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Abstract

A solution property parameteiwas defined to examine the distribution characteristics of organic compounds between the solids and four nonionic
surfactant solutions. The studied compounds consisted of BTEX (benzene, toluene, ethylbenzergema) and chlorinated pesticides (lindane,
«-BHC, and heptachlor epoxide), which span several orders of magnitude in terms of water sol§ihiliffhe solid samples were composed
of a very low organic matter clay (Ca-montmorillonite), and a high organic matter natural soil (Shamou Mountain soil). The surfactants tested
included two alkyl chain surfactants and two containing aromatic group surfactants with added concentrations both below and above their critica
micelle concentration (CMC). By observing tKe, or K variation, the result indicates, besides s$iyef the organic compounds, the distribution
coefficient is regarded as a function of the soil organic matter (SOM) constituents, and the chemical structure of the organic compounds. Also, i
can be found the greatervalues represent the higher releasing ratios of the organic compounds from the contaminated soil to groundwater. For
the relatively highes,, compounds, such as BTEX, all of tipevalues are close to 1. Thevalues for the relatively lowes,, compounds are far
greater than 1, and increase with the increasing affinity of the compounds to the surfactants.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Nonionic surfactant adsorption is mainly correlated with the
properties of the soil mineral phagE3-15] In addition, the

The problem of soil and groundwater pollution has becomemount of organic compounds released to the surfactant solu-
an increasingly important issue in recent years. Surfactantson depends on the compoug and the surfactant polarity
offer a potential means for remedying contaminated soils of16].
sediments via a pump-and-treat or soil/sediment-washing oper- When soils are water-saturated, the predominated nonionic
ations because the presence of surfactants in the solution carganic compound sorption is partitioning into the SOM because
enhance the apparent solubilities of the compounds, more effeesater suppresses the compound adsorption on mineral mat-
tive by washing organic compounds away from the contaminateter. The distribution coefficientskg) of organic compounds
soil [1-7]. Aside from this above-mentioned application, sur-between the solid and the solution may be expressed by a linear
factants in a soil-groundwater system may increase the SONélation[17].
content, which organic compounds can increasingly partition
to or enhance the organic compousig, which can cause the */m = KdC 1)

organic compounds to be released into the groundvi@tdi0]

The mechanisms with regard to the surfactant adsorption on soiYVherex is the compound uptake on the solid (mg)he weight

have already been widely discussed. lonic surfactant adsorptiq?ﬁ the solid (kg) andC"is the equilibrium compound concen-

o o . ration in the solution (mg/L). Th&y values of the selected
on solids is strikingly affected by electrostatic fordé4,12] compounds increase a(s t?le )organig matter fracfign) 6f the

solid increases, furthermore for a specific soil they decrease as
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is normalized to the corresponding soil organic carbon fractiorare the most important key points. The effects of these param-

foc or soil organic matter fractiofym, i.e.[18] eters on the appareit; need to be determined. With regard to
the estimated’;, a considerable equation has been presented as

Koc = Kd/foc () follows [31]:

Kom = Kd/ fom () Kj= Ka(l+ festKst/Ka)/(L + XmnKmn + XmcKmo) (8)

with whereXmn is the concentration of the surfactant as monomer

in water (mass/mass, dimensionles¥),: the concentration
(dimensionless) of the surfactant as micelle in watépn

Although the SOM contents vary with the collection sites, thethe partition-like coefﬁmgnt of.the solute betyveen surfaptant
monomer and water (dimensionless), akiglc is the parti-

normalized valueKyc or Kom, for an organic compound is simi- "~ ici b h icoll h q

lar[18]. However, some research has revealed that the poncycIi‘i':EOnlng coe |C|.ent etween the aqueous mice ar phase an

aromatic hydrocarbon compounds (PAHSs) in sediments havwater (dimensionless). The effects of the solubility enhance-
N . .

relatively higherKoc values than those in other natural soils MeNt ONKyq Pa:/_e been |nc?]rp(|)rated in E(). F((j)r the char-

