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Remediation of Chromium Residue Contaminated Soil Using a Washing Technology
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Abstract: Soil was contaminated by surrounding chromium residue, and quick and effective remediation technology is urgently required for
remediation of metal contaminated soil. Laboratory simulation tests were conducted to examine the effects of different washing reagents(water,
EDTA, EDDS, CTA, OA, HCl, H;PO,, HPCD and SDBS) on extracting Cr from contaminated soils by surrounding chromium residue discard—
ed from chemical plant. The effects of reagent concentration, reaction time, washing time, soil and liquid ratio, and washing number on the
efficiency were investigated. This paper also studied the effects of complex reagents on the efficiency and the form distribution of Cr in soil
before and after CTA treated. Water, EDTA, EDDS, HPCD and SDBS had a low removal rate of Cr; while 0.5 mol * L™ CTA obtained the high—
est removal rate under the optimal conditions, i. e. , soil and liquid ratio was 1:20, reaction time was 24 hours, and the soils were washed twice
by CTA solution, the highest removal rate was 82.8%. The removal rate of Cr by compounding of SDBS—-CTA and EDTA-CTA did not in—
crease, no matter it was treating in order or common treating. CTA could effectively change the forms of Cr and achieved the purpose of re—
mediation. When the concentration of CTA was below 0.25 mol* L™, the mainly form of removed Cr was Cr(VI), When the concentration of
CTA was above 0.25 mol* L, the mainly form of removed Cr was Cr( Il ). The results provided the theoretical basis for the remediation of
chromium contaminated soil.
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BEEY. 15 (BEBRGEIREITR)(RBARE
[200512113 5 )H4Eit, B 1958 4 LASRA: = FfE =4
WAEHT=EREAR 630 1, HPEFABEAN
270 J7 t, FREEHEAE 12 J7 t, RIMIREEE 31 77 t, HATH
FEER IR0 320 T7 to X SBAE TR HE A AN AF 19 4%
A KR -, T HZ K SE, Ar4kim 7k g
ABUE, RSt HHE MK TS RS Y, 55
A F ST FE R TR IR N . ISR IR S
Cr(VDALE , WY A R ARAEFIR K. 2ok
Cr( VD BIRERTF 0.1 mg kg™ B, K FEFHF A5 & it
FERSZ BN 247K Cr(VIDHR 5 mg kg™ B, /NEFp
FHARBESRIEZFAERY, Co( VD@ O
ANESG, AT AR — R FARRAS , an 4 i 0 LR
A5 JFERAE MG, BT, Cr( V) AZEIRE
¥y FGE S PR EHANKSE, S5
L. BIMERTRE. 5B R S AR i i) i 35
o Cr( VDA BRAER , BUS A FE M, B
WA N BUEY) , FRETE AR NTRER, It X588
154 B R C A B IR E LIRS YA E A,

THEMGEEARLE I —Fp T 2R B R HCRE K
TIEBEEEA  FEEINCA BIIH TN Y, %5
WA T ADRFSEE ABAR 22 26 T 3Bk T RIS
BEEPEILMPEILKNESE, 0 CuZn.Pb F Cd
SRR Z , WXt Cr MWRBERF S5, 76 L300
VREAR DT T, BRI & B R MR 2 11
WA R S5, H R RIR UL KS B0, B &
FNOFIR HTE MR 025 M2 G0 A R PE W AN EDTA 7E3F
WA G R, B RIS YL R0, FF R FES
B RE PR AR , TS T R RS 4L A Ik e 3R A
WBETT I, il E ST A NI R T 2R PRk %
BEAR ., ACETEEDSEANRGIKGET T, USRI
B YG A BATR NS, EREARMBERIX Cr
14 25 B0 LA B R 45 1A X IR R A8 R i s e, e
T RBRACR BT MM BE R AL e 45 14, R F0r
WRBRAE R 4 v 5 Y+ SRR B

1 #MREGE

1.1 iK1

BER R A WAL T, % R 2
i m?, A PR AR TR AR AR 1 TR to SRR
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Table 1 Physico—chemical characteristics of the contaminated soil

