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AFEE AR KPR X 38 Cd R BRVEA . A5 2, e mNE MR bk ok Cd 25k %<16. 69%. EDTMPA
5EZIRAWVERT Cd KBRBRIETH 3, b 2 Bk e T 49. 28%. S ALAE R, XTIk AU 52
BN Sy < IR B 1> B >R S >pH, WP B R AR 28 BAE R . EDTMPA 5 1 RIR Ak S50k 1
B 1. 31, pH 7, 3R 22 °C, ik BERT 1] 240 min, HEE} Cd EBRF A 65. 16%.
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Abstract: Biosurfactants have oil and water amphiphilic properties and commonly used for
leaching heavy metals in soil. In order to further improve the removal rate of Cd in soil,
ethylenediamine tetramethyl phosphonic acid (EDTMPA) , polyamide acid (PAA) and citric acid
(CA) were respectively combined with biosurfactants. The leaching characteristics of single
leaching agent and composite materials on Cd contaminated soil were investigated by a horizontal
experiment method, and the leaching parameters were optimized by response surface
methodology. The leaching efficiency and the removal effect of soil Cd pollution between
composite leaching and single leaching, different composite materials and leaching sequence
were compared. The results showed that the removal rate of Cd by bio-surfactant was <16. 69%.
The removal rate of heavy metals by EDTMPA and saponin mixed leaching was significantly
improved, and the removal rate of Cd was 49.28% higher than that by saponin alone. The
optimization results of response surface model showed that the leaching time, mixing ratio, and
temperature have a significant impact on the leaching effect, with the order of influence being
leaching time>mixing ratio>temperature>pH, and there is interaction between the two factors.
The optimum parameters of EDTMPA and saponin mixed leaching are: complex ratio 1. 3:1, pH
of 7, temperature of 22 °C, and leaching time of 240 min. Under these conditions, the removal
rate of Cd is 65. 16%.
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Bk gy . R B, BRAR 0 B A 4 2 1 T 1 AR T A
M i i B pH K R IR L A R 3R R A
Py b IR TR PR T, AT R A R, HRL A R
TG PR B N T ALY B ARk
Bk AH DGR GRS, 2 (i F T 5355 0.7% i B %
Xt Cd V5 Y + BEIEAT PR TR, B K B BR R N
24.0%%. A HL B8R 2 — M U W ORE B R
(EDTMPA) 7£ 5 H 2 HEAT B 1, TP B 4 A I TR
S RS 2R R B T AT R A RO, BT
Bfi, T dE e R (PAA) & A K&
T S5 & EE TG

52 ARV A8 AE A 5 filt R R K LA
L BIIR BT R B )R A AN A R 5 Ak TS
) A Bk AR R e 7 =5 R AR e 5 a2k
EF ol S = N 01 N RN =R N A W R
Y + HEE 2 G AF 5T s 22— Guo B
R IMEE A F-EDTA LI R ES A R -TCHLER A mT 1
S8 XS 13 Cu, Zn, Pb 5 CA 25 4 J@ 14 £ R VE .
Hong %5 {53 & B A7 2 IR — 2 X% 14 Cd, Zn
1 Cu 1 2B BB — W Ve RN H A & 0 2% P27t
Zn, Cu EBRF5 T T 18% Ml 16%. Wei 457
i1 2, e DU 2018 R RN R — bk R gk A 7
WVEIE S As/Pb B 4 8 &2 A 15 G 18, I X5 bk vk
Jei 1 AT KUBS DAL, 45 5 s e 4R35
150 r/min, ¥ 5 HE 1501, RPERT ] 30 min, #&
JE 25 °C % F , £ HErh As, Pb £ BR R 5K
41.9% F1 89.6% , I K& Ik T 5 4 & (9 A= Wy A I %
KAE LR R EMETS
EDTA 3 A& F X 13 Cd 19 bk vk 22 21k B[]
YEHT, X4 EDTA JC 8 2 H R EE 4320 1 mol/L,
20 g/L B W [R) A% 0 e A, U B4R G 2 BR R R
87.63% . I WL W EE A S AW RETEERE A
WRUEA B T Tt - e 4 8 A L BRACR SR,
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Fig. 1 Influencing factors on Cd removal rate of single washing agent

(a)—IWREER 4350 (b)—pH; (o) —ibkykit ] (d)—EE; (e)—iRIE i b .