[19-21] The reason for this is ascribed to the presence of gcteristics ofKy in Eq. (8), the lowS, compounds in a given

greater proportion of polycyclic aromatic group compounds insurfactant-soil-water system show the logrvalues, resuit-

the organic matter of the sediments, which enhances the affir'l@fgr:rom the surfactant in the SOIU“,Or,] er?ff;lan?es the.appﬁwka}nt
ity of the PAHSs to the organic matter. However, it is difficult to of the compoundEl0,16] Howgver, It IS di Icu tt,o estimate the
conclude the above result due to the complex SOM constituent§T€Cts Of the surfactant on either solid or liquid phase because
When the organic matter consists of the sorbed surfactant, tH the unknown parameters, such&g, Kmn andKmc. There-
structure and polarity of the surfactant has been known, and th(@"€: @ Simply approach to quantitatively determine these effects

the effects of the SOM constituents on the distribution coefficienpe,ed_ to be developed. In this study, we elucida_tg the charac-
of a given compound can be realized. For a nonionic organiEer'St'CS of K¢ and furthermore establish a solubility property

compound in a surfactant-soil-water system, the linear relatioR@rameter that quantitatively describes the effects of surfactants

mentioned above in E4L) can be rewritten af8,10,22] groozlgdan;:rompounds released from contaminated soils to the
undwater.

x/m = K;C (5) To eliminate the influence of electrostatic forces in this study,
four nonionic surfactants are used in the sorption experiments
whereK( is the distribution coefficient of the compound in the including TritonX-305 (TX-305) and TritonX-405 (TX-405)
surfactant—soil-water system. The obserigds significantly  contained the aromatic ring and only alkyl chainsEs and
affected by the characteristics of the solil, the surfactants and the, ,Eq. Differences inks, resulting from differently structured
compoundq16,23-27] With a very low SOM 0) soil, the  surfactants, are elucidated so as to further understand the effects
sorbed surfactant is regarded as the sole SOM. Kjlis Eq.  of the SOM constituents on the distribution coefficients. A very

KOC = 1742Kom (4)

(5) is directly expressed as follows: low SOM clay, Ca-montmorillonite, was used to obtain ke
K — K 6 values of the selected compounds relative to the surfactants. A
d = JstKsf ©6) high SOM soil, Shamou Mountain soil, was selected to confirm

wherefy; is the sorption fraction of the surfactant with respectedtn® variation in the solution property parameters of the differ-
to the soil andky is the distribution coefficient of the organic €NtSw compounds. Th&om characteristics of the differest,
compound between the sorbed surfactant and the solution. TI@mpounds relative to the surfactgnt properties are discussed. A
characteristics ofit have already been stated in the literature@PProach was established to obtain the solution property param-
[8,28-30] The magnitude oKy is not a direct function ofy, eter. Currently organic compoun_d desorption from th_e so!l is
but is primarily correlated with the properties of the sorbed sur{réquently observed with a practical surfactant washing pilot,
factants and the compounds. On the other hand, for a natural solowever the method (or parameter) developed in this study, the
although surfactant adsorption on the soil surface can enhan&étérmination of the distribution coefficient, given the applied
the SOM, the physico-chemical properties of the sorbed surfagurfactant levels, should facilitate the evaluation of the potential
tants relative to those of the natural SOM have quite obviou#MpPact of this and similar surfactants on the compound distri-

diversity. A more detailed equation would be bution behavior in natural water and/or at waste-disposal sites.
The results can be applied to predict the amount of organic com-

K3 = fomKom+ fsiKsf (7) pounds that may be released from contaminated soil into the
groundwater.

The above-mentioned equation can differentiate the discrepancy

between the SOM and the sorbed surfactant, but the force @f Experimental methods

the surfactants attracting the organic compounds into the solu-

tion might cause the bias in E(). The desorptions of organic 2.1. Chemicals

compounds from various organic matter content soils using the

nonionic surfactant solution have been stud&0]. The added The selected compounds, which have a wide rang8,of
surfactant concentration, the SOM content and the comp§jind and Koy, were the four BTEX compounds (benzene, toluene,
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Table 1 and solid phase were separated by centrifugation at 8000 rpm
Selected properties of BTEX and chlorinated pesticides at room temperature (7649x g) for 30 min in a Sorvall RC-5C centrifuge. A 1 mL
Compound MW MP (C) logSw? (mol/L) 10g Kow? aliquot sample of the supernatant was removed and analyzed
Benzene 78 55 164 213 for the.Tnton series surfactant by UV at wavelength of _275 nm;
Toluene 90  _95 _2.5 269 no major changes in UV spectraln pattern of the two Triton sur-
Ethylbenzene 102 —95 —2.84 3.15 factants were observed after equilibration for the solid samples.
p-Xylene 102 13.2 —2.73 3.15 Since only the surfactant’s aromatic component can be mea-
Lindane 291 113 —4.57 3.72 sured at a UV wavelength of 275 nm, the amounts of alkyl chain
a-BHC 291 160 —-5.16 3.72

