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Fig. 1 Solubilization of diesel by the single surfactant
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Table 3  Solubility recursive equation of single surfactants
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Fig. 2 Solubilization of diesel by the combined surfactants
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Table 4 MSR and K, of combined surfactants to solubilized diesel
10 : 1 20 : 1 30 : 1
A
MSR 18K e MSR 1K e MSR 18K e
o /T S/T L/T S/T L/T S/T L/T S/T LT S/T L/T S/T
E5E 0.70 3.80 1.65 1.03 0.81 391 1.48 1.82 1.71 431 1.15 1.97
E+ ke 0.55 3.30 2.07 1.00 0.84 3.55 1.57 1.78 1.49 3.60 1.29 1.98
1E+ ke 0.26 2.73 2.18 0.99 1.08 2.98 1.44 1.71 1.44 3.33 1.41 1.81
E+7bE 0.24 1.97 1.99 0.93 0.81 2.06 1.43 1.60 0.79 2.26 1.27 1.79
1E+ /s 0.21 1.58 2.09 0.85 0.67 1.76 1.43 1.50 0.83 1.90 1.37 1.70
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Fig. 3 Elution ratio of diesel contamination soil with single surfactant
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Fig. 4 Effects of different mol ration in the combined surfactants on the elution ratio of diesel contaminated soil



= R E SR i POREE e we L SR OB S AR (B

529

Tt HRh BB PRI R LR 2 4R, 4CMC
B 1E e 2 1E N e BE I ZE 0 B R 7.24% |
7.18%. 8.41%. 8.71%. 9.07%; 15CMC I N A
MR E F] 27.93% . 39.11%. 38.20%. 41.04%.
44.42% o I IAUR 5 DU B9 P8 B SCR A Ee A BT
v (20281 E 2 (1 T e 8 0 ARG . Hfg L 4, SDS
A A U T 2 T 35 PR 750 P DAAR B Aol Tw-80 7
R o ok B R e, AT T
Tw-80 By SLBrfl . RmMAEASIR H, SDS fg
W Al B 2 1S PER Tw-80 T4 & 4% X} 4¢
TS GBI VEE T, IR B0 A TR ROR o

ANFE A BT VeI 2R, YEBESeR H
AR B8 T U 1 B8 58 YA B X 7 P 398 58 2% 1T 9%
PEF 2 Tw-80 475 (14 1 vk FEE AR N (R R8I . R
SDS K& A HE i, M- 455 o ) s 4 4
Hio fltn, EALE 20 1 B TRl SEmpE i R I E
PR Tw-80 AR 10CMC, ZJEEA
AEAVAH KRB T 5 30 : 1 INE AT Tw-80 ik
W E TR T 4CMC, KT 10 : 1 BFXRFAY
15CMC.
3 it

TR I 1 R TR A5 R i b B R ST B AR 1
FMGEARE 3 S AT TEYER N BB 76 M — R g
PEF IR b 0 AR I 1 2 LI ik 8 ik — 15 )
PEE . SDS/Tw-80 MAVERCRfeE:, 1EZ$BESE 5 Fhik
SR I RIS iR BE AT iR 5] . 4029.6., 4025.1,
42744, 3990.0. 3994.4 mgL'. E4HHINES
Al DL 2 BRI AT A 3R T M R R Rk
CMC"; 25 AL FTEVER 2 oh H bR B
B, HEumAS AR IE AR AR BT R, I/ NG
YA T R T PR AR B . AN Rl G A R R
S ELATRE FH 2 10 1 590 A B A A A M m B
S FRIETER] SDS/Tw-80 RES R4 25 75 e vk
WA R, A ROTi EER IS IREE A
P, S 2 AR AR o o~ A s %o 2 T i e 7)o )
K, AFERREE B3 BARTS S aes o

SE 0k

[1] 25k, BB, YA I U] R RS, 1997,
16(3): 118-122.
LI Yongtao, WU Qitang. Study on Remedial Methods for Soil Con-
tamination[J]. Agro-Environmental Protection, 1997, 16(3): 118-122.