2.2 EAYRKSE M R E R E3R

MR AL 77 #2237 EDTMPA \PAA k% + 33
Cd 1 = 4k me) 1 T 1 R0 25 e 22 1 (1 2, (BT 3) |,
3 A5 ) DR 2R T A 28 A ot 7 I i 158 A 7
PRI 25 1] 22 FL A FH 5% A 5 46 s 4R R T R 8 T 13
UL & RIS BAE AN B3 T R i —
A1 AE EAE 3, S e 2 P s o e — R R
SXof ] I {18 5 i A e,

45 3R W, pH 5 EDTMPA Jii it 43 B0 Z [0l A
HRFENZEHAER . AE 2av] LA, B
pH B i i 73 B0 AR A 3435 5 B R R S B0 &4
— B0, UE A iy A A AT S Lt R R T
2%, LW Cd 2 B %637 i it 43 F1ORT pH W] 32 B AR
BRI A /0N . P 2b 5 P 2a % EL W 7 1 3% 13 5 o
B , A5 S 2 ARG R AR , 15 o 2 43 B5OR bk L B

55 55
50 50
R 45l oz 45
ﬁ 40F 40
35 35

30 30

[ 64 52 EL A O 2% BR AR 0 25, 3 2 S I ot
R R] , BRI 90 o i BT AR A AT [ B i 4
P AR IR BE N 18] K S 3 RO ol R A, i ]
TR CAEBRFHERAT BEFEE N 2¢ FTLUR
PRV IR [E] 71 pH 35 28 FAE JHX L BR A B &%
M) . P IR IS 1] 75 16] A58 e £ L 1 pH 5 16] S5 i 2k
A& ULAMRVE I TR XS Cd LBRFRAYFZNA L pH .2
Xt PAAIKYE , 44 R R RIS A B A 1A
1. PAA VLR = A= i AL AT T pH 2 UL L)
SRS, T AR B A O 25 B A s T ]
3a A e 2 S I 56 B O[5 A, X 7 9 45 v
24 BIR ) PO 19 B R A, S R W] 3 Z IR AT R
52 ELAR . P 3b Hp T AR by BE U I
)R pH A 3L [V TR , BT A, 76X 20 PR 2R 2k
FrOUAemd A b, A5 i pHOFIHRGE T ],

55
50

S TS OTTIOCUAN N
ST ns

S OSTIS NN

IR ‘:\:““

40
DS

CORTEOTS
35 ‘:::::\\



% 7 H 3 AL 5 IR B AT AR AT A TR RS ARIE Cd T 16 AR R 1051

EERI%

240

FRBET B /min
— — —
(=) H O
[\S] [*<) S

wn
(=)}

25 %5 10 15 20
REE/% RESE%
(2) (b)

B2 AEEZZEEAX EDTMPA B Cd XK ZHE I
Fig.2 Effect of the interaction of different factors of EDTMPA on Cd removal rate
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Fig. 3 Effect of interaction between different factors of PAA on Cd removal rate
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Fig.4 Cd removal by chelating agent enhanced biosurfactant
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) 30 min, {3 51 it 535X 5%, W [ 4 b 30+ 1,
15 CE I BE 40 °C, pH 75 i Z Uk Uk T £l B[R]
60 min, 5 A 5t 53 A 4%, W A 5 A B 301 1, Ui
£ 40 °C,pH 7. A1 LbAE 9 3 M 1% V57, EDTMPA
PAA,CA —FEEA R HA B R Cd LBRE, 435
9 49.45%, 47.83%, 48.03%; F& A K Uk 5 1 W R
L pH IR 5 b )5 S 43 B0 Ok B ] R ek
SR VIML .
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BAT —EFEHE T, % Cd 12255 56 L PAA FR1I
T 17.62%. EDTMPA+ 2, 22 bk k%t 8 46 J& 1Y 25 B
REPLTHE F, Cd EBRFIK 63.18%, i K Fhiik
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