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The concentration of heavy metals in soil and dominant plants growing on spoiled
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Abstract: The concentration of five kinds of heavy metals (Mn, Pb, Ni, Cu, and Cd) in soil and 12 species of plants,
belonging to 6 families and growing on spoiled heap from steel refinery in Panzihua, was measured with atomic absorption
spectrophotometry , the bio-accumulation coefficient (AC) and bio-transfer coefficient (TC) of these plants to heavy metals
were further calculated. We found that the content of Mn in spoiled heap soil (up to 3869. 14 mg/kg) was highest in five
heavy metals, and the next in order was Pb> Ni > Cu > Cd. There was similar distribution of the five heavy metals both
in plants and in soil. The value of AC of the tested dominant plants to heavy metals was low, however the value of TC
relative high. The value of TC of Carpesium abrotanoides L. to Cu, Tridaxprocumbens L. to Pb, and Artemisia indica Willd
to Cd, was 5.1, 3.3 and 6.0, respectively. Furthermore, the value of TC to Mn in 8 out of 12 species of plants exceeded
1. Our resulis provide reference species for greening and purifying for heavy metals spoiled soil, and offer selected objects

for investigate the mechanism involving in tolerance of plants to heavy metals.
Key Words: spoiled heap ;soil; heavy metals; phytoremediation
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Environment Protection) , #5485 & @R NI — A M RITRYHATHA" . LEEFEN—KRER A
AR R T =& UIE R ZH M, 75 7K FE BRI T [ 7 R Fr Wy s AR AR 34 R
REBSBAREM™ UMK ALK, T B s A Rk SR P8 3 A a3 . 20 {42 50
R AR BT HRESRERAA THRMRENERR(C BE) . HRESRFLREA R K
PR T RS, O BRI SE . B Al A E R B RS R T RER R SFF s
SHEESREMEZEE . HAREXBETEYESR 400 K5, EAYER/NRAE AERKERESE BN
WA, B2 RS RENERAHEERARE TEANRSEETBEYOEZAA . Hib, 38K
5B £ N HAR A A E R YR X — SR IR R b A O G S A A S S AT 7

I SRR, 7 - RRMEYRREE , BRENEEREYINRL . BHERITHERKIH
WMERY , BAEFFR BN R P BRZ R E T, BIIESRESER, BN Mn,Cu,Pb.Zn.V,Co Ni,
Cd %5 $KRIBRE S 2 REH Y THAL RTTRF A 2L HE B RS, RESHMUB R+
B, b HRERE SR, B AR AN E SRR — TR, T#EESEL EAERE
HYXE SRR EEMRPNE OVE SRR DREE I REENHEY) , RN oy 3B SN HiaE
S&ARESE Y,
1 ##5FEE
1.1 AEMX 5 RS

BN TP E R IR, @ UL SHELIL A4, RE 101°427 ~102°15", J6£ 26°05" ~27°21, %
3% 300 ~500m, J&BRIEH KREZERNBIURX . 7 X EZREAREAM B8R E, DEOVRE, 7R LS 6
NE. FENVES, B 30m, A FTEULH, WA 20 e 70 AR LOR B R HERH BEH T, K
BRI EAGFER, EBITREER,
1.2 fHYORERHREIRSE

FEZIEALML, TREARH G YL K E R TERHE-FIE, IO ONE &, 2 AR B P
b4 TR 4 KK RETEERALWMEEIBEERTT 2 A4 JIRA B3, i EE S 10m —
77, AN Im x Im SEBEETS 18 4, 73 BIAZ G R YIS SRR REOA 2 B 55

BTG 3 A TR R, BB SR I s REAY R IR HIRR S, PR BEIR MR 10m RE
LA REBRE O ~ Sem; [FRSREMEHEY M, AWHAEILRET 6 B 12 MEY (R 1) AL EEH
13 fiyo FRRCEATGRBRIAR 7 [ SLh s, L BP RS, M T 3. A& T 2006 4F 10 AT,
1.3 Hmatr SEdEL

