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Abstract: The research progresses of leaching agents in the remediation of heavy metal contaminated soils were reviewed with
focused on three different pollution types, including the soils mainly contaminated by cadmium (Cd) and lead (Pb) of the same
category, by arsenic (As), and by the combination of the first two types of heavy metals. In general, the chelating agent for the first
type of polluted soil showed higher removal efficiency, especially for GLDA (Glutamic acid, N, N-Diacetic acid), citric acid and so
on, which were environment friendly either. For the second type of soil mainly contaminated by As, the removal rate of composite
washing agent (CWA) was relatively high like NaOH-EDTA (NaOH-Ethylenediamine tetraacetic acid). In particular, the CWAs, just
like NaOH-H;PO,, was with very high removal rates compared to the single washing agents for the third type polluted soil. It was
suggested that the CWAs with higher removal efficiency for several heavy metals in soil together and less secondary pollution will be
the key research points in the future.
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2014 A Js A DR R ) b BRI S A
AiH (4 ey YR v i A AR Femt 3R 1
BRAREAREN 16.1%,75 42K LU N 32,76
BTG QDb s A5 4 A AR s AL 82.8%, 8
WS A LU <5 J O 32 AT WL, - 3 T < R g e i) A
R . FRH B 25 ST s B & [
WREA S T IEMVE L K AP E B 45 AR LR
Hh, SRR DE AR AR AR i 5L i TR A A 24,
FESp sty e IR AE b N LR iz R R e
TSR A ARDE A s 27 B 770 5 1 3 v i) T 6
g L TR . B VAR AN [ SR A A1 TR
<5 e A B R IR R R T RS B g 4
fry H .

T H N, R R v Yot e b it

As. Cd. Cr(5#1). Cu. Pb. Hg FINi 7 FHE 4R
R B e T D G el == e B IS o B I e 87 2= Y i
B b g v g XU R bR E (AT ) )
GB36600-2018 [’ XU A #(, Bl A« 33 rh - A
Cd. Cr(75#1). Cu. Pb. Hg. Ni fll Zn 8 FiH 4 )8
oh R R —Fh A DA b R P R
R M b BE VT g KUK R R bR E (AT ) )
GB15618-2018 [ AU 5 42 (L (AR ) Jitft EL AR AN 2 T
Gz ) (DR HG B M A5 M i g 0 S A 2R AR N
RINTE G 8 — R ALK 2 0 4 E Mkl i 1,
Igts BHE: 2021-04-25

EEWA: FEEESUIRHRIH(2018YFC1800501),2% ELA ) % 5 5
A AR TR [ 57 T 5 S0 3 T 0 (SLGPT2019KF04-02); [ 75 44 117 1%

SEHTR H (SXI-2101); F 5 s i A1 & 5130 H (G20200241015)
* SUTAER, #d%, daihp72@snut.edu.cn; ** HF5T H1, shuhewei@iae.ac.cn




5238 A 41 %

R A 5 e T e R O — R I AE X R 5T
WEAE 2L T i e 4 bR 0 22 5 I
N2 88 pH E T BT B R AR BT A e
4 8 I ROPE AT S AR 34 138 i kvt
BRI B BAE e pH ) 264 IR e ) 4
DI TR E 25 A 0 v P s Y 2% 4 8 I 7E I pHE
LA TR 2 S W T DRk T R i ) A
G JE AN N DX 4y Hb VB AE — R AT IR R 9T, 5 1T g 22
P 4 bR 7 PRI 50 B8R DA [R] B v 5k e At
W TSRO T A B R UE R T S A, 9 )
R WL/ EDTA RIFTEB R A WE 4 A T, T35
t1 Cd. Pb. Cu. As [Fd5 i Z R ZE W] 4301k 43.39%
27.17%- 24.36%H1 11.72%). As SRR ] LI 7] i
W R 22 B R AR s DR 70 SR R e e R
X 4 8 v B L IEEATAE S, DG TR R A
5 B AT W] LA R A o LR = RO [R] IR v e
TR SRR S R E S R Y T
B Cdy Cr(5Mr) Cu. Pb. Hg. Ni Al Zn X 7
T E 4 P () — bl R DL Ly g AR 2 2%
Sy e b AR B 3 R By L A
FEBAEIRI) LA 3 K- - eSS
Vo 2 As 5 Cd. Cr(751). Cu. Pb. Hg.
Ni fl Zn IX 7 FhE &g b i) 3 —Fhak — Rl A
VA ) b L A 2R A R T Y - R R e
FRIRFF 5T F Sy 7 i A S A o3k = 2Ky G 4= 358, 3 )kt
ST IEOR I SARA € T NS RNt K AR S % WA N B4
(BT Se AT R SR, U 0 T 4 v g et
FIE R — e 5%,