By (VD R e 2w
mg kg™ mg kg™ HBLEI% % % (K:0)/%

119 11 864 2 206 2.52 0.035 0.11 0.88

pH

1.2 EWHZE
1.2.1 BRI A I 1E

FREUE 20 B 5 #9 +4 1.000 g BT — &5 50
mL BRI H, AFIIA 20 mL R RIFPSEA R
5 :1 mol *L™ HC1.1 mol L™ HyP0,.0.1 mol * L~ g
(0A).0.1 mol L™ #7#H& (CTA ) .0.01 mol - L™ & —Ji%
M ZBR — & (EDTA).0.01 mol L™ Z i —BRHIMR
(EDDS) . 7%¥ 4145 (HPCD) 7%+l SEAE R AN
(SDBS). B ML 3 RER . EWRKMF TR 24 h
(180 r*min™),5 000 r*min™ B.L> 6 min, FIEWRITIE
J& H Hitachi ( H 37.)Z-2000 B R F IR 66 BT
(AAS)MIRE & Cr WRJE
1.2.2 RNEBHLERMEERT Cr RZBRFEMFE M

FREU R +4F 1.000 g B F—FR 5150 mL 28
DB, S A 20 mL ¥4 0.01.0.05.0.1.0.25.
0.5.1 mol *L~ BIFTFEBE R (CTA) . 3E SRR (MA) . B R
(0A) JHAFR(TA) , HABRAEAL TR 1.2.1,
1.2.3 PRGWRBERTRINT Cr BRI

FREU 3R 4 1.000 ¢ B F 50 mL ¥R ES O
B A 20 mL ¥E R 0.5 mol - L #rEfER , EIR A1
TP (180 r*min™), 3 F 5.15.30 min F1 1.2.6.12,
24.48 h BUkE , HAEAEAL TR 1.2.1,
1.2.4 RREILIKEST Cr Z2BERAIE

FREU AR 1 4E 1.000 g B T 50 mL 2RI L&
W ERTEER M EE A 0.5 mol L7, 1K LA 1:5.1:
10.1:15 A1 1:20, HAEAEAETRR] 1.2.1,
1.2.5 WRBEIRECT Cr RERZFA

FREX 38 £ 1.000 g B F 50 mL 3R B0

LA 0.5 mol L APHEER , Wik BR R 1.2.1, B0 22
B EEWUT , 4RSEIA 0.5 mol L AR, ML IHk vk
3 K, BIRIRGERTE A 8 ho
1.2.6 MUEFIE A X EEE LBRFMZ M

FREU 3R 4 1.000 ¢ B F 50 mL ¥R ES O
RIS AB.C.D 4 AT, A HATEIRIKEE R R
0.5 mol* L, SDBS ¥ A 0.01 mol L, %F 8 h ik
Y1, B—REE ZRIKGERER, £ =H
SDBS, 1K A 1:20;B HATEERM E 14 0.5 mol *
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L, EDTA ¥ B R 0.005 mol - L7, #EF& 8 h ¥k 1
W, HE— IR R BE R RR , 5 =K A EDTA,
FIK A 1:20;C H AP B ER YR B4 0.5 mol *L7,
SDBS %A 0.01 mol L, ¥ 10 mL FF&ERFN 10
mL SDBS {R&, B/ 8 h ¥k 1 K, KN 1:20;D
HFFEERRME BN 0.5 mol - L7, EDTA ¥ %4 0.005
mol * L, %4 10 mL ¥R 10 mL EDTA 1R G, &% 8
h H¥E 1k, TR 1200 &4 HAlBRAEA B F
1.2.1o
1.3 TESEERESSN

W E R 0.01.0.05.0.1.0.25.0.5.1 mol - L A#7
BEER IR % AL BE 24 h J5 A 3R RE 54 R R AL B A
1120 B G —EH#T Cr(VD A Cr RETE
Ac HEMNE, ELREVANERMA BCREE,
TP (VD& &I E S 3% E EPA METHOD
3060A , & FIBIH fi% 1% ( Alkaline Digestion for Hexava—
lent Chromium ) o

BCR &R E SR/ NIRRT RIS VA
YEED FBILEEDFERAS 4 I, KR
HFER

(1D)ER W HEBUAS :1.000 g LFEHFAIA 40 mL )
0.1 mol* L™ HOAc,25 CIBIRIRY 24 ho

Q)EMMEEED : BARFREHIA 40 mL #9 0.1
mol - L NH,OH-HCI(f] HNO, #&75 pH=2),25 Cla&
PR¥i24 ho

