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RER I ESEMGSFNBENAES A RER
BRI G RBEATX L, BRI SVM E B 4R L
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1 MR

1.1 XHERNER

SVMEREFEIt¥Bie KRR, &t VC
fre I REHNXR B/AMLREERBBIRMER,
HEZFEE™E RN ERFERS , ERARE
BERUMER RIS PSR RE R
P ERCR S RE Y, SVM BRI B R TR &R
K(zix)) WRAGHE, BdEREMH o W RAES
BN T] 43 3 B 4 3 R 4 MO R &5 ) L {8 ) A AL
RFRAE 23 18] B 2 M 43 28 1) B, 3 TR 45 B B4R 4 28 R
E, MAERKBrEFITNE LN ET L. H—
Bl XEHE S X REE ST, Eifft
BAERERE TN ETFS L EFR M EREES
HERMmAESRSE, FEIZRBORLIEE T,
R R BN &A% BB B (Linear) , £ W X & &R
¥ (Polynomial) , % [a] % #% 88 ${ (Radial Basis Func-
tion) F1 —. 2 ¥ 2 I 4% % pB ¥ (Sigmoid) ,
111 ###hirg

SE(RAER MBI HIRE KA )(NYS5020
—2001) , AR KR EEKTEERMEABN
Hg.As.Cd.Pb.Cr Ml Cu b6 FELBIERNEMHMHEF.
HRE(H BB RE SR HE) (GB15618—1995),
BIFMERI A 3IANER,. 6 FiIFHE TS RIRHE
msE 1R, BAREEFERAE MATLAB F18
Rand sE$(7E 3 M IEM 5 5 i BUE 70 B P9 A o B B B9
A ESFMETHRENEY -SZERN, N
BHAREMNARSR T RN ERERAE.
1.1.2 #Athz

EXETEARRERE DT R0 HE, —R. %
VRUEZ ], — K . = KR Z 18] 4 BIBE LA AR 200 4
BAGHMAT 0.0, SAELGSHEILERK
Hg.As.Cd.Pb.Cr.Cu EZ B TEMSE L 6004
BA, FEPLSEE 809 MR AME MU GREAE, BIARK
BEAERRREA, ERHELSRENT .

£1 cHIERNBFHOTRIRE
Table 1 Classification standard with six kinds

of the evaluated factors

R SR CORE SREE CRWEE
R¥ mg * kg

Hg 0.15 0.3 1.5 0.11

As 15 40 40 20
Cd 0.2 0.3 1.0 0. 659
Pb 35 250 500 35.2

Cr 30 150 300 95.9

NN W W W W

Cu 35 50 400 32

(WBEP—b. =8 F4ERH 600 HEFREK
BH—4E[0,1]Z B, B—HFHAR ).
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=" (1
L mar — L iin

(DOHBEBBEH Ll Hg.As.Cd.Pb.Cr,Cu
HELETENREENRAZR L EAERESESR
M EE By SVM T EELBIENER,

HELER HTAFBXMEREEAR
RF), B E S TR X B R, B R Bt
BURIFUM R ST A 0048 . R R R ) 9 4% oR 3
1A [F) B SR E L AT L, B AW E A M
ERE R EEy.

K(zsxi)=exp {—J—I——ZI'—“—Z} (2)

H 3 Y S ) B B R BOR

s

f(x) =sgn{ Z a;exp

i=1

(4) B Y HTFLEXRERESLXEELR
AR C— XM &S L (C—SVO R, I
BUSAERMETNEFONBREZERERER (g,
£ MATLAB R 6 c flg A SVM R,
VI GRBEDLREAS , 7 VR R RS, 3 3 SCI A9 80 4 + 4
BEGHITES B LA EREIFNE R,

1.2 EMEEFEME

BHIGA I R FE R R 5] A B B AN E
TFIUE A , B B 1 2 0 3R 45 i B 0 A 4 i
Tk EEEITEM RS EETEMRE N, FH TR
PERHEEMEFNE, B TSR EYHBEIRER
B ERER B AR E SOk RS R B AR R A
B EBRENESE. HEFENT.

