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bstract

In order to produce sufficient food supply for the ever-increasing human population, pesticides usage is indispensable in the agriculture sector
o control crop losses. However, the effect of pesticides on the environment is very complex as undesirable transfers occur continually among
ifferent environmental sections. This eventually leads to contamination of drinking water source especially for rivers located near active agriculture
ractices. This paper studied the application of nanofiltration membrane in the removal of dimethoate and atrazine in aqueous solution. Dimethoate
as selected as the subject of study since it is being listed as one of the pesticides in guidelines for drinking water by World Health Organization.
evertheless, data on effectiveness of dimethoate rejection using membranes has not been found so far. Meanwhile, atrazine is classified as one of
he most commonly used pesticides in Malaysia. Separation was done using a small batch-type membrane separation cell with integrated magnetic
tirrer while concentration of dimethoate and atrazine in aqueous solution was analyzed using high performance liquid chromatography (HPLC).
our nanofiltration membranes NF90, NF200, NF270 and DK were tested for their respective performance to separate dimethoate and atrazine.
f all four membranes, NF90 showed the best performance in retention of dimethoate and atrazine in water.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Malaysia is an active player in agriculture practice, plant-
ng oil palm, paddy, fruit, vegetables and many other products
or local consumption and some for export purposes. Pesticides
re also part and parcel of agriculture sector as a mean of pest
ontrol for sustainability of the industry. Annually, sales fig-
re of approximately RM 300 million is recorded by Malaysian
ropLife and Public Health Association [1]. The huge amount of
esticides used is emerging as contaminants in water. This is not
urprising because pesticides sprayed on crops can be drifted by
ind into nearby water source while pesticides applied directly
o the soil can be washed off by rain into nearby surface water
odies or percolate through the soil to lower soil layers and
roundwater [2].
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In this study, the pollutants selected were dimethoate and
trazine. Dimethoate is a type of organophosphorus insecticide
hat has been identified as one of the chemicals from agricul-
ure activities for which guideline value has been established by

orld Health Organization in the guidelines for drinking water
3]. In fact, its presence in water is not a surprise since it is highly
oluble in water and adsorbs very weakly to soil particles, thus,
ubjecting it to considerable leaching [2]. Although this would
ormally cause minute concentration of pesticides presence in
ater, its chronic effect to the livings has been of more concern.
oull [4] reported that dimethoate could cause oncogenicity,
utagenicity, fetotoxicity and reproductive effects. Meanwhile,

he other pollutant studied is atrazine as it is among the most
ommonly used pesticides in Malaysia especially for its usage
s herbicide in plantations. Although atrazine is considered to be
low toxic herbicide, extensive amount of its usage has ranked

t among the most common pesticides found in surface water

nd groundwater [5]. This situation has warranted urgent global
ttention to abate their presence in drinking water. Recent reports
ave revealed that high doses of atrazine induce abnormalities
nd deformities in non-target organisms. Furthermore, the syn-
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Nomenclature

A membrane area
Cf concentration of feed
Cp concentration of permeate
�t time difference
�V cumulative volume difference
Kow octanol/water partition coefficient
Lp membrane permeability
R percentage of pesticide rejection
v permeate flux
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rgy effect of dimethoate–atrazine is more lethal than the effect
f the individual pesticide since the toxicity of dimethoate was
nhanced significantly when they are in binary combination [6].

Traditionally, removal of pesticides for the production of
rinking water was done by activated carbon filtration. It was
ffective, but expensive and required frequent regeneration [7].
ver the past few years, nanofiltration membranes have been

tudied as potentially useful means of pesticide removal con-
idering the fact that the molecular weights (MWt) of most
esticides are more than 200 Da [2,5].

Nanofiltration has been successfully applied in drinking
ater treatment plant in Mery-sur-Oise, France [8], Leiduin [9]

nd Heemskerk [10] in Holland as well as Saffron Walden in
ngland [11]. However, there is still a long list of pesticides

n guidelines for drinking water by World Health Organization
3] but lack of data for their effective separation using mem-
rane, including dimethoate. Therefore, there are still room for
he investigation of the feasibility of using membrane technology
o remove dimethoate from water, with addition to observation
or binary mixture of dimethoate–atrazine.