() EHLE : LEFRENA 10 mL H,0,, BipEY
SEZER THEE 1 h 5 AKBINMME 85°C+2C 1h,
B 50 mL # 1 mol* L"'NH,0Ac, 25 CIEIEIRT 24 ho

(4) LA REBERNURLIEHIRN,Z T, H
HF +HCIO, +HNO, JH/#
1.4 WEF*E

EEJR BB HTRA HF-HCI0,~HNO; JH1fk,
JEF IO R e o B A0 R SR DB R MR R %
AT AN T 40T R P B R 04,

2 HRESH

2.1 kTR TEIE

SEIGVE P B BERI B K . 2 R VD Z B 4N
(EDTA). Z & 3R IR (EDDS) JFTBFR (CTA ) . FE
% (0A) 2R R (HCD) . BE B2 (H,PO,) . ¥FWIKE (HPCD )
+ e EIAE AR N (SDBS ) o AN [RITR T v BE X + 35
B Cr I EBRFY) TR 20 BT L3 Cr BOTRPERCR
by, HAPERRABIRIX IR TTHLERYT Cr AIIkYE

REREE T, 43R 71.9%F0 69.9% , F7 6 BR Fl L R 1%
PR A PLER X Cr hA B E MR BEs R, 450
35.19%1 21.3%:

%2 AEMEX Cr EBRE(%)

Table 2 Effect of different washing chemicals on removal rate

of Cr from soil(%)
WYL (Washing agent) Z2B%%R (Removal rate)
JK water 12.0
EDTA 14.6
EDDS 163
FPIERR CTA 35.1
R 0A 213
BB H,PO, 69.9
2 HCl 71.9
FHIRE HPCD 115
T e R RERR N SDBS 176

2.2 ANEIBHER Cr KB EHFIT

AREHERXS Cr B BEZE R ILE 1, FEEAHL
FRVR FE R I, Cr AOIRUESCRBTENG N, (22K
W EE AR HAP PRI E A 1 mol -1
B, SREIRRAIMRBERCR 71.7%, FrEBREEM 0.1
mol * L H#EIN1%] 0.25 mol - L B, Z=BRZFFAG I B3,
URERT 0.25 mol - L B, RERBAIHEINE /N BEE
WEERIG N, BERRXT Cr MM BEA AR AR R Y
HaF SERBRN Cr B2 BRERBEMR A5 i s i, vk
BERTF 0.5 mol L B, iR B K LR, 7EARIRE
T, JLREHLERX Cr B GEBCER WA, R ATE
FR>SERIR>S B R ST A TR
2.3 WERTEFMARRE AR Cr EREAZM

WGEET R GEER M — N EE T 24, AR
IRV 138 ) S P B R AR K 22 57 B 2
% 0.5 mol * L™ #PAG IR — UK ¥R 37 R e i) A % 2R 42 8 25

80T m c1a
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Figure 1 Effect of organic acid concentration on removal rate

of Cr from soil
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BRI, FPERERTE Y 13 Cr B RBRFREE
PATE  [) F) S T AN T3 A , 1L 2 ok 2R 348 s o 5 B [
P4 S T S T I

X e H 0.5 mol - L #PAEBRFE AR 1K 5%
R EATIRSE, RN 3 Fin. 0.5 mol - L7 A7
BET Cr BRBREZFE /K LGB N A, 7E K H
A 1:20 BHARIER KA, KERZEH 78.5%.
2.4 WRRERT Cr EBRERMEIN

Xof 5 356 HE ) 0.5 mol L #FARBRFEAT 2 WKk AN
3 ke, A5 RN 4 PR, 0.5 mol - L #EEERAT 2
WIRE R BORET , 28 2 IRV , 1389 Cr B RBR
RRFNT 82.8% , % 3 MR LBREMIR AR
XM T HEP LIS ELREER 2 Kkt
FERT
2.5 MEFEET Cr ZBREHEI

SDBS.EDTA H/EFST Cr ZZBRECR AR, ¥
SDBS.EDTA S5#ERE &% 5N Cr LBRFMF M,
EBANZE 5 iR SDBS.EDTA SHEERZ & 7k
Uk, BABIFTERRYT Cr BB ;SDBS 1 EDTA
43515 CTA IRA MYt B B I BRI Xt Cr B 225
R, IEH TR Cr BEBRR, BREREIH
5 T PR SDBS.EDTA 5 SDBS B & EFRIgmiiE

80 -
7|

70

EBERI%

65
60 [
5¢F

305500 1000 1500 2000 2500 3000
B 16 /min
2 0.5 mol L AR ZE LI Cr REREFERT 4L
Figure 2 Dynamics of removal rate of Cr by
0.5 mol * L CTA with time

&R 3 0.5 mol L ATHRER M SERT AR L7k Bb
Xt HIEH Cr ZBRBERE (%)
Table 3 Effect of different soil/liquid ratio on removal rate of Cr in
soil by 0.5mol* L CTA(%)

