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Soil heavy metal pollution in situ remediation technique-based
on plant evapotranspiration bionic development
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Abstract; Remediation of heavy metal contaminated soils was studied in this article, using the in
situ remediation technique based on phyto-mimic method. Results showed that the reduction rate for
heavy metals of Cr, Ni, Zn and Fe were 12.8%, 4.1%, 27.6% and 16.8%, respectively. Four
factors including the proportion of activated carbon, the loading mode of filler, the height of the
device and the nature of “blade” material were studied regarding the remediation efficiency. The
height and the rate of evaporation showed a negative correlation with the remediation device, higher
device decreased the evaporation rate. The effect of activated carbon amount on evaporation rate of
the device is not obvious.The order of evaporation rate with different “blade” simulating materials
was Glass fiber yarn> glass fiber cloth> cotton yarn, and the evaporation rates were 100.1 g-d™",
64.8 g-d”" and 61.6 g-d™", respectively.
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B NS LA A A7 R S ) BB FAR TR A2 s A LA SR W A TR AR A AR TR B B
ARRAE T SC IR Tl = IR HER A2 & 2 RO NETS Y AW e A H R S R 48, S8 E R £
HEVS YU S R 3T YA S 7 S e AR RS TRE, SR R OK TS Y R R
38 AR =M A BRI T Lk 22l i B W R R A e IR, R AL S R P I R gk
J& O 2014 4 4 F | [ 1 GRS RN PR LRAP SR A 11 42 S YOIR B AR AR R, 36 3R R
DUBAA IR, B0 M X 3935 Y5 o, B - PRI b R DE , T b 5 b R SRR R R A 4
3 B R AR 16,197 DRI i i e 30 2 i 3 o L3 T I

FR, W W s e kA e 2 (b2 ie 2 BB R L kG BE Hh Y e a4
T % ik RN ZETR RIS O TR S O R (TR AR, AR R -
JE LB T AT N A A bk EE R AL B R HUEOR T DA R A
AR UL KL 3h 1y 2B 4 AL B F R BRSO A 385 Y 1) B0 (R0 TR 25 5 AR - SR 45 4 |
Rl A A2 R T 2 5 i RIS YA Il AR W B 2 R 2 HG AB 2 BUEY B E SR
AELVION s E B RS ORISR RO T A B HOR R R (B T A
ST TR R MR I A 7= [N 52 B S A A R RS 3225 2 P A BRI, DR Tf B 32 S .

A EYEA A B E HMIE R SIEEETT  — R IR R R — R TR O A
59 ML A RHE A HOR T AZHOR T i B A 28 1 1 R 2R R Ol S A AR &R il &
HOK X — ARG P B T BT R0 A 175 Y 3R IR [ R85 5 R ke B Bl e
Y160 B PN e R 1) () P, o SR YR 114 < TR 8 s i 1 B P S ORI R L [T R, MR T
TR G R A UK A [ L B 0 H B ARSI T A5 A IR R XA 05 A B S BRI
SN, A IR IR (8 LB A A A 3.

1 #ES 1 ( Materials and methods)

L1 kR
A AR E B DT R T e B N Pl 2B Gt R A5 P 1 B R, 22 HARIT (g B
Jaid 100 HbH, & L LEA B PR 1.

F 1 AU T

Table 1 Physicochemical properties of the studied soil

SN

ﬁm}ﬁ P ZIn/ Cd/ Cr/ Ni/ Fe/ Mn/

pH Organic/ Total P/ » » N N N N
(ke ) (ke ) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™") (mg-kg™)

4.8 6.3 67.6 394.8 0.8 2556.9 122.3 68695.9 253.2

F A 3Ry pH (B AN b E 4 Jm ) B nT A i - S b E 48 Zn  Cr AT Ni A3 SRR 2o [ 5 1
BT bRE (GB15618—1995) —HARMEM 1.97 £5.10.2 £ (/K H ) [21.2 £5%5H01 3.1 5. Fe E MY A K
MIA 10 R ANE TE AR TS Y 7EnE (A 1D Fe JoR SRR, LB ., v] LIAR B 5 [
FETAEY 5 A AL A RHE R BRI R, it oG Fe STTRWAEME TR Z —.

PEAE Y5 A B 2 B TR = N H CHIVETE AR, A R HERE R 15 em.

