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AT T Pearson FHIMEAT, GiREH 2 A KIBARIR BV B IR M: ; 8 B XARPRE O™/ L 58 A P Bk
AR A AR Cu Zn Ph AT Cd R FEm FARERXIFH 2 N XIBARRES 1 Cu.Zn As AT Cd %
B ER YR, 2 XIS XA A A EAY Cu Zn Al Mn & 2355, 1M Pb.Cd I As 511K,
FAHRFIAARA Cu Al As LML Cd M Zn BB E, SRERXMAL, ERXSIM 458 FHRAY Zn,
Pb .Cd Mn Fl As & RE®, MENMESETE ST RIEM, 2 MBI 238450 Cd R REUR K, 1 Cu
N As IR REU R S INIARR 37 B, B B IX G 40845 Zn Ph Cd 1 Mn FH RER % (P<0.05) 11K
FARERKX, 2 AKBEIMN &4 A FEEESB RN EERBARZRM, 0, ERX O£ 4 R Ca
IS f5 DA BT A S 1 A S i i TR R X, MG S A 45 SRR T . S 4 08 2 AR FI AR (1 Pb &
E SRR I Pb &l 2 8 2 R R 3 (P<0. 01) IEAASR 250 Cu A1 Zn SR SR PR B A AE ) 5 45 )8 ot
F A B A B UG AR Mn 25 Ca AW & B 5 B & IEAHE R Cd FlAs &5 Ca %
T4 T S SR B 3 AR DG, Min R B i 2 0 U DG ZE MY Cu Zn BT Cd & i 5 Ca it LLJ Cu F
Mn &5 REHZEEETFHX, Mn 525 Ca FEEWNEE ML, ZEMTERER G £&18235% 6 HE S
JRICE A —E AR EE S B T2 E4 Rt A IF B 8 B ] B T E 48 e Z B £ 4
FRER 16 2L M 8% SO A Cu B As 15 e HiAt 4 [ 2 16 2 104l
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non-reclamation areas of Yangshanchong copper tailings in Tongling City of Anhui Province as research
objects, basic physicochemical properties and contents of six heavy metal elements in rhizosphere tailings
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of C. lanceolata in two areas were compared, and contents of heavy metal elements and their transfer
coefficient and enrichment coefficient, and contents of Ca and total phosphorus and their ratio (R) in
different organs of C. lanceolata in two areas were compared. On the basis, Pearson correlation analysis
on contents of heavy metal elements in different organs with those of corresponding heavy metal elements
in rhizosphere tailings, and with contents of Ca and total phosphorus and R value in corresponding organs
were conducted. The results show that rhizosphere tailings in two areas are alkalescent; electric
conductivity and contents of organic matter, total carbon, total nitrogen, total phosphorus, available
phosphorus, available potassium, Cu, Zn, Pb, and Cd in rhizosphere tailings of reclamation area are
higher than those of non-reclamation area; in addition, contents of Cu, Zn, As, and Cd in rhizosphere
tailings of two areas exceed grade I national soil standard. Contents of Cu, Zn, and Mn in each organ of
C. lanceolata in two areas are relatively high, while those of Pb, Cd, and As are relatively low; contents
of Cu and As in main and fibrous roots and those of Cd and Zn in stem and leaf are relatively high.
Compared with non-reclamation area, contents of Zn, Pb, Cd, Mn, and As in main root of C. lanceolata
in reclamation area are higher, while contents of heavy metal elements in stem and leaf are lower.
Transfer coefficient of Cd in C. lanceolata in two areas is the largest, while that of Cu and As is the
smallest and undetected, respectively; in addition, transfer coefficients of Zn, Pb, Cd, and Mn in C.
lanceolata in reclamation area are significantly ( P<0.05) lower than those in non-reclamation area. Most
of enrichment coefficients of heavy metal elements in different organs of C. lanceolata in two areas are
relatively low. Moreover, contents of Ca and total phosphorus in main root, and total phosphorus content
in fibrous root and stem and leaf of C. lanceolata in reclamation area are higher than those in non-
reclamation area. The correlation analysis results show that there are significantly and extremely
significantly ( P<0.01) positive correlations of Pb content in main and fibrous roots of C. lanceolata with
Pb content in rhizosphere tailings, respectively, and extremely significantly and significantly negative
correlations of contents of Cu and Zn in stem and leaf with those of corresponding heavy metal elements in
rhizosphere tailings, respectively. There are significantly positive correlations of Mn content with contents
of Ca and total phosphorus in main root. There are extremely significantly and significantly negative
correlations of contents of Cd and As with Ca content in fibrous root, respectively, and significantly
negative correlation of Mn content with total phosphorus content. There are significantly positive
correlations of contents of Cu, Zn, and Cd with Ca content and contents of Cu and Mn with R value in
stem and leaf, and extremely significantly positive correlation of Mn content with Ca content. The
comprehensive analysis results show that C. lanceolata has a certain absorption and accumulation abilities
to six heavy metal elements and belongs to multiple heavy metal tolerant plant. In addition, soil covering
land reclamation can significantly reduce the transfer of heavy metal elements from root to stem and leaf of
C. lanceolata, it is suggested to take C. lanceolata as photostabilization remediation species in Cu and As
pollution areas.

