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Abstract; Species composition and growth status of woody plants at ancient copper mine site in
Tonglushan of Hubei Province were surveyed and heavy metal contents in above- and under-ground parts
of woody plants and in its rhizosphere soil were determined by atomic absorption spectrometry. On these
bases, enrichment effect of all tree species on Cu, Cd and Pb was analyzed and significance of ecological
restoration of woody plants was evaluated preliminarily. The results show that there are 14 species woody
plants belonging to 14 genera in 13 families at ancient copper mine site in Tonglushan, in which includes
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13 arbors and 1 shrub, and they grow better with tree age 4-25 a, height 3.7-22.6 m and diameter at
breath height 5.3-29.0 cm. Average contents of Cu, Cd, Pb, Cr, Mn and Zn in rhizosphere soil of
woody plants are 3 166.73, 3.66, 137.06, 31.32, 1 774.43 and 208.32 mg - kg™, respectively, in
which, Cu, Cd and Pb contents in soil reach the heavy pollution level. There are obvious differences in
Cu, Cd and Pb contents in above- and under-ground parts of all tree species, and in all tree species, Cu
content is the highest and Cd content is the lowest. Also, there are obvious differences in enrichment
coefficients and complex enrichment coefficients of Cu, Cd and Pb in above- and under-ground parts of
all tree species but enrichment coefficient of Cd is the highest. Complex enrichment coefficient of above-
ground part of Viburnum odoratissimum var. awabuki (K. Koch) Zabel ex Rumpl., Firmiana platanifolia
(Linn. f.) Marsili, Osmanthus fragrans (Thunb.) Lour. and Robinia pseudoacacia Linn. is higher, and
that of under-ground part of Melia azedarach Linn., Ligustrum lucidum Ait., V.
awabuki and Cinnamomum camphora (Linn.) Presl is higher. Generally, averages of complex enrichment
odoratissimum var. awabuki, M. azedarach, L. lucidum, F. platanifolia and O.
fragrans on Cu, Cd and Pb all are more than 1, and they possess strong enrichment ability to heavy
metals. According to these research results, it is suggested that Platanus x acerifolia ( Ait.) Willd. and
Broussonetia papyrifera (Linn.) L’ Hert. ex Vent. can be planted in Pb pollution area, V. odoratissimum
var. awabuki, F. platanifolia, R. pseudoacacia and M. azedarach can be planted in Cd pollution area,
and V. odoratissimum var. awabuki, M. azedarach, L. lucidum, F. platanifolia, O. fragrans and R.
pseudoacacia should be planted in Cu-Cd-Pb complex pollution area.

odoratisstmum var.

coefficient of V.
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K EXCEL 2003 F1 SPSS 12. 0 Ziit4k #1714k
Wt . KM LSD JrikittT Z E LA (P<0.05) ;5
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mg - kg™, FIE K 137.06 mg - kg™'; Cr 5 &N
13.06 ~81.07 mg « kg™, "FII{EH N 31.32 mg - kg';
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Table 1 Heavy metal content and pollution index in rhizosphere soil of woody plants growing at ancient copper mine site in Tonglushan of Hubei
Province
oL S Fhl/mg - kg Content e TR
Element B/ME Minimum Bl Maximum AL Average Pollution index Pollution grade
Cu 430.32 14 644. 63 3166.73 103.15 HE V5% Heavy pollution
Cd 2.50 6.39 3.66 21.53 5 Y% Heavy pollution
Ph 64.59 280. 85 137.06 5.13 5 Y% Heavy pollution
Cr 13.06 81.07 31.32 0.36 J¥5 9% No pollution
Mn 187.54 2 760.32 1774.43 2.49 Hh 5 4% Moderate pollution
Zn 104. 96 278.66 208.32 2.49 175 4% Moderate pollution
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(Linn.) Presl) ¥4 # ( Broussonetia papyrifera ( Linn.)
L’ Hert. ex Vent.) . T X # [ Cyclobalanopsis glauca
(Thunb.) Oerst.) \KE4E ( Osmanthus fragrans ( Thunb.)
Lour.) #&#i ( Firmiana platanifolia (Linn. f.) Marsili) |
E LA [ Paulownia tomentosa ( Thunb.) Steud.] . 15 H
A3 ( Viburnum odoratissimum var. awabuki (K. Koch)
Zabel ex Rumpl.) Fll 2 K [ Cunninghamia lanceolata
(Lamb.) Hook.) Az X se i JIRRE 35 BR A
B AL 0T A SR GE s, HAMA i Sy N T8 5 78

