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Abstract

Sorption of chlorinated pesticides such as 2,4-dichlorophenoxyacetic acid (2,4-D) and atrazine onto natural clays
(montmorillonite and zeolite) modified with cationic surfactant, hexadecyltrimethyl-ammonium (HDTMA) and a natural soil
was investigated using batch adsorbers. The clays were transformed from hydrophilic to hydrophobic by the cation exchange
between clay surface and HDTMA up to 100% of the cation exchange capacity (CEC). Physicochemical characteristics of
the sorbents such as pH, PZC (point of zero charge), organic carbon content (f), fourier transform infrared spectroscopy
(FT-IR), differential thermogravimetric analysis (DTGA) and X-ray diffraction (XRD) were analyzed. Sorption isotherm
models such as Freundlich and Langmuir were fitted to the experimental data, resulting Langmuir model (R2 > 0.986) was
fitted better than Freundlich model (R* > 0.973). Sorption capacity (Q") for 2,4-D and atrazine was in the order of
HDTMA-montmorillonite > HDTMA-zeolite > natural soil corresponding to the increase in organic carbon content (foc). The
sorption of the pesticides was also affected by pH. The sorption of 2,4-D decreased with the increase in pH, whereas that of
atrazine was not changed. This indicated that the sorption capacity (Q°) of 2,4-D and atrazine was not affected by the
solution pH because they exist as anionic (deprotonated) forms at pH above pKa. The results indicate that organoclay has a
promising potential to reduce chlorinated pesticides in the effluent from golf courses.

Key Words : 2,4-D, Atrazine, Organoclay, Pesticide, Sorption

O] Pe= EAsto] A7ITte] AA e HPozA 2
A, 75, e B A|skR e HEo| o8t
o] $2719] 9 ¢S ZagltHCarter, 2000). F2Fo] &
FUAe} & = EoF ol =2k, o]
S RIS Foko] SE(ERD, Y, ASAE E
ol IS vE 4= JloBE FAFY F

SIEEe] Anan PSS SOk, 53] 87
4] 5ok B 9 AT BAelA Bl oy
A

o
EAjete] mop] -3 B

o o

bound residue

*Corresponding author : Won Sik Shin, Department of Environ-
mental Engineering, Kyungpook National University, Daegu
702-701, Korea

Phone: +82-53-950-7584

Email: wshin@mail .knu.ac.kr

[3F aglo] ErKCelis 5, 1999). = T3] 4=
87t 7ol weh Z=Ao] et g Host
7] 9I3F ohe] FOF ARG = BT A 5o @
HEAIE oF7IA713L, B Yo7t QIA| W A A



186 HA) - 21914

o thsto] Hztet FaFE e 4= At whekA ==
ol AaE woFo] fE2 Addsl| fIe Aol &
/0] =z glek

AR DESHA| AL Q= AJskee A2 5
=A] RS- 3 X)|(Permeable Reactive Barrier, PRB) 3+
2 i A& Ao o8 Bl 9lem() 5, 2007),
Y59 A|(biobarrier)(Kao 2} Lei, 1999; Kao 5, 2003a,
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Usiole 297} Hot SRS o) ko 3
50l o) akso] Wolxj EAHol UThTt 5
2002). #<Lo= montmorillonite, zeolite 51} 72
AAFES A7 o2 M3t f71& AlA o]
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acid(2,4-D, Aldrich Chemical Co., 98%), atrazine
(Supelco Co., 98%)5 AME-sII o™, E|atehd &
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F7IHEE o83 71 94A 52(2,4-D, atrazine) 2.4 A7F 187

Table 1. The physicochemical characteristics of 2,4-D and atrazine(SRC PhysProp Database)

2,4-D

Atrazine

¥

Molecular

CH

o

c *N

structure

uctu CH, NI =

HSCJ\NF\LNA\CI
]

