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The aim of this study was to evaluate the effects of the commercial organoclays, CLOISITE 30B, NANOFIL
804 and DELLITE 26C on soil eubacterial community. An enrichment test was carried out on Nutrient
Broth containing the organoclay and the microorganisms previously isolated from soil. Four transfers were
made, each after 7 days incubation. The molecular analyses on the eubacterial community were performed
before treatment and 7 days after each transfer. DNA was extracted, amplified with eubacterial primers,
finally analysed by amplified ribosomal DNA restriction analysis (ARDRA) and denaturing gradient gel
rganoclay
oil microflora
RDRA
GGE

electrophoresis (DGGE). The profiles of the samples treated with each organoclay showed the absence,
the appearance and an increase in the intensity of some bands. These bands were excised from the gels,
and the related microorganisms were identified by DNA sequencing, as Pseudomonas putida, Alcaligenes
xylosoxidans, Pseudomonas monteilii and Pseudomonas aeruginosa. NAN804 treatment did not have any
influence on soil eubacterial community, CLO30B had a slight toxic effect only on P. putida, instead the
DEL26C treatment had a stronger toxic effect on P. putida and a slight toxic effect on P. monteilii. Finally,

stim
all the tested organoclays

. Introduction

In recent years, organoclays have attracted great interest due
o their academic and industrial importance [1,2]. Organoclays
re an important type of modified clay material, which are syn-
hesized by introducing cationic surfactants such as quaternary
mmonium compounds (QACs) into the interlayer space through
on exchange [3,4]. As a result of the hydration of inorganic cations
n exchange sites, a clay mineral surface is hydrophilic, thus making
atural clays ineffective sorbents for adsorbing organic compounds
5,6]. The treatment of clays with cationic surfactants makes them
ydrophobic, increasing their adsorption capacity for organic pol-

utants characterised by low water solubility or polarity [7–9].
There are currently many applications for organoclays, which

an be used as precursors to nanocomposite formation or as sor-
ents in pollution prevention and environmental remediation, for
xample, in the treatment of spills, waste water and hazardous
aste landfills.
McBride et al. [10] were the first authors to report the abil-
ty of organoclays to sorb organics in water. They found the
orption of 2,4-dichlorophenoxyacetic acid (2,4-D) from aqueous
olution on Bentone 24, which is a montmorillonite ion exchanged

∗ Corresponding author. Tel.: +39 095 7580235; fax: +39 095 7141581.
E-mail address: cristina.abbate@unict.it (C. Abbate).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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ulated the growth of both A. xylosoxidans and P. aeruginosa.
© 2009 Elsevier B.V. All rights reserved.

with a dimethyl benzyl octadecyl ammonium ion. Many other
authors [11–15] have since confirmed that organoclays are good
sorbents in removing pesticides from water. Sanchez-Camazano
and Sanchez-Martin [12] reported a study of the adsorption of
azinphosmethyl and dichlorvos (organophosphorus pesticides) by
montmorillonites at different degrees of saturation with the cations
hexadecyltrimethylammonium, dodecyltrimethylammonium and
tetramethylammonium in aqueous media.

As regards soil, organoclays have been proposed for decontam-
ination purposes [16–18] and also as carriers for the controlled
release of pesticides to reduce the leaching process in soil and
minimize the risk of ground water contamination [19–22]. The
mobility of pesticides in soil is reduced by hydrophobic and polar
interactions between the agrochemical and the alkyl chains of the
organoclay. Undabeytia et al. [19] developed controlled release for-
mulations of the herbicide norflurazon by using organoclays. They
modified the surface of the clay mineral montmorillonite from
hydrophilic to hydrophobic by preadsorbing it with organic cations.
They found that formulations based on organoclays showed slow
release, reducing leaching and good herbicidal activity at the opti-
mal depth for weed control.

While the use of different types of organoclay as adsorbents for

organic pollutants is well known [23–25], few studies have been
performed regarding the influence of organoclays on the growth
and activity of microorganisms in soil [26]. Several authors [26,27]
have reported that cationic surfactants are toxic for many bacte-
ria, in particular, Nye et al. [26] described the inhibitory effect

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:cristina.abbate@unict.it
dx.doi.org/10.1016/j.jhazmat.2009.02.050
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Table 1
Characteristics of montmorillonites used.

