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Absorption and Accumulation of Pb and Cd in Sweet Potato and Species Distribution of Pb and Cd in Rhizo-

sphere Soil
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(Department of Environmental Engineering, Jinan University, Key Laboratory of Water/Soil Toxic Pollutants Control and Bioremediation, De—
partment of Education of Guangdong Province, Guangzhou 510632, China)

Abstract:In present study, effects of single and combined pollutants Pb, Cd and Cd—Pb on the growth, accumulating potentialities and Pb,
Cd form distribution in sweet potato—rizosphere soil system were studied with a 60—day pot experiment. As the results of single pollutants
treatments, the suitable concentrations of Cd(1 mg'L‘l), Pb(10 mg-L™") were found to improve, and the threshold concentrations of Cd(>3
mg-L™), Pb(>50 mg- L") were found to inhibit the growth of sweet potato( P<0.05). The major affecting factor for sweet potato accumulation
was concentration of Cd, and there was very positive significant correlation between them(P<0.01). In treatments of combined pollutants Cd-
Pb, there was marked interactions between concentrations of Cd—Pb and sweet potato accumulation, namely Pb stimulated Cd to transfer from
sweet potato root to its top, while Cd stimulated Pb to accumulate in sweet potato root. The available Cd and Pb contents accounted for more
than 55% of the total Pb ,Cd, and the activity index of Pb in the concentration of 50 mg-kg™ was significantly(P<0.05) higher than that in the
other concentrations of Pb under combined pollutants Cd—Pb, moreover it markedly improved the available Cd contents in rizosphere soil.
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R BBURHE , ST 4R 15 4 1A & 2 F LA
KAl e = R EESHME, TEMEZ,
AR AFEDRAE, TR W05, -8R, 2—FE
SRR EEY , B AT E SN LN E R i i L
M EENFTHGER D AR AL R AR,
YE4LE Pb.Cd B—5E 51554 T ,Pb.Cd TTE
RHAEFAIT TR, S TRMESBaEA K

Y, LK Pb Cd 7EARPR -3 TE A 4070 , LA
heT N 4B A AT Y R R R e
HE—B AT, SR BE

1 #REFZE

1.1 AmELE

Byt AA-7000 JEFIRIHEEETT (HA SR
~H]); pHS-3C 455 pH 1H( LI EHEBEINAR) ) ; KDC-
40 MR OHL(BHR BB A B BR A F] ) s HH £ 8 48
KB (LT SIZEEEST ) AR BT 2 i
¥R ot e, W A SRR .
1.2 RWig it

FRABEGRE RKEARR TRARABEPHIT,
B R HEKRE L, BOE R AR RS0 F
T EEEA A O pHS.8, A ALK 27.09 g-kg™\
4R/ 1.24 g-kg. 28 0.81 g-kg'. TRAEA 87.97
mg-kg. M 34.33 mg-kg'. AP 51.49 mg-
kg PHE T3 & 7.66 cmol -kg', HIEX TS5, 1T
4 mm i, BB ILEER 1, EEBERARR 2
HE 3 KEMIERRE, £ oMb, B A HE
B3R, WFE2, HEARRNT, BT 4 mm §f, 5
AW 22 em 3K 18 cm I FLAL, B35+ 4 kg, R
bR BREER A B RIS, BV 300 B M
USRS 15 em A 20 ecm FIFRES, ¥4 500 ¢ i 40 H
TR T e AR AR+ ,3.5 kg 1A
ﬁlj\] ’ E:F*E%%ﬁl\@o %ﬁ*ﬁ‘@%‘ Pb(NO3)2'3H20\
CdClL-2.5H,0 FLHI B —E W B MW, T—E B
WA 338 A MRS R SR IR, [RIB —3f
FEAJEHE (N 0.30 g-kg™ . P,05 0.20 g-kg' . K,0 0.30
g° kg_l) , ﬁ}%']u NH,NO;,KH,P0, . KNO; jifi A, S‘F‘@ 1
A, g RFA T E1 57, WA MTES

® 1 BRI ERFKFE
Table 1 Experimental factors and levels of single pollution

EREME KK /mg-kg!