Molecular formula CsHeCLO3 CsH;4CINs
Molecular weight 221.04 215.68
log Ky 2.81 2.61
pKa 2.73 1.7
Solubility (mg/L) 677 34.7
Henry's constant 36109 263 %10°

(atm'm’/mol)

Q1704 422 A= -7 EHDTMA-
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2127 22 F A2 25 mLe| D o)
200 rpmof|A] 7Y 52t shakingdlt F 3,000 rpmof| A
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+ atrazine -8N-& A& ok (k25 m)olA HE
218 olga) AAERS 48T f7IHEL 24417
9 FAAIZITE F2H T 2,000 pmollA 2054 14
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2,4-D9] %7]5%E+E= 100 mg/LOZ, atrazine?] 27|
Sr= 15 mg/Lo & 77 143t th2, 0.1 M HCl13}
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& 2ATES M B4
FE0| 22 XRD #4553l d-spacing 24 0] 715
SFA|EL, zeolite= w|A|thE2] A4 A aluminosilcate
(microporous crystalline aluminosilicates) G-ZZ A
AFHA| SEZ(framework), 9Fo|L, &M EX}2 1A
Eoj(Roy 5, 1999) S87-2E5 7HAIAL Q1A &7
=ofl "tA =S Uetl= d-spacing £40] E7F5

ST
Montmorillonite @] TAZIA gl= ¢Fol2 AHEAIA|
9] AFQi(intercalation) © =2 13]| WA= F718HA|
H, 411EE Qpolee] o] FrhE4E BHE 5
7}8174] Bt Chen £, 2005; Zhu £, 2008). XRD X
4 A3} montmorillonite= H7H# 2] & Ve += peak
7} ZARZE 594004 14.843 A, HDTMA-
montmorillonite= =% 7} 49104 17.962 AZE U}
Eht Z+2+9] d-spacing©] 1.484 nm, 1.796 nm?] #1-2
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Fig. 1. XRD patterns of montmorillonite and HDTMA-
montmorillonite.
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74$-3,100~3,700 cm™ ]| 4] peak 7} LFEFGIT) 5
Shukla 5(2009)-2 natural zeolite©]] T3+ FT-IR 4]
A3}, O-H stretching region2] 7 1,500~1,627 cm™
7} 3,380 cm™' o] A peak©] =] girk. B ¢151] 7
© H-O-H bending region< 1,630 cm™', O-H

100
—_—— HDTMA-Zeolite
———— Zeolite
HDTMA-Montmorillonite
80 o ceeeeeees Montmorillonite
< N P T - ey
- T~ .
QC, N \J/.'/N\..\..\“-"\.. S /I;/"",'/‘]!'_
% 60 N/ N \\//! l
8 N =
£ -
@ 40
g
20 A h
[~~3620 cm™ ™ 1630 cm™
0 T T T T
4000 3000 2000 1000 0

Wavenumber (cm'1)

Fig. 2. FT-IR spectra of natural clays and organoclays.
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7 LFehbA] QRgH=t) ol AWERA| A A
gt HAME AL & olFoFSE ouRith
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Fig. 4. DTGA analyses of natural clays and organoclays.
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pH= 3.6, HDTMA-zeolite 2] pH+= 4.8 2 UERL} 7}
Zof w2 pH ¥3h= LEREA] 28t

A Feksel oleke W 24 A
Table 20 YER L HAHES] 9 Feha 4
7€ SRS 0.05wt% uREeZE o] 3}glo
HDTMAZ 7jdat ¥ Sehao} g7leke gigo
HDTMA-montmorillonite= Z+Z} 10.91%%} 7.71%,
HDTMA-zeolite'= 2.76%2} 2.03% 2 LFeRL} 7|24
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Table 2. Physicochemical properties of the sorbents

Total Organic

Sorbents pH Carbon Carbon

(Wt%) (Wt%)
Natural Soil 4.88 0.95 0.72
Montmorillonite 3.24 0.05 0.05
HDTMA-Montmorillonite ~ 3.62 10.91 7.71
Zeolite 4.88 0.05 0.04
HDTMA-Zeolite 4.90 2.76 2.03