Key words: Coreopsis lanceolata Linn.; copper tailings; heavy metal element; transfer coefficient;
enrichment coefficient; Pearson correlation analysis
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WA R R Y IS T R R A
SREL, S 42 %92 ( Coreopsis lanceolata Linn.) i 2
ALY R IR, By R w0 ] T8 i AR O
FHE, AT Z RGN R AR RO 2 AR
St TE 4 HIKE 5 AWIJTHE, £ 2 10 A
) HAAR I E A E T AR X B
i 8 A% L ] FE R DX R i 0 A 45 1 B A A 4
S S NG A LR b Wb A7 5% A0 s DKL Y
A RAEE REIFE R T AR, N TR RSt
XA LR A A B DX A K RE R I A2
R, HAREREREY ERARERIX,

H T PR S I 45 00 2 %o 4 S 8 IR A AT RR SR
ik, M X 22 e i e T A L il R R B IX R
52 B XS XS 3G MR PR R A7 Y A B P o 43
JRITR &R AARGSE RN E SRR &I T T
B, IR B I 45 X0 44 o 453 R JC 2R 1 RS I AR RE ) E
157 5387, LI T g St 39 85 %5 B R AR S B 2
B AR & SR T AR 0 A B SR SR AR
PRI LIRS %

1 B30 KB AR 58 7 %

1.1 MRERHR

SO b AV T 2 B A B T A L e R T
(4t 45 30°46' 05" ~ 31°08' 43" ZR 45 117° 42" 18" ~
118°11'46") , F T KUm] R ZR Jb K, HE 4K 60 ~ 100 m,
2 DX 358 AR Y 2 XU R IR T R K
Fei, Ot I KA BRI AR R 17.4 C L1 H Ay
IR 3.2 °C,7 AR 28.8 C ; AEFEK I 1 346
mm, H FZENLEE F; ORI 237 ~258 d, H ¥R
KFET 10 CHFFURA 4 944.4 °C ~5 463.9 C,
AEETH L 2 050 hy 4R ¥ 2 SRR E 75% ~
81% ., LB FECAWHFEL 25 a8 TILE BT
J&E | BTE LYY 20 hm® AL A A 1A HE L) 2 000
m’ AN TSI SN E RX CRIIETEZR
BARERY FEBIEE S em 012) 3B, 814
AL HARE R B E B X JE AR B IX, 2 8 1
21 500 m*, 52 B X IR B XS 408 44 1) 55 5
G314 90% 1 50% , FEAT IR T Bl 1L 3g 1 i A e
MANT. B WS ( Pinus massoniana Lamb.) PRFIHE A -
FERE BT E NI KRR, R P
(Imperata cylindrica (Linn.) Beauv.) 7% | H A2 45 2%

¥ ( Zoysia sinica Hance ) Bf % & K W ( Equisetum
hyemale Linn.) B V% . & FE 1 3 T 5 %20 BLAZ 35
pm ) AR 0T, 5 A (0 B 5, SR R4 A A
A AR,
1.2 FHi&
1.2.1 HBREALEF * RARBEPER
B PR A2 B IR AR B B IX 4 SR B S SRR A, A4
SKAE YRR 3 MRS A SIS0 3 IRk , 4 A
RS BIRERRIR A —, BT 1.5 ke 7ERERRIR
JEFEREETRIE 20 em BURRBR W HE &, B FER R 4
2 MARBR T RE i B R — SRR S 6 AR BR R A
miR S, B2 2.5 kg FRERRFIARPREES #5044
HECRABE A0 I A TG SRS R B R XK B IX
AR AR PR EE A BE S 4% 5 107

FH B KB SR B 14 G I 4 X0 3 FF Bk vh B T 14
IFor B ZE M AR AR 3 A FB 4 FH MR 20
mmol + L™' Na,-EDTA ¥ 7 i1 EARFIZA 15 min,
2R AR N2 R Al K Ve S T BT 105 C
M AE 30 min, FEF 70 C &4 FHRLT =E TR
W T HERRE S S TR, 1 fLA2 0.5 mm i, BT A &
P FEESM TR S

