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Abstract: Rorippa globosa has been identified as a new Cd-hyperaceumulating plant species. In the present study, growth responses of Rorippa
globose and its accumulation charaeteristics of Cd and As were examined under the condition of Cd-As combined pollution. The results showed
that Cd and As had an antagonistic effect on enhancing the growth of the plants and Cd uptake and accumulation under the low concentration Cd
and As treatments. When Cd and As concentrations were 10 mg/kg and 50 mg/kg, the highest height of the plants and the dry weight of shoots
were up te 35.9 cm and 2.2 g/pot, respectively; and the accumulation of Cd in the leaves under the combined pollution was higher than that
at the same level under single Cd pollution. However, there were synergic adverse effects on planmt growth and Cd uptake under the high
concentration Cd and As combined pollution. Meanwhile the accumulation of As in the toots was higher than that in the shoots, the
translocation factor = 0.3 and the bioaccumulation factor 0.6, which showed that Rorippa globosa had an exeluding effect on As uptake.
These results confirmed that Rorippe globosa had the strong tolerance ability to the Cd-As combined pollution, and the potential applied to
phytoremediation of contaminated soil by Cd and As.
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T3 Cd 1A 25 mg/kgltf , FEIF AR IR e g e
Cd &84 W4 131.6 me/keg Ml 150.1 me/kg" s 3 L
0 Cd B R KT HAR A SR, HoHb s A R4
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WA Cd-As H A5 G T 511 5 DL [R] I )
Cd-As B A8 5 R AE FH I P i DL, AL 5
TEWEIE Cd-As BATGHEAT T BRA S E 10 A2 K W,
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1.1 U5 SRR L

TR0 L A5V AE R BE L P AR A S g
HOBRAT BN AR 21230417 A6 26410317, K 2950 m, J&
T P O B 1 A, PSR 5 ~ 9°C, BAR
W14 127 ~ 164 d, TF-FE7K 650 ~ 700 mm. 754k 546
TR 1% R (0 ~ 20 em), TER AL B kR
e, JBALPE TR pH AE 6.56, A LT 12.26 g/kg, 4>
N 0.91 g/kg, 4> P 0.4 g/kg, 4= K 183 g/kg, &t Cd 0.17
mg/kg, & Cu 32.9 mg/kg, & Zn 28.1 mg/kg, & Pb
11.1 mg/kg, & As 10.4 mg/kg.
1.2 %77k
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50.250; F34M A 1 AN 35 7 AN AR B R : DCK;
@Cd 10 mg/kg + As 50 mg/ke: DCd 10 mg/kg + As 250
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mg/kg + As 250 mg/kg. EL CdCL, *2.5H,0 A1 Na, HAsO,
*7H, 0 BN P47 3 G, i P A K — B Bk
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ART10 min. ZJ&, 78 70°C N 2 47 8, H MY FF
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Microsoft Excel 2003 JEAT - Flhx i 22 1) 12 5, DA
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As TR, 0 BRI SE A KR F B R AT
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HETREAG. SR, 2 Cd-As B A W B 7K 5 0 2
50 mg/kgH! 250 mg/kglt , Fk i A1 1 5 A 4 5 ) G
FHFRECp < 0.05), U I 5 56 JEAH L, JLbk s A b I
T E N NBET 35% A1 43% .4 Cd BN FEAH
IS, 5 As WA 50 me/kgtH LLER, 7E As WJE N
250 mg/kgZk {1 T R ARk i R0 A= 4 e B0 A
ARG, (A KR UETE Cd o 50 mg/kght, Ak
e R [RIFE, 7R — As BEMNRE AT, b
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Fig.1 Effects of Cd-As combined pollution on

the height of Rorippa globosa

+ + + + + +
As50  As250 AsS50  As250  AsS0  As250
A /mp-kg?!