T2 &) D79 574 AFE Fig Sl UERi
o} AAAEFE] - G717 pH 5ol UeheE
2 4= Qi Abollino 5(2008)-2- montmorillonite 2] <
7HA917F pH 2,52} Harstelom, 2 52w g7t
7917} pH 2~3 9| A LrefL} Ad3idtel dAjshe A
oF = SISt ol AHE A2 7 E%E HDTMA-
montmorillonite2] 7-¢ 7} L7} pH 1 Z]ollA]
UEPdS 72 & 4= 9Jt}. Reymond 2} Kolenda(1999)
= zeolite®] F7FAL7 pH 42, Apiratikul7}
Pavasant(2008)=pH 3 o|3}= X115t v} gich 2 &
T3} zeolite®] F7HA9= pH 3~42 HEhd A3
A7 Ae} AAsHs AL ¥ 4 AT HDTMA-
zeolite®] 9 471517} pH 2 o]31e] 702 Uikt
o ZEH O ol AR /1 ET HDTMA-
montmorillonite, HDTMA-zeolite X% 7j-A<Y]
montmorillonite 2} zeoliteo] H|3} ¥ pHoJlA 7}
A9 Uhehe & 4 glek
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Fig. 6. Sorption isotherms of 2,4-D onto the sorbents.

9K=1,239 mg/kg)?] O & YUEREOH, atrazine:=
24-D9]  ZAHLel w2  HDTMA-mont-
morillonite(=2,392 mg/kg) > HDTMA-zeolite(=1,009
mg/kg) > AFHE =206 mg/kg) 2| A= LER OF
ol AMEAAZ A 718 E] 45 50] Aol
Eopurh o woluk Ao Uelyity

2,4-D 9] 7% Freundlich 29 9] Kr 7H-& H] W 3j|E
H HDTMA-montmorillonite (=485.6 (mg/kg)/
(mg/L)") > HDTMA-zeolite(=914.1 (mg/kg)(mg/L)")
> A EF(=8.2445 (mg/kg)/ (mg/L)")
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Fig. 7. Sorption isotherms of atrazine onto the sorbents.

o] o7 VERFOH, atrazine?] 7% HDTMA-
zeolite(=144 (mg/kg)/(mg/L)") > HDTMA-montmorillonite
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Table 3. The Freundlich and Langmuir model parameters for sorption of 2,4-D and atrazine onto the sorbents

Pesticide Sorbents X FreunNdlich & Q,, Lanimuir &
R A I
2D olnte @id cooiry P2 Goss  woon O
e oy ooy % amy oo OO
Vel woss ooy ™0 s ooy %%
Atrazine moStElTolr\ﬁﬁ)-nite (597.417) (36.7(?35708) 09968 (3533.26) (569506;)7) 09976
A

* Number in the parenthesis indicates standard error. Units: Kr = (mg/kg)/(mg/L)N, N = dimensionless, Qo =mg/kg and b = L/mg.
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Fig. 8. Relationship between sorption capacity and octanol-

water partition coefficient (Kow).
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Fig. 9. Effect of pH on the sorption of 2,4-D.
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Fig. 10. Effect of pH on the sorption of atrazine.

pH Hslo] W o4 f{rektzel ZAFH
(speciation) 2] H3}= Henderson-Hasselbalch 2]of 2]3}

e 4= ek

[47]
HA] )

pH=pK, +log

o]714] pKa = AF sll2}4=(acid dissociation constant),
[A] = 50]29 F5, [HA] = 44 s=5 2
2t ojulgict pa — pHY 1) AHAcid)et 7]
(conjugated base)7+2] H|7} ZoH, pH < pKa¥d
OEE A E A (neutral) o] FE|Z ZA|51H, pH >
pKadd wf o2 Zo]2(anion)o] Fej= EA5HA
FItH(Sparks, 2003; Stapleton 5, 1994).

