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Abstract: Problem statement: Physical and chemical properties safil, groundwater and pollutants
deeply influenced the type and the strength of tsmmpphenomena involving hydrophobic organic
contaminants: Soil fraction of organic carbon (faog cation exchange capacity, groundwater pH and
pollutants hydrophobicity were with undoubtedly gredominant issue#pproach: In this study an
experimental study of the sorption of phenol andittaphenol on three soils was performed
considering three initial pH values, with the amretvaluate the soil/pollutant interactions as afiam

of the relative abundance of the neutral contanigand phenolate species and of the solid phase
propertiesResults: The considered soil samples (a silty clay, aasili a sand coming from northern
Italy) underwent to a physical and chemical chandzation: Particle-size, mineralogical and chemica
analyses were performed. The experimental datargpiitom some batch tests, carried employing
aqueous phases containing different concentratidrEhenol and 2-nitrophenol at initial pH values
equal to 4, 7 and 10, were fitted by means of s#¢vieotherm models. Three Dual Mode Models
(DMM), employing different isotherm models to regeat the sorption of the neutral and the anionic
species of the pollutants, were evaluated by thearehers to simulate the sorption of phenol and 2-
nitrophenol in the examined conditionSonclusion: The soil/contaminant interaction mechanisms
determining the isotherm shapes were discussedidpeared to be the main issue, although the nitro-
group was able to promote sorption. In all congdesoil samples and at all initial pH values, the
highest foc (found in the silty soil) and the pmse of the nitro-group determined the highest art®oun
of pollutant transferred on the solid phase. The ®™MMs proposed by the researchers, implying
nonlinearity, showed a higher reliability in simtittey experimental data compared to a DMM based on
linear sorption isotherms. Main sorption mechanismese controlled by the partitioning of neutral
pollutants in soil organic matter, but also theiattions between the pollutants, both in phenalate

in neutral forms and the soil mineral surface pthgerimary role.

Key words: Phenol, phenolate, nitro-group, sorption, dual exowdel

INTRODUCTION The Soil Organic Matter (SOM) content is the

predominant issue: Considering the sorption of HOC
The factors supervising sorption of Hydrophobicon soils characterized by an appreciable amount of
Organic Contaminants (HOCs) depend on the physicadrganic carbon (foc>0.001), absorption is commonly
and chemical properties of the soil, of the poliiteand  assumed to be the main interaction mechanism. Both
of the groundwater. Water solubility, hydrophobjcit linear and nonlinear isotherms have been repoxed t
and identity of the functional groups on the molecu describe the absorption of HOCs: The homogeneous
are the pollutant most important properties;ideal structure of the SOM is a concept now exceéede
temperature, pH, ionic strength and presence oand the heterogeneity of the SOM has been

dissolved organic substances may be cited among thdemonstratéd?.

groundwater physico-chemical properties. Specific ~ Adsorption, implying nonlinear isotherms, become
surface, abundance and type of clay minerals andime relevant in the evaluation of sorption processes

oxides, cation exchange capacity, acidity, redoxconcerning soils having a low organic carbon canten
potential and organic carbon content determine thémong adsorption active sites, the most abundamt ar
sorptive attitude of a soil. the silanolic groups (in neutral, protonated or
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deprotonated form, depending on groundwater pH)Theoretical background: Mathematical predictive
able to promote specific interactions (H-bondsmodels are useful tools for the evaluation of organ
respectively with water molecules, anions and oshio  pollutants/soil/groundwater interactions on a r=alle:
Metal oxides (mainly aluminum, iron and manganeseThey are general laws employing one or more
oxides and hydroxides), depending on groundwater pkbarameters whose values are experimentally
value, are able to support nonspecific interactionsdetermined. In most cases predictive models leadeo
eventually followed by stronger interactions, such calculation of the K value, in order to foresee the
chemisorption (formation of strong covalent bondsamount of the pollutant transferred in soil organic
between protonated metal oxides and anionidraction. Predictive models are usually based am th
contaminants) and redox reactions at the soil/aggieo properties of the soil (mainly foc), of the pollota
phase interface (between the neutral metal oxidels a (hydrophobicity, polarity, water solubility, strugl
the neutral form of the pollutantsy. characteristics) and of the aqueous phase (pHg ioni

