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ABSTRACT 

The use of powdered activated carbon for fouling control in the membrane processes is limited by some secondary 
problems associated with its use, like cake formation, long backwash times and blackening of pipes. Granular activated 
carbon (GAC) was used as an alternative of powdered activated carbon due to its large particle size which was kept 
from being entering into the membrane system. The secondary problems associated with the use of powdered activated 
carbon as foul control were not observed for granular activated carbon. Langmuir and Freundlich adsorption were used 
to describe the adsorption of 2,4-D and paraquat on GAC. Adsorption capacity of adsorbent was high for 2,4-D as com- 
pared to paraquat. Also, the R2 value was high for Langmuir model as compared to Freundlich model. Retention per- 
centage of 2,4-D by membrane was high and thus the decline in permeate flux was high as compared to paraquat in ul- 
trafiltration (UF) membrane process. 100% retention of 2,4-D was achieved in GAC/UF hybrid system. Improved per- 
meate fluxes were observed for both contaminants in the hybrid system. 
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1. Introduction 

A number of techniques are used to fulfill the stringent 
regulations related to treated water quality. Low pressure 
membrane processes like microfiltration and ultrafiltra- 
tion (UF) are considered alternative to conventional wa- 
ter treatment processes like adsorption, oxidation, co- 
agulation, and sand filtration etc. However, the molecular 
weight cut off of these membranes are not in the range to 
completely remove color, natural organic matter and syn- 
thetic organic matter. The membrane performance can be 
affected by a number of substances which are broadly 
classified into two categories: the substances capable of 
damaging the membrane and the substances having po- 
tentials for the membrane fouling or scaling. Membrane 
fouling, if not controlled, can affect the overall mem- 
brane process efficiency due to the increased energy re- 
quirements, reduced plant productivity, increased cost of 
chemicals, cleaning as well as the shorter lifetime of the 
membranes. Foulants are categorized into organic, inor- 
ganic, particulate and biological foulants. In operating a 
plant, any of these foulants may cause fouling [1-3]. 

In most of the operations, all types of fouling are en- 
countered depending on the feed water composition. 
There are three major causes of fouling: cake formation 
over the membrane surface, pore blocking, and adsorp- 
tion. The pore blocking may be complete blocking, in- 
termediate blocking, or standard blocking. The first two 
occur due to molecules larger than the size of the mem- 
brane pores or having a comparative size to that of the 
membrane pores while the standard blocking occurs due 
to the adsorption of smaller molecules within the pores. 
The presence of the substances mentioned above not only 
affects the quality of drinking water but also causes 
membrane fouling [4,5]. To remove these discrepancies 
the conventional water treatment processes like adsorp- 
tion, flocculation etc. have been combined with, mem- 
brane processes in a hybrid manner [6-8].  

Powdered activated carbon (PAC) is an excellent ad- 
sorbent that offers high surface area for the adsorption of 
organic and inorganic contaminants from water. In PAC/ 
UF hybrid processes, membranes provide a physical bar- 
rier to prevent PAC passage thus ensuring the retention 
of organic contaminants adsorbed on PAC that otherwise 
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would have affected the water quality and membrane foul- 
ing. Initially, it was considered that the passage PAC into 
membrane system do not affect the membrane efficien- 
cies. It forms a porous layer over membrane surface and 
in backwashing it detaches from membrane surface. 
However, recent studies have shown that the formation 
of PAC cake over membrane causes a decline in perme- 
ate flux. It also causes longer backwash times and is as- 
sociated with some secondary problems like blackening 
of pipes and other accessories of the membrane system 
that have to be replaced periodically. Economically these 
drawbacks limit the use of PAC as pretreatment in mem- 
brane processes [4,5].  

Granular activated carbon (GAC) can be used as an al- 
ternative to PAC due to its coarse particles nature that 
can be stopped from being entering into membrane sys- 
tem. Thus the secondary problems associated with PAC 
will not be encountered when used in hybrid processes. 
In this study, GAC filters were used as pretreatment for 
foul control in the UF pilot plant. Paraquat and 2,4-Di- 
chlorophenoxyacetic acid (2,4-D) were used as synthetic 
foulants.  

