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FERZE S . EaJE Cu Ml Mn 75 H SF AR B & B d5m 40 ik 3 70. 27 #1125, 19 mg/ke, & &K, 2510 1.15
4.54 mg/kg;Zn 1 Ni 16 5 25 K& dw & . 43 5y 92. 28 F1 105, 44 mg/ kg, 1M 76 MR & & s ik, 43 %0 2 12, 76 F
22.16 mg/kg;Cd 7E 25 FB & f e & » g 86. 32 pg/ke, MHHR &t F ik, AL 29. 18 pe/kg, BHF XM AR ESLE LEER
B FNBUT 2 Zn>Cu>>Ni>Mn>>Cd, X % 5 4 J& §% 5% 68 J1 19 K /P BUF Zn>Ni>Cd>Mn>Cu. (48] AR
CuMn.Zn Ni fil Cd 5 Fp 48 198 SR 1 A sk H AT ER B BB @0 P AR KT AS 2 X 268 4 8 9 2, T RETZ 8
Wy HEIA M, AR AT T HEE RIS RED EXWARBE  JLHZE Mo Ni Jl Cd & 285 WY X,
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Abstract:[Objective] This study investigated the enrichment and distribution of heavy metals inclu-
ding Cu,Mn,Zn,Ni and Cd in root,stem and leaves of Imperata cylindrical to improve ecological restora-
tion of heavy metal pollution in tailing areas. [Method]) I. cylindrical settled naturally in Mijiangou iron
tailings in Lueyang,Shaanxi was selected and I. cylindrica and soil samples were collected in field before
contents of heavy metals were measured. [Result) Different organs of I. cylindrical absorbed Cu,Mn,Zn,
Ni and Cd in different ways and these metals were distributed in different parts with different contents. Cu
and Mn had the highest contents of 70. 27 and 125. 19 mg/kg in root,and the lowest contents of 1. 15 and
4.54 mg/kg in leaves. Zn and Ni contents in stem were the highest of 92. 28 and 105. 44 mg/kg,and the
lowest of 12. 76 and 22. 16 mg/kg in root, respectively. Highest Cd content of 86. 32 ng/kg was in stem,
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and lowest of 29. 18 g/kg was in leaves. The accumulation coefficient was in the order of Zn>>Cu>>Ni>
Mn>Cd,while the transfer ability was in the order of Zn>>Ni>Cd>Mn>Cu. [Conclusion) The enrich-

ment capability of for Cu, Mn, Zn,Cd and Ni by I. cylindrical was not strong, but it could grow in poor

tailing soil and change physical and chemical properties of the iron tailings. Therefore, I. cylindrical could

be used to remediate metal tailings contaminated by heavy metals, especially for areas with high Mn,Cd and

Ni pollution.

Key words:iron tailings; Imperata cylindrica ; heavy metals absorption; concentration coefficient; eco-

logical restoration
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Fig. 1 Sampling sites in Mijiangou iron mine tailing
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Mok pH HIE Pk T A A B 2P R R pH Y
T RORM, K 7 54 G K 5. 55, B 12
Mtk Ui B B 2P B AR KO B AP pH A — E
117 EE 5 F Al PR AL A ot AT DL H L 8 50 ARG S 1Y
AHUBTLL S ke e Y R RR LAY 6. 07 %5
ALK LA 8 ShE fid i » 20 0 RV BRI 2. 32 f%5
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Table 1

AN LA 4 SR b - 20 0 RV R LAY 3. 94 %5
M P L1 SR e 290 AP BRI Y 4. 99 1
PH B s i A A ) L 2 120 R AR LAY 2. 0 5.
XAEE R UL, 253 T 20 B BB R B AR5 Y
i 52 4 ELAE AR O A P RE 8 e e D 1) B
EHEAT A SR,

REARET EREREUDRMEAFRBLBEEFBELERILLE M+ SD.n=3)

Comparison of physical and chemical properties of Mijiangou iron tailing sand and root soil of

Imperata cylindrical (M4=SD,n=3)

B A BT OM/ AL K/ AL N/ AL P/ FH B ¥ 3 i CEC/
San;‘;‘)\le pH (g-Ikg b (mgA- kg 1) (mgA- kg D) (mgA- kg 1) o (cmol « kg™ 1) A
Organic matter Available K Available N Available P Cation exchange capacity

