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Abstract
was added into soil during the growth of plants, and the soil Cd was divided into five forms by Tessier classification method to understand the
dynamic changes of Cd in soil. [ Result] Results showed that citric acid wastewater increased the adsorption of total Cd by plants and the ad-
sorption rates were rising with the increasing of citric acid wastewater concentrations and prolong of time. Different to the total Cd, the highest
adsorption rates of exchangeable Cd occurred under the 75% relative concentration of citric acid wastewater. During the whole test, the propor-
tion of exchangeable Cd was increased, especially under the treatment of 75% citric acid wastewater; the proportions of residual Cd and car-
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[ Objective ] To explore effects of citric acid wastewater on plant cadmium absorption efficiency. [ Method ] Citric acid wastewater

bonate-bounding Cd were decreased gradually; while proportions of Fe-Mn oxidation Cd and organic Cd didn’t change significantly. [ Conclu-
sion] With the application of citric acid wastewater, residual Cd and carbonate-bounding Cd have a tendency to convert to exchangeable Cd.
Among them, the conversion trend of high concentration citric acid wastewater (such as 75% and 100% ) is more obvious than that of low con-

centration citric acid wastewater and deionized water.
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Table 1 Properties of citric acid wastewater
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Fig.1 Effect of concentrations of citric acid wastewater on ab-

sorption rate of total Cd by plants
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Fig.2 Effect of concentrations of citric acid wastewater on ab-

sorption rate of exchangeable Cd by plants
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Fig.3 Changes of proportions of different Cd forms in total Cd under different concentrations of citric acid wastewater

1000 B E A
100
- 80
5
T 60
:
40
2
)

O g < o < = 4 =
= e EER Ertp BB
R w3~ ®wS°®  ®3® Wi ®

(% Q
2 = 2 (=
AHE] Time
120
_ 100
5 8
=
2 6
£
240
a0
20
EOHM 7S 7o M = =
Megg HmRe EEE Ese Eew
WwE S w8~ ®=° &35 ®E©
é-) Q 2] (o} é)
= & =
AFiE] Time
3 &R
(1) FELAP 0T T ) WM B R R /K R BE FR 6

A BRI FE A 1 T {5 75% BOFTAS IR R A 6 R4 W i ]
SRS R WA T R, O ELWGE L i1 BRAE AL PR SE 3 JH 2=
Hak.

(2) TEFPRIZ K IAERTR , vl S A A S Hh 1Y L
B BB TR S, o 75% BRI R K AL BT W] SR A 4R
TE VB B0 7 FEBR T A, KT i 1 e (] A I, M
LA W) B 2 R 7 B TP ) A9 0 s B T T e Y
R BRIRER S, 6 745 5 LUAE T AT AL R AR S B —E TR Y
TR MR ST LAY o5 HAE 156 14 1 A TE B
T A

(3) W AT, FEsm A B 2 B G Cd T5 5 4905
T PR R A BAT Y e L AT o

S 30k

[ 1] BRI, 5 L R A s AR OO A AR T . [+ R
1,2014(8) :26-29.

[2] B, o5 B 5. R R AR R B T U
417,2002,13(1) :109-112.

(3] S, St AT R L0 WL 52 me [ T )
HHR (RS EGRIER) ,2003,29(2) :210-214.

(4] SRELH, 210k, ARG, S AU TR TR SRR N R 5%
ML J ). 13841, 1999,36( 1) :61-66.

[5] TAGHIPOUR M, JALALI M.Effect of low-molecular-weight organic acids
on kinetics release and fractionation of phosphorus in some calcareous soils

BRI SN ) ] 0 AR

of western Iran [ J].Environmental monitoring and assessment, 2013, 185
(7) :5471-5482.

[6] AOKI M,FUJII K,KITAYAMA K.Environmental control of root exudation
of low-molecular weight organic acids in tropical rainforests [ J ].Ecosys-
tems,2012,15(7) ;1194-1203.

(7] 2, 4 DAL, XUEIR, S A WU + b S S M L A= B S
o L) ). T R T R, 2005, 12(4) 1 12-17.

