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Abstract
The study evaluated removal efficiency of 43 pesticides from water by thin-film composite polyamide membrane indig-
enously prepared by interfacial polymerization of 1,3-phenylenediamine and 1,3,5 trimesoyl chloride coated on asymmetric 
polysulfone support. Membrane performance was evaluated by gas and liquid chromatography mass spectroscopy determi-
nation of multiple pesticides remaining in feed and permeated water following the application of pesticides each @ 0.02, 
0.05, and 0.10 mg/L in de-ionized water. The membrane was most efficient in the rejection of persistent organochlorine 
insecticides, viz. endosulfans (100%), dichlorodiphenyltrichloroethane (95%), and hexachlorocyclohexane (92%). Out of 
43 selected pesticides, 33 were removed by > 80%. Size exclusion mass transfer played a significant role for molecules to 
pass through the membrane as observed for endosulfan isomers, endosulfan sulphate, and difenoconazole with molecular 
weight > 400. Pesticide rejection was also related to hydrophobicity (Log P). Hydrophobic pesticides with log P > 4.5 were 
rejected by > 80%, while monocrotophos with less hydrophobicity (log P = − 0.22) exhibited poor rejection (38%). Water 
flux decreased with an increase in pesticide concentration. The process of pesticide filtration was optimized at 200 psi. The 
results indicated the potential of the membrane to remove pesticides from water.
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Introduction

The aquatic environment is contaminated by various organic 
and inorganic substances like pesticides, pharmaceuticals, 
etc., originating from industrial, municipal, or agricultural 
activities (Yadav et al. 2015; Jabali et al. 2018). During the 

last few decades, pesticides are being used heavily in agri-
culture to ensure high crop yield. However, the continuous 
and indiscriminate use of pesticides, their misuse, spillage, 
improper storage, handling, and disposal has resulted in the 
presence of their residues in various environmental compart-
ments including ground and surface water (Mondal et al. 
2018) serving as the primary source of drinking around the 
world (Loos et al. 2009).

Thus, removal of pesticides from water is a major chal-
lenge for environmental scientists and engineers. Water 
treatment technologies, specifically conventional filtra-
tion, coagulation-flocculation and sedimentation have been 
reported to be ineffective in removing pesticides from drink-
ing water (Ormad et al. 2008), while some other techniques, 
viz. advance oxidation process, photodegradation, etc., have 
been reported to have some drawbacks like production of 
many hazardous by-products (Sharma and Bhattacha-
rya 2016). The application of pressure-driven membrane 
technologies for the removal of pollutants from water and 
wastewater is increasing to meet the stringent water quality 
standards. Moreover, no hazardous material is produced by 
this method and is also cost-effective (Bhattacharya 2006). 
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These membranes are capable of removing hardness, natu-
ral organic matter, and other organic micro-molecules like 
pesticides, etc. (Khin et al. 2012).

Among the many types of membranes, nanofiltration 
(NF) and reverse osmosis (RO) technologies have been con-
sidered as the most appropriate pressure-driven membrane 
process for the removal of pesticides from contaminated 
water sources (Plakas and Karabelas 2012; Shon et al. 2013). 
High water permeability and rejection of solutes are fea-
tures that make low-pressure-driven membranes economi-
cally viable in water softening applications, attractive for 
water purification and removal of harmful organic solutes 
from water (Yangali-Quintanilla et al. 2010). Limited stud-
ies on removal of some pesticides like herbicides (Wang 
et al. 2010; Riungu et al. 2012; Hidalgo et al. 2013; Musbah 
et al. 2013; Karimi et al. 2016); fungicides (Drazevic et al. 
2013), and insecticides (Pang et al. 2010; Karimi et al. 2016) 
have been reported using RO and NF membranes. The thin-
film composite (TFC) polyamide RO membrane prepared 
on polysulfone support in our laboratory was evaluated for 
the removal of only two phenyl urea herbicides (Mehta et al. 
2015, 2017). Thus, regarding the potential for exposure of 
multi pesticide residue to water, the present work is aimed 
to improve the filtration of pesticides from water, which pro-
vides challenges to industrial or other users with emerging 
membrane technologies TFC membrane with cross-flow 
filtration process and reinforces the engagement between 
research and application aspects.