1 BRE—LXECRFRIBHATBFAR

1.1 AHLRBER

L TE LI G R 22 8 B v v RN 5 S0 T I
ERVEVL T HCL. FeCls. CaCl, %5 RIS A7 3= 24
FH 2 BE R IR BE, A R T 5 6 @ 2 1 I it 2 R
11 Wang 1%t H T H;PO4. HNOs %5 6 FHERAWE
X Cd M1 P 75 4% TR IR IR PERCR, A HNO; X 145
H) Cd Fl Pb EBREF gm0 75.7%H1 60.6%.
JEURIZE T HNO; 3 T LA 5 H & 1) H A
43 b 4 R Moon 25157 2 BIL HCL
HNOs+ HaSO4 %) Zn Rk 22 5 2 48 ey, 2 22 J [
WAE T BRI 258 pH (3458 7 468 AR IO . 2

RIS R TR PR PR R 75 X SR PRI R T A
0 S B 3R K 1) 7] I £ R 1 49 5 4 )k ok
1M 75, FeCls X T 8RR BE R 5w bbb 3R (1 5 R 22 /M
% RV ROR AR T B4 R O 5 6 W FeCly S
i Lrh Cd BIWRUE SR M AL T NaCl Al CaCl, P
T ER U AT S LA R 45 1F T FeCls X HE 43 )i
2B A m AR, W Alaboudi 1M HFSY &
L 0.5M 1] FeCly Xy it ikt 1h, %) -3+ Pb. Cd
M Cr W LBrEE S 2 mliAE] 93.79%. 97.4%F1
81.75%. J5L X AT HELE T FeCls /K fiftid B b 7= A5 [ R B
WA Pb A5 AW M B v UL e o el AN 2 TR R 5
MR W], FeCly REAE 55 /KR L4 pH H 6.44 A2
Jy 2,111,

FeCly HAREE iR iRt - S R 55 1 B3R A
XF )55 — 26 (0 L3 Y O TR e RS IR
T R 18 S G 3 1 A e A5 IR 1K — 2
R .

1.2 EE7

BEAELTESGEATUS A2 M ES)EE
TIE RS e K 4 5 ) A8 T 4R AR AR
Shy R A T M 33 2 T A R HE R

WA, EDTA 2 i F ) 0 b 2
& B B A RS B RE ) Ak e A 2 —,
DR AR S A 40 6 e 0 IS FH 1 T 52 1% 22 PR 3
RIS R I E IR NN- L FR(GLDA) vk
fE S AR 3 AR 25 5 AR5 M. Gluhar 2515 EL T
EDTA Al GLDA. W45 BRI (IDS). 4
[t —BRIAMR(EDDS) — ] 2F 4 [ i B 5 70 v G
T4 Py Zn. Cd 1 BRI A0 JG —Fh

H 71T GLDA W2 R U R e i 6 Cd A1 Zn 25B%
HIr N T6%AH 33%, KA b5 EDTA(Z: R4
K T1%H1 29%)AH 24 (%) Pb % (58%)M% T
EDTA(75%), iX 5 Wang %5 U [t #F 57 45 16 —
. Kaurin 25 oY 45 BB R W], EDTA R UE 2%
W # H GLDA. EDDS HI IDS L6 5 T H e
WL RL 5 59 (£ 77, Feng 25U W 9T T 20 1y
M7 LR (EDTMP) LR N IR TR (PAA)XS 11 Cd.
Pb. Zn [FJ#kSECR, EDTMP (1) 2: 8 % %5 . EDTMP
(F1& 52 AT e CAZE A 1 F O 32,35 4 T 50 R R0 o i 1
(¥ - 3EFRBE LT PAA [t R TT B LA Hi I
h A TE R TSR A A R Bvs g e



11 14 TR OEAE: WU R TG g IR S Tt 5239

EDTA 7E 6027 B f A A B A T 0 e B 2
2,48 G AE LRI P KA S A L
TP i PR B DL S G B 45. 0. B,
T AR A L 8 U U0 o R e A 0 £ A K 3
FE T 1Y) 5 EDTA AL, GLDA 5 K% e T
FLAT A7 (0 A a] B A vk 48 L airh 28d mT AR
80% LA I, FLF# A o3t + 3 BRI TE A B S 202,
BNk 2 — P B R s R A B A LR T2
RUHRIE [ ) — PR 557 EDDS. AR, W23t —
% HE VU B (IDS) 4t A g 2 — o B4 1) B 45 771, 3L
A I AT P SR 7d 1T BEAR 80%, BEMERUIG, IR EE K
ﬁ{_[lS]‘