Baclf}?l/ll\iﬁ{;%arc 7.43+0.031 0.97-£0.010 0.07840.002 1.1540. 251 1.1640.010 4.9940.007

1 5.8240. 640 3.20£0.120 0.13740.087 3.154+0.023 5.79+0.028 9.9740. 001

2 5.86+0.029 2.12+0.038 0.14140.027 3.52+0.016 5.74+0.006 9.97+0.001

3 6.07+0.026 2.55+0.073 0.12840.049 4.53+0.011 4.974+0.009 9.88+0.002

4 5.92+0. 295 3.70£0.020 0.1554+0. 054 4.21£0.016 5.24+0.010 9.97+0.090

5 5.8940.222 5.9040.023 0.25540.079 4.7340.028 5.3540.025 9.9840. 001

6 6.23+0.090 2.14-0.042 0.15840. 068 3.63+£0.014 4,15+0. 006 9.98+0.004

7 5.55+0. 255 2.49+0.015 0.176+0.029 4.26+0.540 4.424+0.015 9.99+0.001

8 6.23+0.031 1.55+0.037 0.18140.075 3.56+0.440 2.50740.008 9.98+0.001

9 6.0340.031 2.32-0.045 0.13540. 065 3.3740. 650 3.46-+0.008 9.98+0.001
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TG o % R ] 5% - M P 5% o o — 2 o % - 4
B EE R KR EA R T 9 N E PR I Zn &
EARBEE ESE CuEER 1 S 7 Sk A
HA B R A AT T AR Ah, oAy T AR

A PR bR v R R 2 R 3 S R A IR B HE(E Y
2.27 1% E 48 Ni.Mn fl Cd 5878 9 e R
b o N AR f 2 192 4 5 FF L I8 AR
(9 14. 79 4 s Mn B bR fx Z 192 3 SR 5 bR EE
2. 03 4 Cd bR 2 (92 9 5 FF 5 B R HE R 1Y
10. 53 1 o IZEREW ALK R X
EJE Ni A Cd 5 i w2 R W — LEA ) A REAE Bk
A IX [ 2R € Ja 1 B2 R T T 2 50 RE A8 e i i
L Jim ) R E e ARG DT P X X S G R
HA —E W 32 1A T
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Table 2 Heavy metal contents of Mijiangou iron tailings and root soil of Imperata cylindrical mg/kg

# 5 Sample Cu Zn Ni Mn Cd
JEWL #EH Backfilling bare 118.5243.53 246.90+38. 50 650.3041.77 1522.60+15.46 3.36+0.05
1 47.354+1.13 94.57+1.50 128.754+1.77 736.75+8.06 0.64+0.21
2 54.1240. 56 115.3040. 71 148.17+1.62 847.23+14.16 1.1640. 10
3 113.67+8.94 181.8141.02 513.15+4.02 1 385.28+6.05 1.8740.13
4 92.7547.80 218.13+1.40 591.76410. 07 1368.30+3. 14 2.46+0.11
5 79.74416. 67 133.08=+1. 22 230.25+1.01 874.86+5.76 1.3540.08
6 52.7549.03 74,69+1.52 141.6740. 99 739.04+16. 63 1.2540. 14
7 32.84+4.28 83.97+1.30 129.9840. 89 724.50+6. 84 2.76+0.06
8 56. 1044, 28 167.64=+2. 36 244,95+0. 44 739.40+5. 84 2.0540. 36
9 87.6444.28 196.58+2.01 550. 63+2. 20 1233.45+9. 24 3.16+0.11

b b o —
sio%iviigiﬂrf (qjafit; 50 200 40 684 (77 S 0.3

standard (Level 2)

Background value)