Cd 0 1 3 10 20
Pb 0 10 50 500 1 000

%2 BAFHRBIERRNAT

Table 2 Experimental factors and levels of compound pollution

- 1 2 3 AL PRV /mg - kg™

Cd Pb CdxPb Cd Pb
1 1 1 1 1 10
2 1 2 2 1 50
3 1 3 3 1 500
4 2 1 2 3 10
5 2 2 3 3 50
6 2 3 1 3 500
7 3 1 3 10 10
8 3 2 1 10 50
9 3 3 2 10 500

XAHEHIT, F 2009 4 5 A 10 HF#HE, 4% 2 Bk
1.3 HRMEFE

e 60 d 13RI AR =4 b T B ZERT , 5 HGRE,
W R LT E A B, BURE , BURER F G ok
K EWPBEAR R S, P FZE IR bk 2~3 38,
WK AR T AR R K 3, AR AR 25 I3 85
AE MT2EE, SRR S ECEE ) FiH
TEBOR) M5, SRJGHAR 25 43 D 8, ol 4
YRR AT IR EARY, TRES RS ESHR
BUR F Tessier ¥, JEF IR0 5600 BE 0l 2 B2 428
R AT I B RS LY R 1+ 5 AR
i (GSS-1,GSS-4,GSV-1), FBEE 20% I B EE
3 K, ATt s 45
L4 EIESHT

AR R R BB e iR 22, # F SPSS13.0
AT AR T 53T

2 HBREHZM

21 Pb.Cd B—REATLEEFGHTOE M LA T
BHEmE

3. R 4H, 55 AL, 24 Cd B E R
1 mg-kg™, 2L M EER(it 7 S F 25/ BF, FR)
ERIBONGTHT I, TR FEH 51 9.34%
5.38%,Pb HIYRE R 10 mg-kg™ B, LLEH EAGHR
T E 4> BN 17.53%.5.77%, Y953 B EHKF
(P<0.05); T4 Pb fHkEKF55F 500 mg-kg™.Cd
B ERTET 10 mg-kg™ B}, 202 FIHS5RET
FREL TR, Hrbh Pb A3 K IG5 3553
13.4% ,29.65% ,Cd Ab ¥ £ K K& & 43 51 8 42.1% .
54.34%, LiR%ERFH , FEX T VR EE T N, A



F30BH 4 M

® A K OB OB % % 679

TR, B EERY Pb.Cd RERHFAT R4 K, Pb i E
#8id 50 mg kg .Cd FEMid 3 mg kg B}, A EAK
Z 3| B E I H(P<0.05), H AR5 L AT %0, #h T &R Y
TREIERE R FH 3. R 5.8 6 XY, ZEPb.CdEH
BYAAET , Pb Cd XA T A B AR &
M (P<0.01), Xtih BFA 0 HER] B & HoKF
(P<0.05), H Pb.Cd XL T E AW BRAFEL A
L BHAEAST Pb A1 Cd fSRMAER . Ry &0
S5 RAT A, 7E Pb Cd 2eA7RT, Cd B EA K E

&3 Pb B—SRMAZTEMERRIT

Table 3 Effects of Pb on biomass of sweet potato

ﬁﬁyﬁﬁ}%/ T HRE/g bk —
mg-kg o 3 HIF S
CK 14.01:0.34a 2.96+0.04a 13.98
10 16.47:1.40b 3.09+0.26b 18.76
50 14.49+0.47a 2.35+0.71a 16.20
500 12.93:023¢c  1.51:0.04ca 11.67
1 000 12.12:0.41c 1.38+0.04c 11.27

I FF PR TR A BEEER  ARTRERARE
Bz, T

&4 Cd B—FRMIEEYENR M
Table 4 Effects of Cd on biomass of sweet potato

6 Cd.Pb EETFREHTAEELRBINER
Table 6 Analysis results of sweet potato orthogonal experiment
under Cd and Pb compound pollution

BRI TR

mg-kg™ o B3 Ho TS gt
CK 14.01:0.34a 2.960.04a 13.98
1 15.32+0.42b 3.01x0.19b 19.67
3 13.93£0.19a 1.99:0.19a 14.26
10 9.62:+0.05¢ 1.02:+0.34c 10.58
20 8.11+0.36¢ 0.89::0.02d 8.57

&5 Cd.Pb EFTENIELEMERNRN
Table 5 Effects of Cd and Pb compound pollution on

biomass of sweet potato

RIAL I /mg - kg™ TR Rt -
Cd Pb B TR

CK CK 14.01£0.34b  2.96+0.04a 13.98
1 10 16.62+0.45¢  3.12+0.22a 18.78
1 50 14.57£0.11b  2.34+0.33a 16.06
1 500 12.82+0.88b  1.81x0.24c 14.11
3 10 15.67+1.09¢c  2.71+0.36a 17.21
3 50 11.4420.90ba  1.75+0.45¢ 15.29
3 500 10.3120.30a  1.27+0.17d 12.31
10 10 11.02+0.46a  1.830.44c 16.66
10 50 10.4820.41a 1.28+0.29¢d 1221