Henderson-Hasselbalch Alof] w2, o|2% o0&
2,4-D 9] 732 pH 4 o]Ao]| A, atrazine 2] 73-$-pH 3 ©]
oAl 98% o)ifo] gol =02 EXehA At 2 A
TN SAEe ARl AHSE o] pHE 4-59)
Holo|m 2 2,4-De} atrazine o] T o] Zol2o0 =2
AP Hm e F o] e goles] 22
of oJaf olo] )7 Hrk

ek TR H9IE 2R o &4, OH)
o] ghgEel 75} S onic strength, o] FTL

Hh=d|(Van Olphen, 1991), Appel 5(2002, 2003)2]
=0l ok EFe] k= pHell whet ol
2, 2012, 45 gA "ok & AolA HAdE
o] o] Fol AHEA = 7ol w2t F7F
AL Ropx 2 22| 0| ofol shd dU®
7} 34l Fol2 spAd ot F7kehA Hotk whet
A, ol 24 713RHE Y] A olo] ofd S0l
o] f2fo] AN golsfd Aor ATRHEHHH 5,
2003). L&} Fig. 5olA & 4= Qlo] & A5t A]
ARG 2| 9] F7H 1= pH 2 ofsto] L& pH 2
ool A 2 S FHSHE Hu R J7He7)
Solaleg Seatere] 71 Ao PEA, 4
2 gl o] pH7} 4~52 2,4-D2} atrazineo] TfFE 2
olom EAfalr] tEo] pHol Tk s=xake] 2jo]
7} 2] gke A o 2 Atz E ) Kim 5(Kim 5, 2001;
Kim 5, 2005; Stapleton 5, 1994)2 o|2A] 57|35}
HEH(0Cs) 9] 79 F/d#A= HDTMA &Fo]9] 11
EFekas A|919) F-3(conglomeration)fl &fsf &g
%l 2JARG-7]AK(pseudo-organic phase)ol] 3ZF Hul)
(partitioning) WF+= -8-3f(dissolution)of] 23} =2+
(sorption)©] o] FofA|m, Zo]L A= o] SJAMT]
Aro] 221 FH(two-dimensional surface)of tf gt &
M5 2K surface adsorption)o] oJ3] 4=2}o] o]F0{%l
o} Yotk webA] pH 2-72] HSlolA] TR go)
29| | = EAY )= 2,4-De} atrazine &] -F-7]| A E 0
ofet ke f7 1 ES] SARG Aol e 249 3

oz grlsRlEAe G/1HE et 2ahe Ha
(adsorption) ¥} F-fj(partitioning) 2 U=s 4= =1,
2l Gy AE 5 A(linear isotherm), E2F &t
= H]A41E 5-2Al(nonlinear isotherm)o 2|3l T3 %
tHZhu 5, 2000). & A& 23} Freundlich =& N
ZH0.48-082)0l14 & % Y=0] 43 L Ae A
FOoE Yt f71-Ee] it 2,4-De} atrazine 9]
ke B} ofet 22 714 el ok} ¢
14 sewlol] ojgh 24190 B30 of) olihs A
B}eI%t 4= QITtHKim 5, 2005).

N



F7IHEE o83 71 94A 52(2,4-D, atrazine) 2.4 A7F 195

S
my

L=

oN

AT Fore] §ER AT 2.E A7)
A3l 57174 E(organoclays) 2] E2]3}sH4Q] £
Fotar, 2-2pise] ), 424l w1 ol

o

1

rO

A
L pH %% 52 3751l heat g A

HEOROEIILLFI'E

o 1o dlo N

R
Ak
1. AAYEQ ErdRi)o]EQL Al Lalo|ES oF
o] & AWIAAHDTMA)Z 7§83 & XRD,
FT-IR, DTGA, Y4547 So2 Bajet A1}
o] FZEHAl A=A sk A
A Z159] pH o7 gl ACR YERte
L 97 A 5 soprl Aoz yepyitt.
E3h A F GRS frlgase Ad
=g A E vjaf o 2 A= yEhyith