R2 ARG SR I R AR AREY HE AR
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FREIRSEE N 10 ~ 16 a, KR JeATHE AT 25
PR AE H R AR T2 0T AR IR A R
1 KR B A AR R T/ A, —BRERAR R
=R TR Nvae S5 SN SR 7 SR = UL v A N
W B AR TERERS AR AR S 4 7E 6 m
DAL o ZERE R AR B, 1K 22. 6 m ATk
AP HRE RN, 8 3.7 mo WFHEE, —
BB AR P RAF] 29. 0 om, B4 B by T5 1E
AT TR T XIAR B AR AR AR 0 A2 L 9 em
VAR, JeA TRk FAZ AR 1 F- 32 i 2 fe /I, #4920 5.3 em,
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Table 2 Basic situation of woody plants growing at ancient copper mine site in Tonglushan of Hubei Province

M94%/em  DBH

iy S Y s b PRii/m_ Heigh
Family Species . 1) Tree age” Number Fiensl FHE L FH{E
orm Range Average Range Average
o Leguminosae HIME Robinia pseudoacacia A - 247 5.5-9.0 6.2 5.5-23.6 8.6
Je T HEFF Apocynaceae ST Bk Nerium indicum S 8-12 323 3.5-4.0 3.7 3.5-7.2 5.3
#F} Lauraceae TP Cinnamomum camphora A 16 203 12.6-13.5 12.6 7.3-41.8 12.5
IR} Salicaceae B Populus x euramericana A 4-10 117 6.6-7.0 6.4 3.6-18.8 9.6
‘1-214°
AKREEE} Oleaceae 01 Ligustrum lucidum A - 58 4.5-5.3 4.8 3.5-7.6 5.7
H:AE Osmanthus fragrans A 12 21 2.7-4.5 4.1 5.2-10.4 7.8
ZAF} Caprifoliaceae WEEZ T Viburnum odoratissimum A 12 48 4.5-6.4 5.3 6.6-11.8 9.1
var. awabuki
P} Moraceae FaR Broussonetia papyrifera A - 42 2.5-10.6 5.9 4.5-22.4 9.4
Fe3 Bk Fagaceae Xk Cyclobalanopsis glauca A 10 35 4.0-6.5 5.2 9.6-20.3 13.5
I Scrophulariaceae EJH Paulownia tomentosa A - 17 7.3-16.5 13.2 6.7-68.2 15.6
KB} Taxodiaceae ¥R Cunninghamia lanceolata A 12 13 6.2-8.5 7.2 3.5-6.5 5.3
EH AP} Platanaceae ZEREE K Platanus x acerifolia A 25 4 20.5-24.6 22.6 28.3-33.0  29.0
Bl Meliaceae W Melia azedarach A - 3 3.5-4.8 4.1 6.8-9.5 7.8
FEHARL Sterculiaceae ¥&A Firmiana platanifolia A 10 3 12.2-15.1 13.5 11.7-17.3 14.2

DA: FFK Arbor; S: #EAK Shrub.
2) _. i Unclear.

2.3 RAEYAEBLESENDHIFLE

WAL AR 2 1 oy B A 3 Bk XA AR R 4 S [ A7
Cu.Pb Fll Cd MR IF 3, HFRI TTLUE
AR R AEF SR L A B L E A ARAAE Y bR
R EEILL Cu & E R m  Cd & ERM, 53X 3 oo

RAEAAY AR P+ 8 P 35 8 1 R AR — B, w1

BUR FEVR N E 4 o kB U A R A £ B R
FRAER, AR Y Cu Pb AT Cd A1 FHE 4351 4 40
10 F13 mg « kg0 ilad Fe A Al UL, 35 WKIER B I
FIRZARAR N Cu P A1 Cd A B B % T rp 25 0 5
{E, 3% 3 AR R4 Ph Al Cd; Bz b
LA Ph AT Cd, JLAARPY Ph FI Cd 198 JEIAE
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TR FE ; ZBEREES AR AR R AT R A
Cd B & ST b g im S ; T AR A A N Cu Pb
FCd 1 E B s 3 T rh R I FHE