Type of clay Commercial name Interlayer cations Modifier structure Producer Code

(CH3)N+(HT)

Montmorillonite CLOISITE 30B (CH2CH2OH)2 Southern Clay Products (USA) CLO30B

(CH3)N+(HT)

Montmorillonite DELLITE 26C (CH2CH2OH)2 Laviosa Chimica Mineraria S.p.A. (Italy) DEL26C

HN+(HT)
Montmorillonite NANOFIL 804 (CH2CH2OH)2 Süd-Chemie (Germany) NAN804

H

o
Q

r
b
o
8
fi
g

2

2

w
s
m
T
T
c

2

s
s
a
t

t
o
m
o
o
t
t

f
w

s

2

S

T, hydrogenated linear alkyl chains, R, C8–18.

f cationic surfactants on bacteria occurring in soils treated with
ACs.

Since the applicability of organoclays as adsorbents can be
estricted as a result of their being harmful to the bacteria responsi-
le for biodegradation, in this paper, we investigated the influence
f three different commercial organoclays (CLOISITE 30B, NANOFIL
04 and DELLITE 26C) on soil eubacterial community by ampli-
ed ribosomal DNA restriction analysis (ARDRA) and denaturing
radient gel electrophoresis (DGGE) approaches.

. Materials and methods

.1. Materials

The clays (CLOISITE 30B, NANOFIL 804 and DELLITE 26C) used
ere commercial organo-modified montmorillonites and were

upplied by Southern Clay Products (USA), Süd-Chemie (Ger-
any) and Laviosa Chimica Mineraria S.p.A. (Italy), respectively.

he characteristics of the modified montmorillonites are listed in
able 1. Sodium cloisite, a natural montmorillonite, was used as
ontrol.

.2. Enrichment culture

In order to isolate soil microorganisms, 10 g of soil were dis-
olved in 90 ml of sterile physiological solution (0.9% NaCl) and
tirred for 1 h. After centrifugation, the supernatant was used as
n inoculum in Nutrient Broth (Oxoid, Milan, Italy) and placed in a
hermostat at 30 ◦C to let it grow.

Straight after, in order to verify which microorganisms were able
o grow in presence of organoclays, an enrichment test was carried
ut as follows. The samples (50 ml of Nutrient Broth, 1 ml of fresh
icrobial culture, previously isolated from soil and 3 g of organ-

clay) were incubated aerobically at 30 ◦C in the dark on a rotary
scillator. After 7 days incubation, an aliquot of the samples was
ransferred to fresh Nutrient Broth containing the organoclay. Four
ransfers were made, each after 7 days incubation.

The molecular analyses on the eubacterial community were per-
ormed before treatment and 7 days after each transfer. Analyses
ere carried out twice for each treatment.

The above procedure was also carried out without clays and with
odium cloisite to perform two different control experiments.
.3. DNA extraction

DNA was extracted directly from 250 �l of the samples [28].
amples were homogenised in 1 ml of extraction buffer [100 mM
Tris, pH 8; 100 mM EDTA; 100 mM NaC1; 1% (w/v) polyvinylpyrroli-
done; 2% (w/v) sodium dodecyl sulphate] for 30 s at 1600 rpm in a
mini-bead cell disrupter. Cell debris was removed by centrifuga-
tion (5 min at 14,000 × g). Proteins were eliminated after sodium
acetate precipitation. Nucleic acids were precipitated with cold
isopropanol, then washed with 70% ethanol. DNA extracts were
purified with a polyvinylpyrrolidone spin column. The quality and
the integrity of the DNA was checked by electrophoresis on 1%
agarose gel.