Materials and methods

Pesticide selection

A total of 43 pesticides were selected for study which 
included 24 pesticides recommended for agricultural use in 
cereals and vegetables in India (DPPQS 2020) along with 
19 non-agricultural pesticides [banned/restricted organo-
chlorines (OC: 15), organophosphorus (OP: 2), carbamate 
(1), and synthetic pyrethroid (SP: 1) for domestic use], the 
occurrence of which have been reported in the aquatic envi-
ronment (Mondal et al. 2018). Among the recommended 
pesticides, 13 were insecticides [5 OP, 4 neonicotinoids, 
2SP, 1 OC, and 1carbamate], seven fungicides (3 triazole, 
1 bezimidazole, 1 phenylamide, 1 phosphorothiolate, and 1 
triazolobenzothiazole), and four herbicides (2 chloroaceta-
mide, 1 urea, and 1 triazine). The analytical standard pesti-
cides were purchased from Sigma-Aldrich, USA.

Preparation and characterization of TFC membrane

The TFC membrane used in this experiment was pre-
pared by the interfacial polymerization reaction of 

1,3-phenylenediamine (in water) and 1,3,5-trimesoyl chlo-
ride (in hexane). Polysulfone membrane was made by wet-
phase separation technique from its N,N-dimethyl forma-
mide solution, and the cross-linked polyamide layer was 
coated on polysulfone support by interfacial polymeriza-
tion as described by Mehta et al. (2015). The membrane 
surface–water interaction was analysed by drop shape ana-
lyser (DSA 100, Kruss, Germany). The charge behaviour in 
terms of zeta potential of membrane sample was analysed by 
Zeta-CAD, France, version 1.04. Surface topography of the 
membranes was captured by scanning electron microscope 
(JMS-7100F, Russia).

Filtration studies

Pesticide filtration was carried out by a cross-flow filtration 
technique at 1.4 MPa pressure. The schematic diagram of 
the cross-flow filtration set-up is depicted in Supplementary 
Fig. 1. The cross-flow filtration set-up was also reported in 
the previous study (Mehta et al. 2015). There were four cells 
kept in series and perforated support on which membrane 
could be placed. The active membrane surface area in each 
cell was 0.00152 m2. TFC membrane was compacted ~ 2 h 
before taking separation data. Water was spiked using the 
standard stock solution (10 mg/L) of 43 pesticides at three 
different levels (20, 50, and 100 µg/L) and then subjected 
to filtration studies. All the experiments were carried out in 
de-ionized water.

The rejection (R%) of pesticides by filtration was calcu-
lated by

where Cf and Cp is the concentration (µg/mL) of feed and 
permeate, and the flux was calculated from the relation:

where L indicates the volume of permeate in a litre, T is the 
time in hours, and A is the active membrane area (m2).

Determination of pesticides

Pesticides in water were determined by a modified liq-
uid–liquid extraction method in which 250 mL water was 
taken in a separating funnel followed by the addition of 
a saturated NaCl solution (10 mL, Rankem, India) and 
mixed well. Liquid–liquid partitioning was done with 
dichloromethane/ethyl acetate (8:2) (HPLC grade, Finner, 
India) thrice (30 + 20 + 20 mL), and the organic layer was 
collected after passing through Na2SO4 (SRL, India). The 
combined organic extract was completely evaporated by 
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a rotary evaporator (Eyela CCA-1110, N-1000), and the 
residue was dissolved in 2 mL ethyl acetate (J.T. Baker). 
An aliquot (1 mL) was taken in a vial for analysis in 
GC–MS/MS, and another 1 mL was dried and dissolved 
by the same volume of methanol (J.T. Baker) for analysis 
in LC–MS/MS. For method validation, respective water 
samples were spiked with known pesticide concentration 
(0.02, 0.05, and0.10 mg/L) and analysed following the 
same procedure.

