ¥=20362.14X+185%.54  0.9996 0~10 0.022 0.061
Na  ¥;=91564.3X+541236.21  0.9994 0~200 0.212 0.615
IZn  Y;=3125.69X +27456. 85 0.9994 0~200 0.302 0.928

0.9998 0~200 0. 005 0.018
0.9994 0~10 0. 001 0.003
Al Y, =74856.37X,+42516.87 0.9997 0~500 0.123 0. 385
Cr ¥,=75698.47X,+64123.33 0.9995 0~200 0.214 0.676
Ba  ¥,=105261.34X,+33542.54 0.9995 0~200 0. 031 0.101
Ca  Y,=3015.62X,+145236.02 0.9991 0~20000 7.254  21.711
Mo ¥, =124785.05X,+5123.61 0.9989 0~200 0.001 0.003

B ¥,=85614.36X, +412365.22
Hg  ¥,=9857.49X,+7086. 42

Mn ¥, =26580.41X,+5120.30  0.9995 0~500  0.041  0.124
Co ¥,=61234.51X,+20145.31 0.9994 0~10 0.00  0.152
Mg ¥,=20547.34X,+18521.03 0.9993 0~5000 0.512  1.522
As Y, =10541.25X,+5126.64  0.9996 0~10 0.002  0.006
K ¥,=1541.60X,+2051.71  0.93 0~20000 4.115  12.345
Se  ¥,=30625. 14X, +1689.51  0.9997 0~10 0.020  0.062
Ti o ¥,=30156.21X,+1052.44  0.9995 0~200  0.011  0.302
Fe  ¥,=65894.50X,+3874.53  0.9999 0~5000 1.312  4.022

1B o LARFIN JG 2 19 T B VK BE (X, ng / mL) R A A XA
M 7 FL CY) N AR AR FEA T ER AR 1T A5 5R L3 2.

R FR N A2 R PR EE B 2. 1. 230 F 28 I WGE
F2 2. 1. VU R A R SEHE RIS 11, 30 sRAN A I
I AFL o LA R AF ) 3435 B 10 A8 Ao i 26 0T 1 1) 45 = D T
B TR 43 AR ARSI BRI PR 45 R LR 2.

K % B 3 R 2. 1. 2 00 R IR A6 BRI T
(K.Ca ik & 4 5 000 ng / mL, Mg . Fe 4 500 ng / mL,
Al Mn #4100 ng/ mL,Ba.Cr.B.Zn,Na,Mo.Ti /50 ng/ mL,
Se.As Hg.T1.Pb.Cd.V.Cu.Co} 2 ng/mL),#%2. 1. 130
TR SR S HE R E 6 YR, 10 SR A R L A o 2
22 Fift £ I 56 2% A8 A W 17 ALY RSD 24 1. 36% ~ 4. 36%
(n=6),/NT 5%, RIS G L R AF

R M B AR R R (S1) 290, 3 o K3 B
FE L2, 1 2300F 7 v A R A T 430 T R IR
H0,1,2,4,6,8 hish4# 2. 1. 1 70 Rk g6 4 R FE M 2
T SRS ) 1L o 285 SR A% 157 0 s 2243245 W 7 EL 1) RSD
H91.82% ~4.05%(n = 6) , FBJ/NTF 5% , F& UL T T
FRHCE 8 h NARE ME R AT

HE MR BEMAE R R (S1)290. 3 ¢ K% R
FE AT 60, H 2. 1. 2 300 Uy ik il A A5 B A TR 4K
2.1 VIR0 S5 R AR DU A, T SR A ) 1 (o 25
22 Fifs U T 2R AN s e IV AEL /Y RSD 4 2. 54% ~ 4. 49%
(n=6), /N1 5%, KWk EEER L.