M EFRE, S Cu SR, A F 126. 40
mg - kg™ FEAL | TERER R AR RIBEFIE E A E
Cu FHIKZ, 4 106.30 ~113.90 mg - kg™, FHIE R
109.47 mg - kg™ s “ERERAR AR AT ATHE T Ph
R, 300 110,50 116.00 Fl64.40 mg - kg™ 574
EAHH Cd & &, M 17.00 mg - kg™, #B A 3
LRI Cd IRz, 43510 7.28 5. 58 F15.33
mg + kg™ 5 AN, TERAG T XIAR B0 FIAZ AR 1 b
EBAKEH Ph Il Cd, WML EBE, Cu S im

£3 WHSAKUHET B R AR EWRFELBE Cu Pb F1 Cd £

SEREHR R ARMRAZ AT, BUE 1 Cu B2 S
I 319.4 4% ;P 5 ik d i 12 g 0T IR R RIAR
HI# 25 & 1 206. 0 %, 7675 AR T FRAAKS P
Cd & i m R R IR R B, T 2 5 & 1
24.9 % FEIATHE T KIARFUAZ AR ML T A A H Cd,
AR E S BRI 2 0T 2k Cu B B
L 972,25 684. 40 il 660. 70 mg - kg™';
BRECES R KB FI L 0T 4 MR Ph S B A, A Sl
119.90 . 117. 40 F195. 10 mg - kg™ ¥ [ & 5 Fl
BE 4tk Cd S & B, 43 9l o 20.90 A 16. 53
mg - kg™ AN, FH XM ERA S P A1 Cd, A2 KR 2Bk
A Cd,

Table 3 Contents of Cu, Pb and Cd in different parts of woody plants growing at ancient copper mine site in Tonglushan of Hubei Province!!

M R LR A /mg - kg

B E 42 ) 5/ mg - kg™ SHESE B E/ mg - kg

R Heavy metal content in Heavy metal content in Total content of
Species above-ground part under-ground part heavy metal in whole plant
Cu Pb Cd Cu Pb Cd Cu Pb Cd
FIME Robinia pseudoacacia 106. 34 22.61 5.58 3.09 0.30 1.64 109.43 22.91 7.22
JeATHE Nerium indicum 63.24 64.40 1.88 2.78 0.75 - 66.02 65.15 1.88
HER Cinnamomum camphora 97.20  22.70 0.46 49.50 0.58 1.60 146.70 23.28 2.06
BN Populus x euramericana ‘1-214’ 2.04 - - 74.50 1.60 0.45 76.54 1.60 0.45
1 Ligustrum lucidum 92.70 33.30 1.87 568. 00 61.80 6.60 660. 70 95.10 8.47
HEAE Osmanthus fragrans 113.90 29.40 3.60 14.00 1.60 1.90 127.90 31.00 5.50
YR E AT Viburnum odoratissimum 106. 30 12.90 17.00 196. 00 10.20 3.90 302.30 23.10 20.90
var. awabuki
¥R Broussonetia papyrifera 109. 50 116.00 0.75 201.70 1.40 1.20 311.20 117.40 1.95
H XK Cyclobalanopsis glauca 3.96 - - 5.30 - - 9.26 - -
EYIM Paulownia tomentosa 1.71 - - 18.10 4.90 1.40 19.81 4.90 1.40
12K Cunninghamia lanceolata 1.41 - - 2.78 0.55 - 4.19 0.55 -
TEREE K Platanus x acerifolia 111.30  110.50 0.82 63.10 9.40 1.50 174.40 119.90 2.32
R Melia azedarach 126. 40 3.12 5.33 558.00 6.00 11.20 684.40 9.12 16.53
F&H Firmiana platanifolia 84.25 11.83 7.28 888.00 6.40 1.60 972.25 18.23 7.88

D _. R Undetected.