FERERAR PR B A i & T s KAk 1T A
SRINT, 12 fLAE 2.0 mm O, & T A E4EH TR FK
P RAE A
1.2.2 ARFREF AR R A E L BT &4 EN
o FREL20.0 g IREREH FEM , 208 Xu 1 B ik
JIA 50 mL ZE 487K, 4505 5 2 30 min, fii ] Mettler
Toledo FE20 pH i #Fe il —4EF 2488 (_1ifg) AR
3] )R G DDB-303A L SR (1 IREA L RR 24X
A A BRA D) 43 51 pH (B FTHL §:38 FREL 5. 0
o MRPREER BES , R AP B e A LR & i
Z M Lopes 25 15 i, i Vario EL 1 JGE 0 Hr
A (5 Elementar 23 F] ) Il 22 & ik FILEV A & 12 5 FREX
0.5 g WBREHFES, Z M8 Xu 25 7 A 8 mL
R L 65% HNO, %A 2 mL AR FL 5050 40% HF
U, 181 Speedwave—4 G I A (7] Berghof 24
A SEAT O A R RN Rk 4 AR FRCR 5
mL, LA 2 mL R385 729% HCLO, ¥, 4k SE A
e ZARBUN 2 mL, B4 ZE 25 mL, {#i ] IRIS Intrepid
I XSP ICP-AES ( 3£ [ Thermo Fisher 2> 7] ) 1l 22 &
W B S HEE BT RN 8 R 2.5 ¢ Rin)E
VRS, EE I T A S0 mL #JZ 0.5 mol - L
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NaHCO, &2 30 min , 2R FAREAPT b (030 I 2
TRAWE O B BRI S. 0 g ARBR T HE S, SR & R &%
B JHEH S0 mL ¥R 1.0 mol - L™ ZFREFVE W
(pH 7.0) #EATHREL, i H IRIS Intrepid 1T XSP 1CP-
AES W 5E SACHR 5 i, RS RE A R bR A R E
3, AR BCE A,
1.2.3 HHPCam EBRATLELESZNE
FRELO.5 ¢ TR A B, 2 08 Xu 5 197
A 10 mL & B 4> % 65% HNO, ¥ ¥, fii H
Speedwave—4 TR I i ASCHEA TR T A, 145 3 i v I
PR 4 2R 2 mL, & £ 25 mL, f#i ] IRIS
Intrepid 1l XSP ICP-AES Wl 5E Ca . S & 45 5 4 &
JTLE M S i, AR EZNE 3 K, 45 R B
BIfH,
1.3 #HIEAER ST

FR A I 5 2 1155 8 i 4 R 4 % 4% & Jm e R
RS BN B 4 R TR A S o S T 4 O
R R =222 E 4 R TR W & i/ E
ZESBITRN G E - SEEESETRWEE
R = EhZESETEN S E/ARE R %
BELEITEMNWEE,

K HI SPSS 19. 0 S8 it 73 A B4 X B4 2 17 4b 3
MG AT, RS STREAS ¢ K IR 7L 43 B 52 BE X R oK

52 B X AHSAEbRIE] 1 25 5%, SR ] Pearson 5 PE 43 Hr
R T AR A AT

2 BRI

2.1 AR ESMHESBHRMET WERELER
RESERTESENH

2.1.1 ARBACKER S KSR (FE 1) XN,
BRXAARE RXRIRES /Y pH {E4514 pH 7.7
A pH 7. 8, B st & B XARFRET 1Y 2R D
FARUT | Bk | S AL B | SO R A Y
ETAREZRX, M pH EMBHSEHYKTRER
X3, BRI AR R B IXARBRRT 1Y A AL A
S B 25 5 W3 (P<0.05)

2.1.2 EEBAZTLESN KMZGR(EK2)E
B, 8 R IXARBR A 1 4 o R & i A e IR K
A Cu Mn .Zn As Pb Cd, i KK B XARFREN 1Y E
& JEITR F 5 M EURIK YA M Cu Zn  As Ph
Cd, o, 2 RIXMFRET A Cu.Zn Pb Fl Cd % &
PImTARERX /AR EEX N E 4R TR ST EN
1.8.1.6.1.5 Fl 1.2 £i%, 1M As A Mn [ & 5 WK F &
HRIXIFH, ERXAAR RXRFRES Y Cu.Zn
M Ph SEZEFRE,

£l ARTESRRMASERR M SBHRRET MERELMR(XSD)

Table 1 Basic physicochemical properties of rhizosphere tailings of Coreopsis lanceolata Linn. in reclamation and non-reclamation areas of copper

tailings (X+SD) Y

SRFEX pH 1H

H, %%/QS < em™!

AR S E/g - kg™ BREE/g - kg™ BAEE/ g - kg

Sampling area pH value Electric conductivity ~ Organic matter content ~ Total carbon content  Total nitrogen content
2 RIX Reclamation area 7.7+0. la 285.33+6.51a 8.96+2. 11b 10. 40+3. 64a 2.17+0. 32a
K B IX Non-reclamation area 7.8+0. la 243.67+17.90a 4.80+1. 04a 8.28x1.32a 1.95+0. 03a

REEIX

Sampling area

BT/ g - k!

M E R/ - kg™
Total phosphorus content Total potassium content

T Fr i /mg - kg™
Available phosphorus content

HRA S/ mg - kg™!
Available potassium content

0.32+0. 04a
0.27+0. 05a

& B X Reclamation area
FK & B IX Non-reclamation area

8.45+1. 44a
9.72+0. 89a

4.25+1. 84b
1. 02+0. 48a

2.97+1.42a
1.93+0. 61a

D [ G s R[] /NG T R R 22 53 8 3% (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0.05).