%A R 56 BR AT R DX 1 2 X 4 R A RO A AR 87
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M3 LLE . HFEMR . ZE 1 Cu,Mn,
In Nifl Cd HHAHE —-EMER., MELE Cu
EORNE AR DL AR T2 R
TR Hph 5 SR A B &AL Cu & &5
AR ER BB Cu & &5 70. 27,8, 51 Al
2.79 mg/kg, X FW] Cu 78 15K N 1 50 1 £ 2 AR
AR . 2 a5 R R AR Cu & 5
fFRALE) Cu & BAFTE B & 22 5% (P<<0.05), 4
J& Mn 7E 1 SR A AL 4345 5 Cu AHIR] 38
PN > 25> {2 Mn A5 H 250 #0950 2 =
(125.19 mg/kg) H BUAEAE 5 6, 1M 25 A R 19 35 5

s BUAERE AR 5. 7 2240 M R WL Min AE [ 350 Ak
*E\éﬂlﬂqu%E%ﬂﬁﬁﬁ%%j@r(f)<o- 05),
CiEy WARISE iRy SN R S A RS &N 5 )
B9 A HE S R A AR A KL H
KR Zn EEEZERE A 1,2 A3 ARARACR LB

i s 1A 92,28 F 79,59 mg/kg. XKW Zn £
P EI ., FAJE Ni 78 H 5 kA [ A7
R B i /I s 3 B 25> >R (H 2R
I AR RE A9, T 105, 44 mg/ kg, MHER Y
R BAE 4 SHE S R 69. 25 mg/ kg, iHS & &

B S AR 2 SRR A, Oy 51016 mg/kg, KR
PR VR X AR R AR S AR KRR
Te] o J7 LA A5 1 28 S [) 3 4 ) 2 4 I 1Y) A R
WAAHFE 7 Ni 4 B RIUMIL IR H ., EL
J& Cd 75 1 35 B R AS 6] 38 A7 o i &% 1 KRBy
AR 9 MR AR ﬂJrEP’“E
RS —F, Hop DL 7 SRS AP 2 & B i
=R 86. 32 pg/kg. XULH] Cd EE%E‘J%%&%}EJ
. FEGRSMEV. AF LW Cd a2
R AR 22 57 18 2% (P<<0..05)

R3 FTRESRERFHICEVERSHEABFTRMULNSH

Table 3 Contents of different heavy metals in different organs of Imperata cylindrical in Mijiangou iron tailings
Siﬁlc Pifigon Cu/(mg * kg™ 1) Zn/(mg + kg™ 1) Ni/(mg + kg™ 1) Mn/(mg * kg™ 1) Cd/(pg + kg™
i Root 28.33x4.07 a 12.7640.65 a 38.5340.86 b 79.78+8.67 a 29.96£3.75 b
1 Z£ Stem 3.214+0.78 b 22.33+1.69 b 83.47+4.18 a 39.78+1.58 b 46.33+£2.78 a
I Leave 1.57£0.56 b 16.2341.06 b 24.3942.55 b 12.13£4.08 ¢ 31.2642.67 b
i Root 20.94x3.27 a 17.35%2.69 a 51.16£6.47 b 100.2544.08 a 41.51£6.28 b
2 Z£ Stem 2.6940.56 b 32.814+3.92 b 64.76£9.59 a 27.16+3.73 b 67.83+£5.87 a
I+ Leave 1.36%0.48 b 16.5442.35 b 39.5243.49 b 4.5440.86 ¢ 36.514+5.76 b
## Root 44.85+1.14 a 13.46+2.95 a 43.934+2.67 b 101.30+1.37 a 69.0545.37 b
3 2% Stem 6.8640.32 b 45.68£9.39 b 76.62415.98 a 22.37x1.67b 85.53%£7.69 a
I Leave 1.21£0.39 b 65.3724.37 b 52.4344.37 b 10.56=0.29 ¢ 68.3724.56 b
## Root 29.94+2.47 a 14.7443.70 a 42.95+0.57 b 101.304+1.37 a 31.6943.41 b
4 2% Stem 3.7940.45 b 87.174+7.53 b 85.214+8.32 a 22.37x1.67 b 56.0845.67 a
I Leave 1.97£0.87 b 63.7948.39 b 69.2546.81 b 10.892£0.70 ¢ 47.65x5.12 b
1 Root 70.27%x5.22 a 17.55%0.75 a 24.6541.50 b 94.3940.56 a 28.7543.02 b
5 Z£ Stem 8.5140.78 b 92.2843.92 b 51.5448.49 a 44.39%x2.85 b 46.78E£7.41 a
I Leave 2.7940.88 b 79.59+9.88 b 45.59£3.13 b 20.0940.85 ¢ 29.87+£3.21b
it Root 60.8143.37 a 18.4320.38 a 22.16+£0.87 b 125.19%=1.18 a 36.2844.39 b
6 Z£ Stem 5.7640.64 b 89.57+£5.09 b 42.29+10.09 a 33.264+0.98 b 75.49+£7.41 a
I+ Leave 1.15£0.74 b 62.0448.14 b 36.724+1.57 b 19.27£0.33 ¢ 29.1842.57 b
i Root 51.14=4.09 a 17.29%3.42 a 46.41£1.80 b 65.1311.82 a 68.0447.89 b
7 2% Stem 5.8940.66 b 86.89+8.28 b 93.844+17.98 a 30.614+0.88 b 86.32+9.31 a
I Leave 1.64£0.45b 71.0249.41 b 69.164+4.14 b 7.8640.99 ¢ 38.6843.67 b
## Root 61.2441.09 a 19.6342.26 a 53.794+1.53 b 89.83x1.12 a 47.02£5.47 a
8 2% Stem 6.5740.87 b 80.4943.34 b 99.87+3.77 a 32.5340.48 b 57.2545.43 b
I Leave 2.1540.97 b 62.0643.38 b 69.9742.29 b 6.5240.21 ¢ 36.561+4.82 a
i Root 69.38+2.59 a 16.1340.97 a 50.73+3.42 b 104.3840.88 a 44.0443.32 b
9 2% Stem 6.3640.43 b 72.54%5.52 b 105.44£7.35a 30.30+0.18 b 53.914+3.16 a
I} Leave 2.1340.88 b 50.2944.21 b 64.4941.89 b 7.1440.45 ¢ 29.5341.56 b