2. 2,4-D&} atrazine 2] 5242} A& A3= Freundlich
RElul Langmuir BY2 FA%E 3 Aat
Langmuir Z2(R* > 0.99)0] Freundlich &g
(R*>0.97) 5T} o 235t Ao & Uepyrh 4
2 2 E22)0')-2 HDTMA-montmorillonite
(2,4-D = 39,569 mg/kg, atrazine = 2,392 mg/kg)
> HDTMA-zeolite(2,4-D = 19302 mgkeg,
atrazine = 1,009 mg/kg) > AAENH2,4-D =
1,239 mg/kg, atrazine = 206 mg/kg)2] A2
B o2 Ushted, o Faiel £

B (o2 B7F 3 QAshch.
log Ko 7] 2 2,4-D2] Langmuir 2&o] 0°
753} Freundlich =21 9] K- 7}0]| atrazine X .t} &
A et f7129E4 9 log Kow BEO] 2
= %7];(—1;01]_4 /\zl—ako] 17}0}_‘: Hog 14_
epge.

w
it

B84 AROIA] ALGEL 5-800] pHiz 4-5
o] g 24-D(pKa = 2.73)9} atrazine(pKa =
78] pKa ZF Bt} =0} 2,4-D2} atrazine TjF-

—

& Fol2oR A Hvt. Eot pHO| JF
AgellM ARSE 8] pHe 27015

2,4-D¢} atrazine©| T 20]2.0 2 ZA|51A

Hlos ate] e golee] oit 2
ek, 1 A7} pH wisle] whe 42te] z}
oli= mlnjg Ao e, o= % o B
5 Aol AMSE pH 9] Ul T &
ole.0z EAElel 7Rl thet e &
714 ol HDTMA oo} 28] 71 Bhalsss 4|
219] B-%(conglomeration)of] 2|3} A4%E A}
71 (pseudo-organic phase)ol] thot 32} &
Hlj(partitioning)7} ofUz} 2x}d  EHH(two-
dimensional surface)of] S&}+=]7] W2 o2 Al

ek

Al 2

& s AEA GRS e A Y s
TAEARY A E 07-3-70-75-13)°2] dgtog 4=
PE| QU TE T3 2 =Fo A 9] XRD £44-2 gl
7| 2R A J(KBSl)oﬂ E2-8 o} o] 2o
SU

> r_&

b

e
At A4, PEE, oW, 2002, WA 9 3 Al
Z}o]E Q] Triadimefon —’ET gzt EA, Hwahak

Konghak, 40(2), 265-273.
A&, 2001, HDTMA-ZEH 21 o]Eofx Astx
5 SHEEe) 4224 SAA pHE| 4, ANl
?q.]ﬁl—ﬁ
}, ot A9, WRgT, 2003, BstEo g #H
AelE e Tl o3 A E]R9 A
7182}, Hwahak Konghak, 41(6), 744-748.
uhxlls Aol uhEa] WielA Al9A) M4l TRoAl,
w19, 2007, YA BE AelE A %El%’fﬂ
sht AAREY] B4 B4 Aol B AT, Y
3L s}s] %], 23(2), 281-286.
0]/d3], AP, $59, 1998, HE 114 A A9
ot 771 Ao &2 wiebE-seE|A|, 20(7),
957-965.
o185, T, U, FTT 2006, AE ko] EQF
FolA As 9 o] e F&5 B7L s
x| 2|8}ts] 7], 14(4), 25-32.
SR, 2010, EFL AT HAE 7S, ESTH AR,
Abollino, O., Giacomino, A., Malandrino, M., Mentasti,

>~ E_lg

3

il

o
O



196 HAd

E., 2008, with
montmorillonite and vermiculite, Appl. Clay Sci.,
38,227-236.

Akbal, F. O., Akdemir, N., Onar, A. N., 2000, FT-IR
spectroscopic detection of pesticide after sorption

Interaction of metal ions

onto modified pumice, Talanta, 53, 131-135.

