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HWE. AR TMNAERZRTFAT R EE L EZHF 42, LB ICP-MSal £ T £33 9 # .4 (Na,Mg.K.Ca,Mn,Fe,
Co.Ni.Mo) % 6 # £ 4 /& (Cr.Cu,As.Cd.Hg. PO A& ZF N LRSS M EN TR AZIBEKX T LB F 42
HFOMN EITIEREAETRELBEIROER, £R AWM. £ PHETE Mg . K.Ca.Fe.Mo #)F3)
AFHRAARMSTERE SH . ZAABREZZ AR ;Mn.CoNi LEL>AAERH R YA T A
TR, AFHETEHIMERS KA, X TKES S H F(Ca.K.Mo.Mn.Co)26.176% ,F, (Mg .Fe .Ni,
Mn)23.068% ,F; (Na.Mo.Ni) 13.215% ., TMAFA L AL Cd. Hg 54 . 12 RAZLEFRMAEK
BomRMERE AL ERNESTFAERFAARR; LETLETEIANAEIR S AR AR ES A
Fi(As #= Pb)35.293% ,F, (Cd)18. 463 % #= F, (Hg)16.888% .
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WL K TS R 26 S R 2
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K, 4 Jm U5 G e 1 R b 24 5 R R Y OC B A
F AR, R HOTRE B AR R R
TR I GE 17 12 0 5% 22748 o [ LI T 50 3% 76 ik
frE o iy ad R b, A BRI S 78 o b L 45 3
(15 B 2 R 4 T R LA R X —
RS E R4 Bk (Principal Components A-
nalysis) J& 8 2 A~ 42 Ak g D EULA F ki 1 2
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ST I IR U o T T
LR AR, DU e M Wy fE 48 £ 5 A .
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Beo R A MEBOAT R BTE 5T 100 HEE 2 e 50

05 4 2o 5 R A O 2 1 REE AR A TS+ i E AT

12,02 sl 8 R 06 KR R A 35 2 AT A 3 RIE AR R LR X Na

0.1 g 2 0.000 1 @) T & JE B Bf MRl v SRR Hh Na T A B B R

e e T S Mg (AR A S R B 102 1

R E IR R TR AR P 170 CC A 3 ho e 4 , A ’
- KA SOM Mg K. Ca,Fe, Mo & & & & . i Ak #h

7 — Y ERE 50 ml,

I KSR FAGER 2 50 FUA N TR0 R LD B P

LR F R T kg ) U TR IIITR . BORAERAUET TR
AL ACP-MS) 47 4 » TAES B % 1; + 45 GRFATHES T PR HETER
AT BLIRI G P T D 4 e S A% &, mLRT Me.K.Ca.Fe. Mo K P8 R

T4 R 50 4007 I T4 B T JH e b fg PRI IRERER . Min, Col Ni J2 3 4 RUJCH -+

JUA B T R WS PR K M S 8 R gy A REON TR AR A PE. TR Na,

SMHE R L IR TR S R B DR BT, Mow M, Co 5 MUK 2 S A1 02 S
%1 HREALEFHRRENNIAESH

Table 1 Instrumental operating conditions and data acquisition parameters of ICP-MS

EE| LAESH it LYESH
Item Operating parameters Ttem Operating parameters
AP/ (Lemin™) 1.17 W B R 8/ (res) 0.1
Al By <3 8/ (Lo min ™) 0.35 FRAFIFE] /s 2
FFEWREE /mm 8. 00 N2/ YR/ 3

R2 XFETHIERTEAE

Table 2 Element and organic contents in radix pseudostellariae base soil

BB ~
Wi H
Ecological SOM Na Mg K Ca Mn Fe Co Ni Mo
Ttem
modes
7RYE X i KAE/ (mg-kg™) 78. 66 397.3 2926 6495 1024 941. 4 27951 14.1 43.08 3.853