R2 PEVESEERMASERIMEBERRET FEEEBTENSE(XLSD)Y
Table 2 Content of each heavy metal element in rhizosphere tailings of Coreopsis lanceolata Linn. in reclamation and non-reclamation areas of
copper tailings (X+SD) !

SEREIX K EEIBICEMNFE/mg - kg™'  Content of each heavy metal element

Sampling area Cu Zn Pb cd Mn As
2812, 81+440.99b  422.80+34.23b  44.35+14.30b 2.60+0.26a 1 759.29+206.75a  179.78+51. 23a
1 536.78+204. 432 257.02+17.34a  29.56+3.47a  2.15+0.21a 1960.32+89.63a  193.49+65. 80a

& B X Reclamation area
#52 B X Non-reclamation area

D[]8 oA ] (1) /NG bR R 25 57 8 35 (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0. 05).
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2.2 AEWEMMHEBENESETRSERER
BMEERATT
22,1 EEBALELEESN KNGR(EI)E
. 5 B X S 4 X8 45 FAR AR H A BT R &
7 BAKIK A Ca Zn Mn Pb As Cd, i AR B
X BN 4 X84 EARFAR A H LB TR St
FMRNHK YK K Cu Zn Mn As Pb . Cd; & B IXFIARE
BIX 43945 28 i (1) 45 55 4 i s 2R % i B s 2R
YRR A Zn Mn Cu.Cd .Pb As( R ), Hi &
BIXGIM433 EARM Cu FEETRERIX, MH
RESFRTRTEHHETARAERKX, HERX AR
BIXSIM4: 0945 TARE Ph &5 2257 B3 (P<0.05) ;
BRSNS HRAE Cu Zn Al Mn & HART A
HERX MERNESE TR TEYETARERKX, H
BRXMAE R X S 4 45 0AR K Ph & 25
BB RXOINSX4EEN NS ESE TR T EY
RFRERKX, HERIX AR BIX G430 45250
B Cu.Zn Al Mn S22 03E

3% 3 3R AU 5 B IXRIOR A2 B X 8 4 R 3 4%
TE I Cu Fr R IO FEUAR T d5e sy, 72 EAR IR
2 AEZEM R AR, HERMBRE Cu SR T
T2 B R IX AR E B XS 4393 & 48 B 1 Zn
Fl Mn 75 135 R 7 25 0 f s AEAUIR Pk 2,
AP IRAR, 250 Zn 20 B T AR RN
R A B 2RI Mn 5 it B 8 & T AR R0
ROHERXLMER Mn S REFAHE, ERKX

SN XS A KA T A Ph & RN E R PR,
FEARR PR 2 FE 25 R Al i AR 2 B X B 40
A5 B Ph i W SR R AE 25 B = EAIAR
R Z TEFR PG B B X AR R B IX 8439
A E N Cd & i ¥ R 2, 7E AR
FZAURR H AR ARG 5 &2 B X AR & BE IX @01 -4 X5 2
BAE As RIS E EARFAAR P45 s HAH
UL, FEZEM R AR A5 SRR S 40
B Cu A1 As FZE43 A 7EAR ( EARFIZAUR ) 1M Cd
F Zn W] =250 A AE2ENT
22,2 EBAXEBRGERASN TTRL
(F4)RM . ERXEIMEXG45H Zn Cd A Mn 155
B ARELL AR G R IX S| 43945 Zn Pb Cd F1 Mn
R RZBIIRT 1, R IX 8485 Ph (%%
BRBI N B IX AR B IX G 43545 Cu 1Y
PR RBI/NT 1R B X AR B X G142 X 2
W As IEERS ZR R AE 25 R R I AR, U
B Zn Pb Cd A1 Mn 7£ 8 M- 45 3G 5K N I FE FL 8¢ Cu
As 255, IFH, ERIX S48 45% Zn Pb Cd
FMn WERBRBEERTRERKX, Cu WER R
BT RE RIX,

4 a2 RIX AR E BIX G 43945 &
R AR FIZEHth Cu Zn Pb Mn I As 198 2 R HE
AR, Horp R A RIX G 09 35 250 rp Zn 1Y & 4R
FEmE BN 0.304; 52 BIX IR E B X 84
XS4 FARFZAR T Cd 1Y & 5 R BB EAR, mizEnfrp

£33 MEVEEERMASRRIMNEBHADRERSELBLENSE(XSD)Y

Table 3 Content of each heavy metal element in different organs of Coreopsis lanceolata Linn. in reclamation and non-reclamation areas of

copper tailings (X+SD) ")

EA S T LRI E A /mg - k!