The residues of 43 pesticides were determined by gas 
chromatography and (triple quadruple) mass spectrom-
etry (GC–MS/MS, Agilent 7890 A, 7693A autosampler, 
GC-7000 TQD) and liquid chromatography mass spec-
trometry (LC–MS/MS, Waters Alliance-2695, ESCi™ 
interface, Micromass® Quattro Micro™). The operating 
conditions of GC–MS/MS and LC–MS/MS for analysis of 
pesticides are presented in Supplementary Table 1. Iden-
tification of pesticides was made by comparison of reten-
tion times of the peaks and ratio of mass/charge (m/z) 
of ions using quantifier and qualifier ions in multiple 
reaction monitoring (MRM) mode with those of stand-
ard pesticide compounds (Supplementary Table 2). Under 
these operating conditions, the chromatogram produced 
by GC–MS for 30 pesticides and by LC–MS for 13 pesti-
cides is presented in Fig. 1.

Statistical analysis

Relative standard deviation (RSD) was calculated for the 
data on the rejection of pesticides by the TFC membrane 
as follows:

where s is the standard deviation of three observations on 
pesticide rejection, and m is the mean value. The correlation 
coefficient (r) between the pesticide property and rejection 
(%) was also determined (Gomez and Gomez 1984) using 
MS Excel.

Results and discussion

Method validation for pesticide analysis in water

Quantitation ability of the instruments was ascer-
tained by acceptable linearity (correlation coefficient, 
r2 = 0.977–0.999) of the calibration curve (0.005–1 mg/L), 
limit of detection (LOD = 0.005 mg/L), limit of quanti-
fication (LOQ = 0.02  mg/L), recovery and precision as 
RSD as shown in Supplementary Table 3. Average recov-
ery of the pesticides was in the range of 70.7–107.1% for 

(3)RSD =
s

m
× 100

Fig. 1   GC–MS/MS a and LC–MS/MS b chromatogram of 43 pesticides
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0.02 mg/L (RSD = 5.8–16.7), 71.5–109.7% for 0.05 mg/L 
(RSD = 4.8–16.5), and 76.9–110.9% for 0.10  mg/L 
(RSD = 4.8–17.6) well within the European Union (EC 
2017) acceptable range for recovery (70–120%) and RSD 
(≤ 20%). These results indicated that the analytical method 
was efficient and also reliable for determination of pesticides 
in experimental feed and permeate water samples.

Membrane characteristics

The molecular weight cut-off (MWCO) of the base poly-
sulfone membrane is 80KDa using dextran, whereas the 
nMWCO of the prepared TFC membrane is 94% for glu-
cose molecule. The salt (NaCl) rejection performance of the 
TFC membrane is 95% for 2000 mg/L at 1.38 mPa. The 
membrane can be comparable with different membranes, as 
depicted in Table 1, though operating parameters are some-
what different (Tang et al. 2009a, b). The water permeability 
of the TFC membrane is 20.2–17.9 Lm−2 h−1 depending 
upon the pesticides in it.

The contact angle of the polysulfone membrane (79.7°) 
was decreased in the TFC membrane (57.4°), indicating the 
development of relatively more hydrophilic character in the 
TFC membrane due to its polyamide network compared to 
the base polysulfone membrane (Mehta et al. 2015). The 

polyamide on the membrane surface after the interfacial 
polymerization reaction resulted in negative zeta potential 
(− 19.17 mV). Scanning electron micrograph (SEM) of the 
polyamide TFC membrane showed characteristic differences 
concerning asymmetric polysulfone topographic surface 
(Fig. 2). The micrographs showed the pores on the poly-
sulfone surface (Fig. 2a), whereas granule like appearance 
spread over the TFC membrane (Fig. 2b) surface.