H2 ClAsHGEANRRAREYRIER
Fig.2 Effects of Cd-As combined poiflution
on the biomass of Rorippa globosa
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F241.8 mg/kg. T R.ERBENESBRIKESRG
FOREBENRA MR cd RKBLRES, GTF
CdAs ERFHRHHENRES —-EWBEEN. Y
Cd 3[R — ¥ AR K VAE L T, 8 As(250 mgrkg) 7%
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1358 E2N 5 B =4 8%

Fl ClAsHETRNFRAEEFA CCARRRAER

Table 1 Effects of £d-As combined pollution on Cd aceumuiation in Rorippa globosa

48 /g kg Cd BLE R img-kg™'

1#® ES H ¥ &
Cd 10 + As 50 12.3 £ 12.2be 34.1 £ 17.1cd 64.0 + 32.0cd 17.6 + 7.3
Cd 10 + As 250 7.2+ 2.1c 12.4 £ 7.8d 27.3 + 16.24 2.7 ¢+ 0.1a
Cd 2% + As 50 4.8 = 6.5b 92.4 « 27.8b 180.0 + 40.0ab 36.6 +16.5a
Cd 253 + As 250 34.0 + 23.0he 56.2 £ 15.2bc 120.6 + 46.5bc 48.8 + 10.4a
Cd 50 + As 50 91.6 + 12.9a 176.4 £ 35.5a 241.8 + 7.1a 70.6 + 39.1a
Cd 50 + As 250 40.0 = 33.6b 80.3 £ 21.5b 141.6 + 51.2b 30,0 = 5.2a
BEHKTE() <0.01 <0.01 <0.01 >0.05
F 7.1 233 16.5 1.9

REEN U MRAETREBNEEHNEEREN . &8
AR IHEAETHIF > 1.2 cd #myEE A
RS, BRBFESRE A 5S8R HFEH As B ERY
T >, R E As TR T Cd mdh B ARFERE H
7E Cd M S0 mg/kght, B As R T HYI M EE E M
WK FAL As &t T, XIS As & ITHURE
X Cd TR R B A K 51K As(50 merkg) #H L, HE
CABREBH DT 56% (W 1). HE As ¥ AH
R R Cd BB REMEE D Gl FEX
348 0w b
£2 CAAsEARRAFTHERARE Cd.AsHY
BERBNEBES

Table 2 Biocaccumulation and 1ransiocation factors of Cd and As in

Rorippa globose under the Cd-As combined pollution

Cd As
HHmgkg'  HERN HERAR FREN HERM
(BF) (TF) (BF) {(TF)
Cd10 + As50 6.4 5.2 0.2 0.5
Cd 10 + As 250 2.7 3.8 0.1 0.3
Cd25 + As 50 7.2 4.4 0.2 0.6
Cd 25 + As 250 4.8 3.6 0.1 0.3
Cd 50 + As 50 4.8 2.6 0.3 0.4
€d 50 + As 250 2.8 3.5 0.1 0.3

= & £ ¥ (bioaccumulation factor, BF ) 1 #R IR U B
WOEEHYPETESRES TP LREELZ
W' EEARRLELE YRR PTREBIHE
BRE XERUMENEESRERKEEIIENGE
DA AN R T L R 7 U
FEEBEERENMB A NE 2GFE. Y cd &
v B AR FIET , 5 As(250 mg/kg)4b T8 T 3% B o) 30 i Bk
A E AR Cd R 51K As(50 mg/kg)
AL EREESEN P d M BEE SRS T
58% \33% 1 42% ; 25N As MR A AT, fE Y AR
BERBNTE CdH 25 mg/kgh Bl R A, X AT HEE
HYH ERNEERRSEERP S REMS &
FR FEEERE N, ABBAEHEI T Cd M RIEH

REERBSIER . AZ A TRBHXKE,E
FIFNA S 4 Py B e A B4 (40 MTs.PCs. B HLER %)
HESBMELSER.BRTESRAOTE, AME
BREEHDENESBHRERNRT ™ LS
A B R ERENRERSHNEBRRAE
£ 240, BoR X Cd 5 1R 98 B i FE SR ARIE
2.3 CdAs BERTERMHREEEEN As HER
AL

ME 3R EH, Cd-As 15 RER FERRE
FWWH As EEE PRI 7 LI Cd-As EEK
BEH 25 ma/kgFl 250 mg/kghl , R AR As LR BIAT
115.6 mg/kg, B4 B3 As TREE M 3.8 15 . 16 Cd-As
EAIGH AR T R I As RUCRIF Bt
HBE EERICH0.1-0.3, BB AR K0.3-06
(£ 2),HHRBEEN As B - EHHERER &
CA MM FE R 10 mg/kgF 25 meg/kghT, 51K As(50
mg/kg) AL FRAE L FE T As(250 mg/kg) 4b B FAHR
B B A THEBEEHIN(p <0.05) 4 Cd b
H R R SO mg/ ke, AR R BT As BB
AR , TREE S CdHRIE R 7T I3 As B
WU FI LR 7E As LTBIRE R 50 mg/kg M T, 1
FRANH B As M R BRE Cd b B B fin i 2
T TE As AR FEIRIE N 250 merkg 54T, RELHR
Cd &b P8 e 73 AT 06 AR K R L BB X As 0 R i AT R
BB Cd b T i 90 R S A B AT As IR
IR .

