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Experimental study on ex-situ S/S for shallow soil of organically contaminated site
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Abstract: 4 kinds of binders are utilized to remedy the organically contaminated soil. The effects of curing age and binder type
on physico-mechanical and environmental safety properties of the stabilized soils as well as the remediation efficiencies and
mechanisms are studied by analyzing the results of ex-situ S/S and laboratory tests, such as unconfined compression strength
tests and toxicity characteristic leaching procedure. The results show that with the increasing age, pH of soil and organic
concentrations of leachate decrease while the dry densities and ¢, increase steadily. The dry densities of soil remedied by
binders No. 3 and No. 4 are higher than those by other binders and over 1.38 g/cm® after 28 days. The pH values of soil greatly
increase with the addition of binders and are the highest for binder No. 4 (calcium carbide residue + attapulgite). 4 kinds of
binders have different remediation effects on organic contaminants owing to different organic types, and they all have high
removal efficiencies for aniline, 2-chlorophenol, naphthalene, benzene, methylbenzene and o-Xylene. In point of the overall
effectiveness, activated carbon-based binder No. 1 is the best because its total removal efficiency approaches 93%. The ¢, of
soils stabilized by cement-based binders No. 2 and No. 3 is higher than that of other binders and over 109 kPa after 28 days.
Binder No. 4 is optimum for the re-use of organically contaminated soil because of its low cost, low energy consumption, low
pollutant emission, high ¢, and total removal efficiency.

Key words: organic contaminant; silty sand; solidification/stabilization; toxicity characteristic leaching procedure; strength
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Table 1 Main physico-chemical properties of shallow soil
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Table 2 Design schemes of field S/S tests
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Fig. 1 Grading curves of untreated shallow soil
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Table 3 Concentrations of organic contaminants in soil

SR AR/(pg kg )
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4 2 3214.5 3009.3  3506.4  3202.7
AR — FHR —
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Fig. 2 Relationship between dry density and curing age
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Fig. 5 Remediation effect of different binders and organic
contaminants
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Fig. 6 Total removal efficiency of different binders
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Table 4 Index weights for building use
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Table 5 Values of environmental and economic evaluation indexs

for different binders

feh 2

[é] 44 711) 2 IS R AEFE

BNt JA CO, Hil = HEFE
/oGt Ikgt™h JMIth
liE A6 1 1522.50 1337.00 40119.25
li] A7) 2 547.50 549.50 2800.00
fiE] A5 3 475.50 876.50 77080.00
lif] 455 4 341.00 219.80 1776.32
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A, mEER B DB DN BRI HEP AL AL
[ AV Febrbr AL BUE (F390) K6 TR,
PEE LR A ) A 5 T S A R
T=XU , (6)
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Table 6 Actual values and corresponding standardized values of
evaluation indexs for different binders
L FVF R bR UE AT ) JSE s
T M OTRE, pH Wk COME GEFE qufii %
1 0964 0954 0.224 0.164 0.044 0.536 0.608
I 2 0873 0959 0.623 0400 0.634 0.897 0.775
M1 3 0843 0984 0.717 0251 0.023 1.000 0.697
4 0.853 1.000 1.000 1.000 1.000 0.679 0.870
e A RBLE A AR AR, DT SRR B IO (KR
PRI U, Hoh BARE R 14 d, pH K g, {0 28 dfH.

5 4 it

ASCE IS I S b B 45 ARG 7 5, )
S/STT iR AE EA WLiG et M ik 2 L3047 T A1 5C  H
GCs X ARl B S E A AT 1 ] AAE ST AL R sk
B, TSR

(1) S/SIERER AL R mvs g L3, A
BEARY S G -5 KR s JE AR 7R3 A4 25 SR R ek
B3, Hos d Tt 1.37 glem’s

(2) L-pH{EZ AL G L& 5w, [ 4k 5
RITAT38% (1) i 1l 1Hb i i 4 S35 K 17 s kg F4EAEK

GO MG GWe 28R DA A 1) S B
AN, HO RN 2- W, 25, OR. R 4B
T IRRRE R Y RL80%, JHBER IR .

(4) VRS R 3 W [ A 300 D0 A7 HLAD I ] Ak 3R
elf, L7, 14 dRFRE T 100%, 17 HAth 3 [l
157114 AN JRREEE I 81.3 %.

(5) AR E AL EE A g 025 . 28 doi i
DL A2 N3 85 5, EBRE110 kPa, [EAL 74150 F
ik 483 kPa, [EALFA 1K, 1N 465.7 kPa.
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i, LA A4 255 R B

S

(1] HAIEZ, ¥R, £ IR, & KIS Jemle o
FAIORFF R FUI]. A L LRRZAR, 2012, 34(11): 2114 -
2120. (DU Yan-jun, JIANG Lin-jun, WANG Le, et al
Strength and microstructure characteristics of cement-based
solidified/stabilized zinc-contaminated kaolin[J]. Chinese

Journal of Geotechnical Engineering, 2012, 34(11): 2114 -
2120. (in Chinese))