Allison, L. E., 1960, Wet-combustion apparatus and
procedure for organic and inorganic carbon in soil,
Soil Sci. Soc. Am. I, 24, 36-40.

Apiratikul, R., Pavasant, P., 2008, Sorption of Cu2+,
Cd*", and Pb™ using modified zeolite from coal fly
ash, Chem. Eng. J., 144, 245-258.

Appel, C., Ma, L., 2002, Concentration, pH, and surface
charge effects on cadmium and lead sorption, J.
Environ. Qual., 31, 581-589.

Appel, C., Ma, L. Q., Rhue, R. D., Kenelley, E., 2003,
Point of zero charge determination in soils and
minerals via traditional methods and detection of
electroacoustic mobility, Geoderma, 113, 77-93.

Azejjel, H., del Hoyo, C., Draoui, K., Rodriguez-Cruz,
M. S., Sanchez-Martin, M. J., 2009, Natural and
modified clays from Morocco as sorbents of
ionizable herbicides in
Desalination, 249, 1151-1158.

Cater, A. D., 2000, Herbicide movement in soils:

aqueous  medium,

principles, pathways and processes, Weed Res., 40,
113-122.

Chen, B., Zhu, L., Zhu, J., 2005, Configurations of the
bentonite-sorbed myristyl pyridinium cation and
their influences on the uptake of organic
compounds, Environ. Sci. Technol., 39, 6093-6100.

Celis, R., Koskinen, W. C., Hermosin, M. C., Corngjo,
J., 1999, Sorption and desorption of triadimefon by
soils and model soil colloids, J. Agric. Food.
Chem., 47, 776-781.

El-Nahhal, Y., Undabeytia, T., polubesova, T., Mishael,
Y. G., Nir, S.,, Rubin, B., 2001, Organo-clay
formulations of pesticides: reduced leaching and
photodegradation, Appl. Clay Sci., 18, 309-326.

Groisman, L., Rav-Acha, C. Gerstl, Z., Mingelgrin, U.,
2004, Sorption of organic compounds of varying
hydrophobicities from water and industrial

wastewater by long-and short-chain organoclays,

Appl. Clay Sci, 24, 159-166.

Hongping, H., Ray, F. L., Jianxi, Z., 2004, Infrared

31914

study of HDTMA" intercalated montmorillonite,
Spectrochim. Acta Part A, 60, 2853-2859.

Kah, M., Brown, C. D., 2007, Prediction of the
adsorption of ionizable pesticides in soils, J. Agric.
Food Chem., 55, 2312-2322.

Kao, C. M, Lei, S. E., 1999, Using a peat biobarrier to
remediated PCE/TCE contaminated aquifers, Water
Res., 34(3), 835-845.

Kao, C. M, Chen, S. C., Wang, J. Y., Chen, Y. L., Lee,
S. Z., 2003a, Remediation of PCE-contaminated
aquifer by an in sifu two-layer Dbiobarrier:
laboratory batch and column studies, Water Res.,
37,27-38.

Kao, C. M., Chen, Y. L., Chen, S. C., Yeh, T. Y., Wu,
W. S., 2003b, Enhanced PCE dechlorination by
biobarrier systems under different redox conditions,
Water Res., 37, 4885-4894.

Kim, D. G., Song, D.I, Y. W, 2001,
pH-dependent sorptions of phenolic compounds

Jeon,

onto montmorillonite modified with hexadecyl-
trimethylammonium cation, Sep. Sci. Technol.,
36(14), 3159-3174.

Kim, J.-H., Shin, W. S., Song, D.-I., Choi, S. J., 2005,
Multi-step competitive sorption and desorption of
chlorophenols in surfactant modified montmori-
llonite, Water Air Soil Pollut., 166, 367-380.

Kumar, S., Yong, W., 2002, Effect of bentonite on
compacted clay landfill barriers, Soil Sed. Contam.,
11(1), 71-89.

