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Heavy Metals Absorption and Distribution by Salix chaenomeloides Settled Naturally on the Copper Tailings
TIAN Sheng-ni', ZHANG Jing', SUN Qing—ye?, LI Jun—hong’, LI Xiao—feng'

(1.College of Life Science, Anhui Agricultural University, Hefei 230036, China; 2.School of Resource and Environmental Engineering, Anhui
University, Hefei 230039, China; 3.College of Biology and Food Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Absorbing, transferring and distribution difference in xylem, bark and leaves of the heavy metal Cd, Pb, Zn and Cu for Salix
chaenomeloides, settled naturally on a wasteland of Yueshan copper tailings, Anging City, Anhui Province, were studied in this paper. The
results showed that different organs of S. chaenomeloides absorbed Cd, Pb, Zn and Cu in different ways and these metals were distributed in
different parts at different contents. The Cd content was the highest in the root bark, 1 438.919 pg-kg™'; and was the lowest in the stem
xylem, 228.065 pg-kg™. The Pb content in the root xylem was the highest, 4 010.225 g kg™, while it was the lowest in the root bark,
272.312 pg-kg™. The Zn content was the highest in the stem bark, 137.563 mg-kg™', and was the lowest in the stem xylem, 11.554 mg-kg™.
The Cu content in the stem bark was the highest, 36.024 mg-kg™'; and was the lowest in the stem xylem, only 19.786 mg-kg™'. The concern—
tration coefficient order of S. chaenomeloides absorbs different heavy metals was Cd> Zn> Cu> Pb. The Cd content in leaves showed signifi—
cantly positive correlation with the contents of Pb, Zn and Cu in the copper tailings(P<0.05 ), and the Zn content in leaves showed extremely
significant positive correlation with the total nitrogen content in the soil (P<0.01), but the contents of Pb and Cu in S. chaenomeloides were
not significantly correlated to their contents in the tailings. It indicated that S. chaenomeloides could enrich soil heavy metals Cd. Therefore,
S. chaenomeloides could be used to remediate the soil contaminated by the heavy metal Cd.
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I B RS, Zead i — AR RRE 0 AR R, B
HIEAR B 3 B R T8 T — R USRI A L 34
PIARASKE DI HEVR o X F W BRAIX) B 4 S il FE )2 57
A — 8 B TR RIS WA o A7 EARAS R M) AR A% B 42 )8
AR RN . W SR I AN [ 28 B R0 23 A 25 5,
RIENHIE . ASCLIBREI RS, 2R B 2R F T4
FEA R F- b i IR 4 R4 v B4 S K W i L 0 A 2

SHRNFAZ UL, o H FE AT 1A S i O AR B 52 e - S o
TR E S SRR FI S B 5

1 FHEXBRRKR

R AR P AE AR N S it 1R &0 2 PR
F LR AT I 58 1 2 R A i ] LR AT T2 R
BV TR BT I A, MR YT R L
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A B BAL M A S0 4 TR S 90 ) oA
K, H 50 A ke SRV HE R S R R
A RPN IS R b DX Y AT H A BT A AR TR B
B EY, WTasr Kaks T2
S, HIEYE BT AAAE S — 225 R 1 Al R, B
JE & T 114 A B it pH 7R 7.47~7.50 Z[0], “F-3
HA 7.49 35X R W, JI LI R0 2 7 b B o s IX )
LIS b o WA A P R ) 0 el R A0, 3
S ORGSR ] )1 0 AR A ) R R Y
S, 30 pH (BT FER BRANE JE B4R A P 7 -
588 3.387 5102 uS+em™, & N 4 P AL K,
B P AL R R TR FE A ) b 51
TP E R WIBR I 2 —. & 1 Al LA e
JEHET A N P& R 0483 g-kg!, & P& &
0.414 g-ke™, 33 K A& 4 0.064 mg-g™, B P 1)
SN 1.673 mg kg, HHLR S 1.295%, 4 R H