{_ Hx—azzi i 2}—6} (3)
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AF: P AE ANTFMEFRHRRFISRELCH
% MFREFRENE; S hE MFNE TS
BE,ACRAER RIS RE,

WEE & B REEE TEAR.

P2 2
Pg=3/“” +;Pm“) )
_ pr
P=L M
2 P,

i=1

R, Ps HEETELRER; Py HEMERTER
EFERERPHNBRKE; PIFHLBTESLE
FHERERO AT HE; w BB MEREFH
WE., W FRE w, B8, Swaine™ # B E £ 8
WM MR R EH R PR TS HIRE N
320 ENMEED. 2R IAEE S4B
EEE TN SR G5 RKE.

F2 NBFEETREHNEIENER
Table 2 Evaluation grade of Nemerow comprehensive

pollution index method

NP EERE E% 15 YK
<0.7 I wiE
0.7~1 I T i
=1 I 5§
2 ROHISH

2.1 HAEEER
ARRXAUTZRBEEEVEEENTERLT,X

NRBSTHBERR BERBE BT RURET,
ENRRZHEIRABER TR EREERNSE,F
FEKEH 1000~1 300 mm, KK, HHEEHNE
T HRAY, EEHSBAE 12.6~13.1 C, EHE
REMBEEFEYN, FLEHFEHN 284 d,4F H Bat
¥H1000~1300h, EeEAKMHBEHKERZ—;
THRRRLIEE BB E, KRR BEMLT
FHRFHRERBRTHRBEME B RESDBR
THRESBNIBY BEMETER,

KRB R SR EBEN ML E107°28'3"~
107°39'49. 2" ,N27°53'11"~28°4"19. 2", B EX A L+
o R BUR B R AE , R e 0 e, REERE R
0~20 cm,BUHE 1 ke, R4 80 AR, FLIILF
FILIERHEAMNEFER T MREASHNE 1, B
P IR W W B R B BER, 8 + ERER X
T it 100 BRI, 6 B BB A S8 TR i
HITESEBITENE,

2.2 SVMENIEMLER

EINRFOSEREREFRR (O MEREEL W
TEAEFREENNIEEE,c AR ATEREE R
B E AT ST R iR AT IR N, g AR A
MRS . FESHEEFEEN BAGREER
RS,k 3 Fim, AT R FE MR 4 (Grid)
BAEE % (Ga) FRLF B AL Ik (Pso) &0 i &R (R
BHEIMIN T BN RESI REREY LT
100%, ZEPPMBEUSENBME S RERERS,
W R AR AT SHINE ), BA B &
¥k c=0.003 906 3,g=0.003 906 3, ETH
# SVM BIR, XSl B9 80 4~ L4 AE S 1T VRN,
ZHE B I ERMEF 6N, NTRHE WA BEDEW
(A 3.

3 SH5iEs

3.1 BREGITSW

M#E 4 HaTEH :Hg As.Cd.Pb.Cr 1 Cu § &
BN 0. 24 mg - kg™’ .21. 77 mg » kg™ '.0.03
mg * kg™'.41. 91 mg « kg7'.118, 89 mg - kg ' M
28.61 mg+ kg W EP CdEEBEMRK.Cr SBER,
HEYRBIER _RihrkE. SRME L ETREM
ke, Hg. As.Pb.Cr F¥E B 0 HRHE REM2. 14,
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Fig. 3 Evaluation results diagram of SVM model

Table 4 Descriptive statistics of heavy metals in 80 soil samples

BRAEHN S 50, XRPLERSHH L EERRE
FREFH WREFEEAE RERERR,

4 MHERESRIBABRESITER

i ok ¥/ PR/ TR “H4ndE/ BMERME/ WERE/
BN
mg * kg™! mg « kg™! ES 4 mg « kg™! mg « kg™! mg * kg
Hg 80 0.24 0.02 0. 09 0.3 0.11 0.3
As 80 21.77 1.68 0.08 40 20 40
Cd 80 0.03 0.02 0. 67 0.3 0.659 0.3
Pb 80 41.91 18. 39 0. 44 250 35.2 250
Cr 80 118. 89 20. 00 0.17 150 95.9 150
Cu 80 28.61 5.95 0.21 50 32 150
= Hg = As = Cd
0301 24 4 LT - 0% -
- 0.14
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Fig. 4