2.4. Amplification of eubacterial 16S rDNA

The 16S ribosomal DNA (rDNA) fragments were obtained by
amplifying the DNA using the universal eubacterial primers p0f
(5′-GAG AGT TTG ATC CTG GCT CAG-3′) and p6r (5′-CTA CGG CTA
CCT TGT TAC GA-3′) as reported by Lane [29] in a PCR Px2 ther-
mocycler (Hybaid) to obtain a product of about 1.5 kb fragments.
The PCR conditions were: a hot start of 90 s at 95 ◦C; four cycles
consisting of 95 ◦C for 30 s, 57 ◦C for 30 s and 72 ◦C for 4 min; sub-
sequently, the annealing temperature was lowered by 2 ◦C until it
reached 55 ◦C for a further four cycles, and the final 14 cycles con-
sisted of 92 ◦C for 30 s, 50 ◦C for 30 s and 72 ◦C for 4 min, followed by
a final 10 min elongation at 72 ◦C and 10 min at 60 ◦C. The reaction
mixture contained 40 ng of DNA, 400 �M of each primer, 400 �M
of dNTP, 1.5 mM MgCl2 and 2.6 Units of Taq DNA polymerase in a
buffered final volume of 50 �l (Invitrogen). The PCR products, 5 �l
subsamples, were examined by electrophoresis on 1× TAE agarose
gel (0.8%, w/v) stained with ethidium bromide (0.5 �g ml−1), with
appropriate DNA size standards (Mass RulerTM, DNA Ladder Mix,
Fermentas) to evaluate the size and approximate quantity of the
generated amplicons. The length of the expected amplified frag-
ment was about 1.5 kb.

2.5. Amplification of eubacterial 16S rDNA fragments for DGGE
analysis

Eubacterial 16S rDNA was amplified using the primer sets GC-
968f (5′-CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA CGG
GGG GAA CGC GAA GAA CCT TA-3′) and 1401r (5′-GCG TGT GTA
CAA GAC CC-3′), as described by Felske et al. [30] to obtain prod-
ucts of about 450 bp. The DNA template (80 ng) was amplified with
5 Units �l−1 Taq DNA polymerase, 10 �M of each primer, 10 mM of

each dNTP, 10 mM of MgCl2, 500 �g ml−1 of BSA and reaction buffer
1× (Invitrogen) in a final reaction volume of 50 �l. The PCR condi-
tions were: 94 ◦C for 90 s, followed by 33 cycles at 95 ◦C for 20 s,
56 ◦C for 30 s, 72 ◦C for 45 s and a final extension step at 72 ◦C for
7 min. Amplicons were analysed as described above.
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DGGE gel of eubacterial community not treated with clays and
ARDRA gel of eubacterial community treated with sodium cloisite
are reported. Both analysis haven’t showed any difference in the
microbial consortium after the enrichments. Thus, we can suppose
68 C. Abbate et al. / Journal of Haza

.6. Amplified ribosomal DNA restriction analysis

The amplified 16S DNA products (400 ng) were digested for 3 h
t 37 ◦C with 10 U of HaeIII restriction endonuclease (New England
ioLabs). Restricted DNA was analysed by electrophoresis on 3.5%
garose gel at 30 V overnight and stained with ethidium bromide.
ands were detected from digital images (Polaroid Gel Cam, Elect;
olaroid Type 667 Film ISO 3000) by UV light gel transillumination
� 312 nm).

.7. Denaturing gradient gel electrophoresis

16S rDNA-DGGE was performed using the DCode System (Uni-
ersal Mutation Detection System, BIO-RAD). An amount of 300 ng
f amplicons was loaded in duplicate (top filling method) on 6%
olyacrylamide gel (acrylamide/bisacrylamide, 40%, 37.5:1; BIO-
AD) containing a denaturant gradient of 46–56% parallel to the
lectrophoresis direction made of urea and formamide (100%
enaturant contains 7 M urea and 40% formamide). Gels were elec-
rophoresed at a constant temperature (60 ◦C) and voltage (75 V) for
6 h, followed by 2 h coloration using SYBR Green I nucleic acid gel
tain 1:1000 diluted in the running buffer (FMC Bio Products, Rock-
and, ME, USA). Bands were detected from digital images (Polaroid
el Cam, Elect; Polaroid Type 667 Film ISO 3000) by UV light gel

ransillumination (� 312 nm).
Bands to be sequenced were excised from the DGGE gels, placed

n 50 �l sterile H2O and stored at −80 ◦C. Before PCR amplification,
he samples were thawed for 1 h at room temperature, frozen again
t −80 ◦C for 1 h and finally thawed at 4 ◦C overnight to elute the
NA fragments. The eluted DNA (2 �l) was used as a template in
CR amplification with the primer set 968f–1401r (without the GC
lamp).