Thus, the objective of this study is to examine the perfor-
ance of nanofiltration membranes to retain dimethoate and

trazine in aqueous solution. Four nanofiltration membranes

ere subjected to stirred dead-end filtration. The effect of feed

oncentration and operating pressure on the permeate flux and
eed-based rejection of dimethoate and atrazine were investi-
ated.

h
d
o
a

able 1
roperties of dimethoate and atrazine [2]

esticide Dimethoate

hemical structure

olecular weight (Da) 229.28
olubility in water 25 g/L at 21 ◦C
og octanol/water partition coefficient, Kow 0.70

a [16].
us Materials 151 (2008) 71–77

. Materials and methods

.1. Pesticides

Dimethoate with 99.8% purity and atrazine with 97.4% purity
ere purchased from Riedel-de Haen (Germany). The molecular

tructures of both pesticides are presented in Table 1.

.2. Membranes

Three types of nanofiltration membranes provided by
ow/Filmtec (USA) and another type of nanofiltration
embrane purchased from Osmonics (USA) were used in

his experiment. The thin film polyamide membranes from
ow/Filmtech used were NF90, NF200 and NF270, while the

hin film polyamide membrane from Osmonics used was DK.
olyamide membranes were used in this study because they were
ble to achieve good pesticides retention [12,13]. Table 2 pro-
ides the specification of the membranes used as given by the
anufacturers.

.3. Membrane stirred cell

A 300-mL stirred cell (Sterlitech), model SterlitechTM

P4750, USA, was used to conduct the dead-end filtration
xperiments. The membrane diameter was chosen to be 0.049 m
ith effective membrane area of 1.46 × 10−3 m2. The maximum
perating pressure for this cell was 69 × 10+5 Pa.

.4. Experimental setup and procedure

Dead-end filtration experiments were carried out with the
tirred cell (SterlitechTM HP4750). The pesticide solution in
he cell was stirred by a Teflon-coated magnetic bar. The cell
as pressurized using compressed high purity nitrogen gas. The
ressure in the permeate side was approximately atmospheric
nder all condition. The transmembrane pressures used during
xperiments were 6 and 12 × 10+5 Pa. The concentration of pes-
icide was set to be at 2 and 20 mg/L. This concentration was

igher than the usual concentration found in the case of run-off
ue to consideration of the membrane in case of accidental spill
f pesticides in water source. The stirring speed was set constant
t 1000 rpm.

Atrazine

215.69
20 mg/L at 20 ◦C
2.61a
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Table 2
Specification of membrane used

Membrane NF90 NF200 NF270 DK

Manufacturer Dow/Filmtec Dow/Filmtec Dow/Filmtec Osmonics
Material Polyamide Polyamide Polyamide Polyamide
Contact angle (◦)a – 26 ± 2 28 ± 2 –
Pure water permeabilityb (m3/(m2 s Pa)) 1.90 × 10−11 1.17 × 10−11 3.20 × 10−11 7.84 × 10−12

Maximum operating pressure (Pa) 41 × 10+5 41 × 10+5 41 × 10+5 40 × 10+5

Maximum operating temperature (◦C) 45 45 45 38
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H range 3–10

a [5].
b Our measurements.

The cell contained a nanofiltration membrane with an effec-
ive area of 1.46 × 10−3 m2. The membrane was immersed for
4 h in deionized water before being used in any experimental
ork. Membrane permeability was determined by initially filter-

ng it using deionized water at 12 × 10+5 Pa for approximately
h for compaction to avoid compression effect in the later stage
f experiment. Then, stabilized water flux at different operat-
ng pressures was obtained and membrane permeability values
Lp) could be determined from the slope of flux against pressure
raph.