W EEBMOHTILR AR OE 2 NITE,
o EBRENESBORI, CREERERT
B R, TR e s E 3B R
HYEEENHFTEREEYELEEN P RESR
EEHEET REYEESBRH L LEREREE
BEAERE EH Y S5 E SR LUK MR
HEFHUE, FREI RS R %
RN As MHPF MR KRB W E N As KERE
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Fig.3 Effects of Cd-As combined pollution on As
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Cd. As TR 4B i FE 1

HEEHEY B ERHBRABENESBAM TR
R AL EE, DA% L HPESEBL
TR MNMxPELBFRLEESESBEMNA
B EE RS RELREAT - EHEFR
% B RAEERRERESRBT BRIEAEIN -
Ry cd FTEREAM B, SEDMEHKN
86% ~99% (& 4). 4 As £ Nk AL #H [ 8, Hb £ P
CAMBEREE HEF M Cd & 81wk, Y4
Cd fb 78 Ay [5) — ke BE R, 5 As(250 mg/kg) &b PR fE .3
P E A cd AR, 5K As(50 mg/kg) Ab HAH
BHOERREEHM EH AR BEEABBAL T 69%.,
9% 59% BRFREEIEM LT As BN TR
M AEHTH EBEYRKN H As HEENE R
B 1.2~3.54%.

1
Cds0  Cdso

CK  Cdl¢ Ccd1o  Cd25 Cd25
+ + + + + +
AsS50  As250

As50  As250  As50  As250
ff/megkg!

B4 CdasEERREATHRREZFA CAHARE
Fig.4  Accumulation of Cd in Roripps globesa under the

Cd-As combined poliution

AH A S (plamt effective number, PEN) f1 4
JB BB (metal extraction ratio, MER } #% F 3 JE 4 #8
HEERYEEESRGEEN Hb MYARELE
BHEMEARR L EE&REMTEHEYH LR E
PR BB E™ £ Cd-As EE B RAFE R 50
mg/kgHl 50 mg/kght , BB ERANER 1 RTEEM
Pt b FEL B DA R H0 H R > 12126 F1 > 10836,
REERENEE WFEAYH RN
PR B R >33 63801 > 240 633. S BIERFER
TRy T BEREELRNES T RYFRIMHESRE
B HE, B

Cuimmal X Myprmprs
MER = % LIRTR L 100% (1)
Crmpmgh X Mimmm

TE Cd-As RAETGRARIMRE B &G TR E
FeH EARRX Cd R ECE S AN 0.11% .0.03% .
0.09% .0.05% .0.07% 1 0.03%, 7] Wil F & As &b
BEAH T i B Cd MR R R A ot
Cd WRIEMMu A EREESTREHEP,
As B4R B Z 43 51 % 0.007%.0.003% ., 0.008% .
0.002% .0.007% F1 0.002% . 52 ,Cd S EHE YR
REEA CAASEETRAGTHY cd BABHRR
RIS R SRR T, 3T As B IICE SERE D M5, X
HEEZEY AN AR RS AR AR
T M TIT 5% K 2 B S Y 95 4 B9 B LR T AR
RATE.

3 #i

(DAE Cd-As EETTRFMN T, BHE Lk E L 18
BT Cd.As MIEPLAE A, BEME HE BR A 5 2k K
RE WRE ARG TGN, 5 cdBE—5
A b AR As W AL PR BE 98 (T A T 3T Cd TR UL
MEZE SWELE, CdAs THERBSEMLITRR
PR MREAME N, A GERE R EE S, T
Hith 3 cd i BR K EvimB s S8y,
EEAGFREZGT, b ETEBH AL o,
BEABAEBEANEMAT I LA BEEHRE
HFREEREN As B —FNEERIER, £ M
B B As M BRI TR HEEEHA
R AWANT 1.

(DEFELR P MBEFEHEYRFRAEY od
HESEET FX A B —EMHEFES, B
BREEZEN Cd-As B &1 RAMENTHHEH, 23
TFRECIABESGHREER -FHHE N Rk
MR AR EHY ek R AR RA Y8
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