2. Experimental Investigations 

Paraquat was obtained from Fluka while 2,4-Dichloro- 
phenoxyacetic acid was purchased from Merck. All the 
chemicals were of analytical grade. Ultrafiltration mem- 
branes were purchased from IMT Netherland. The mem- 
brane parameters are given in Table 1. A coconut shell 
charcoal based granular activated carbon with 8 × 30 
Mesh particle size and BET surface area 500 - 550 m2·g−1 
with apparent density 0.55 g·ml−1 was purchased from 
Activated Carbon Technology UK limited. The carbon 
was washed with distilled water to remove fines and im- 
purities, oven dried at 110˚C for 6 h and stored in plastic 
containers for further use. The BET surface area of the 
adsorbent was determined by surface area analyzer QS-7 
by standard N2 adsorption at 77 K.  

Stock solutions of paraquat and 2,4-D were prepared 
by dissolving accurately weighed amount of these pesti- 
cides in distilled water. The test solutions were prepared 
by diluting stock solutions of these pesticides to the de- 
sired concentration.  

Batch adsorption technique was used to determine the 
adsorption capacity of granular activated carbon. A 
number of stoppered plastic bottles containing definite 
volume (100 ml) of pesticides solutions were contacted 
with 0.12 g GAC and were placed in thermostatic shak- 
ing assembly. The plastic bottles were agitated at 250 
rpm and 25˚C for 24 hours to ensure equilibrium was 
reached. Samples (6 ml each) were taken as standard be- 
fore mixing the adsorbent. The concentrations in the 
standard solutions and after adsorption were determined 

by using UV-Visible spectrophotometer. From the dif- 
ferences uptakes values were determined. The adsorption 
capacities of pesticides were calculated by the following 
equations: 

 0q C C V m               (1) 

where q is equilibrium adsorption capacity (mg/g), C0 
and C are the initial and equilibrium concentration of 
adsorbate solution (mg/L), V is volume of solution (L) 
and m is mass of adsorbent used. All the experiments 
were carried out in triplicate and average values are re- 
ported. The extents of adsorption by plastic bottles used 
in the experiment were determined. No appreciable ad- 
sorption of the pesticides was observed at room tem- 
perature. However at 50˚C and 13 days contact time, the 
adsorption was appreciable. 

In order to determine the column parameters fixed bed 
experiments were carried. Fixed amount of adsorbent 
(140 g) was placed in a continuous flow adsorption col- 
umn. The depth of the bed was 7 cm. The test solutions 
were passed from GAC bed at 12 and 16 L·h−1. The ef- 
fluents were collected in 250 ml volumetric flasks and 
were analyzed for uptakes using UV-Visible spectropho- 
tometer.  

To determine the membrane parameters GAC was 
used in a hybrid manner with UF membrane in a spe- 
cially designed pilot plant (Figure 1). The membrane 
was rinsed with distilled water and water permeate flux 
was determined. The test solutions were taken in 12 L  
 

Table 1. UF membrane parameters. 

Parameter Specification 

Matterial Polyethersulfone 

Type Capillary multibore ×7 

Diameter bores ID 0.9 mm 

Diameter fibre OD 4.2 mm 

MWCO 100 kD 

Surface area 50 m2 

Maximum temperature 40˚C 

Maximum pressure 7.5 bar 

Membrane back wash pressure 0.5 - 1 bar 

Maximum 2.5 bar 

Operation pH range 3 - 10 

Back wash pH range 1 - 13 

Disinfection chemicals  

Hypochlride (NaOCl) 50 - 200 mg·L−1 

Hydrogen peroxide (H2O2) 100 - 200 mg·L−1 
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Figure 1. GAC/UF pilot plant. 
 

where C is the equilibrium concentration (mg/L), q is the 
amount of adsorbate adsorbed per unit mass of adsorbent 
(mg/g), Q0 is the monolayer adsorption capacity (mg/g) 
and b is the constant related to free energy of adsorption, 
also called Langmuir constant (L/mg). 

container and passed through UF membrane using mul- 
tispeed water pump. The membrane parameter like per- 
cent retention of pesticides and their effect on permeate 
flux was determined. Then test solutions were treated 
with GAC in the container for fixed interval of time and 
same parameters like percent retention and the improve- 
ment in permeate flux was determined. The percent re- 
tention of the solute R was determined by using follow- 
ing formula: 

1
ln ln lnq K

n
  C             (5) 

where K is constant indicative of adsorption capacity of 
the adsorbent (mg/g (L/mg)1/n), 1/n indicates the intensity 
of adsorption, C is equilibrium concentration (mg/L) and 
q is the amount of contaminant adsorbed (mg/g).  

