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Desorption of Polycyclic Aromatic Hydrocarbons from Soil in Presence of

Surfactants
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Abstract: Four types of surfactant were used to study their effects on polyeyclic aromatic hydrocarbons ( PAHs) desorption from
artificially contaminated and oiF contaminated soil. The results show that the desoption of PAHs from soil is affected by the type and
concentration of surfactant and also by the character and state of PAHs. Surfactants don’ t improve PAHs desorption from soil when
their concentrations are below or near their eritical micelle concentration (CMC) values. While, surfactants could obviously enhance
the desorption process when the concentrations exceeded the CMC values. The desorption ratios of PAHs were increasing with the
increase of surfactant concentrations. Comparatively, lower hydrophile lipophile balance( HLB) can lead to more obvious surfactant
solubilization. There were linear relationship between PAHs desorption ratio and PAHs IgK ,, value. The desorption ratio of PAHs in
artificially contaminated soil was higher than in oit contaminated soil.
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Table 1  PAHs concentrations in soil B/ Hg*g™ !

PAHs  Nap Any Ane Fle Phe Ant Fla Pyr Baa Chr Bb{ Bkf Bap Ip Daa Bgp
R 5.25 5.56 5.73 546 5.89 576 5.58 5.89 5.87 5.92 595 595 587 598 5.9 5.93
#2 THCH 16T PAHs IR &/ g g !

Table 2 PAHs concentrations in soil C/ Hg* g™ !

PAHs  Nap Any Ane Fle Phe Ant Fla Pyr Baa Chr Bb{ Bkf Bap Ip Daa Bgp
At 0.136 0.203 0.013 0.129 1.252 0.201 1.473 1.828 0.797 1.055 1.432 0.931 0.806 0.321 0.176 0.221
F3 FREEMEFEYER
Table 3 Characteristics of surfactant
LEIT T A7) 551 H R Grfab SEAGEMNFETE(HLB) CMC/mg-L™' HRKH
Tween 80 AT LA 20) oK Ll BLRE A4 it 9 1 1310 15 15.72 FET
Triton X-100 ot B M LA ik 625 18.7 144 R o
LAS [ B T 348 1000 BT
SDS + B REB R 288 51.4 2 100 RS

TR AL 2, LA oA — A alifk.
1.2 RGP A TG e fUER b X4 B o
PAH s f# W (1) 51

4 10g L B F1 10g 1A C 23 BN 100mL
HAE =M, NN 50mL 28 4 ik 5 4 T 3% 1k 71 9%
W, e, £F S0 R a AR (25 C) 4R35 24h.
SAMAMIAT F G LB 1k PAHSs G, X S8 A
FIRESAE FHEAT, ¥ SOmL 2 1 375 1 70 9 0 490 1 2
B K. BT AT SE R I AE A7) 0. 5% HgCly,
EH 2R
1.3 SRS e e
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P 2 250 W P R AR BRI SmL 54
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Fig. 1 Desorption of PAHs in present of different concentrations

of surfactants in artificially contaminated soil
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Table 4 PAHs residual concentrations and the enhanced solubility of PAHs in the present of four surfactants
EHERR Tween80 LAS Triton X-100 SDS
PAHs L 5 i it Bt % S it LRSS o i it b i it L
Mgeg™' jugeg! 1% [Hgeg ! 1% [Hgeg ! 1% [Hge g™ 1%
Nap 4.39 2.61 40.55 2.53 42.37 3.09 29.61 3.78 28
Any 5.06 3.13 38.14 2.99 40.91 3.68 27.27 4.39 21
Ane 4. 86 2.90 40.37 3.15 35.19 3.45 29.01 4.41 23
Fle 4.99 2.90 41.89 3.20 35.87 3.56 28. 66 4.15 24
Phe 5.00 2.90 41.97 3.18 36.40 3.51 29.80 4.06 31
Ant 5.07 2.89 42.92 3.16 37.67 3.79 25.25 3.97 31
Fla 5.13 2.90 43.54 3.21 37.43 3. 86 24.76 4.35 22
Pyr 5.14 2. 86 44.36 3.24 36.96 3.82 25. 68 3.83 35
Baa 5.25 3.05 41.90 3.10 40.95 3.85 26. 67 3.76 36
Chr 5.31 2.68 49.57 3.12 41.24 3.90 26. 55 3.73 37
Bhbf 5.44 2.89 46. 80 2.95 45.77 4.20 22.79 3.99 33
Bkf 5.49 2.90 47.23 2.94 46.45 4.25 22.59 4.52 24
Bap 5.63 2.72 51.69 3.12 44.58 4.26 24.33 4.05 31
Ilp 5. 68 2.69 52.64 3.12 45.07 4.38 22.89 4.13 31
Daa 5.63 2.70 52.04 3.20 43.16 4.25 24.51 3.99 33
Bgp 5.65 2.56 54.69 3.15 44.25 4.36 22.83 4.03 32
E PAHs 92.55 45.28 51.08 49.36 46. 67 62.21 32.78 65.15 29. 61
5 PAHs £ LI YL B0 Tween80 34 PAHSs RYIEE %
Table 5 PAHs residual concentrations and the enhanced solubility of PAHs in the present of surfactant Tween 80
e G SR IS 16mge L™ W% 40mg L' W% 100mg= 1"
PAHs PAHs &6 R SR Bt 1 % 5 R it 1% 5% B ik 13 %
IMgeg™'  [Ugeg™! IHgeg ! 1% [ Hgeg ! 1% [Ugeg ! /%
Nap 0. 136 0. 063 0.122 0. 060 4.76 0.053 15.23
Any 0.203 0.174 0. 183 0. 150 13.58 0. 154 11
Ane 0.013 0.070 0.012 0. 065 7.14 0. 061 13. 21
Fle 0.129 0. 141 0.123 0.135 4.26 0. 120 14. 56
Phe 1.252 1.025 1. 189 1. 145 0. 807 21.25
Ant 0. 201 0.250 0.245 2 0.231 7.60 0.198 20. 89
Fla 1. 473 1.417 1.420 1.250 11.79 1.253 11.56
Pyr 1. 828 1.581 1.737 1. 450 8.29 1.325 16.2
Baa 0.797 0. 640 0.757 0.700 0.472 26.3
Chr 1. 055 1.017 1.002 1. 040 0. 823 19. 1
Bhbf 1. 432 1.213 1.360 1. 100 9.32 0.933 23.1
Bkf 0. 931 0. 867 0.912 0.920 0. 741 14.5
Bap 0. 806 0.750 0.790 0.791 0. 591 21.3
Ilp 0. 321 0.240 0.315 0.219 8.75 0. 189 21.3
Daa 0. 176 0.200 0.198 1 0. 184 8.00 0.153 23.5
Bgp 0.221 0.227 0.217 4. 59 0.218 4.15 0.175 22.89
E PAHs 10. 974 9. 875 10. 582 — 9. 657 2.20 8.048 18. 50