Pesticide removal by membrane filtration

Rejections of pesticides by the TFC membrane were esti-
mated by determination of pesticide remaining in feed and 
permeate water. Rejection efficiency (R%) of insecticides 
applied at three concentration levels (0.02–0.10  mg/L) 
varied for different chemical classes viz. organochlorines 
(66–100%), organophosphorus (32–100%), neo-nicotinoids 
(61–98%), synthetic pyrethroids (74–94%), and carbamates 
(81–100%). Rejection of other pesticide classes was obtained 
in the range of 60–100% for fungicides and 82–100% for 
herbicides (Table 2).

Among the pesticides, insecticide endosulfan (α, β, 
and sulphate), fungicide difenoconazole, and herbicide 
butachlor were rejected by 100% at all the concentration 
level. For most of the other selected OC insecticides (viz. β 

Table 1   Different membrane characteristics

Membranes Manufacturer Composition Feed concentration, NaCl, applied pres-
sure

Separation (%) 
(peremeability, L/m2 
h bar)

NF90 Dow Fim Tech Polyamide 10 mM, (1.38 bar) 94.4 (11.2)
NE90 Saeham Industries, Inc. South Korea Polyamide 91.5 (9.04)
SG GE Osmonics(Minnetonka, MN) Semiaromatic polyamide 95.2 (2.33)

Fig. 2   Scanning electron micrograph of membranes: a polysulfone and b thin-film polyamide composite
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Table 2   Rejection of pesticides by TFC membrane

MW molecular weight; aOctanol-water partition coefficient; bData are average of three replications; cRSD: Relative standard deviation; *Values 
of r > 0.301 and r > 0.388 are significant at 5% and 1% level of significance, respectively

Pesticide studied MW (g/mol) Log Pa Rejectionb (R%) of pesticides with RSDc at Average 
rejection 
(%)Chemical

class
Name 20 µg/L 50 µg/L 100 µg/L

Organo-chlorine insecticides Aldrin 364.9 6.5 86.35 ± 10.98 87.33 ± 7.27 95.16 ± 5.15 89.61
α-Endosufan 406.9 4.74 100 ± 0 100 ± 0 100 ± 0 100
α-HCH 290.8 3.82 87.95 ± 4.37 89.59 ± 5.15 90.02 ± 6.92 89.18
β-Endosulfan 406.9 3.83 100 ± 0 100 ± 0 100 ± 0 100
β-HCH 290.8 3.80 83.42 ± 6.14 88.96 ± 7.08 98.81 ± 7.39 90.41
δ-HCH 290.8 4.14 85.01 ± 7.43 84.62 ± 6.68 94.9 ± 6.75 88.18
Dicofol 370.5 4.32 83.07 ± 4.33 65.99 ± 7.85 67.45 ± 6.68 72.17
Dieldrin 380.9 3.7 85.23 ± 6.53 84.08 ± 5.76 78.39 ± 5.15 82.56
Endosulfan sulphate 422.9 3.66 100 ± 0 100 ± 0 100 ± 0 100
γ-HCH 290.8 3.70 100 ± 0 100 ± 0 99.55 ± 0.5 99.85
op-DDD 318.0 - 93.9 ± 4.22 94.6 ± 9.90 94.93 ± 6.39 94.47
op-DDE 316.0 - 93.99 ± 5.99 95.2 ± 7.65 96.04 ± 5.21 95.07
op-DDT 354.5 6.91 90.84 ± 3.40 94.89 ± 7.01 98.19 ± 6.78 94.64
pp-DDD 318.0 - 90.46 ± 4.14 94.81 ± 2.20 97.13 ± 1.22 94.13
pp-DDE 316.0 - 95.06 ± 0.02 94.97 ± 0.86 97.84 ± 0.72 95.95
pp-DDT 354.5 - 90.75 ± 3.19 97.32 ± 2.49 100 ± 0 96.02