10 500 9.57£0.48a  0.98+0.29¢ 10.24

R % RS b 13
Cd FiH 11.934 8.210
PlE 0.000 9** 0.003 5%*
Pb FiE 10.917 5.741
Py 0.001 3** 0.021 0*
CdxPb FiE 4.061 2.004
PlE 0.025 8* 0.1450
T :%: P<0.05; %% P<0.01, F [l
EHRE,
22 Pb.Cd B—E5 8855 L EHTLER Pb.Cd ]
Wr4SE

3R 7.3 8 Al H, W& I I A B VR B s, 41
EhRNESE BRI, BT HE& &imixm
Fth B 24 Pb MUK EE R 10 mg-kg™ .Cd BIVWEREE R 1
mg-kg™ B, Pb Cd 558 R HRBH 4R, HoAthvk
A SMEIE S BB T R, RoR
10 8, 20%0H T A ¥ Cd . Pb & &K Cd.
Pb AR RN I S, B ET5 5%
T Pb BFTE(RHE T LL8HAN Cd & &, MR Cd
A B, FEE Pb WRERFE,Cd FTELLE T
FREFR 22 TRk E, T Cd R R BRI N, 3F
B2t Pb; Cd BESINBES L HELL BN Pb AR I,
FAF Pb INABALEE D, BiE Cd KT, L8 H
TH Pb & B AW TR, B R T RIS YA T4 Pb
AbFE T Pb [ ISR BN 2SR
BN, BN Cd ST 22 13 Cd B, Pb #8
R Cd AW, SR Cd [mih_E 5488 ; 148 Pb ¥k
R EARN Cd &2 FEZ R R, Cd /T HF Pb
BRI, (B Cd ] T Pb [t B
2.3 Pb.Cd B—5E &5 £ LM TIRERLEH Pb.Cd
KIS TEHE

15 M 2B MF(mobility factor ) BB 7 ikt + 3 H A
[ 24 R B AR M R R, 2R X PR 544 ALV 7E 18 35 (1Y RE
71 (D PR K Fi AR, Fr AkPRERSS
ER LB ARG AN RE  FONENIE G Fs
FBRARAS

mp=— b (1)

Fi+FtFs+Fi+Fs
hE 1 Z/ 4 775, Cd /53 3 Cd G R
A Bk B4 R R 64.94% 67.16% .78.22% 81.71%,
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Pb 75 3¢ + 3 Pb & vk 5 Boas 4b Bk B 530 b

58.78%.55.03%.77.50%.70.27% , ¥ i B S & 1 55%

PAE, T HLES & AT & L . ki R A as
F7 PbBRTAER Z Mo Pb&E

Table 7 Pb concentrations in root, stem and leaf of sweet potato

under Pb single pollution
ARG /mg-ke” Hi/mg-kg”  ZH/mg-kg! M/mg-kg? HBRH
CK 12.81+£3.56a 9.14+1.01a  8.78+1.10a 0.69
10 17.33£3.47a 15.69+2.18a 16.77+1.31b  0.93
50 29.92+5.83b  17.74+£2.73a 19.79+2.45b  0.62
500 78.87+£5.79¢ 23.36+4.18ba 20.77+£3.64b  0.27
1 000 576.58+23.58d 65.20+7.60c 51.27+2.88¢c  0.11

R CAFTRETUER EMPCIEE

Table 8 Cd concentrations in root, stem and leaf of sweet potato

under Cd single pollution
BRI F/mg kg H/mg-kg?  ZHE/mg-kg?  M/mg-kg? HEBRE
CK 0.84+0.09a  0.55+0.07a  0.46+£0.05a  0.61
1 1.37£0.10a  1.25+0.32a  0.51+£0.04a  0.64
3 2.94+0.14ba  1.79+0.41a  1.13x0.22b  0.49
10 5.33+1.56c  2.21+0.25ba  1.15£0.282  0.30
20 13.98+1.26d  4.60+0.63b  1.24+0.07b  0.21

ARG, 2 Pb KF Cd, AR A5 YA
T,Pb X} Cd MiEME RECE B KE M., 76 Pb WREH
50 mg-kg™ B}, Cd F7E T 2R B0HH 8 =5 F At Cd A3,
HHIF] Pb in ABAL IR, BEE Cd WRE AT, Pb
RIS R BT RS S, [, Pb ¥ E R 50 mg:
kg™ B 1 R S0 S R T A Pb AR
2.4 HRBR13EH Pb.Cd WHSHIES I E R Pb,
Cd Ky XM

