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ABSTRACT

This paper will discuss the behavior and the toxicity of the surfactants in the soil - water phase system and its
associated application effect, which could provide conditions for further study the impact of surfactants on
microbial degradation of HOCs.
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INTRODUCTION

The migration of hydrophobic organic compounds (HDi@ the soil / water phase system is a significaigration
process, which could affect the removal and bica@gtion of organic pollutants in soil. Such subs¢snthat have
low water solubility are susceptible to adsorb siodl particles, while HOCs in the adsorbed state generally
difficult to microbes, which will impact on the deglation rates and processes of organic mattewiif%
Numerous studies show that, the slow release toatheous phase of HOCs limits its microbial degiada
process, and this phenomenon is known as limiteaaiilability*!.

Surfactant can improve the HOCs distribution ofexanh the soil / aqueous phase system to providedmditions
for the subsequent removal of biodegration or othethod$*°®. Meanwhile, compared to the large amount of
organic solvent system, surfactants are more &tteamn the environment remediation applicationshwtheir low
toxicity, biodegradability and economical use-Edt

Characteristics of the surfactants

Typically, surfactants means the substances tieat@mposed of both the hydrophilic, polar head @mydrophilic
group) and the lipophilic, non-polar hydrocarboit aydrophobic group).Surfactants can significgrduce the
interfacial tensiof.

According to the charged state of the hydrophilioup, Surfactants can be classified into anionidastant,
cationic surfactants, non-ionic surfactant and tasiibnic surfactants; according to the synthesithow surfactants
can also be classified into Chemical surfactantstaosurfactants.

Hydrophobic groups of the surfactant make surfastamolecules tends to be accumulated at the ineria the
water; when it reaches a certain concentrationglheis will form in solution, and there will be a drpphobic
microenvironment formed in the non-polar interidraomicelle. The surfactant concentration during thrmation

of micelles is called Critical micelle concentratigCMCY>®. When it reaches this concentration, surfactant
molecules can rapidly aggregate to form colloidaleved aggregations with 20 to 200 molecules osonin the
presence of a surfactants, by being attractedettiydrophobic microenvironment of micelle, the appasolubility

of HOCs are significantly improved, which is thdwmlization of HOCs.
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Surfactant molecules aggregating in the solid pltasese a reduction in the surface tension of tternal, which
may increase the contact between the aqueous phesbe solid phase.

The formation of Semi-micelle often significantlycreased adsorption of surfactants, and may causegease in
adsorption of HOGY). However, when the adsorption layer of surfactémtsis on the NAPL- water interface, the
Capillary force that constraint the DNAPLs in thal ores will lower; thereby, mobility of contanants will
increase ,which is called mobilization of surfatsth

Interaction of surfactants and soil

Surfactant of low concentration in soil - water teys could exist in the aqueous phase in the forrmoefiomer
molecules, while surfactant can also exist in theemus phase in the form of micelles when the aunaon is
higher than CME. In the meantime, the CMC of surfactant in theemys phase will chang with the difference
of structure of surfactants, temperature of thetsmh and type of electrolyte and organic compounds

With the increase of the hydrophobicity of surfatsa the CMC will decrease. The CMC of anionic &atlonic
surfactants in the pore water may be lower thahithaure water, while the CMC of non-ionic surfaats in the
pore water does not significantly reduce. Studegehshown that, due to differences in pH, orgaratten content
and mechanical composition of soil samples the rpdiem of surfactants by different soil is also fdiences.
Adsorption capacity of surfactants by soil depenainly on soil organic matter content, increasinighwhe
increasing of organic matter content. However, urtde similar soil organic matter content, adsanpttapacity is
mainly affected by soil particle size, the smaflize of particles more beneficial to adsorpfibn

Some studies have shown: in the soil system whersdkubilization occurs the concentration of thefastants is
considered to be effective CMC (CMCeff), which isich larger than the CMC in pure water; and Expentsie
show that the rise of surfactants’ CMC is causedheyadsorption of surfactahts The interaction of surfactants
and organic matter may reduce soil hydraulic cotidilg. Surfactant may change or even destroy tleetacal
double-layer structure in the surface layer of gayticles, causing swelling, dispersed, or floatioh of clay
particles; Ultimately, surfactants bring about dsin soil structure and porosity, which will affe¢he stability of
soil aggregaté®.

