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Evaluation of the Potential Ecological Risk of Heavy Metal Pollution in Soil and Bioaccumulation Characteris—

tics of Dominant Plants in Siding Pb—Zn Mine
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(1.The Guangxi Key Laboratory of Environmental Engineering, Protection and Assessment, Guilin 541004, China; 2.School of Resource and
Environment, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: Soils and dominant plants were surveyed and studied in the Siding mine area. Based on the determination of heavy metal concen—
tration of soil from 8 sections and 14 dominant plant species in different parts, the potential ecological hazard was assessed using the Hakan—
son Index Method. The results indicated that the soil of Siding mine area was seriously contaminated by Pb and Zn.The E;values of Pb and Zn
were higher than 320, and the degree of ecological hazard was extremely high, while the E; values of Cu and Cr were lower than 40, the degree
of ecological hazard was low. Statistical analyses showed that mining and smelt activities had a great influence on the content and distribution
of heavy metals. Pb—Zn and Pb—Cu were likely from a same source, while Cr had a different cumulating character. Furthermore, had Pb, Zn,
Fe, Mn, Cu and Cr in 14 dominant plant species at defferent levels, but they had not reached the level for hyperaccumulators. Among all the
dominant plants, Phragmites australis( Cav. ) Trin. ex Steud., Imperata cylindrica( Linn. )Beauv., Herba Taraxaci and Preris vittata L. appeared
to have good accumulation of Pb and Zn, and would be very useful in the restoration of Pb and Zn polluted areas.
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Figure 1 Positions of simpling area
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Table 1 Indices and grades of potential ecological risks

of heavy metals

WS BETASKE WEASKKTE  SREEESR
EEH VYRR BRI AR
E:<40 B RI<150 B

40<E'<80 rhég 150<RI<300 rhdg

80<E'<160 pi 300<RI<600 Ei
160<E! <320 s RI=600 AR5
E =320 &

2 BRESH

21 FXIESEESE

T L S b - R R, A5 SRR (I
F2), PRI E ) £ 3% Pb Zn Mn Cu .Cr
(-2 5 B 43 ok 5 934.2 .23 285.3 .447.0.78.8 Fil
51 .7(mg° kg™ ) o FEHSEI S /M N  Zn>Pb>Mn>
Cu>Cro8 A RAEX £ Pb Zn Mn Fl Cu [ 75 i
el M e E - SE, HPb.Zn i

BT e = bR, Jorh Ph SRR R HE
15 e, N 18212.0 mg-kg™, J& PRI iR =
RARUER) 36 18, Zn W femr AU IAE R, 2 75
300.9 mg-kg™', & IEIRET A S GARIER 150 £,
Cu.Cr [ HI AR R HEVs 0, 4351k
146.0 F1 101.0 mg-kg™, SAJ7E - HEIEE it & — U hnife
T . X Mn oo, Higm E 0 T E fig5 Ak
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SKRE 45 E 4 B AR 280, Ph Zn 7R S R BUR
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™ DX TSR3 sl 5 4 1) 5 o S oy AR A K
22 FRELETEMEXNE
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A UL E SR ST YR, A ocR ) B &
FHOG, U158 B B AT R —He U i vl B LR, X —
RPERTREH A RAR, BRI 2 U5, th T BEE AR
TG Sl AR A5 Y T ak, th e nl DL, PRI AH G &R
B B Pb—Zn Phb—Cu Z A4 AR & ARG, A
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Table 2 Heavy metal concentrations in soil and slag of Siding Pb—Zn mine(mean=SE, n=3)