FREX Content of each heavy metal element in main root

Sampling area Cu Zn Ph cd Min As

& BRIX Reclamation area 35.67+17.25a 26. 18+5.98a 2.40+0. 35b 0.59+0. 13a 22.46+5. 88a 2.23+1.06a
A B IX Non-reclamation area 46.31+11. 06a 20. 58+2. 10a 0.52+0. 10a 0. 36+0. 06a 17. 61+3. 08a 1. 48+0. 60a

AR A ESIR TR & it /mg - kg™

SRR Content of each heavy metal element in fibrous root
Sampling area Cu Zn Ph Cd Mn As

2 B IX Reclamation area 86.38+45.72a 31.84+1.54a 2.33+1.40b 0.51+0. 04a 22.80+6. 86a 2.08+0. 33a
FK & B X Non-reclamation area 90. 65+12. 70a 34.64+9. 24a 0. 83+0. 29a 0.45+0. 06a 28.28+12. 26a 1.31+0. 46a

2 K ERR TR & i /mg - kg™

SFAREX Content of each heavy metal element in stem and leaf

Sampling area Cu Zn Pb Cd Mn As
2 B IX Reclamation area 3.17+0.51a 45.80+10. 62a 1. 05+0. 13a 1.49+0. 34a 29.91+4.99a —
A& B IX Non-reclamation area 5.50+0. 64b 77.32+14. 13b 1. 14£0. 16a 2.14+0.51a 64.09+6. 52b —

D &5 R 8] 1 /NG PR3 R 25 57 i 35 (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0.05). —: KKt

Undetected.
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Table 4 Transfer and enrichment coefficients of each heavy metal element of Coreopsis lanceolata Linn. in reclamation and non-reclamation areas

of copper tailings (X+SD) !

REEIX

Sampling area

K EEIRICRMFER RS Transfer coefficient of each heavy metal element

Cu Zn Pb Cd Mn As

B X Reclamation area

F & B IX Non-reclamation area

0. 108+0. 060a 1. 861+0. 740a 0. 446+0. 102a 2.647+0.933a 1. 419+0. 505a —
0. 125+0. 039a 3.739+0. 312b 2.243+0. 632b 5.906+0. 688b 3. 696+0. 628b —

Sampling area

FRPEESIRITCEMELERE Enrichment coefficient of each heavy metal element in main root

Cu Zn Pb Cd Mn As

& B X Reclamation area

#42 B[X Non-reclamation area

0. 012+0. 004a 0.062+0. 013a 0. 057+0. 014b 0.231+0. 068a 0. 013+0. 004a
0. 030+0. 004b 0.081+0.013a 0. 018+0. 002a 0.167+0.019a 0. 009+0. 001a

0. 013+0. 007a
0. 009+0. 005a

Sampling area

FMPKELEITENEHERE Enrichment coefficient of each heavy metal element in fibrous root

Cu Zn Pb Cd Mn As

& B X Reclamation area
F 4 B [X Non-reclamation area

0. 030+0. 014a 0. 075+0. 003a 0. 050+0. 016a 0.199+0. 032a 0. 013+0. 006a
0. 059+0. 005b 0. 134+0. 029b 0. 028+0. 009a 0.212+0. 030a 0.015+0. 007a

0. 012+0. 004a
0. 007+£0. 002a

Sampling area

ZEM A ESIRICENEERE Enrichment coefficient of each heavy metal element in stem and leaf

Cu Zn Pb Cd Mn As

& B X Reclamation area
K5 B X Non-reclamation area

0. 001+0. 000a 0. 109+0. 027a 0.025+0. 007a 0.578+0. 159a 0. 017+0. 004a —
0. 004+0. 001b 0.304+0. 076b 0. 039+0. 007a 0.995+0. 220a 0. 033+0. 002b —

D 1&B ORI /NG FhE R 25 5 .3 (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0.05). —: KK H

Undetected.

Cd W s 8RB R, Horp 52 B IXHIR &2 B X G 4
X AGZEmtr Cd 1E SR BT 0. 578 F110.995, IF
H, B RXSIM 43925 FRH Cu Ml Zn 1E £ RE
WBEMISET AERX Ph WEERBEES TR
RIX I Cd Mn Fl As (U E B RBII S TAER
X RIXGIM XS 4525 Cu Al Zn 1 E £ REE
FRTARERK, Cd Al Mn #9755 REYBE T R E
BRIX, 1M Pb Fl As (& 5 RBOUNE & TRE RIX,

2.3 AETESIMH£BEN Ca MABSEN

Rz (32 5) 2200 . 2 B IX S 43828 FAR 1Y
Ca FILEVE & 5 LA SRR R 25 - 1) A e o5 24 s v 1
KRERX; ZERXGIM £ EARM Ca &5 D6k
TR (R) LARARE Ca &HA R LT
RERIX MR Ca F 5 F R (A .3 (P<0.05)
MTFRERKX,

2 5 Al L A BRI RIR A B X B I 42 X0 4 25
HE) Ca B W50 T SRR, M £ Ca &
T TR R R X AR R B X G 40845 4R
ZIURR AN ZE I () B O 25 RO N, BRI AR Y
BB R ERM A S R RI ERXRE
BIXGIM430 35 25 m1 R (5 0358 T ER AR,
M AR R (B = TR