PAHs A7 885, $L 2 %X 2% PAHSs [l A7
FHIE . 5 N Ty5 5 T4 L, Tween80 % A i X
3 PAHs B YERI XN, B0, 2 iR K
40 mg* L™ "F1 100mg* L™ ") Tween80 i, i [X 1
s D IPAHs [ 53 2. 2% 18. 5%, {LIX
N TG R R D PAHs B 2 [ 0. 15% A

0.42% . JSU A I e 47 2 /> O IX 48 PAHs (1)
AT 0 T v B I ) S KT B kB
1, A5 M 3T B ok @R X - 3
PG B oy 5 4%, e A PLs Rl fie S
PAH s 1135 77 Bl [ £ D, 110 99 7 2 1 335 1 770
Kt X -4 PAHSs I3 1EH]. A A AE E I R
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in presence of 10 CM C surfactants and lgk ..

e, R PE RIS 3 b PAHs B399 4 L

HAE LI (R ). A BFF0 R, 6 L R e,
LA P B I A AL T S AR B R A R, R T
PEFE L3 55 PAHSs 76 L/ i RGP I3 BOR 3 %
HITR 8 ). R 5 TR 7 437 1R R 7K R L B 1) 1 3¢
AR, AR A AR FLBR S MR, AT 4 8 1 143
b PAHs [ffi# W%, BI$2 %5 T PAHSs 7F 5K AN 0] 48 B
AL TR

3 it

FETHEVE A RE S (2 2k - b PAHs (. H
AL HLB (&L MG PEA(SDS< LAS< Tween
80 < Triton X-100) %] PAHs [ 14 75 ¥E 5 4 ( Tween
80> Triton X-100> LAS> SDS). #il4& 14/ PAHs
MR %S5 PAHs 1) IgK ., {62 A 12X R, KM
R LR, RITEVER] Tween80 X A T75 % 1

et PAHSs [ 0 52 00 28R BT SR X 3.
% Xhik:

[ 1] Doong R A, Lei W G. Solubilization and mineralization of
polyeyelie aromatic hydrocarbons by Pseudomonas putida in the
presence of surfactant [ J]. Journal of Hazardous Materials,
2003, BY96: 15~ 27.

[ 2] KimIS, Park J S, Kim K W. Enhanced biodegradation of
polyeyelic aromatic hydrocarbons using nonionic surfactants in
soil slurry| J]. Applied Geochemistry, 2001, 16: 1419~ 1428.

[ 3] Zhu L Z, Feng S L. Synergistic solubilization of polyeyclic
aromatic hydrocarbons by mixed anionicnonionic surfactants
[J]. Chemosphere, 2003, 53: 459~ 467.

[ 4] BRSEE RAh, Wi, w7 22 i o e 3 15 ks 3R
TR B A7 D TS D). FREERF 4R, 2003, 23 (1): 1~ 5.

[ 5] FRlE, E2F5, B, 25, R 0 2 B 05 R 10 T b
) S AR AE] J) . BREERFE 1L, 2004, 24(2) : 286~ 290.

[ 6] Youn J A, Elizabeth R, et al. Solubilization of polyeyclic
aromatic hydrocarbons by perfluorinated surfactant micelles [ J].
Water Research, 2002, 36: 300~ 308.

[ 7] Gamerdonger A P, Achin R S, Traxler R W. Approximating
the impact of sorption on biodegradation kinetics in soibwater
systems | J]. Soil Science Society of America Journal, 1997, 61:
1618~ 162.

| 8] Yang Y. Ratte D, Smets BF, et al. Mobilization of soil organie
matter by complexing agents and implications for polycyclic
aromatic hydrocarbon desorption[ J]. Chemosphere, 2001, 43:
1013~ 1021.

[ 9] Iek T Y, Mriganka M G, et al. Kinetic aspects of surfactant
solubilization of soiFbound polyeyclic aromatic hydrocarbons| J].
Environment Science & Technology, 1996, 30: 1589~ 1595.

[ 10]  Sebisch T, Heb H, Niebelschutz H, et al. Effect of additives on
biodegradation of PAH in soils[ J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2000, 162: 1~ 14.

[11] Yeom I T, Mriganka M G. Mass transfers limitation in PAH-
contaminated  soil  remediation [ J]. Water Science and

Technology, 1998, 37(8): 111~ 118.