E : [ BB 5 BRAS [RGB 3R RO (] A 341 i) 25 55

B3 (P<<0.05),

Note: Different lowercase letters indicate significant difference at the P<C0. 05 level.
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K, 0. 55, T MR Y B 4R AR Ko/ A 0. 13,
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4 J8 Mn 75 B 5 MRS B9 & AR R BUR KL 22 /)N
WERI =5 AW R BAATE B 2255, Ni Al
CdTEEF MM E £ R B hm . B 5W 3 f7
TEW] S 22 S, AW IX 2 4 )8 7E H P AR 8 £ B0 A
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AT B A Y X E AR 8
i — M AE ) 100 £5 LA b o RS G L AR 1 W
1 000 mg/keg, X 4. BF A9 W 0 B8 10 000
mg/kg; & A Y X ] T A S — A
FRAEAE THE Pt b 38 & 4 RECK T 1, R WA 9y b
LEREAME SR SRR T AR A E 4R
e = . AR d . A F Zn.Cd Mn ., Ni fI
Cu 11 W B o 34 55 A 3] 8 & AR AL 1) B o OF HL Zn,
Ni F1 Mn 3 B4 J& 78 (158 &350 10 & £ R E9/N T
0. 80, JLH: Mn, Cd 7£ 1 3 4% #B 4 11 & 4 R 3/
F0. 10 (02 3R 3 B 550 25 F A7 BT 7 4 Ja 11 A o
KE L HFAFA A Mn & B AE 5l 48 i
1R XS B R SRR 2 e Min (S 2 B e e
XAFFA Y X T 4R 0w SR, B
T4 R O R R R A R P TR AR A RO T AR
EEERBITE L. L ERESETERNE S
FEHAEN

FI4 BFEKTEBUNESENESEREBHE

Table 4 Accumulation and transformation of heavy metals by different organs of Imperata cylindrical

Ed w % Z 5 (EC) Enrichment coefficient R ZR(TE) R R ) Y
Heavy metal M Root Z£ Stem I Leave Transformation Retention rate
Cu 0.804-0.42 a 0.1040.04 b 0.0340.12 b 0.1540.03 84.2142.88
Zn 0.1340.06 a 0.5540.35 b 0.4240.28 b 7.2842.86 —628.89+2.86
Ni 0.19+0.12 b 0.36+0.21 a 0.237+0.13 b 3.21+0.56 —221.04456. 28
Mn 0.10£0.03 a 0.0440.01 b 0.01£0.01 ¢ 0.48+0. 14 52.49414,01
Cd 0.0340.01 b 0.0440.02 a 0.024+0.01 b 2.4340.48 —143.15443. 38

TE < [ AT B0 5 A 18] 5 B 3R 7R AN [ b B ) 2% S5 4 25 (P<20. 05)

Note:Different letters after the data at same line indicate significant difference at the P<C0. 05 level.

