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Ultrasonic assisted ethylenebis( oxyethylenenitrilo ) tetraacetic acid
washing of heavy metal contaminated soil and assessment
of environmental risk reduction

DAI Zhuqging XIE Mingyang WANG Minxing ™ DU Erdeng ZHANG Wenyi
(School of Environmental and Safety Engineering, Changzhou University, Changzhou, 213164, China)

Abstract; The heavy metal contaminated soil was remediated by ultrasonic-assisted ethylenebis
(oxyethylenenitrilo ) tetraacetic acid (EGTA) washing. Results showed that ultrasonic-assisted EGTA
washing had high reduction efficiency of copper (Cu) and cadmium (Cd), but had weaker washing
capacity of zinc (Zn) or lead (Pb) in soil. Increasing liquid-solid ratio significantly improved the
reduction rates of heavy metals, while increasing ultrasonic time and power revealed a relatively
weak effect. After washing treatment, the leaching concentrations of Cu, Zn and Cd decreased,
while that of Pb increased. An environmental risk index covering residual concentrations in soil,

leaching concentrations and toxicity of heavy metals was constructed. The method was used to
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evaluate the effects of EGTA dosage, liquid-solid ratio, ultrasonic time and power on removal of each
heavy metal and reduction rate of total environmental risk, and then the simulation and optimization
of these effects were also conducted. The predicted value of the environmental risk reduction rate was
79.7% , and the measured value reached 78.0% with the condition of EGTA dosage 1.7 g-L™", the
liquid-solid ratio 10, ultrasonic time 40 min, and ultrasonic power 600 W. Under this condition, the
concentration of residual Cu, the weak acid extractable Pb and the Zn in reducing fraction decreased
significantly, the weak acid extractable Zn concentration increased significantly, and the residual Cd
in all fractions decreased significantly. Overall, ultrasound-assisted EGTA washing can effectively
reduce the environmental risks of Cu and Zn, but significantly increase the environmental risk of Pb.
On the other hand, excessive EGTA dosage may also increase the environmental risk of Cd. Thus it
is not suitable for the remediation of Pb contaminated soil. For Cd contaminated soil, it is also
necessary to control the potential secondary pollution risk.

Keywords :soil, heavy metals, washing, leaching toxicity, environmental risk.

T A S Y S PR 2 A 40 5 BRI 5T A B AT R o5 ) — Ak S R A Ry — e A
RIS e 3983A PR AR B R R A7 B 5, UGS 32 vk T AR S e e Y R 2 T
WA 2 M (EDTA) ) N, N'-Z, — i — 3531 ( EDDS ) 78 258 [l 25 4 7 % 4 498 56 4 J 1 vk
JBRASCER SR 9 A 3, 2 6 Rk B SR R A VI - 8 P AR o0 B A TR & B A 2 5 ik vt T B 3K
B B 4 S TR R RGO FRIN R IR VR B L AR DR IR R T RE ) R T R AR XU R I, (SR R TRV RT R
+ 3 4 R R A B 4 R PR 2 5 R0 i A T R A PRI 4 TS Y A1 B R
+IEE SRR S E AR B WA RO AN A R 2 W R 22 R L R N
DA PR 2R X B 4 IR S A B RS AR AL T T4 PR

AWFFELLE Cu Pb . Zn A1 Cd 555 4 J& 5 Jeb SR WF 5 X 52, 5 42 Al AR W) R i 25 5 30 & B XL
(2-FFE 2 FHERE) 1 4R (EGTA) X 398 5 4 Jm w80 S = i (R 22, 2 M bk v il )5 7 4 Ja 1 Hh vk
JE B AR Ak, R T 5 - 49 T 4 e R B i IR VR EE A R M ) IR XS DA Dy i A e e R T v 22 R 2R A
IBETT, $U B XU M08 5 Rk 2 (R 22 0 (1 56 ZR R 1A T O Ak, #6878 SR b AR G U - 18 5 4 ) 1k
SIS AR, S 7E R R AL EGTA W PIEE T 4 8 5 Y 1 HEHL Rl 22 4k 472

1 #RS 7 (Materials and methods)