TR G > AR A EEE (2R, RSCRIE R BORF) , B SRK FE 20 mh R LA &5 BR RS B ZE A e i B B TR
TAEY,  EERASEAEE T K2 ~3 3, RENAH 0. 1% EDTA ¥k 2 ~3 &, WAk, T 105C TR
 Smin, YIWT/E7E 65C T TEEE , iyt 2t 60 HE LI IR 13EH M BRRNT/EEH, i 100
B Je b , 2 075 BRI iR i HNO3-HCI04 (3:1) 357K 4k , 388 i LA K — R RIERIA THAL , R TR oy
JeE R IR o Mn,Cu Cd \Ni . Pb )&, T SJFIAE YT AL RE 24 LXK D 3of S R ok ol 448 5 ZEAm o
(R TR, B K —RARHE GBWO07409) FiNA Lk 5 ME SR, FrEi R\ E & RHTE
B E A 92.8% ~100.3% ,

P aRAS %5 FH Microsoft Excel #EAT-FI{EMIR#EZ (SD) KR, T EANHYES B I BITHIANEZR
FEHREIH ¢ BRET,

HEHAARA AYEERY =1 ERHYT IR SR/ TRPLRTE; BB AN =1 EEEY T
RS/ THEYPTRITE,
2 HREITE
2.1 REFEIEESRIERA

EHETRER AR T o 2 3, PR AR AT 148 Mn P Ni Cu.Cd A E SRS, 4REY:
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Mn >Pb >Ni > Cu>Cd(F 1) , ¥J{H 555 3563.3,583.3,286.7,100.0,6. Tmg/kg 3T FTRE HEES
RIGFREEE . BETURRHN L RESR A REREA KB LE PSRRI BAEER
Fom(ER 1),

F1 BEGEELRESESE
Table 1 Heavy metal contents in soil collected from Xizachang spoil heap
INER Top JEEF Bottom
XzS Max Min XzS Max Min
Cu® 63.33 +5.80 97.23 48.69 100.00 +8.3 118.70 89.40
Pb* 553.33+54.0 620.03 475.36 583.33 6.1 637.15 572.66
Cd* 0.09 +£0.02 0.12 0.02 6.67 £0.56 7.06 5.25
Ni® 73.33+£6.30 102.90 50.44 286.67 £23.6 306.20 254.10
Mn*® 3053.33 276 3856.45 2871.9 3563.33 +£321.00 3869. 14 3007.59
* BRSEIKELE P <0.05 the top compare to the bottom P <0.05

2.2 EBEMEGHER

A Y £ B SR EE TR AR EGE B AL, M LR, BRRERBHEYY 20 K7, GFK
AR 6 Fp R 7 B UBERL 3 R, D12 AR EAEY N, BE RZREZ A6 TR, HRM P TER
MEHEAE . HIAEEEE 80% ,HJK 100% . TR LT PR ERLE /D, N FERERSE MY
EREEARIER, KA KEEBSEABHY- KL% 2 (Eupatorium adenophoru Tn) , BELB S EWRER, &
o EFE SRR, AR BEYTEGRE D FREFE 2N ARERSEZWEN AR LER RN EE
HE,

2.3 HEYELSBEELES
2.3.1 HEYELEEERNS

RED% 30a R, BERE L IEIRD KN 2, R B THREEESESRE  ARRENEYE
o Bt EE E AR SRR AR AN RS TEHE, TREsE -LELEMHEY BEEBESL
YRR, S SEYEES RS R I EREEEEEE PREERESRERT . AREELR
EREZEZININEDMHEL o B 2 F, AN EHESESE SR LK 2,

BAETS , EYEN Mn F 255, KIKE Pb.Cu.Ni fl Cd; 5+EFHEL B SERMAER—3, 7T
YELRSESTEESBSEARVNA T EPENELBSER MYPZMNELBIERLES. 5
—BRER -, NEPETUERH, RELET N 85T Cu, BREFHEWEN Cu SBHET
Ni, RHIEYI ESBYRKER T 518D E SR S8 M4, TR 5E &8 M 27 FAa ¥ i Rl
PR,

Baker 251045 Lt B MI7E S BB R IR SE 87 15 BRI, IRl M B A T — 1
WYX E S B X 4 PR IE I 5 1 (AvoNence ) FITR P o 35E P48 — LOAE Yy 7 38 o AP AP ER DL AR 7
BO,FHARKF RS SEENESENMRZEF ;Wi YR B R A ELH], Y
BAFTESENESEREPIMAZHRE . S#EHEYENESBOKREIAE, AR EERR
WENESR" . ATRFREMY D, AEANLELRIBYRK, TRELZHESBIBEEY, LHE
X} Mn, BARA R R AREMY, AEA TN, BRI R ANEE B EYH LR T
WRELBSEEFBR, REFHEYMM T SER T L3S, X2 SH Y& B W tiLH A % A
DY B & ERTH T, A AR FEE YT Pb.Cd.Cu Ni 1 Mn RIS B RFE R & AHF .
2.3.2 MYESBHNEERBAE®E R

BRFPNERBRYEEEEMYNFHNERRLE, EERBRTE LB HYERP TRIBHES B
B, X R R B E L R RIS ERNRE I RNTE e iR, EEREEE, XUV LI ELE
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BERENHR, BRIE, EdHBRAXAERRTKT | KEY.