(2] EEN, e AL g LIRS LRI IR ). IR
Bl 540K, 2006,29(2):106-108.
WANG Zhigang, XU Xiaoyan. Mechanism of Phytoremediation for
organic contaminated soil[J]. Environmental Science and Technology,
2006, 29(2): 106-108.

[3] NADIM F, HOAG GE, LIU S, et al. Detection and remediation of soil

and aquifer systems contaminated with petroleum products: An over-

view[J]. Pet Sci Technol, 2000, 26(1/4): 169-178.

[4] REDDY D G. High-energy intense ultraviolet light maybe an approch
to treating groundwater contaminated with organics[J]. Environ Sci
Technol, 1991, 25(3): 359.

[5] ZHOU SHI, MICHEAL E, SIGMAN. Phtoolysis of 2-chlorophenol
dissolved in surfactant solutions[J]. Environ Sci Technol, 1997, 31(12):
3581-3587.

[6] MINHEE L, HYUNMIN K, WONHONG D. Application of nonionic
surfactants-enhanced in situ flushing to a diesel contaminated site[J].
Water research, 2005, 39: 139-146.

[7] CAMAN E P, CROSSMAN T L, GATILIFF E G. Phytoremediation of
No.2 fuel oil-contaminated soil[J]. Soil contam ,1998, 7(4): 55-466.

[8] Wy, g, EER, & KIDKREDBMRA AR 1A
SRR PFT[T]. FREEREF2, 2008, 28(1): 168-173.

ZHI Xin, NIU Junfeng, TANG Zhen, et al. Ecological risk assessment of
typical organochlorine pesticides in water from the Wuhan reaches of the
Yangtze River[J]. Acta Scientiae Circumstantia, 2008, 28(1): 168-173.

[91 SCHNOOR J L. Phytoremediation technology evaluation report, pre-
pared for Ground-water remediation technologies analysis center[J].
Envi Sci, 1996, 3-9.

[10] STELLNER K L, SCAMEHORN J F. Hardness tolerance of anionic
surfactant solutions.2.effect of added nonionic surfactant[J]. Langmuir,
1989, 5: 77-84.

[11] EDWARDS D A, LUTHY R G, LIU Z. Solubilization of polycyclic
aromatic hydrocarbons in micellar nonionic surfactant solutions[J].
Environ Sci Technol, 1991, 25(1): 127-133.

[12] ZHU L Z, FENG S L. Synergistic solubilization of polycyclic aromatic
hydrocarbons by compound anionic-nonionic surfactants[J]. Chemos-
phere, 2003, 53: 459-467.

[13] Fpadtdh, ARIE, iR, FEE MR8 L doa i Ts e 0o a2 mm
WHFEN]. PRI RLIR R 5545, 2003, 4(2): 6-13.

YANG lJiantao, ZHU Kun, MA Juan. Study on desorption of oil con-
taminant in loess soil affected by surfactants[J]. Technology and
Equipment of Environmental Pollution Control, 2003, 4(2): 6-13.

[14] RASIAH V, VORNEY R P. Assemssment of selected surfactants for
enhancing C mineralization of an oily waste[J]. Water Air Soil Pollut,
1993, 71: 347-356.

[15] URUM K, PEKDEMIR T, COPUR M. Optimum conditions for wash-
ing of crude oil-contaminated soil with biosurfactant solutions[J].
Process Safaety Environ Protect, 2003, 81: 203-209.

[16] WERSHAW R L. New model for humic aterials and their interactions
with hydrophobic organic chemicals in soil-water sediment-water sys-
tems[J]. Contam Hydrol, 1986, 1(1): 29-45.

[17] ABDUL A S, GIBSON D N. Use of humic and solution to remove
organic contaminations from hydrogeologic systems[J]. Env Sci
Technol, 1990, 24(3): 328-333.

[18] IOANNIS X, DANAE D. Effect of nonionic surfactants on the solubi-
lization of alachlor[J]. Journal of Hazardous Materials, 2006, (136):
882-888.

