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f#,Cu.Mn Cd Pb.Ni Co FP¥&REFHBEFRME LEERBEMEEAKCE) LRERME. Cu.Zn Mn,Ni,Co,Ni §
Pb,Cd 5 Pb,Cd 5 Co R¥FEAHR AT REHERL K, 1T Cd 5 Cu Ni,Pb 5 Mn . Cu,Co HSRIEAF ; A K LML, & & Ca Mg TR,
AR TFESEE Cd.Pb R, BEFISRIEEMEZEFEERRE( NS 18 5%) 5 Hakanson W74 B fE FIS BTN 4R
—H M IR E SR ST RIS EE 3. 67 LU L RBIEIS YRR, LA Cd M54 %0(4.94 DU b)) B, ISR B B oy 8, H
WJE Pb(1.82 LA L) ,Zn Mn S RBERM M HIRESBBEESEFRLE(R) H173.75 UL, AP EESHEERE, ™
HERRADEERNR Cd, HIKZE Pb.Ni Co.Cu, EFRER/MYZ Mn. Zn, 7645 F BB -85 FAKHE S W T, Fobkith 1+
HEBWNGETERE BB EASEFRENI B T A M,

KR PR X A KL Ml LR s MR B Y- s A BB E T

X E4S:1000-0933(2009)04-2169-09 HESSFEES:Q143 CEAIRIRAD:A

Heavy metal concentrations and pollution assessment of limestone forests in Huaxi
district, Guiyang City

NING Xiao-Bo'**, XIANG Wen-Hua'** , FANG Xi'*, YAN Wen-De'*, DENG Xiang-Wen""*

1 Central South University of Forestry and Technology Changsha 410004, China

2 Forestry Bureau of Guizhou Province, Guiyang 550001, China

3 Key Laboratory of Subtropical Forest Ecology, College of Hunan Province, Changsha 410004, China

4 Key Laboratory of Urban Forest Ecology of Hunan Province Changsha 410004, China
Acta Ecologica Sinica 2009 ,29(4) :2169 ~ 2177.

Abstract: The concentrations of heavy metals (Cu, Zn, Mn, Cd, Ni, Pb and Co) were measured in limestone forests in
Huaxi district, Guiyang, and assessment of heavy metal pollution was conducted by comparisons of our results with the
background values of heavy metals of limestone soils in both Guizhou Province and in China. The results showed that the
abundance of heave metals in the limestone rocks was in the order Pb (40.21mg-kg™') > Ni>Mn > Co > Cu >Cd >Zn
(5.78mg-kg™"). In the limestone soils, Mn ( > 451.16 mg-kg ') had the highest concentration and Cd ( < 2. 87

mg-kg ™) had the lowest one of all test metals, with variation coefficients ranged from 8.57% to 63.10% for the seven
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heavy metals. On average, the concentration of Zn ( < 55.16 mg-kg™') was significantly lower than the background values
of heavy metals of limestone soils in Guizhou Province (82. 40 mg-kg™ ) and in China (110.20 mg-kg '),
respectively; while the contents of Cu, Mn,Cd,Pb,Ni, Co were higher than or similar with these background values.
Correlation analyses showed that the five heavy metals (Cu, Zn, Mn, Ni and Co) came from the same recourses, and so
did of Ni and Pb,Cd and Pb,and Cd and Co. Because of limestone soils with high contents of Ca and Mg elements, Cd and
Pb were accumulated in the study sites. Comprehensive pollution index indicated the forest-lands were seriously polluted by
heavy metals, with the highest index value of Cd ( > 4.94), next to Pb ( > 1.82), and the lowest values of Zn and Mn.
Ecological risk index showed that Cd had the highest potential to cause ecological damage in study area, followed by the
order Pb > Ni > Co > Cu > Mn > Zn. Our results indicated that both comprehensive pollution index and ecological risk

index were considerably higher in bare-lands than forest-lands.

