2015,34(4):702-708 xR A K B R FE F R 201544 H

Journal of Agro-Environment Science

B85 Cd /534 HRVEIE & MR XU Mt

AEME2, B DT, RIPR D, AR, IRl 2, ARk 2
(LI LR FA RSP RREBI RS, 1T 530022 2.1 PURS FPITI B AS 3R 5 — AL R BN RUET .0, #5° 530001)

OB 7RSI RRR S Cd AT LIEN R AT, BRI & Y e3¢ (Solanum nigrum 1..) MZFFAEY)H
(Saccharum officinarum L.)%5 e FH + TR BRAWE AR , FEa T e S5 ARH R AR (g 3R Al P18 2 M RHIF e 45 SR 3R
JeFE Cd s SR T IA 16.83 me- kg GRIGIX 1 Cd &7 0.71 mg-kg™), BAERBORT 1, {IH RAFHK Cd B EMPENE;
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Phytoremediation and Health Risk Assessment of Acidified and Cadmium Contaminated Farmland

ZHAO Xue—mei'?, XIE Hua'?", WU Kai—qing'?, YU Meng-hao'%, YANG Rui-gang'?, LI Xiang-lin'?

(1.Scientific Research Academy of Guangxi Environmental Protection, Nanning 530022 ; 2.The Collaborative Innovation Center of the Eco—
logical Environment & Integration Development in the Xijiang River Basin, Nanning 530001 )

Abstract: In this paper, remediation of farmland polluted by acid and cadmium(Cd) using hyperaccumulator, Solanum nigrum L. and cash
crop, sugarcane( Saccharum officinarum L. ), was investigated in Huanjiang county of Guangxi. The human health risk of both plants was al-
so assessed. Solanum nigrum accumulated Cd up to 16.83 mg-kg™ in the plant, with Cd accumulation coefficient greater than 1. Sugarcane
had the highest Cd of 0.54 mg-kg™, with Cd accumulation coefficient less than 1. Under the local normal cropping system, amount of Cd ex—
tracted by S. nigrum from soil was estimated to be more than 100 g-hm=, with Cd phytoextraction rate of more than 6%. It would take about
9 years to reduce soil Cd to the Grade Il level in the National Environment Quality Standards for Soils( GB 15618—1995) by planting S. ni—
grum. Therefore, it is feasible to remediate farmlands contaminated by acid and cadmium through planting S. nigrum. Applying lime and
sodium hydroxide led to a greatest reduction of total Cd in soil grown with S. nigrum, which was 4.44%. Cadmium concentrations in the edi-
ble parts of S. nigrum ranged 5.21~6.83 mg- kg™ much higher than the standard of the National Food Safety (GB 2762—2012). If this
S. nigrum were used as a vegetable, the average daily amount of Cd intake by local would be 5.38~17.39 pg-kg™'+d™'(fresh weight), far be—
yond the Provisional Tolerable Daily Intake (PTDI) for Cd proposed by FAO/WHO, with the risk index of heavy metal exposure greater than
1. The results indicate that the currently grown S. nigrum should be not used for vegetable. Although, the risk index of Cd exposure for con—
suming sucrose from the experimentation area was lower than 1, the concentrations of Cd in the sucrose were higher than the standard of the
National Food Safety. Attention should be paid to the way of sugarcane comprehensive utilizations.
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1.1 856 X #EiR

RIS XA T PE IR/ A 6 B P L R
VLI REAR L, R B AR 28 107°51'~108°43" , b4
24°44'~25°33" | JR MR R KA, AR RN
19.9 °C, AP FR 1389~1750 mm,, ki 11 pH4.99,
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0.14)mg kg™, #8 H [ F bR 1 (GB 15618—1995) +- 1

PREE TR BRI (134 Cd<<0.3 mg-kg',pH<6.5),
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A BRAE], 4 Cd 5528 1.19 mg kg™ s AHLIEK H
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AP E AR Cd ERICHCR, %; C, BT s
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THER B, a;S, Jy E R 4 A EE T — bR ifE R
B ,mg-kg"sRE Ly i HIETE LR Cd IBERCR , %;
C, ML G T EE 4R Cd WA, mg kg,
1.5 AR IEN 7iE

HE A o R H R A &8 S
US EPA ) MMSOILS Itk | YA I 2SS
W N\ 2 B AN B T R A e T, AR
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CD[:ZCL'I;L—WFJH) (7)

A CDI A i Cd 3 B Pk A AR 81 1

HEEAS, pg kg -d™ G OMEY R E )R Cd PRk
JE,mg kgD R H B TR ke F WY BEEE 3T

AT 10° A mg #5°8 ne ECRI L

{5 BW 3 AR Bt kg

LLHQ FAE f YA S 10 T 4% 8 AR
HOR AN

0= e ®

AP HQ Y H fw R 2k 25 A 4 1) 2 57 R
FdE 85 RFD S22 2 #3  & , pg kg -d™, HKHE US
EPA(1997,2000)> 254, Cd 8 RFD &% 0.001 mg*
kg™-d™,
1.6 #HEALIE

