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Effect of Chelating Agents and Organlc Acids on Remedlatlon Qf Cadmlum and Arsemc

Complex Contamlnated Soil Usmg Xanthzum szbmcum ¥ 4 U

ZHANC Ya-rui' HUANG Yi-zong' *, BAO Qiong-1 H WEI 1an_g-ﬂong TIE Bai-ging” ZHANG Sheng- njn AN Nian' | HUANG Yong chun
(1. Agm Emlronmemal Prolechon Institute , Ministry of* Agnquhme and Rural Affalrs , Tianjin 300191 Chma, 2, College of Resources and Environment fHoran Agncuhuﬁaﬂ
University, Changsha 410128 China) / 3 .||"l 1 al '

Abstract; In order to 1mpr0\e the phytoextraction efﬁmencx of XanthuwfJ stbmcum on farmland soil that had been contamlnaled by Cd'and As, this study explored the “effects
of (helﬁ,[lng agents and orgame acids (EDTA, SAP, CA, and MA) /on the extrac tion of Cd and As heavy nietals u%mv X. sibiricum. The results showed that the four different
chelating agentb and organic acids had Tittle effect on the blOIndSb of thetroots- stems sand leaves of X. sibiricum. However, they had different effects on the concentrations and
accumulation 0f Cd and As in various organs of X. sibiricum. Comparedzwith™ The those in the CK treatment, EDTA, SAP, CA, and MA significantly increased the Cd
concentralions in the leaves of X. sibiricum by 44. 1%, 32.4%, 41.2%, and 38.2% and the As concentrations in the roots of X. sibiricum by 89. 6%, 7.4%, 94.8%, and
61.5%, re'épectively. The four treatments ( EDTA, SAP, CA, and MA) improved the total Cd accumulation of X. sibiricum, with increasing ranges, respectively, of 70. 2%
,29.4%, 28.9%, and 33. 1%, and the As accumulation increased by 67. 0%, 19. 6%, 81.9%, and 40. 8%, respectively, compared with that of the CK treatment. The four
chelating agents and organic acids had different effects on the Cd and As bioconcentration factor and transfer factor of various organs of X. sibiricum. Treatments with EDTA,

o

SAP, CA, and MA resulted in a decrease of 32. 7%-38. 2% in soil Cd concentrations and a decrease of 14. 6% -20. 5% in soil As concentrations. These four chelating agents
can be used for enhancing the efficiency of extraction Cd and As heavy metals by X. sibiricum.

Key words: farmland ; heavy metal; Xanthium sibiricum; chelating agent; phytoremediation; exiraction technology
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TP R AR S PO RIS T TR X S A
X HE 4 @ ) B R RHIE R, KBS HXE Cd A E
ERE(BCF) MAYHF ZE(BTF) ¥R T 1. Yu
AN IR RN YR 415 ( Bidens pilosa L. ) B 58
(1 E 4 JE SRR ) HAE W) s K, S IR 4 i 1+ 4%
4w N FAAE Y. H AT OGS R A HLIR iR AL
i FE AR B T i 1) T 8] U6 3O i M.
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FHPR 4. 2020 48 H 28 HUIKEH-.

1.3 FEACRAE AR AR E

TEEA/NX FEHLEEL 2 ~ 3 SR KBS EH:
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IS R ARIC B 1] S

HEUCR A A T 25 B K ok T s, 4
MR ZE AT A AT A BERE, 7E 105°C R 7 30 min,
75°CHET B E, FRE. RS R S T e
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Table 1 ~ Physicochemical property of test field and concentration of heavy metals

5 H H {4 o (HHLT) FHE T2 ¥ i w( & Cd) w(H As)
) p /g-kg ! /mol -kg ™! /mg-kg ! /mg-kg !
24 5.59 31.40 12.30 0.91 107.73

HNO,: HCIO, =4: 1 (AL ) BB, T AL O 2=
B T/KERE 25 mL, EAJERAHBEMESET
RBTEAL (ICP-MS) BL#EME Cd 1 As (15 &
FHEREA 2 RT3 0. 15 mm R I AR A7
2, FREL0.25 ¢ R E/K[HCL: HNO, =3: 1 (fk
) J-m AR, A LB FKEARE 25
mL. FEA Cd A As (18I0 52 24 2R FH e Sk & 5 1 1k
BT (ICP-MS). - 5A4HY) Cd il As & &0 &
BF, 23 50l F 2% - S AR EY) 5T ( GWB 07401 ) FIAE )
FRUEW) 5 (GBW 07603 ) Sk #E47 i e 4 il
L4 HRsbH kgt :
K WHESBH BRI & REHEES
TR AL - o
BURLE = Cd( 3K As) Fr lik x HIRERFE 19 TR (o)
%%Z%%&)iﬂﬂ%?ié)ﬁﬂﬁ%ww EE?FE,%B[?-*
) R e AL I %fﬂﬂ:’.%ﬁf