100 1 p

b

C
R

C

 
 

 
               (2) 

The equilibrium adsorption parameters along with re- 
gression coefficients are listed in Table 2. The Langmuir 
adsorption isotherm had highest regression coefficient 
value when compared to Freundlich adsorption isotherm. 
This shows the homogenous nature of adsorbent. The 
maximum adsorption capacity and Langmuir constant 
were calculated from slope and intercept of C/q and C 
plot which give a straight line of slope 1/Q0 correspond- 
ing to complete monolayer coverage (mg/g) and the in- 
tercept 1/Q0b. The adsorption capacity of GAC for 2,4-D 
was higher than paraquat. 

where Cp is the concentration of solute in permeate and 
Cb is the solute concentration in bulk. 

Membrane flux averaged over time of filtration was 
calculated as follow: 

1 d

d

V
j

A t
                  (3) 

where A is the membrane area and V is the permeate 
volume at time t. 

3. Results and Discussion 
3.2. Breakthrough Curves 

3.1. Adsorption Isotherms 
Fixed-bed experiments were carried out in order to de- 
termine the column parameters for investigations and 
obtaining operational parameters before running more 
costly column tests. Breakthrough curves for 2,4-D and 
paraquat adsorption were drawn and various column pa- 
rameters were calculated from these curves. 

The relationship between adsorbate and adsorbent are 
determined by adsorption isotherms. A number of ad- 
sorption isotherms are being in use. In this study Lang- 
muir [9] and Freundlich [10] adsorption isotherms were 
used to determine the equilibrium adsorption parameters. 
A comparison was made between the two models by 
judging their co-relation constant values for applicability 
of these models. The linear forms of Langmuir and Fre- 
undlich adsorption models are represented by the fol- 
lowing equations: 

Figures 2 and 3 shows the breakthrough curves ob- 
tained from the fixed bed experiments for 2,4-D and 
paraquat respectively. The different column parameters 
calculated from curves 2 and 3 are given in Table 3. 
From the results it is evident that with the increase in 
flow rate, the adsorption capacities of the GAC filter 
decreases. This was due to less contact time of the pol- 
lutants with GAC. 0 0

1C C

q Q Q b
                (4) 
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Table 2. Adsorption parametrs of the pesticides adsorption 
on GAC. 

Isotherm Pesticide 

Langmuir: 2,4-D paraquat 

Q0 (mg·g−1) 140.5 129.44 

b (L·mg−1) 0.07 0.066 

R2 0.98 0.96 

Freundlich:  

K 8.5 1.9 

1/n 0.345 0.76 

R2 0.96 0.92 

 
Table 3. Pesticides fixed bed adsorption parameters cal- 
culated from breakthrough curves. 

Parameters Flow rate (L/h) 2,4-D Paraquat 

Vi (L)a 
12 

16 

4.5 

2.5 

3.0 

1.0 

Xi (mg/g)b 
12 

16 

32.4 

18.0 

2.7 

0.9 

Vf (L)c 
12 

16 

10.2 

06.0 

12.0 

7.5 

Xf (mg/g)d 
12 

16 

77.52 

45.6 

11.40 

7.13 

aVi is the volume of effluent at the breakthrough point of the column (L), bXi 
is the amount of pesticide adsorbed per gram of adsorbent at the break- 
through poin (mg/g), cVf is the volume of effluent at the close point of the 
column, dXf is the amount of pesticide adsorbed per gram of adsorbent at the 
close point (mg/g). 

 

 

Figure 2. Breakthrough curve for 2,4-D adsorption on 
GAC. 

 

Figure 3. Breakthrough curve for paraquat adsorption on 
GAC. 