For separation process, the same compaction process was
arried out before the test cell was emptied and 1.8 L of feed
olution was filled into the test cell and solution reservoir. The
ell was then pressurized at the operating pressure indicated by
pressure regulator. Permeate from the bottom of the cell was

ollected and its weight was measured with an electronic balance
f ±0.01 g accuracy. The cumulative weight were converted to
umulative volume and the permeate flux could be obtained.
ermeate flux, vw (m3/m2 s), was obtained using Eq. (1):

w = �V

�t · A
(1)

here �V is the cumulative volume difference (m3), �t is the

ime difference (s) and A is the membrane area (m2), respectively.

All experiments were conducted at room temperature
25 ± 2 ◦C). A schematic diagram of the experimental setup is
hown in Fig. 1.

Fig. 1. Schematic diagram of experimental setup.
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.5. Analytical method

Concentration of dimethoate and atrazine in feed and perme-
te was analysed using high performance liquid chromatography
HPLC) by Perkin Elmer (USA). The HPLC column used
as Zorbax SB-CN (5�, 4.6 mm i.d. ×150 mm long, Agilent
echnologies). The mobile phase was a mixture of 35% ace-

onitrile and 65% deionized water while the flow rate was set at
.0 mL/min. The UV detector was operated at a wavelength of
00 nm. The peak for dimethoate was detected at around 3.5 min
hile the peak for atrazine was detected at around 5.3 min. Per-

entage of rejection was obtained with the following equation:

=
(

1 − Cp

Cf

)
× 100% (2)

here R is the percentage of pesticide rejection, Cp is the con-
entration of permeate (mg/L) and Cf is the concentration of
eed (mg/L)

. Results and discussion

.1. Retention of dimethoate and atrazine

The retention performance of dimethoate and atrazine by
F90, NF200, NF270 and DK at different pressure and con-

entration is presented in Figs. 2 and 3, respectively. From these
gures, it is obvious that the retention of both dimethoate and
trazine tend to be better when the pressure was increased from
to 12 × 10+5 Pa. It could be seen that NF90 produced the best

etention performance for the operating pressure and feed con-
entration tested, at approximately 85% for dimethoate and more
han 95% retention for atrazine. The performance of DK was
he second highest of all four membranes tested while NF200
howed slightly lower retention than DK when both were oper-
ted at the same pressure and feed concentration. NF270 showed
he lowest rejection performance out of the four membranes
ested, especially for dimethoate retention. Higher retention was
bserved at higher pressure due to the increased water flux. The
oncentration of permeate became diluted with the increased
ater flux as the solute molecule was rejected by molecular
ieving effect.
Meanwhile, the concentration effect was less significant on

ejection of dimethoate and atrazine as compared to the effect
f pressure as there was only slight increment of rejection per-
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Fig. 2. Rejection of dimethoate by NF90 (a), NF200 (b), NF270 (c), and DK (d).

Fig. 3. Rejection of atrazine by NF90 (a), NF200 (b), NF270 (c), and DK (d).
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ormance although the concentration was increased 10 times as
ompared to two times increment of pressure. This finding is in
greement with work done by Causserand et al. [13] and Zhang
t al. [14]. This shows that in practical terms, the membranes
ave almost the same efficiency level for dimethoate rejection
ven though the feed concentration varies as much as 10 times
rom time to time. However, atrazine retention performance of
F200 and NF270 of around 80% was obtained by Plakas et

l. [5] when the concentration of atrazine was between 0.150
nd 0.300 mg/L. This suggests that while effect of concentra-
ion did not pose much impact if compared to effect of pressure,
t was still a valid gradient for transport of solute through mem-
rane. NF90 was found to be a more robust membrane in view
f atrazine retention since its retention was almost equal even at
uch high concentration of 2–20 mg/L.