Demonstration g | (0 /(mgekg!)  46.69 168.5 1794 3804  108.1 106.4 15498  3.60  10.35 0.179

zone T/ (mg-kg!)  61.99  248.2 2332 5021 421.9 426.5 21553  8.93  25.14  1.604

bR 2 6.62 53.50 321.23 498.7 208.8 208.64 2815 2.18 7.06 0. 883

AR R 0.107  0.215 0.138 0.099  0.495 0.489 0.131 0.244 0.281 0.550

K e KAE/ (mg-kg™) 76.78  278.3 4534 7404 952.6 288.47 28167 8. 41 24.36  1.187
Greenhouse e /ME/ (mgekg™) 65.54  170.8 3086 5207 881.0 141.28 22556 4.28 16.43  0.787

FHIE/ (mgekg ) 71.16  224.6 3810 6306 916.8 214.9 25362 6. 34 20.39  2.488

i 2% 7.95  76.05 1024 1553  50.63 104.08 3968  2.92  5.610 2.403

A5 AR 0.112  0.339  0.269 0.246 0.055 0.484 0.156 0.460 0.275 0. 966

ik e K{E/(mgekg!) 68.93  240.7 2533 5909 476.1 723.90 23034 11.15  30.92  3.331
Woodland B/ME/(mgekg!)  53.64  203.9 1933 4260  179.3 200.23 17543  5.62  15.56  0.721

SEHE/(mgekg!)  60.37 219.2 2321 4874 280.0  415.7 21456  8.07  25.91  1.53
T i 2 5.97  15.27 258.3 702.2 120.7 240.0 2215 2.40  6.024 1.233

AR R 0.099 0.070 0.111 0.144 0.431 0.577 0.103 0.298 0.233 0.806
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2.2 AEAESERXXFSFMLEEERTE

$FE

H R 3 AT kD R R R i X g8 Cr,
Cu.Pb &L T GB15618-1995¢ 1 HE 3R
JoT St A 4 ) r o g A B R A v g v PR
K mem R ARE S BB R E X . R R A AR
AEHhEESE Cr P S EBER IR >
MRH =M, Cu {7 34 & 5 3R 90 7 5 X > Ak
> KM Pb (173 & i R K >R X >
b

M K AR X £ Cd He P34 & &
Y T A B R bR ME b o PR K, A
mE.RMREHRIEREX, Cd & &N
0.209~0. 620 mg+kg',¥{H # 0. 330 mg-kg!',

5 e L B AT AP P A 7 9 IXC 5 AN [) A 2 R T g v
Hp | Cd B2 5 8 R B KM > 75 38 X > #k
i, Hg &1k 0.126~1. 251 mgekg' , ¥ {EH N
0.450 mgekg' A A B b E SR He
1 2 8 B SR IO R = R X >Rt

Mo RYE X B As S R TR
BRI R As 2 TR AR .
As &l 17. 83 ~68. 19 mg+ kg', W MH K
44,39 mgekg" . e (E AL KM - e AR AR A 78 i X5
ARAESHE P E SR As P58 RH
R =M >R X, AR AE S BT L
Cr Y728 5 R BRI 0 A e Jg 49 2) . Cu (928 5 &R
B K UL Cu & i 75 AN [ b s A7 72 50 W 3% 2%
S AR A IS

x3 ARAESEATEHEECREESE

Table 3 Heavy metals contents of soil in different ecological

oy BN - g
Ecological IJ‘ pH Heavy metal contents
tem
modes Cr As cd He Ph
it JiF/ (mgekg?)  4.30~4.78  65.6~79.6  9.13~50.8  27.4~58.4  0.284~0.442 0.270~0.739  41.8~83.7
Woodland g 4y 4/ (mg-kg 1) 4.53 75.0 36.5 0.329 0.426 62.6
R 0.187 6.12 12. 4 0.068 0.196 15.9
SR 0.041 0.082 0.600 0.341 0.207 0.461 0.255
PN W/ (mgekg!)  6.31~7.49  75.0~79.3  15.1~33.2  62.2~68.1 0.341~0.392 0.391~0.512  73.1~78.9
Greenhouse Y/ (mgekg D) 6.9 7.1 65.2 0. 365 0. 450 76.0
T 2 0.834 3,04 4,22 0.035 0.085 4,11
R RH 0.121 0.039 0.527 0.065 0.097 0.189 0. 054
R X JiE/ (mgekg™) 4.23~5.98  48.2~97.5 6.60~71.3 17.8~62.8  0.209~0.620 0.126~1.25 31.7~138.9
Demonstration sy 0/ (pauleg 1) 4.69 76.6 31.4 0. 330 0,450 66. 4
zone
R 0.350 10. 30 11.5 0. 090 0.220 25.7
R R 0,074 0.134 576 0.367 0.270 0.487 0.388
2.3 AEAESEAXATTEFGINRMITEMNERX TR UL 70% LL EME B, i 6 45
S WA 1 S ER KA Ca0. 770) .