KA Pb Zn Mn Cu Cr
A RTIFRIX 1 420.0+104.6 3 236.0+283.1 214.0+21.4 36.0+4.6 50.0+3.0
BiRHE) HE5 18 212.0+2 121.6 32 375.0+3 410.8 310.0+45.2 146.0+22.5 101.0+14.3
C HEy5 10 Fii% 50 m 4b 3021.8+132.3 26 889.9+244.3 313.9£19.0 82.6+7.3 16.1x1.1
D $rg5 FHHES 1 5 138.0+£341.7 14 041.0+2 953.0 596.0+33.9 109.0+27.2 67.0£13.3
E Fi55 MRS 1L 1 746.0+87.2 4500.0+144.3 846.0+26.0 48.0+8.6 59.0+6.5
F B 9 821.5+128.8 75 300.91 636.6 838.0£56.7 119.8+14.3 29.65.1
G SRR 6 614.0£175.2 26 500.0+1 232.0 246.0+23.1 56.0£11.7 46.0£5.5
H & RIX 1500.0+181.8 3 440.0+263.2 212.0+22.4 33.025.7 45.049.3
SEHE 59342 23 285.3 447.0 78.8 51.7
brifE2E 5769.6 24 040.8 2727 23 25.5
5 5 R % 97.2 103.2 61.0 53.7 493
)P A 18.82 46.43 172.57 20.79 56.25
A - 5 24.00 67.40 482.00 20.00 54.10
IR PR AR (20 250 200 - 150 150
IR PR AR (=20 500 500 - 400 300

T =" MR E o
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%R 3 BEELEITTEZ M Spearman #1 Kendalll &£

Table 3 Spearman and Kendall { coefficients of the heavy metals

ES 44 Pb Zn Mn Cu
Zn Spearman  0.905( %)
Kendall — 0.786(%**)
Mn Spearman 0.357 0.452
Kendallg 0.214 0.286
Cu Spearman  0.905(**)  0.881(**) 0.500
Kendalll ~ 0.786(**)  0.714(*) 0.429
Cr Spearman 0.190 -0.167 0.095 0.238
Kendallg 0.143 -0.071 0.071 0.214

TE o SR B AASEIE(P<0.01),* 1 B FASEME(P<0.05)

UEBH IR IR ES SR — 8, Cr A TR A
AR, R AR R Rk
23 HXEEBESKEEN

WUTGUE PR 5 SR DX B B 43 R W A AR S
TR (E) MM & B IS EAE B FHRE R WR
4,4 P 4 BT RIS TR FEHRBGEF 433128 : E: (Ph)
377.3~4 838.5 E' (Zn)69.7~1 621.8 \E:(Cu)7.9~35.1,
E;(Cr)0.6~2.4, PR TS TEA: S KES FEEE P Zn 2
R A A2 5 XU 5 Cu Cr S AR S v A A A RS o 4 i
LR ITR B LS AR E (Ph)>E; (Zn)>
E:(Cu)>Ei(Cr),

MZFPE & BN EECRI F,8 1K
FEX AHEH) RI(EII KT 300, UK IEH X887
TEAS RS AR — R, X EZE5H X Pb.Zn X
RS I KA O A5 X B3z f SR AR S e F R R
N (RS RR ey VI R m DY ==Y a1 S ==Y a1 P A s

x4 MEHT XEXESRBESRERY(L ) REEN
KBTS (RD)
Table 4 Potential ecological risk factor( £} )and potential ecological

risk index(RI)of heavy metals in Siding Pb—Zn mine

Xk & RI
Pb 7n Cu Cr

A RTFRIX 377.3 69.7 8.7 1.8 4574

B it G 1 48385 697.3 35.1 36 55745
T‘?};Efn?ﬁ 8028 57901 199 06 14024
D fg5 R HES 1 13650 3024 26.2 24 169.0

k ﬁj’ﬁfﬁf“ 463.9 96.9 11.5 21 5744
F 530 26093 1621.8 288 1.1 42610

G BRI 17572 5708 13.5 1.6 23430

H&ZRIX 398.5 74.1 7.9 1.6 482.1
FHE E 14482 4717 25.6 1.7

FHHETS T >HES R UE 50 m Ab>8E B IX >R RIX
FHUERT UL, B T LR TG S AR B R i E 4w 5
PIAN, B X 4 i v N o A b HE R B R K 5 i
BT X FE B TS L, HAHETS 11 X Bk i e A
DfeFEL R TR FIL, U0 H 51, ik
X DR 4 n TAT M s T A = s AR
A 207 o A SR B kS e B
G0 HEASE R TS YL
24 FRIEBEYEE SN