1.1 it 149

B+ SECE VT IR H N T B DR O 1 3 i i e, AR B A M A . pH (B 7.2,
AL AR 7.48 g-ke, BUASCA USRI AL S 43 9 F £ 35.54 24,77 [121.42 mg- kg™ AL H
SRINT S, RBRIE A B 2% TSI 5 mm JEJEF, I — % Ht (4 T 4 I VR 135 50 0 A% i Ak
F43 514 : CuS0,+5H,0,ZnS0,7TH,0, Pb(NO, ), , CdCL: 5H, O. PUAMEHGR 4> T RERFEE 5 3 100 H i , it f 4
J& R . 3 HE 48 S & TCLP ( Toxicity characteristic leaching procedure ) 32 Hi ¥ & ILF 1.

F1 AU IR T G R G YRR

Table 1 Heavy metal concentration of the test soil

w4 B Heavy metal species Cu Pb Zn Cd
£ Content /(mg-kg™") 583.3 803.0 768.9 15.83
12 Hi#¢ ¥ Leaching concentration /(mg-L™") 14.01 0.89 24.4 0.40

1.2 SEget
P75 g R A 5 BUE B HRETEE 100 H 54 0. FREL 1.0 g 152 +FET 100 mL = AR, InA—E
B RIWRTER BB e — 2 AL, SRS £ 4000 1emin~ B0 20 min J5 B IEW , B ACME R TR A6
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JEE N R T A

BOHR R R S0 90 % A K [F] EGTA # it (0.5—10 g-L™") W& L (2.5—10) &8 75 B ] (10—
40 min) M D(200—600 W ) Xif B 4 Y 5 A5 SR (40 52 i) 22 DR 28 51 560 SR T o o7 T 925 186 3 1, 4% PR R K
(B R AR B8 B PR 2R S B0 45 SR 2 , S0 T AS TR AL B R - 39 i 110 B 4 8 DR MG T HE VR B, o S B 8 SR fif
FH Design Expert 8.0 #4744 FLAL , X PR 5% XU 8RR e A ) A BRAS (004 T 30 F A EE &2 R Ak 2H B 2
G3HT.
1.3 K oHr

(1) R B Hr

SR TCLP 8 ik Ak e i J5 1 98 1 4 T 193t R, B s 55 R R AR Sy 22 I b o B 12 02
Dkt F ARG I AR A SR R R P 4 T R A D AT R e ELR R A R R L AR L
FEiE 100 B, B4 HFEFRIL 2.0 ¢ B F 100 mL B0, 4 20: 1 W He i Hrpin A 40 mL BE R #2
{@i,ff: 23 CHEIE 180 r-min ' 4 FHEW 18 h J5 BUH B RE L B T E.OHLH , L1 4000 rofmin B 10 min,
B L, .

(2) 2B Hr

K SARBUE A /ML (BCR) M 4% 4 R LA IR A5 BRI 1.0 ¢ BRI 100 mL 20045
O E SRS NIRRT EES ] EAL SRS S 4 AT R KA R o ek
BE I 2 AR TRIJEZS Cu Pb Zn FIT Cd B HRE.
1.4 KB

VL5 R B MR 24 5 Hakanson AW 7E A2 25 XU R 506000 18 5 4 Ja A s 2 A 25 XU RG aft
rimse, WaX(1) .

RI:iEf‘:iTﬁxd:iTixg (1)

Ao RI N 88 S JE IS ARS8 5L, B B EAE SIS SEL, T W5 s eS80, et
BEMEAKCOE AR Y6 H5 e USAR B, C N PR—5 Qe is e A5 8k, ¢ i R rpis e se iR,
HZ .

ZOrEN T EE SR B E SRS E T LI E SRR E MW EENE AR E %
JEH AR A RPER 22 57, AR A T A A ARG AN i 5 ) SE il b A B 4 12 1R v B SR i L A
VI RHE A — B A KU P RS £ (ERD) 5 A W (2—4) .