Cas W] B B 2 B o TR R 8L A o e SR D (E R e w33y T F = L PAEM = R L Sy R
1.2 BREEE

Bl 1 R 78 B VR T RNZ A8 2 2% i A B 3 R R 0 A 26 B hy R0 JEORE 28 2R A
T 438 0 A R AR 6 v FE A AT ER A FH A PVC 45 5 W B 500 SRR SR D b 25 1 AR A | W o e 2 4
FPRG B pe BR— o 1 TR A5 T, 2R TR W B R A e 28 h i s Ml B B AR E N
HEEE T IR (7= A EEARE T TERZE K e , 78 R fn e T e iy, HL BT e MB i %6
HEZM B2 R HEA B K LR TR L 26 i, VR AR 00 3 i AR oy 228 R A R 09 3R A
FARE IR 10 28 & TR0
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Fig.1 [llustration of Plant transpiration and phyto—mimic in situ self-sustaining remediation technique

1.3 st

RGBT 4 R DI e BB AT 5 20 B R RE A 520, DA T8 5 2k 8 A T el Ak, (1)
PEBE L] - IR TR G BURHE SR 0B, 2200 ARk 1 e S8R L IR & 9 , 76 LAk
I 509 TR RS i AT HO A BORHAE BE R SZ . (2) eI T7 20 BURE Y Bk SR R A
B AD RS BURHRIE A7 1 3 2B WA T 7 IE e Bt A B 5 O TR IR G EURL, )R
AARE AL EE 6 SRR A, FEIR AR (3) B B 431 10 em 20 cm F1 50 em 45 3 >
BRI IAT S (4) W7 B BT . EECRIMRLD DS LT A A FI RIS 2T 4 22 55 3 FhATEL

PRI, IVEA W] A B B S A R 00 25 AN ] 3 B () 7K 03 28 R A8 A - 34 i
ORI 1 A VR (Z05 28 em  HAE 35 em) , BA2E+ 6 ke MW B 25 E (5 30 em  HAR
5 em) BRETR A IEURL 250 g f 1852 20 B4 A 75 G 35 oK, PR AR R0 1 398 3 T i 28 Ak T RS
PRAE BT 20T B 11 AUOR BA G 52 2 1 2 R AR 03 59 25 ARCEE ik, IO 30 °C I N AR AR B, 3 KPR i
SRR ZE i TS H /K28 R 3% 2 B A B RR AL IRy 2T

&2 R
Table 2 Experimental design

s FER P/ E31WIEN [ “I R
Treatment Active carbon Filling method Height/cm Leaf material
1 A Aoz 20 b
2 s N 10 b
3 A A5 20 e
4 s Vi 50 e
5 A 32 20 UiEd
6 A R 20 b
7 A Aoz 20 PR e A
8 AN N 20 YIS Y22

IRIEAE TR 3 R e SEORFRLR 7 R M S R A 5 i, BURL R AR E B AR
AL I 7 R 4 TR P i, R ORI B B i S BB AR
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1.4 FESVSRAE S0 EE

FITERE R P TS R IUORE | U IR N 10—15 em. 338 58 5% FH 6 7K -1 S TR T A v R B+ 3
0.5000 g, M F7K 8 mL,iF R, 140—170 °C M i Z IR R 2 mL 247, R 2 55 A & AR
3 mL, ZRZEHNHEA (M 140 CH 220 °C) FL & - HETH M 2 0K 1 6, TH A0 IR T ok O Y 40, TR 46
KT UERE A 50 mL AR, AT TAS-990 JE-F W ISASC 5 - HERE v Cr Ni Zn K Fe (55 i

RLALL I ™ P 2 SR P A R 12 42 1 v, a0 48 o U AL i i 2 T OB R S, BT & R
2—3 g FH 1 mol - L") HNO, M= 035V , SRS 11 HE e 25 2 50 mL, A1 I - W e A0 5 v s i vh
Cr.Ni.Zn M Fe & H.

RIS Excel FHH AR, H SPSS.19 #4748 150 #7.

2 L5 59718 (Results and discussion)

2.1 BEAEIEREILL
2.1.1 BREAE KA KA

A0 08 52 10 D B A S A UL ) P 28 A TR 3 I i P 2 R T A%, i — P i
LR RS [T, DA T 2 0 52 1) LAY DR 0, A0 07 20 208 B R K o R 28 R T H R G R T P B AL
A AN 25 BN [RIEURH ST 7K 0 78 AR o PR B 4 A SFOR} 22 G H 28 18 8 ik
HUEOLT Ko Bz KA L AnIA 2 Fs.