TF . =25 CA(E( As) /M CA( B As) & &
TF .y = 1 CA(B As) Fhk/25 Cd (8K As) it
TR 4 R AU BAF) RS2 WUAE ) M L3 Pl i
WAIRRE S
_ AWE Cd(EH As)
THRPRHHE Cd( K As) Fr i
K FH Microsoft Excel 2013 FlI SPSS 25. 0 #£17F
Y FAREZE IO I 22 5 B TR AGL

2 HBRESM

T I g 7 AT LR 5 A W e
22 2 Ay AN b 43 TRV AT B R Ak BTN A HLAS 7%
WH%MU$ﬁiﬁwaﬁM$ﬁﬁﬁ@$r
B4 0 R WL AR A bk s P 4
#iﬂmw<wwnﬁ%$ﬁ¢%%M%mﬂﬂ
A1 VL SRR gt 0792 K4

BAF%%% &}

2.1

m%wwmﬁﬁuﬁ. iy b 7 fEH. ﬁf A Y 1
3 2 T\I‘J&Lﬂﬁﬁi?:é?flﬁuﬁmmﬁ§ﬁ%a§ BEMRHTN r
- | {Table 2 Effect of different tregtment% of ohPlathg agents and organic’acids on biomass of X.Jsibiricum
=N = T 4 i i
T ek 79.89 +0. 51cd 321720=18.42a 42.73 +0. 68b 443.82 +17.81a
ED.Tj\ ©100. 68 +0. 80a 326.43 +17.38a 20. 67 +1.25e 447.77 +21.81a
SAP 89.41 +0.71b 317.11 £24.65a 42.04 £0.57b 448.55 +19. 85a
CA 80.98 +1.07c 352.91 +8.69a 31.22 +0. 19¢ 465.10 £22. 19a
MA 79.27 1. 20ce 309. 65 +5. 88a 47.59 £0.76a 436.51 +13. 11a

D BUEAAN g- Bk ' (LLTHEIT) 5 FFUR /NG TR 2B 2252 .35 (P <0. 05)

3 AR A FIFA LR A B F 45 H- A R A
W AR G O, TE NS A HLER
SRS B MR AE K R LT, S H R T E

0.44 ~0.47 kg, & hm® =14 39. 60 ~42. 30 t.

®3 BEMMEZE. £EMENTERBR
Table 3 Planting density, biomass, and yield of X. sibiricum

Y (LT 3l FEi
HiY /kg- Bk ! /kem 2 /t+hm 2
TH 0.44 ~0.47 9 39. 60 ~42. 30
2.2 AFEEEAFNA VLR X & H I B fEs iz
Cd HIEZ

E 1Al AE 5 CK ZbHAT L, i EDTA |
SAP, CA F1 MA 4b3E 355 4 m T H-mHiy Cd
HFHE(P<0.05) , FE R 0RE )& 44. 1% . 32. 4%,
41.2% F1 38.2% . TE& H-ZE 9, EDTA | SAP Fl MA

AFEXT Cd 5 R THA BB RCR , Hoh EDTA ZhHERK
REH R, Cd SR B EHMT 105.6% (P <
0.05). X FHEHAR, M CA AP EEERS T EH
M Cd &4 31.7% (P <0.05).
F R AS R EB AL 10 A ) 1 5 45 B R 4
YRR, BIRE R A N 4 T R 2R A R S A
PP 4 8 I RE . AR 4 T LR A T X
R AN R A 0 A A MILIR 1) it P A — o R B X 4
H Cd BB A T 5 m) A T4 54 5 Cd i 4
I AN AR 2 B, A HAR R, CA Ab3 LX)
MR ERSGTEH Cd LR E, 5 48.4% (P <
0.05). EDTA | SAP 1l MA ¥{i13 & H25 Cd FLE
T I S 0 T RRAY 17, 1% ~ 105. 7%, Hoh
EDTA &0 i ik 3, 8 M5 & 105.7% (P <0.05). Xt
TAEHME, 4 FOMNEES YRS e T B
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E “l h ’_]_‘ H ’_I_‘ g i h ’—l—‘ ’—l_‘
s il
1.0 2.5
(b) % | @
T ! a =20t a
%: . H é _l_ ® ab
E 06} b b /15t
5] . + o b b +
o L[] []
2.0 - 6
(c) # = (c) #
- ab g ab a ab
%‘: 1.5 b ‘l‘ ﬁ 4t ’—l—| ab b — |_]_|
S o0t L ’_h
3 CK EDTA SAP CA MA
0.5 is: ]
EDTA ‘“""P CA MA H2 RRZAMEIE S EHENE R cam n