surfactants sorbed were determined by a TOC Analyzer (O.
I. Analytical Corporation). The amounts of surfactants sorbed
MW: molecular We_ight, MP: melting poingy,: water solubility (25 C), Kow: could be simply computed by the difference between the ini-
ocatinsogtvggtgr%?r[gt]'on coefficient (26). tial and final surfactant concentration in the solution. Although
b Estimated from ,éf[lg]_ the dissolved organic matter could release from the SOM to the
surfactant solutions which affect the above-mentioned analysis
Table 2 result, the significant influence do not be found in this study. The
Selected properties of surfactants used in solubilization and partitionin®Ptained result is therefore considered as the effective data.
experiments

HPOX 389 161 —6.29 4.97

Surfactants  Molecular formula MW (g/mol) CMC (mg/L) 2.3. Pretreatment and soil properties

CyoE C12H25(0CH,CH,)5s0H 406.6 25 . .
CoEs ciszzgocEECHz;ZOH t80 6 44 A natural soil and a clay were selected for the sorption
TX-305 CgH17CeH4O(CH.CHo0)30H 1526 1068 mediums. The Ca-montmorillonite purchased from Source
TX-405 GgH17C6H4O(CHCHzO0)a0H 1966 1592 clay Minerals Repository in University of Missouri—Columbia,

designated as Ca-Mon, could be used directly and did not
need to be pretreated further. A natural organic-rich top soil
ethylbenzene ang-xylene) and three pesticidesBHC (hex-  from Shamao Mountain designated as SM, in Taipei County,
achlorocyclohexaney-isomer), lindane (hexachlorocyclohex- Taiwan, was used. Before all of the sorption experiments, the
ane B-isomer) and heptachlor epoxide (HPOX). The four BTEX natural soil samples were air-dried and then sieved to obtain
compounds were supplied by the Aldrich Company, Milwaukeeparticles of less than 2.0 mm. For surface area determination,
WI. The three pesticides were obtained from the Riedel dasnHa the soil and clay samples were outgassed at°C3prior to
Company, Germany. All these compounds were of analyticalhe measurement. The surface areas (SAs) were determined
grade or better and were used as received. The selected physitsing a Brunauer-Emmett-Teller (BET) plot of the nitrogen

chemical properties of the compounds are givefiahle 1 adsorption data taken at the temperature of liquid nitrogen using
a Quantasorb Jr. sorption apparatus, with helium as the carrier
2.2. Surfactants gas. The dry SAs and other properties of the solid samples are

given inTable 3

The molecular structures, molecular weights and CMCs of
the selected surfactants are giveriTable 2 The alkyl surfac-  2.4. Analytical conditions of organic compounds
tants, GoEs and G 2Eg, had a purity of >98%. The Triton series
of surfactants supplied by the Riedel de@daCompany were The initial surfactant concentrations were set to be below
mixtures, with an indicated average ethylene oxide (EO) chaiand above the nominal CMC in deionized water. 0.1-1.0 g sam-
numbers of 30 for TX-305 and 40 for TX-405. The sorption ples of the tested solids, determined by adding varying quan-
capacities of the surfactants on the tested solids as a functidities of a given test compound, were mixed with 20 mL of
of surfactant concentration were determined by adding 0.1 ¢he above-mentioned surfactant solution in a Corex glass tubes.
(for alkyl chain surfactants) or 1.0 g (for Triton series surfac-The target compound concentrations, about 30—3@%h the
tants) of the solid samples to 20 mL of deionized water in Corexsurfactant—soil mixture solution, were then added into the tubes.
centrifuge tubes. The concentration of each surfactant adddebr convenience of analysis, the higlaBTEX and lowsS,y, pes-
covered a large range from below to above the nominal CMC oficides were treated individually.
the surfactant in deionized water. The suspensions were equili- The BTEX compounds were added directly as neat liquids
brated in a reciprocating shaker for 48 h a’25 The solution  using a Hamilton microliter syringe. The pesticides were added