Phenols are weakly polar Hydrophobic lonizablestrength, redox potential).
Organic Contaminants (HIOCs) widespread in Monoparametric LFERs are equations based on a
groundwater, because of the massive use of theggrameter which value is determined by a specific
compounds in industrial processes and agricultureproperty of the pollutant (usually the hydrophotyici
HIOCs toxicity is deeply influenced by groundwater by means of the octanol/water partitioning moded an
pH: lonic species are more soluble in aqueous phases coefficient ko) and two coefficients, obtained from
and thus more mobile in the subsoil, although réutr the experimental data regression. In this study the
species are more toxic, because they have a higtxperimental data obtained by means of the bakis te
affinity with SOM. are compared with the partitioning coefficientsues

Nonlinear isotherms have been reported in thealculated employing two LFERS, already applied in
study of HIOCs’ behavior: Sorption processes camcer literature to the study of the sorption of phendlke
both neutral and ionic species and some interactiofirst relation (Eq. 1} is based on the octanol/water
mechanisms, involving hydrophobic sorption of nautr partitioning model and the second (Eq®2pn the
and ionic species, forming of ion pairs and ion-neutral pollutant (HA) water solubility (Eg. 3). Bo
exchange reactions, have been propdse@everal considered LFERs assume that the main sorption
studie€® underline the HIOCs partitioning coefficient mechanism is the partitioning of the neutral palhit
(Kp) dependence from the aqueous phase pH. (HA) in soil organic fraction and the Kdependence

In this study the sorptive potential of threeital from pH (Eq. 4):
soils was evaluated by means of a physical and

chemical characterization and phenol and 2-nitraphe Log Koc= 0.97 (log kow)-0.094 1)
were taken into account as contaminants. Batcls test
were performed on each soil at pH values equal © 4 L0g Koc=-0.686 log S(pH)+4.273 (2)

and 10 and considering pollutants concentrationesal _ pH-pK
between 0.5 and 10 mg’'L The experimental data were S(pH) = $ia(1+10 ) (3)
fited by means of linear, Freundlich and Langmuiry Ay = o foc 4
isotherm models and the soil/contaminant interactio o(HA) Koc @
mechanisms were discussed. A comparison between thghere:

theoretical values (calculated by means of two &e K (HA) = Neutral pollutant partitioning coefficient

Free Energy Relationships (LFERS) already appled t = Amount of neutral pollutant
the study of the sorption of phendisf! and the foc = Soil organic carbon fraction
experimental values of the partitioning coefficidtd ~ K,. = Neutral pollutant partitioning coefficient
was performed and some predictive Dual Mode Models referred to the organic carbon content of the
(DMMs), one proposed by other researchi8rand two soil
proposed by the researchers were applied to thg,, = Neutral pollutant octanol/water partitioning
experimental data. coefficient

The goal of this study was to underline theg,, = Water solubility of the pollutant
phenolate  contribution to sorption phenomenas(pH) = Water solubility of the pollutant at a @ént
considering different natural sorbents and to eatalu pH value

the applicability of quantitative relationships ¢buas
LFERs and DMMs) that respectively neglect or DMMs rise from the study of polymeric materials
consider the phenolate sorption. and from the hypothesis of the presence in SOM of
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hard/glassy and soft/rubbery domains, both porouglass tubes and weighted. After 72 h all the agsieou
regions whose structure is deformed by thephases exhibited pH values between 7.66 and 8.05.
pollutant§”. Absorption involves a three-dimensional

organic matrix, made of regions having different Solid-phase extraction: The supernatant aqueous
properties and not equally accessible for the petits, phases were extracted (Supelco Visiprep Vacuum
thus determining the coexistence of domains thaManifold, Supelco ENVI-Chrom tubes 0.5 g, 6 mL) in
produce linear isotherms (deriving from non specifi Methyl Ter Butyl Ether (MTBE) and weighted. The
interactions, such as Van der Waals forces, betwezn calibration standards underwent the same procedure.
pollutants and soft organic carbon) and of dom#ias _

produce non linear isotherms (deriving from specifi GC-FID Analysis. As 4 uL of each sample was
interactions, such as H-bonds, between pollutants a injected in a HP 6890 GC equipped with a FID and a
hard organic carbon). A simple DMM represents theHP-5 capillary column. The calibration and GC
dissolution of the pollutant though hydrophobic Parameters are reported in a previous study of the
attraction in the rubbery domain by means of adine researchel¥’.