FEFRA VLR N S8 P o e # - 8KOF
1%, JEHSE AL K Fidsg P s E B . AR
WRAME R IR Z , i — B IRMELE L R R
FEH X HARAERRIE fE, IRMITESR R0 B AR E R
FEURFLXT ] PR A 1 73 b EL A A A 2 5 3 I o

2 2 AT L, #EA L+ Cd . Pb . Zn Cu 195
HOEE A 50 12179 wg-kg™ H1 20.651,273.343
269.667 mg-kg™ ARk [E 5K 1 8 PR o A AR IfE (GB
15618—1995) ,pH i}y 6.5~7.5 i, A[a 4@ 1E 1
BErh iyt (mg kg )FRifEZ: Cd<0.6 .Pb<<300.Zn<
250, Cu<<100, X B E 58 3 PR5E o fa Al il 0, &2
PBRA R B Cd Pb RN 4 & (19735 % ok
HOEFbRE,  HIHFRAE b b i R AR (30.137
ng kg™ 54.745 mg- kg ) WAFGHRE; T EH 58 Zn 1Y
SR E R A TR AR MELY 10% i R
Fean b4 )8 Cu 1K1 & 553 269.667 mg-kg™, /&
IEH IEARUEML Y 2.7 £, B & =ik F) 384.615
mg-kg™ EFRUE(ER 3.8 £, XK A L0 K5
by i R e R AR e — LA ) AN BETE A
A AR R E T

®2 AUEEY EREEREEE(MSD,n=4)

Table 2 Heavy metal contents of Yueshan copper tailings

(M+SD,n=4)
H4)E  Cd/pg-kg! Ph/mg kg™ Zn/mg-kg?  Cu/mg-kg™
P 12.179+ 20.651+ 273.343+ 269.667+
H 13.161 23.709 195.230 79.651

32 FUMEMESREARESERERSHER

JF 3 A[ LI H, Cd \Pb Zn  Cu ZERRMIA ) 1A Y
AL & B IMAAE—E 225 . X H &8
Cd T 7, BRADAR K 3 45 % L I8 5 1438.919 pg-kg™,
HYHZER TR, H900.510 pg-kg™, M H )& &>
356.224 pg-kg™, AR A ZEA AR A i 4
325.301 g kg™ Fl 228.065 pg kg™, X FH] Cd 76
BRI 8 734 S BB TR 7 B, L AR R AR Y % i fie
15 AR f e i 7 22 00 I AR AR B
Cd & it 5 HAB RO A & AR B 2 R

4 JE P TE BRI AR AN [6) R A7 rp i) 5

= 1 REEY ERBRIE R EUIER(MSD, n=4)
Table 1 The physical and chemical properties of Yueshan copper tailings settled by S. chaenomeloides(M£SD ,n=4)

pH EC/x10° pS+em™ 4 N/g-kg™!

4 Plg-kg

ML P/mg - g™ Y K/mg-kg™ LI/ %

7.49+0.03 0.339+0.073 0.483+0.123

0.414+0.152

1.673+1.027 0.064+0.017 1.295+0.465
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Table 3 The contents of different heavy metals in different organs for S. chaenomeloides

HBAL Cd/pg kg Pb/pg-kg! Zn/mg-kg Cu/mg-kg
HRA BT 325.301+127.712a 4 010.225+1 389.736h 15.503+9.493a 20.640+13.854a
HRE R 1 438.919+341.621b 272.312+85.765a 49.554+5.083a 24.190+13.858a
By Nt 228.065+188.718a 2 152.135+1 894.916ab 11.55429.567a 19.786+8.596a
ENvEiY 900.510+863.449ab 707.691+569.745a 137.563+101.629b 36.024+23.77%
- 356.224+439.919a 1 271.409+1 836.113a 60.779+22.320a 21.266+1.402a

TF : R EFIAR R TR TE P<0.05 /KT A 2.