Soil heavy metal content of 80 soil samples
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BRABRBRT LEERENEFERRES
WEHTERERE HARESTELRERARES
BE4K K R : Cd>Pb>Cu>Cr> Hg > As, Wild-
ing® B REBEANBEELR(>0.36) HEER
(0.16~0. 36) K E A R (<0. 16) , H 't Hg.As %
REKK0.09FMO0.08, BTHEEER;Cu.Cr W&
REHENO0.21FO0. 17, BFHELER;CJd.Pb AR
BR,AHHR0.67H0. 4, BTREER. SRS
HWMEE., ERAFEBEREESR/MIK 8.5 1,1

AR RTREEEZERK.
3.2 SVMEHMARERMLEIIF
ARTHRERENERER, &R F A He,
As.Cd \Pb # Cu SR BEHHNRTBE;Cr TRFHE
TARBAESEBR, SLRBERBR—RE. 6 &
HLEBTEGREEHBEHKK K :Cr>Hg>Cu
>As>Pb>Cd, BHFI5 448 (L GE Bt — ¥
FEbRxT AR A IS R, R BN LR R B HITH
FEHE R HEEHITEEREITM.

®5 SVMEHMSETINE ARTRATREZELERLL

Table 5 Comparison of SVM and fuzzy comprehensive evaluation method

and Nemerow comprehensive pollution index method

HEBRS SVM gm%g Vjﬁy%é HRHS SVM %M%% "img%é
FME EREHE WA SRR
Q1 1 1 1 Q41 I 1 I
Q2 I I I Q42 1 1 I
Q3 I I I Q43 I 1 I
Q4 I 1 1 Qa4 I 1 I
Q5 I I I Qs I I .
Qs I I I Q16 i I I
Q 1 1 I Q47 I I 1
Q38 I I 1 Q48 I , .
Q9 I I I Q49 I I ;
Q10 I 1 1 Q50 1 I I
Qi I I I Qs1 | I .
Qi2 1 I I Q52 I ! 0
Qi3 I I I Qs3 I L L
Ql4 1 I 1 Q54 1 I 1
Q1s 1 I 1 Q55 I I I
Q16 I I I Q56 I I .
Q17 i I I Qs7 I I ;
Q18 I I I Q58 I I 0
Q19 1 1 1 Q59 1 L .
Q20 I 1 1 Q60 1 | I
Q21 I I I Qs1 1 ; I
Q22 1 I I Q62 I I .
Q23 I I I Q63 | 1 I
Q24 I I I Q64 I I I
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HAn 020G H g 33 2 7, RUAZKE T ST RHH
M., WSS EEERERITFNSERER,80%
MELABTFIXRGEERS) . M20XMERBTIE
(b TFERELKE), SVMBERERNETEEITLRE
BOE M R AR I 80% ; EWILE & M B 0 F
HERER.80 MHEMYBT 1E,SVM 5884
AN BEEMERMREIL 82.5%., SUMERE
L kBT 3k B S R R R A T B EK T, #
# SVMBERAFIEREFIIFLUKRE L RIFIRHR
BiIFHRATTH,

HFHFRXALESRKFER. ABPERTS
RERESGZSERAKNESRGRYMN BN
w, ENEHAFERSHEABD 5 G T5 § 96 HW
B EMES N EEEAARFRES R TR EMR
BEE.BRTHANE, BXERREROERMEX
ZAREHM . BHENERRBERHNZANE
MEEEWME R, AT ERTFENER. L Q62 M
HH . SVM AIABP SEEREBENITFMRERY

