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ABSTRACT

Linear Alkyl Benzenes (LABs) are used as insulatihfpr electric cables. When it happens a spil\Bs they are
basically sorbed in the soil, because, these comg@ihave high hidrophobicity and low vapor pressurbe
conventional methods of treatment of soils areaffitient. The Fenton’s reaction (reaction betweesolution of
iron Il and hydrogen peroxide) it generates hydiaagdicals, not selective, and capable of oxidizgraat variety
of organic compounds. A study was conducted tauatalthe viability of use of the Fenton’s reagdntpromote
the remediation of polluted soils with Linear AlkBenzenes. A column was especially projected feseth
experiments, packed with a sandy and other soihipaThe pH of the soil was not altered. The obthiresults
demonstrated the technical viability of the procekimjection of the Fenton’s reagents for the treant of polluted
areas with LABs.
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INTRODUCTION The equilibrium among these phases is related
with properties as the vapor pressure and the
An organic pollutant when reaches thesolubility in water, and it can be expressed by the
underground, can be in the following formsRaoultandHenrylaws. In the case of Linear Alkyl
(Fig. 1): (i) Free phase - it is constituted in a veiBenzenes (LABs), these are basically sorbed in the
non miscible on the top of the groundwater; (ii)soil, because these compounds present low vapor
Dissolved phase - part of the pollutant that igressure and it lowers solubility in water (Table 1).
dissolved in the groundwater; (i) Sorbed orThe LABs are used as precursors of the linear
residual phase - it consists of the dispersiomlkyl benzene sulfonic acid, main raw material of
between the source and the level of thdhe detergents (Johnson et al., 2003) and as
groundwater and pollutants involving soil grain orinsulating oil of electric cables in underground
discontinuity in the rock characterize it. It is the(Johnson et al., 2002). These compounds possess
most important phase for viscous pollutants; (ivjn their molecular structure an aromatic ring and a
Vapor phase - gaseous phase of the volatilgnear chain from 9 to 15 atoms of carbon (Fig. 2).
compounds that occupies emptiness of the soil drhe presence of the aromatic ring turns these
of the rock. compounds very toxic to the microorganisms of a
polluted place. The low density of these
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compounds avoids the migration below to theThe Fenton reagent was excessively tested in
groundwater, and due to low solubility (table 1)the wastewaters treatment, until the more
the conventional methods of treatment (pump angomplexes, as wastewaters of high salinity
treat, for example) are not efficient. _EMoraes et al., 2004). Lately, the use of this
The use of active oxidation is a technique of SOitggant has been documented for the treatment
remediation ih situ' that has been well studied f polluted areas with oraanic highl
lately. The Fenton reaction (Fenton, 1894) thaf' PC 9 9 y_
consists of the reaction between a solution of iro,rlecaICItrant Compoynd§ (Tyre et al, 199,1’
Il and hydrogen peroxide (Equation 1), generating-PA: 1998 and Siegrist et al., 2000). This
hydroxyl radicals, which are strong oxidizers, notvork seeks to study the application of the
selective, and capable of oxidizing a great varietj-énton reaction to promote the remediation of
of organic compounds (Sun and Pignatello, 1992)polluted soils with LABs.

Fe” +H,0, — Fe* + HO+ +OH" 1)

[] Compacted enbankment [ Satured zone B Solid rock
[ Unsatured zone B Groundwater

Figure 1 - Behavior of organic pollutants in underground. Mphases in which the
pollutants are found (Costa et al., 1999).

Table 1 -Physical properties of commercial product - LABsh{dson, 2000).
Physical Properties

Density (20 °C) 0.86 kg.L*
Boilling Point 726 °C

Viscosity (20 °C) 8.1 mAs"
Solubility in water (25 °C) 0.41 mg|
Vapor pressure (25 °C) 4.9*4GnmHg
Henry Constant 0.071 torr.L.mok

Partition Coefficient

Octanol-water (K,) 5.72-5.75
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Figure 2 -Molecular structures of Linear Alkyl benzenes (doddenzenes)

MATERIALS AND METHODS (125 mg of LAB by gram of dry soil). The
polluted soil was packed without pressure in the
Reagents column. The Fenton’s reagent was added in batch