. Results and discussion

Total DNA was directly extracted from the samples, 16S rDNA
ragments were amplified by PCR with eubacterial primers and
nalysed by ARDRA.

The restriction patterns of amplified eubacterial 16S rDNA
igested with HaeIII are shown in Figs. 1–3. In ARDRA gels, a total
umber of 10–12 bands were detected. Patterns proved to be very
imilar in terms of number and intensity of bands. However, the
rofiles of the samples after the second, third and fourth treat-
ent with each organoclay showed the appearance of some bands

Figs. 1–3, white box) and an intensification of others (Figs. 1–3,
lack box). At the same time, some faint bands present in the
amples before treatments disappeared after each organoclay treat-
ent (Figs. 1–3, striped arrows).
Furthermore, molecular analysis of the eubacterial community

as performed by PCR amplification of 16S rDNA genes from the
otal DNA of each sample and separation on parallel denaturing
radient gel by electrophoresis (Figs. 4–6). Both ARDRA and DGGE
esults showed a similar trend in the three organoclays tested.

Some common bands were detected in DGGE gels, for exam-
le, band 1 was present before and after the first, second and third
LO30B treatment, but it disappeared after the fourth (Fig. 4). The
ame band became very faint after the first DEL26C treatment and
isappeared soon after (Fig. 5) while it was not influenced by the
AN804 treatment (Fig. 6). The last DEL26C treatment caused the
isappearance of band 3 (Fig. 5), which, however, was not influ-

nced by the CLO30B (Fig. 4) and NAN804 treatments (Fig. 6).

In all DGGE patterns, band 2 appeared after the second treatment
ith each organoclay and remained stable until the end of the test.

inally, band 4, observed in all DGGE gels, appeared after the first
reatment and became more pronounced at the end of the test.
Fig. 1. ARDRA gel of eubacterial community treated with CLOISITE 30B.

Bands 1, 2, 3 and 4 were identified by DNA sequencing (Biodi-
versity s.r.l., Brescia, Italy) using NCBI library as Pseudomonas putida
(96%), Alcaligenes xylosoxidans (98%), Pseudomonas monteilii (100%)
and Pseudomonas aeruginosa (88%), respectively.

The effects of each organoclay on the identified microorganisms
are summarized in Table 2.

Two control experiments without clays and with sodium cloisite
were performed to verify if the results, mentioned above, were
due to the presence of organoclays. In Figs. 7 and 8, respectively,
Fig. 2. ARDRA gel of eubacterial community treated with DELLITE 26C.
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Fig. 3. ARDRA gel of eubacterial community treated with NANOFIL 804.

hat the microorganisms identified above are influenced only by
rganoclay effects.

P. putida and P. aeruginosa are two of the most important fluo-
escent species [31]. P. aeruginosa is the type species of the genus
seudomonas and is a typical opportunistic pathogen [32]. P. putida
s particularly interesting because recently, on the basis of a great

eal of research, workers have described its role in aromatic hydro-
arbon degradation [33–35].

Elomari et al. [36] proposed the name P. monteilii for a new
pecies of aerobic, Gram-negative, rod-shaped, nonspore-forming,

Fig. 4. DGGE gel of eubacterial community treated with CLOISITE 30B.
Fig. 5. DGGE gel of eubacterial community treated with DELLITE 26C.

motile bacteria. The strains of P. monteilii produce fluorescent pig-
ments, catalase and cytochrome oxidase, and possess the arginine
dihydrolase system. They are capable of respiratory but not fermen-
tative metabolism.

Finally, A. xylosoxidans, formerly known as Achromobacter
xylosoxidans, is a nonfermenting Gram-negative bacillus found in
soil and water. Strains of A. xylosoxidans produce flat, spreading and
rough colonies and have peritrichous flagellae. They are oxidase-
positive, catalase-positive, oxidize glucose to produce acid and (as
the species name indicates) oxidize xylose readily.
The tested organoclays showed both toxic and stimulatory
effects toward some microorganisms.