3 9.3 10.F 1 2 4 Al A, e —I5 Y5+
T, BEALIEMRE TR, Pb.Cd BRES LU 2 BT
P EST Pb.Cd BB ET, 25 E EAR
(P<0.05), R EIPERD BILEED RES =
H T i LB T [ ZE E A5 Y 54T, MR Cd
A BALFE A, B Pb MR ERTHE , L% Cd MK
W TR E, T Cd B RESAT G B2 e b &2
%, HoE KAE HBUAE Pb ¥RE R 50 mg kg B}, —HZ
EARTFAE R E AN, EAMHF Pb MA RIS, B
Cd VR T+ , LR Pb (MR SZ BT REA , 55 22 %
N, ARBR RS Pb BT & L BBE > T . 3L
2 Pb Jir o5 HLI7E Pb ¥R 50 mg-kg™ Bif i oAt

®9 CPhERTRTUIER EMPCPbEE

Table 9 Cd and Pb concentrations in root, stem and leaf of sweet potato under Cd and Pb compound pollution

HIOAL P /mg - kg™ Cd & & /mg kg Pb & & /mg-kg?! L ER
Cd Pb 1R 3 - R = - Cd Pb
CK CK 0.84+0.09a  0.55+0.07a  0.46+0.04a  12.81+1.59a 9.14+1.0la  8.78x1.10a 0.61 0.69
1 10 1.96£0.04a  0.28+0.05a  0.21x0.03a  33.11x2.56b 20.51+2.09b 14.27+2.80a 0.20 0.62
1 50 1.31+045a  0.75£t0.21a  0.63+0.05a 35.71x1.35b 19.91+2.84b 16.21+2.34a 0.56 0.52
1 500 1.03+0.17a  0.51+0.03a  0.51+0.0l1a 159.19+22.40d 22.28+1.50b 20.41+3.40ba 0.71 0.24
3 10 7.57+1.82b  2.05+0.29a 0.863+0.06ba 33.02+0.977a 17.11+1.62ab 15.53+2.90a 0.19 0.87
3 50 3.47+0.60ca  2.63+0.64ba 1.01+0.11ba 32.79+4.73ab 20.30+2.11b 22.49+1.76ba 0.52 0.62
3 500 3.17+0.15¢  2.49+0.46ba 0.767+0.07ba 127.51+8.78¢c 50.15+5.23d 21.96+1.26ba 0.61 0.25
10 10 13.80+1.37d  3.67+1.24ba  1.41+0.4cb  29.71x1.28b 14.71+2.28ab 13.10+1.94a 0.18 0.28
10 50 12.20+1.51d  6.51+1.34c  2.46£0.33d  30.04+2.73ab 19.31+1.35b  15.01+2.04a 0.37 0.57
10 500 6.46+1.07b  3.75+1.57ba  0.92+0.06ba 115.71+10.1c 31.99+2.61cb 19.99+4.54ba 0.45 0.25
F 10 Cd.Pb EATFREFH TAEEZREANER
Table 10 Analysis results of sweet potato orthogonal experiment under Cd and Pb compound pollution
aEEN TR LIERN P i
AR i E- nt i E- “T
Cd FH 164.48 24.46 27.96 9.289 5.433 2.836 3
P{E 0.000 1** 0.000 6** 0.000 35%** 0.001 4** 0.013* 0.174
Pb FH 26.27 2.57 10.35 178.29 33.25 4.713
P{E 0.002%* 0.12 0.002* 0.000 09** 0.000 17** 0.021*
CdxPb FiH 10.814 1.287 3 2.68 3.69 6.62 042
P{E 0.000 8** 03119 0.045%* 0.021* 0.012* 0.783
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Figure 1 Form distribution of Cd in the soil polluted by Cd
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Figure 3 Form distribution of Cd in the soil polluted by Cd and Pb
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Figure 2 Form distribution of Pb in the soil polluted by Pb
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JHELY Pb & & SN R R AP B . AR IR 45 R
FW, 76 Cd .Pb BRIGYSMT ,Pb {23 T 8k
WCd f & &, A Cd in AR F  BEE Pb IRkEM
T, Cd ZEAT EH T S B2 TGS BB R
BORWIT i o AR TS R B, 13 P S R 54T
EH T Cd R R HEBEAMEREX (P<
0.05), 1 5 B3 Cd & 2 1EAEE, 6B Pb 77
FEARHET Cd mish EFAFER, 5T Cd WAEYNE
o XFTRER R Pb 235 Cd 78 138 v i1y W 7
e T8 Cd AR, S8 BURAR H I B Y
Cd, {2 TH AR B Cd i3s3+ HBEE Pb WREEHY
AW R X — S E A MR, X 5 B SR
FEERAMM, Cd WA AT Pb ZEH T HFHE,
RHAS Pb [ 35, Wl T Pb (et AHH
REERFH,Pb 5 Cd EE LR WS T AR
YEF, FTRER R P BT 4 )8 ATP f§Xf Pb, Cd 4
HIZHINE R, PRESE ATP Binl 45k 5 MK,
Ho PIB #A M i 5738 M FHE T Zn?* .Co**
Cd* . Pb*, X4 Pb 5 Cd FAFHHBN ST HXRHIEE
HARMEZES, T Cd B 5XREALES,H
T2 5 = R R 1,
WEFEARIEA BT R XA 3k
MERCAREMR, BXTFEYN LETLBIE
AR T AR o PR R AR R IE S
WA YRR AR A AR - L FE Y3 AL R A
MRS — B ARE B B 220, X g2 7] gE AR
HERETE-HYRZE TS, #EmnmHE®
EHEAAEY AR, Youssef 'SR IR LR T
TEPROER, HEINERPR L EPERMH R
HEE FAERPR 13, Shumen F"EMFT KB EE
JRIEAZWE 2, PLESEKFELUES AR
& BRI MRS, Rbr £ ELHE Cd 5611
A Cd SEMM, MRS Zn SEA T AL
EAFATED . AFRFRY , LERR - P EUE
F4JE Pb. Cd 5 REM 5% |, TIANEESRS
BRADHEEZMBE/NTEER 30%, HFINEK
Cd.Pb 5 EERAE UM ES KRBt E8,
FTEA Cd . Pb M FT ZZ e S IR ER S B8 B E Y IL
BER A, T Cd A BAE LN S, 0 R Fn+2 ft,
7 58 b HURE DL 7 B B - 7 B O A B Y
W FHE T BT, o Cd*.CdOH* . Cd(OH); |
CdCI.CAdHCO: %%, LIMERA Cd(OH),.CdCO5.Cds( PO,), .
CdS & F7E T L3, Cd* 5 A HLELIATE BB & /Y