PN 2 AR AR S5 8 > 25 A ST 8> > 25 7 > 4 K2 378
FLA BRI AR TR Ph & i fie i, o4 4 010.225 pg-
kg™, ZEARTTEB A S R 2 152,135 png-kg™, MR
8 AR il 272312 pg-kg'o XKW, Pb 7ENRHAE
YRy BB R AEAR TR, R AR A TR AN B
Ko Zn JTCRAENMIZERZFRI ik 137.563 mg-kg™,
AR 60.779 mg-ke, MRS HEh 49.554
mg-kg”, KM Zn FLAEPLAEEET . X FESEE Cu
M, &8 ErRTr 19.786~36.024 mg-kg™ 2 [a] , H:
SRR i ey, FLUCRAREZ AR BT R ZE R
TR AR 2 L 7 25T A M, Cu ZE PRI IR
ARG R 5
33 BUIARSBREMNESENEERY

1% 4 AN, BRAIDAR AR NS [RIER A6 6] 4 R 42 s
(1) 5 4 R AEAT BRI 25 53 0 X FAROR B AR R348
ZER T ZE R AR RN 5 ASERALIM F , Cd 1 E R AL
BIL Pb . Zn Cu &, FEARRMIX Cd Wl J & 4 fg
SR . YT Cd 5 Y - R PRI B S AR
VR SERE BRI A R, BRMIXS Pb Zn 1 Cu 15 46
AP T 1, R Ph Al Cu, 453007 1) & 5 R 5L
BIFE 0.15 LUT o B0 e 15 b A o (R el 2 0 2 3
LR AR AR, HXE 4R 0 AR R R
1, 2 B BRI LA it B TR, ] VR4 R 7 I 37 i A
VR G A SC e PR . TERE B S A TS Y - R,
Wit e A A B R AR
34 BUIEEESERET ERTESEMNELN

5 Al BRMInM: Zn & 5 REH 5T pH £
TER S AR R (P<0.01) B BB 4 N Y&
5B A BT Ph  hr AR 2 W IE AR DG (P<
0.01), 5RRMIZERZF Zn 5 S8 Cu i 5 i 52 i
FHIEAIE(P<0.05), TS5 H R FF ) Cu & it B3
(R (P<0.05), 4 P 113 5 IR MIAR A B Cd
() E i B R IR G, AL K 5 AR IR A S5 5 v
Cd 117 & 52 B 25 1 A DG (P<0.05) . 341 P 5 BRAdD

&4 BUEKRATEBUN AR ESERHNEERE
Table 4 The concentration coefficients of different organs of

S. chaenomeloides for heavy metals

i cd Pb Zn Cu
A T35 26.712 0.164 0.057 0.077
R 118.157 0.011 0.181 0.089
LR 18.728 0.088 0.042 0.073
EYE 73.946 0.029 0.503 0.134
i 29.252 0.052 0.222 0.079

ZERBEER R Ph B LR 5 IEAHSC(P<0.05) . AL
J A BRI AR AR AR Cu 9% i 52 B 2 Y 1R AH
K (P<0.05), RO Cd (8525 RA Bl A
-3 Cd (14 35 B 52 1EAH 26 (P<0.05) , 1 5 R MIAR A o
% Pb (& i 2 AR (P<0.05) 4 4 Ph (1975
L5 RN ZE K BRI B A Cd 5 i IR (P<
0.05). HREAH Zn {7555 IR Cd 19855 K&
0 Zin (1885 1 5 W 28 T A SG 1 -5 BRI RS Ph 155
HERFOMRCR . R HH Co K5 H 5%
M RROL Cd B3 5t S IEAHOGOC R

4 e

H1 T AR & R AT A TR R R i T 3 H
w2, R ESEEA Cu Zn Ph Cd FFHEAJH
KA RS, 5 R H ARG G M B
B m G R T B AR AR
SN AR S IR AN TR IS Qe R i Ak (4L
AREHH 20 42 90 HACLOK  AHYME B M IR ST
YLyt PRI ST U — S T PR PR A S B OC
SEAE THIRP e o UTSRAFR, AR 23 R i e 1
EERERAEY, B HARFIE SR AR S
HARMYIIE T, HATE PR LS LB A
W2y 500 R 75 3 [ S Ja K BUAR P o K1 R e
AL L SR R B OSSR A A . T
X AR AAAE R ALY FRR D LR
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Table 5 Correlation analysis on the contents of heavy metals in copper tailings and in the body of S. chaenomeloides