R 4 0.5 mol L FTIREA M BEIR BN Cr KBRLEHIRND(%)
Table 4 Effect of washing number of 0.5 mol * L CTA on removal
rate of Cr from s0il(%)

WRBEREL(Wash number) 2% (Removal rate)
5% 13K First 732
%5 2 K Second 9.6
58 3 R Third 1.9

®5 ERFEX o EBRAERAIRM(%)

Table 5 Effect of compound condition on removal

rate of Cr from soil (%)
WRIEREL
(Wash mumber) CTA-SDBS  CTA-EDTA  CTA+SDBS CTA+EDTA
1K First 66.5 66.2 57.6 623
% 2 K Second 93 8.4 8.9 8.9
% 3 IR Third 29 2.7 49 46

F7K i (Soil/Liquid) ZBE#R (Removal rate)
1:5 375
1:10 68.7
1:15 76.4
1:20 78.5

" FORIRFALEE " RN IR AL B

RFWESE Cd M Cr, RITCLRN 723
[FIAb3E, Xt KBRS VR Cr #RIAFEHRUN B 3L
N, GASCREERAEIR]
2.6 MEBIEESBRSHEL

# 0.01.0.05.0.1.0.25.0.5.1 mol * L' fFPEER I
PhJE B S R A B 1+ AT BCR TEA 4, B
RAFFPERRE XA FEIEZ Cr IR, 4558
W 3 fis. ERGHN LS or TEUFIGES
BRFRASIEE, 005 BB K 41.8%M 28.1%. 4
PR B , Cr B A THAE . ZidFrigaR
WBESE , BRATIRIS AN B Cr B LLEl/ 5%
BA Cr M HFIB BT

ME 4 FTLAE H AR EFFERA S , S5
& B B, MR /NTF 0.25 mol - L B, X
B EBRFZED (VDDA E, BITBERREEXTF
0.25 mol - L B, X4 A KBR EZ L (M E,

3 itig

M3 2 RREMREFINT Cr BB R IE H,
TR o 2 T 3 A 391 e PR R A A BRI LA B 7
Fh# 457 EDTA A1 EDDS ¥ Cr BIMBESREA T -
B4R EDTA X REHE BHEA K E I LERBE,
4 EDTA ¥ 0.1 mol- L B}, XF Cd.Zn.Pb #1 Cu
FIEBRRITHIHR 89.14% .45.14% 34.78%F1 14.96%"%,
{HASZIG H EDTA Xt Cr WRUE R BRALR M T8
JAFRIFH IR 5 5R , R R AT B 24k i i+
B FEURE T A7, A2 5 EDTA %%
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Figure 3 Chemical form distribution of Cr in soil before and after treatment
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4 AEREFRBRAES 1 g £8P C(VD).
Cr( DB E R 18 pH A9LLE:
Figure 4 The contents of Cr(VI),Cr( 1) and pH values in 1 g soil
after washing by different concentrations of CTA

BAFIY B AW . HCL ¥ Cr Bk veeR & m,
HCI ¥ 3 E LR A LB F 24 TK pH 444
TE&BHER, SRS ERURAS&RN T
AR BV f (IR 4R S AL )0, 25 R B TEHLI
FIFEBE BN IR, 3 BT B SRS
AR, BT DAL W R R BT B WLIRAE ik
BEH,

PR (CTA) ERER(MA) JE A BR(TA) FIE AR
(OA)) pKa.FLO AT RER AR (4n3k 6 FiR ), X
SRR SBCE HLIRN Cr KPR ARR, A
LR BT H P E SR NMRRARKER, £

BRI 5, A LR AN AR P Na*
PR &8 B R BE R , AT B - P = )
AT R = A0 HOR , BRI A 228+
BREMT . & RE T ERT AN FEs
IR AR , LA B 130 W T A Hh ]
1 AT, PR R S SR BR AT Cr MR IRRICR S S , X &
HRMATTERSERRA 2 £ 3 1-COOH ZH,
A DB AR E M HOA SIS, 3F H AR 1
BT B UH R R — SRR H (R 6) . FERRFN
T A R A IR R B, D R AT B2 Pl A 8 o
AN BCHA PR A HLRRAR HE A A B 7 B &0, B LAY
Cr BB B BUR T . % BB 2P TR MR &
FMBEEHA, FIR RS AN E 48 A3 AR L BRAL
P TERRAE IRBER] , SRR 0.5 mol* L,
TE M UE T2, RUE IR B B T LK He 22
o IIEWRBEUEONT B SR ZERFRIPTFE AT LUE L
SR R GERE YO B R B EBRBCR , TR R &
FEMBER B EERUER . Makino ZF9F5E T A CaCl, 7E
SRIRBEFRI , A [F] oK BRI BRI EON KRS - F Cd /)
EERIAGR , BER R LK HE (1:1.5) BAR ZERACRA
AR 1K H (1:10) , E IR BER B A 3G i w] LA 3G fin
ZERRCR,XFNEE B R, FIEED T RVEE] . H
AR SRR T AR F P ORI D 18 B A, AT LGE
VERERGR A0 oK E S RO IX BME S 0 B 19