Key Words; Huaxi district in Guiyang; limestone soil; forest-lands; heavy metals; correlation analysis; pollution

assessment ; potential ecological risk assessment

TR RS JKE YL S e A B A, BRI EE. BRI T, LS
HEJR FEORE T REAARE AW, AT BEE WAL Tl Ak B 7= R IR I & R F DL B R Ak
)R, SES BTG AYES SR RHEA TR, G TRESRIG R EEE, T &5 s
SRR RN ARRE, T8 ES RS RS BRI AT RS S, T AT 40K AE
WA B AR, B e AR LE M RR , 38 Sl 15 Yy B W) R SURN /K PR3 () He 532 me B 45 o & T
B NEERE  BEARNEFME R, E5 L, HEFOIRN S FEERER L I, S HESR
BYMBIRR L, MR HEE LSRG R ER A BN ERER R RERRERE . BT, BNIEZ
W RS IR T R R TS e R IR AT O 15 QAR BE B TR R A AR R 5 e B AR B B SR,
SR IR AR VT YA S PR DA R A AR B S R TR LS T BRI, BT LR E R I
ERREAEBAEATUL" o AR A SIS EBL RS, ERTASFEHEEEER
ER, E5IERZERRREMER, BT A SFZRARREZ— AT, R ARG T B
bk T SR A BARIE KIS YT BT 5 > ARE S o SEBH T ROAR N BRI AT BRI A
FRAKE %0 34.79% ) sl 5% FETT REFRIRIX MUTEIRIX , A “ o S SR A BRI E 38, R S 3 4 R
FOMREIX, BT BRI AP A VA TG sh IR SR I i X R A A B SR I, AR SCA S BHT R X
R - - 3B AE BTN G, o Hobkit + 38 5 4 R 1 & B AR DA K T3 A 2 O S B, 9 A SN
BAHEEREMEEAKCE) LRELBERENITPMAAE, Bz B E SRR AESEER
BE , T AR A TR T IR E S R 15 P AR R 2R R
1 HREER

TR T 5N &R, HhFRALE Jy 26°117 ~26°34'N,106°27" ~106°52'E, i Ab B v [ 733, 5 i i 3k
1655. 9m , Ak 999m , J& W Hvily 2= KR HH A% , 4P IR BE 15. 2°C AR PR K & 2 1178 mm , 55735 H FR I £
9 1214. 6 /NI AEXHREE R 85% . HA AT ETOlEE VRURIRF B e IR R A BE U
WRERER A (ARE) NE, BERAIR L, LT 85% o iy HEAR B N o W AR I ¥ S Ak, B2
FEBE 2 LASE 3} B (Fagaceae ) \ % F} (Lauraceae ) | 1L 5 #} ( Theaceae ) Jy &, YK 4 M # A % 1§ ( Myricarubra
(Lour. ) S. et z. ) JEZHE(B. luminifera H. Winkl. ) AR (C. funebris Endl. ) . vi(C. lucidum Ait. ) Bk(P.
persica(L. ) Batsch. ) \Z=(P. salicina Lindl. ) . K (P. fortuneana ( Maxim) Li) KM 2% T (R. alceaefolius
Poir) %, ABFFIAT P T 5t AT AEIR X, 76 4 O Hh A 2 9 25 A |, 768 80 i A R + K aka
AR — B LR B AR AN TC AR IR I 4% 3 B, RIS 667m” , BEATAE WA VA AN+ IR A A

ToKHb DL 35 = Miscanthus floridulus ( Labill. ) Warb. | Bk 38 Lygodium japonicum . 33} [ ¥ L. christinae
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Hance &4 R. palmatus Thunb. % JBg Pueraria Lobota . 'K §f P. fortumeana (Maxim. ) Li, £ #2F R. lavigata
Michx. JEL¥ Arthraxon hispidus. [ % Imperata cylindrica ( L. ) Beauv. var. major ( Nees) C. E. hubb. . B} 3§
Dendranthema indicum(L. ) Des Moul ,—4E¥% Erigeron annuus(L. ) Pers. 3K S. china L. ZFEARMEY) 3+,
YO 5 BEAE 20 ~30% Z [H]