*5 METESERMAEEXSMEBHEARRER Ca fl2HE
SERHELILME(XxSD) "

Table 5 Contents of Ca and total phosphorus, and their ratio in
different organs of Coreopsis lanceolata Linn. in reclamation and non-
reclamation areas of copper tailings (X+SD)"

FAHR Ca FAEHE(TP) A& i S LA

REEIX Contents of Ca and total phosphorus (TP) and
Sampling their ratio in main root
area

Ca/g - kg™ TP/g - kg™ R
RA 3. 83£0. 95a 0.51+0. 09a 7.52+0. 82a
NRA 3.80+1. 13a 0.47x0. 19a 8.05+1.42a
- SR Ca LS (TP) A LKL (8
FAREIX Contents of Ca and total phosphorus (TP) and
Sampling their ratio in fibrous root
area

Ca/g - kg™’ TP/g « kg™ R
RA 3.24+0.32a 0.96+0. 12a 3.36+0.61a
NRA 3.51+0. 36a 0. 62+0. 24a 5.66x1. 5%
o 250 Ca FILEBE (TP) A& B LA
FAREIX Contents of Ca and total phosphorus (TP) and
Sampling their ratio in stem and leaf
area

Ca/g - kg™! TP/g - kg™ R
RA 13.29+5.01a 0.79+0. 07a 16. 77+5. 18a
NRA 25.65+2.50b 0.59+0. 17a 43.57x11.61b

DRA: & B X Reclamation area; NRA: K& B X Non-reclamation
area. R: Ca &5 B & BH 1Y L {H Ratio of Ca content to total
phosphorus content. [F1%1] AN 19 /NG B o8 22 5 |35 (P<
0.05) Different lowercases in the same column indicate the significant
difference ( P<0.05).
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2.4 Pearson XS

2.4.1 Al HERFETAME ELETLESE
AR K AT FHOCHE AT A R (3R 6) B Gl 4
X535 FARM Ph & SHRPRES 1 Pb B2 B E(P<
0.05) IEAAZE, 12 R E0CH 0.708; EARAY Zn A1 Cd 7%
SRR R N 4R TR O i N B AR
K AR Cu Mn F As B SRR 19 AH Y E 4
JECREGRE AR E AN, 212935 R 1) Ph
TR SRR ET B P &g 2 B (P<0.01) IEAH
K MR FECH 0. 948 7R Y Cu Cd Al As % & 548
BrEEA™ () AH N B 4 J J0 2 7 i 2 N 3 E A G AR
[ Zn Al Mn &5 SARPRES AN B4R TR S
EAREIEM, SIS 2501Y Cu & 5 RER
A/ Cu 2 i S 2 TUAH DG, AH G R BN -0. 9405
ZEM Zn SR SRR Zn fE R B R SE,
R RHON-0. 8563 250 Cd & SHRFEEV A Cd
P RN E UMD 250 Ph A Mn i S AR PR 2
WA B4R TR S R A W IEARC,

x6 SIMHEBEARAREESELRRAESRRETVHEESZET
FEEEHN Pearson HHXEDHT

Table 6 Pearson correlation analysis on content of heavy metal
elements in different organs of Coreopsis lanceolata Linn. with content
of corresponding heavy metal elements in rhizosphere tailings

FAAIE, M RECN-0.972; AT As &5 Ca
DA AAR G Mn 5 i 5 S0 1 2 W A
XK, A R B WM -0. 765 F1-0. 827 ; AR HiAy 4
JRITR GRS Ca A S RUAEELIRITE & i
5 RERA A B3 St 43825 25 1 Mn
TS Ca BN E EA K, K RECH 0. 945,
2R Cu Zn Fil Cd 85 Ca &8, KL Cu Al Mn
TS R AR R EEMKE, MHXRES 5N
0. 865.0. 871.0. 744 0. 822 F1 0. 820 ; Z£ M f 4% H# 4>
J&ICE TS B AR B

x7 SMHEBHARNREELBLRSESHMERE Ca MABS
=R HL{ER Pearson 18K 45 17

Table 7 Pearson correlation analysis on content of heavy metal
elements in different organs of Coreopsis lanceolata Linn. with
contents of Ca and total phosphorus and their ratio in
corresponding organs

o R R
EELD N Each correlation coefficient in main root>’
Index
Cu Zn Pb Cd Mn As

CyR-cCa 0.399 0.660  0.110 0.484
Cyp-rp —0.042 0.596  0.247 0.472

0.726*%  0.619
0.734=  0.591

Ryr 0.868*% -0.115 -0.432 -0.172 -0.266 -0.185
o IR A
CL2 Each correlation coefficient in fibrous root?
Index"
Cu Zn Pb Cd Mn As

AR B K4 FHC R EP Crroca  —0.036  0.069 —0.124 -0.972#% —-0.357 —0.765%
ch Each correlation coefficient in different organs? Crnp 0.159 —0.390 0.278 0.103 ~0.827% 0.546
F AR Main root AR Fibrous root 251 Stem and leaf Ry -0.071  0.539 -0.360 -0.254 0.697 -0.627

Cu -0.027 0.227 —=0. 940 S A R A
Zn 0.634 -0.127 -0. 856 * 7D l])) Each correlation coefficient in stem and leaf?’

