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Remediation of Cu/Phenanthrene and Combined Contaminated Loess Soil by

Chemical-enhanced Washing
ZHONG Jin-kui"*, ZHAO Bao-wei""*, ZHU Kun', MA Feng-feng' , YANG Xing-chun', RAN Jing-yuan'

(1. School of Environmental & Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. Engineering
Research Center for Cold & Arid Regions Water Resource Comprehensive Utilization, Ministry of Education, Lanzhou 730070, China)

Abstract; The chemical-enhanced washing of Cu’* or/and phenanthrene ( PHE) single or combined contaminated loess soil in Gansu
Province was investigated with disodium ethylene diamine tetraacetate (EDTA) or/and sodium dodecyl sulfate ( SDS) by the batch
equilibrium experiments. The experimental results showed that EDTA or /and SDS could remove efficiently Cu®* and/or PHE in single-
contaminated or combined contaminated loess soils. The Cu’’ removal was significantly promoted by coexisting PHE with low
concentration of EDTA (EDTA <0. 1 mol/L), however, the removal was slightly hindered with high concentration of EDTA (EDTA >
0.1 mol/L). As for the PHE removal by EDTA, it was founded that coexisting Cu’* could enhance the PHE removal in the
investigated ranges of the concentrations of EDTA. When concentration of EDTA was 0. 01 mol/L, the removal of combined PHE was
20.94% higher than that of single PHE. The experimental results of the removal of contaminations by SDS showed that coexisting Cu®*
could suppress slightly the removal of PHE at a concentration of less than 4 000 mg/L SDS, but could assist the removal of PHE in
5000 mg/L or higher SDS concentration. On the contrary, the influence of coexisting PHE for the removal of Cu®* by SDS was that it
facilitated Cu’

* extraction by low concentrations of SDS, however, it inhibited the removal of Cu®" at high concentrations of SDS. The

removal efficiencies of PHE and Cu’* were improved greatly as using combined EDTA-SDS. Beside, there are some differences in the
removal efficiency of the both contaminants with the different sequence of EDTA and SDS added in the washing solution. In EDTA
washing followed by SDS, SDS washing followed by EDTA and mixture of SDS-EDTA washing concurrently, the removal of Cu®” is
91.40% , 95.10% and 96.50% , respectively, which is 28.46% , 32.16% , 33.56% higher than that of combined, 62.94% , by
single EDTA. For PHE, the removal is 68.30% , 85.40% , 84.95% , respectively, which is 16. 14% , 33.24% , 32.79% higher
than that of combined PHE, 52.16% , by single SDS. Thus, SDS washing followed by EDTA or mixture of SDS-EDTA washing

concurrently is considered as the optimal washing sequence for PHE and Cu®* removal.
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Table 1  Physico-chemical parameters of primary agents
. X W RE(25C CMC
“ s E)ﬁj\g ﬁ/molfL’l ) /mmol - L~
PHE  CyH, 178.2 6.6 x10"° —
SDS C,,H,5080;Na 288. 38 — 7.74
EDTA  C,gH;,N,O04Na,  334.24 0.3 —

1) PHE [ 8dfs >k 5 SC#R [ 17] 5 SDS (¥4 >k B SCwk[ 18] ; EDTA 1
HAE ok @ Sk [19]; CMC 2 Il 7 R W B ( critical micell

concentration )

1.2 s28)5vk
12,1 559 A i I HE %

JIT F 8 sk B RS MRSl K e 1 R R
(0 ~20 cm). T, 1k 60 H i, B 2w A W
LA L A LS B 0.60% , pH fH R
8. 14. J U H B AR AW H 3R R Cu®
1.2.2 75 0% LR i IR ) &%

FOCHR 4] AT, BR R R B E AT G b
FErh 43 %) 4 PHE 500 mg/kg#l Cu®* 200 mg/kg.
1.2.3  LHEVEM SR
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EDTA & #5k 0.1 mol/LI}, PHE X} & & Cu’" [fy

Moo 2 %
60
%i 40
&
#*
20
—E 5
—O—Hi—{f
0 ] 1 1 1 1
0 0.05 0.10 0.15 0.20
EDTA/mol-L!