term and the penetration in the cavities of thesgta :
; : Reagents: Stock standard solutions (2000 ppm) were
domain by means of a Langmuir téfth Therefore a prepared from phenol (Aldrich, >99%) and 2-

linear behavior is hypothesized for the interactiovith . :
soft organic carb())/E and nonlinearity (due to the_nltrophenol (Merck, >9996). All the solutions empéy

heterogeneity and availability of active sites and'" the ng’ caIi_bLa:_tion and in the batch tests were
competition phenomena) is hypothesized for thePrepared by weignting.
interactions with hard organic carbon. RESULTS

MATERIALSAND METHODS Some physical and chemical properties of the
considered pollutants are schematized in Tablehe. T

Soil characterization: The particle-size analysis was results of the soil samples characterization aperted
performed by means of dry mechanical sieving, off Table2.

manual wet sieving and of Andreasen apparatus 1he experimental data gathered by means of the
depending on the considered dimensional range. THeA(Ch tests performed at initial pH values equad.td
mineral components were analyzed by means of a xand 10 were supmﬁted to regression using the dinea
ray Rigaku D/max spectrometer (40 kV, 30 mA, scar(EQ- 3), Freundlich (Eq. 6) and Langmuir (Eq. 7)
speed 10-0.01). The Cation Exchange Capacity (CECiSotherm models (by means of Data Fit 8.0 software,
organic carbon fraction (foc) and the carbonateteran Oakdale Engineering), fitting 20 experimental psint
values were obtained by means of referencd0r €ach sorption isotherm:

procedured?.

Cs= KoCao )
Batch testss Ten gram of dried and sterilized
(Autoclave ASAL 760, 1 h at 120 kPa) soil were put ~ Cs= KrCad! (6)
150 mL Erlenmeier flasks with 40 mL of phenol and 2
nitrophenol solutions of different concentratiofs5(1- KC. C
2-5-10 ppm), 0.2% Najl | = 0.015 M employing wa (7

L~AQ

CaCl, as background electrolyte, capped with Parafilm

and covered with aluminum foil. The pH was adeStedWhere:

ﬁtc\qacl)lrjﬁagﬁﬂrthoeta?tcin% sltg \1/1\2?3 ple_?fodrﬁggls)gkin gs = qu”uélr:)gigl)comammam concentration in the
20°C) e experinants snoved that cquirum O+~ EQUIBIL Conapinant concencatn i h
in sorption pro)ééggggigr?ﬂhegnﬁ;ngnzd_r:irt]reor(;ﬁ@m;itlt Csmax= Maximum contaminant concentration in the

o : soil (mg kg
verified to be absent. Four replicates and two kdan B )
were set for each pollutants concentration athreetpH K - Freundlich constant
values. The batch tests solutions were then cegaiéd n = Surfacial active sites energy distributionerd

(ALC PK 110 centrifuge, 3000 rpm, 30 min) in 100 mL K, = Langmuir constant
548
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Table 1: Some properties of phenol and 2-nitropfho

Table 2: Soil samples characterization

Aqueous do (25°C) Crescentino Asti 1 Asti 2
D G L S — Mineral Quartz, feldspar, Quartz, feldspar, Qudekspar,
-25°C, mol L) (20-25°C) (25°C) pHA4 pH7 _pHI0  opnonents illite, chlorite, illite, chlorite, i, chlorite,
Phenol 0.890 1.45 9.82 09999 0.9985 0.3978 ' kaolini leite kaolini lci
2-nitrophenol 0.008 1.89 717 09993 05966 00015 .  _ Smectie aolinite, calcite - kaolinite, calcite
Particle-size 33% clay, 50%  10% clay, 83% 8% silt,
20 analysis silt, 17% sand silt, 7% sand ~ 82% sand
E dso (mm) 0.0100 0.1000 0.2000
25F CEC 6.2300 5.1200 3.0300
o (meq/100 g)
. wf CaCQ(%) 1.0900 11.8700 11.580
4 E foc 0.0034 0.0099 0.0007
3 Fe (%) 4.1000 3.8700 1.3900
3 ok Al (%) 3.6300 6.7800 2.1200
3 Mn (%) 0.1000 0.0500 0.0300
05
N 40
D.un.n 35
Cr(mg L)
(@) ~
60 ‘;
5
so
b
':: o0 1 1 | 1 1 1 1 1 1
_:D 30 L) 10 20 30 40 50 B0 70 80 90 100
E T Cp(mgLY)
Sl T (@)
""""""" pHE  —
pHT  —
10 - & pH 10 90 -
00 L L [ 1 1
0o 20 40 B0 80 100 120
Cr(mg L™ o
(b) 2
o
08 i,’
08 | £
07 | ;
- BF uﬂf....l.u.l...\H..l.‘.m. A IPTEFIPE BT IR
L oosE 00 10 20 0 4n 50 60 7 80 90 100
AN CpmgLY)
“ sl (b)
02k 40
oE as
op B I 1 L 1 1 I
0o
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Fig. 1: Sorption isotherms of phenol on Crescentino
(a), Asti 1 (b) and Asti 2 (c) soil samples at pH
values equal to 4, 7 and 10