B FEEFAK C. funebris endl. X5 llex purpurea N5 B. papyrifera( L. ) L. Her exvent FM# Celtis
tetyandra $3EHE T. fortunei (Hook. f. ) H. wendl, T35 = Miscanthus floridulus ( Labill. ) Warb. 2845 %), BRI & N
0.8,

2 HARFAE
2.1 +HEEHERRE

1E 6 ot N EFe B AU 15 8 N RAE AR, B SRAE RSB 0 ~ 10em 10 ~20em 432 43 1 R 4 38 5 FF
BA B A, R 48 A, HIEERAE N TE, i 20 B 100 B, R, REAEMH A 5
ARAFER BRI IR E S AT 3 4, 3L 18 A, FIAHERFE, i 20 H A1 100 H &M
2.2 Atk

A 3% pH fH SJ-4A B pH 11 s A AL E B IR A ENE s & N AR ESLIR LN E ;2 P
FRBE - SR 0 HL A SE s & K IR - K a6 B2 U &€ 5 Ca Mg, Cu \Zn \Mn ,Cd \Ni ,Pb,Co FIER¥ 15, K
Hp3510 J& IRt BT E
2.3 +TEBEESBEGRTH

PN R A R 115 R AR ORISR G5 a5k .

BRI FIE YR B P, =C/S,

XA, PO I i Y RIS R EG CON i PSR R SEIU A B (mg kg ') 58, I i BRI
AE S R E SR ARHE(E (mg-kg ™) o

HAERBEESBITREN LENARER, RESKEESB TR AERERNT W, RHANES
(N. L. Neiow) &5 15 Qe 48500 , KRBT

P, = { [ (Ci/si)lznax + (Ci/si)ive]/z} v

K, (C/S,) e A HIBE R RITR DI RIEBIRAME; (C/S)) o N HIBETT P8R HME,

E X IR E SR I YT 2ok A 28 80 i, 2@ A TR B8 SR IE 5%, B A WE
& JRITRTEC B LRI B ARUE) (GB15618-1995) HARAERLAE , 2 T REMERA Y S WL 58 X bR b, 1 3 4
JBIEYLREL, AP SN HIEE RMEMEEAK(E) T RELE T SEERTENIRE.

I P B S A A R T 4R T R TS A S — A e, A B ST S IR E R U A4
ARSI R R R AR 38 B TS Y SOk A S M S IR A 15 A5 B0k M Fbn e, ik 1
Fi7R o

F1 IHEESRSEERUIIRE
Table 1 The criterion of pollution grade of soil heavy metals

B 5 P B o b SR TS RAR B St
Pollution index criterion of individual factor (P;) Comprehensive pollution index criterion ( P)

5+ Grade No—— - No— -

bER/ T4 ERER EHRIRE ERER

Pollution index Pollution grade Pollution index Pollution grade
14 1 grade P; <1 ¥ Clean P<0.7 424> Safe
2 %% 2 grade 1<P; <2 #2353 Slight pollution 0.7<P<1 3%, Warning
3 4% 3 grade 2<P;<3 H1{5 4t Medium pollution 1<P<2 1253 Slight pollution
4 %% 4 grade P;=3 H {5 Heavy pollution 2<P<3 H1y5 4% Medium pollution
545 grade P>3 H {5 Heavy pollution
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2.4 WEESKBIEN Ik

N T 0 A DX b - 39T 4 R T RE AT F A 75 1 T UL S AR R X S B B e, AR 9 P
Hakanson ¥ 764 A EREGE , USNE TS SEMSE A K () 1REREP ENS HERT X
it T 4 R A AR S RS AT VA

BRHESBOBEESEERB(E)N:  E =T, x(C/Cy)