Biodegradability of the surfactant will reduce besa of the adsorption on the soil, although theréhé evidence
that the surfactant adsorbed on the soil can beaded largely. Surfactants may be present toxieceffon soil
microbes. Surfactant may damage cell membranesughranteraction with the liquid component in thell ce
membrane or may react with functional proteins elisc In general, the toxicity of the cationic sgdfants is
generally greater than the non-ionic surfactanisranor the nonionic surfactants. At a pH of 7 aghler, the
toxicity of the cationic surfactant is greater thathers, while anionic surfactants exhibit greaedacity at low PH
values. the toxicity of nonionic surfactants is gely smaller than others. Some studies show thaipnic
surfactants do not pose danger to humans, aninmalspkants or the environment; or although ther¢oigcity,
anionic surfactants do not constitute a long-teateptial hazard, and have no three-induced effdcts

Application and effect of surfactants

Sha#” compared the effects of desorption behavior oft@-biphenyl on artificially contaminated soil \itfive
different kinds of additives, and found that: tleliion of HPB-CD is most beneficial to the desorption, FHED
coming second; Triton X-100 and Tween 80 could stibes promoting effect only when the amount of the
surfactants for using is large enough.

Mad*¥ found the order of the removal rate of PAHs inlsby different surfactants used alone is
SDBS>APG>TX100. The mixed surfactant(APG:SDBS, 8dh offer a higher removal rate of PAHs in sdik t
removal rate from (63.3 £ 2.0)% increasing to (75.8.0)%; but the mixture of APG, TxIO0 has no Wiirte the
removal rate.

The research of Hualg shows that: the order of PCBs desorption capgbiif surfactants is Tween
80>SDBS>HTAB. And they found that: surfactantstia aqueous phase promote PCBs desorption, whilethiees
adsorbed on soil particles restrain the desorpttngesorption is closely related to micelle corticion.

Liu™ found that both the rhamnolipid (RL 306mg/L)andB® (302mg/L) all can offer the elution rates above
60% to artificially PCBs contaminated soil samplast, for aging soil samples with PCBs pollutiorg #ution rates
of two kinds of surfactants are less than 20%. firdure of RL and POE 6 (mass concentration, 0.43HKave
lower CMC than the other mix-proportion.; when ttancentration of surfactants for aging soil sangldion is
1505mg/L, the RL-POE 6 mixture have a higher ehutiate than RL and POE 6 (Respectively, 38.5%,%2.4
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28.9%).

The experiments with artificial PAH contaminated!,saging five months, Zheffy found that, under a small
proportion of soil/water have a higher rate of bdimation. [12] Ricardo D. Villa, et al. found thawhen the
concentration is 3 times of CMCeff, TX-100 can rem&6% DDT and 49% diesel in the frist flushing,ile60%
DDT and 87% diesel can be removed under 12 timeSM€eff . In addition continuous flushing may inase
pollutant removal rate.

At supra-CMC SDHS (i.e., 70 mM), Mathur88afound that, the desorbed TBT was not degradedusechigh
concentrations of TBT and SDHS posed synergistiicteffects to the bacteria. Consequently, the ges of
anionic surfactant at sub-CMCs will be benefical the cleanup of TBT contaminated sites.

CONCLUSION

(1) The HOCs desorption of surfactants on the agingtaminated is much lower than that on artiflgial
contaminated soil samples, the difference of efutimte up to 40%. (2) Due to the presence of tlsrmtion of
surfactants on soil, the CMC in soil solution isigelly higher than in the pure water. Thereby,siveuld consider
the impact of the adsorption to the concentratibrswrfactants when choosing the using concentratigrich
typically causes an increasing in usage amounhefsurfactants. (3) The presence of surfactantlieécat high
concentrations, as well as the formation of microlsion, could have the two opposite impact on pityas the
soil, water conductivity. If surfactants resultimga smaller soil porosity and a higher soil santiiscosity, the
difficulty of the subsequent remediation of soilespecially in-situ remediation, will be increasdd) Low
concentrations of surfactants does not constitutexa& impact on the microbes, but at the conceiotmaup to a
certain value, surfactants may produce adversetesfethe microbial degradation, or even lead &stagnation of
pollutants degradation.

According to above, new type of surfactants andimgi¥ormulas and the introduction of other auxiianethods
should be found to get better desorption resultglatively low concentrations without obvious arbeseffects on
the subsequent remediation, the soil and the mis.ob
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