Table 3

Properties of studied solid samples

Solid Clay (%) SA (M/g) Jom (%) pH CEC (mequiv./100 g)
Ca-montmorillonite >99 76.0 0.30 8.03 120

Shamou Mountain soil 8 57.2 27.3 5.21 53.9

SA: BET-(N,) surface aregpm: fraction of organic matter in solid and CEC: cation exchange capacity.
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as stock solutions in methanol. It was assumed that the small  1.0e-3
amount of methanol in the water solution (<2%) would have an g ge.4/ (a) Alkyl Chain Sufactants
insignificant effect on the distribution of the tested compound, as
has been found in similar studies on the organic compound sorp-
tion on soils. After the above process, the tubes were closed with
Teflon foil-lined screw caps and equilibrated for 48 hin arecip- &
rocating shaker. The resultant slurries were then centrifuged for £ 5964
30 min at 8000 rpm to separate the solution and solid phases .« 4.0e-4-
Aliquot samples of the solution phase (1 mL) were then trans-  3.0e-4-
ferred into glass vials containing 2 mL of carbon disulfide (for 2 0e-4
BTEX solutes) or of hexane (for lindane;BHC, and HPOX). -
These vials were sealed with Teflon foil-lined screw caps and 00 . . | 7 . |
shaken for 3h on a reciprocating shaker. The extracts were 0 20 40 60 80 100 120 140
injected into a GC to obtain equilibrium concentrations of the Added Surfactant Concentration X (mg/l)
selected compounds under various added surfactant concentre
tions. According to Eqq1) and (5) the distribution coefficients
(Kq or K7) of the compounds in the system were determined by
a linear regression. 1.8e-34
The GC analysis was performed on a Model 5890A Hewlett 1.4e-31
Packard gas chromatograph equipped with either a flame ioniza-
tion detector (for the BTEX compounds) or an electron capture =2 ..
detector (for lindaney-BHC, and HPOX). A 5% sp-1200/1.5% 5 8004
Bentonite 34 on 100/120 Supelcoport packed steel column ¢ TX-305
(1.8mx 3.2mm i.d.) was used for the separation of the BTEX % o T
compounds; a 1.5% sp-2250/1.95% sp-2401 on 100/120 Supel- #0841

8.0e-4 -
7.0e-4-

S

2.0e-3
1.8e-34 (b) Contained Aromatic group Surfactants

1.2e-3

values

coport packed glass column (2.4%r6.4 mm i.d.) was used for 2.0e-4+

the separation of the pesticides. Each experiment was duplicatec 0.0 . ] . .

and the data was averaged. If the bias of the repeated experi 0 1000 2000 3000 4000 5000
ments exceeded 15%, triplicate repetitions were made. Blank Added Surfactant Concentration X (mg/l)

experiments, without solid, were performed for t_he tested COMEig. 1. The relationship between the added surfactant concentrajiand the
pounds for each batch experiment; the recoveries ranged frooptake fs) on Ca-montmorillonite.
90 to 95%. The measured equilibrium concentrations were not

adjusted for the recoveries. anism of the surfactant uptake is adsorption that is easily to
be understood. For the SM with the higher SOM content, the
3. Results and discussion above-mentioned result indicates the effects of the surfactant

partitioning to the SOM can be neglected in the experiments.