KA, C Cop T, S35 RE i FELBALME & (mg-kg ™) S HE(mg kg™ ) MEFHRE BHEREE
AR T 12 FESREERB(T) :Mn=Zn=1.Pb =Ni = Co =Cu =5.Cd =30,

EXBEANELRNBEESEERRRIN: R = Y E

IR E A RIE, 2RI (1) hELBEBEASEE RN ESBEREMBRBRENLR™ R
FUEAET SN R BB L B EN FAE(FK 2) o

%2 Hakanson EEESBETMER
Table 2 The potential ecological hazard assessment indices by Hakanson

Eiﬁfﬁs}( 1244 Slight 145 Medium R Strong TR Very strong Creﬁiygfmmg
E; <40 40 ~80 80 ~ 160 160 ~320 >320
RI <90 90 ~ 180 180 ~360 360 ~720 >720
2.5 s
5% Fl EXCEL,SPSS10. 0 Ge 4k 4 # AT 5m ab B
3 ZBRSHH

3.1 MihA KA HIRELR & BRI T
3.1.1 MiAKREESBHNEE

HEIAUES, AR5 THRBANAEKETELRSEEZEFARUP W FHEERS, N
40.21mg-kg ™', Zn FYFAK,H 5.78 mg-kg ™', BiEAHZEN 7 5,7 FELE TS ESMC0UT ) :Pb > Ni >
Mn > Co > Cu > Cd > Zn, AHFFIRI AR HE PN A KA Pb(40.21 mg-kg™') Ni(39.12 mg-kg™') . Co(15.45
mg-kg ') \Cd(5.86 mg-kg ') T & BB EH FRERT A KAF Pb(32 mg-kg™') ,Ni(3.8 mg-kg™'),
Co(1.9 mg-kg™"),Cd(0.08 mg-kg™ ") (& &, 1M Mn(38.18 mg-kg ') .Cu(13.48 mg-kg™').Zn(5.78
mg-kg ") M REETRERBAKAEH Mn(112 mg-kg ™) ,Cu(30 mg-kg ') ,Zn(16 mg-kg ') &R,

®3 ARETESETRAE(mgke™!)

Table 3 Heavy metal concentrations in limestone

FEHD Sites Cu Zn Mn Cd Ni Pb Co
JCHkH: Bare land 12.93 5.39 39.63 6.03 39.56 39.87 14.80

5 HHb Forestland 14.56 6.56 35.28 5.51 38.22 40.87 16.76
FH{E Mean 13.48 +0.65 5.78 +0.60 38.18 +1.45 5.86 +0.22 39.12+0.59 40.21 £1.64 15.45 +0.86

3.1.2 ARIMHTIERESBHESE

TEPELBMSERSEE RN ERARURNRR, X2 B mE A5 TR HIE fAE P b3k 4k
SRR ZE W . B 4 Pin, b 39635 24 Mn (38 B B, 14 451,16 mg-kg ™' LA b, Cd AR, By
2.87mg kg 'PAF,Cu.Zn Ni .Pb fl Co ZRI R ERZER Mt +1EH 7 HELBNERREAES.57% ~
63. 10% Z 8], RKEAMH T 3B P E S B & B0 WS FAEM R, oMb A Ak -3 7 M ESE K
S5 B i R BV HE P BB BT AN, ToAK A : Mn > Pb > Ni > Zn > Cu > Co > Cd, 1A #k#b U] 47 : Mn > Pb > Zn
>Ni>Cu>Co>Cd, FEMTER(FE4) KM, Tk, Bk 13 Cu Zn FHFEEZERAEZE (p>0.05),
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H ki 58 Mn  Co P34 & B B 3E & T IOk, Cd \Ni \Pb F-3 & Sk WK T oAk (p <0.01) , KK
AN TRIAE D) 28 20 LA AR, - 3TN B 4 TR R B R AR A B B S R