1.3 /N TFHHLER

X AT B e R L B S R
THI 1 1 T 4 e AR R s e o 2 7 38 L B
55 A HLRRAR 25 1 1 ml ¥ 2 1 28 25 4, DT 388 T
GBS T BGPTSRk ok

HOLI NG T WL R R A R 25 ),
B 7 A PIIT 9 I % T R A TR A1 AR 28
B b Cd 2 BR 373 3l ik 1] 73% 1 62%, 1111 £ IR AT
PR D 5 B8 B A A T R A R LA R TR
Ve 2B 5 LUR AN J7 T R AT 50— R R VEH,
FrE R R A TR (14146 pH {E 43 314 1.6 Al 1.3,45 F
T EEEN LR REAEM, e — &6 2
ANBEARE A A R T2 T 4 AT R IR R e sk A
TA R E R NAE TR LR T T2
R 43 1) A 3 i 25 7 4 e, T ¥ A PR ) L B T
A A 4B I E (A WL, W S R X Pb.
Zn. Cu. Cd 23R ELBHIG, X vl RS2 1t T iR
T4 12T T BRI 1) R R e , AR T T
eI LR 3 ke 14201,

NG FAT LR AE - 88 35 5 B A Ly A5 1R 20d
SR A 70%, %68 - SR 114 ) S i e /N7 TR,
RILRBERCR AW A7 EDTA &, (HAE % 84
T8 R EEREE AN RS R A 1 BT BRI 1)
I H.

1.4 RG]

2 T 1A 1) 2 B ek AR g T 1 O, B
TG P S A 2, A T o 28 A o S R R 4 )
BH 25 - ml T B 4 A P 2 % 38980 AH AT i 7 4
J A 3 Rk R DL 0 A2 R T AR A

T i A AR FREN(SDBS) . 2R 11134 /iR (Tween—80)
Tty 38 (Triton) 5. A=W THIE PR 1) 3 24T Bl 0%
[IELES 1D o8 A S

B 2= W I 2 H AU 70 2 (R T 2R AR 2 1
3 RS, S K 0 v A AN B A B 2 L ]
FBL KB 7 b i) e 2 — AN R W R (C8—C14) 41
FS. B0 IR L AT AT IR I T IR RO B2, e % %
IR AR T 5K )23 1 TP I R B AR Bk ik ] b
TP ESE S A TS SN L IER S
R PILCd (1 9k U 5 B B M A P ) T T
RS AT £ 2 DR g 4 2 B M A A I, L
R RIAS R CLTE CEEWDIR, A G Cd 35 rp i
Wit Sk Bt A S 1) T v, Bl 25 W I T R &5 5 T B
K 1,9 H 5 22 1RG5, 338 1 BAAIG 3 - i
SR 7, H0 55 3 Cd RS B 02 1B 1 g
Cd IR

BF RIS SR 2 10 O — R AR R R
PEFIPOU i bk v 2o Bk L aE b B AR R R
25 G AN AR FHSE IR 2 3R 0 AN IR R AL L FR
5L AT DA T 4 B T S Ko 0TS
S9N SR EEAHAIRZ N ) EDTA Al EDDS %
Cd 75 5 i Rk 2B 26, H LB 5 IR BRI
JRIE X5 Zhang PO RTST S FAISELH b
W FHR 2 20T G H g Cd Ik gE 25 B 2 IR,
A 17.71% 3 B 5 45 o 2 S R SRR 2 %
J3 T P), BRI A WL i A s R g
h T 4 i 1 22 % Gusiatin 2B RRIFGT R ;iR 2%
X T b Cu ) 22 B0 82%, 3+ 4 67% 81 it
B ARA 20%. 5w AR, I AR L5 7 SRR
5t EGBOR, Cu (IR DE 25 Bl A 3 AH I 5 A,
E EDTA R0 UE R R EE T2 il 1 771, B
R MR R A8 T R R AR T R T
T, A A 2 T i e DS JEL A () A2 40 mT e g T B
it
1.5 FHPIMBER

FEOE N MR PRI R Wi
SEW) s g ) B R A g BN A
1 F ¥ T 4 e 5 i 3] SRR AR P B Bk
pR13536]