JRE T - B 4% TC 3 & i 2 A R S R R
0. 15 g AFHFE AT 643, 73 5 A 2 i 6T BRI
W, 4% 20 1. 2300 Jr el s il s #5020 1 1T
TR I A% A R S 10 SR SRR T 17 (B T 3 3R0 i A [l g
R4 J 22 B AR DN JT 2 Y A TR ICR Ry 85, 419 ~
120. 56% ,RSD < 10%(n=6).,
2.1.4 BHRE&ENE

20 25 MR SRy A 300, 30l 48e 2. 1. 2300 N
A A A R, 45 2. 1 1 TR R R A R R R R
TSR AR AR, T o B 2R L3R 3 K Ca P35
R (> 5000 mg / kg) , Mg > 500 mg / kg, Al Fil
Fe > 100 mg / kg, Na, Zn, Cr, Ba, Mn . B, Ti 710 ~
100 mg / kg,Pb\Cu\MO\AS\Se,COﬁU 1~10 mg/ kg, V.
Cd FITI < 1 mg/ kg, Hg A Kt , 2 4 88 12 2020 4F hit
Crp [ 2 8 (U ) ) B I A B O E LR IR
(Pb <5 mg/kg.Cd <1 mg/ kg.As < 2 mg/ kg,
Hg < 0.2 mg/kg.Cu <20 mg/kg) 2,
2.2 HFEELLEST

FRAE e 3 45 T H A 6] 7= e JE LT 75 = 1T
{8, LTCHLIC R IR F 5 B 722 ik o A i 26, S
TR 2RI ATE, B EEBRNITRSE /N —EN
(K Ca Fr 40 /N EFR I 1%, Al Fe Mg 75 545 /)N
FFEFM 109%) 130, ULIE] 1,7 477 1 245 B4 RE 5 o e HLoT
FARE S 05 I8 AR AL, 45 TCHLC R & e —
R bR A, AR R e AL IC R AR E 1B S
A T4 50 MR 24 4%
2.3 BESW

K HH SPSS 27. 0 Ge b2 1, 3 ik 20 1) 3% 42 15 %F
20 2GR BE S RS H G 21 R OEHLOG R & i T RIS
BT, 24 RR ECHE B J7 S 10 I, 20 A% i Al 43 Sk Wk 2
(WL 2) AR BN, di's S1 - S6 M S10 - S15() Rl
M I ZEBH TR R P YT IRV B ) 2 A AR SR
—2 45 ST - S9 J S16 — S20 (HH MM AE L pU 1] 4R 1l
L PUVESEZY Y K= ST sk e L R Y o
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3 HEREENELE R (mg/kg,n=3)
Tab.3 Results of the content determination (mg / kg,n = 3)