EC pH 4N 4P R K HR P HHLT Cd Pb Zn Cu

Cd, -0.889 0.237 -0.549  0.981* -0912%  -0.707 -0.701 -0.079 -0.269 0.201 -0.193
Ph, 0.128 -0.131 0987  —0.161 0.103 -0.183 0.623 0.443 0.091 0.168 0.306
Zn, 0.398 -0.377 -0815  -0.273 0.381 0316 -0.067 -0.789 -0.379 -0.651 -0.626
Cu, -0.86 0.848 -0.344 0.716 -0.788 -0.188 0.952+ 0.543 0.48 0.784 0.514
Cd, 0.136 0.659 -0385  -0.289 0.256 0.815 -0.548 0.324 0.751 0.422 0.536
Pb, 0.615 -0.783 -0.485 0.848 0.546 0.143 0.412 -0919%  -0.677  -0.940%  -0.849
Zn, -0.621 -0.227 -0.59 -0.323 -0.696 -0.788 -0.361 -0.497 -0.672 -0.261 -0.616
Cu, -0.51 0.071 -0.925% 0.693 -0.525 -0.327 -0.676 -0.444 -0.338 -0.129 -0.429
Cds -0.391 0.859 0.478 0.059 -0.293 0.185 -0.391 0.998 0.873 0.960% 0.971%
Pb; 0.793 0.086 0.084 -0.123 0.867 0.979% 0.24 0.088 0.507 -0.049 0.305

Zn; -0.167 0.456 0.867 -0.898 -0.121 0.01 0.119 0.875 0.594 0.692 0.781

Cuy -0.01 0.634 -0.602  -0.085 0.099 0.672 -0.689 0.186 0.611 0.361 0.388
Cd, 0.13 0.769 0.021 -0.392 0.262 0.814 -0.407 0.645 0.946* 0.643 0.814
Ph, -0.47 -0.302 -0724  -0.199 -0.543 -0.649 -0.337 -0.641 -0.708 -0.395 -0.712
Zn, -0.076 0.362 0.916% 0.734 -0.038 0.023 0.229 0.821 0.54 0.609 0.727
Cu, 0.626 -0.499 -0.633  -0.400 0.605 0.435 0.17 -0.796 -0.373 -0.743 -0.621
Cds -0.405 0.979% 0.142 0.096 -0.284 0.347 -0.639 0.909 0.942+ 0.962% 0.953%
Pbs -0.676 -0.043 -0.718 0.238 -0.725 -0.665 -0.554 -0.415 -0.513 -0.131 -0.496
Zns -0.503  0.997#%  -0.096 0.872 -0.383 0.301 -0.802 0.794 0.872 0.923% 0.85

Cus -0.195 -0.015 0.902+ 0.053 -0.226 -0.439 0.409 0.505 0.048 0.303 0.314

TE: LCAT AURMARBTINALAY Cd; Cd2 AURMELTRALAT Cd; Cd3 AFRZEARFTRNALAY Cd; Cdd fRRZELIBALAY Cd; CdS AAFRM Yy Cdo 42)8 Pb,
Zn Cu By T I BUTHEREIRAL Cdo 2.%% FORTE P<O.01 K- B2 35 5 FRIRTE P<0.05 KV F 225 3 .