. i ) i C‘.V
BRI =7 x & xp =7 x & x 000
c coc-w

(2)

ERI = Y, ERI, (3)
i=1

A, ¢ IR FVE AR TCLP BRI ¢ S+ IEE S BRI Lo L3R i E
4@ e, R TCLP 005 FR1158 5 Vi, A g TCLP i A3 AR, W ok 3 i i
IR LB HI % ERR A

ERI
ERR(%) =1 -
(%) ( ERI

j x 100% (4)

0

2 R 5118 (Results and discussion)

2.1 AR,

EGTA B WIS LG 87 o 6] 12K 7 3 0 4 T 25 R R s DL 1A | Cu Cd Z2BR %
B, Pb Zn BBRRAR. A E AR PR REE EGTA Bl i [ L iy 36 mifi % in , {H EGTA £ &k
T 5 g L7 R HERT 8 LU, BRGNS I I 45 T 4 R 25 R R Bt e 75 P 1) B 7 DR A o 2
Jo bETHE T B s (EZ iR B AR B/ )N ; 5 A I E] 24 30 min A DRy 400 WIS 2% H 43w A9 3
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BEl1 EGTA Uit (a) R (b) BRI () A D)2 (d) %) 48 22 B i 2
Fig.1 Heavy metal remoyé rate under EGTA dosage (a), liquid-solid ratio (b) ,

ultrasonic time (c¢) and ultrasonic power (d)

22 ZRHERLEL

TEHTH PR 2R 526 A it I 052 SR Design Expert 8.0 B9 HUO2H G580 192 (BBD #2) %11 4 [ ZE 3
IKVSEG .4 AR B8 EGTA B (A) JEE L (B) GBS (C) FEFTIZ (D) , M L 1 AF &
25 T4 JE I BRI TR A RN A XU 0 0 . % TR 2R A1 9 AR e o PR 2 S 0 2 SR e, B
TR ULER 2, AT 29 NS IR AR FE 25 1, B AL AR F B A 2 IR ORI B84 T 1 4 2ol R VR EE R
AT RS 19 % e 3R 3. 4.
2.2.1 FEEJE LB R RIS KU 8RS vk S 1 S R A

4 Cu . Pb . Zn Fll Cd A9 BRI VR FE NI KU HI D% 3 A Design-Expert 8.0 H1, B IR 23
KU A BEIE A58 13 MR (R 5) R P /N T 0.0500 , 156 A AR YT 2t 25 A9, 2k J01350
IR B35 (AU P {H>0.05) P72 BERUARSGME RLAE, v] LA RDR IR R LB I8 H kB AR 858 XU 11 i
TS Z R,

#2 LRWESKTRIT

Table 2 Experimental factors and level design

LE R A /M T wRMH
Experimental factors Units Minimum value Median value Maximum value
A EGTA /it EGTA dosage g L7 0.5 2.75 5.0