mE4AUEH . K TS+ Na 5 K,
Mg.Mn,Ca 5§ Fe . f#Li,.K 5 Mg,Ni 5 K. Mg
HAEWBZFEMX LR Co5 Na,Mn Fe HF
BFEIEMEK RN SAH ML Ca HA W B E R
XK F;Fe 5 K B B EHNMEEFR, M Mo
56 LB AU E T R AN AR A O
2.4 ARAESEATIETENERS S

26 5 AL S e 4 A4S E . 2R TG
RA[KF] 70% LA b FF A FE R4 4 T EE R B 4
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K(0.660), Mo (0. 637), Mn ( — 0. 628),
Co(—0.577); X 55 2 £ W4 1E H KA.
Mg(0. 764) \Fe(0. 677) \Ni(0. 566) ,\Mn(0. 564) ;
X3 EM A EH KM A: Na(— 0. 606),
Mo (0. 559) \Ni(0. 507) . FEA 43 #1 H , 4l FF i
W52 H oA 0. 500 7) Gl F A R IZAE N 1% =>0. 5
PLE RIS e T s 2L 10 A8 AR BE 0% o
JLE M E RS .
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Table 4 Correlation analysis of organic and elements
i H Item SOM Na Mg K Ca Mn Fe Co Ni Mo
SOM 1. 00
Na 0.14 1. 00
Mg 0.05 0.36" " 1. 00
K —0.07 0.51"* 0.51"" 1. 00
Ca 0.38" " 0.07 —0.07 —0.25 1. 00
Mn 0.13 0.70% 0.26 0.11 0.02 1. 00
Fe 0.1 —0.05 —0.14 —0.31* 0.74% " 0.02 1. 00
Co 0.01 0.30*  —0.12 —0.05 0.26 0.35" 0.35 1.00
Ni —0.45 0 0.45%* 0.39%* —0.38%* 0.09 —0. 06 —0.03 1. 00
Mo 0.07 0.25 0.05 0.22 0.11 0.01 0.11 0.01 —0.11 1. 00

% % FRMR B E A G (P<<0.01); * FR MG (P<0.05) .,

* % indicate extremely significant correlation at 0. 01 level; * indicate significant correlation at 0. 05 level.

x5 ITENERTZRSEERSERE
Table 5 Main component information value

of trace elements in soil

kR % BRI TTHEE %
i FEAE(E . . .
Contribution Cumulative
Ttem Eigenvalues
rate contribution rate

51 TR 2.618 26.176 26.176
82 F 2.307 23.068 49. 244
553 1.322 13. 215 62. 459
A4 FRS 1. 151 11.515 73.974

2.5 AAESEABETTENSERET
HI2 5 Al A1, 10 MR X 4 F M 1E A

R BCTE BEAT 2 B 23 5 23 PRI B 1 2 A 1,23
130 R ARAE R (B D B8 — A i B RoR &
J G35 X A2k P R DG AR BB DA T2 1 A AR X iz Y
FEAE BT 77 HRAE AR B P 32 o P 4 A 5 4 T
PO/ QAR 23 WML K B VL |V e Y ' 8 ik
AN

F, = 0. 0383Xqn — 0. 1879X, + 0. 2954 X, +
0. 4079Xk +0. 4759Xc, — 0. 3881 Xy, +0. 2040X, —
0.3566Xc, —0.0952Xy, —0. 0952 Xy,

F, = 0. 2133Xqn 1 0. 281Xy, + 0. 5030X,, +
0.1718Xx + 0. 1356Xg, + 0. 3713Xy;, + 0.4457Xp, +
0.2923X¢, +0. 3726 Xy, —0. 1159 Xy,