®2 BRASERABEYNESESR
Table 2 Heavy metal in dominant species growing on Pangang ’ s spoil heap

BTG R N R HE4 )R Heavy metal (X +S/mg-kg™')

Species Tissue Cu Pb cd Ni Mn

PEER ] 5 shoot 27.50 £2.30 70.00 +£5.80 0.16 £0.10 10.00 £1.10 471.00 £67.00
Tridaxprocumbens L. root 101.00 +£8.90 21.00+1.80 0.05+0.00 15.60 £9.30 194.50 +£23.00
REEER 5 shoot 0.07 £0.01 5.00+0.40 0.03+0.01 7.50 £0.64 69.50 £5.70

Lantana camara L. root 0.03 £0.02 2.00+0.18 0.03+£0.02 4.20x0.39 25.70 £2.10

3k Triarrhena 3 shoot 22.00 +£1.90 69.00 +£5.40 0.50 +£0.03 27.50 £2.80 131.00 +14.10
sacchariflora (Maxim. ) Nakai root 69.50 £5.50 22.50 £20.00 0.50 +£0.03 31.00 +£2.70 122.00 +£15.30
fTOE 3 shoot 25.00 +£2.10 29.50 £2.65 0.02+0.01 6.50 +£0.68 251.50 £27.10
Juncus effusus root 15.50 £1.30 18.50 £1.70 0.510.043 25.00 £2.60 251.50 +£26.50
BHE 3 shoot 19.50 £1.70 53.00 +4.90 1.00£0.15 9.50 +£0.80 137.00 £13.70
Tanacetum vulgale L. root 30.50 £2.90 29.00 +£2.70 0.50 £0.04 13.00 £0.90 69.50 £6.20

BE 3 shoot 30.50 £2.70 43.50£4.10 1.50 £0.11 16.00 £1.20 247.00 +£26. 10
Elsholizia ciliata root 37.00 £1.90 31.00 +£0.90 1.00 £0.090 15.00 £0.30 194.00 +£6.50
BOF 10 shoot 16.50 £1.05 70.00 +6. 88 1.50+£0.13 14.00 £1.36 191.50 £21.20
Digitaria ciliaris (Retz. ) Koel. root 26.50 £2.33 74.50 £7.02 2.00+0.18 15.00 £1.29 347.50 £33.70
EEE 10 shoot 17.50 +1.66 23.50+1.97 1.00 £0.02 18.50 +1.67 66.50 £6.70

Setariaitalica (L. ) root 38.50 £2.97 30.50 +£3.10 1.00 £0.02 26.00 £2.53 276.00 +£30. 10
REKE 5 shoot 30.50 £2.99 38.00+3.12 0.50 £0.04 15.00 £1.27 263.50 +£28.50
Carpesium abrotanoides L. root 6.00 £0.45 23.50 £2.37 0.50 +£0.38 9.50 +0.88 123.00 £11.70
RAX 3 shoot 57.50 £5.33 58.50 £6.30 3.00+0.27 26.50 £2.32 323.00 +£37.40
Artemisia indica Willd. root 42.50 +3.86 55.50 £5.90 0.50 +£0.08 30.00 £2.90 134.50 +14.90
J=E 3 shoot 0.56 £0.20 0.50+0.10 0.00 +£0.00 0.30+0.10 273.00 £0.30

Phragmites communis Trirn. root 0.66 +0.20 0.51+0.50 0.02+0.01 0.42+0.01 2.88+0.20

H¥E 3 Shoot 13.50 £1.10 9.00+0.70 0.00 +£0.00 12.50 £1.05 212.50 £17.60
Sesbania cannabina Pers. * root 15.80 £1.32 17.94 £1.45 0.03+0.01 15.50 £1.30 254.30 +£20.70

* JO7H THRNE  distribute only on the bottom

ER AP EEE SR AT i LM ERE S . BB REEK, NESREIR R M
EAEERIEE, FERBRBRTHT L WERIITERS.