A 3 56 B0 14 % F Excel 2003 A1 SPSS 19.0
LSD i 7581t o

2 HBRE5SH

2.1 YIRS Cd E&T LT ENEBENR
2.1.1 FEYXF -3 Cd WSO & SRR

e 1AL, OR[a] A R, e Cd
ik 5.21~16.83 mg-keg”!, BHERECH 7.33~23.70,
HIERT 1, JEZEXT LI Cd R Fom i & 4
Rtk o RUEAT e R AR PR S =h  dE R AL B A
L, e 2Eh Cd & it it 3R 22 7 (P<0.05)  (HAS I R
AP ] 25 BN EH 8B (P>0.05) o A AT - 438 0l B b3
1 E2EH Cd itk 16.83 mg-kg™, {HIEAT 480
KRG, B Cd S aBRk, i 2 B it el
G, BHE Cd WA BRI, I T e 25 X) Cd i
W, NIRRT AR T - gl R AR
Cd &, N 0.54 mg-kg™, HAth 4 38 0.23~0.51
mg kg ART HHEH Cd &, BERB/NT 1, K
B H BEAS A Cd o B

e K- A S aRb s, HRER e 2SR
g At A A A F R R 22 5 (P<0.05) ,
o H A YR 33.91 t-hm ™, 2 HAB AL EER) 1.21~

® 1 AELEZFUHTEVNENE CIHSEMNERRHM(TE)

Table 1 Effects of different treatments on biomass, Cd concentrations and bioaccumulation factors( BAF ) in plants(dry weight )

S I Jes
Ariki-hm®  Cd Fi/mg kg WHERE Aiti-hm™ Cd & it/mg kg WERE
ANJita o -3k R ) 21.2242.52a 0.54+0.08a 0.75+0.12a 1.83+0.30a 16.83+2.16a 23.70+3.04a
A IR=-F A A 22.29+4.02a 0.51+0.02a 0.70+0.03a 1.89+0.07a 9.32+0.85h 7.84+1.20b
AR -ER A S A PSR 27.98+5.03b 0.23+0.00b 0.32:£0.00b 2.05+0.22a 5.21+1.25h 7.33+1.76b
AR -A AN S 33.91=1.34¢ 0.25+0.06h 0.35+0.09h 2.91+0.05h 7.20£0.40b 10.14+0.69b

T RS iR 225 2% (P<0.05). Rl

Note: Different letters within a column indicate significant difference(P<0.05 ). The same below.
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1.59 18, ZEAEW RN 2.91 t-hm?, JE ALY
1.42~1.59 £, X FEZ R A K -F 5 SR
JEAN, 98 T AR YR B T g R 0y -4 SR, DT
ek TP K
2.1.2 fHYIN -8 Cd iR B R RCR

T ZEFH N LR Cd (2 L3R 2. A
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TR ik 34.18 g-hm?, FRIECE R 2.11%, H
Cd M2 PR =ik 11.5 g-hm™, $2HUSCR R 0.71%.
XA RS B T e R DS A A A A A R /N
FXHHEDR A Cd I HIE

A0 e 25 A 2 I (AT FE R EE ) 24 90 emx
50 em, MARHE IR T2 1l > 5L A AR A, A e 25 1
F1IE R 30~35 em, BRIEE A 25~30 cm , Rl 25 B AN,
B 4~6 i, HARAERTXIE] 1~2 Y, PRI, Je st b
TR D N ARIG Y 4~12 15, DL 2SR A AR =,
BUAEY R A 3 A T IR ARG, JesErh Cd
(AE AR I Jie ey AT 3R 102,54 g-hm™, SRR AT IA
6.33% . TESHLIEE FIAE ST, ARUS N 1 58k R 57
AR PR 538 AR R SN SR X 39 Cd 15 44(0.71
mg kg™ ME K B [E 52 1 S PRE i AR R (-
HE4> Cd<0.30 mg-keg™,pH<6.5) AN, MR Ha 154 2,
ST BRI e 2% 9 4, HAh AL PR 454 T 75 2L 14~29
A, I, fERR S CAAIRTS G 3 R e 25
T E BA —E M. AR IEAFLAT,
KU BEAE A B AR K 2 i Cd i5 5 TR iE A