Organo-phosphorus insecticides Chlorpyrifos 350.6 4.7 100 ± 0 84.85 ± 8.80 76.02 ± 9.05 86.9
Dimethoate 229.5 0.70 67.17 ± 6.28 75.75 ± 6.89 77.96 ± 7.21 73.67
Ethion 384.5 5.07 76.38 ± 7.22 97.8 ± 7.19 98.66 ± 5.58 90.94
Malathion 330.3 2.75 43.91 ± 12.34 53.63 ± 5.75 69.01 ± 6.42 55.51
Methyl parathion 263.2 3.0 58.82 ± 5.73 44.22 ± 6.98 41.74 ± 11.18 48.26
Monocrotophos 223.2 -0.22 31.65 ± 6.1 42.07 ± 7.74 39.74 ± 10.98 37.82
Parathion 291.3 3.82 49.54 ± 5.61 54.4 ± 5.86 62.91 ± 12.07 55.61

Neo-nicotinoid insecticides Acetamiprid 222.7 0.80 80.87 ± 4.36 78.57 ± 6.3 83.73 ± 8.40 81.05
Imidacloprid 255.7 0.57 74 ± 9.67 95.44 ± 5.32 98.08 ± 7.39 89.17
Thiachloprid 252.7 1.26 74.82 ± 7.00 74.3 ± 15.40 92.63 ± 8.73 80.58
Thiamethoxam 291.7 -0.13 61.27 ± 5.86 67.89 ± 11.08 70.68 ± 9.88 66.61

Synthetic pyrithroid insecticides α-Cypermethrin 416.3 5.8 86.78 ± 6.66 83.92 ± 6.98 82.1 ± 11.07 84.27
Bifenthrin 422.9 6.6 81.35 ± 8.95 86.23 ± 8.00 94.19 ± 7.58 87.26
Permethrin 391.3 6.1 86.31 ± 9.34 79.88 ± 7.74 74.23 ± 7.64 80.14

Carbamate insecticides Carbaryl 201.2 1.59 90.02 ± 13.45 80.81 ± 6.10 88.44 ± 4.95 86.41
Carbofuran 221.3 1.52 100 ± 0 84.28 ± 7.01 85.66 ± 10.60 89.98

Benz-imidazole fungicide
Triazole fungicides

Carbendazim 191.2 1.48 70.43 ± 5.63 59.56 ± 8.06 62.46 ± 4.45 64.15
Difenoconazole 406.3 4.96 100 ± 0 100 ± 0 100 ± 0 100
Hexaconazole 314.2 3.90 84.15 ± 7.39 80.32 ± 14.99 73.69 ± 6.43 79.38
Tetraconazole 372.1 3.56 78.26 ± 13.71 76.3 ± 6.90 64.27 ± 6.3 72.94

Phenyl-amide fungicide Metalaxyl 279.3 1.75 84.96 ± 11.64 85.36 ± 0.59 86.61 ± 4.79 85.64
Phosphorothiolate fungicide Isoprothiolane 290.4 3.30 80.9 ± 5.38 88.87 ± 10.42 86.71 ± 9.52 85.49
Thiazole fungicide Tricyclazole 189.2 1.4 77.88 ± 9.05 77.18 ± 10.20 88.1 ± 7.61 81.05
Chloroacetamide herbicides Alachlor 269.8 3.52 91.42 ± 7.28 85.43 ± 9.12 81.7 ± 5.25 86.18

Butachor 311.9 4.5 100 ± 0 100 ± 0 100 ± 0 100
Triazine herbicide Atrazine 215.7 2.7 90.09 ± 6.49 93.06 ± 2.27 95.31 ± 5.74 92.82
Urea herbicide Isoproturon 206.3 2.50 85.02 ± 10.39 86.6 ± 8.89 90.13 ± 13.03 87.25
Average rejection % 83.07 83.47 85.42 83.98
Correlation coefficient* (r) 1 0.679 0.331 0.376 0.252 0.338