ARG PRy R A PR 25 5 B3 (P <0.05) , Tt
1 FAREAFMEHBNEEEK Cd SBHMIT

Fig. 1 Effect of different chelating agents dnd Ol‘gdHIL acids

on wn(,cnlrdtlunb of Cd in X. smecum

TEHAE HE Cd’ H,\ 53l CK u%eﬁ 3zf z,%
(SAP) (‘4. 2%§GA)7FH 57.3% (MA) . 7

PR TR 05 5 A 4 'ﬁ%%fﬁﬂ?ig@/‘
T e TR BV e 14 64 T LSRR ke B ekt
%m@@%mﬁm M 4 Tuﬁth fE TRy
WL, 2 A A ML 60 D mwﬂ;sﬁ@«
H Cd BB AT 50, R T2 5 55X Cd 194
B B AR IR 4 B0, 7E S AR R tf CA BT Hoxd
MO ERS TEH Cd FLEE, 1K48.4% (P <
0.05). EDTA | SAP Fl MA ¥{fif8 4 H-25rh Cd 1 &
S AN, B0 O X RE Y 17, 1% ~ 105. 7%, Hirp
EDTA &R f 25, 38 0% J& 105.7% (P <0.05). Xt
TEHMF, Mif] SAP, CA FIMA, H- Cd 12
B CK AR FEERT; 32. 2%, 4. 2% F157.3%.

F4 AEESFMEVNBMNSEEKRR CdH2m)

Table 4  Effect of different chelating agents and organic acids

on accumulation of Cd in X. sibiricum

Cd BURA/ pg-#k !

i m e T
CK 87.86 +0.01b 116.63 +£0.01¢ 14.32 £0.01b
EDTA 122.15 +0.06b 240.04 £0.23a 10.22 £0.02a
SAP 114.23 +0.05b 149.89 +0.68b 18.92 £0.05a
CA 130.52 £0.09a 136.49 £0.01¢ 15.01 £0.04a
MA 114.64 £0.11ab 154.05 +0.04b 22.51 £0.04a

1) [FFA RN R R A BRI 22 53 35 (P <0.05) , R[]

CHATAL Cd BHERB LK 2, SAP 4b 3 g 3
PEE TN Cd s B R 1 EDTA X & H 2510
Cd EHEREH BEFRIHEMH (P <0.05).

Fig. 2 Effect of different chelating agents and orgamc
amds on BAF of Cd in X. sibiricum J

Klﬂ%ﬁﬁlﬁnﬁmﬁaﬁﬁﬁ% Cd Ef’JE/nFn]Ju
% 5,EDTA/, SAP{ “CA Fll MA —5EFLE J:XT%H%E
F2£f Cd %L/zﬁz(‘mﬁ ) FZEEHG Cd Wid %
ﬁ(TFAw)B’JiﬁJHEﬁT;@J&VEFﬁ I E ORI SAP
AhFE L E M TSI Y Cd %L%g&z,iﬁfﬂm
J£96.3% (P <0/05)  #ia 280 > 1,153 1. 6F.
TNAMEEE A P X 5 B AR B 251 Cd 5438 R
(TF+EA)&ﬁE*“$;Hﬁ(P >0.05).

£5 TRESFMAVBENSEME Cd %5 RENPMN

Table 5  Effect of different chelating agents and organic
acids on TF of Cd in X. sibiricum

b rl‘Fﬂ%-‘% TF‘%-ﬂf
CK 0.28 =0. 03a 0.82 =0. 04b

EDTA 0.41 +0. 11a 0.98 +0. 17
SAP 0.35 0. 04a 1.61 £0.26a
CA 0.33 £0.07a 0.77 £0.07b
MA 0.40 =0. 08a 0.87 0. 02b

2.3 ANEZEAFMA YRR & H W R itz
As FYEZ

TE Cd 1 As B AT5 YLy 3 rp it 4 FpES &
FUFIA HLER bR T $2 8 BAE MR IR Y Cd & 251,
Xt As AR TORFERREE I sgm (B 3) . X A
AL H & BRI ALY As B, K/NER N .
o> > 225 HA g As & &Rk, ¢263
mg-kg ' YEE HAR A P EDTA Fl CA f#i15% As &
LEXT B2 3 i) 8 S B = T 89. 6% F1 94.8% (P <
0.05). X FHHZ kUL, 5 CK AFEAR L, ji FH CA
IR TIZE As 5 90.5% (P <0.05) , HiAth 3 Fhib
TR RZE As ST REZH (P >0.05). CA
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JH , 48 i 43 0 & CK AbFEAY 18.1% 1 9.6% (P < Z oms |
0.05). oo | | abe “b
1.2 = be ¢ R
— (a) M a ot 0014 |
Z c be be ) b
g 0.007
2 os| 0.009
< ) (b) 2 a
0.4 & 0006} b + b
& a =
e + ‘ 0.003 |—I_| ’—I—l
' b b 0.08
E s b b _ (a) fil a
= 2 0.06 +
< =}
2 ﬁ 0.04 + ab
= b
o g onf
3.6 I_'—‘
T () 4t a a 0 EDTA SAP CA MA
2o} ab press
E 8t b B4 TEESANAVENEEEKRESRAS E’J IJIT
= 09 r'-l |—l—| Fig. 4 Eﬂea of dlfferent chelating agents dnd orgdr:_l_z -
I CK EDTA SAP CA MA u‘“ dcidb on BAF 0¥ Ab in X. sibiricum’ ”_.‘,r"’ ;i
i3] ' X ¥