In fact, after the first DEL26C treatment, P. putida became too
faint to be detected in the gel. In CLO30B treatment, the same bac-

Fig. 6. DGGE gel of eubacterial community treated with NANOFIL 804.
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Table 2
Effects of organoclays on microorganisms identified in this study.

CLOISITE 30B treatments DELLITE 26C treatments NANOFIL 804 treatments

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Pseudomonas putida
√ √ √ × √ × × × √ √ √ √

Alcaligenes xylosoxidans × √ √ √ × √ √ √ × √ √ √
P
P
√
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(PCNB) (100 ppm) as its sole carbon source. Reinecke et al. [46]
found that A. xylosoxidans, isolated from sewage sludge, used the
synthetic chelating agent iminodisuccinate (IDS) as its sole carbon
source for growth and was able to degrade it. The mechanism by
seudomonas monteilii
√ √ √ √ √

seudomonas aeruginosa
√ √ √ √ √

, band detected in the gel; ×, band not detected in the gel.

erium hasn’t been detected after the last application. P. monteilii
as only slightly influenced by the presence of DEL26C. In DGGE gel,

he corresponding band disappeared only after the last application.
Our results are in agreement with those of Masuda et al.

37], who reported the ability of P. monteilii to persist even in
nfavourable growth conditions. They isolated a strain of P. monteilii
rom field, sewage and pond water samples, which was tolerant to
nd degraded bisphenol A (BPA), a highly biotoxic compound, which
ills many microorganisms at a low concentration (1000 ppm).
asuda et al. [37] demonstrated that this strain was able to grow

n a minimum medium containing BPA as the sole carbon source.
However, there are several studies, which, in accordance with

ur results, also support the toxicity of organoclays. He et al. [38]
nd Yang et al. [39] reported the synthesis of a series of new
rganoclays with antibacterial activity using Ca-montmorillonite
nd the cationic surfactant chlorhexidine acetate by ion exchange.
hlorhexidine acetate is a bisbiguanide antiseptic and disinfectant,
hich is bactericidal or bacteriostatic against a wide range of Gram-
ositive and Gram-negative bacteria [40]. Herrera et al. [41] have
evealed that several montmorillonite clays, exchanged with the
ationic surfactant cetylpyridinium (CP), are able to adsorb and
nactivate bacteria in aqueous solution. The antimicrobial activ-
ty of CP is due to its ability to alter the permeability of cellular

embranes allowing intracellular ions and low-molecular-weight

etabolites to diffuse out [42].
The antibacterial properties of QACs have been known for a long

ime and are closely linked with the chemical properties of cationic
urfactants. They are positively charged and are attracted to neg-

Fig. 7. DGGE gel of eubacterial community not treated with clays.
√ √ × √ √ √ √
√ √ √ √ √ √ √

atively charged substances such as bacterial proteins essential for
the structure and enzymatic activities of the cell. QACs denature
these proteins exerting their antibacterial activity.

On the other hand, organoclay treatments showed a selective
pressure toward other microorganisms. All DGGE gels highlighted
that the growth of A. xylosoxidans was stimulated after the second
treatment, suggesting that this microorganism uses the cationic
surfactants as carbon and energy sources. Our results agree with
those reported by other authors regarding the ability of this bac-
terium to use different substrates as its carbon and energy sources.
In fact, Erdlenbruch et al. [43] found that this bacterium was the first
organism able to use ethanesulfonate as its sole source of carbon
and energy. It also grew with unsubstituted C3–C5 alkanesulfonates
and isethionate. In addition, Jenčová et al. [44] reported that A.
xylosoxidans, isolated from soil contaminated with polychlorinated
biphenyls (PCBs), was able to use 2-clorobenzoate (2-CB) and 2,5-
dichlorobenzoate (2,5-DCB) as its sole sources of carbon and energy.
Shin et al. [45] isolated this bacterium from agricultural soil, and
found it was able to utilize and grow on pentachloronitrobenzene
Fig. 8. ARDRA gel of eubacterial community treated with sodium cloisite.
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hich IDS is cleaved has not yet been identified but the authors
upposed a cleavage mechanism catalyzed by monooxygenases or
yases.