MK 4 BT LIE B Cd Sh, bl H 3 rp HE 6 FESE M & 2 B8 TAMA K E TN E SR M &
B, 40 Mn B 11 £524 L, Cu.Zn Ni Pb.Co /358 1.8.9.2.1.2 1.4 1. 17 {5 LU Lo X SE# A fRE
NP G R A B, At Zn P B S B BT RME LIREREMSEAK(CE)
HIEHFAH™, Cu Mn [Cd \PbNi,Co i & BEH 3 T olHOE T 54 L RS E A K () 1263058
P EE . M 139 Cu(14.53 ~55.24 mg-kg ') . Zn(8.27 ~92.39 mg-kg') Ni(27.17 ~99. 35
mg-kg ') \Pb(42.47 ~99.63 mg-kg ') S E KR IR E - IR R B AR UE (GB15618-1995) H ) T b v
187 X Cd 8 (1.08 ~4.41mg-kg ") it MPARHE(1. 0 mg-kg ™) , RIIZK A K L 3A 3@ A FHRl A
H, (ELAE PR 1 B B MR TR 0 2 Wl , W0 25H ( Koelreuteria paniculata) ) [ B 4E Cd g 15R KIBEA
THY) , In&3 2k 2E ( Chenopodium acuminatum ) | Ta] Bk (Abutilon theophrasti) %%, DAR&{K Cd HII5 4%,

®4 ARIWHBHIEEEEAE(mgke™!)

Table 4 Heavy metal concentrations in limestone soils of two kinds of forest-lands

FEHD Sites i H Item Cu Zn Mn Cd Ni Pb Co
Tohk KA Max. 51.78 92.39 890.93 4.41 99.35 99.63 25.32
Bare land #/]MAE Min. 14.36 8.27 40.92 1.76 27.17 55.96 12.34
E-H#4){E Mean 27.38 53.43 451.16 2.87 63.06 79.70 18.16
FrifE 2 Standard Deviation 12.40 30.53 284.66 0.65 36.43 13.39 3.38
AR 5 Z B Variation coefficient(% ) 45.27 57.15 63.10 22.54 41.92 16. 80 18.59
FEp N0 KA Max. 55.24 71.12 901.04 2.76 55.45 72.23 24.98
Forestland #/]MAE Min. 18.05 44.55 475.23 1.08 40. 96 42.47 16.31
E-H#4){E Mean 24.51 55.16 630. 87 1.64 46. 64 58.75 20. 29
FrifE 2 Standard Deviation 11.93 8.58 121.29 0.44 4.00 7.84 2.33
AR 5 Z B Variation coefficient(% ) 48.69 15.56 19.23 26.82 8.57 13.33 11.48
i F 2 5 Significance deviation 0.441 0.784 0.006 0.000 0.009 0.000 0.000
S48 + 3 5{E Soil background value in Guizhou 25.70 82.40 591.00 0.133 33.70 29.30 17.10
%ﬁiz (Sﬁ )b:atii:ii{% alue in China 28.80 110.20 812 0.332 43.50 32.20 18.30
RS R (T4R)

Soil environmental quality standard ( I grade) 400 500 N 1.0 200 500 N

3.1.3 AR AR IR SR S BAR T

[F]— X3 4 B SR 5 R IE R R LU —, WA LR Z R AN, PR LR ESE MR
PERT DA 2 £ 8 MR VR BAHIR] , R E &8 & B B 3E AHRE , LB BA A RR IR A 7T e tEd R, 4
TAAE B AN R AR R . s R (0 5) £, Z XK+ & M E LR TR AR
FAEARME . Cu 5§ Zn Mn \Ni, Co MAH K ML .2 7KF (p <0.05) ,Zn 55 Mn Ni A0 R 8550 0. 844
0. 826, Kk B2 K (p <0.01),5 Cd.Pb,Co #HX R E 45Kk -0.320.0. 454 0. 546, 3k . Z /K F (p <
0.05) ,Mn 5 Co MR HCH 0.730, 35 BE/KF(p <0.01),5 Cd.Ni M FRE N -0.441 .,0.576 35 B E K
F-(p <0.05),Cd 5 Pb,Co M R B 709 0. 415, -0.332,35 BFEKF(p<0.05), Ni 5 Pb HERE N
0. 712, 5 BEKF(p <0.01), 5 Co KRB 0. 412, 3K BE/KF(p<0.05), FBI5 FHESLE Cu.Zn,
Mn.Ni.Co,Ni 5 Pb,Cd 5 Pb.Cd 5 Co EG MR HIE K 7 GEMES K, i Cd 5 Cu.Ni A4HE,Pb 5 Mn.Cu.Co
A, EH Cd 5 Cu Ni,Pb 5 Mn,Cu,Co BRI,
3.2 AR EESEESE S LR AT