Feng 2B 5T T F esculentum 1 F. faberi i F
TV ERESZ AR A DA -4 Pby Zn FI1 Cd



5240 LR 7 A & I 41 %

(RN L BR AR 25 R R W T #%F Pby Zn A1 Cd (1)
LB B S TR A LB A T A5
HARTEL, A 5.98%~6.83% . 21.82%~27.94% Fll
39.90%~40.74%. 14 /> 38b 25 BTV 9% % B, 3% 1
(Buddleja asiatica)i=Z &0 T IEF ) Cd F Pb ik
FREDNN 59.81%~72.45%H1 13.27%~17.27%.
WRPEHLEE R Be 5 A R S A I BER S T
Hh T G HEA T T AT R A T AT PR g PO
W50 R I 3% 2548 K AE 1) (Pilea pumila) ¥Y 57 37
(Fagopyrum esculentum) 1 5 25 {& (Fordiophyton
Saber)[F/KZHEH T3 H Pby Zn A1 Cd HI#kUE 2
B % 4 9 ok 38.99%~57.79% +  6.93%~6.97% I
23.93%~33.98%. Wk Uk 2 1) =i 1K W] BE 5 4 1 v
FRyRdk. 5L, RIEMPILFHSEA KR

T bR 751 e K R e AR R 1 A 0 o f
PE R T IR BT PRI /N RO J5 IR A ALk 4
B O ERN A A TG n A5 H AT
FEA T IZ N 2R A A 2k
TE I JEUR A Ay o e, DR Ay (7] A A 2 T, %2 1)
—FEYIAN R B 43 2 [A) % 55 4 11 22 B 28 R # mT ig
BT N TR o= W/ Oy 2 v S | A S I
W FEEE B A DR BE 750 o] A 280 22 B 33 b By i S e
A B TT AL e A R R 3h 45 5 S 48 (E A 53T
BHAC R AN L G ISR ZEN AL
B A KA RERE A W) F ) R v 25 (R bk vk 22 B e )
FAT b,
1.6 AWML

R AN TR 2 B — R R LA R
DA S 9k~ 1 i 1) 55 H 7 A R AR AR A
AN TR] T 8 FH 0 [ A0 s A 1R bR 5 4% A B — bR BE 7

PEAE AR Al o) 22 ol 5 4 Je ) P LA B 0 1) 22 BR 2
AR R e ) A 3 4 e AL B K AN ]
R I B — R AT AR ST, T g 2 B 4
(RIS SR B K N P 8 [ s 2>k k771 1)
JRER e

Zhang ZPORESY 2 B, M T B 1 A R Ak
PRI D BRI B3R 2 P P I B T
WX Pb 75 4 L3 %F P (1 L BRR I = ik 56.2%.
Wang 25V 35 Jo5 IR AT RIRT IR LA 4:1 O AR B 45
(152 B IRV, 7 B EE R 45 AF % Cu R Pb )23
B30 1 42.92%F1 50.46%, 340 T 38— 441
(RTIRE 2 A R T B B TR R A0S o 4 e 2t
B AE )R 2 AR — R R TR R e ) &) 3 B T SR IR 1k
(e R B A R AU T 3 Bl R U W (NaCl
CaCly. FeCly)5 HCl &AMk BERIXS Cd v5 4% 115
(FIRRE R HCI-FeCl; [ A% Cd 2B f i
78.9%. K 4L Phy Zn 5 YL IEHET T ke
IR, BRVEFIRT L4 Pby Zn (EBRZ i B
IR -FeCly 55 MPER>FeCly> 5 R, iX th & 1]
S TRV 0 S EL AT B3 R .

¥ bR T G AR B U M G R0 EDTA 4%,
HICER Mt R miE R B SRSER
Bic, o] LA 6t 22 B 2 4 ke 2 PR AR EDTA-
2Na FIERZHE NG AWRBER (RIS 1.5: D)t 2
HPm T D od M RBRERP MR bR
B WIRERA GEANEAE Cd SRkt
AR B 98% LA L, kel L 45 & B A ik i 25
SR A BT 43.66%F1 18.71%. 7] HEMI1E FHHL
il /2 EDTA [ AR A B 2= Mg 1 Jle R 188 v 1
7 AR R P )80, B A R T i ) 2 B

F1 XTRAE-LXEERSRIIRHET

Table 1 The soil washing agents focused on Cd/Pb of the same category contaminated soil
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Table 2 The soil washing agents focused to arsenic contaminated soil
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Table 3 The washing agents focused on the cadmium, lead and arsenic compound contaminated soil
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