Overall, all four membranes tested showed better retention
or atrazine than dimethoate although dimethoate has slightly
igher molecular weight than atrazine. Several reports [15–18]
uggested that although molecular sieving effect must not be

eglected, hydrophobicity of the solutes played a very important
ole in determining the retention performance by membrane.
he higher the value of log Kow, the better the rejection would
e. This behaviour was shown in this study since atrazine has

s
m
c
t

Fig. 4. Flux performance on dimethoate by NF9
us Materials 151 (2008) 71–77 75

igher hydrophobicity than dimethoate. Moreover, dimethoate
as aliphatic molecular structure compared to the heterocyclic
romatic structure of atrazine. Kiso et al. [16] reported that non-
henylic pesticides were rejected at a relatively lower degree
han phenylic pesticides.

.2. Permeate flux performance

Figs. 4 and 5 show the flux performance of the membranes for
imethoate and atrazine retention, respectively. Based on these
gures, it was obvious that the increase in pressure had signifi-
ant effect on permeate flux for both dimethoate and atrazine
etention tests. All membranes tested experienced approxi-
ately double increment of permeate flux when the operating

ressure was doubled from 6 to 12 × 10+5 Pa. This shows that
ermeate flux increment corresponded linearly to the pressure
pplied to the solution. Meanwhile, concentration of feed had
ery little effect on the permeate flux as compared to operat-
ng pressure. It showed no significant trend although it caused

lightly lower permeate flux when it was increased for certain
embrane especially at P = 12 × 10+5 Pa run. Thus, effect of

oncentration can be excluded from consideration when it comes
o flux performance.

0 (a), NF200 (b), NF270 (c), and DK (d).



76 A.L. Ahmad et al. / Journal of Hazardous Materials 151 (2008) 71–77

NF90

t
1
o
t
e
t
3
d
a
o
c
t

s
w
f
n
a
a
f
c
p

v
f

3
a

d
t
t
p
a
o
g
i
w
s
t
fi

Fig. 5. Flux performance on atrazine by

NF270 produced the highest permeate flux for all conditions
ested. This was especially obvious at operating pressure of
2 × 10+5 Pa. NF90 showed the second highest permeate flux out
f the four membranes with approximately 40% lower compared
o permeate flux by NF270. Meanwhile, NF200 showed consid-
rably low flux rate compared to NF270 while DK produced
he lowest permeate flux performance as it has approximately
00% lower flux compared to NF270. Based on the published
ata, NF270 had average pore size of 0.71 nm, NF90 had aver-
ge pore size 0.55 nm while NF200 had average pore size
f 0.38 nm [19,20]. Hence, the results obtained in this study
orresponded to the average pore size reported in the litera-
ure.

However, this also showed that while 0.55 nm average pore
ize for NF90 was sufficient to retain dimethoate and atrazine
ith high percentage of rejection, solute-membrane interaction

actor was also important [15,18,21] as DK and NF200 could
ot sustain as much rejection as NF90 although DK had similar
verage pore size with NF90 [22] while NF200 had smaller

verage pore size. The interaction between membrane material
or DK and pesticides tested was believed to contribute to the
rossing of solutes through the membrane because it had lower
ercentage of retention of pesticides compared to NF90. This

p
g
a
h

(a), NF200 (b), NF270 (c), and DK (d).

alidated the claim by the manufacturer that NF90 is suitable
or pesticides and herbicides removal [23].

.3. Retention performance of NF90 for
trazine–dimethoate

Since NF90 showed good rejection for both atrazine and
imethoate individually, rejection of atrazine–dimethoate was
ested at pressure of 6 × 10+5 Pa and stirring rate of 1000 rpm
o examine if the membrane would have the same good
erformance when the two pesticides co-exist. The ratio of
trazine:dimethoate was set at 20:80, 50:50 and 80:20 for a total
f 10 mg/L pesticides. Fig. 6 shows that NF90 still maintained its
ood performance of retention for both atrazine and dimethoate
n the presence of binary mixture of pesticides, although there
as slightly lower retention observed compared to the single

olute condition. This observation was in line with observa-
ion by Plakas et al. [5] which suggested that simultaneous
ltration of more than one pesticide resulted in a kind of com-

etitive adsorption on the membrane surface and, thus, created a
reater passage to the permeate side. These results were also in
greement with the report by Kiso et al. [16] which found that
erbicides displaying higher rejection in single solute solutions
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Fig. 6. Rejection performance of atrazine–dimethoate for NF90.

ay permeate more in mixed solute systems. However, results
btained in this study showed that while there was slight reduc-
ion of pesticides retention, the performance of NF90 was still
ommendable even though it was in mixed solute system.