A RN 14 Fp SRIE T 11 B AR 24
PR — P ORAR} 3 B, KeR 2 B, N TR
rhZ DR (B T EY O 3 TR A AR ) KT
DIEAIEY N F, RARHE Z2 |, X 5 RARHED I
Z R T S TR IR K,
25 RBEMENEEESE

N T A XA FAE P % Pb Zn Mn
Cu Cr WISIE I SRR B T, TR X 43 i i
i AR AEYESIFHA - EESEEERIT

xS W XEZRMBEDTHE

Table 5 The dominant species of plant in in siding Pb—Zn mine

A 0 FEE A
FAFH or™ J—
Gramineae  Imperata cylindrica( Linn. ) Beauv. 4 ZIFIRA
ﬂ%ﬂvﬂ— IGE thé;"mztes australis(Cav. ) D LA B A

Gramineae Trin. ex Steud.

A JLH FoOmEATEER

Moraceae Ficus tikoua
JBIERL JKIE S Dysophylla o e g
Labiatae  El-Gazzar et L. Wais. ex Airy shaw RHERIA
RUBA RBATR R
Preridacea Preris vittata 1. F SRR
Rt ST ‘ "
Rosaceae Rosa laevigata Michx. ¥ HEA
KR L5 1ILRRFT Alchornea trewioides ¥ WA
Euphorbiaceae (Benth. )Muell. Arg.

ENGYEE REREE
Equisetaceae  Equisctum ramosissimum Desf. D ZARA
KRl KFE A Drypetes cumingii F ok

Euphorbiaceae (Baill. )Pax et Hoffm
Eoras A e
Compositae Herba Taraxaci F ZAREEA
RAR FAvE b
Gramineae Miscanthus floridulus b ZAERA
%t B2 .
Compositae Ageratum conyzoides L. ¥ RARA
R HHAL -
Loganiaceae Flos Buddlejae 0 T HHEA
R 3% B
Cruciferae Beassica pekinensis (Lour. ) Rupr. F AR

T &Y D——Dominant fEHF, F
Occasional % WL f}

Frequent F JLF,
O
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FEY, AU A X R AR Y AE AR IR N B 5 s & 6
HEAT T O34T o FEIR B R OT R A B AR RE ), AU
TR H S AR A 5 ISR AR TA] |
BIRICR WS N IR BRI EA K, WL 6 1]
PLE ), 14 F L S ) %) 55 4x s i) R & A A [
HARNE 48 & B R : Ph 15.24~1 496.0 mg-kg™ |
Zn 110.20~20 425.3 mg-kg™ Mn 4.6~282.9 mg-kg™ .Cu
1.6~285.9 mg-kg™' .Cr 1.0~152.3 mg-kg™'. S
SIRITRIET S EILE, HA Mn & 878 1E % 5
Mo

FrA IR N B Pb Zn &R T IER T,
{ERAR A R & SR I 5 1 (451 1000
110 000 mg-kg™)"hrifE , AR EAFRAR K Pb Zn &%
A 1H 467.93 .20 425.31 mg-kg™!, HZEM- At A
536.62.2 537.56 mg-ke™, Ui HEG ST PD \Zn
BEPERE 1, 3% 5 20 A 2 I s TR A R A
1B A8 1 IBIF TS — S I B AH AT, ITUESE T
WRWA I Z PP 4 SR o LT #ii R Py Pb & 4K
e, HEEMH ) Ph ()& 5k 703.14 mg kg™, 423 1 000
mg kg™, Al HE—HF5T X Ph (AT -

6 MISHEY KA MBENEESESE (ng-kg)

Table 6 Heavy metal concentrations of the dominant species in Siding Pb—Zn mine (mg-kg™)

LR ES X 35k i Pb Zn Cu Cr Mn

% Imperata cylindrica( Linn. )Beauy. A Uit 758.60 3 989.00 4432 32.33 50.06
ES 189.64 1516.05 12.41 2425 33.54