120
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80

0 N

Evaporation/(g-d™")

40+ |

20 [

0 ~ : D N\ \~ N\ N\ SN
1 2 3 4 5 6 7 8
Treatment

B2 kpzks

Fig.2 The evaporation of water

A 2 AL ASEACEL T 08 52255 XK o 10 78 2 TR 25 AR I 52 Wil e (IR 0 b B 4 K
KK 20.2 g K B EERZE R 100.1 g 7K K78 k80 56.5 ¢-d ™ BE K78 &, b i m]
TR SR S K% i A 7 A 26 5 30 o 9k EURE I W | [ AR 45 AR B R R R K 4
28 - B W BB i R — KR, X — i R A 1 HER 40 1) A B R AR X K 0 e I, P2
AR RA .

2.1.2 PUHREZW TR R 8K 7E K w2

Bl 3 i L] B 5 A5 e B AU, i 7 (R B DU IR 3 e R B R Ky Rk
ARG B 3 1] I Bl A8 S B ] A AT K | 7K 4325 & AT O S AR S e oA L rh ke 30 00
1652 %6 B 75 R AR A g ) £ B T ROV Y2 1 7 X EAR Y R FNR A BURME A BT,
HERFIEF 61.6 g-d Al 64.1 g-d IR G IHELE L I8 A FE T W B0 T (9 28 & 300N
23.7 g-d7 SR 508 G AR R R R UM G 1B 5 A R 2R R RS A R
50 em .20 em F1 10 em I 978 & #5050 H9 38.1 g-d ™' 169.6 g-d ™' F189.5 g-d™" s i 1tk Ji Ay o) 26
R IR AI 5, —F ZE R RN 61.61 g-d ' F169.6 g-d ™" BLLL« - H-7 (bR 28 & 3
BRI FEMANTF Ay . B RS LT 2 24 > B BE 2T e A > M 20, 28 sl %430l 2. 100,13 g-d ™' 64.75 g-d ™ FlI
61.61 g-d™".
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Fig.3 Effect of filling method, active carbon, pipe height and leaf material on the rate of evaporation

P AR DL 385 A e B AL ™ P RE 3 o DR 3 X A 40 177 A 2 K G 2 R R 38 5 i A
R TN 52 20 v i M A 1 BB 7K 43 R 2 e s SR B R /. RO IR R, K A K R %
B - B 5 450 KR | - AR R AR A 0y s b Tk 5 5 O R B - AL
B SR ARG T 5 T KRS ) - A8 % K R K A% i AR R 5 R R A (8 P AR T R M DG R B
KB RE AWM K A B 78 3K RO 7K 3 78 i 28 s M AL S5 A0 75 2B A8 02 2 1 TP g el K 73 78 R %
B v BE FIASEADL I 7 AR 2 Ml AT LB AR ] 7).

2.2 BEERCR
22,1 THEESESERNZL

BE—A G B SR Hr L3 4 48 Zn Cr Ni Bl Fe S A0EML B AR WA 4.3 T
A Zn M AEH 4 FEOLT Zn &R Z  FEIRA 29.13%.Cr 1Y 2 S AR 2 TR 55K 16.35%. Ni
TR 1 S0 FENL T 4 Ni i T REm 2 FEIRERIA 10.63% X -5 i 48 Fe & AR, Fr LA
BoPW I, FE D Fe 195 A R KA AL BoR 2 S AN T LT Fe TRERZ A
#] 18.96%.

