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FREEIR . #hHR . CaCly. NaOHFUBE R %5 ke 700 6 4% 15 G 37 M4 15 e 0 (R IR VR IR . 9 A v B ik ) e £
WRVEF, PRUT T WRPERIM B . BT L RS R GE AT R L PR p H A X IR S R e . 25
AN, BRI AR S R AR, B A ) RS e e, R XS R,
TG Y S Bk BT 149 mg ket BHETR SRR R, JT MRS AR AR P AL 1) A A I P B 1k B
0.291 8, EEEREF= M PEFREUEAL; /K. FhiR . AR . CaCl,. NaOH. RSN BL45 1 R R
AR, EDTARYM VRS it ; EDTARY AR YRR 0.1 mol L7 feif HIRFR LR ¢ 105 Fad i
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1 ARSIk

L1 RIEA R
Bk Bk A R T I

xZE (0~50 ¢cm) +3e, REMNSHSHFE
20 HifftMyE R G L ® M, 100 HIiEM L
e T8 450 b o A 4 39 3 R B Ak R DL
#1,

R LEMEREUMER
Table 1 Physical-chemical properties of the contaminated soil
Y pH LR ES AN
Site Organic matter Total-Cr Hexavalent chromium
(gkg™) (mgkg™) (mgkg™)
BRI AR 7 7 ]
7.41 9.7 457.1 1.58
Titanium white workshop
B AR A 2 )
6.77 9.9 3198 2.15
Chromic salt workshop
JT WA R A 7 A ]
Ten thousand ton chromic salt 7.93 12.3 3325 737.7
workshop
R HEY)
2.29 6.0 1968 5.43
East chromium slag dump site
JeErIX
8.86 11.3 7 149 866.2

North section of the plant

1.2 RIEAHZE

VR Ak . FREBGE 20 H I B9 +FE£512.5 ¢
BHT—FR51100 ml BEHE S, 23N A25 ml £
BT KE0.1 mol L' ARRIFFZEAYMEER . HCL,
H,PO,. FFEMR (CTA) . 2 M BR W
(EDTA) . CaCl,, NaOH. B ACHH3REE, =
25 CHRA T AT ERIFES) HA-C/KIF
E IR IR 28 P IR 1505 h, 1 U8 I 2 DB VR A A
Cro W B, sk ARk

T A R U R v B A O . AR B iR - RE12.5 ¢
BT —&51100 ml BEELCE S, 500 A25 ml
W E 90.005, 0.01, 0.02, 0.05, 0.1, 0.15 mol L™
) B AR TR B, b B A 20 R[] 9 e 790 i
PEPEIR AR IE

ol A WA L R O . BRI IR - FES5.00 ¢
BEF100 ml SRS P, 7R TR IR VR R d A
ETNRE WA 5, 110, 1:15 Fl
1220, Hh#EAE D BRIE M GE ik, S8l +
WL .

T3 A 5 B[R] (R 28« AR 3R HFE5.00 ¢ B
T100 ml BEELOE T, ELL E AR,

WEIRSATE 45 H0.5h, 1h, 2h, 4h, 8h, H
AL BRIRIR DR R 0 18, e B dneadh MR % A )

AWM p H Y 5 1« FREX B3R +#£5.00 ¢
BHT100 ml MR E.OET, BREEDTAWKE N
0.1 mol L™', L1 = 10, IRGAFES3H1 M1 h,
fdi [110.1 mol L' HCIFINaOHYH Y Mk PE M pH N 4.5
5.7.9. 11, 13, #BEPERFEIMGERIGRE, 5347
IR p HOXGF 55 2 B S5 1) 5 T
1.3 ShA*

TR AR SR JOER T (WFX-
TE2JFF IR/ e T EEPEAH )

FHEh O R R M- O
(UV-160180% 5 60T A6 B A 3 B A2
ANHED .