Finally, A. xylosoxidans is an ubiquitous bacterium present in soil
nd water, able to degrade xenobiotics and potentially other persis-
ent chemicals in the environment. For this reason, it could be useful
n bioremediation processes.

Each organoclay used in this study caused a selective pressure
oward the microorganism P. aeruginosa. The corresponding band
n DGGE gels appeared more evident after the last organoclay appli-
ation. Texier et al. [47,48] showed that it may be possible to use
ells of P. aeruginosa to remove and separate lanthanide ions from
queous effluents. These bacterial cells enabled rapid removal of
anthanide ions and showed high affinities at low metal ion con-
entrations.

Finally, since CLO30B and DEL26C are modified by the same
ationic surfactant, we gather that the slight difference in their
ehavior toward soil microorganisms is attributable to the different
echniques used in the preparation of organoclays.

Instead, the presence of H in place of CH3 in the organic cation
f NAN804 seems to be important in avoiding the toxic effect of this
rganoclay on soil microorganisms.

. Conclusions

Three commercial organoclays were chosen for this study and
heir effect on the eubacterial community was investigated. Based
n the results of the present study, the following conclusions can
e drawn.

In terms of toxicity, the NAN804 treatment did not have any
nfluence on soil eubacterial community, CLO30B had a slight toxic
ffect only on P. putida, instead the DEL26C treatment had a stronger
oxic effect on P. putida and a slight toxic effect on P. monteilii. It is
ossible to hypothesize that the presence of cationic surfactants,
sed to modify the montmorillonites, produced this toxic effect.

On the other hand, all the tested organoclays stimulated the
rowth of both A. xylosoxidans and P. aeruginosa. We can suppose
hat the small amount of cationic surfactants (5 wt%) was not toxic
n this case but that these two microorganisms probably used such
ationic surfactants as a carbon source to support their growth.

The microorganisms, identified in this study, are common in soil
r water playing an important role in decomposition, biodegrada-
ion and the carbon and nitrogen cycles. They are able to utilize a
ide range of carbon sources, including molecules, such as xeno-

iotics, which few other organisms can break down. Consequently,
hey are important organisms in bioremediation.

Therefore, we conclude that, as the organoclays tested can both
nhibit and stimulate the various microorganisms involved in biore-

ediation, it is important to perform further specific studies in
rder to identify which microorganisms are responsible for the
egradation of each particular xenobiotic.

eferences

[1] F. Bergaya, G. Lagaly, Surface modification of clay minerals, Appl. Clay Sci. 19
(2001) 1–3.

[2] S.S. Ray, M. Okamoto, Polymer/layered silicate nanocomposites: a review from
preparation to processing, Prog. Polym. Sci. 28 (2003) 1539–1641.

[3] N.M. Soule, S.E. Burns, Effects of organic cation structure on behavior of
organobentonites, J. Geotech. Geoenviron. Eng. 127 (2001) 363–370.

[4] D. Chaiko, PCT Int. Appl., University of Chicago, USA, 2002, p. 24.
[5] C.L.V. Jose, V.F.J. Kozievitch, F.R.V. Diaz, P.M. Buechler, Estudo da adsorção de

fenol por bentonitas organofílicas, in: Congresso Anual da ABM Internacional,

São Paulo, 2002, pp. 1353–1360.

[6] J.H. Kim, W.S. Shin, Y.H. Kim, S.J. Choi, Y.W. Jeon, D.I. Song, Sequential sorption
and desorption of chlorinated phenols in organoclays, Water Sci. Technol. 47
(2003) 59–64.

[7] S. Xu, G. Sheng, S.A. Boyd, Use of organoclays in pollution abatement, Adv. Agron.
59 (1997) 25–62.

[

[

Materials 168 (2009) 466–472 471

[8] S.A. Boyd, M.M. Mortland, C.T. Chiou, Sorption characteristic of organic com-
pounds on hexadecyltrimethylammonium-smectite, Soil Sci. Soc. Am. J. 52
(1988) 652–657.

[9] S.A. Boyd, S. Shaobai, J.F. Lee, M.M. Mortland, Pentachlorophenol sorption by
organo-clays, Clays Clay Miner. 36 (1988) 125–130.