I A T 4 R R BRI, S X IEAH EE 4 P4 8 B AR AN 5 B /R, 1 U | 5506 R 4
M, 2T IEEE R EBE S L E PN E SR & & W B, Kb Zn B 394.8 mg - kg™ FE K F
285.9 mg-kg ™' FEAK 27. 6% (0 £ Wb # 22 [0] 22 5 O0F AN W 3. L3 Cr B 2556.9 mg - kg™ FE AR
2229.3 mg-kg ™', BE A 12.81%. Ni H 122.3 mg - kg™ FEAL 2] 117.2 mg - kg™', FE K 4. 14%. Fe H
68695.9 mg-kg™'FEKF] 57167.6 mg kg™, A% 16.8%.— A P 3 Zn Cr Ni Fl Fe %5 4 Fp 4 J8 W
AR A 45 B 43 510 108.9 mg-kg™' .327.6 mg-kg™' 5.1 mg-kg™' .11528.4 mg-kg " W15 A= 16 55 20 8 %
TR B EE 4 8 B T HAA AN A A REAIRRIOR , 3XORH G J8 A B PR BT — o B G R |, LRI B SR 14 28 7R A
5K, [R5 o 45 Ji ) s M A AR A 2B DT AH G
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Fig.4 Change of heavy metals in soil one month after different treatments
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Fig.5 Comparison of the reduction rate of Fe, Cr, Ni and Zn in soil

4 T 4 T B - AN )RR B2 1) ALK, 32 B2 oh 0 A 28 B 0 3 4 T 104 WO SR A D R e 75 3
BT AN ) 4 B8 IR BT R 0 1 25 S AR A 0 2B A8 52 2 i v EORHI B 50 = 20 B e e e
FNE TS, B 4 B 7 L3 o 5 ok ey AR R} 22 B] 1 12 48 i P O A 45 TR A TR B S5
LA LR FEAL > B4 B E A5 e L 3erh | R 5 4R B T 1R AE 55 S e b, B —Fh & S8 55 7
FIAFEAE S0 A7 B A B8 1 A W B 72 A= 3 /2 F 7). Heidmann 2578 BF9T T Cu \Pb 7E R4 f7 USRS
WL BE, 2B Ph AOAFAERRAR T Cu BUMRERE, FL Ph A B g | L R0 A0 A Bt i A X1 4k 55 26 B 9 %
MAEE AR T  SAETE G A L Cu F1 Cd A IR B o 2404 B I8 A AR AR, 3k 2 2 R Ay P TR A i e —
TE IR, 8 () X W2 AT s, ) 5 4 (7 5 W2 RS e AR T LA 24 Zin Cr Ni R Fe A7 F 2 7 W o 590 I 4 2 i
2y T AESE W R W R A 1 22 /0 T 5 S e ) R B sSAR G V5 e L Fe 9 5 i B S B B E
SIEFEAMER N F LR, Fe (G4 T RZEAIMBIHL A, T BORDREE A 8% 1 b 7 St W j
EEAE. TSR B TS HRBE ITUF N Fe®* AP SH*>Ca® >Mg™ >NH] >K* >Na*, {11l o] L Fe'™
(A RE AR, B 7E— R B BB T B B TR Flogeac 451 BT 55 Wi 1E 3 Fhgg 73447
i, B4 SR A I AR G A P B 52 4 B R/ INITURE A Cr>Cu>Zin. Antoniadis 255 #5981 Cd \Ni  Zn 7E
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Fig.6  Adsorption of heavy metals by the filler in different treatments

RIS ZE 0 W] A1, R X Zn, Cr o Ni I Fe %5 4 PP 4 )8 19 & S & 20 5128 194.96 mg - kg™ |
266.24 mg-kg ' 44.96 mg-kg ' Fl 10989.26 mg-kg ' IR Fe i & e, Cr Ml Zn SR Z NI 05
IR AT UL SEDREX AN [ 5 45 i 1 WA R 1 (R) A7 7 T S 2 S 3k 5 JEDRS R RS 55 g o 288 | - S R e kS |
G BB Z RS VR AN B s DA G, TR #E 5 B AE T AR £ ks s £ 3 Fh G
T WrxF Cd> W FRFRCR , 25 R R TR B & 451, X Ca™ By W B 0 AR B/ MR Ry
BASEREIE £ B A KA A 5K A b AR B SE T 48 Cu Pb Cd Rl Ni ZERZE 4 o 5 W BHRRAE , & B
R ) 4 il 42 T B RE 3 R/ R P Cu™ NPT Cd™ XA UR %5 BF 98 1 e W& A R 52 A1
PIFP L LT B B— Cu( 11 ) W M Cu( 1) —Cr( V) AR Cu( 1) B9 FFIHLE , & B 04 41 %F
Cu( II') BB 445 Freundlich J7 2, 1B & 08 A7 SR THA 2 Fh e A — 2 WAL, B A 5] R .
MM AXS Cu( 1) BYMRFATF & Langmuir J7 8%, 10 B H Ry 802 251 W B BIA 27 2 B e e 4 0 558 i A %of
Cu( 1) FOMZBFRRE I N , Quepsr> Qs » Qo> Q cocuss s - FTELTT UL W B FORL P 2 FHR S 26 079 4
JE BTN T A W PR AR B 5 5 DR 3R T 2 52 i JEUARE X0 i 4 T 25 110 WA R R o S .