1.4 ¥iEaE

s EEAE FHExce B IEAT 081, JFEME
SPSSHFATHLIN 2 5 254017 -

(1) 85 Y] TR vk

P=CJS
K, PG I8 ol SR B
mg kg™'s SHHIEIREEFERAE, mg kg™ (T
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P, <1 RARZIEY, P>1 WFERCLZEGY,
PSR, FR75 Rl )
(2) HHERIE IR BO TR
1=C,IC;
Kef, DRGSR A i RS 1 G
JE AR ILE; C oy TIPSR SR
mg kg™ Cpol HIEEE A SR T, mgkg™s

2 R 51HE

2.1 I EEHESERIVRO 0
mMEISGSFE R SPRESLHEpHE
2.29 ~8.86 Z[a], pHEAR A HELAE AR BT R
R, S AU IAEAER T XORAE . TR AR
pHES B2 AR, AT B 48— Y bk ok 300 5 B Herh
e, PR SA2ZR . ERHEASEEERN
457.1 ~7 149 mg kg™, RS HEEER 5

B Fi b e (B4R <250 mg kg™') ., R
] PN B PR 8 BOA P BT i s YR R A T
WA EBL (%2) , PAHTE1.83 ~28.67LFIN. FifT
KA I R AT TR bR (A
<300 mg kg™') , PAETE1.52 ~ 238375 [H M. il
Ve b T it s e T, ST R EUCE AL
o, X5 g it g R .

SARFE S RO F i R 1.58 ~ 866.2 mg
kg™, SACRFESMIGEIR S (1) BT, 1E
0.000 7 ~0.221 8L (FK2) o IWEEET
i % b Az 7 2 ) R A A, de IR E A B8 R AR T A
] SR AE A o b Cr® SR A S i ok TR U 9 B 25 11
A&, MsHRESEERELER, GOV Y R
%, XEDUE S — bk vk L BR o R, 0200
A AE MR e, 0 B I T G Ho At 25 B, LU
B DR MR B 2 8ER o 4% SR FE ST A P R TE L
F2.

R IREERSFRITIMEL

Table 2 Heavy metal pollution assessment indices of the soil

ENEES AL B2 A ) T3 Wi R A 7 ] VRS Lt X
Titanium white Chromic salt Ten thousand ton chromic East chromium slag  North section of
workshop workshop salt workshop dump site the plant
P, (S=250 mg kg™") 1.83 12.79 13.3 7.87 28.6
P, (8=300 mg kg™") 1.52 10.66 11.08 6.56 23.83
! 0.003 4 0.000 7 0.221 8 0.002 9 0.1212

2.2 HIEFIRY R

WUk - e B, 1A R R B AS [R] Rl 2
WRPEFNFEATHRPE: HCL, CTA. EDTA. H,PO,.
CaCl,. NaOH#£0.1 mol L', ZE Tk, HH AR
Tl 2 %) 9 32 390 4% 4 o AN ot 2 B R A R i 2 L 1
FE2FTR . B, WMt LR R ENERE
BERIAE L IERARZE] (p <0.05) , AEH LA
WV R BRFANE] 5 CaCl, 78 JT A k3% 57 v Y bk 58 24
W22, MR (CTA) 74 B & b ik vk &R
B, MRS, EDTAXT 4 FE SR A 25 B80T i
I, TEAREME N i m BRI 1818% , RIfi7E
1=0.002 OfIGTGPE Y + 3 FAAAT 18% bR %, £%
JEHNEDTAZ RIFME SR, X HHhrc’ s
RS E AR S, M H AR 8 HE 7 ) + B p HAK,
TERRYE 51 T X & M A AL & ) LB ik

SEHEFE ) o P2 S R b 2 A i ok 0 0 €tk
BRRSm, nf LA . #£71=0.000 7 ~ 0.002 91
WM L, FrER ARG R, BREBE
19.7% ~34.7% , TELE R L FHEDTARE R
LbRFR R, POy C sk B rh 2 TS
BB, ot EE BRSNS HEDTA
AR,

1 T EDTAXT 38 50 B8 A P B mi g/ 1
EDTA B A KA Yyl e fg vt 120, ar LRl &4
AU, T EEDTAR T % 00 2 Rk R
I, LA EAMINE, W EDTALE N AL
i, #AT RS0
2.3 REIHEFIKE TG EBRERM I

X T AE PRI EDTAS B AR . 0.005,
0.01, 0.02. 0.05, 0.1, 0.15 mol L™, 751 Eidk 2
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” WkPEF Leachants
| f, a HCI1
= @ CTA
B = EDTA

B3 Removal rate (%)

AL
I H Sites
I—8KEAAE 400, 2—58 bk A2 m), 3— T ik Eh A = 4a ], 4—AREK il HEY . S—ALET T IX . RIE

1-Titanium white workshop, 2-Chromic salt workshop, 3-Ten thousand ton chromic salt workshop, 4-East chromium slag dump site,