B3 Kﬂ?gb'?ﬂ]ﬂﬁﬂlﬁﬁﬁﬁﬁﬁﬂi As ﬁ'sﬁ"]g’
F 1g. 3 Effecl of dlfferenl chelating agents and orgdmc a(}ldrb .-‘
.l"

on Lgnoentmuons of As in X. sgbmcu{p

ﬁﬁiﬁffﬂi As i”%iﬂﬁ”‘rﬂc'ﬂ 64 ?FEiBTﬁﬁ

*EHEMSV\J As BER e Z2 19 R4, %Rﬁgﬂfmlé |
. [EDTA“l 4 ;EJT@H@;@ As 1#

25742 faa- RS
%J%,LEF*E-*‘B As BB XY 2. 4 [P <
0.05) AHEJ11 CA X 4 FEAR FIZE A As LR R A4
TRERTHER, L As BUER &5 H XTI AY 1. 98
fER12.06 1% (P <0.05). MA 23 S S H-iH i As
TEEH CK ZbPEHE R 21. 8% (P <0.05).

*6 FRESHANENBRMSEEKRR As P

Table 6 Effect of different chelating agents and organic

acids on accumulation of As in X. sibiricum

As FURE /g #k !

i i £ T
CK 107. 50 +0. 05b 68.09 +0.01b 35.64 £0.0lc
EDTA 257.42 +0. 45a 77.44 £0.01b 17.99 +0. 03bc
SAP 129.29 +0. 04b 87.08 +0. 04h 36.31 £0. 02be
CA 213.04 £0.29a 140. 46 +0. 02a 30. 67 £0.02a
MA 173.06 +0. 16ab 80.92 +0.01b 43.42 +0.02b

4 SR TRIES A R R ML X 5 B 25 38007 B 4R
As FIsEIR, T DL %Hﬂ%%%ﬂﬂfﬂ@ As B
REHE T CA IR IR BT HZEMN As &
%%ﬁjﬁtmﬁﬁiﬂw 34.2% (P <0.05). HAt4b
X5 HATAR As BEEETC WM (P >0.05).

M7 LA R B 6 HAR R A =2 5
M As Bz REL(TF., ) R T 1, BKN 4. 16.

i1 SAP, ALEEF € HMRE ZER As iz %s&

(TF ) ':TrXT JEEHH tlii'%ﬁmT 66.7% (P <

0.05). / 2
7 Tﬂ%"g?‘ﬁuﬁmﬁi‘lﬁﬂﬁﬁiAsi’%L?%ﬂlE’] nn

Table 7 hffect of different chelating agents and organic.

i

ac1ds on TF of Asin X. sibiricum

Kb TF g TF sy
CK 0.12 +0. 02b 4.16 £0.33a
EDTA 0. 14 +0. 03ab 3.81 =0. 29ab
SAP 0.20 0. 02a 3.62 +0. 27ab
CA 0. 14 +0. 02ab 2.85+0.36b
MA 0.17 +0. 04ab 4.09 +0. 85ab

2.4 ECAFIANAE ML H X AR PR 3 Cd Al As &
2 15

IIEJ% & 0 A HLER I IS X8 BAR B 338 v
Cd Fl As S E R UL 5. AR el DL 4@%
B VA AILER #5448 HAR PR L3 rf i Cd F As %
PRI B . 4 R3S 5 X R Ab
FRAH & B AR bR 3 Cd & BRI N 32.7% ~
38.2% ,As SR A 14. 6% ~20.5% (P <0.05).
o SAP AbPRRFARAOR 5 i 2, (45 AR B £ 3 v
Cd Fit 5 CK AbHEAH HLRE AL 38. 2%, As 7 1 FEAIK
20.5%.

3 g

YR BOR — R B S HOR, T LU T HE &
{5 e R RAR B AT AR AT SR TE AR
(R H AT & TR R B AT TSR T 52 50
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Fig. 5 Effect of different chelating agents and organic acids

on the concentrations of Cd and As in rhizosphere soil of X. sibiricum
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