2.4 REEYAREBEINES BN S EHFIE
WAL 2 L ol A B 8 XA A R ) AR ]S a7 %o
Cu.Pb Fll Cd W EEREWF 4, NHL LA, &4 Fp
X Cd By B A R A A w AT R R
BOFEEE L 30X Cd & R B KT 1, IR N
4.620.2.092 .1.358 .1.300 Fil 1. 290 ; ¥4 #f Fl — 5K &
AR ML 1 EBXT Ph ()5 A R BT, 433124 0. 946
10,502 ; 5t 1 3BXT Cu Y & 5 R B8 0 42 41K,
e )RR, A 0. 2315 BLAN, Bt 75 KR B A
FUAZAHL X Ph Fl Cd B & 4 R A 0,000, M
R A AR Cd 5w R R R, Heo

2T B AT R B R Cd i S R E R
T 1, MH XARH R #RXF Ph A1 Cd 1Y & 4 R L e
PIREFIAZ AL T 34T Cd /Y& 5 2500 0,000, #
HH 5 i s b3 A R 3% Cu  Pb AT Cd 1 & 4E 2250

25,
MRS E R RBOT I k AT 1 RS s

RRBUR IR F 5. 703 G A HEAE IR | v ORI A
R H E S 25 A E S R AW RS, R 2. 261
1.621.1.572 1. 367 Hl 1. 149, 33 SR} Fifr o {3 327 158
A E AR RBUNT RS, HoA LA b 13
LRGSR B BT HUT 385 X i b3 Fn
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o N ERLR S E R AR BT DT H A, i AT 1Y
LR R AR R R R, IR F 3. 492 5 R L 0T RE AR

ARG B R RBIRZ 7058 2. 167 1. 872

x4

1.435 F1 1. 159, 25 L0 . d 2% 1l 8 s ik XA
AAEY A 38 P i 4w HLAT B 1 i 32 M 34
FRE X Cu Cd F1 Pb RIS & HERE T,

ARG LA S i R AR A IRER L 3EH Cu Pb 1 Cd 2R ARERAIXT Cu Pb 1 Cd HEE R

Table 4 Contents of Cu, Pb and Cd in rhizosphere soil and enrichment coefficients of Cu, Pb and Cd in different parts of woody plants growing

at ancient copper mine site in Tonglushan of Hubei Province

TP ELE SR/ mg - kg™

Enrichment coefficient of

o bR EAR R AL H TR AR AR

Enrichment coefficient of

LAEERED

Rl Content of heavy Complex enrichment
Species metals in soil above-ground part under-ground part coefficient!
Cu Pb Cd Cu Pb Cd Cu Pb Cd A U
FIKE Robinia pseudoacacia 2405.99  103.62 4.11 0.044 0.170 1.358 0.001  0.003 0.399 1.572  0.403
JeAT Bk Nerium indicum 1679.95  132.90 4.45 0.038 0.485 0.422  0.002 0.006 0.000  0.945 0.008
WM Cinnamomum camphora 420.32  118.04  2.51  0.231 0.192 0.183 0.118 0.005 0.638 0.606 0.761
BN Populus x euramericana 2 549.56 64.59 2.50 0.001 0.000 0.000 0.030 0.025 0.180  0.001 0.235
‘1-214°
0T Ligustrum lucidum 2768.24  125.20 3.05 0.034 0.266 0.613 0.205 0.49%4 2.164  0.880 2.863
AL Osmanthus fragrans 1 936.33 108.30 2.79 0.059 0.272 1.290 0.001 0.015 0.681 1.621  0.697
HREAT Viburnum 1 864.12 88.34 3.68 0.057 0.146  4.620 0.105 0.116 1.060 5.703 1.281
odoratissimum var. awabuki
FM Broussonetia papyrifera 3805.90 122.67 4.31 0.029 0.946 0.174 0.053 0.011 0.278 1.149 0.342
H AR Cyclobalanapsis glauca 1869.54  126.90 3.24 0.002 0.000 0.000 0.003 0.000 0.000  0.002 0.003
EIH Paulownia tomentosa 1588.74  280.85 6.39 0.001 0.000 0.000 0.011 0.017 0.219  0.001 0.247
K2R Cunninghamia lanceolata 2173.68  257.35 3.14 0.001 0.000 0.000 0.001 0.002 0.000  0.001 0.003
TEREE K Platanus x acerifolia 2 968.60  220.30 3.54  0.038 0.502 0.232 0.021 0.043 0.424  0.772  0.487
PR Melia azedarach 3 658.55 97.32 4.07 0.035 0.032 1.300 0.153 0.062 2.752 1.367 2.967
¥&H Firmiana platanifolia 14 644.63 72.51 3.48 0.006 0.163 2.092 0.061 0.088 0.460  2.261  0.609

DA; Hi %6 Above-ground part; U; M1 F &5 Under-ground part.