5-North section of the plant, The same below
e B E—HEAR TR RZ R R E (P<0.05) TR
Note: Different letters in the same column represent significant difference (p <0.05 ) . The same below

BT RIS A IR X0 5% (R B ) 2B A2

Fig. 1

— [\ [N (%) w S
= S W O
T T T T T

Z:Bp#% Removal rate (%)
S

S W
T

H Sites

Effects of different leachants on Cr ( total ) removal rate

WhPEF Leachants

= HC1
CTA
= EDTA
H,PO,
H,O
sDTPA
o CaCl,
= NaOH

P2 ASTR]AR 2 b e 70 % Cr® B RR 1 5

Fig. 2 Effects of different leachants on Cr* removal rate

PRFESEDTAWE M X R WME3HT/R: EDTAX 11
HH R A i 1) e B SR B A IR VR SRR B T R, A
EDTAME 0.1 mol L', £ 3k ik 4 i
(R bR R AR B R KA, AR S 1 bk 70 ok
EHRFEHMAWE (p <0.05) ; XEHT—EK
BEJEEI N, EDTAMREESE N, ZAVER R, Wk
WpHFRAL, FRVEIERIRGR, 4% LR, Y4
KB —EVR B, dRSLHEMEDTAE , B FpH
HRERFEAG, FRAY SRMEDTAME SR, Wi
FEDTAMIZEMEARR (£50.25 mol L") o FTLA,
e £k S 1 TNV 2 R N AR R AT AR
Cro PR R 5 kv vk B 1 e R AN 4%« sk
FR R A 5 e G A TR Y 5 I U YA R EE A
0.005 mol L™'20.15 mol L™ +3ErCr® iy 2 %

BREH TR 7E1=0.000 4 ~ —0.002 (KIS
PR LA = 2200 L B R AR 7 A R R R i e+
gerh, CrRBRRE R TR H133.3%; 1EIETER
() 7 A b AR = AL R AL R IX R, B R
K, ZWRVEFIH B /N, Xl T e 5
EUMRHEE T (Cr0,”. Cr,0,7) W RIFELE, %
EDTAWE A EH/N, EZ LU 7 2Rk AR EE
U5 L F TR, #520.1 mol LUEDTAfE KRt
IR 00 W e R AT S 2
24 AELHERELIIEEBRENEME

HRHE L EFEERY0.1 mol L'EDTAMEWMER ,
WEANFME®RFEREL: 1:2, 1:5,1:10,
1215, 120, 5 AR 5 o e e &
B R G R S s« R A B R R R
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251 EDTA ¥ &
EDTA Con Centration
S 20t e (molL™)
2 1
g - = 0.005
= 15} a8 w 0,01
g ZB =0.02
5 7k =0.05
& qor ZE @0.1
W% ZE ©0.15
& B
H# o5t dd 3 Zﬁ
i§ z- 2K
0 N =Z8 ZE
1 2 3
b Site

K3 AREIVEEEDTAX 8% (2f) RERFRIYZIE

Fig. 3 Effect of concentration of EDTA on Cr (total ) removal rate

=
=30
% 25 b Sites
— ——1
§ -
15}
g -3
~ x4
v =5
&
K
0
0.005 0.01 0.02 0.05 0.1 0.15
¥k & Concentration (mol 17!)
B4 AEMEEDTAXS Cr® 2 bR 3 (10 5 )
Fig. 4 Effect of concentration of EDTA on Cr® removal rate
201 TR
18t Soil quuidcmass ratio

16f
14¢
121
10p

Z:BE3 Removal rate (%)
o]

(=3NS I =)
e

5

3
i Sites
AR W T X% (Axir ) RBRFA

NN

Fig. 5 Effect of soil liquid mass ratio on Cr (total ) removal rate

Wit = 8o EU B/ N TS K, AN TR SRA: s B A 95
it AR AT T 22 5 (7 MR SR AR 7 4 (] A
JeEp) X b - S B R ) o BEE
LR PR RN, JERERR I Xk
BRARS LW R R ME 6N : >OIMHEEA (7
5 A 7= AR T AL X) L, Cr™ BB B 1

Fef sl /N mi g o, B B2 <0 1R9REA (5K
FUAE A0 B Eh A= R MR s A e Y ), KBR
T )a e, R RN Zia
IEZTESCHIE . MR RO BBRACR, L
T BN, PR I 2R SR AL B, 2y
an (SN, PR, BEHRL ¢ 104 $2 BURE 1K
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1l