In this study, a clay and natural soil listed Table 3are  On the other hand, the polarity of the surfactant, i.e. the EO
used to elucidate distribution characteristics of organic comehain numbers, is regarded as a dominator factor in determining
pounds in a surfactant—soil-water system. The clay, Ca-Morthe adsorption capacity. As expected, the limiting monolayer
acted as the reference material to obtainkkeat selected com- adsorption capacity of the surfactants, for Ca-Mon and SM,
pounds partitioned to the sorbed surfactants because the effectsclosely related to the EO chain numbers, in the following
of the natural SOM on organic compounds partitioning to Ca-order: TX-405 > TX-305 > @yEg > C12Es. The results indicate
Mon could be neglected. The natural soil, SM was selectethe opposite order with respect to the literatidr2,13]. A major
because of its higher SOM content. When the data for SM fit thelifference for this is the micromole per gram is generally applied
expectations, the obtained results could also be applied to othar the literature to express surfactant uptake unit for soils. On
soils with a relatively lower SOM content. Generally, the exhib-the basis of the adsorptive surfactant mass, the higher EO chain
ited sorption isotherms of the nonionic surfactants on soils araumber surfactants have a more significant affinity with the
the “L-type” curves and the surfactant uptake reaches a plateanil’s mineral phase surface which causes the higher surfactant
at equilbrium concentration (Ce) around 1-2 times the nomiuptake. Also, it should been noted if the surfactants possess the
nal CMC in pure watef8,10,13,15,30] To more conveniently obviously different homologs, the obtained result might have
estimatefs; and Ksf, changes in thg values of the different some bias. To compare Ca-Mon with SM, the Ca-Mon has a
added surfactant concentratiotyd §orbed on Ca-Mon and SM relatively higher surface area, resulting in the higher mono-
are illustrated inFigs. 1 and 2respectively. All show the “L- layer adsorption capacity for the surfactants. The results further
type” curves with maximum uptake at about 1-2 times the demonstrate thatthe mechanism ofthe selected surfactant uptake
CMC. This indicates that there was competition of the adsorpen the solids is adsorption. In other words, Ef).can be con-
tive sites for a given surfactant relative to the selected soliddirmed, regardless of the influence of the surfactants in liquid
Due to the very low SOM content of Ca-Mon, the major mech-phase.
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3.0e-4
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Fig. 2. The relationship between the added surfactant concentr&)iand the
uptake fsr) on Shamou Mountain soil.

surfactant can clarifc or Kom bias for the natural solids. As
a result, theKg; values of the target compounds relative to the
tested surfactants need to been determined before applicability
of differentS,, organic compoundsin E()is considered. Itwas
well known that theKss value is a function of the compoursg,
and the surfactant properties such as their polarity and chemical
structure. The averagéss values as well as standard deviation
of the target compounds with respect to the tested surfactants at
three added concentrations are presentddlite 4 The striking
features are as follows: (i) according to the observed standard
deviation, there is a similds; value for a given compound asso-
ciated with a specific surfactant. Also, the relative standard devi-
ation values of the selected compounds increase & thialue
decreases; (ii) thEss values of the compounds relative to a given
surfactant roughly increased as the compolpddecreased.
However, there are some differences in #ig values for the
different surfactants; (iii) for the selected surfactants, Kie
values of the aromatic compounds have the ordesE€> TX-
305 >TX-405 > GoEg. This is not related to the EO chain num-
bers, but those of the pesticides are inversely proportional to
surfactant EO numbers; (iv) thé; values of the highes,, aro-
matic compounds are similar to estimations from the literature.
TheKsgs values of the relatively lowesy, compounds are signifi-
cantly differentfrom those in the literature, especially for HPOX.
The above results can be understood on the basis of the
distribution characteristics of the organic compounds in the
surfactant—soil-water system. It has been mentioned earlier that
the Kom values of an aromatic compound relative to the vari-
ous soils or sediments have the obvious bias. The result of the
quite similarKss value under the different added surfactant con-
centrations indicates that th&n, value of a given compound

Both Ko and Kom are frequently used to evaluate the char-approaches a constant if the SOM constituent is identical. How-

acteristics of the organic compounds partitioning to the SOMever, a smalKss (or Kom) bias is found for sorbed surfactants
In this study, two Triton series surfactants are composed of theith the different polarity and the chemical structure, further
different EO chain number surfactants. The surfactant uptakdemonstrating the properties of the surfactants will affect the
on the solids varies with the different EO chain number, leadinglistribution of the organic compounds between the surfactant
to the uncertain organic carbon fractigic]. Accordingly, the  solution and the solids. For the higher standard deviation on the
Kom is a better parameter which is used to explain difference ifow Sy, compounds, the major factor that influence th€jrval-

the organic compound distributions between the solids and thees is the solution properties as shown in previous investigation
surfactant solutions. As mentioned earlier in E8), the Koy [8,10,16,31] A possible reason for the higher standard deviation
obtained from the surfactant sorbed on Ca-Mon can be replaces that the surfactants form micelles in the solution, offering a
with the Ks; while the sorbed surfactant is the sole organic mat-better hydrophobic environment in the solution to reduceiie

ter source. The identical SOM constituents purified with a givervalues.