R ABUEAYM EA A E SRS S HEY R
XTI 45 R Y B A S B TR G JE TE AR ) AN [
TE P EAFR . ANF 4 TR L RS
T 5 R A BE N IRIRER I Zn>Ni>Cd >
Mn>Cu, ¥ Zn BB R &GN 7. 28,1 Cu fx
R AH 0,15, FAJE XY W fa F 3 L AE TRk
FOGA AR 0 AR BRGS0k 06 46 e B R TEAR
FRIF W W, S AE ) N G R RE W — Rl N R
WU, KR AR R AR S S ) -y
S BRI 2 E SR E 4 )8 & A L
{EL B Sk A 4 AR 90 i <6 Ji Wi R 3%, LR /N AT D R B A
PR B4 Jm It 52 BE ) AR . 3R 4 A5 ORERB,
H2E X 4 8 Cu Fll Mn A — & it B8 300 . 11 X Zn,
Ni F1 Cd JL-F-Jo i B &0, R B 50 R X 3 A
4 JE AR B 5% F 3 b b 4y, (EAR AR B iR R B 1 &S
[ R 290 o 2 4 8 T4 8 | 28 XX 3
G JB T 32 PR B E . 3X S AR AR AR T X T IX

J5 37 b, S S X6 T 6 S Wi B K A TR A SR — 3K
2 F R AN Cu.Zn Mn ., Ni,Cd % 5 fl &
S JE BN EEEM A PR S Mo, Cd
FI N A B 1 3 5 IF AR X U8 BT B 28 0 B B
T BB A% AE Mn, Cd Fl Ni % 5 85 5 H 3708 92k
b AR K AT AR S A Mk R XA Pk R Y

A FEAEY) .
3.5 THREAEAMEREBFEMUEEREAE
A X1

M35 5 A0, FISE MR ER Zn & & 5 R0 JE 5t s Ak
K FE7E 5 A0 e (P<<0. 05) , (A 25 FIt 3B Zn &
iR B A NOAFAE R R O (P <
0.0 I HEZFMH Zn & 5 B0 B FH & 1
i (CEO W AAEAR 25 AH OGP (P<<0. 01,
FUER NI & i 5 R pH 2 B #F EAMHK(P<
0.05),Z5#B Ni & & 5 B A HLIE (OM) 7 & 2 )
W R O (P<<0. 01), MR Mn & & 54 HL %K
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(OM) S B EEH % (P<<0.05), BW 3P 5 Fff
FLBSERT Culg Cd (b AAELEFH 2 UL AL,
Cu.Cd 5 HAth 3 F 4 & 8] Y A7 76 A% 8 35 1 A0 OGO &R

(P<C0.01),Mn,Ni fl Zn A1 5. 2 [6] B 4F 1 o 35 1F
AHEME(P<C0. 01) . X FE 4 1 B 5 Fh 8 4 J& 19 ok TR
AR Bp i B =2k