IR EER G pH H AR EFR TR EENELROEE ESEE ARIBITHFREEE
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RN, NF6 AL, Cd\Pb 5 pH {HE B F IEAMHKYE, M Mn,Co 5 pH {HE B3 FHHKM (p <
0.05) 7 Cu.Zn\Ni 5 pH {HHHEMA B3 (p >0.05) ;Zn Mn 5HHLRE IE B E MK, Cd Pb 5HILR
2B ETMRPE(p <0.05) ,Cu Ni Co SHMRMMKMEARE (p>0.05) Zn Mn,Co 5 N.P.K 2 B EH
W IEAKYE, 5 Ca Mg 2 BE AR, T Cd 5 NP K 285k B2& XM, 5 Ca Mg 22
FIEMRME,Ni 5 N Ca Mg 2K, 5 P.K 2IEMEKHE, HLS K, Ca Mg 775 8 & B AHRKHE (p <
0.05),Cu.Pb 5 N.K.P.Ca Mg KR IEERA B2 (p >0.05) o KWL Ca Mg FEIGHN, 13w, =5
&L Cd.Pb BB BN, AT RBVRE, Zn Mn Co &8 TR, M LRAHUR N.PK 58, KL
HEpRTE , 25 L% Zn Mn Ni Co & EIEHN, 45512 Mn Zn Co & B L, 40T RBVRE,Cd.Pb & &
B TR, T Cu SRR UAEHE,

®5 ARIESRABEXRBER

Table 5 Correlation coefficient matrix of heavy metals in limestone soils

i H Item Cu Zn Mn Cd Ni Pb Co
Cu 1 0.362* 0.294* -0.148 0.493* 0. 159 0.256 *
Zn 1 0.844** -0.320* 0.826** 0.454* 0.546 *
Mn 1 -0.441" 0.576 * 0.134 0.730**
Cd 1 0.009 0.415* -0.332*
Ni 1 0.712** 0.412*
Pb 1 0.005
Co 1

* %0.01 KPR EF AL Cormelation is significant at the 0. 01 level (2-tailed) ; * 0.05 /K52 Z 4 4H¢ Correlation is significant at the 0. 05
level (2-tailed)

BT R, FIRE B S Ca Mg o0, 172 i B4 2 W iV IR TR Ca Mg 2658 + 4@ 7T
RIANG | B AE IR A MR SV I BGR RE T , HIRD B N, AR MBI FT R, Cd 2
BN RO M F BB YR T WTIRA K ERRYE, B & Ca Mg TR, FEESJR Cd.Pb £ 3 H
R, TR S A Al sl % Cd 155, BR T /A AR 975 B RS , 38 5243 X i A K + Bt
A () BHAE TR M & BA V) AR S

®6 ARTUFTRSEMBERSW

Table 6 Correlations between nutrient concentrations in limestone soils

i H Item pH AHLE OM N P K Ca Mg

Cu -0.073 -0.101 -0.093 -0.024 0.300 -0.265 -0.235
Zn -0.122 0.445* 0.490* 0.608 ** 0.661 ** -0.649 ** -0.638**
Mn -0.477* 0.568 * 0.647 ** 0.741** 0.851** -0.831** -0.831**
Cd 0.497* -0.550* -0.469 * -0.635** -0.734** 0.725** 0.760 **
Ni 0. 156 —-0.055 -0.016 0.151 0.304* -0.311* -0.369*
Pb 0.479* -0.367"* -0.246 -0.217 -0.214 0.213 0.256
Co -0.429* 0.172 0.307* 0.398* 0.715** -0.765** -0.719**