1 0.495 0.492 0.420 0.496
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and γ-HCH, op and pp-DDT, op and pp-DDD, op and pp-
DDE) as well as ethion and atrazine, the average rejection 
was > 90%. Majority of the remaining pesticides (18 nos.) 
including insecticides (viz. aldrin, α- and δ-HCH, dieldrin, 
acetamiprid, imidacloprid, thiacloprid, α-cypermethrin, 
bifenthrin, permethrin, carbaryl, carbofuran, and chlorpy-
rifos), fungicides (metalaxyl, isoprothiolane, and tricycla-
zole), and herbicides (alachlor and isoproturon) exhibited 
80–90% rejection by the membrane (Table 2). Moderate 
rejection (60–80%) was observed for three more insecticides 
(dicofol, dimethoate, and thiamethoxam) and three fungi-
cides (carbendazim, hexaconazole, and tetraconazole). How-
ever, rejection of most of the OP insecticides (malathion, 
parathion, methyl parathion, and monocrotophos) was < 60% 
with the lowest observed for monocrotophos (37.8%). Over-
all, the average rejection was found in the order of OC insec-
ticides (93%) > herbicides (92%) > carbamate insecticides 
(88%) > fungicides (81%) > neo-nicotinoids (79%) > OP 
insecticides (64%) (Table 2). Most significantly, the TFC 
membrane exhibited the highest efficiency in removing 
the persistent OC insecticides (93%), including endosulfan 
(100%), DDT (95%), and HCH (92%).

Size exclusion mass transfer played a major role in pre-
venting molecules to pass through the membrane. Bruggen 
and Vandecasteele (2002) proposed an empirical relationship 
between the effective diameter (D) and molecular weight 
(MW) of a pesticide using the equation: D = A(MW)B, 
where A = 0.065 and B = 0.438. This correlation is valid 
for the molecular weight range up to 600 Da and thus the 
MW directly proportional to molecular size. The rejection 
rate is positively correlated with molecular weight, as well 
as molecular width (Kiso et al. 2002). Under the present 
experimentation, it has been observed for endosulfan iso-
mers, endosulfan sulphate, and difenoconazole with molecu-
lar weight (MW) > 400. A significant positive correlation 
(r = 0.33–0.37) between pesticide rejection and MW was 
obtained (Table 2) at 5% level. The increasing trend in pes-
ticide rejection with an increase in MW also is depicted in 
Fig. 3a (for 23 pesticides). Such type of relationship was also 
reported for bentazone, primicarb, and vinclozoline using 
commercial NF70 membrane (Chen et al. 2004). However, 

the relationship was not significant (r = 0.25) at higher con-
centration level (0.10 mg/L).

Another important factor influencing pesticide rejection 
is hydrophobicity, Log P (Kiso et al. 2002). More hydro-
phobic pesticides (log P > 4.5) like op-DDT, bifenthrin, 
aldrin, permethrin, α-cypermethrin, ethion, difenoconazole, 
α-endosulfan, chlorpyrifos, and butachlor exhibited good 
rejection by the membrane (80–100%), whereas pesticides 
with lower hydrophobicity like dimethoate (log P = 0.7) and 
thiamethoxam (− 0.13) exhibited low rejection(< 80%), and 
remarkably low rejection (38%) was observed for mono-
crotophos (log P = − 0.22) (Table 2). Similar behaviour of 
hydrophilic pesticides like monocrotophos towards mem-
brane filtration was reported earlier (Khin et al. 2012). The 
relationship of pesticide rejection by a membrane with 
hydrophobicity is shown in Fig. 3b. The correlation coef-
ficient (r = 0.42–0.49) was highly significant (at 1% level) 
at all concentrations (Table 2). The increasing trend in pes-
ticide rejection with an increase in Log P is presented in 
Fig. 3 (for 19 pesticides).