874 + %

1:2 1

) 1:10 1:15 1:20
+ 9 i & I Soil liquid mass ratio

Bl6  ANTA] b IR5 B H X Cr® 23 B SR A 52 1

Fig. 6 Effect of soil liquid mass ratio on Cr® removal rate

J i L AT R SR
2.5 AREIRFHE BT EEREFER RN

7£0.1 mol L'EDTA, R : 10M5
PR, A5 A TRI R 397 Ik 1 1sf ) T 4% A6 B 25 R % 11
SR W LT TR ¢ AR 2 A 23 O R B I 0%
AR AV B, T LR 9 IS ) A 3, A SR
(R EHE IR X ) EpREEA TR, Ik
DR VEL b, VRS A O F A T, O BE

251

[3e]
(=]
T

—
N
T

B3 Removal rate (%)
w5

S

— N W s
S O OO

2 Removal rate (%)
S O O

KB, 0.5~ 1 hZ B RIR B R, 2 B
(p <0.05) o XFFCr® B kit fa) (9 56 & 4n
KI8T : Cr™ ABRRAML I WAL, Cr* P
FBRRIES0% L I, A rp Co® i B (8] Y 3k T LA GA
1) 55 IR ) 2 8] ) W B A . 2 T Bk s [
KK RV, 1 bR kS LR
B BB R IEAR B AL, B, 81 hdiRG i [E
VE Ry 38 2R AT ) 221U

b7 A
Leaching time (h)

=0.5
al
=2
<4
w g

i%ié Sites
El7  ON[ERZ ke R 8% (it ) RBRFRM

Fig. 7 Effect of duration of leaching oscillation on Cr removal rate (total)

80
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=4
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S
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IS
W

4 8

fisfE] Time (h)
FEI8 AN [ bk B I X G 25 B 6 14 5 i)

Fig. 8 Effect of duration of leaching oscillation on Cr* removal rate

2.6 MEBAEpHITEEEBREHE Y
f£0.1 mol L"'EDTA, +WHEEILL : 10, k%
BFHE T WA, P sEpH: 4.5 (0.1 mol L™

EDTAH HpH) . 5. 6. 7. 8. 9, 10, fFHAH
WRPER pHA IR EFI X 5 (4 ) EBRRAEZ I N
EOF 7N . AFMINFRBE, 0.1mol L'EDTA /YKL
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10f

%2 Removal rate (%)

W
T

I Hh Sites
K9  AREpHXH# (48 ) BRI

Fig. 9 Effect of pH on Cr (total ) removal rate

B2, BEHFpHZ W, EDTAMBRZLNIE B, KBREN22%.

AN, BEEVEFIRG G, WREERCRIG N, 7E Th A ik XFCr KRB S pHI X RWME10PIR
VEFIAM T HBRMORIEA FRE, PRIGTEAREIGE >0 1A RE, J7 s 3 A4 7= 42 1Al i Cr® 25 [ R B
HEGENR RN . pHAkZLIE I, B GEMGEZ:  pHAYHE I 2 BR R SAA TR, JEAR) X 2R &
WG, RBRFRMLERN. I<01 ERECTHEE K, STE R FREEI R, P RBRELAESS %L L ;
pHAEE, Cr"&TERULTRE, bR A4 . I<O. 1R HAE (BRI A= 40 % AR 7= 42 (B R R
IS0k, BI5PWERE R, BEESEM i) , KBRFABEAKR, mHb TR
Ve o pH SHFMRVER) ZLBRACR SpH 458 ML, A i ERDy, G MR K, B M
B B3 (p <0.05) , H4WRUER M pHE S, BRI bR 25

RTT IR DRV p HUT T %) TR R A B, YA P PR, pH R S B3R BRI AT DA AR S5 R b 1
AREE . AR SCR RALE )T X R, pH 10 g RSB A .

