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Abstract: In order to investigate the characteristics of heavy metal removal with chemical washing from soil
which was considered as a heterogeneous system, the soil aggregates were screened and graded on particle
sizes of 0.25 mm to 2.00 mm, 0.05 mm to less than 0.25 mm and less than 0.05 mm. Then the effects of
EDTA, citric acid and ferric chloride (FeCl;) on the aggregate structure, the mass fraction of lead (Pb)
and cadmium (Cd) and their speciation during washing were investigated. The results show that the
removal rates of heavy metals in aggregates of different particle sizes were significantly different (P <<
0.05). Pb and Cd in small aggregates (particle sizes less than 0.05 mm) had higher removal rates than that
in large aggregates. After washing, the proportion of residual state Cd on small aggregates increased, but

the proportion of effective state Pb also increased. After washing, the average diameter of the aggregates of
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the three different particle sizes decreased by 77. 25%, 80.98% and 49. 15%, respectively. The
disintegration of water-stable aggregates might increase the specific adsorption capacity of soil to Pb and
Cd. Compared with EDTA and citric acid, FeCl, had lower structural damage to water-stable aggregates
and better heavy metal leaching effect, which was beneficial to the subsequent safe reuse of soil.
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Table 1 Main physicochemical properties of the soil

sk, fNER/ KE/ VA 3 S 7 1/ %6 T4li 4t/ (mg - kg )
p _ _
% (gekg ) (geem ') 025~2.00 mm 0.05~<C0.25 mm <<0.05 mm Pb cd
6.21  24.05 20.02 1.28 47.50 37.05 15.45 18.62 0.85

1.2 SERITENE

FR A5 FE SE PR A 3 4 R Vs YK E T i E N TG g R IR R A R AR S R BRI o —
FE i AP H) CAONO, ), T PhONO, ) B 5 WO AE R AR B L3R 5 3R IR B WA R IR — 2 i L B
TR REE S K 2 Ry e KRR KR 70 %0 A2 AT 8 B 38 KUY b 7 R4k 60 dL il B Pb I Cd B A5 %+
e, Hob Ph Y RN 3 742,41 mg/keg.Cd B0 41.23 mg/kg. 43X BE BT IIES 7% . 8 48 A9 AT G R 1
AL A W TR % DO < DA
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Pl 1) Ph A1 Cd & & T5 Yy 385 a1 B i 43 . 43 0 3545 <<0.05 mm, 0.05~<C0.25 mm F 0.25~
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Fig. 1 Concentration of heavy metals in soil aggregates of different particle sizes(P<Z0.05)
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A 81.72% . %F Cd kPR 73 535 B 84.44 % .63.73 % F1 88.5% . <<0.05 mm I EIK I & £ J& 19 & & & .
7] o B Ry L 2 T AR R T 4 T bk AR AR B AR R L PR A BT D A0 P R AR Y P R AA, <<0.05 mm [
Rk L Pb A Cd 19 BBRACR AR, 55— 5 1, /S [ BE 770 22 8] £ bk k280 Rt A A 8835 22 5 (P <C0.05) , oo
B TR S RAK Y Pb A1 Cd A B 19 25 BRVE T FeCls Bk BE RCR e i, % Pb AL Cd (197 1 22 B
RAYHIEF] 79.52 % F1 83.57 % . HkJE EDTA, W Pb Fl Cd B3 2 B8R390 74.54 % H1 70.26 %, #745
TR 1) PR B 25 R e 22, XiF P Rl Cd S 2 L BR R AUAH 27.25 % F1 55.59% . Ak, 3 Rtk vk % Cd A9 bk 7 2% 21
P45 F Pb, X Al fE5 5 4 @ B A8 50 A A 56 76 38 P b Cd S INAR S . AS [R) Ik 2 70 22 180 bk e 28 2R 114 22
S EE SR VR JIALEA G EDTA AR A 255 B8 ), i i 5 1 4 8 P BT % i BRUE 28 5 W, AT
4 JE M A HERURE 2% 180 A R A IR SR R 4 R W RE ) A X ACES . F AR HT S EARE S +
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R T B BRSO PE TS N AR AR L A R A L H 4 R (IR AE R A % EDTA Wk a5 A R kAR 1R
R E 2R IE S T M SR 3 iR, R 3 AT R TR AT L A5k AR R R AR B Ph E AL
25 (55 R AT 3 25 AT 38 i 250 B I A A, Hidh 0.25~2.00 mm,0.05~<C0.25 mm,<20.05 mm K Bk A5
A5 (55 R AT VA S FI AT I8 JEL 8D B9 Ph BT o Fe 9143 50 R 57.43 % .62.08 % \71.41 % , 1] ULRE A2 5T /)N A P B8 4 rh A A%
A Pb Br b b R /N RIS R R Y Pb RS L 25 5 s e ok . RS A RO (B R T S
AT A ) P iy S it B AR, AHAE AL 42<C0.05 mm A9 T SRR L, 5 9 A= W R 9 55 2 o1 5 25 Pb JIr o7 Le 491 40
Pk e BTG IN T 5.5% . 3K AT BEJ2 VRIS 33 B I8k Wk 390 4 Ay I 0 B i 0 0 4 i BH B T 45 A RO R L BDRT IR
J I 4 ) T A 4 W B B ) T . Chen S50 3 T 2 BLAY & 30, A2 3 5 06 BEAH B , 70 A7 45 198 b v 11 + 4
A RS P RGN . AW R B Pb A RBES T 43 0934 I £ 25k 3 KL42<<0.05 mm (1 AT RAK 3 R Ik sk
J& BSRE P R H 7 KR AH /RIS R R h 3 B 1 Ph R RRE TR AS LU IR, i AT E TR A Ph T
Sy SRR B How] Bl AR W R L R SNSRI 3R CAnR RN N R B 3l BB 3N T FEAE JR R AR 1Y T RE L IR UL AR 1B
S I A PR A R b R B R BB KUK [