o KWAREBVNBRLFER

Table 6 Characteristic of different organic acid used in this study

HHLRR(Organic acid) 53 F A (Formula) BefAIE R (Ligand form) pKa
# R0 A) (COOH), H.L 1.27,4.27
AT A) HOCOCH(OH)CH(OH)COOH HL 2.98,4.34
FERMR(M A) HO,CCH,CH(OH)COH H.L 3.46,5.10
FREEHR (CTA) HOCOCH,C(OH)(COOH)CH,COOH HiL 3.13,4.76,6.40
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B & 3 ZBERTfE Cr BRI, Wik /E
BRI RIS S A VIS S e T o R AT 2B
AU R TR 4 Cr BOTEERGRT, TEWR e
B BB HEERR AILEGS B FTRER T
XS Cr IATEAS Cr( IDAFTE, Cr( 1D SRR
R T /E WS RZESY, N T Cr(1) Ak
YERCR . Stewart FFPOWF 57 R 38 pH (E# ), 158
Xt Cr( T BVRE B RE S8R o AP RRIR U /N T 0.25
mol ‘L7 B, ¥JE HEFAMME S HEBEN
BsgE g, R RER B TATERRRYE B/ T 0.25
mol * L™ IS5 9 T SBATI AR Atttk (pH (BTE 8 22 ),
S 3 Cr( D)3 B BOTR M RE T HRBE TR
) Cr (1) THHEIEEM, EBEER a(Fe,Cr)
OOH®™Y, FFERRRIKYE/S T A HLEE & 250 & /Y L]
WS, B AS P o A LG R, X U B bk e fS
t Cr FE LA G TR RIESEAE, SRR, TS
ABEEMEK,

ME 4 TR, HrBEREEKE/NT 0.25
mol * L' B, BB B BR FE DL Cr(VD B LR N £,
Cr( VD) ZE 3P FEDL Cr0% \HCrO; .Cr,0>E 5% T
KB BB T IR AFTED, WhEe A i R 22
Cr( VD) DA B4y AT A Cr( D AR . UITERR Y
WHEKT 0.25 mol - L' B, ULBT 48/ pH FEZE R
(4 AT )o HFMRMFMHT Cr(VDBIEES Cr(1)
AR A IR T (L 3G TR, S B B AT, VR VR BE AT
BRBRATE A Ik 58 39 [R) ek ELAS I35t 25 R R I 25 BRI
YERL, AT Cr( VD) EBRFCRE L, RIEXS Cr( 13X
B T B R EERAE

4 L5t

%7K \EDTA .EDDS FTEBRR (B2 2R TR IR 3P
RIPRE 0 - Zbe BE AR R A S5 [RI I 5 59 9 i 1 2 2R
T W FEE GRS Cr I RBR, B ERRIZT M
BORAR AR EONBEARMIMGER . ArERAEYE
JE 4 0.5 mol - L, +K kb 1:20, KSR ] A 24 h, Rk

WHCH 2 WA T A LA BIRAEMBERCR, B G

) RBRFET]AE 82.8%.

IR 43715 SDBS Fl EDTA &4, ik
VAR AWt L3S Cr, 45559 SDBS.EDTA 5
FREETR AL A P st , B B PRI Cr 19 KB
2 ;SDBS.EDTA 5 CTA IRAMYE, FIAWEA 1
FREEERNT Cr MZBR3E, 3 Higl/b TR IR YT Cr 2R

HeRILESRY, R TP o 15
A YLEE & BB RS TR R T3P E
PLESEZS Cr BB, FRHEEAS Cr RYLLBIE AN, Ui
BIAPERIR AT LUA AR Cr BT MAIMBESS Y Cr
WA LLUR B, VR BT RR I L I, Tt
RES Cr( VD BIE B 2380, FeS er( 1D g% %
B, DERAATARIR AT LA BB B AR
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