Table 4
AverageKss (standard deviation) values of the target compounds for the selected surfactants on Ca-Mon

CyoEs? [ePI=% TX-3052 TX-4052 Estimatio®
Benzene 24.0 (1.74) 17.6 (1.54) 22.4(1.11) 20.3(0.92) 15.8
Toluene 36.6 (2.60) 30.9 (3.52) 34.1(1.98) 32.5(1.25) 44.7
Ethylbenzene 78.5(4.29) 60.6 (2.32) 73.5(2.62) 63.5(2.79) 118
p-Xylene 87.5 (4.44) 67.9 (4.13) 80.1 (5.04) 70.6 (3.17) 98.0
Lindane 1675 (238) 1403 (203) 899(168) 695 (143) 3746
a-BHC 4277 (691) 3684 (628) 2755 (411) 2080(388) 10085
HPOX 6958 (1042) 5163 (836) 3637 (582) 2890 (536) 67214

a The respectively added concentrations (mg/L) fes&s are 10, 31.9 and 85.1; for1gEg are 10, 47.5 and 166.4; for TX-305 are 500, 1000, and 2000; for TX-405
they are 600, 1500, and 3000.
b log Kom=0.729l0gSy, +0.01;Sy: mol/L [18].



J.-F. Lee et al. / Journal of Hazardous Materials B129 (2006) 282-289 287

Over the last decad8,, of the organic compounds has come environment. On the basis 8§, enhancement theory, the lower
to be regarded as the main parameter influencing organic confy, organic compound indicates a more significant amous,of
pound partitioning to the SOM. This is because the partitioningenhancement in the surfactant soluti@d]. As expected, the
behavior is controlled by the affinity of organic compounds tothree pesticides in the surfactant solutions can lead to the reduc-
the SOM. SOM is classified as a very low polarity medium,tion of pesticides uptake into the sorbed surfactants. In particular
and thus a compound with a relatively lowg&y (or higher for the less water-soluble compounds in a surfactant—soil-water
Kow) generates a higher normalized partitioning coeffick&. system, the solution’s properties lead to a greater difference in
According to the standpoint, when the surfactant sorbed to bthe Kg; values from the estimated values. As a result, for a rel-
the enhanced SOM has a higher affinity with the organic comatively lowerS,, compound, such as HPOX, there is a dramatic
pounds, and then high&gs values should be expected. Intheory, increase in th&s; value.
alow polarity organic compound relative to the sorbed surfactant Inthe previous descriptions, it can be found thatthe character-
with the higher EO chain numbers can generate Idégvalues istics of the sorbed surfactant and the natural SOM are different.
because EO chain numbers can represent the quantified surfadthough effects of the surfactants in soil-water system on the
tant polarity in this study. Similarly, th&ss values of the various organic compound distribution have been discussed in the lit-
compounds for a given surfactant are closely inversely proporerature, the obtained result cannot differentiate the effects of
tional to the compound’S,,. However, the partial results that do surfactants from solid phase or liquid phase. In@}.the char-
not correspond to the above characteristics indicate existen@eteristics of theK value for a natural soil can be obtained
of other parameters dominates organic compound distributiorfrom the distribution change of the organic compounds between
The discrepancy might be a result of other parameters competése solid and solution. However, too many unknown parameters
with the compound’s,,. The differences in chemical structure lead to difficultly quantified the effects the surfactants on the
between the compounds and the surfactants are considered kg values. Thus, we develop a simply approach to examine the
be an important factd22]. The functional groups of aromatic result. The SM with the high natural SOM soil was selected as
and aliphatic chemicals play a key role in dictating their parti-target. A solution property parametefor surfactant attracting
tioning behaviof22,32] Generally, aromatic compounds with organic compounds released into solution is defined as follows:
instablew bonds are more polarizable, thus promoting molecu- .
lar attractions by the induced dipole-induced dipole fd&%. ¢ = Kd(estimated) Kd(apparent)