The results of the regression of the experimental Cy(mg L)
data obtained from the batch tests are shown ifeTaib ©)
and the isotherms obtained from the best fittinglel® Fig. 2: Sorption isotherms of 2-nitrophenol on

(Table 3) are represented in Fig. 1 and 2.

The calculation of the partitioning coefficientg b
means of Eq. 1-4 allowed the researchers to olbt@n
theoretical values K weoreticaii)(from Eq. 1 and 4) and The partitioning coefficient theoretical values are
Kb, theoreticai2) (from Eq. 2-4) referred to phenol at pH compared with the experimental values, (Kperimentd
values equal to 4 and 7 and to 2-nitrophehpHa4. obtained from linear models in Table 4.
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Table 3:

(4): 546-554, 2009

Regression of the experimental data caoimgiphenol and 2-nitrophenol sorption

Linear model Freundlich model Langmuir model
pHI* KD R2 KF n Rz K|_ Cs, max Rz
Crescentino soil
(PHf **= 7.78+0.2)
Phenol 4 0.2459 0.9838 0.2123 1.0581 0.9853 0.0029 92.1377 0.9828
7 0.0745 0.9541 0.1083 0.8509 0.9591 0.0341 3.0014 0.9612
10 0.0217 0.8203 0.1321 0.3910 0.9352 0.4917 @.371 0.9518
4 0.3420 0.9704 0.6842 0.7230 0.9713 0.0788 8.0342 0.9604
2-nitrophenol 7 0.1885 0.6838 1.1875 0.3521 0.8165 0.8604 2.7601 0.8789
10 0.1279 0.7938 0.8821 0.3388 0.9240 0.8143 P.022 0.9603
Asti 1 soil
(pHf** = 7.70+0.05)
Phenol 4 0.4291 0.9345 0.5386 0.9153 0.9318 0.0119 41.8468 0.9296
7 0.2872 0.9430 0.6286 0.7015 0.9716 0.1186 5.8193 0.9858
10 0.1954 0.8770 0.6812 0.5470 0.9210 0.2135 3501 0.9391
4 0.8602 0.9645 1.4717 0.7853 0.9556 0.0367 32.568 0.9466
2-nitrophenol 7 0.3440 0.5313 3.3550 0.2502 0.6835 1.7738 6.1043 0.8959
10 0.4463 0.7267 2.7108 0.3425 0.8570 1.1332 3.925 0.9169
Asti 2 soil
(pHf **=7.94+0.08)
Phenol 4 - - 0.3219 0.3896 0.8022 0.4679 0.9468 5799
7 - - 0.1640 0.4341 0.8964 0.3922 0.5399 0.8746
10 - - 0.1405 0.3144 0.7628 0.7669 0.3178 0.9199
4 - - 1.1798 0.3751 0.9175 0.7104 2.9341 0.8001
2-nitrophenol 7 - - 0.9764 1.0650 0.5651 1.8651 3887 0.9165
10 - - 0.9264 0.2480 0.9366 1.7098 1.5855 0.9771

*: pHi: pH values measured before the batch testpHf: pH values measured at the end of batctstest

Table 4: Experimental and theoretical values of theatitioning
coefficients

KD, experimental KD, theoretical(1) KD, theoretical(2)

