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Influence of Operating Parameters on Surfactant-enhanced Washing to Remedy

PAHs Contaminated Soil
WU Wei', JIANG Lin’, CHEN Jia-jun', PENG Sheng'

(1. Key Laboratory for Water and Sediment Sciences of Ministry of Education, School of Environment, Beijing Normal University,
Beijing 100875, China; 2. Beijing Municipal Research Institute of Environmental Protection, Beijing 100037, China)

Abstract: Liquid/solid ratio(L/S) is an important influencing factor on contaminant removal in soil washing. The impact of different
liquid/solid ratio on washing performance with Triton X-100 and Tween-80 was studied respectively and evaluated through removal ratio
(R), surfactant adsorption loss ratio (V,) and solubilization percent (SP). The results presented that the performance of washing to
remove PAHs in soil was significantly affected by liquid/solid ratio. PAH removal ratio was gradually increased with liquid/solid ratio
increasing in the non-linear form, R presented nonlinear increasing until L/S =10: 1. Surfactant adsorption loss ratio was insignificantly
decreased. At the same liquid/solid ratio, removal ratio of Triton X-100 is more than that of Tween-80. V, presented drastic decreasing
until /S =10: 1, adsorption loss ratio of Triton X-100 is less than that of Tween-80. SP was decreased after maximum value is occurred
at L/S =10: 1. Combining with R, V_and SP, L/S =10: 1 should be an effective washing point, Triton X-100 should be a reasonable
washing solution and SP is a more effective index to chose liquid/solid ratio. When Triton X-100 is as washing solution and L/S =10
1, R, V.,and SP is 74. 7% , 23.47% and 48.99% , respectively.

Key words : soil washing; liquid/solid ratio; PAHs; solubilization percent; surfactant; adsorption loss ratio
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Table 1  Physiochemical properties of soil samples and PAHs

L o L o CEC PAHs/mg-kg ™!
AR/ % pH Toc/% /emol +kg ™! BaA BbF BKF BaP InP
3 8 0.5 9.7 2.25 3.48 1.32 1.5 0.4
1.1.3 &5 Ant Fla, Pyr. BaA  Chr,BbF  BkF BaP DBA  InP
ThermoQuest Trace 2000 GC-MS; Dionex 1 BgP) 1R & b ke K AR A (Z5-d, L 3E-d, .

ASE300 PR 7 25 B ; RE-52AA Jig 5% 28 K AY;
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AR B AL
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Table 2 Physiochemical characteristics of Triton X-100 and Tween-80

il 43 CMC/mg-L"~! AHXF 537 T i HLB
Triton X-100 C3H17C6H4O<OCH2CH2)9,5H 155.83 625 13.5
Tween-80 Ceu H 24 Ong 58.93 1228 15.0
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IK-FRHE VRGP E S ¢ B £
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WFFE B R F/NASFI 0, e m i v 5
e L T4 B o, AT PAHs X LLJ3 BiC oE A 26 1
TEPERI A P, 5 R (AR, R ek, By +
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PRI AR E W HE 100 1R PAHs PR 256k
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L
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Fig. 1 Removal ratios of total PAHs with Triton X-100 and

Tween-80 at different liquid/solid ratios

2.2 [RIR I LR 3 T T P ) W BTS2 5

TR L AN [ 5 3800 T V% 1 0 7 48 3 T ) it
BhF 22 5, 52 M) -7 2R TV P ) 2R 6 v 2 T T 1 )
RS2 R A R T vk B8, JE T 52 W PAHs Uk % 25 B
H20-21 K2 SN Triton X-100 HI Tween-80 )2 i gk
IR B AR A G AR TR b 2 B AL vk D
KT CMC 1, 4y 5 58.93 1 155. 83
mg-L~".
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Fig. 2 Surface tension change with different surfactant

concentration of Triton X-100 and Tween-80
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I s 2 TR % P 710 94 e R AR RT3 2 . i R I 45 2k
T )b Y 43 L BRI SRy SR I M SR R 5 O
(V). B3 3 W, 2R TR0 M ) Ay 8 B 45 2K o4 Bl
Fb S /. W LG > 100 15, W i 2k R 22
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Fig.3  Surface tension change with different Tween-80

concentrations after adsorbed by soil at different liquid/solid ratios
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Fig. 4 Surface tension change with different Triton X-100

concentrations after adsorbed by soil at different liquid/solid ratios

%3 A REKE LR Triton X-100 F1 Tween-80 7 + 15+ B 0% Kt
Table 3 Adsorption of Triton X-100 and Tween-80 on soil at different liquid/solid ratio

. Triton X-100 Tween-80
B L CMC_;/mg-L~! Quy/mg-kg ™! V/ % CMC_;/mg-L~" Quy/mg-kg ™! V/ %
3846.45 7575.04 75.75 — — —
2021. 16 7 848.92 39.24 5045.30 19 557. 88 97.79
8 1415.47 10 852. 32 27.13 3082.94 23 416. 88 58.54
10 1232.54 11736. 10 23.47 2 580. 40 24 245.70 48.49
15 1102. 30 15 650. 55 20. 87 2175.12 30 289. 35 40.39
20 1029.77 19 416. 80 19.42 2065. 34 38 190. 20 38.19

F1 Tween- 80 1Y W BiF 461 2% 2 73 %l 24 23.47% #0I
48.49% . RI U, | [F]— 3 [E H 244, Triton X-100
W FfF451 2k 2 L Tween-80 B/ 1/2 222, Triton X-100
BTE A FAE LR VE .
2.3 HAASLES

& 5 4 Triton X-100 F1 Tween-80 %I H#%xr PAHs

TSR ST 5 S PAHS Y8 1 R B 2 1 1 )
W EE g L3R 2 =X . [R]— Yk BE R, Triton
X-100 FIBGIERE ST L Tween-80 K. Xif 2 1 I 11 71 e
JE SRR G R AT AR MR A5 B A L 4%
WBE X B AR PAHs [ B AR 120 B I e K
ff i T A K (2) A RHE.
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B 20r
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0 L 1 1
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Fig. 5 Total solubility of target PAHs with different concentrations

Triton X-100 and Tween-80 in surfactant-water system
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