% 0,01 KB FE A Comelation is significant at the 0. 01 level (2-tailed) ; *0.05 7K i 45 Correlation is significant at the 0. 05
level (2-tailed)

3.3 AR IEESBEISEEN

M 7 ATAE B, SN A TR RS E A K () 1R SHE I in e, s H IR E SR
GRS YIEEAE3.67 UL b RB T EB PR, EMFRS ARG W T, Tk 3B E SR W
AT YR B B TR M, R B O AMROR R AR AL B AR R T fb IR E SR T5 4 . R FIs Y8 5L
(P,)RE, AStMA H 35 SUE N TEM AR ERT , Ak ib 148 Zn Mn ) P, <1, R{54, b F3E K, Cu Ni,
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Cof PALT 1 ~2 ZJH],[B TRISHMEE,Pb i PALT 2 ~3 ZH], /B Tris 2R ,Cd ) P, >3 ,3K3| T HI5
PRREE T Y5k B 12.33 DL b, 15 P38 B0 K/NHE/F J9: Cd > Pb > Ni > Cu > Co > Mn > Zn, Dh&EA K
(&) TEBERENVENFRER, Mitth 1385 CuZn Mn ) P, <1, )8 TIEE/KF,NiCo g PALTF 1 ~2 Z ],
BTRIGHREE,Pb ) PAET2~3 ZE,JETHIGRERE,Cd I P, >3, 58| THIGRBEE, 518 HEAF
4.94 P | V543550 K /NEERE 7 : Cd > Pb > Ni > Co > Cu > Mn > Zn, B] 0, #hith 148 Cd s 98 50mm , 15
PRREE BN E , HIKSE Pb,

F7 HTHEESREFRITNIEH
Table 7 The pollution index of heavy metals in forest-lands soil

B FI5 YR L AEIE R
e PO bR Pollution index of individual factor (P;) g o h "
. . omprehensive
Sites Evaluation standard Lo
Cu 7n Mn Ccd Ni Pb Co  pollution index (P)
Tkt FME LR FE
Bare land  Soil background value in Guizhou 1.07 0.65 0.76  21.58 1.87 2.72 1.06 15.55
Eal Ly =
QE%(E):I:;SFTE:{E . . 0.95 0.48 0.56 8.64 1.45 2.48 1.00 6.31
Limestone soil background value in China
Ak FME LR FE
Forestland ~ Soil background value in Guizhou 0.95 0.67 1.07 12.33 1.38 201 119 8.94
Eal Ly =
ZEARCE) LA R 0.85 0.50 0.78 4.94  1.07 1.82 1.11 3.67

Limestone soil background value in China

3.4 AR TAH TR 4R BN TE A S RS TR

WEAEAE S B TRH 45 5 (35 8) KW, AStN A Ty SHE A& A K () 120 S ™ R 2t
bt TE S B A S EIRE(R) K 173.75 Db, X8 T SASAERE, EMERRLREARA
HIESENT , ok 19 &R TE AR 755 E 1 O] S T Al , a5 BT phy WA A A o £ R PR R A8 0k
RESBESAERE., NEEESEERK(E)RE, LibRURMNE LT RETZULEAKCE)
FRRE NS R, b 3R Cd 5 E, i, X3 TR AE S fEEFRREE, Pb Ni Cu,Co Mn Zn 3
BRNBEMASEERE, P Mo Zn WEASBERENT | EERER/D. X5RAEE" AW
RERMM, Cd B—MAENELBYR, “EE TR, RAEYELETE, HEAYE P T B,
KL & CERITGE Cd 1 H RSV, % % S Cd RS 5. A WHERib ifEf, s R,
AR TS EABEIEM S TARIE S, S8 LY Cd SRAEE., BT CdmEEY, fibkih 1R E LR EE
S fEE TR TARSRAREE, I A B Cd 15 4RI .