The obtainedss values for aromatic compoun_ds relative tothe = (K fst + Komfom)/ K (experimen) 9)
selected surfactants are regarded as a function of two parame-

ters, including compounsl, and them—m election interactions WhereK g, aenpis the apparent distribution coefficient of the
between the planar structures. For a selected pesticide witho@fganic compound between the solid and the surfactant solu-
the aromatic group, the order of th&s values is reasonably tion, that is, K, neiimenyiS Obtained via the experiments. The
related to the surfactant EO numbers. The results demonstrat&estimateq)values are calculated according to E@). The ¢

that the affinity of compounds to the natural SOM can be detervalues represent the releasing ratios of the organic compounds
mined based on their chemical structures $ipdrhe traditional  into the solutions because surfactants attract organic compounds.
explanation for organic compounds partitioning to the SOM onlySignificantly, thep value is close to 1 can represent the negligi-
focuses onths,, values of the compounds. To simulate the SOMble influence on the solution properties. Before¢helues are

by sorbed surfactants, the effects of the chemical structures @btained, the ternkom fom (i.€. Kg) for the natural SOM needs
the certain SOM constituents on organic compounds partitioningp be determined. ThEg andKom values of the selected organic

to the SOM can be confirmed. compounds for the relatively higher SOM soil, SM, without the

Although sorbed surfactants can be thought of enhancegurfactants are given ifiable 5 The obtaine,m values can
SOM, this surfactant differs from the natural SOM, which pos-be compared with thé&s; values inTable 4 It can be found
sesses a quite low polarity. This leads the estim&iggdraluesof  the Kom values of the relatively higli,, BTEX compounds are
the organic compounds in the natural SOM—water system to b@ore consistent with th&ss values obtained from the sorbed
higher than th&; values in the simulated SOM—water system. surfactant and witiKom values estimated according to the lit-
The difference for the various, compounds also increases as erature. However, the lo, pesticides indicate the lowéfom
Sw decreases. According to previous investigation Kfjealue
of a highS,, compound in the surfactant—soil-water system isTable 5
determined via the SOM properties, but that of a lgyvcom- Ky and-Kom values of the selected compounds partition in SM with the high
pound is significantly affected by the solution properf&46]. SOM ffom=0.273)

The estimatedom values for the relatively highe$,, BTEX Kq Kom

are slightly higher than th&g; values. This can be attributed t0 gonzene 5.52 20.2
be different properties between the natural SOM and the sorbegiuene 10.5 38.5
surfactants. With the low§,, pesticides, the surfactants in the Ethylbenzene 248 90.8
solution might enhance the compound solubility, increasing thé-Xylene 25.2 92.3
amount of pesticide released from the solid into the solution(.t'_'”dane IS e
More obvious released amounts can be found when the surfagpoy 5450 19963

tants form micelles in the solution, offering a better hydrophobic
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Fig. 3. The average values and standard deviation of the relatively highgr
BTEX in the selected surfactant—soil—water system. 261 W= _ (b) X>CMC
24  TTe—a_ -
. . . . e N
values than those estimated from literature and the higbgr " 224 Ver—e — ~~
values thanKss values inTable 4 There are two interpreta- 2 2.0 TTr——— Ty
. . L : 2 —e— TXa0s Ve
tions for the above difference. The first is the SOM constituent = | 5| O Txa0s ~e
. . . . . . ~
diversity. Besides the difference in the natural SOM constituent, < . g'z Es N
. . . . d e
the sorbed surfactants have a practical polarity difference with ~ '® e
the natural SOM. The second is thg estimation error. Pre-
cise Sy values for lowsS,, compounds are often difficult to be
obtained.
1.0