Crescentino soil:

phenol, pH 4 0.2459 0.0698 0.0253
phenol, pH 7 0.0745 0.0697 0.0253
phenol, pH 10 0.0217 0.0278 0.0134
2-nitrophenol, pH 4 0.3420 0.1864 0.2974
2-nitrophenol, pH 7 0.1885 0.1113 0.2087
Asti 1 soil:

phenol, pH 4 0.4291 0.2033 0.0737
phenol, pH 7 0.2872 0.2030 0.0736
phenol, pH 10 0.1954 0.0809 0.0392
2-nitrophenol, pH 4 0.8602 0.5432 0.8658
2-nitrophenol, pH 7 0.3440 0.3240 0.6078
Asti 2 sail:

phenol, pH 4 0.0864 0.0144 0.0052
phenol, pH 7 0.0506 0.0143 0.0052
phenol, pH 10 0.0326 0.0057 0.0028
2-nitrophenol, pH 4 0.3455 0.0384 0.0612
2-nitrophenol, pH 7 0.2308 0.0229 0.0430

DISCUSSION

The considered soils are different (Table 2)
concerning particle-size distribution, mineral
components (clays and other phyllosilicates, sush a
smectite, illite and kaolinite, have a high tendenc
adsorb HOCs), Cation Exchange Capacity, foc andesom
metal contents. Asti 1 and Asti 2 samples are
characterized by a high content of carbonate nigera
that exert a dominating influence on soil buffering
properties (see final pH values measured at theoénd
batch tests in Table 3).

The isotherm shapes shown in Fig. 1 and 2 suggest
the existence of several sorption mechanisms, dépgn
on the pollutant, the soil sample and the pH. Tiheal
model assumes hydrophobic partitioning of the réutr
pollutant as the only sorption mechanism, thus a
foc>0.001 and a pH value below the pollutant pKa ar
requested; for this reason the linear model wagpptied
to the experimental data obtained from Asti 2 sampl

At pH 4 the sorption isotherms have a linear shape
considering both pollutants on Crescentino soil and
phenol on Asti 1 soil, therefore may be hypothebirat

Data reported in Table 1 underline the higherthe leading transport mechanism at pH 4 is the

hydrophobicity and acidity of 2-nitrophenol in
comparison with phenol. The molar fractian) values
show that phenol is mainly in neutral form at pHues
equal to 4 and 7 and extensively dissociated atlpH
2-nitrophenol is mainly in neutral form at pH 4,
partially dissociated at pH 7 and for the most part

phenolate form at pH 10.
550

partitioning of the neutral species in soil orgamatter,
but also non specific and specific interactions tha
active sites of soil mineral surface may happeaditey
to nonlinearity in the case of phenol on Asti 2 aoid of
2-nitrophenol on Asti 1 and Asti 2 soils. In facr foH

values below the Point of Zero Charge (PZC) theggha

of active sites such as metallic oxides becomeitiyms
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At pH 7 only phenol sorption isotherms on carbon content of the soil and may be considered a
Crescentino soil have a linear shape, in all ot@ses proof of the absorption of the 2-nitrophenolate.
nonlinearity occurs. The main sorption mechanisny ma In most cases the theoretical values, especiadly t
be again hypothesized the partitioning of the rautr ones calculated considering the pollutant solybHip,
form in soil organic matter. The sorption extentmeoeicay are lower than the experimental values,
decreases from pH 4 to pH 7: This is probably causeparticularly taking into account Asti 2 soil becausf
by the formation of hydrogen bonds between phenoits low foc. Although a good agreement between
and water molecules, surface active sites and watexperimental and calculated values was obtained
molecules and phenol and surface active sites. considering Crescentino soil (phenol at pH 7 and 10

The calculation of the partitioning coefficienty b Kp ieoreticaiaj 2-Nitrophenol at pH 4 and 7 pKneoretical(2)
means of Eq. 1-4 allowed the researchers to obi@in and Asti 1 soil (phenol at pH 7, Kineoretical(r) 2-
theoretical values K weoreticaiqy (from Eg. 1 and 4) and nitrophenol at pH 4 and 7, respectively Keoreticaizpnd
Kb, theoreticaiz) (from Eq. 2-4) referred to phenol at pH Kp, iheoreticai).  Considering  2-nitrophenol, the pK
values equal to 4 and 7 and to 2-nitrophenol at4pH eoreiicaiz)Values, obtained employing a LFER based on
The partitioning coefficient theoretical values arethe water solubility, that is much higher for the
compared with the experimental values, (Kperimenta phenolate, are closer to the experimental data than
obtained from linear models in Table 4. Kb, theoreticayvalues. This research confirms the study of