6 TEMETZENERSIHNATE
Table 6 Load capacity of the main component of trace elements in soil
Tji H Ttem SOM Na Mg K Ca Mn Fe Co Ni Mo
%1 Fmsr  0.062 —0. 304 0.478 0. 660 0.770 —0.628 0. 330 —0.577  —0.154 0.637
%2 £,y 0.324 0.427 0. 764 0.261 0. 206 0. 564 0. 677 0. 444 0.566 —0.176
%3 A4 —0.359 —0.606 —0.119 —0.031  —0.167 0. 050 0. 146 0.434 0. 507 0.559
%4 FSr 0,469 —0.059 —0.195 0.349 0.276 0.357 —0.462 0.434  —0.272 0.297

#£ 7 KMO #1 Bartlett 4856
Table 7 Result of KMO and Bartlett test

HURE % B i) Kaiser-Meyer-Olkin & 4 0.500
Bartlett [ 3R T% JE K 560 I3 61 7 198. 884
df 45
Sig 0. 000

F,=—0.3122Xqn —0. 5271 Xy, —0. 1035X), —O0.

0270X —0. 1452X¢, +0. 0435 X, +0. 1270Xp, +0.
3775X¢, 0. 4410Xy +0. 4862 Xy,

F,=0. 4372Xqn — 0. 0550Xy, — 0. 1818X,, +
0. 3253 Xk 1-0. 2573 X, +0. 3328Xy, —0. 4306 Xp, +
0.4045X¢, —0.2535Xy +0. 2768 Xy,

B F L F F JFO RN A A Y
Xosom~ X Xugg « Xiov Xeon X s Xrov Xy X
X » 73 B R AR A J0 R I 18 L AR MEAL IS 1 Bd
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PC1TTHAHR N26.176%
hre
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-3

_1—2
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PC23 012332 13213

%%%23‘068% ?C.'?S;)a :

B e % R 4
Fig. 1 PCA score of the principal component trace elements
2.6 ARAESEREEETEZEIRNEREL
B2 2k 6 FhE &8 oo 2 19 3 K o 4 B 45 2R
o Fe 8 T2 R o3 A B0CHE B JR I, 22 B BTk %R K
FHT 7050 n A EWRA- S RMT 5 —E W
OB AEAE A = 2. 118, IF Z TTHk R K 35. 29% ,
B R A T2 B 7E As . Ph (M FA B &
(IE 2R fr s SRS — E M BT As.Pb [
BB E W RE(E . =1. 108, J7 %
TR FR R 18, 46 %0 45 M BB N HF A R Cd /Y
WS A e 1) I A8 AeF R R AR T R A0 S
TCd M E R = E R R A =
1,013, 7 Z 5Tk N 16. 89 % . 45 S F B N A 1
S Hg B9 B T A ¢ R 19 1E 28 fap , 1 5 2 5
SEMSRBET He 8 ERE 3 A EM
B ETIERE R 70, 64 %  Ho, B g S
N1 ANFEAR

2 3] v ‘ PN
Q21 f 0 Akt
o o O ZRFEX
o 1 o bC ~
# 07 © T T|¥@ee ©
i& 1 - fo)
B 0 0
o -2 2
ay
-2
-2 _1 0 1 o-1
1 2 3432 238%
PC2 30 52 92116
P18 4630, ?cﬁ@‘};%

Bl 2 AR E 1
Fig.2 PCA score of heavy metals

ST AT B R AL -

F,=—0.3511X; +0. 2405X,, +0. 5669X, +
0.3181X¢, +0.1299Xy, +0. 6157 X5,

F,=0.1995X¢ — 0. 5529X¢, —0. 1197 X, +
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0.6897X ¢ —0.3701X,, +0.1625Xp,

F,= —0.0039X;, —0. 5296 X, — 0. 1043X,, —
0.0278X ¢, +0. 8296 X, +0. 1401 X,

EX L F F  F Ay Bl RO 3 A E 4
X(Tr \X(Tu \XA\ \X(‘d \XH;; \XPI; ﬁ%”%%%ﬁ\ﬁ%%
AW, M3 A FE T F R R AR E &KW
REFEERZ7 MM 3 M ERS P& TR
B RB 2 F 8K, uiB Cr, Cu. As.Cd.Hg.Pb
BKICERXMN T KM e —E 25, Hrp F, 2
SR,