[10] M.B. McBride, T.J. Pinnavaia, M.M. Mortland, Adsorption of aromatic molecules
by clays in aqueous suspension, in: Preprints of papers, Presented at the
National Meeting of the American Chemical Society, Div. of Environmental
Chemistry, 1975, pp. 44–46.

[11] M.C. Hermosin, J. Cornejo, Binding mechanism of 2,4-dichorophenoxyacetic
acid by organoclays, J. Environ. Qual. 22 (1993) 325–331.

12] M. Sanchez-Camazano, M. Sanchez-Martin, Organo-clays as adsorbents for
azinphosmethyl and dichlorvos in aqueous medium, Water Air Soil Pollut. 74
(1994) 19–28.

13] M.C. Hermosiın, A. Crabb, J. Cornejo, Sorption capacity of organo-clays for
anionic and polar organic contaminants, Fresenius Environ. Bull. 4 (1995)
514–519.

[14] M.C. Hermosin, M.M. Socias-Viciana, J. Cornejo, Removing prometrone from
water by clays and organo clays, Chemosphere 37 (1998) 301–318.

[15] O. Pantani, S. Dousset, H. Schiaron, P. Fusi, Adsorption of isoproturon on
homoionic clays, Chemosphere 35 (1997) 2619–2626.

[16] R. Celis, W.C. Koskinen, A.M. Cecchi, G.A. Bresnahan, M.J. Carrisoza, M.A.
Ulibarri, I. Pavlovic, M.C. Hermosin, Sorption of the ionizable pesticide
imazamox by organo-clays and organohydrotalcites, J. Environ. Sci. Heal. B 34
(1999) 929–941.

[17] M.J. Carrizosa, M.C. Hermosin, W.C. Koskinen, J. Cornejo, Dicamba adsorption –
desorption on organoclays, Appl. Clay Sci. 18 (2001) 223–231.

[18] M.S. Andrades, M.S. Rodriguez-Cruz, M.J. Sanchez-Martin, M. Sanchez-
Camazano, Effect of the modification of natural clay minerals with
hexadecylpyridinium cation on the adsorption–desorption of fungicides, Int.
J. Environ. Anal. Chem. 84 (2004) 133–141.

[19] T. Undabeytia, S. Nir, B. Rubin, Organo-clay formulations of the hydrophobic
herbicide norflurazon yield reduced leaching, J. Agric. Food Chem. 48 (2000)
4767–4773.

20] A. Nennemann, Y. Mishael, S. Nir, B. Rubin, T. Polubesova, F. Bergaya, H. van
Damme, G. Lagaly, Clay-based formulations of metolachlor with reduced leach-
ing, Appl. Clay Sci. 18 (2001) 265–275.

21] M.J. Carrizosa, M.C. Hermosin, W.C. Koskinen, J. Cornejo, Use of organosmectites
to reduce leaching losses of acidic herbicides, Soil Sci. Soc. Am. J. 67 (2003)
511–517.

22] R. Celis, G. Facenda, M.C. Hermosin, J. Cornejo, Assessing factors influencing the
release of hexazinone from clay-based formulations, Int. J. Environ. Anal. Chem.
85 (2005) 1153–1164.

23] M.C. Hermosin, J. Cornejo, Removing 4,4-D from water by organo-clays, Chemo-
sphere 24 (1992) 1493–1503.

24] S.A. Boyd, J.F. Lee, M.M. Mortland, Attenuating organic contaminant mobility
by soil modification, Nature 333 (1988) 345–347.

25] D.M. Montgomery, C.J. Sollars, T.S. Sheriff, R. Perry, Organophilic clays for the
successful stabilization/solidification of problematic industrial wastes, Environ.
Technol. Lett. 9 (1988) 1403–1412.

26] J.V. Nye, W.F. Guerin, S.A. Boyd, Heterotrophic activity of microorganisms in
soil treated with quaternary ammonium compounds, Environ. Sci. Technol. 228
(1994) 944–951.

27] W.F. Guerin, S.A. Boyd, Bioavailability of naphthalene associated with natural
and synthetic sorbents, Water Res. 31 (1997) 1504–1512.