P35 Phragmites australis(Cav. ) Trin. Ex Steud. B lisd 148.45 131091 23.13 8.47 8.23
ES 93.12 1 462.53 17.05 9.10 7.06

nt 578.10 500.00 17.64 1425 10.02

W JTKE Ficus tikoua B R 562.96 1 549.90 19.52 59.80 179.46

2% 523.29 1 063.16 19.54 4151 123.45

- 438.32 1112.62 11.94 40.07 120.49

FK g Dysophylla B R 513.15 1 988.97 63.76 57.44 282.89

ES 11271 303.10 474 29.95 80.18

WAIARR Preris vittata L. D R 467.93 20 42531 285.91 14171 160.52

e 536.62 2 537.56 47.07 152.32 56.49

ST Rosa laevigata Mich. D R 1285.35 13 400.11 26.13 4.18 23.64

2% 256.07 587.54 16.46 14.78 18.05

s 126.54 550.20 13.37 26.54 41.04

L1351 RRFT Alchornea trewioides(Benth. )Muell. Arg. D R 378.17 637.55 15.64 8.52 29.93
E 340.06 562.52 18.65 6.33 25.37

nt 164.00 662.50 12.30 20.30 30.60

W H Equisctum ramosissimum Desf. D pic! 151.60 1 250.0 18.49 33.32 53.09
2} 103.10 575.00 8.32 9.33 27.61

KR Drypetes cumingii( Baill. )Pax et Hoffm D Jics 959.50 2 325.0 12.91 140.31 59.07
ES 110.71 300.00 7.64 7.15 17.15

AL Herba Taraxaci F Ui 23.22 125.00 8.98 441 4.67

E 35.84 263.94 21.84 36.84 10.64

it 86.03 875.03 13.18 15.68 15.84

T Miscanthus floridulus F R 217.46 1230.85 16.22 30.81 33.93

2% 324.52 1162.57 7.14 51.45 33.66

JELT ] A geratum conyzoides 1. F pic 1 496.0 4 079.0 23.96 32.60 51.22
e 703.14 1 550.04 11.50 21.84 39.95

5L Flos Buddlejae G R 792.81 2 500.0 17.46 9.94 30.33

E 495.02 1 437.52 14.05 4.42 20.03

i 305.30 1.300.02 15.83 23.10 30.52

43¢ Beassica pekinensis(Lour. )Rupr. H R 54.42 343.80 5.64 3.78 23.77
e 15.24 110.20 1.58 1.02 5.23

IEH kb 0.1~41.7 1~160 0.4~45.8 0~8.4 1~700
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XFF Cu SRidi, B T A K AERLIF A HETS F A R
FRARFIZER 1 Cu 71532 285.91 il 47.07 mg-kg™,
FR AT I S L A AR S WA L R

XFF Crofidd, HARIFRHES O R A
IEHEREIN, FAA ) & AT T IR R
SEBA TREE B AR I A5 (1000 mg-kg ! AR
2.6 AEIEYNESBEHNESE EBIET

B Y A 1977 4FH Brooks" 942 Hi 1,
B A IR 4 R R S B B b A 1 A
Y., B SRYRE FEEEL T RANHEE
(DAY b 10 R I T 4 a8 Nk B — e i (2) 4
Pyt EE 4 I I e TR o AE SRR L, BEAR
F14) 8 e SR R EA A K R o U RE R
BSR1%7 V2 2273 NN e [ S R S s i D T