1 EDTA % Cu®* ffy %
Fig. 1 Removal efficiency of Cu®** by EDTA
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Fig.2 Removal efficiency of PHE by EDTA
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R IREAR. 25 — B By, PHE [¥) £ Br B SDS K
P4 1 48 0. X 2 T R B0 SDS R Bk £ 1
AN SDS ¥ & #id CMC, JE B 41, 76 i [
HTE R T — AN K BAH % 5K B A K PHE 43

EAE R AR K A kb, 32 @ T PHE (¥ 3% fift FE , ik
T4 - B8 RIURL W B ¥ PHE 6 8% 317K 5 W . SDS 9K
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2.3.2 SDS X E AV g PHE B3t i

M 3 W52 ) SDS X 5 45 4 i) PHE B i
5 — PHE 13 AU 2 ob 38 A7 — L AN ] T 1 —
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Fig.3 Removal efficiency of PHE by SDS
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TP EE BB E. AWK EZEIEE 0 ~ 5000
mg/L, SDS X} #L— Cu®* [ 25 B R AR F AR , i plo i Ff
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Fig.4 Removal efficiency of Cu’®* by SDS
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2.1 ~2.4 AT HE R 4G SRR W], Y SDS WK N
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P L HGHATHCA V. B 5 R T EDTA Rl SDS 1)
VNI 0 524 7 G 1R 6 I 280 28 3 Pl s n It/ of
PHE HI Cu®* #5453 5 I ¥k it 2 %, PHE () 96 I 5 5%
My o (%6 n EDTA J5 hn SDS), PHE ¥k i %
68.30% th Lt ¥l B SDS ¥k it PHE [ 2% K 52. 16%
16, 14% | fi 5¢ 0 SDS J5 i EDTA Jisi J¥ A1 EDTA
5 SDS [8] I i AN #1 b, PHE (¥ 25 B 22 43 ) A
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Fig.5 EDTA-and SDS-enhanced soil washing for

Cu’* -and PHE-contaminated soils
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SDS [ B I A 41 i) Cu® ™ f s UE i R 96. 50% il
Jehn EDTA J5 b SDS ¥ %1t Cu®” f3 A% ¥k B %
91.40% L 7 5. 10% . {5 5 EDTA b xf & & 75 4
Cu®" ) 85 v e I % 62.94% M L, EDTA H1 SDS
B FAE O 2 A 8 8 . 4k n EDTA J5 Jin SDS |
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H196.50% , Lt 2l ] EDTA % 5 & 95 4 Cu®* 1k
i % 4y ) 5 28.46% . 32.16% 1 33.56% . | ik I
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3 4

(1) FH EDTA 54k 6 B I, 26 AR < B2 (¥ EDTA 3%
W, LA PHE XF Cu® " ) 25 B (2 dE 1 HT i £ 7
W EDTA ¥R, 547 PHE X} Co®" 10 B f
B A0 AE . EDTA X PHE 5 & BR4E T, JL 47
Cu’ " {23 T EDTA %t PHE [ ¥k, 76 0. 1 mol/L[{
EDTA %W, Cu® " ({4 4E , i EDTA % PHE ff) %
B 2% M 36.25% | T %1 48.74% .

(2) F SDS SALPE e i, JE A7 Cu®" #E SDS i
P R (A AN ) A s ok 2 Y0 [ {2 3 PHE 1)
PE B T E A9 S Y R 40 PHE (1 96 6. SDS %}
g Cu’ " [0 L B R A, 755 000 mg/ LI, f 1 —
Cu’ " VGRH R E LA 1.2% , 0 H 5755 Cu® 1
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