(T#% 77 W)



48 % 14

FEEE  LAILE SF AL RKAHAM NDVI 85 AR L 5 338 69 vf 5 77

AP ;7 A MODIS NDVI 54 7 (il 1 A .2 H #h 3= A
AR OGS4 2 I 4 55 4H 5C ;8 H MODIS NDVI 5hi# 1 A .2
F 1 b B UL R 34 5 55 TE AR OG5 > H M ARG E 5 55 SR O 59
A MODIS NDVI 5% 7 B 1 A .2 A F=E R Y 2 IEAH
K5 A M AR B A OCME  3, SR 1 ] 2 A M RIR
AHIEMES5 ;10 H MODIS NDVI 524 5 mi#H 2 A BRI E
SEIESSAOCHE , SHTH 1 Hh R S5 A G
3 &ig

WG R, GIMMS NDVI f1 MODIS NDVI ELA5—%k
P, —F X g NDVI Y B AR 8~ 7E . 1982—2010
AF FEBE NDVI S AR 1 BAE 2003 45, % i {8 11 BLAE 1989
4T ;1988—2004 4T, FiE Bl i1k Bl #a AWtk , 2004 4F 5, i g 1 1<
SRR HTGE, aT TR, MR 25 b3 L, Hh R
WO I X R AR R A DX 3, 31X 5 > b g A2
BAA S BlLE USROG AT R VL2 A R X R
I RSSO, SLAUCGEL R, B I AR AR
UL K sh A YD 5 301, B R0 B A S TR R R R R
VLA AR08+ XA S B AT O 4, % OO b X R A 748
P71, Sl b 5 e BRARFHA AR, IR RS AL, B2 AT DR
XA R A SRR VT 224 R - X AR AR
THBEAS RS IRE . 1982—2010 4F , BRI 24 L X AH
B NDVI 551 5200 HAT 3000 I AH DG, AR B A8 Ak B 34
AL, ELAG R, 7F 1982—2006 4F,5 H NDVI 5
JE R A G, 6 HAHCHEARS5,7.9.10 H R 30 H AR E AH
K, 8 F NAH G B 25 7F 2002—2010 4,510 H AR AH
X,6 AN EMI,7—8 AMHCHERSS,9 AN B EIEMX,
S22 30k

(1] P, 92, 52, . th R W SR e a s v ) 1. vk 1 1R
+,2013,35(6) :1436-1445.

(2] B, T, 75—, S DRURIE N H AR NS S R T (A A
[J] HuERRlEERE ,2015,30(5) :517-529.

[3] Jle. SR THIFE ] M ] b5 AL Ty e, 2014 : 19-50.

(4] TURZE, iaE, AT}, 5. 26T MODIS HiZE BRI — (LRI a2
AFSERETR T[] TE(E ., 2014,29(3) -44-49.

(5] FHEF, #1570, 0P8, S5 ST IH— U B A 2 T e A b
[J]. A K L4, 2010( 1) :25-28,60.

[6] BERGEE , WS A T —(AE R k) MR g R A B LT ]
I HRARRRE,2012,39(6) :1-3,7.

[7] WANG J,RICH P M,PRICE K P.Temporal responses of NDVI to precipi-
tation and temperature in the central Great Plains, USA[ ] ].International
journal of remote sensing,2003,24(11) :2345-2364.

[8] ERA, TR, A% €, 5. 5T MODIS/NDVI [ss (AL R 4 g ds
[ ] R M, 2013,36(3) :512-519.

[9] %, (UL, F42.2000~2010 FEPALHIX e NDVI I2sasp ) H
SIS AL ] HsiRl,2014,34(7) :882-888.

[10] XU Y F,YANG J,CHEN Y N.NDVI-based vegetation responses to cli-
mate change in an arid area of China[ J].Theoretical and applied clima-
tology,2016,126(1/2) :213-222.

[11] Mrfe A LLE e NDVI 25U X H S as b fmn [ D]. ==
PN PEAEITFERA, 2016.

[12] AREIA, 28578, ZA5ES. GIMMS 1 MODIS 7L 1 & 5TH X # i U
FRRIRZ L] AR TRREABES R, 2017,34(5) < 141-145.

[13] XFe, IR, R F507 , 45.2000-2014 42200 L X A Ha w253
REAE N AR D] AR, 2015, 70(5) < 705-716.