WVERT0.25~2.00 mm,0.05~<C0.25 mm F1<C0.05 mm F R I Cd WIS 045 Ph 20, T EUA
WS R ATIE S A B RS A 5 A B15AE] 92.09%.91.05 % F1 92.27% , HEA R Cd A b H 5]
FERTABE P L, X AR Cd W Ph A& KRR ELEE, 5 —Ji,0.25~2.00 mm
<0.05 mm P RE FFIR AT Cd (19 47 His B 44,43 %001 52.3% .43 %I L 0.05~<C0.25 mm M R4k I 55 /R
AP Cd 1t 5.8300F1 13.7 00 iIX WA T 0 fH 4 0.25~2.00 mm F1<C0.05 mm H R & b Cd ##k sk
R, WUE)E SRR R R P R AR Cd FE LIRS N AF A A RCS B Cd ¥B8A 3B,
Hr10.25~2.00 mm,0.05~<0.25 mm.<<0.05 mm BIRMAE FARKE Cd & ol FRET 40,9620 .44.64% .
48.55 % , W ERRAR T Wk UEJE £3Eh Cd BTy sk BREE RS . 1 T bk Ve AT 4R S 1) Cd FE & R AR A AR 94y I
JI o H AR AT, R W B/INVRLAR R AR 1 AR IE S 1Y Cd 5 5 4 J3Bk .
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Fig. 3 Fractionation transformation of heavy metals in different particle-sizes fraction of soil aggregates during washing
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PR TR B4 o A BT B 2 IR A 48 A SRR A 45 4, 5 B0 R AR ) A R A A AR A A, DT R ) EE 4 D 1 2
BRACAR . H13R 2 AT, b0k S 7K AR 1 AT 2R A B R A A1 A B R BE A ek 78, B KORELAR 19 0.25~2.00 mm [T 2R
PR3 R TR T /N A P 3R R, 5 50 R AR A R A% A B & A AR A s DT 1 7K B 1 T SRAKR ) o wiwn B 35T R
(P<C0.05), HHLLTFMBERT, EDTA AP IR Al FeCL k5 0.25~2.00 mm B RAK BT (5 Lot 30AS 7] /2 2 1Y
TR A B> T 90.02% ,92.61 % Fl 57.22% 50.05~<20.25 mm AT & BB BF 36 0 ;<<0.05 mm H %
I o5 LA R A, 0 ik 3] 188.61%,234.11 % Fll 89.45% , M, £ 8 17K \EDTA KPR Fl FeCl, ik
VEJE - KRS T SRR 9 7 2 EL AR A L T bk e 1 43 30k /N T 33.89 %6 .77.25 %6 .80.98 % T 49.15 %, KK IG I T
ANRLAZ A TR T 5 B, B Ak A4 bk gk ok AR 4 S IR R R AR SS . IR R R E MR KRR I
HUP T SORL AR K AR AT SR AR BT o A% Ll ) G BT o8 L 61 v P SR AR M SR Y ORI AR KRR T AT SR A
P IR G 500 i A RIAR <C0.25 mm P RAA, B J5 S0 fff o R A% B /N (9 JAT SRR i DL OB A8 /K B M T R
A AR I 2 B TR T SR AR A (R 25 44, 1K AT SR AR i v o (EUAT EL T 53 A W bk 08 39001 75, FeCL, ik Uk IS 1T 58
AR 1R R A 2 172 AR B 45 /1N 5 0.25~2.00 mm FH R AR BT 7 L6 B35 180 5 o wanwn B S5 DK 53 40 195 80 0 28 7510 8k ok
Ja A RN d wwwo . T RERY R RZ FeCl 7E MR PE T B Fe ' K 7= A4 Fe COHD, B8, X 18 J5kr 7 1R 9 1)
JEE 25 R 30 DT R AR T Ik ke ) AT R AR 5 4 ) M R T EDT A AT 452 TR I Y ok R e 2 i 4 98 [ A o
FrRRI AR S ) A AR A 4 A R . PR R DL T A Fe 90 R R0 T 28 A 96k B X A 2R 1R 1 3R
YEH 445 3 A 4540, A R T8 2 5 30 FoR .
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Table 2 Particle size distribution of soil water-stable aggregates before and after washing