ML 6 1] LAE Y Al Fh 4 JR e AN W] AL BRSO T SEOREXT e AT TR IR B A 7 A 25 5.2 5 5 S Ab i
TIRVE 4R Zn B Cr IRAGS 5 58 6 SACHE T R E 4R Ni Fll Fe MR ,5 S0HX T4 Fh 48
HOA BT R B B, S T T AR 05 A48 52 20 B 0 — P s o AR AL B R TR AR BEF  [] o 4 Je e o
PERERY 22 S R B 1 s o Lo ] e 3E 5 2 A8 v JEEARASE 40 I 7 B b Bk I 261 [R1 3R AR 0 175 A 1
S PEREAEAE R .

223 B E A R S R AR

B G e+ Y B A R LA PR OR AR A, — A U5 A B S D i RO X i 4 T 1
FREAVE R, R R 2P0k B sl S Oheh iz B 0 5 1 B 4 e sl ok /K A3 is S e RS BB i 7 1 Ik .
W [FIREIE TR i R A e A AR Ak, 4 IR LR 3.
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F3 OB P ESE TR

Table 3 Heavy metal content in the simulated blades

QbR Zn/ Cr/ Ni/ Fe/
Treatment (mg-kg™!) (mg-kg™!) (mg-kg™!) (mg-kg™")

1 181.1 30.4 63.1 10258.4

2 144.4 36.8 90.1 5766.7

5 11.4 27.4 29.8 7307.5

7 18.1 18.0 28.3 5627.1

8 114.9 70.1 38.9 4719.2
" ik 4.0 4.9 4.0 190.3

X et .

P i 22 3.1 3.8 15 81.3

M1 3 TR BN 7 R A TR R AN [FIAR SR I v e B A < R A% AN A T
Hodr Zn Cr Ni Fl Fe 7ERSILMT H e KB 4350 8 181.1 mg- kg™ . 70.1 mg-kg™ .90.1 mg-kg™" Fl
10258.4 mg-kg ™' A UL FELH) 05 1 2 S ROASEAL It [ A BE 405 A% R 398 o %) T 4 a0 R W A ADL <
Fi 7 AMAE 387K 53 2% S M - S v P o 4 S a2 A% Oy i BT T AR, i ELBE A% A R BRI B 7
R LA e Y A1 B R A h B A AT .

3 %518 ( Conclusion)

(1) R A8 = EARAT R FEAR T L3P Y Zn (Cr Ni Fl Fe &5t 00 TR & mAEY 05 18
B BRSAME. — DA N 2 Zn Cr Ni Ml Fe 55 4 5 G Jm W 2 A 09 46 05 (6 73 501
108.9 mg-kg™' .327.6 mg-kg™' 5.1 mg-kg™' [ 11528.4 mg-kg™'.

(2) TP LA SEORRRIRC 2 B B ey BE M I R B S5 4 i DR 320 AL 5 A 3 1 S IR AT
TE—SE R

(3B E R BB M7 A K o0 78 A Al i < i ) A i R - T TR ) T A A 5
AEEARH.

M

2% 3L ( References)

[ 1] BoKMI5 8B HORBI T BUR S 1]. i dERE, 2009, 21(2/3) : 558-565.

LUO Y M. Current research and development in soil remediation technologies[ J]. Progress In Chemistry,2009; 21(2/3): 558-565 (in
Chinese) .

[ 2] s, Jiuh, 4007, B EamER HRNIBE SBERBCRIFN IR )], hERE, 2014, 30(20) : 161-167.

XU L,ZHOU J,CUI H B, et al. Research progress in remediation and its effect evaluation of heavy metal contaminated soil [ J]. Chinese
Agricultural Science Bulletin, 2014, 30(20) : 161-167(in Chinese).