120
<100 it
2 Sites
£ 80 -1
= 4 / >
Z 60 -
1= —--3
& 40 ol
z_i: 20
# 0
4.5 5 6 7 8 9 10
pH
E10  ARIRpHXCr 2 B3R 150
Fig. 10  Effect of pH on Cr" removal rate
3 45 TR TR 175 G ) 0 W2 B i BT A SR B4 5 IR IR

FIpHAESHE 34 B P4 -E 0. YRR pHAE 10

BN BT LR fE2SCIIAIRATE T, . JCHBIT DR I R A AT e S 0 A T

EDTATEFTHAFEMIRUE At . R0 RO R, BB, K220, Cr" i Beii & BRI 1498.5%

BE; 0.1 mol L™ MWEDTAWWLILAE; +HOTikLE AR R, I 2B B2 AP 00 B I A PR

B % B, BT N TR, (AR B SR A EE— BET AL TT
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EFFECT OF CHEMICAL LEACHING REMEDYING CHROMIUM CONTAMINATED
SOIL IN DESERTED CHEMICAL PIANT SITE

Li Shiye Cheng Jiemin'’

( College of Population, Resources and Environment, Shandong Normal University, Jinan 250014, China )

Abstract Chromium and its salts are widely used in alloys, electroplating, leather, dyes, printing
and dyeing, catalysis, medicine and other industries as an important industrial raw material. Therefore,
there is a serious chromium contamination problem in many legacy chemical plants, making it difficult to re-
use. Chromium contaminated site remediation problem of the industrial wastelands is imminent. Currently,
the repair of chromium contaminated sites are mainly chemical leaching repair technology, electrochemical
remediation, bioremediation, chemical fixation, and chemical reduction methods.

The surface soil was selected from a deserted chemical plant in Jinan as the experiment samples,
including the following five samples, the titanium white workshop sample, chromic salt workshop sample,
the ten thousand ton chromic salt workshop, the east chromium slag dump site sample and the north section of
the plant sample. Chemical oscillation leaching experiments was used to repair the contaminated soil samples.
The vast majority of Cr ( VI ) was removed from the soil samples by using the eluent. The majority of the use
of chemical eluent Cr ( VI ) is removed from the soil. While the Cr ( I ) was stable in soil, part of Cr (Im)
was displaced, the chromium contaminated soil at the site get repaired in some degree to provide the basis for
the chemical plants chromium chemical remediation of contaminated soil.

Laboratory simulation tests were conducted to examine effects of different leaching reagents ( water,
0.1 mol L™ EDTA, 0.1 mol L™ CTA, 0.1 mol L' HCI, 0.1 mol L™" CaCl,, 0.1 mol L' NaOH and 0.1 mol
L' HyPO,) extracting Cr from the soils sampled from the plant with a view to screening out one that is the
most effective in remedying Cr contaminated soil. By measuring total chromium and Cr ( VI ) of the filtrate,
the best eluent was selected from the eluents we have chose by leaching experiment. According to the selected
best eluent, we explored the conditions of eluent concentration, soil liquid mass ratio, oscillation time,
the eluent pH on leaching effect. Setting the eluent concentration gradient, 0.005, 0.01, 0.02, 0.05, 0.1,
0.15 mol L', different soil liquid mass ratio, 1 :2, 1:5, 1:10, 1:15, 1:20, different oscillation
time, 0.5, 1, 2, 4, 8 h, the eluent pH , 4.5, 5, 6, 7, 8, 9, 10, we found the leaching removal
different under the different conditions. We proposed “I” , the chromium contaminated soil activity index,
to indicate the proportion of Cr ( VI ) in total chromium of the soil sample.

The results showed that all the soil samples exceeded the national standard for soil environment in Cr
contamination; the soil samples from the Titanium white production workshop were the lowest in pollution
degree, while those from the north section of the plant were the highest, reaching as high as 7 149 mg kg '3
in terms of soil activity index “I” , the soil samples from the ten thousand ton chromic salt workshop were
the highest, reaching up to 0.291 8, whereas those from the ordinary chromic salt workshop the lowest;
the reagents, Water, HCl, CTA, CaCl,, NaOH and H;PO,, were all quite low in total chromium removal
rate; EDTA was the most effective one, when it was 0.1 mol L™ in concentration, 1 : 10 in soil liquid mass
ratio and 5 in pH for 1 h of leaching oscillation. On the whole, the removal of Cr (VI ) was low, the removal

of Cr ( VI ) was ideal. In treating the soil samples from the north section of the plant, its total Cr removal rate
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reached as high as 22% and Cr®" removal rate 98.5%.

With the continuous optimization of elution conditions, oscillation leaching removal is constantly
improved . But the chromium content is still more than the national standard after soil leaching process,
we need further processing of contaminated soil. we can consider adding an oxidant to activate the chromium
ions, promoting the activity of migration , then improve the leaching removal.

Key words Chromium; Chemical Washing; Soil; Remediation
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