3 it fgE i

3.1 SAGLHETEIX TIEESBTERRALH

FEHR SR 1L B 5L e R R T IR R
LR, RS REN . Ex s LK
HEPIHR B+ 1852 Z F 85 42 J& S0 % (Cu,Cd ,Pb Mn Fl
Zn) BAT5 Y Hodh Cu Pb Ml Cd A EE G YL R, F
K&y k%] 3 166.73 3. 66 F1137.06 mg - kg™,
TS YLFE BRI A 103,15 21.53 F15. 13, JR BTG5,
SRS S X s ik A T 45 A E R I e
()48 Cu F1 Cd & EARXTEAK Ph & EHIAEXT L
1, PR I 25 S ) 2 A S R A A 0 R 2
A K, AT LAARAFE Y IR G2, BEAR R BRAR
FAHY), EHL 0 ~ 60 em - 55 1 (1R A FE SR 7 3
ST HE Ry A T 5 T AR SO S S LR T A A A
Y, BB RERL T 0 ~20 em HITH . B8 1006 B s
MR AR 10 ~ 15 em )2 1, P+ HEER
FEVREE 25 57 6P R 25 R B K, KT AR

EHRBR A1 Cu M1 Cd 25 s> 2 [a] 1 PR AR 56 R A
itk — 5 UESE
3.2 SRS WEET B X ARE TR
AT IR AR 10 R T4 2% LU B A s AR A
Y13 Bl 14 J& 14 B 35 Lo ot IR B Je AT
B BREESR B R R EATT B AR R
XIBE WA AZ AR FAR , Fo, IR AR B
Al BRI 2 0T AR R4 R B AR E T AR S A
AR s IR R AL 4 a( B )  WHRRACHY R 25 a
( ZERERAR) AR Y 10 ~ 16 a, X LR
AR 3 4 AT | BB I A A stk X 4R R S
TS YL RIEASE X R Y Cu Cd Al Pb V5 L4
A BRI 2 Fe 0 B0 0 T 4R AR E AR
AIE N
3.3 AFUHRET EIEARENHNESEEEYX
MBI ARAER ARG TE  FEARTF T T 14 FhoR
A AR IR ) RIS A AR AR R R £ 43 A1)
922.6 m F129.0 em, ML 35 EAFH BB AZA
FRIUAE Al S5 4% o F o v AT B A2 .43 5914 3.9 ~ 13,5 m



84 W) B8 IR 53R 5 o 4R

23 %

5.3 ~14.2 cm , B fe i 1) A% AR 8 A B 7 D) 43
HiA% 6.6 m F13.8 em, Y EK K, NELEEE
FRPER D EAT A IR | R R 4 4 4 o 7Y
Hi XS Cd Y A AR B AR A RS AR HE
FRXT Ph R AR R 5 R AT R EEAE R
PR ORI M - 5RXF Cu P A Cd UGS BHER
B, UL X SR Fl ot Cu Ph A Cd B Bm A &
e . MWW AR BCKRE  BEA B ik 2 ot Fik:
WS EWFN, A B BB ARMEEAES
AN REA AR 1k AT R TRk AR SR AR,
A T A | A R AR S5 A 28 AR il RE A
WA L X T AR A Y R IEEAEE . H, 7E
Pb 75 4t X e} AT PEFARAN — BR B AR FIHRE, 7E Cd 5
Y DR3P S R A VA A R SR R e A A A
XS T Cu Pb F1 Cd 5 4R 2 G 15 9L X 48, 8
FAETE AT R 2 0T AR AR R BR SE R R

(EAF I R, BRI SR (1 135X Cu  Pb
Fl Cd AR R A WnE R R AEY), i, Cu & & i
ERH IR A 126. 40 mg - kg™ Pb 7 i A iR B R A
LN 116.00 mg - kg™ Cd &5 & f5 i 192 E & AU N
17.00 mg - kg™ (EX}FAEY & A EAAE Y L+ T5
BREMAAEARARR YIS T RN E SR S
LA T — B B AR Y, R, R AR X

MR FE R K S A5 S B AR R
3,
S 3k
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