5 V. G Pb T Cu  Na  Zn B Hg Al Cr Ba Ca Mo Mo Go Mg As K Se T Fe
S 023 016 1.28 0.45 1.09 12.58 17.85 485 - 13236 11.45 18.56 696475 3.52 81.25 1.66  895.69 1.68 4652.32 0.69 48.89 312.33
2 0.58 0.24 1.57 0.52 1.32 1462 13.52 545 - 13524 10.53 2212 6025.12 5.25 93.14 1.85  742.37 1.46 3894.27 0.85 52.54 456.23
S3 021 0.32 142 051 117 13.86 14.63 7.67 - 10231 12.52 16.51 6241.02 3.65 70.12 1.23  452.36 1.74 441523 1.02 44.79 34125
S4 042 036 0.47 045 1.32 1532 15.63 16.26 - 106.54 827 20.22 8241.36 5.52 7547 L.02 75869 1.39 3052.69 0.96 51.26 458.65
S5 0.74 0.53 298 0.47 1.56 7.24 3041 7.86 - 20252 9.56 2315 921452 312 9436 119 92314 1.47 587436 2.05 40.22 754.12
S6 0.48 0.47 2.32 0.61 1.88 10.25 29.87 3.66 - 23236 7.26 18.69 941531 156 85.69 1.22 1236.52 1.69 7125.47 1.89 29.63 63415
ST 0.74 0.55 2.92 0.41 3.74 3412 30.17 1163 - 18574 14.41 3467 16965.47 6.12 122.05 1.74 2052.69 0.95 7021.88 2.73 75.46 854.82
S8 0.44 0.67 3.4 0.63 2.75 39.65 43.41 11.33 - 189.73 1236 22.14 12856.78 7.84 104.52 1.99 1536.54 0.92 8712.02 112 71.22 884.15
89 L36 0.44 252 0.61 2.62 33.21 45.45 1436 - 202.65 13.66 32.15 14054.69 7.98 102.57 1.32 1457.96 0.64 7595.24 1.88 68.95 795.48
SIO 0.81 0.28 3.85 0.69 3.33 3247 S57.15 1256 - 268.47 1452 37.89 14412.31 6.12 89.56 1.21 1707.85 1.02 9412.36 1.44 65.26 932.15
SIT0.81 0.50 1.96 0.46 1.12 875 26.58 20.69 - 258.45 11.52 25.87 9452.36 1.74 102.13 1.96 1052.31 0.85 5489.63 1.89 44.32 632.54
SI2Z 079 0.55 214 0.52 195 6.85 29.64 22.87 - 232.95 10.23 19.06 9225.36 2.02 100.36 1.74 1241.32 1.09 627421 1.13 26.36 614.52
SI30.56 0.44 0.32 0.63 1.53 16.52 23.41 1223 - 17412 7.36 33.63 6056.25 4.63 76.53 0.85 652.16 0.52 4524.33 0.63 48.74 386.54
SI4 0,69 0.66 2.36 0.45 1.45 823 3211 9.87 - 15636 812 1412 §524.15 2.14 10523 1.01 1021.02 0.32 6985.27 1.33 33.47 523.15
SIS 036 0.24 0.34 0.57 109 1452 2412 1125 - 162.51 6.5 39.85 745241 7.85 8425 1.36  663.58 0.45 5157.64 0.67 33.54 442.15
SI6 1,52 0.52 3.52 0.64 2.89 27.26 43.63 25.36 - 362.45 14.34 4415 1298578 6.95 122.41 1.89 2136.41 1.26 9063.41 3.02 59.48 796.52
SIT 166 0.66 2.47 0.76 3.02 19.89 39.58 1463 - 228.96 12.58 20.42 13957.48 8.85 88.47 1.28 154123 1.01 9542.89 2.41 71.03 805.24
SIS 0.96 0.47 2.89 0.58 2.36 26,52 44.12 13.65 - 245.22 15.62 18.15 12452.74 7.12 11236 1.57 223424 1.06 8457.45 1.67 69.85 714.23
SI9 137 0.46 3.84 0.58 2.52 20.33 3141 452 - 35374 15.26 20.35 13541.25 5.58 110.23 1.36 164121 111 8985.66 0.91 63.21 768.53
S20 0.46 0.31 188 0.63 1.85 20.33 30.22 1423 - 246.95 1231 29.86 8458.22 2.56 90.23 L.41 131252 1.24 6987.23 L75 38.42 545.21
Ero— AT AR,
Note: — indicates below the limit of detection.
it /mgekg! 0 5 10 15 20 25
2507 e AR a0 ' ' ' : :
—m— I 2
200+ —o— P 1; O [
—e— i o
1504 - TN 11H
—h— SRR li l
1004 —— PUJII4R 1L 10 H
9
50+ | 22 ]_‘
B NaMgAl K CaTi V CrMnFeCo CuZnAs Se Mo CdBa Tl Pb 9
Bl FHTREE !
Fig.1 Characteristic map of inorganic elements B2 20#BMERREIWER
H[JTZ} %.? E/‘J é’T % 5% % . H iﬂﬁ % %% /E\‘ﬁ *ﬁ 9‘%‘@0 Fig. 2':l Cluster‘ anal)jsis results of 2(3 bzttjh\es of samp'l:les
24 ERASI %V\Feazﬁﬁ‘ﬁﬁfﬁﬁ>0.7),£ﬁiﬂ 4 5 As B IEAH
ko i 0 21 BTG 2 00 A W e 4 R A spss R U > 0.7) JEIT Mg Se. Cd PbCa Cu IV Fe