Index
Pb 0. 708 0. 9483 0.031 Cu In Ph cd Mn As
Cd 0. 500 0.370 -0. 459

Coi-ca  0.865% 0.871% 0.623 0.744%  0.945%%  —
Mn -0.317 -0. 281 0.617

Cgrp -0.537 -0.225 0.359 0.033 -0.498 —
As -0.243 0. 087 —

Rq. 0.822x 0.637 0.157 0.403 0. 820 —

Ve, WPRED R ESEITE & Content of heavy metal elements in

rhizosphere tailings.
2 %, P<0.05; #%: P<0.01. —; KR Undetected.

2.4.2 St PHELBEAFLSEL Ca P EHs
FAAWAL(R) 090K AT MMM 25 R (£
7)FEW B S48 FMRAY Mn RS Ca MRS
P& Cu i 5 R E RN IEAHC, AR
Sk 0. 726 0. 734 1 0. 868 ; ALY Zn . Pb.Cd Fl As
SRS Ca MBS EULFERMN Cu RS Ca &
EYRER R E LA M ERM Cu & B 5
LI K Zn Ph . Cd Mn Fl As &5 R HI 2 A B E 7
2, SIS EHAR Cd FHES Ca FREWR T

D Cyreca s FARMI Ca &t Ca content in main root; Cyp_pp : FARMIEL
% 7 i Total phosphorus content in main root; Ry : FHRE Ca &
b RS AY FE(E Ratio of Ca content to total phosphorus content in
main root; Cpp_c,: FARMY Ca & i Ca content in fibrous root;
Crporp : UARFY S % & Total phosphorus content in fibrous root;
Rpg : ZUREY Ca & 55 EBE & i 09 HL{H Ratio of Ca content to total
phosphorus content in fibrous root; Cg_c,: XM A Ca & Ca
content in stem and leaf; Cg _pp: ZEIH ) BV A 5 Total phosphorus
content in stem and leaf; Rg : Z5M 1) Ca & &5 S0 & 209 L
Ratio of Ca content to total phosphorus content in stem and leaf.

2w, P<0.05; ##: P<0.0l. —: KAH Undetected.
3 it Angib

3.1 ERERMAEERREVESEBTESERHT
5 GB 15618—1995 HH#L%E 1Y [l K 3% — e brife
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(Cu.Zn Pb As Fl Cd B 545352 100,250,300 ,40
0.6 mg « kg™ ) AHEL, B R IXFIRE B X G0t 439
RPN BT A Cu,Zn, As FIl Cd & & 49588 H bR i
il UL IZ R B0 E E R XAk 2 R X B Y8 T
HEREERBIGY,

WHEGEOLN X R TR e E i
MRV HFEHGELER XTHELERGEREV h&E
SIBICE M A3 AR SO PR A Y 4R T
Sl Rl AR Lk DN e - €] 73
ikl vh i B 2 B IX G409 25 AR bR B 0 1Y
Cu.Zn .Pb 1 Cd & m TARKE BIX, X AT AEE H
FARE R X R R R A FREERE, h TW KR
b RARR B RAEH S S B P ES B,
WAl BE R B X WARPR B T 2 T, +
e Z2FLIBOR I8 A3 0% BV FDRE 0 AR RAEAS Y 4
JEREBREELE,

3.2 SIMEBHMESLETEMRE IR RIS

AR W B T A L v R A A B X R R
2 RIX S4B PR S Cu Al As R 1
— A ) 2L 32 S (Cu 2 ~250 mg - kg_' ,As H
0.1~40.0 mg - kg™") " ARPREH K Cd ST
X A AR A I A (3~ 8 mg - kg™ )T,
ERA™ P8 A K (R 81 -4 X8 35 oK A2 21 A S 32, 26 1
SIS 4 LA RN R A E e Bt e R
OUF AEPIEN Cu Zn Pb Cd Mn Fl As & & I IEH
R 5~25.20~400.0.1~5.0,0.2~0.8 .1~
700 F10. 01~5.00 mg - kg "7 0 K25 HE .
RIXHIARE BIX G 43945 AR AR FZE0 1) Zn
Pb Mn Fll As & 3576 1E 5 Y0 BN, (0 AR FIZ00AR 1)
Cu P DL RN (1) Cd 7 BEAE H R L, A 81
XG40 TR E 4 JE T R I — IR IR 3R
fET, JF ., HARXT Cu WU R AE 1 LA R 250X Cd 1Y
R RE I R