[ 3] FRIESL W,Friedl J,Platzer K. Remediation of contaminated agricultural soils deal a former Pb-Zn smelter in Austria; Batch potand field
experiments[ J]. Environmental Pollution, 2006, 144(1) ; 40-50.

[ 4] VAZQUEZ S,AGHA R,GRANADO A. Use of white Lupin plant for phytostabilization of Cd and As polluted acid soil[ J]. Water Air and
Soil Pollution, 2006, 177, 349-365.

[ 5] & R, RIETR, A5 T PO 57 o B Tl bl o 4308 7 4 J Vs e A S5 AR S B [ )] BRBEAL4% 2014, 33(3) : 1-8.
HAN J,XU Y M,WEN Z F, et al. Investigation and ecological risk assessment of heavy metal pollution in agriculture soil of an abandoned
electroplating industrial park of Chongqing, China[ J]. Environmental Chemistry,2014, 33(3) : 1-8(in Chinese).

[ 6] HAEL,KVR 1P RALEY T4 E S X AR R XS PEAE [ ], 2542, 2010, 31(2) : 403-408.

CUL Y S,CHEN X C.Bioaccessibility of soil cadmium and its health risk assessment[ J]. Environmental Science, 2010, 31(2) . 403-408
(in Chinese).

[7] ABEAPHMELFER 2EH L85 R MAEAMIZ]. 2014-4-17. http://www. zhb. gov. en/gkml/hbb/qt/201404/
W020140417558995804588. pdf

[ 8] SEIBERT J J, KUNKEL A M, ELLIOTT L J, et al. Remediation of elemental mercury using in situ thermal desorption (ISTD) [J].
EnvironSci Technol, 2006, 40(7) : 2384-2389.

[ 9] CANADAS I, NAVARRO A,MARTINEZ D, et al. Application of solar thermal desorption to remediation of mercury-contaminated soils
[J]. Soil Energy, 2009, 83(8): 1405-1414.

[10] LESTAN D, POCIECHA M. Using electrocoagulation for metal and chelant separation from washing solution after EDTA leaching of Pb, Zn



1406

7 A 14 35 4%

g3

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

(23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

and Cd contaminated soil.[ J]. J Hazard Mater, 2010, 174(1-3) . 670-678.
LESTAN D, UDOVIC M. Fractionation and bioavailability of Cu in soil remediated by EDTA leaching and processed by earthwor ( Lumbricus
terrestris 1.) [ J]. Environ Sci Pollut Res, 2010, 17(3) : 561-570.
B R RN AR ) SR AL S A T e e T S X R R BRI S M e [ 1] SRR, 2014, 34(11)
2853-2860.
HAN J,LIANG X F,XU Y M, et al. In-situ remediation of Cd-polluted paddy soil by clay minerals and their effects on nitrogen phosphorus
and enzymatic activities[ J]. Acta Scientiae Circumstantiae, 2014, 34(11) ; 2853-2860(in Chinese).
WEI C FENG R,TU S, et al. Effects of Se on the uptake of essential elements in Pteris vittata L[ J]. Plant and Soil, 2009, 325(1-2) .
123-132.
JEJR . TR IR M BORFE SR [T]. IS JORBIEOR 514, 2002, 3(8) : 36-40.
ZHOU Q X. Technological reforger and prospect of contaminated soil remediation [ J ]. Techniques and Equipment for Environmental
pollution Control, 2002, 3(8) : 36-40(in Chinese).
TAKESHI KAWACHI, HIROSHI KUBO.Model experimental study on the migration behavior of heavy metals in electrokinetic remediation
process for contaminated soil [ J].Soil Science & Plant Nutrition,1999,45(2) :259-268.