SinceSy is a very important factor for determiniggvalues, 6.4 62 6.0 -58 -56 -54 52 -50 -48 -4.6 -44
the higherS,, BTEX and the three lowes,, pesticides need to LogS,
be described separately. Table 4 the presence of surfactants
in the system does not make obvious diversity forkgevalues Fig. 4. They values of the relatively lowe$,, pesticides on Shamou Mountain
of BTEX. Therefore, we plot the averagevalues of BTEX in soil for the added surfactant concentratiokislfelow and above their CMC.
the four surfactants solution with the identical concentrations
in Table 4against theis,, in Fig. 3. As expected, all of the
values of the selected compounds are close to 1 and the stand&@ndition is far higher than those undex CMC. It is known
deviation values are low. In addition, the linear regression lindhat Gi2Es and GEg have the lower CMC values. In the other
indicates that all of the values have a low sensitivity ofy,. ~ Words, these kinds of surfactants easily reach to the CMC in
The relatively highes,, compounds, such as BTEX, indicate a & soil-water system to attract the Idi organic compounds
low trend of released to the surfactant solution to cause smaRartitioning into the solution. With a view of soil remedia-
changes inp values. Moreover, most of the surfactants in thetion by surfactant washing, these surfactants are capable of
soil-water system do not influence the distribution coefficien€ffectively remedying the soils contaminated by the 18w
(Kq) of these organic compounds. compounds. If the partitioning of organic compounds between

Although surfactants in the solution can attract the K soil and groundwater is taken into account, the presence of
organic compounds into the solution has been discussed in tfigese surfactants in soil-groundwater system leads to organic
literature, they values offer a good reference to quantify the compounds release from the contaminated soil to the ground-
data.Fig. 4 illustrates they values of three pesticides related Water, which generates a possible impact on human being. As
to their S for the lowest and highest added surfactant confor TX-305 and TX-405, two possible reasons cause only lit-
centration X) of the four selected surfactants Tiable 4 The  tle difference in thep values of the given organic compounds.
X values include below and above CMCs of the selected Su,One is that surfactants with the reIativer hlgher EO chain num-
factant. They values obviously increase with the decreasingbers have a poor solubility enhancement effect, and the other
Sw and with the decreasing EO chain numbers of the surfads that surfactants have not formed micelles in the solution.
tants, which correspond with the solubility enhancement conThe presence of high concentrations of these surfactants in the
cept. For thex < CMC condition, the maximunp value reach ~ Soil-water system can form micelles. However, it is difficult for
to about 1.5 that reflects the relatively low concentration surthe above surfactants up to CMCs to be found in a real environ-
factant in the soil-water system has a|ready generated a corfent. Thus, the presence of these surfactants does not Slgnlfl—
parable effect. The values of the lowes§,, compound HPOX  cantly influence the distribution coefficienk§j of the organic
(log Sw=—6.29 mol/L) for GsEs and GsEg underx>CMC  compounds.
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4. Conclusions [14] Y.-H. Shen, Sorption of nonionic surfactants to soil: the role of soil
mineral composition, Chemosphere 41 (2000) 711-716.

Usually studies over the past few years regarding the dis[_ls] P.E. Levitz, Adsorption of nonionic surfactants at the solid/water inter-
face, Colloid Surf. A 205 (2002) 31-38.

tnt_)utlon coefficients of organic compounds in the sur_factant—[m] J-F. Lee, M.-H. Hsu, H.-P. Chao, H.-C. Huang, S.-P. Wang, The effect
soil-water system have focused on surfactant adsorption on the " of surfactants on the distribution of organic compounds in the soil
soils which enhance the SOM. Although sorbed surfactants can solid/water system, J. Hazard. Mater. 114 (2004) 123-130.

be thought of as enhanced organic matter, the properties of th’] C.T. Chiou, J.P. Louis, H.F. Virgil, A physical concept of soil-water
natural SOM and sorbed surfactants still need to be discussed ©duilibria for nonionic organic compounds, Science 206 (1979) 831-

K L .. 832.
_Separ?FeW due to the obvious polarlty variation. As the SO 18] C.T. Chiou, P.E. Porter, D.W. Schmedding, Partition equilibria of non-
is purified by the sorbed surfactant, the effects of the SO ionic organic compounds between soil organic matter and water, Envi-

constituents on the distribution characteristics of the organic  ron. Sci. Technol. 17 (1983) 227-231.
compounds can be understood according to variation in thg9] S.E. McGroddy, J.W. Farrigngton, Sediment porewater partitioning of
chemical structure. In order to precisely delineate the effects of ~Polycyclic aromatic hydrocarbons in three cores from Boston horbor,
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