Lemic, J., Kovacevic, D., Tomasevic-Canovic, M.,

D, T., Pfend, R., 2006,
Removal of atrazine, lindane and diazinone from
water by Water Res., 40,
1079-1085.

Li, Z., Gallus, L., 2005, Surface configuration of sorbed
hexadecyltrimethylammonium on kaolinite as

Kovacevic, Stanic,

organo-zeolites,

indicated by surfactant and counterion sorption,
cation desorption, and FTIR, Colloids Surfaces A:
Physicochem. Eng. Aspects, 264, 61-67.

Reymond, J. P., Kolenda, F., 1999, Estimation of the
point of zero charge of simple and mixed oxides by
mass titration, Powder Technol., 103, 30-36.

Rodriguez-Cruz, M. S., Sanchez-Martin, M. J.,
Andrades, M. S., Sanchez-Camazano, M., 2007,
Modification of clay barriers with a cationic



F7IHEE o83 71 94A 52(2,4-D, atrazine) 2.4 A7F 197

surfactant to improve the retention of pesticides in
soils, J. Hazard. Mater., 139, 363-372.

Roy, A. H., Broudy, R. R., Auerbach, S. M., Vining,
W. J., 1999, Teaching materials that matter: an
interactive, multi-media module on zeolites in
general chemistry, Chem. Educator, 4(3), 114-118.

Rozic, M., Sipusic, D. 1., Sekovanic, L., Miljanic, S.,
Curkovic, L., Hrenovic, J., 2009, Sorption phenomena
of modification of clinoptilolite tuffs by surfactant
cations, J. Colloid Interf. Sci., 331, 295-301.

Shukla, P. R., Wang, S., Ang, H. M., Tade, M. O., 2009,
Synthesis, characterisation, and adsorption evaluation
of carbon-natural-zeolite composites, Adv. Powder
Technol., 20, 245-250.

Stapleton, M. G., Sparks, D. L., Dentel, S. K., 1994,
Sorption of Pentachlorophenol to HDTMA-Clay as
a Function of Ionic Strength and pH, Environ. Sci.
Technol., 28, 2330-2335.

Sora, I. N., Pelosato, R., Zampori, L., Botta, D., Dotelli,
G., Vitelli M., 2005, Matrix optimisation for
hazardous organic waste sorption, Appl. Clay Sci.,
28, 43-54.

Sparks, D. L., 2003, Environmental Soil Chemistry, 2nd
ed., Academic Press, San Diego.

SRC PhysProp Database, 2010, http://www.syrres.com.

Van Olphen, H., 1991, An introduction to Clay Colloid
Chemistry: For Clay Technoligists, Geologists, and
Soil Scientists, 2nd ed., Krieger Pub. Co., Malabar.

Warith, M., Fernandes, L., Gaudet, N., 1999, Design of
in situ microbial filter for the remediation of
naphthalene, Waste Manage., 19, 9-25.

Zhao, H., Jaynes, W. F., Vance, G. F., 1996, Sorption of
the ionizable organic compound, dicamba
(3,6-dichloro-2-methoxy
organo-clays, Chemosphere, 33, 2089-2100.

Zhou, Q., He, H. P., Zhu, J. X., Shen, W., Frost, R. L.,

Yuan, P., 2008, Mechanism of p-nitrophenol

benzoic  acid) by

adsorption from aqueous solution by HDTMA'-
pillared montmorillonite-Implications for water
purification, J. Hazard. Mater., 154, 1025-1032.

Zhu, L., Chen, B., Shen, X., 2000, Sorption of phenol,
p-nitrophenol, and aniline to dual-cation
organobentonites from water, Environ. Sci.
Technol., 34, 468-475.

Zhu, R., Zhu, L., Zhu, J., Xu, L., 2008, Structure of
surfactant-clay complexes and their sorptive
characteristics toward HOCs, Sep. Purif. Technol.,

63, 156-162.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