3 gwsSitwe

+ PR E TE Mg, K, Ca,Fe,Mo HJF 1
TR KM >R X > M, B2 RF
17 AR s Mn, Co Ni JG % 43 i A7 76 A 34 2]
PR B LUK & e/ . ANRVE SRR T L
Mo 1978 5 Z % e K, B Mo & & 75 A [F] H
RN EES A AEA] . Mk R AR
WX 2 3Erh Cd Hg “F¥ & & & T L5 R
AR E AR R K, A Cd Hg i35
Yy, F D R b TS SR L TR R As
TR FAT N R B

FEM iR K F 2 7 - HE Na 5§ K. Mg,
Mn.Ca 5 Fe . AHLF. K 5 Mg.Ni 5 K,Mg.Co
5 Na,.Mn,Fe fEfE IEA XX R NI 54 ML
Ca.Fe 5 K fFEMAM LK R. M Co SHEITLE
ANFEFER A .

MEILR AN FERSULELSECE 34 E
A Fy ¥ R R i R B RS B 27
Febm iR oo R AR STk R Fy (Ca, K, Mo, Mn,
Co) N 26. 176%, F, ( Mg, Fe, Ni, Mn) }
23.068% ,F;(Na.Mo.Ni) K 13.215%, E4 )R
STk % F, (As F1 Pb) 2 35. 293%. F, (Cd) Ky
18.463% ,F,(Hg) } 16. 888% ., JCZE F W44
HragHEdf e EE T EF R .

AR H AT T 52 N TR K FZ 7™ Hb —Fh 4=
AL M AN 7R Y8 X 4350 FARE . T4k
P A5 B BR R F 05 o B ik s 5r T 43 B A
Y DT AT LS i b o A b ) O TR AR A A A
XPOCEFRAE MR, IR R B EAE B . [FE
AWFGE R %=+ Cd Heg E ¥ &, 55
VA K = w3 Y T = < T O

S % ik
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Characteristics and Principal Component Analysis of Soil Elements

Under Different Ecological Models of Pseudostellaria Origins
in Shibing of Guizhou

WANG Ping' ,ZHANG Qing-hai* ,LIU Jing' , HUANG Yu-jie’
(1. Guizhou Agricultural Resources and Environment Management Station, Guiyang 550001, China; 2. College
of Food Safety,Guizhou Medcial University, Guiyang 550025, China)

Abstract; In order to study the soil element characteristics, contents of nine elements(Na, Mg, K, Ca, Mn, Fe,
Co,Ni,Mo) and six kinds of heavy metals (Cr,Cu, As,Cd, Hg,Pb) in soil were detected by using ICP-MS. Soil
element characteristics under different ecological modes were analyzed and main component models were estab-
lished by using method of principal component analysis. The results showed that the average contents of soil
trace elements Mg,K,Ca,Fe, Mo showed greenhouse™ demonstration zone>> woodland,influenced by human
factors,and Mn,Co,Ni showed uneven distribution, contents of these elements were minimum in greenhouse.
Three main components could express characteristic of trace elements. their contribution rates were F, (Ca.K,
Mo.Mn.Co) 26.176% ,F,(Mg,Fe,Ni.Mn) 23.068% ,and F;(Na,Mo.Ni) 13.215% respectively. Due to the
high background values of soil, Guizhou heterophylla origin showed Cd, Hg pollution, and content of As in
greenhouse soil was significantly higher than that in demonstration soil and forest soil. Three main components
could reflect their contribution rates as F; (As and Pb) 35.293% ,F,(Cd) 18.463% ,and F; (Hg) 16. 888% re-
spectively. The analysis results may help us overall understanding the element characteristics and heavy metal
contamination of Guizhou heterophylla origin,and provide a reference for trace elements balance and priority
pollutants control.

Keywords: riaheterophylla; soil; element; principal component analysis
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