3.3. Pesticides Retention 

The solute particles size and configuration relative to the 
pore size of the membrane are the important parameters 
in determining the retention of a particular contaminant 
by UF membrane. Apart from it chemical interactions of 
the contaminant and membrane like adsorption, concen- 
tration polarization and fouling are also important [11- 
13]. The natural organic matter (NOM) molecules have a 
high volume as compared to synthetic organic compounds. 
According to Crozes et al. [14] the adsorption of low 
molecular weight molecules, smaller than the membrane 
pore size, could lead to significant irreversible fouling. 
As the pesticides under study are synthetic organic com- 
pounds, therefore the fouling caused by them is irrever- 
sible fouling. Figure 4 shows the retention of 2,4-D and 
paraquat by the membrane alone while Figure 5 shows 
the retention of the contaminants by the GAC/UF hybrid 
system. The percent retention of 2,4-D is higher than 
paraquat in absence of adsorbent. This is attributed to 
high adsorption of 2,4-D on the surface of membrane as 
compared to paraquat. Also 2,4-D is less soluble in water 
as compared to which means that the hydrophobic inter- 
actions with solvent are higher than hydrophilic interac- 
tion. Thus coming in contact with a hydrophobic surface 
of the membrane built off a positive interaction and is 
adsorbed strongly. In presence of GAC the percent reten- 
tion increases which is due to high adsorptive powers of 
the adsorbent. 100% removal 2,4-D was achieved in the 
GAC/UF hybrid system while paraquat removing effi- 
ciency was about 66% at equilibrium under the experi- 
mental conditions. This was due high adsorption capaci- 
ties of 2,4-D by both adsorbent and membrane. In litera- 
ture powdered activated carbons have been used for foul 
control in the membrane processes by many authors. 
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However cake formation on membrane surface has been 
encountered in limiting its use [4-6]. GAC particles are 
larger than powdered activated carbon and can be kept 
from flowing into membrane system. 

3.4. Effect of Pesticides on Permeate Flux 

From Figures 6 and 7 it is evident that there is a decline 
in permeate flux in the initial stages for distilled water, 
which is due to the intrinsic membrane resistance and 
may also be due to the interaction of the ions present in 
distilled water. In double distilled water usually H+ and 
 

 

Figure 4. Percent retention of 2,4-D and paraquat by UF 
membrane. 
 

 

Figure 5. Percent retention of 2,4-D and paraquat by GAC/ 
UF hybrid system. 

 

Figure 6. Effect of 2,4-D and paraquat on permeate fluxes 
through UF membrane. 
 

 

Figure 7. Improved permeate fluxes in the GAC/UF hybrid 
system. 
 
OH− ions are present. The presence of these ions was 
evident from the conductivity measurement (6.3 × 10−5 

S·m−1) of distilled water. The permeate flux then reaches 
to a steady state and is no longer effected within the ex- 
perimental time and conditions. The molecular weights 
of 2,4-D and paraquat are smaller than the MWCO of the 
membrane. They were expected to pass freely from mem- 
brane and the permeate concentration should be equal to 
that of the bulk concentration when passed from mem- 
brane without the aid of adsorbent. Inspite of low reten- 
tion, flux reductions were observed for these contami- 
nants. The reduction in permeate flux was high in case of 
2,4-D as compared to paraquat which was due to high 
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adsorption of 2,4-D on membrane surface causing pores 
shrinkage. Also the polyether sulfone membrane used in 
the study was hydrophobic and 2,4-D as mentioned ear- 
lier is less soluble in water thus coming in contact with 
hydrophobic surface develop a positive interaction and 
high adsorption was encountered. For GAC/UF hybrid 
system improved fluxes were observed for the contami- 
nants under study.  

4. Conclusion 

In this study, GAC was used as an alternative of PAC in 
order to minimize secondary problems associated with 
the use of PAC in the UF membrane processes, cake for-
mation, long backwash times and blackening of pipes. 
Secondary problems were not observed for GAC/UF 
process. The GAC has high adsorption capacity and their 
particles are larger than PAC which can be kept from 
flowing with effluents into the membrane system. From 
economical point of view, the use of PAC in the mem- 
brane systems is expensive as compared to GAC, which 
reduces backwashing time and do not causes blackening 
of the pipes. 
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