RLAE/ %

Iﬁ E Y/H({JHE%I'IJ dwmwn/mm
0.25~2.00 mm 0.05~<C0.25 mm <C0.05 mm
WPk I — 0.59 47.50 37.05 15.45
KB TK 0.39 28.76 42.81 28.43
EDTA 0.13 4,74 51.17 44.59
Wk s
Fr e R 0.11 3.51 44.87 51.62
FeCl, 0.30 20.32 50.41 29.27

T BE— AT AN DR AR AT 2R X T 4 Ja ik T ARRAIE L 12 B Elovich BEAY U RO B A1 — 2 3 ) 2 i
TR - S i < R A AR AT LA L AR ANER 3 R . AT LU L Elovich A5 LATRUR KO A
HRRERLAF H A5 3 B A~ IR R 0] X A TR A A SR AR B P A Cd Y A W 72 3R B Ph Al Cd 78 A )R A2 1 3
VA 2R A m A i W A o 229 D AR AR 1 P SR AT b o A b A A T B (0 DA G R i S 2 DA
A EE 4 1A R W R W T Rl TR R T 1 9 SR R A e R R . — s Ty s T R L OR
22, YL WG G e P A Cd A9 BE I B2 32 B ph 7 HOH 42 ) 0 AN 2 oy R g A4 o . AR 4 RT LA BE
ANREAR LRI B Ph B IR T X AT REBR/IVRIAR MR IR B R AR S B A S, vk R
SR ) L < S R 5 I R TR S L T A R S P SR AR R T A AR R . L — i R R
T L O R 285 0 R 5 B A e R e R MR A B R AR AR T EDTA HI FeCly o A7 6 BN
Pb il Cd Bk B8R 822 . 7T RE A9 JAT DR 2 FE X o 6 i) 26 AR TS T EDTARY OB R0 & & s & 5 W R e
PEERE o U IR o A v AT SR A S A e AT RS PR 8 B0 ) 2 5 1 R L T 28 5 B 0 B 22 AT AR R LA R X
SOB M U B AR L B AR T IR GG /I AT SRR R T L A R DR 1 A SR A o < i ) P B £ K
o 3 IR I IR X o M A SR AR R G R R W ML s AN AL S TR

£3 LERRRREAREL PR CAHEDNESH

Table 3 Parameters of Pb and Cd washing kinetic equation from soil aggregates of different particle sizes

Elovich 1%l XL H KA 7Y — 28 1%
HELE i 4% W S=A-+Blnt InS=A + Blnt In S=1nS,.. +Bt
R? SE R? SE R? SE
EDTA 0.8713 0.356 6 0.8533  0.0631  0.447 0 0.047 7
0.25~ e
R 0.852 0 0.193 1 0.837 2  0.077 0  0.431 8 0.056 0
2.00 mm
FeCl, 0.882 7 0.320 2 0.870 6  0.066 2 0.486 1 0.051 3
EDTA 0.909 2 0.295 8 0.898 2  0.048 8  0.500 4 0.042 1
0.05~ -
Pb TP R 0.9513 0.165 6 0.946 8  0.057 6  0.624 2 0.059 6
<0.25 mm

FeCls 0.800 0 0.563 6 0.778 3 0.099 9 0.370 5 0.065 5

EDTA 0.917 2 0.273 6 0.917 2  0.036 8  0.409 4 0.051 1
<0.05 mm R 0.960 3 0.195 3 0.9637 0.0516  0.584 4 0.059 8
FeCl, 0.8340 0.576 6 0.806 3  0.0988  0.380 7 0.067 8
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Elovich %71 XL H BT T — RN F
H4E ki iz WV S=A-+Blnt InS=A -+ Blnt In S=1InS ..+ Bt
R? SE R? SE R? SE
EDTA 0.9395 0.324 9 0.9395 0.0111 0.6258 0.010 7
0.25~
R 0.897 2 0.405 6 0.8950 0.0191  0.522 2 0.015 8
2.00 mm
FeCly 0.892 7 0.577 7 0.8915 0.0180  0.539 6 0.014 4
EDTA 0.898 6 0.578 9 0.897 9  0.0185 0.542 4 0.015 3
0.05~ L
Cd Fr B R 0.922 2 0.8237 0.9187 0.0359  0.5634 0.032 4
<0.25 mm
FeCl, 0.909 3 0.892 1 0.906 3 0.026 0 0.559 2 0.021 9
EDTA 0.917 6 0.578 9 0.897 9  0.0185 0.542 4 0.015 3
<0.05 mm G R 0.9415 0.8711 0.909 6  0.034 7  0.601 4 0.031 2
FeCl, 0.9213 0.913 1 0.916 4  0.0241  0.574 2 0.023 8
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