B W& It Liquid-solid ratio — 2.5 6.25 10

C #B 7 Hf[E] Ultrasonic time min 5.0 22.5 40

D #B7i H1%R Ultrasonic power w 200 400 600
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Table 3 Heavy metal removal efficiency under different leaching conditions
- LCTA L B I . ﬁﬁ’ﬁz‘?%% B
Nenler L) Liquid-solid Ultrasonic Ultrasonic cavy metal removal rate/%
ratio time/min power/ W Cu Ph 7n cd
1 5.00 6.25 22.5 600 67.2 53.6 52.6 64.4
2 2.75 10.0 5.00 400 68.4 45.2 40.6 62.9
3 2.75 6.25 22.5 400 58.6 28.5 34.8 62.1
4 2.75 6.25 22.5 400 59.3 29.1 352 61.9
5 2.75 10.0 22.5 600 66.6 64.2 51.7 64.1
6 5.00 2.50 22.5 400 51.4 23.1 33.4 56.2
7 2.75 6.25 40.0 600 54.6 36.3 36.5 60.6
8 2.75 6.25 22.5 400 59.2 29.1 34.8 61.1
9 2.75 2.50 40.0 400 53.5 5.6 23.8 59.6
10 5.00 6.25 40.0 400 74.6 50.9 49.1 56.9
11 2.75 10.0 22.5 200 66.6 50.8 39.3 61.7
12 0.50 6.25 40.0 400 35.8 3.70 8.40 52.4
13 0.50 6.25 22.5 200 30.7 5.80 8.90 56.0
14 0.50 6.25 22.5 600 25.9 5.10 6.20 56.3
15 0.50 6.25 5.00 400, 30.3 5.20 10.4 54.5
16 2.75 10.0 40.0 400 78.4 60.2 49.7 62.0
17 2.75 6.25 22.5 400 68.0 36.8 43.8 58.3
18 2.75 2.50 5.00 400 41.2 12.6 21.3 52.3
19 2.75 2.50 22.5 200 46.2 15.8 22.6 61.3
20 2.75 2.50 22:5 600 42.2 12.7 21.0 57.6
21 2.75 6.25 40:0 200 64.1 31.9 42.1 61.4
22 5.00 6.25 22.5 200 66.1 46.5 42.2 60.0
23 5.00 6.25 5.00 400 57.7 28.4 33.0 54.1
24 2.75 6.25 5.00 200 49.8 29.4 27.5 58.2
25 2.75 6.25 22.5 400 71.2 37.0 45.5 58.0
26 5.00 10.0 22.5 400 84.1 45.5 55.3 66.1
27 0.50 10.0 22.5 400 43.5 13.1 17.9 56.9
28 2.75 6.25 5.00 600 57.8 35.3 37.4 63.3
29 0.50 2.50 22.5 400 21.0 0.00 2.00 52.4
R4 AFRGEANT T B4 15 R FNFRIE U R
Table 4 Heavy metal TCLP and ERR under different leaching conditions
HEBRINKE HEBE R
Y5 Leaching concentration of heavy % Leaching concentration of heavy
Number metal/ (mg-L™") ERR/% Number metal/ (mg-L™") ERR/%
Cu Pb Zn Cd Cu Pb Zn Cd
1 8.89 7.71 7.09 0.1240 67.2 16 8.89 4.03 10.07  0.1036 72.7
2 9.90 5.27 9.22  0.0970 74.0 17 12.99 2.20 11.75  0.1096 70.9
3 13.70 2.64 10.95  0.1036 72.2 18 12.87 0.79 11.14  0.0909 75.7
4 11.22 2.46 9.56  0.0926 75.3 19 13.25 0.90 13.81  0.0912 75.5
5 7.16 3.75 8.73 0.0799 78.8 20 14.28 1.14 14.01  0.0990 73.4
6 14.19 1.57 11.66  0.0889 75.9 21 12.57 2.16 11.65 0.1071 71.6
7 10.92 2.68 10.13  0.0984 73.9 22 11.89 10.98 13.40  0.1404 62.1
8 13.32 4.12 11.05  0.1021 72.4 23 15.84 14.72 17.04  0.1691 53.9
9 13.92 2.01 13.47  0.0900 75.5 24 15.20 2.79 12.97  0.1294 65.6
10 9.24 8.06 10.38  0.1202 67.9 25 12.47 2.55 11.92  0.1246 67.2
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HEBRINKE HEBE MR
- . . o . .
Niﬁm;er Leachlnrie(;/z?/c(err;tztfir: )of heavy ERR/% Niﬁm,} jcr Leac}lm}i;:ﬁfisf;ﬁ )of heavy ERR/%
Cu Pb Zn Cd Cu Pb Zn Cd
11 11.91 7.91 12.50  0.1228 66.9 26 7.56 16.61 11.59  0.1213 66.6
12 12.19 0.82 18.43  0.1032 72.7 27 11.47 0.78 19.16  0.0975 74.2
13 12.15 0.83 18.05 0.1041 72.5 28 11.02 2.19 13.70  0.1096 71.1
14 11.78 0.90 18.59  0.0988 73.8 29 10.61 0.71 20.70  0.1252 67.6
15 13.25 0.74 18.02 0.1122 70.4

s G 25 E UL 3R 3. The experimental conditions are shown in Table 3.

&S5 BANE TR KT = B
Table 5 Model regression equation and analysis of variance

BRI PAE R4 PAH

R

1]3;[.:?]:1 P value P value for R?
ode of Model lack of fit

RRg, = —31.71 +19.624 + 3.38B + 0.77C + 0.11D - 1.25 x 1073CD - 2.134%* - 1.14 x 10™* D?