53 HdH,

. AN RS M 2 S 6 R AR 517

21 W 8, kA v EG RS S PR LR 23
HT[R]. #Emkm: 54847, 2010. (XIE Jian, LI Fa-sheng.
Overview of the current situation on brownfield remediation
and redevelopment in China[R]. Washington: International
Bank for Reconstruction and Development, 2010. (in
Chinese))

(31 Brsete, MW, v5 3 LB IR 2 0], sty )

£, 2003, 39(1): 77 - 80. (CHEN Xian-hua, TANG Hui-ming.
The current situation and prospect of contaminated soil
research[J]. Geology and Prospecting, 2003, 39(1): 77 - 80.
(in Chinese))
AR HE. AN TITZLEG EX) Zn2+K W AT S [T]. AR L
%]Sfu%ﬂi, 1995, 15(3): 265 - 267. (LAN Jun-kang. An
equilibrium adsorption experiment of Zn>" cation by red clay
in Liuzhou city[J].
Technology, 1995, 15(3): 265 - 267. (in Chinese))

[5S] CONNER, J.R. Chemical fixation and solidification of

Journal of Guilin University of

hazardous wastes[M]. New York: Van Nostrand Reinhold,
1990.

[6] PARIA S, YUET P K. Solidification-stabilization of organic
and inorganic contaminants using portland cement: a
literature review[J]. Environmental Reviews, 2006, 14(4):
217 - 255.

[7] Office of Solid Waste and Emergency Response (5102G).
Environmental protection agency, U. S. solidification/
stabilization used at superfund sites[R]. EPA-542-R-00-010,
2000.

[8] WILES C C. A review of solidification/stabilization
technology[J]. Journal of hazardous materials, 1987, 14(1): 5
-21.

[9] WILK C M. Solidification/stabilization treatment and
examples of use at port facilities[C]// Ports 2004: Port
Development in the Changing World. ASCE Conference
Proceedings. Houston, 2004: 10.

[10] KASSELOURIS V, FTIKOS C. On the hydration of MgO in
cement pastes hydrated up to eight years[J]. Cement and
Concrete Research, 1985, 15(5): 758 - 764.

[11] DU Yan-Jun, JIANG Nin-jun, SHEN Shui-long., JIN Fei.
Experimental investigation of influence of acid rain on
leaching and hydraulic characteristics of cement-based
solidified/stabilized lead contaminated clay[J]. Journal of
Hazardous Materials, 2012(225/226): 195 - 201.

(1] XJeMs, FIE2, #7R, 55 TPk il KK

Ve A B S Re R R R ITIT[T]. A TREAEAR, 2013,
35(12): 2212 -2218. (LIU Zhao-peng, DU Yan-jun, JIANG
Ning-jun, et al. Leaching properties of cement-solidified
lead-contaminated clay via semi-dynamic leaching tests[J].
Chinese Journal of Geotechnical Engineering, 2013, 35(12):
2212 - 2218. (in Chinese))

[12] Bk 3, XA, A%, 45 /KR (S m s 4t
(PSRRI ST )], A b TR, 2010, 32(12): 1898 -
1903. (CHEN Lei, LIU Song-yu, DU Yan-jun, et al.
Unconfined compressive strength properties of cement
solidified/stabilized lead-contaminated soils[J]. Chinese
Journal of Geotechnical Engineering, 2010, 32(12): 1898 -
1903. (in Chinese))

[13] VIKRAM M, HASSAN A, HONG 8, et al. Immobilization of
phenol in cement-based solidified/stabilized hazardous
wastes using regenerated activated carbon:
Studies[J]. J Hazard Mater, 1999, B70: 117 - 138.

[14] SCRRATOSA J M. Surface properties of fibrous clay

Leaching

minerals (palygorskite and sepiolite), developments in
sedimentology 27[C]// International Clay Fonference. Oxford,
1978:99.

[15] VERAA. 2 HT IR IM]. Rt R R AL, 1998.
(XU Shu-bo. The principle of analytic hierarchy process[M].
Tianjin: Tianjin University Press, 1998. (in Chinese))

[16] GB/T 4915—2004 7Kg LMV KA75 Aok [s]. b

o ooh [E IR BT RE A2 AL, 2004, (GBT4915 — 2004
Emission standard of air pollutants for cement industry[S].
Beijing: China Environmental Science Press, 2004. (in
Chinese))

[17] GB/T 2589—2008 Zxt5 REAELT EMIS]. dbnt: o Ehrifk
Hik L, 2008. (GB/T 2589—2008 General principles for
calculation of the comprehensive energy consumption[S].
Beijing: China Zhijian Publishing House, 2008. (in Chinese))

[18] GB 29994—2013 HHERLyH o BLAL = i BEE T FEBRAL[S].
Jbnt: AP ERRE AL, 2013, (GB 29994—2013 The norm
of energy consumption per unit product of coal-based
activated carbon[S]. Beijing: China Zhijian Publishing House,
2013.(in Chinese))

[19] DU Yan-jun, JIANG Nin-jun, LIU Song-yu. Engineering
properties and microstructural characteristics of cement
stabilized kaolin[J].
Geotechnical Journal, 2014, 51(3): 289 - 302.

Zinc-contaminated Canadian