BEARSR AT, TG, AF R TS R B S BOR BB SR [ )] RO IRER AR, 2013, 32(3) - 409-417.
HUANG Y Z,HAO X W,LEI M, et al. The remediation technology and remediation practice of heavy metals-contaminated soil[ J |. Journal
of Agro-Environment Science, 2013, 32(3) ; 409-417(in Chinese).
TR, BRIFDR. 6 )8 15 S B BRI S R HBUR [ T] . JuBRFH=iE)R 2002, 17(6) : 833-839.
WEIL Z Y,CHEN T B. An pverviewon the status of research and application of heavy metal phytormediatioN[ J]. Advance in Earth Sciences,
2002, 17(6) : 833-839(in Chinese).
RN R B oEILRA , A5 AR BRI e TS e I S P M T S BT [ 7] AR5 24,2003, 14(1) ¢ 143-147.
WEI S H,ZHOU Q X,ZHANG K S, et al. Roles of rhizosphere in remediation of contaminated soils and its mechanisms[ J]. Chinese Journal
of Applied Ecology,2003, 14(1); 143-147(in Chinese).
GLICK B R. Phytoremediation; Synergistic use of plants and bacteria to clean up the environment[ J]. Biotechnol Adv, 2003, 21.
383-393.
hag WOk B RN S N AR TR R AL R 4 R TS e L B ST [ 1), RS, 2013, 50(1) : 195-202.
MA Y,LUO Y M,TENG Y, et al. Effects of endophytic bacteria enhancing phytoremediation of heavy metal contaminated soils[ J]. ACTA
PEDOLOGICA SINICA,2013, 50( 1) : 195-202(in Chinese).
GUILLON E FLOGEAC K, Aplincourt M Competitive sorption of metal ions onto a north-eastern France soil. Isotherms and XAFS studies
[J]. Geoderma 2007, 139 180-189.
PRI, ST A 8T , 25 S T AR 05 A2 015 B L3RR A MBS R BN 5 - E, 201410001839.7( P]. 2014.01.02.
W, XIARAR. AR T ()], RHUIEHTSE, 2004, 5. 287,
HIFE. HYZRIB R ER Z AN T]. KR, 2010, 26(21) ; 131-135.
DONG Z J. A primary discussion on high velocity of plant transpiration[ J]. Chinese Agricultural Science Bulletin,2010,26(21) : 131-135
(in Chinese).
THOA. BHOKGZRIEWRR R [T]. PE/KF], 2003, 2: 26-29.
KA, B S0 AR R T AR B I IR SRR [T ] AR R R 24, 2011, 31(7) ; 183-189.
ZHU J,WANG P,LUO W L, et al. Present situation and development of adsorption of diatomite for heavy metal ions[ J]. Journal of Central
South University of Forestry & Technology,2011, 31(7) ; 183-189(in Chinese).

LRGN, SR TR P W AR R[], 1, 2008, 40(5) : 706-711.

LIN Q,XU S H. A review on competitive adsorption of heavy metals in soils[ J]. Soils, 2008, 40(5) : 706-711(in Chinese).
HEIDMANN I, CHRISTL I, LEU C, et al. Competitive sorption of protons and metal cations onto kaolinite ; Experiments and modeling [ J].
Colloid Interf Sci, 2005, 282. 270-282.
XIARTT R S LUE, 45 B TR R P R SE S By 2SI AR S AR TR S SE e B A [ 7] AT R,
2000, (30) . 10-15.
HA S IREN]. e M. diat s ER R, 2010.09.
HUANG C Y,XU J M. Soil Science[ M]. Bei Jing: Agriculture Press of China,2010.09(in Chinese).
ANTONIADIS V, TSADILAS C D, ASHWORTH D J. Monometal and competitive adsorption of heavy metals by sewage sludge-amended
soil[ J]. Chemosphere, 2007, 68 489-494.
FHEE, RO, AR, S AT G YRR Cd™ BRI T] . 224 53REE2AA, 2007, 7(4) ; 58-60.
WANG Y X,ZHAO B,TANG Y, et al. Study on the characteristic features of Cd2 adsorption by different clay minerals[ J].Journal of safety
and Environment, 2007, 7(4) : 58-60(in Chinese).
TR, 2232 RINER R T T T R S Y IR B R KR [ ). AR AR, 2007, 27(9) : 3812-3819.
ZHANG ] C,JIANG J,ZHU L J, et al. Adsorption and competitive adsorption of heavy metal ion by clay mineral [ J]. Acta Ecologica
Sinica, 2007, 27(9) : 3812-3819(in Chinese).
XIRAE , BT, /e, . Cr( VD) X RIRORS 07 W 7E SR — RSP Ca (D) WM RS2 [ )], SRR, 2014, 35(1):
254-262.
LIU J J,LIANG D L,WU X L, et al. Effect of Cr( VI) Anions on the Cu( Il ) adsorption behavior of two kinds of clay minerals in single
and binary solution [ J]. Environmental Science, 2014, 35(1) ; 254-262(in Chinese).