=3 BERNBABENNESEARBRAY
Table 3 The translocation factor of Heavy metal in dominant species growing on the top of the spoil heap

3% Z 3 Bio-transfer coefficient

154 & #R Species

Cu Pb Cd Ni Mn
RZ%E Carpesium abrotanoides L. 5.1 1.7 1.6 2.1
W3 Tridaxprocumbens L. 3.3 3.2 2.4
F. 4§ Lantana camara L. 2.5 1.0 1.8 2.7
3k Triarrhena sacchariflora (Maxim. ) Nakai 3.1 1.0 1.1
ST Juncus effusus 1.6 1.6 1.0
3578 Tanacetum vulgale L. 1.8 2.0 2.0
HFE Elsholzia ciliata 1.4 1.5 1.1 1.3
A X Artemisia indica Willd. 1.4 1.1 6.0 2.4
R E Setarigitalica (L. ) 1

ISt Cu A RFEBREAM RERER, BB RECH 5. ;X Pb B R, PR 3.3, Afailh
2.5,3kN 3. 155 Cd PR R A, LA SLRX 6.0, 3609 3.2, 30 Ni EB AR, LMY 1.8, RAK. N
T3 8 FAEYIXT Mn BER RYOCT 1.0, WAL EM Y 2.7, R P L OMEMERF T AR
HEBLZHESR. ERNESRPERERETRRD LK. By, #f kR R YRR
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SR FHE TREER L ERTHEYNEFYIERNTEZ00, HRRNBEASE— PR, K%
RURP RS A —FE BB ERY), RA L OMR—MEAR, A— AR, TIEFB A RERRAFR 552
RBZ A TARRER,

1983 4F £ R} Chaney ' $2 A BBV Y R B £ B I5 R H 0 BRAR, WIREFMBEFH Gy
RYEE R BB RIENBEEFRZ —", Brooks A YIM A B EF(FE) & Cd 153 100mg/kg,
7 Cu,Ni.,Pb 752 1000mg/kg, Mn.Zn 3% 3] 10000mg/kg LA_EHIEYIFR Y88 B ALY ; [Fl i X St Y R B )
B AL s/R > LHI4ME (s 1 R Sy BB 30 E R AREESROSE) "™, FHH.BRERAN  BR,
B UEYEYE R RPOFAR, REBOCBIRE BAD 2 XA YE & RPN ER , L b, i — B A 1Y)
s RPN TR, BEa A RS R A, W B & R R Y E SRR I E R8T, XA TR SR
YT RO E Y. £ 3 FREYREEDIMIRRNB I MER WA R LW ESR, X7
HEMIPHRE R, XL SN E SRR A RR YRR, RS HEERRN
Y, Mg — 25 MR S AR,

B RE XD RIFH BRI N AR B R Y AR IE TS R B AR S YR X ) sk
FIPE FERE SR E IR DEIG RS BY B L) S E &R BOKH AL, Frit Y i F i R4
ZAIE . — X B SR A —E T EAE, Y AL R BRI M EER I BENESR; —2HEY
BEREGEREERN, NERRBMER RYERT L ZRAEYEA R, RAKE, ERR, b EFH 2 HY)
ER. FRHENUL 3 REEYIEERRR, ARAEIREINNES REERNOEY, B TERAEA
L EARRTERRIENEE AREESRSEMEN LB L ARBNESRIRES, B
REI T AR B B R T P R TS R B B . BREI A P2 2y gt DR ™ B, @ RIS 2
S BRI AL 2R 3 TR LAY — e e Oy 0 TR, 28R, FLAE PR
BEEEH P ERARRE RSB HIROER SRS, RRRB SRR, Wl HHE—PIEL,

BT Sm MR E B OS, N R R 3R E R THRENREER . B BN TEELET
ARSI TFHIAN B , B AR T B FTR AR S o i+ 348 Mn & B35 3869 me/kg, A,
DRESER Y A EERGIE R K B A RKEYIAN Mn & 80805 ,8 FlY) Mn HRERHCRT 1, BB
A%t Mn B —ERITR 320 XS4 R RAFRE Y A T a5 Y 2R B — 2.

A, T B S RAA WHAE, 7207 i R BR BIRPE, B AT AR 1 3 S B & B {55 1, AT A&
R+ IRE S RAITINRIG L, [F el 2T DRR M OE Oy AR, X IR 3 B AR K R B T LA
NEWI AR TR EG R A RT O YRER,
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