BT RARUENTT 2 81~145 4F
22 TEFEEECIEE

FH 3 AT LA it e el [ A3 Re g 2 4
i 3 pH (i, o Uit A K - SRR A, 3% pH (E
WA 779, A K- E A S AU s A
et = 2.10% .5.84% . 3X /2 T HUIE R A wb i s i
AT RTS8 il b - 8 s iR . 8 X
24 Cd &N 0.52~0.77 mg kg™, iR GB
15618—1995 —Z¢trifiiy Cd FR{A (<0.30 mg-kg™;
pH<7.5),F5ilfA7T 1 . AN T3k B A FRAR
T, HEEJpZEER 5 458 Cd B &% 0.02~0.04
mg kg™, TIEBEERCER 2.57%~4.44% , FHorh i A
JR-ZEEANERN T REJp 25X 1 Cd MBS0 i
5,15 4.4%  RFRIVEY) 3 Cd B & SRR 0.01~
0.02 mg-kg™ MEEBUE R 1.10%~2.77% AL R EFH
T/ Y 646 R0 42.809%~62.39% , A, 5 ARk
TEYIAR LY, >R ARG 52 B AT DR b A 1 48 v
Cd [ aE,
2.3 HEYWR AR XK IEN

A R AR RSN REEERE H Cd 1Y
TR T RN L 2EZIRME GB 2762—2012( & i
HRY5 YL BR AR ) HR s SE AR R S P Cd S i BRAE
e Cd BIRBAREEE 26.05~84.13 1%, e em
H Cd AR SR 1.38~3.24 Fig BE A\ i
60 kg, V¥4 H & M 32250.2 ke, P35 H 8 A
B 13.4 PN R Lk RALFRAPE T, G i
oA E SR Cd K 5.38~17.39 ng-kg'-d™, il

®2 AELEEGHTHEYF Cd HIRREMRIKEE(TE)

Table 2 Effects of different treatments on amount and efficiency of Cd extraction by plants(dry weight )

. T T3
QB . N — — -
Cd $Htit/g-hm™  Cd $EHACE% BEAER A Cd 32l /g-hm™  Cd $EEEEH/ % B2 H R a
it - e L ) 11.5+2.69a 0.71 81.29 34.18+7.52a 2.11 9.12
£ IR it 11.23+0.98a 0.69 83.24 17.38+1.33b 1.07 17.93
A IR-A AN 5B HUIE R 6.43+0.79ab 0.40 145.38 10.51+1.76b 0.65 29.65
FIR-EE AN ST 8.45+2.42h 0.52 110.63 20.95+1.70c 1.29 14.87

&3 AEGEZEHETLEpH CIHEE(TE)

Table 3 Effects of different treatments on pH and Cd concentrations in soil(dry weight )

AFIHY) 1 Cd (1955 it /mg - kg™ HHEOEZEER 1 Cd /Y5 it/mg kg™

AT PR T mme emaee R WoeR BRE
Rt o 39 e B 4.99+0.80a 0.5620.27 0.55+0.15a 1.79% 0.7420.60 0.7120.48a 4.05%
A R=E A 7.79+0.17h 0.77+0.30 0.7520.13a 241% 0.81=0.07 0.77+0.08a 4.44%
AR-F A S A HUIE T 7.63£0.34b 0.52+0.13 0.51£0.19a 2.77% 0.82+0.50 0.80+0.46a 2.57%
FR=A A S R 7.360.67h 0.5420.13 0.54:0.08a 1.10% 0.89+0.52 0.86=0.30a 3.42%
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i B F B A Cd 1N 0.15~0.37 pg kg™ +d™
(F4), B MNGES AR HEAN Cd
L T FAO/WHO i E 48 Cd A% H 2
VFHEABR AR HE (PTDI 1.2 g kg™ - d ™' BRI
IR EACEN A MU AL FRAL , A i £ F AP
Y145 04 AR T PTDI A, RIS REETEN i
THA, Y th fog R I £ F e 2 i AN ) 22 8 XU 4
B(HQ) Ny 7.44~17.39(F 4), Z 8 W 15 B K F
1, a8 H R R AN AR Y 5 5 XU 6 0k
0.15~0.37 , ¥5/NF 1. 2 BRTiR , B3EE D & B e H.
7 R AR XU , TR B AR o £ P AR 1) 2 2 IR
BT 1, (HEERER Cd & i B i s e B
AR, FLA 2 P EERR XU

3 e

fEH3E Cd &8 0.71 mg-kg™ 550F T, Jpkrh
Cd Wi mr & mnl ik 16.83 mg ke, BERBAKT 1,
I BE N Cd FERE, (HEZEd Cd (195 it
ik Cd = LAY G FHE 100 mg-kg™, X
LR 3 Cd 15 YRR O . PN A5
WF5E 3R AN Cd BN T 25 mg-kg™ B, AH4
PRI Cd 3 o oA 3 31 5 A A 0 I S 55 4t (100 mg -
kg™ ) s BB RN AEPIF Y 6 B, Y 3 h Cd &k 25
mg-kg™ 5], &M R Cd & A REIS E] 100 mg-ke™!
[ s