These hydrogen bonds make the partitioning of thether researchéfs they demonstrated that for
neutral phenol more difficult at pH 7 than at pH 4.chlorophenols in aqueous phases havif@d01 M the
Considering the sorption of 2-nitrophenol at pHthe  overall sorption is dominated by the partitionirfgtioe
partitioning of neutral and phenolate species may bneutral species in SOM and that if pH-pKathe

probably accompanied by a low chemisorption andcontribution of phenolate sorption may be neglected
oxidation on the metallic active sites. The researchers applied some DMMs to the

At pH 10 in all cases sorption isotherms haveexpgrimental data. In a first DMM (namgd A model),
nonlinear shapes. In fact the partitioning of tleaitral ~ Studied by other researchiéfs the sorption of the
species and the oxidation on surface active site§eutral formis expressed by means of a lineahésot
concern a limited number of molecules and the(EQ. 8, Ko value obtained at pH<<pKa) and the
partitioning of the phenolate is prevented by thebehawor of_ the phenolate is modeled _by means of a
repulsion of the surface negative charge of thé soi-@ngmuir isotherm (Eq. 9, Langmuir parameters

particles. In fact for pH values above the PZC theobtained at pH>>pKa). The total concentration & th
charge of active sites becomes negative. pollutant (G transferred on the soil is given by the

In all soil samples and at all considered pH value SUm of the contributes of the neutral s(6) and
2-nitrophenol sorption is higher than phenol samti  dissociated (€ ) species:
Actually the nitro-group stabilizes the phenolate f
inductive effect and resonaf® enhances the
pollutant hydrophobicity by means of the creatidn o
intra-molecular H-bonds thus promoting absorgtion C _Cia- K G Q)
Nitro-aromatics adsorption concerns mainly specific "~ 1+C ,-[K
interactions with clay minerals: Electron Donor-

C:S,HA = KD [CL,HA (8)

Acceptor (EDA) complexes are formed in consequenceC,  =C,,,+C., (10)

of a coplanar arrangement between oxygen’s at the ' '

siloxane surfaces of clays (e-donors) and the -nitro ~ =arc, (12)
L,HA

group (e-acceptdfy’.
Quartz, feldspar and other tectosilicates have a,
lower tendency to form EDA complexes with nitro- Cla-=Q -G
aromatics because of their 3d conformation of sitax
oxygen’s, that prevents coplanarity. Iron and aumi ~ Where:
oxides and hydroxides and carbonate minerals p@motCsa = Un-dissociated ~ pollutant ~ concentration

12)

nonspecific adsorption and iron and manganese transferred on solid phase (mgRg

adsorbed on hydroxides lead to reductive degrauatioCsa- = Anionic pollutant concentration transferred on
of the contaminant$®. Moreover the higher sorption solid phase (mg kg

of 2-nitrophenol at pH 10 on Asti 1 soil, compated Csi: = Total pollutant concentration transferred on
Crescentino and Asti 2 samples, is linked to thgaoic solid phase (mg KQ)
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in sum of the sorption of the neutral pollutant (dsemt

CLua = Un-dissociated Pollutant concentration
) by means of a Langmuir isotherm, using thead G

liquid phase (mg C

CLa- = Anionic pollutant concentration in liquid . Vvalues obtained at pH 10 for phenol and at pHr7 fo
phase (mg %) 2-nitrophenol) and the sorption of the phenolate
C. = Total pollutant concentration in liquid phase (described by means of a Langmuir isotherm, udireg t
(mg L™ K. and G max values obtained at pH 10 for both
Kp = Linear isotherm slope at pH<pK pollutants). The equilibrium concentrations of the
Ky = Langmuir constant obtained from the isothermneutral and anionic forms of the pollutant in thguid
at pH>pK, phase are calculated as described for “A” model.
Cs, max = Langmuir constant obtained from the isotherm The application of the three DMMs to the sorption
at pH>pkK, of phenol may feel the effects of the lack of daferred

to a pH value at which the pollutant is completely
dissociated (i.e., pH 12, at which= 0.0066; at pH 10,

a = 0.3978), because these data may be used to
calculate the anionic pollutant sorption, althoagsuch

The researchers employed in “A” DMM moti8!
the following data (Table 4): Kat pH 7 and Kand G,
max at pH 10 for both phenol and 2-nitrophenol.