RS KFAYETERIEBUEREEFESEASNEXNY

Table 5 Correlation analysis on soil physical and chemical properties in Mijiangou iron tailings and contents of
heavy metals in Imperata cylindrica
— e g o e
E ej}\v)f rifl Cu Zn Mn Ni Cd pH /\%ﬁllagl e /\ji):}lllalf))l e /\%aﬁ(agl e ﬁ( t)&/[ﬁﬁ g {Z ;
N P K CEC
Cuy 0.105 0. 055 —0.091 0.071 0.268 —0.352 0.502 0. 006 0. 655 0.277 0.418
Cuy 0.321 0. 144 0.070 0. 150 0.267 —0.433 0. 489 0.226 0. 447 0.202 0.461
Cus 0.159 0.371 0.025 0. 184 —0.111 0.224 0.232 —0.139 —0.097 —0. 155 0.142
A —0.429 —0.237 —0.530 —0.397 —0.674 —0. 085 0.628 0. 396 0.701 0. 587 0.597
Zn; 0.022 0.131 —0.004 0. 146 —0.509 0. 370 0.850" * 0.319 0.637 0.474 0.632
Zny 0.323 0.258 0.229 0. 301 —0. 604 0.463 0.810"* 0.494 0.510 0. 350 0.701"
Mn,; 0.232 0.110 0.148 0.176 —0.353 0. 104 0. 490 0. 308 0.635 0.702* 0.313
Mn;, —0.182 —0. 443 —0.486 —0.482 0.323 —0.581 —0.298 —0. 288 —0.062 0.068 —0.418
Mn;y 0.104 —0.292 —0.137 —0.172 0.058 —0.337 0. 260 0. 155 0. 304 0.593 —0.068
Niy 0.014 0.437 0.216 0.282 —0. 105 0.443 —0.208 —0.167 —0.332 —0.663 0.102
Niy 0.031 0. 484 0.239 0. 395 0.183 0.566 —0.235 —0.537 —0.329 —0.816** —0.094
Ni; 0.220 597 0. 370 0.525 —0.491 0.797" 0.554 0.165 0.171 —0.231 0.620
Cd; 0.070 0.021 0.165 0.108 —0.271 0.312 0.052 0.221 0. 081 —0. 249 0.353
Cd, —0.056 —0.254 0.052 —0.076 —0.352 0. 085 0.238 0.495 0. 340 0.231 0.430
Cds 0.625 0.461 0.662 0.529 —0. 241 0.414 0.074 0.420 —0. 265 —0. 241 0.213
Cu 1 —0.211 0.252 0.273 —0. 085 —0.130 0.297
Zn 0.804** 1 —0.293 0. 285 0. 080 —0.170 —0.374 0. 320
Mn 0.917** 0,842~ 1 —0.157 0.197 0.174 —0.167 —0.278 0. 285
Ni 0.874** 0.928" " 0.958** 1 —0.188 0. 280 0.061 —0.079 —0.312 0.313
Cd 0.665 0.859 "~ 0.798** 0.906** 1 —0.365 0.451 0. 085 0. 147 —0.275 0.532
W1 Cop RFMR A Cu; Cup RFEZEFM Cus Cus RFMHHH Cus £J8 Zn Mn Ni Hil Cd () FARETF RIBFBOAAHF 2. “ %« "FRFEP<

0.01 ARF EZRFRF ;" » "FRRTE P<0.05 KFP EEREFE.

Note: 1. Cu; represents Cu in root; Cus represents Cu in stem;Cus represents Cu in leaf; Zn, Mn, Ni and Cd have the same digital expres-

>

sion; 2. “ * *
:k N
4 én T

K A R R AT X R 4 e A Ak
SE SRR AR ZE R AR S e, I
BT T B 20 0 A [ o 46 e e AR RE ) KNI 25 e 4
e Lip

DOKREiE B XN B+ E 48 Mo, Ni
M Cd &t s 0 AP AR 7 2k B 0 b b IE W A
Ko I Hooe s 7 HARSE 80 8 520 R &% & M pH,
W8 B 50 6 R T A B LA A I T R I

2) [ 25 A A AL %) 5 42 J& CdLNi, Zn, Mn il
Cu IR i AFE — 2R, AR5 ME
&) s R R B /MRIR Ry Zn>Cu™>Ni>Mn>
Cd, X & HEHE BB EE KK EIR R Zn>Ni>
Cd>Mn>Cu, Hiif %t Zn 0956 5% 2 B R (7. 28) .
i Cu A €0. 15),

3) F SR N E 42 R A i oy A AR DG 43 A 2%
Bl A3 Zn N il Mn & &= 5 B 3L 5

"represents significantly different at the P<C0. 01 level;* *

»

"represents significantly different at the P<C0. 05 level.
— BE A PR A — AR, B SPR N Lt R
5 AL TR OGRS SRR T 5
A A SR ] BTk A B A
4) BF AN A AN A 7 R WY 560 T AT
5 — & W 32 B A AT DL B R 0 XA Ak &R
14 SC B iR b, JC R AT AR Mo Ni A1 Cd 5 i
B BB X5 g R B Z A .
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