28] F. Martin-Laurent, L. Philippot, S. Hallet, R. Chaussod, J.C. Germon, G. Soulas,
G. Cautroux, DNA extraction from soils: old bias for new microbial diversity
analysis methods, Appl. Environ. Microbiol. 67 (2001) 2354–2359.

29] D.J. Lane, 16S/23S rRNA sequencing, in: E. Stackebrandt, M. Goodfellow (Eds.),
Nucleic Acid Techniques in Bacterial Systematics, John Wiley & Sons, Chichester,
UK, 1991, pp. 115–175.

30] A. Felske, H. Rheims, A. Wolterink, E. Stackebrandt, A.D.L. Akkermans, Ribo-
some analysis reveals prominent activity of an uncultured member of
the class Actinobacteria in grassland soils, Microbiology 143 (1997) 2983–
2989.

31] N.J. Palleroni, Introduction to the family Pseudomonadaceae, in: A. Balows,
H.G. Trüper, M. Dworkin, W. Harder, K.H. Schleifer (Eds.), The Prokaryotes. A
Handbook on the Biology of Bacteria: Ecophysiology, Isolation, Identification,
Applications, Springer-Verlag, New York, 1992, pp. 3071–3085.

32] K. Botzenhart, H. Ruden, Hospital infections caused by Pseudomonas aeruginosa,
Antibiot. Chemother. 39 (1987) 1–15.

33] M.B. Leddy, D.W. Phipps, H.F. Ridgway, Catabolite-mediated mutations in alter-
nate toluene degradative pathways in Pseudomonas putida, J. Bacteriol. 177
(1995) 4713–4720.

34] N.G. Love, C.P. Leslie Grady, Impact of growth in benzoate and m-toluate liquid
media on culturability of Pseudomonas putida on benzoate and m-toluate plates,
Appl. Environ. Microbiol. 61 (1995) 3142–3144.

35] K. O’Connor, C.M. Buckley, S. Hartmans, A.D.W. Dobson, Possible regulatory role
for nonaromatic carbon sources in styrene degradation by Pseudomonas putida
CA-3, Appl. Environ. Microbiol. 61 (1995) 544–548.
36] M. Elomari, L. Coroler, S. Verhille, D. Izard, H. Leclerc, Pseudomonas monteilii
sp. nov. isolated from Clinical Specimens, Int. J. Syst. Bacteriol. 47 (1997) 846–
852.

37] M. Masuda, Y. Yamasaki, S. Ueno, A. Inoue, Isolation of bisphenol A-
tolerant/degrading Pseudomonas monteilii strain N-502, Extremophiles 11
(2007) 355–362.



4 rdous

[

[

[
[

[

[

[

[

[

72 C. Abbate et al. / Journal of Haza

38] H. He, D. Yang, P. Yuana, W. Shen, R.L. Frost, A novel organoclay with antibacte-
rial activity prepared from montmorillonite and chlorhexidini acetas, J. Colloid
Interf. Sci. 297 (2006) 235–243.

39] D. Yang, P. Yuan, J.X. Zhu, H.P. He, Synthesis and characterization of antibacterial
compounds using montmorillonite and chlorhexidine acetate, J. Therm. Anal.
Calorim. 3 (2007) 847–852.

40] Martindale, The Complete Drug Reference, Pharmaceutical Press, London, 1999.
41] P. Herrera, R.C. Burghardt, T.D. Phillips, Adsorption of Salmonella enteritidis by

cetylpyridinium-exchanged montmorillonite clays, Vet. Microbiol. 74 (2000)
259–272.

42] J.J. Merianos, Quaternary ammonium antimicrobial compounds, in: S. Block

(Ed.), Disinfection, Sterilization, and Preservation, Lea and Febiger, Philadelphia,
1991, pp. 225–255.

43] B.N.S. Erdlenbruch, D.P. Kelly, J.C. Murrell, Alkanesulfonate degradation by
novel strains of Achromobacter xylosoxidans, Tsukamurella wratislavensis and
Rhodococcus sp., and evidence for an ethanesulfonate monooxygenase in Achro-
mobacter xylosoxidans strain AE4, Arch. Microbiol. 176 (2001) 406–414.

[

Materials 168 (2009) 466–472
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