The researchers propose two other DMMs: A firsthigh pH value is quite uncommon in groundwater. The
one, named “B” model, in which the total sorptian i application of DMMs to the sorption of 2-nitrophérad

calculated by the sum of the sorption of the néutrapH 7 happens

pollutant (described by means of a Freundlich isoth
using the Kk and n values obtained at pH 10 for phenolneutral pollutant) and at pH 10 (to calculate tbgpton
and at pH 7 for 2-nitrophenol) and the sorptiornthef
phenolate (described by means of a Langmuir isother
using the K and G .« values obtained at pH 10 for experimental data obtained at pH values that gteean
both pollutants). The equilibrium concentrationstlod
neutral and anionic forms of the pollutant in tieguid
phase are calculated as described for “A” model.

In the second DMM proposed by the researcherssorption
named “C” model, the total sorption is calculatgde

1
)

Cy (mg kg

Cy fmg kg™

in

the best conditions,
experimental data at pH 7 (to calculate the sompgicthe

because

of the phenolate) were available for the reseascher

The three DMMs were applied considering the

a relevant abundance of both the neutral and amnioni
fractions of the pollutants (pH 10 for phenol ard p

for 2-nitrophenol). The experimental data and the
isotherms calculated applying the above
described DMMs are shown in Fig. 3.
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Fig. 3: Sorption of phenol and 2-nitrophenol on<€antino, Asti 1 and Asti 2 soil samples calculdigdneans of
A, B and C DMMs and comparison with the experimedéda

Taking into account phenol sorption at pH 10 an th hypotheses may be confirmed by the fact that thg on
three soil samples, there is generally an agreemewtses in which the experimenta) Kalues are close to
between the experimental and calculated isothefims. the theoretical ones concerm eoreticaiyCalculated for
A model confirms its reliability considering Cresti@o  phenol at pH 7 on Crescentino and Asti 1 soils.
and Asti 1 soil, particularly for phenol at pH Hthough DMMs calculate the sorption of a certain HIOC as
the C model appears quite accurate in describirgisn ~ the sum of the neutral and ionic species contrijute
al low concentration values for 2-nitrophenol at fH considering an ideal coexistence of the procesHes.
Considering Asti 2 soil, the organic carbon content difference among the three DMMs is that “A” model
extremely low and adsorption becomes the mairhypothesizes the partitioning of the neutral palhitin
interaction mechanism, leading to a very promimert  soil organic matter, supposed homogenous, thus

linearity and to a non reliability of all the apgadi DMMs.  implying a linear isotherm, while “B” and “C” model
suppose interactions involving the heterogeneouis so
CONCLUSION organic fraction and mineral surface, thus implying

nonlinearity for all the pollutant species.

Actually the most important limit of LFERS is the The interactions between the considered pollutants

assumption that the sorption is due exclusivelyht and soil samples regard heterogeneous matrixearand
partitioning of the un-dissociated pollutant in Isoi P 9 9

organic fraction, thus ignoring adsorption and theypmbab_Iy maln_ly specific,  the active  sites reach
aren’t able to explain the nonlinearity of sorption saturation easily and a competition - may happen
phenomena. Moreover each LFER is derived from £€tween the neutral and phenolate species fordiea
definite set of experimental data, referred to gage  Sit€S on soil organic fraction and mineral surfabes
type of soil and analytical conditions. leading to a total sorption below the calculatetlea
Furthermore the calculation of the coefficients K considering separately the two contributes of thetral
theoreticalt) AN Ko, teoreticaliz) Presumes a  neglectable and ionic pollutants. The agreement between the
difference between the values referred to pH 4taed calculated and the experimental isotherms increfases
ones referred to pH 7, because both LFERs (Eq.d1 arhigher pollutant concentration values in the agseou
2) don’t consider the adsorption of the un-dissiecia Phase and for higher soil organic carbon content.
phenols and the pH dependence of these processes.
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