*8 HiTHESEMNEBEEESEERBMEBEEESRERY
Table 8 Potential ecological hazard coefficient and potential ecological risk index of heavy metals in forest-lands soil

WA R ————

=30 Sl Potential ecological hazard coefficient (E;) i R

Sites Consult value Potential ecological
Cu Zn Mn Cd Ni Pb Co

risk index (RI)

Tk FMAE L RESE

Bare land  Soil background value in Guizhou 5.33 0.65 0.76  647.37 9.36 13.60 5.31 682.37
Eal Ly =
?ER(?):':;S A . . 4.75 0.48 0.56 259.34 7.25 12.38  4.96 289.72
Limestone soil background value in China
Eog S FME LR FE
Forestland  Soil background value in Guizhou 4.71 0.67 1.07 369.92 6.92 10.03 5.93 399.31
Eal Ly =
ZEARCE) LA R 4.26 0.50 0.78 148.19 5.36 9.12 5.54 173.75

Limestone soil background value in China

4 it
PRI AR LA Pb (P35 8 (40. 21mg kg ™' ) By, Zn I3 &8 (5. 78 mg-kg ™) A, 7 HELJE
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& EREKHEF A :Pb > Ni > Mn > Co > Cu > Cd > Zn,

A L Mn (5738 8 (451.16 mg-kg ™' DA | ) £, Cd HYF- 34 & (2. 87Tmg-kg ' LA ) A, Cu,
Zn Ni.Pb # Co ZIRAI T BRER,T HELBIEFREAES.57% ~63.10% Z (8], Fr Cd Fb, piih -3 H
E6MELRTFHEEVER THMLANAKEHNESBER SR, b 13E Zn BFHEERTHRMNA
TIEFFEMEEAK(E) 122 FME, 1 CuMn,Cd Pb Ni,Co & &m THHE T HMA 1 IEE FEM
EEAKCE) TEERME, A KT EAR BE ATl A,

Mt 43R 7 R E S B TR (B R A AEAHSCHE , Cu Zn Mn \Ni Co,Ni 5 Pb,Cd 5 Pb,Cd 5 Co [RJ¥EKIH]
REMER K, T Cd 5 Cu.Ni,Pb 5 Mn,Cu,Co HRIFEA] BEA[F .

Cd.Pb 5 pH {2 .3 IEAHRME, T M Co 5 pH fH2 B3 A, Cd.Pb 5HENRE BE MAHKHE,
M Zn Mn 5FHUEE BEWIEAHXHE, Zn Mn,Co 5 N P.K 2 B Z 5k B2 K IEARYE, 5 Ca Mg 24&
BERTAERME,Cd 5 N P.K 2 B EEHK BE XA, 5 Ca Mg 2% B& K IEAHX M., RIFA KW
mitE, B & Ca Mg LR, A F TEEE Cd.Pb 2, BIRBGIMNE L38%Z Cd WisRERZ—.

SRR P RIEEMZE FLR G (WP 15405 ) 5 Hakanson Y 7EAE S E IR HUNS B AR 2
— M, USINE LT REMEEAK(E) 2RTRE SMEE RN RE, il HIRE SRS ST 448
BAE 3.67 LA b, 3ikBI TEIGRAEE, DL Cd Wi R E R E, HIKE Pb, UStHA HIETREMSEA
KCE) LRBEFRENENS WERN IR E S BB EASEFREB(R) K 173.75 LU kBB THEES
FEERE, P AERKESHERNR Cd, HIKZ Pb Ni Co,Cu, & HE B f/PHZ Mo Zn, 7EAMH R BB E
MARNESF T, Tk 138 E &R ML E 15 R BN TEA DA F RIS W B & T A b, R B mdkok
WA LR A R T DIRE S B IS R AR L IRE S R A S A ERE,
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