Analytical grade reagents: ferrous sulfateform, in the top of the column. For the soil 1, the
heptahydrate (FeSGH,0), hydrogen peroxide concentrations of ferrous sulfate and hydrogen
(H20,, 30%), phenol and a commercial sample operoxide were 25 mM and 15% (4.4 M). For the
LAB as pollutant were used. other soils, concentrations of 2.5 mM of ferrous
For the analysis procedure, milli-Q water (18 mspulfate and 2.2 M of }D, were used. The added

was used, besides methanol and acetonitrile HPL®Ilumes were of 50 mL of each solution for each

grade. batch. In the soil 1, 500 mL of each solution and in
the others 250 mL of each one of the reagents
Methodology were added.

The experiments were carried out in a columhe analyses were accomplished in a HPLC (LC-
projected for this end, as show in Fig. 3. ThislOAdvp, Shimadzu), coupled to UV/Visible
column has 10 cm of diameter and 80 cm of heigtdetector (SPD-M10Avp, Shimadzu). To soil
of soil column. The column has lateral holes (1 cnsample (10 grams), 20 grams of methanol and/or
of diameter) at spacing of 10 cm, appropriate foacetonitrile (extractor agent) were added and the
the retreat of samples, reagents addition anahix was shaken vigorously. The mixture was left
temperature measure, for example. The soil wader 20 minutes and the supernatant obtained was
supported on a sieve of 100 mesh, that jugtsed for HPLC analysis. The mobile phase was a
allowed the passage of liquids, which wagnixture of water with methanol or acetonitrile,
collected in a 1.5 L vessel. containing 0.25% of acetic acid. The gradient used
Two samples of soils were used; sandy withoutvas: 100% of water from 0 to 6 minutes, from 6 to
any pollution (soil 1) and polluted with LAB 8 minutes, methanol or acetonitrile proportion
(soil 2), and unpolluted loamy soil (soil 3). Theincreased to 80% and maintained for 30 minutes,
loamy soil was triturated, in order to obtain a mordeing reduced to 0% until the 33 minutes and
uniform granulometry. For a model study, themaintained in 0% up to 45 minutes. Methanol was
sample of sandy soil was contaminated (soil 1yised to extract phenol and acetonitrile to extract
with phenol. LAB. The chromatograms were obtained at 269
The phenol was mixed to the sandy soil, fomm (phenol) and 202 nm (LAB). The extraction
vigorous agitation, in way obtaining awas accomplished before and after the treatment
contamination of about 600 pug / g of dry soil. Thedone with the Fenton’s reagent.

loamy soil (soil 3) was contaminated with LAB
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(@) (b)

Figure 3 - Experimental column packed with clay contaminaédicially with the
LAB. (a) Frontal seen. (b) Top after addition of thenton’s reagent.

RESULTS E DISCUSSIONS The phenol concentration was of 1.2 pg/g of dry
soil. Fig. 6 shows the chromatogram of the
Figs. 4, 5 and 6 present the chromatograms of tragjueous phase collected from the vessel below the
extract obtained from the polluted soil with phenoisoil column. The phenol concentration in the
(soil 1). Fig. 4, the chromatogram of the extracaqueous sample was 12 mg/L. All the
obtained of the polluted soil (before the treatmentfoncentrations were measured with the helpful of
is showed, the characteristic peak of the phenotalibration curves (not presented).
with retention time of 15.8 minutes. Fig. 5 presenthe chromatograms of Figs. 4, 5 and 6 show the

the chromatogram of the extract obtained for thefficiency of the Fenton’'s reaction in the
soil in the bottom of the column (after thedegradation of aromatic compounds presents in the

treatment). soil.
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Figure 4 - Chromatogram of the methanol extract done frompibléuted soil with
phenol, before the treatmem.=269nm
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Figure 5 - Chromatogram of the methanol extract done frompitituted soil, after
the treatment (bottom of the colummn).=269nm
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Figure 6 - Chromatogram of the aqueous phase picked up bidevpolluted soil
column with phenol, after the treatmer=269nm
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Figure 7 - Chromatogram of the acetonitrile extract done ftbmpolluted soil with
LAB, before the treatmentd =202nm
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Figure 8 - Chromatogram of the acetonitrile extract done ftbmpolluted soil with
LAB, after the treatmentd =202nm