’ < 0.0001 0.9726 0.9579
RRp, =- 32.32 + 18.374 + 4.65B - 1.89 A* < 0.0001 0.1309 0.8538
RR,, = - 28.48 + 15.164 + 2.90B + 0.31C + 0.034D + 0.11AC - 1.10 x 1073CD - 1.80°4% <0.0001 0.8460 0.9421
RRgy = 45.08 + 4.584 + 1.47B + 0.48C - 0.030D — 0.032BC - 0.64 4> - 5.58 x 1073 C* - 4.10

< 0.0001 0.4711 0.7668
x 1075 D?
TCq, = 7.82 +2.044 + 0.88B + 0.047C + 6.66 x 107>D - 0.224B - 0.035AC ~ 1.93 x 107°BD < 0.0001 0.2945 0.7451
TCp, = 2.35 — 2.444 - 0.53B + 0.085C + 0.444AB — 0.043AC + 0.48 A* < 0.0001 0.0967 0.9118
TC,V = 18.91 - 3.12A - 0.30B - 0.086C + 6.26 X 107D — 0.045AC - 3.81 x 1073AD + 0.75 A*
< 0.0001 0.1343 0.8546
TCqq = 0.071 - 0.0144 + 0.013B + 2.89 x 107*C + 7.03 x 107°D"+ 1.78 x 107°AB - 2.53 x
0.0006 0.5896 0.7336
107AC - 1.69 x 107°BD — 2.44 x 107> A> - 8.79 x 10 * B2
ERR(, = 44.21 - 14.534 - 6.33B - 0.34C - 0.048D +.1.584B +0.25AC + 0.014BD < 0.0001 0.2945 0.7451
ERRp, = — 164.2 + 274.04 + 59.0B — 9.59C - 49.794B + 4.80AC — 54.34 A® < 0.0001 0.0967 0.9118
ERR,, = 22.48 + 12.784 + 1.23B - 0.35C - 0.026D + 0.184C + 0.0164AD - 3.06 A? < 0.0001 0.1343 0.8548
ERR¢y = 82.15 +3.584 - 3.42B - 0.072C ~0.018D — 0:46AB + 0.063AC + 4.23 x 10 *BD - 0.61
0.0006 0.5896 0.7336
A% +0.22 B2
ERR = 81.62 + 3.564 - 3.59B = 0.091C - 0.019D - 0.47AB + 0.074AC + 4.66 x 10°BD - 0.67
Pt0m B 0.0002 0.5447 0.7617

¥ :RR £/RE S B EBRZRR is removal rate of heavy metal (%) ,TC /R 4 )@ 1= W BE TC is leaching concentration of heavy metal
ERR 78 # 48 KPS B3R ERR is risk reduction rate of heavy metal ,A 327~ EGTA #/lIE A is EGTA dosage/ ( g-L’l ), B FRIEE L B is
liquid-solid ratio, C ZE7Rif 7 BFE].C is ultrasonic time(min) ,D F/RHE 5 I# D is ultrasonic power( W)

222 FERJEERES

HE SRR T A RIS AR A2 A Wi BB A2 i DL AL 2, B AR AR TR =1 A 1 23R I —
25 B IME AR R, -0.5 #110.5 20 BIACRIA— b 2 )5 fe/IMES FPE R E | P E -5 o R E Y
A" .Cu KBRS EGTA Bt AV S % 5 R ZIOC R, Sl r i () VR LL 2 2R MG 3R 45 ik
VAN Cu 22 bR M5 MR i FE AR VA -V FE > EGTA B2 > 18 7 i i) > #8 75 D) 36 (8] 2a) . Pb LBRFE
LA LR LSRR, 5 EGTA Bl 2 “ R I AR, WIS HES2 0 e E AR X AR (18] 2b) . Zn i BRA
5P 5 TR Z IR, AW FAF A2 e R BEAR U < W1 FE SEGTA U0 > 88 7 I 1] >
R P I A8 P I [B) AR A DR I L F- A RN Zn ERRARAGSZ AL (] 2¢).Cd £ EGTA
Bl AR R TR AR SRS LR AR O R AR U BOCAR (K 2d)
VR L AT HE I Cd RBREE R FR B ] B DR Cd RBRF B 22 BAE AL Bk F A E AR LR
5 EGTA #hie & "R ZWASE R, 5 R AL IEASCIE R | Sl s i e RO ARl 5 R 2 Tk
Z  (ELPIE 5 00 0 FEE AR X /I AR S AR 2 ] S T i B e 3 5 R e 4 1 2 1Bl o B Ik
Iﬁﬁ;&%[%&»%] .
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80 [ (a) Cu 223 Removal rate 60 [ (b) Pb £ Removal rate
. 70 AB 0 ?
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— 60D =
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e D z 30
5 sl
= B A:EGTA =275 g L-! = 20}
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B C: 1=22.50 min 10 B: 7} Liquid-solid ratio= 6.25
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N : -1 S 275 L7
20 g: f’&[%lzt%éd:g;}:d-sohd ratio =6.25 3 56 B: ¥ [# kb Liquid-solid ratio = 6.25
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Fig.2 Relationship between heavy metal remoyal rates and washing conditions