. Conclusion

The performance of nanofiltration membrane to retain
imethoate and atrazine in aqueous solution was examined
n this study. Four nanofiltration membranes, NF90, NF200,
F270 and DK, which have molecular weight cut-off of around
00 were subjected to stirred dead-end filtration and the effect of
eed concentration and operating pressure on the permeate flux
nd feed-based rejection of dimethoate was investigated. It was
ound that increasing the transmembrane pressure posed positive
ffect on dimethoate and atrazine rejection and permeate flux.
owever, effect of feed concentration had little significance on

he performance of the membranes tested.
NF90 showed the best retention performance while NF270

howed the highest permeate flux out of the four membranes
ested. However, good retention quality should be the primary
roperty in choosing the appropriate nanofiltration membrane
or application in pesticides treatment from water. Therefore,
espite its high permeate flux, NF270 is not suitable especially
or dimethoate retention as it showed the poorest retention qual-
ty. NF90 is deemed the more suitable nanofiltration membrane
or dimethoate and atrazine retention from aqueous solution
ince, it showed the highest retention of dimethoate and atrazine
oupled with considerably good permeate flux. Furthermore,
lthough there was slight reduction of retention performance for
F90 in binary atrazine–dimethoate solution, it still managed to
aintain its robust retention performance.

cknowledgements

Authors would like to thank Universiti Sains Malaysia for
unding this research with short-term grant (Account 6035167).
ppreciation also goes to Dow/Filmtec for providing the mem-
ranes.
eferences

[1] Malaysian CropLife and Public Health Association. http://www.mcpa.
org.my/index.php. Accessed on 2 June 2006.

[

us Materials 151 (2008) 71–77 77

[2] M.A. Kamrin, Pesticide Profiles: Toxicity, Environmental Impact and Fate,
CRC Press, Boca Raton, 1997.

[3] World Health Organization. Guidelines for drinking-water quality
2004, third ed. http://www.who.int/water sanitation health/dwq/gdwq3/
en/index.html. Accessed on 16 June 2005.

[4] J. Doull, Pesticide Carcinogenicity, in: N.N. Ragsdale, R.E. Menzer (Eds.),
Carcinogenicity and Pesticides: Principles, Issues and Relationship, Amer-
ican Chemical Society, Washington DC, 1989, pp. 1–5.

[5] K.V. Plakas, A.J. Karabelas, T. Wintgens, T. Melin, A study of selected her-
bicides retention by nanofiltration membranes–the role of organic fouling,
J. Membr. Sci. 284 (2006) 291–300.

[6] T.D. Anderson, K.Y. Zhu, Synergistic and antagonistic effects of atrazine
on the toxicity of organophosphorodithioate and organophosphoroth-
ioate insecticides to Chironomustentans (Diptera: Chironomidae), Pestic.
Biochem. Physiol. 80 (2004) 54–64.

[7] B. van der Bruggen, J. Schaep, W. Maes, D. Wilms, C. Vandecasteele,
Nanofiltration as treatment method for the removal of pesticides from
ground waters, Desalination 117 (1998) 139–147.

[8] B. Cyna, G. Chagneaub, G. Bablon, N. Tanghe, Two years of nanofiltration
at the Mery-sur-Oise plant, France, Desalination 147 (2002) 69–75.

[9] P.A.C. Bonne, E.F. Beerendonk, J.P. van der Hoek, J.A.M.H. Hofman,
Retention of herbicides and pesticides in relation to aging RO membranes,
Desalination 132 (2000) 189–193.