REJITRES , i LA G Cd B, s,
BEEMMEASELBOLARESE, SEEN
HLBITE 5.2%~25.4%2 8], 7] R e T ALY & & 1
BREMEH,

BRI SN, HATE SN E S BH T gy B
S CRI . AP RS R R e Is e i
T,Cd.Pb BRASEHEMIGIMIER 742 Cd.Pb &
B, AT & BB R T, X2 B st
34 Cd.Pb BRI fE#E T SRS AL AR 5B L
EAB AR, WHSRE AP EEE B
LA TR S H BT G LBIRKT FRE BF5 R,
— W VL N, Pb W] f# IR 70% K9 Cd 3] + 3 IE R
HRSL, AR R R MR AR P ARBRIMRAEAEZ S, TR
R GTGRAMT , Cd BRASHT & HLBITE Pb Mk E R
50 mg-kg™ BABRAAE, {HLEX Cd MR
WA BEZ 3G, X2 W E & R TR gl
ZE|—ERE I, KRR ES BNtz T
Fo Pb AT & He I dAE Pb MR EE R 50 mg kg™ Bif
BN KR, X AT BB PR R — W /K T AR FRaA
BAFTF Pb M HANIEAS 0GB Ak, (A X Pb
AR WA RE 7 DR A BRI T T

WY EESREME—EEESRIF MR PNE
B, o 3 — [l ) s I 5% RN FRe & iR e
LRI H IR 2T AT B, IEAkE
Z e BB IR B AT E &R Y, R £
BB TR, (HaX ey % HAER B n
R AKSE AR AL KRR, B E
A R R AR B K RIS N, F A A ) 1 24 4
ki A SR A TAERE b LR AR
SRR, B A YK P R | T T S A
B ARV TAZENESE Cd. Pb 1R
BB i R e, £LEE % Cd \Pb RIS BRI,
BEEHARTFBMHEL, NAREESEY TRFE,
LT EEAE KR PR A E S TR, mAk S5 HiA HE
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