The measure of the phenol concentration in thantil the top of the aqueous phase it was composed
aqueous phase is important, because the aromaliasically of aliphatic compounds (present in the
compounds are very much soluble in water thalinear chain in the structure of the linear alkyl
aliphatic and others hydrophobic compoundsbenzene), were more resistant the oxidation for
which can be dragged until the saturated zondaydroxyl radicals that the aromatic (Watts and
contaminating the groundwater. Fig. 6 shows thabtanton, 1999). Fig. 9 shows sandy soil, before
the phenol in the aqueous phase was degraded,as after the treatment. The reduction of the black
also turn by Moraes et al. (2001). color indicated the degradation of the pollutant and
Figs. 7 and 8 present the chromatograms of thihe increase of intensity of the yellow color
acetonitrile extract from the polluted sandy soilindicated a larger concentration of iron.

with the spill of LAB (soil 2), before and after the Fig. 10 shows the chromatograms of the extract
treatment, respectively. Due to the absence aibtained from the loamy soil (soil 3), using
appropriate patterns, it was impossible to quantifacetonitrile as extractor. A considerable reduction
the representative compounds of the mixturein the representative compounds of LAB observed
however, through information given by theat the places where the Fenton’s reagents
producer, on the qualitative composition of thes@enetrated.

oils, we could identify several isomers of the lineaThe chromatogram of the polluted sample before
alkyl benzenes, as also shown by Eganhouse et #ie treatment (not presented) was similar to the
(1983) and Ishiwatari et al. (1983). extracted sample of the middle of the column.
Comparing Figs. 7 and 8, we noticed that th&showed a section of the column, where the
hydroxyl radicals were generated oxidizing theformation of preferential ways was observed due
representative compounds of LAB. The formatiorto the percolation difficulty and the liberation of
of vapors was observed, and, also, that leaves b&at from the reaction.

the oil it was dragged to the water, however, thi$\ considerable difference was noticed when the
stayed insoluble, what facilitates your separatiomumber of peaks of the chromatogram of the
The compounds that were dragged until theolluted soil with the spill was compared with the
agueous phase were very hydrophobic, and in theumber of peaks of the artificially polluted soail
aqueous phase carboxylic acids in lowwith LAB. This difference could be explained by
concentration were probable detected which werthe fact that LAB of the sandy soil suffered natural
result of the incomplete reaction of the hydroxyltransformations at the place of the spill, generating
radicals with the organic compounds present. a series of compounds with small structural
Analyzing the structure of LABs and knowledgedifference. This would also explain the large
of the reactivity of aromatic and aliphatic number of peaks and the proximity of the same
compounds with the hydroxyl radicals, it could beones, in the chromatogram of the Fig. 7.
suggested that the phase not degraded dragged
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The Fenton’s reagent was extremely effective folhe reaction is very fast, therefore, an appropriate
the free and dissolved phases; however the sorbedggestion would be to work with low
phase was more difficult to be treated. Theconcentrations and a high volume, in periods of
transport of the reagents in underground dependsnger time, allowing the water to flow through
on the flow of water. Thus, at the places where thmost of pores possible. Another suggestion would
flow of water was null or very low, they presentbe to inject the peroxide first (oxidizer) that would
difficulty in remediation. The idea of injecting the react, partly, with the salts of iron presents in the
reagent in high concentration did not providesoil (Watts et al., 1999). The exceeding peroxide
solution for this problem, because the reaction ofvould react with F& (catalyst) injected later.
Fenton was very fast. Besides, the risk of accidents

increase indeed when it was used these reagents in

high concentration.

Figure 9 - Sandy soil after and before the treatment of Feéstreagent. Of the left
for the right in the petri plates: polluted origirsail with LAB and soils
after the treatment, of the bottom of the columhthe middle of the
column of the top of the column, respectively.

top of the column

—— mid of the column

10 0 30 40 50
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Figure 10 - Chromatogram of the polluted loamy soil with LABxtracts obtained
in the middle and in the top of the colunh=202nm
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CONCLUSIONS processo de injecdo dos reagentes de Fenton para o
tratamento de areas contaminadas com LABs.

The results showed the viability of the Fenton

process in the degradation of LAB’'s and its
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