27. 0 et 2 A AT FE o3 o3 A o A5 R R T 44
A R AR 4 5y 11.331,2. 026, 1. 823, 1. 566, )
KT 1, I 2ZTHRER S 9 M 53. 959%,9. 647%, 8. 682%,
7.455% , BRUJr 22 5Tk R IK 79, 743% , ik $E ik 44
BT PEAT A BT L 4 A F2 03 O e e 143 R R L R 4,
Hrp FE 5 15 Mg.Se .Cd . Pb S IEAHE (247 > 0.8),
F RS 25 Ca Cu TIE IEAH I (i > 0. 8), T4 3

76

As J IR 2 14 O RRAE TCHLIC K S BRI 44 T o R 7
X AN [v] 7= 1 ) 5 B A 140, TR 4 A4 3 0 B4 B
1355, VAR 38 18043 B 6 1 19 7 2 B3 ik R 0 AR 75
FNEAFE S R B 1S HEP LS -1 (L3R 5) L 45 AR
7 b B B 2R Y T R AR AE 25 L SRS AR B R
B HAE = 251 (S16 — S17) , LWk Ay ) Pa A0 7= 25 44
(S7 = S10) , 1543 BARBY S T ZR M 7= 2544 (S1 - S4)
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Tab.4 Ratated component matrix

#al GEE S #N %k

rEIRAL ERRY EARY IR | AE AN EARL IRAD EANM

B 0715 0.195 0314 -0.122) G 0.761  0.55 0.088  0.111
Na .62 0.12 0287 -0.431) Co 0095 0870  0.19% -0.178
Mg 0.905 0.2 -0.111 0.143| Zn 0707 0173 0.188  0.545
Al 0.365 0.316 0.285 -0.723 ) A 0.204 0154 0.2%  0.721
K07 0.595  0.124 -0.011) Se 0812 0389 020 017
Ca 0.346 0.877  0.09  0.051) Mo 0.766 0285 -0.191  0.010
T 0758 0.39  0.215 -0.2%| Cd 0892  0.29% 0.090 -0.211
Vo088 -0.048 082 0149 Ba 0.671  0.068 0362 0.179
e 0778 -0.055 0397 -0.02) T 0356 0864 -0.031 (.09
Mo 0.606 0.493  0.02 02499 Pb 0.8  0.401 0,112 0.040
Fe 0.039 0.426  0.734  -0.106

RS EMHBAIREARF

Tab.5 Principal component score and ranking

. o YN
B Rl iAa2 iAa3 iAad EA  MA
S16 5.41 -1.12 1.32 2.59 3.12 1
S17 4.12 1. 89 1.77 -0.89 2.50 2
S10 4. 10 1.83 0.79 -0.44 2.42 3
S9 3.35 1.17 -0.81 -0.04 1.85 4
S7 3. 81 -0.91 -2.91 1.00 1.79 5
S18 3.30 -0.13 -0.50 -0.38 1.70 6
S8 2.97 0. 87 -2.11 -0.31 1.48 7
S19 2.79 -0.65 -0.53 -1.88 1.26 8
S20 -0.17 -0.10 1.77 0. 09 0. 06 9
S12 -1.08 -2.25 1.33 0.67 -0.63 10
S11 -1.08 -2.60 0.46 1.69 -0.67 11
S5 -1.13 -1.32 0.41 -1.14 -0.79 12
S6 —-1.46 -0. 88 1.16 -2.11 -0.93 13
S14 -2.00 -1.52 0.54 -1.77 -1.31 14
S15 -3.56 1. 88 0.56 1.76 -1.56 15
S13 -3.63 2.32 1.25 0.66 -1.58 16
S2 -3.14 -0.01 -1.61 0.39 -1.81 17
S4 -4.19 1. 10 -0.45 0.8 -2.13 18
S1 -4.05 -0.21 -1.61 -0.14 -2.36 19
S3 —-4.37 0. 63 -0.83 -0.62 -2.42 20
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