2.2.3 HE4JE TCLP 32 H kB4 br

B 3 A VE P Z X 4R TCLP 12 e 2 Al i IR e e 58 ] s e & 4 I () 35 M RS B T Ak )
AR, I E 4 JE TCLP 2 H ik B3 57, 28 B CFR5 RURS: I3 K. Cu 2 Mk B 5 i 4 45 R 0k 45 14 38 Jn
SEERPERIOC R ARSI 5 ) R DR IR O Y [ B > 75 g 23 > 388 75 B 3] > EGTA it
(El 3a).Ph IZHIKIES EGTA #hi 2 U BISER | S L2 ¥ oC & | 5 7 i ] 2 2R sy
R A WRVE S A AT FE R B IMERCOA T BGTA $ 02 > [ b >80 7 i i) (1 3b) 38 i EGTA #ini:
R FE AT LA Ph 15 v BT , 4 P PREE XU I, HonT e BRI 2 Ph 78 H 3 il , 7 240 £
HIIRBERT R ABEBEIE , R PE IS 209K G 3877 EGTA WA T H8erh TEAk Tk /S 05R B T 14100 Ph. et
FE R EDTA EDDS k{8 Ph 1542 58 bt & BRI BE RGBS > R L, 6T Ph 54+ HER LA ik vk At
Foxt ok B 4 R R B AT IO | B 17 A RIS Y. Zn R HIRE S EGTA B & U BIE R, 5
HE = HERELRMEEROCR (HIFZ 0w A XN (E 3¢) JE I EGTA Bt fif Zn 2 ik B s
/N, EGTA BRI 2 2 5 AshR 0.5 AL BT, Zn 2R Z218 T (] 3¢).Cd IR R IES EGTA £
T U RSCR | SWE R A U BSCR, Sl i AU D) R R R R 006 2 (&1 3d) i [ EL O (B
RAMREE Cd ferm , 3 assl D [ FL XS T LA Cd 32 R B | BVEAEE KU/ N EGTA $ i 78 H (A
UTHE, Cd 32 H R B 3 EGTA B Cd 5 H e B U e, BAE JXURS: HH Jog 14 K
2.2.4  FEAEIREE KU HI R b

4 bR PR 0T T 4 RIS IXURS: I U B S . Cu RIS JXUG: 11 Ui 256 15 4% Tk 0 4% 12 5 4 1P 148 6
Z (I da) PSR Cu I35 XU IR 52 0 5 X645 HH e B 52 e 2 B, DRI AR Ak B i 3 FAIG Cu 37
MR | AR T AR A R T80 T R BE XU Ph BRI JXURS: 11 0 3 T L4152 118, Ph B8 XU A L1
VRS I3 K, i S PR i Zead Wk AR RS Ph 32 v B HU AL BTG . 3% Jin EGTA #hni 7 & Ll Ph 25
B2 RS 48 K, BB EGTA WRPEIFANIE A AL EE Ph 75 4 4 1. Zn FR5E XS HIICR 5 EGTA £ in i 513
UBICR , SHEZHNRELMEGRIEN R (Bl 4¢) EGTA BN ANAE Zn PRI XU ] U6l 32 1k 1
i, 24 EGTA #8278 55 AR 0.5 7 B, Zn FREE XU B8 S 12 08N (T 4¢) . Cd FREE XU il s
RE5 EGTA #2108 U BIER , S & U BISE &R, 5 e foh R 2R b 56 22 (/& 4d) . T
FLERCHELR, Cd A58 XURS I8 % f 1K s EGTA BEn 2 78 HP A BT I, Cd PR5% RS H D803 5 5.
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Fig.4 Relationship between environmental risk reduction rates and leaching conditions
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XF ERR T 5 , EGTA £ % H S m ik, 24 EGTA #hn4H 5.0 g- L', ERR [ 28 5256 15 Bl 4 1Y
A S AR R, ERR SR fIC, Y L 3 s R ERR 34, 1 8 7 i ) 8 75 D e iy il 26 &
A UERAXT ERR R0 AR 7] , 6 25 6 7 A ) sl o S5 0 1 P i 386 (18] e )
2.3 kA R E