SRtk —2 WA X T VR A AR 0 A R Y
AET, THEA TRy LR A X G Y AR R AL
(BAC) FI#5 5 244 (BTC), BAC BT AH Y X5 A
ELBWEERNT, thT5FRI MY H R
FESCPR LRGBS MEE PR R, BHERE
K, Fe I H 42 T 4 TR I RE 1 R . R M R
EEREKT | S s Y DO 5@ A
FURRAE o BTC n] LUK B 40 DARHS 1) b1 35832 4 =
SIRMEEST . MH LT, HPIAR P Y 4 8 e B A A
EbZEmt AR TG S £ (BT A B 22

i ) 4w TR B T DU AT AR N T K. — A
Sy, RN R A T BEAEAE T 1 B s A i
TR, DA 2 B 43 i 1) AR BT 2k, AR 7 T
A IRIA R Cr B9 R RN 2.27>1 (B2 T H
YR Cr JCR AR EE A 141.7 mg-kg™, A 1K
#1000 mg-keg™ # & ERYI G APRUE, BN
Cr MR & (AR AR o AHXTSR UG, X Pb & S hE
A 5 (0.4) LT (0.37 )5 % Zn & S RE
SR 2 (0.47 ) 4 Cu & S8 S 4008 A 15t i
% (0.43) /A 9E(0.46 ) s X Cr & AR BE T 5 1A R 0
Bk (2.27) i RAE (0.54) ; %F Mn & 4ERE I Beom A
P (0.47)

TIAN WAL R TR X PR A TR | 2
BEXT Pb iz AE 1R , AT P EEXT Cr 15 i
e 14, &R X Mn WA BB RE T, 2
Yoy 5 FE SRR RBUIR T 1, BoR T RAFINE
& IRIsHIAE D]

SV, 7 BT IR AR A A T A 7 328 28 X A
4 HA S SRR ), (R T X Al 5
Y, — LAY R T 0 B 4 AR A T, A0 R
BR TS LTS AL, AT T X A AR 5
BEAHY) e X AT, AN BE A8 i 21 1 4
A R IR RK LR e E B
HEE,

R 7 MTsESEY XABENHE R RYNEIERY

Table 7 The bio—accumulating coefficient(BAC )and biological transfer coefficient( BTC )of the dominant species in siding Pb—Zn mine

Pb 7n Cu Cr Mn
B R REEX

BAC BTC BAC BTC BAC BTC BAC BTC BAC BTC
[EF= A 0.13 0.25 0.47 0.38 0.34 0.28 0.49 0.75 0.16 0.67
Hi T B 0.10 0.85 0.06 0.70 0.10 0.81 0.54 0.68 0.11 0.68
I B 0.32 0.22 0.01 0.15 0.02 0.07 0.01 0.52 0.15 0.28
P B 0.40 0.22 0.40 0.50 0.07 0.44 0.01 0.86 0.47 0.15
R AR D 0.10 1.15 0.18 0.12 0.43 0.16 227 1.07 0.09 0.35
ST D 0.04 0.15 0.04 0.04 0.14 0.57 0.31 4.94 0.05 1.25
L1735 1LRRFT D 0.05 0.67 0.04 0.96 0.14 0.99 0.20 1.56 0.05 0.94
RIRIED D 0.06 0.68 0.13 0.46 0.17 0.45 0.16 0.28 0.03 0.52
PN D 0.06 0.12 0.07 0.13 0.16 0.59 0.12 0.05 0.02 0.29
AN F 0.03 2.62 0.06 4.56 0.46 1.95 0.24 5.95 0.02 2.84
AR F 0.06 0.21 0.05 0.25 0.10 0.28 0.04 0.15 0.04 0.64
AT F 0.17 1.49 0.12 0.94 0.19 0.44 0.46 1.67 0.05 0.99
JlERAN:} F 0.37 0.47 0.17 0.38 0.30 0.48 0.20 0.67 0.06 0.78
B G 0.06 0.50 0.05 0.55 0.27 0.86 0.30 138 0.10 0.83
WS A R G 0.11 2.63 0.10 0.16 0.25 0.31 0.18 0.10 0.17 0.41
M3 H 0.01 0.28 0.03 0.32 0.05 0.28 0.02 0.27 0.02 0.22

T W A2 2B BAC=HA I b7 7 ok G Ja 3% /TSR B 3 B R R BTC=AA b b 308 o G 35 b AR AR PR o o 5
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3 it

WX L E SR SRR, KBS LIEES R
B T AR A A 7 AR P 1E A K ) g
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