[19] CHAD T J. Surfactant/Cosolvents[J]. Ground-water Remediation
Technologies Center Analysis, 1996, 12: 1-40.

[20] ZEE L, 3K, XU, 4. FELE L e/ TR b i e R - 0 o A
e IE LR IBTTE[]. 324, 2004, 41(3): 329-335.

LIANG Chongshan, DANG Zhi, LIU Conggqiang, et al. Studies on

sorption-desorption equilibria and hysteresis of phenanthrene by soil



530

MBI B 18 B 2 (2009 43 H )

and sediment[J]. Acta Pedologica Sinica, 2004, 41(3): 329-335.

[21] SKENDY, HEL, BRAEYH. FRTE R L i s Qe i Yy b i
BSZIRT]. 3L 74K, 2002(31): 509-513.

ZHANG Lifang, XIAO Hong, WEI Dezhou. Effect of surfactants on
biodegradation of Petroleum-contaminated Soil[J]. Liaoning Chemical
Industry, 2002, 31(12): 509-513.

[22] KOSARIC N. Biosurfactants and their application for soil Bioremedia-
tion [J]. Food Technol Biotechnol, 2000, 39(4): 295-304.

[23] Zoeteman B C, Harmsen K, Linders J B H J, et al. Persistent organic
pollutants in river water and ground water of the Netherlands[J].
Chemosphere, 1980(9): 231-249.

[24] Z28E, ok, DO, T PR A g A T AE L3 b A TR
[31. RAAZS 2=, 2003, 14(11): 2072-2076.

JIANG Xia, GAO Xuesheng, YING Peifeng, et al. Solubilization and
behavior of surfactants in soil[J]. Chinese Journal of Applied Ecology,
2003, 14(11): 2072-2076.

[25] GUHA S, JAFFE P R. Bioavailability of hydrophobic compounds
partitioned into the micellar phase of nonionic surfactants[J]. Environ
Sci Technol, 1996, 30: 1382-1391.

[26] X/NEE. SRMITETERI X 3215 G L e 2 A pr 2 [1]. K HESR T
HBUEBEER, 2002, 8(1): 18-22.

LIU Xiaoqin. An experimental investigation of remedying contami-
nated soil with surfactant[J]. Journal of Tianjin Institute of Urban
Construction, 2002, 8(1): 18-22.

[27] KINGSLEY U, STEVE G, TURGAY P. A comparison of the efficiency
of different surfactants for removal of crude oil from contaminated
soils[J]. Chemosphere, 2006, 62: 1403-1410.

(28] ARUMGSE, ARAIh. R-AFREE MRS IERIE (R D). S5k
2%, 2004, 23(5): 485-489.

YU Haisu, ZHU Lizhong. Water solubility enhancement of phenan-
threne and pyrene by mixed anionic-nonionic surfactant solutions[J].

Environmental Chemisitry, 2004, 23(5): 485-489.

The Mobilization and Elution of Diesel from Contaminated
Soil by the Combined Surfactants

Jiang Xia'", Chen Gang'?, Jin Xiangcan', Ding Aizhong®

1. Chinese Research Academy of Environmental Science, Beijing 100012, China;

2. College of Water Sciences, Beijing Normal University, Beijing 100875, China

Abstract: The mobilization and elution of the five diesel hydrocarbons from contaminated soil has been examined using three kinds

of commercially available surfactants and their combinations. The elution of diesel hydrocarbons by the combined surfactants was

increased by the combined surfactants, especially for the combination of anion surfactant SDS and nonionic surfactant Tw-80. The

mobilization of the diesel hydrocarbons increased and the critical micelle concentration (CMC) of combined surfactants declined

with the increasing of proportion of anionic surfactant in the combination. The mobilization efficiency of Tw-80 on the diesel hydro-

carbons was low because of its adsorption on soil. However the addition of SDS would improved this phenomenon, and the mobili-

zation and elution efficiency of diesel hydrocarbons was increased with its proportion rising.

Key words: surfactants; diesel; solubilization; washing; compound
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