FE RSM i 3] 11 43 A1 A 36k b, 5t SRy 25 AR Ttk — 24k, AR 45 0F, (i ERR {H5 55K,
MBI AL VAT SR YR 76 ECTA BN 1.7 g+ L' R L 10 #8745 [A] 40 min 7 L3R 600 W 1)
ZMEF I E 25 5 036 6. I (E 55 T (15 235 SR B30T, 15 A4 2 A 07 A 280 ] 5 | B A0 S bR O A PF AN
4B ERFR ERR Z K LR,

R6 MK MELR

Table 6 Determination results under optimal conditions

Cu Pb 7Zn Cd ERR
FM{E Predicted value /% 53.2 39.9 34.8 59.1 79.7
SZ{H Measured value /% 54.8 41.6 37.5 58.5 78.0

2.4 WRVERT IR SFIE S AR S BT

X EE 4 J8 FBRFEA ERR 8= 1 NO.5 \NO.26 ( SEEGHER ) DAL BERT (CK) 4584 5% FH BCR %32
TEEBAAIES T (B S) 250 R, 4K 3T Cu ISSRRIREUS I b IR A5 3, — 38 2 il i i
H Cu TEAN) 90% VL b AEPFIAFEALFLIAME T B R4 Cu 5% B &m0 3% T %, 59 IR RIS Cu 5%
20% e 47, ATAAARES Cu AIBRIEZS Cu I gD 5 46 20 IF 53 5 ek 3 R e it th 2 B Cu DG A3 25401
ML AKX LT Ph LASSIRIEBCS AT IR 5 R |, 3 Z Flliki 88%.No.5 Fl No.26 SZEHHL K Al 48,1k
75 Pb MBI Ph YA B HIE AR L3 b Zn LIRS N, 5 83% , KV J5 AT SRS & B R AR,
{H 5 R PR S A AN EE 1) T i, AR S o s AN B AU H IR IR BUS & & Cd &7 37% , HEES
O3 ECAS AT RV T TS S L R Y SR A R IR RS 90% . XIH: #1458 EDTA Al CA & Bt itk
VEFIMR R &8T5 e R I, v A RS E A A FEMR K, SARMESE Cu Zn 2500, 5 Pb WA fir 22 5, 1)
REAN RIS A X AN [ 21 53 B 4 T 1A IR DR 80 il 2 5
1000 ¢

SIRRIRINES

Weak acid extraction state
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Reducible state

EME

Oxidizable state

Beit

|} BEAN
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_ HIHH
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Fig.5 Changes in chemical specification after treatment with different washing conditions

3 %518 ( Conclusion)

(1) BA 4 EGTA Whyext B4R i5 s+ i Cu 1 Cd BB E VRIS, Zn F1 P IIAE %H4s
55, Wi st B ERER T Cu Zn A1 Cd 3R R (IR EE 45 T Ph 3= MR
(2) XA A S XUV s b AT 1 et A 8 T a5 I i 4w R R R HE A R RN B ) B XL
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(3) 2R FH i oy TS AU T H 4 B R BRR IR R LU ERR 5 EGTA #is: R & Eb HE s st ] |
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(4) 8755 B EGTA Wk T AR08 Cu Fl Zn BIREEIAE B e m T Pb E’JH 5 XU, EGTA %
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(5)EGTA WBE AT i 54 Cu ;-ajtmmr“ W SR FEIS P & B/,
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