[14] 552 52, (M PLRE, % 1982—2006 F i A Rk AE e 75 2
AT RRIEIERE S ) ] AR PRI, 2013,28( 1) :28-37.

LIS] A, T/0MS, FHEE K0 A AR+ = SR M A AR
[J] HEFR,2007,27(1) :68-74.

[16] Brzith, el SeRs 2. fp P X 2% st i o [T ]
HOFEREAAE ,2001,56(3) :261-268.

[17] Sk 250, RIE)T, %5 56T SPOT NDVI firh[EZRduhb F i i
BIRSAAE N AR IE [ ) ] R ZRRSEAE, 2011,25(1) < 171-175.

[18] TUCKER C J,NEWCOMB W W ,LOS S O, et al.Mean and inter-year var-
iation of growing-season normalized difference vegetation index for the Sa-
hel 1981-1989[ J ].International journal of remote sensing,1991,12(6) .
1133-1135.

[19] MILICH L, WEISS E.GAC NDVI interannual coefficient of variation
(CoV)images : Ground truth sampling of the Sahel along north-south tran-
sects| J | .International journal of remote sensing,2000,21(2) ;235-260.

[20] USMAN M,LIEDL R,SHAHID M A et al.Land use/land cover classifi-
cation and its change detection using multi-temporal MODIS NDVI data
[J].Journal of geographical sciences,2015,25(12) ;1479-1506.

[21] Zfiids, e A TR R AR I AR EF R R SN [ ]
FERFAR,2009,13(6) :1170-1186.

[22] kMR, A5 18 kb e R VA AL T ] S
%%,2001,21(4) :294-302.

[23] LUNETTA R S,KNIGHT J F.Land-cover change detection using multi-
temporal MODIS NDVI data[ J ].Remote sensing of environment ,2006,105
(2) :142-154.

[24] TOSI ¢ I.Spatial and temporal variability of winter and summer precipita-
tion over Serbia and Montenegro[ J ].Theoretical and applied climatology,
2004,77(1) :47-56.

[25] KENDALL M G.Rank correlation methods[ M ].London ; Griffin , 1970.

[26] ZREES, FIE2%, ), S FHIIX 1982 4F4 2002 FEAE#TEEUS <R
AR K HORFRIE T[T ] AR, 2009,31(8) +1422-1429.

(E#% 71 7)

(8] mniE, BRACIE  stuliE. A WU 4 SRR A s R 3= (] 4
HEFR,2003,40(5) :731-737.

(9] Fa:5, B, 2 Ny TS A - S S — e
HIEEmi T ). - HEEHR, 2013,44(6) ; 1501-1507.

[ 10] HfieRe, Aoiide B B, G A (et T SRR O WL o [0 ).

HEEEIEAHR 2011 ,20( 72) £ 1338-1342.
(1] RS, oA 2 AR e K A RO v R [ ] ol 7k b2, 2002, 22

(3):1-5.
[12] EfEk N EF PR A T AL S A R ). EER S, 2010
(7):1-6.

[13] Bl , ARk, 287 LA R Tl KR b as A I s A0
B2 [T AL T544R,2014,65(8) :3170-3177.

[14] GUY Y,YEUNG A T.Desorption of cadmium from a natural Shanghai
clay using citric acid wastewater[ ] ].J Hazard Mater,2011,191(1/2/3) .
144-149.

[15] JAASE B2 EIR. 59 SR JEDTA 15 ) LAt Al 3irh ey
PEFIMIFFT[ )] 35E41,2002,39(1) :29-36.

[16] AL, PELE, 25, G R GRR BRI 5T h 68 SR IFoE[ T .
NS5 YLSEIA ,2005,27(1) . 73-75.

[17] (3, eistan, JRIANAL , S MR R s o SR e V5 4
HERNER [T ] Al EAEERY,2000,19(3) :152-155.

[18] PRIGEE. SNIFEFT St H3rh i AR A RS [ D 145 «
Al R, 2011,

[ 19] KRS, Hi , iy , S B A I e rp SRR TA T A M A e sk

JsE[ ) ] BRI, 2007,26(5) :606-609.