AR PR R m i HRE SRR R, B
HEEN AR, HATER GRS X AR SRS
R R EARFR 2 BN o B0 SRR A AR
(IR, <G Ja A Ll PRSI0 B AP P B 22 A0 4 i
J& AR MR KR GERLET AR
SIS <5 R A DX SR AR L R A W R R AR
T B 4 J BUAR D OIS, X F B s S 7o e L 18
HHEA R RENEL

R PR R S i — i A T A R, LRI A
oA, 2 LR AR E e L B R T LR
Yo AR 2R IR R IR Fr i 20 Z24F
ST, 1 rh D S R Y AR ) R S T AR
ABHEY N ARSI AR, B AR
AFEAREPNRAS IR v BB IRMIE R R0k 5
FARE R, RUIHXE R T R A — 215 6
J1o AWTEEER LB, WA RN 4 Cd Pb Zn Al
Cu B EA—ERPORBE S, (HHE R ARK
PR & AP AR IER S S AN [ ) o < MR AR
SERETI R/ IMFAEZE 57 3k — 7 ThT AT BB ALY
AW A % (R S 4 R o i 15

it B HLEUR Y R I, MR RAE  R l
R ARSI BIAAE—E MR R . [R5 e Rl
TR AN RIRR AL A [RIZE R 1 5 B 5 o A A AE 22
S, X AT RE S PRI AN ) 45 Jm AL A% AR BEAR AR
WZERA R IRIA R MRAR A EYTE R, B
R — AR AL T 10 kg TAEIZH0 HL X G &
PR o S A G B e, AR R /N R AR A
YAk, PR —FR Y EETY A S ik, B2
B PIEAR LI, WM S B JAorn ' S A 34
o e ARG e X T ), A R
AR EEREETIFITE 1 A R ST L R
SE Je AV AL | B L A P A AR [ e AR
DALY 3 AT 2 5 RS A ) B < s WAL 3 i 0 o SR O AL
B S B < R R SO o 4 1) DR BRI AN () B
JE 50 LR B SR AR B R O IR )R i
e LI B A — ROV R R A fp T ik — 25
IEIESEANAE

5 #ig

M A 2R 2 T A LR AT ST F AR E
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JE BRIV AN (R #8 1 B 4R S e , R
XA E 4 B B AR R T RN 25 S R B

(DAY E M ES)E Cu &, A
P AR K AT LT A58 37 L PO e BRI AR 4
SR FERE ., IREIREGE T 1A IEH A K, H
TE B — 5 Y Rl ) DX S B 0 B Ao 4 R iy A B
LA B A AR L o

(2) R WA P A () 35407 8 45 ) Xof S [ B 4 )
Cd Pb .Zn Fl Cu WCFI AR AFAE—E 25 . HAEE
Cd 7ERR Bz 3 5tk fie v, 1551 1 438.919 pgemg, i 4%
TS 5 ) ) v R 118 8 I e g R 38 > 25 e
TSI SRR B> ZEAR TR . Ph ZEARAR BT % i i
15,4 4 010.225 g mg™, T2 AL A FA ) 7 6 i K
(AR AR S AR A 3R> ZE A SB35 > > 25 Fz > 4R K
o Zn FEZE R B e, o0 137.563 mg-kg™, 453
AN B EE R 11 5 it I R AR AR oA 25 B > > iR 2
TESHA RS ZEAR T T . Cu FEZ S s, N
36.024 mg-kg™, AV B 285 44 1) 7% Tk = PR A A8 AR T
JF R 25 B > AR Rz > S AR A > 25 AR -

(3P A R 1 72 o (%) AR A [
P2 T 4 i 0 R ELAT I I 1) 22 57 BRI AR [) B
& & 1) E B R BRI Cd>Zn>Cu>Ph, X E 4
J& Cd & 4 R EUR o

(4)38 X T LR AT P 3 b i () R A P B
&)@ 1 BT AR O S It o, R BN [A) E 4 ) LA
J 7] —Fh e 4 8 EAR P AR I AS [R) 25 B (sl 24 ) iy
R e i e TS oy O i e Y A T AN |
KANEHAFAE—E 2. BRMIRERENT R iy Cd s
R R F ML h 48 Cd Pb.Zn Cu 178 H.
A W E M NE(P<0.05), 1w Zn i S R
AR & A FI B 25 A IE A DG (P<0.01)

HEAN A AL IGEIT FR  BRAI AT N AR
T Y L e ARAME AN R A 2R R T
VESR AT 37 R Bl VK 2 1) ST itk 0 ol ] el ] 1
RE 4R Cd I5 Y A E R

S
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