A 2 b 1 E FAEAR L, # B R 25 P Cd R
AEHLECR 102.84 g-hm™ . AEHLBUHCE 6.33%315 %%
S X A3 Cd {544 (0.71 mg-kg™ B 2| [E R + 3%
PREE T i AR UEFREL (4> Cd<0.30 mg kg™, pH<6.5)
DAY RS 9 47 B4 I R) 5 o DR, R Je 28 06 T
PERITHEIX R 5 Cd & A 75 Yeqe I+ HEdEF I BLAN
BERAATHY, RARIR MBI E X 8B EPR
FERBT, B GBS BT SE ) H 2EXT Cd (1%

4 Cd 2 2.87 mg kg™ ) AR EEHUSCR 73 518 1.0% |
0.6% .0.5%F1 0.08% ; 5 i 4% 25 P HH [a] 4 56 2% TR 4%
B, AR R 5 RO Cd IR ICR N 192247 5 R H )
FHREE (4 Cd Ky 7.75 mg-kg )WFFE R, 1E 35—
MR R R P A Cd B EBUECR 40.2% .
AT IEZEXT Cd AR ICR I & T s AR
SR NS SR, e % R S LA 4
Fhs BE ARV HLIX B . A M S5 HH IR
(4 Cd K 3.33~3.79 mg kg™ ) B IN, BAE 25 Hb I
HBX Cd AR IR 152.04 g-hm™, IR Ky
0.94% AR T ARG I 22 AR BUECR , vl fig 5 14
M ESE S REA G Wu EP O T E SRS &
R B SRR AN AL
£ FH A fEE R XU A 22 B, i 2% 3 5 £ FH g
SEARAR X N A B 4 XU 958 o8 , 75 % 24 b e RS 1
e BE 0 I 45T U M e B S5 AR I A 7Y
AR 2 1A X80 2 7 4 15 YR BIOIR S At B JRURS: A7y
WFFE R, 0 X RO i B 3R AR A Cd W L
FEAERER AV AE IRUBSE o 3108 BH AR DX M 3 R A 4 FH
TAEREAEY Cd HAREL S, K B R A A A
FRAEAEAR KA RS o T P e XU I 2R T, 4
bR B 1 FH S0 DRI ) H R AT — o g B XU
RH R 2 ) E B TR, i) e 25 A AR H
R RIS S . S R RSP RM, Ak 18
5 AR 17 5 A 15 5 F1TERE 96/86 U T RE bh
Flow 254 S Bt Aty R E AR S AR, 2
ACAE A PRV DX 5 e L SRR ) S R, 2 bl 4
DI 1< | O A2 e B R O B e S
A R IR o oA R VR A R LU DX R H T I i
TR AT, 25 KRR E SR 15 Y HIE P A H A
B+ 38, 38 ] AR A P2 R B, G A BB R T 5K
JEF7o BRI, SRreT i i b B e H A A U 24
M2 A2 A R T H RE — MR 1ig A%, T Bk —2F

R4 AEEEEGTEY Cd FERERRKEITER

Table 4 Health risk assessments of Cd in plants under different treatments

Je2g HRE

VISLyIEN Cd 7 it/ coll Ho R Cd &y coI/ 1o

mg-kg(T) pg-kg ! d(fFT ) mg-kg (T3) pg-ke!d(EEFE)
TR i B ) 16.8322.16a 17.39 17.39 1.67+0.82a 0.37 0.37
AR L 9.32+0.85h 9.63 9.63 0.89+0.08h 0.20 0.20
AR A S A HUIE BTG 5.21+1.25h 5.38 5.38 0.69+0.34h 0.15 0.15
AR AN S AP 7.20+0.49h 7.44 7.44 1.22+0.28ab 0.27 0.27
i S Qe B A 0.2 — — 0.5 — —
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W
4 Hig

(D) 2EX 06 X 48 Cd FIH R & 4R
FEPE MRS IE X R S Cd A5 Y 31T
IRILAME AT

()T InA A& A A 3 B RS, Rl
Je s B AR e, TEA 4.44%

) PRI EIRS Cd & 4753 R Y T
e Cd B bl AR EBRAE, Y b e R
BN BRI i e 25 AR 4 8 Cd B ol
FAO/WHO # Hi () Cd N34 H fe i85 A PR & b
(PTDI), H 2 &% KBS 48 B0k F 1, HAT 80 1 fg e
KU , 24 Hb i RN FLAR 22 8 o HRERERE Cd 135 &
I8 R bR, FLAT — 5 A A XU, 7 el H R
e M.
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