NPV ZE TN Ay, 4 %o B 4 S s 3 A R A
FEANA S Y T 4R T LS A O, ik 5 E 4
JBICERARBIIENA K, AP AFRELEITR
TEA B ORI B B IX G I 4 X0 25 45 28 17 19 i S0 R A
ZURIEH B R, Hob, Cu 2 E R B AR AAIAR
W, H Cu RS RBURAK (0. 108 ~0. 125) 5 As L F
R R EMRMA A2 rh R At B Cu
F1 As FESN M4 XS 35 (R P I 54 B8 22 BB B Al AHSG
WFIEEE R AR P 4R T & & ok m LR R AL

RASULA A & B 15 Y SR T AN 4 B T R 1
W SO B B A A v g R 0 R ) 4 R
5 YR BT T A A b AL R AT (A I AR e
FEARH ) Wei S50, HE A L 3R B 4t 5 4
JRITREA —EWHFAE  RECRHIE 4 R TR
RIS 1) b 35055 A% 1) 220 T SR W R ARV B 4 3 9
BEHEN , B4 X 25 AR 1] B SR B Ff 3 s >fe 7 X Cu
Al As Jipif , BARBLEIA FRR AR,

R IXHAR B IX G445 % Zn Pb Mn
Cd WIFERS R BN AR RT 1 U B X &t
SX8% Ph WIFERS B/, Ui B G 4 09 4520 Zn |
Pb Mn Fl Cd MRS ) 25 i 4B RS A B 80, BR T
SRR ) 4 S T 2% MR 0 1) b 05 A% 1) SR W, A
Pyid ] LR B 6 4 S o0 28 PR B S A A A 1 O vk
( RIRE 45 I o0 R R B B A AR 25 5 L v 1) 2 i sl Al
U SR A E a1, BT
G|t 42 X 48 Ry 22 4F A i AR LA KE ), B AR TR B A R 1)
H 1AL, BRI, S04 38 46 7R 1T R BUX Fh o5 =X
KRXF Zn (P Mn Fl Cd 38, BARBLEA 5 i — 25

4 MAE P HE U B2 SR AME S8 I T 4R
TEMNEEREGE W RETERN 22— AR5
AR B IX G 408 25 250 Cd 1Y & 48 R AR
1, T B XA B X G409 2 FAR AR A=t
H Cu.Zn Pb Mn Hl As B9 & £ RE/NF 1, 568 61
4 XS 2 v BEXT Cd M3 HLA 5 i A P B B &
T, 1%} Cu Zn Pb Mn £ As Wpi0 (OAE IR HUE &2
WS,
3.3 SIHEBEENESETERKMERL NI
EF 5

RS RET AR ES IR TR &=
HHARKEFWESEITRTELREY, 25
M Y B BRE ARBR/ NS R R AR T
FRZI 0 RS A B 2 SR R L B A A9 4
R P Zn Fl Cd & A KRAARE Pb & 5 PR
WA N T 4 i O R S Y R IE A G, BAHOE R
7E0.5 DL b MZEMAY Cu Fl Zn &= S5RERES A
N 4 BT E o B R AR S (P<0.01) Flig &
(P<0.05) fiAHC, Si4b, 4B RS B IX 8|t 40
IRPR D A HLET S S & i W = TR R
BIX M B IX S 408 45 25 i Cu Zn Pb  Cd il
Mn 5 fESETRESEMIRTAERX , HTFE&
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HA P T RE S REILE 4 8 T R N AE YA &L
PENOT PR A & B X AR PR R A HIL R R R
1 o R T B PR ) T 4 JT R M B I 4 X 4 AR S
] b FREE A% 0 H SR

Turnau % ABFFT S5 R F I . SXTEAH L, A K
TERYEE T R 524 it AR i 1Y) Ca & 8K
7 Probst 451 (T 4 ALK . SR H L1 A&
2. (Vicia faba Linn.) fHEL , #Y8ERA AR Z I Y Ca
TR, AR, B R XS 40 4 25 Y Ca
MEELE TR TERTRERX, HZEMHH Cu,
Zn Cd Al Mn 75 it 52801 Ca 7 53 52 35 i
FAEARDC, UL G 42 38 45 250 1) Ca 35 X) Cu Zn
Cd A1 Mn B SR EA W 52 B Ca & BB &, 3X
W R ITTRECIN £G4 K h R ZE . It
S ERIX S|G4 2E0 T Ca SRS BB EDN
HWHERERTARERX  ME RX M2 Zn
Pb Cd #l Mn HUFERS 80 B E LT R B IX HE
4 X A5 ) 45 H 4 JE T R R RS R T R R 5 R N
Ca &t 5 SBES B LA EHRCRIETHH— PR
AT

25 LA S i 4 08 3 02— Fh 22 5 4 it M A
Y, Bete s HAR bR B i BAL M 0, X & B T R
B EEVEN 8 8 Ba] B RS it S XS 55 /K
H 4 BT R MR AR 17 ZE M52 A5 i e 7, Rt Ok
B4 X8 551E A Cu Fl As T5 YL HAE By 16 2 16 2 104
A, M RE T HFHAE R Cd 15 Y b AE ) 42 BB &2 1) )
DTy ek — 2 R AT
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