RO, EMERTFMEFHEREN 1 K, MEFKRE
wmH,Hg As.Pb B F I %,Cr RFM2E.{LAE Cd
MCuBTFIX. TR, L TRAERBHREL
THERENTNLXEFSLRIFR. BFLL Q33 HM
R SVM M ER I I K, MiBTEEBRERE
MEMSETFNENITFNER I ] L, MELHFRER
F,Hg As.Pb.Cr ¥ BF N X, XNCdMCu BT ]
(. ARTR, T RABRBHBRALENHLERERN
IXEFALHEBR. BIFINERFEROEMR
BLBRERFEIT AT, T8 SVM BRI MM 45 RE
ME&LkE. SVM F A% BT B RES RIS
B = B AR S 6], RE X E R AE AT IR B &
SRS LRBEEURR, A 5E%TFHS
EARLBRERE FNER, RARBHITAKE.
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Evaluation of soil environmental quality in karst mountain area based on support
vector machine: A case study of a tea plantation in northern Guizhou

SHANG Mengjia"'? ,ZHOU Zhongfa''? , WANG Xiaoyu''? , HUANG Denghong'* ,ZHANG Shanshan'*
(1. School of Karst Science/ School o f Geography & Environmental Science ,Guizhou Normal University ,Guiyang Guizhou 550001 ,China;
2. The State Key Laboratory Incubation Base for Karst Mountain Ecology Environment of Guizhou Province .Guiyang ,Guizhou 550001 ,China;

3. State Engineering Technology Institute for Karst Desertification Control Guiyang ,Guizhou 550001,China)

Abstract The content of heavy metals in soil directly affects the quality and safety of tea, and even has a po-
tential threat to human health. It is hence important to monitor, evaluate and control the content of heavy
metals in the tea plantation soil. In this paper, we select a tea plantation in karst mountain area of northern
Guizhou as a study area. The area is located in the transitional zone from Yun-Gui Plateau to Hunan hilly ar-
ea, which belongs to the humid monsoon region of tropical plateau, with the annual precipitation of 1,000 —
1,300 mm and the annual average temperature of 12, 6—13. 1 *C. In this study area, because the Cambrian
and Ordovician carbonate strata are widely exposed, karst landform is well developed and is characterised by
interlacing occurrence of peak clusters and karst valleys. According to present situation and the characteris-
tics of land use, in the area, 80 surface soil samples were collected for the analyses of heavy metal (such as
mercury (Hg), arsenic (As), cadmium (Cd), lead (Pb), chromium (Cr) and copper (Cu)) contents and the
environmental quality of the tea plantation soil. To classify and evaluate the sample analytical results, the
Support Vector Machine (SVM) model coded in MATLAB was employed. Meanwhile, by comparing the re-
sult from Nemerow comprehensive pollution index method with that of fuzzy comprehensive evaluation
method, the applicability of SVM in soil heavy metal pollution evaluation was discussed. These results show
that, (1) There are significant spatial differences in soil heavy metal contents, with the variation coefficients
in the order from high to low of Cr>Hg>Cu>As>Pb>Cd. By comparing the average value of evaluation
factors with the soil background value of Guizhou Province, it is found that the values of Cd and Cu are lower
than the soil background values, and the others fall in between the background values and the secondary
standard values of the national soil quality standard. In fact, the chemical concentrations of 91. 25% of the
soil samples are below the standard limits for tea producing areas, which represents a soil environment of
non-pollution and high-quality for tea plantation, (2) The quality of soil in the study area is good, with its
soil environmental quality ranging between category I and 11. The evaluation results of SVM method are quite
similar to those of fuzzy comprehensive evaluation and Nemerow comprehensive pollution index methods,
with a similarity of 82.5% and 80. 0%, respectively. During the application of these methods it was found
that the results of SVM were more accurate, which showed that the model is suitable for the evaluation of
soil environmental quality in karst mountain area. (3)In addition, the SVM can solve complex nonlinear
problems, with much easier manual operation and less artificial intervention, comparing with the application
of traditional assessment models. It provides a new idea and method for the evaluation of soil environmental
quality in karst mountain area.
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