10] J.A.M.H. Hofman, E.F. Beerendonk, H.C. Folmer, J.C. Kruithof, Removal
of pesticides and other micropollutants with cellulose acetate, polyamide
and ultra-low pressure reverse osmosis membranes, Desalination 113
(1997) 209–214.

11] E. Wittmann, P. Cote, C. Medici, J. Leech, A.G. Turner, Treatment of a
hard borehole water containing low levels of pesticide by nanofiltration,
Desalination 119 (1998) 347–352.

12] S.S. Chen, S.T. James, L.A. Mulford, C.D. Norris, Influences of molec-
ular weight, molecular size, flux, and recovery for aromatic pesticide
removal by nanofiltration membranes, Desalination 160 (2004) 103–
111.

13] C. Causserand, P. Aimar, J.P. Cravedi, E. Singlande, Dichloroaniline
retention by nanofiltration membranes, Water Res. 39 (2005) 1594–
1600.

14] Y. Zhang, B. van der Bruggen, G.X. Chen, L. Braeken, C. Vandecasteele,
Removal of pesticides by nanofiltration: effect of the water matrix, Sep.
Purif. Technol. 38 (2004) 163–172.

15] C. Bellona, J.E. Drewes, P. Xu, G. Amy, Factors affecting the rejection of
organic solutes during NF/RO treatment - a literature review, Water Res.
38 (2004) 2795–2809.

16] Y. Kiso, Y. Nishimura, T. Kitao, K. Nishimura, Rejection properties of
non-phenylic pesticides with nanofiltration membranes, J. Membr. Sci. 171
(2000) 229–237.

17] Y. Kiso, Y. Sugiura, T. Kitao, K. Nishimura, Effects of hydrophobicity
and molecular size on rejection of aromatic pesticides with nanofiltration
membranes, J. Membr. Sci. 192 (2001) 1–10.

18] K. Kosutic, L. Furac, L. Sipos, B. Kunst, Removal of arsenic and pesticides
from drinking water by nanofiltration membranes, Sep. Purif. Technol. 42
(2005) 137–144.

19] N. Hilal, H. Al-Zoubi, N.A. Darwish, A.W. Mohammed, Characterisation
of nanofiltration membranes using atomic force microscopy, Desalination
177 (2005) 187–199.

20] X. Lefebvre, J. Palmeri, J. Sandeaux, R. Sandeaux, P. David, B. Maleyre,
C. Guizard, P. Amblard, J.-F. Diaz, B. Lamaze, Nanofiltration modeling: a
comparative study of the salt filtration performance of a charged ceramic
membrane and an organic nanofilter using the computer simulation program
NANOFLUX, Sep. Purif. Technol. 32 (2003) 117–126.

21] T.-U. Kim, G. Amy, J.E. Drewes, Rejection of trace organic compounds by
high-pressure membranes, Water Sci. Technol. 51 (2005) 335–344.

22] J.L.C. Santos, P. Beukelaar, I.F.J. Vankelecom, S. Velizarov, J.G. Crespo,

Effect of solute geometry and orientation on the rejection of uncharged
compounds by nanofiltration, Sep. Purif. Technol. 50 (2006) 122–131.

23] The Dow Chemical Company, nanofiltration products, FilmtecTM mem-
branes, http://www.dow.com/liquidseps/prod/app nano.htm. Accessed on
20 November 2006.

http://www.mcpa.org.my/index.php
http://www.mcpa.org.my/index.php
http://www.who.int/water_sanitation_health/dwq/gdwq3/en/index.html
http://www.who.int/water_sanitation_health/dwq/gdwq3/en/index.html
http://www.dow.com/liquidseps/prod/app_nano.htm

	Dimethoate and atrazine retention from aqueous solution by nanofiltration membranes
	Introduction
	Materials and methods
	Pesticides
	Membranes
	Membrane stirred cell
	Experimental setup and procedure
	Analytical method

	Results and discussion
	Retention of dimethoate and atrazine
	Permeate flux performance
	Retention performance of NF90 for atrazine-dimethoate

	Conclusion
	Acknowledgements
	References