Charge exclusion caused by electrostatic interactions 
between membrane and pesticides from the permeated solu-
tion also plays major role in pesticide retention (Kosutic 
et al. 2005). The TFC membrane used under this experiment 
was negatively charged and is expected to reject anionic pes-
ticides more than the uncharged one. The pesticides used for 
this study were mostly non-polar in nature. Therefore, the 
low polar pesticides like methyl parathion, parathion, thia-
methoxam exhibited relatively low rejection (48.3–66.6%). 
However, some non-polar pesticides like DDTs and HCHs 
were more rejected due to high molecular size. Molecules 
with high dipole moment (> 3D) are usually less rejected as 
they orient in such a way that they easily pass through the 
membrane (Bruggen et al. 2001; Bhattacharya 2006). Lower 
rejection of synthetic pyrethroids (80–84%) with high MW 
(> 400) might be due to higher dipole moment.

Pesticide rejection by membrane filtration is also related 
to water flux (Chen et al. 2004). With an increase in pesti-
cide loading in feed water from 20 to 100 µg/L, water flux 
decreased from 20.2 to 17.9 Lm−2 h−1(Fig. 4). Under the pre-
sent experimental condition in de-ionized water, membrane 

Fig. 3   Rejection pattern of 
pesticides due to variation in: a 
molecular weight and b hydro-
phobicity (Log P)
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fouling might have occurred due to the interaction of indi-
vidual pesticides with membrane pores resulting in low 
water flux leading to high rejection of pesticides (Mehta 
et al. 2015). It has been reported that with an increase in 
operating pressure water flux was increased, leading to a 
lower rejection of diuron (Wang et al. 2010). Therefore, the 
cross-flow filtration technique used with operating pressure 
at 200 psi appears to be optimum to maintain the rejection 
efficiency of the membrane for 43 pesticides.

Pesticide removal from potable water by membrane pro-
cess is strongly related to the particular solute properties 
like molecular weight cut-off (MWCO), molecular size, acid 
dissociation constant (− pKa), charge exclusion, density, and 
hydrophilicity (− Log P) which determine the strength of 
pesticide-membrane physico-chemical interaction and also 
membrane fouling, system pressure, and modelling (Khin 
et al. 2012; Plakas and Karabelas 2012; Shon et al. 2013; 
Musbah et al. 2013). Since the different types of organic 
contaminants are present in nature, the substance having 
higher molecular weight/size/width and octanol–water 
partition coefficient (Log P) gets higher rejection (Yangali-
Quintanilla et al. 2010; Shon et al. 2013). Low rejection of 
polar pesticides may also be attributed to charge distribu-
tion on the membrane, preferential orientation of the polar 
pesticides towards the membrane, and attraction between the 
opposite charges leading to increased permeation (Riungu 
et al. 2012). Overall, the performance of the cross-flow fil-
tration technique using TFC membrane is comparable and 
in some cases appeared to be better than those reported 
techniques viz. polyvinylidene fluoride (PVDF) membrane 
for removal of DDTs (Pang et al. 2010), NF 90 for atrazine 
(Hidalgo et al. 2013; Musbah et al. 2013), and NF-DK1812 
for diuron (Wang et al. 2010).

Conclusions

The polyamide TFC membrane was used for filtration in a 
wide range of pesticides (43 nos., MW 189–423 Da) with 
a total load of 0.86 to 4.30 mg/L in de-ionized water. The 

membrane was highly useful for the removal of persistent 
OC insecticides like endosulfan, DDT, and HCH (92–100%) 
from water. Size exclusion played a significant role for com-
plete rejection of pesticides with MW > 400 (viz. endosul-
fans, difenoconazole, etc.). Pesticides with good hydropho-
bicity, log P > 4.5, were rejected by > 80%. Overall, 33 out 
of 43 pesticides were removed by > 80%. The performance 
of the membrane was comparable or even better than some 
reported commercial NF membranes. The laboratory-made 
TFC membrane may be applicable for purification of real 
samples of ground and surface water for drinking. In addi-
tion to pesticides, other organic pollutants might also be 
removed from water by this membrane.
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