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ABSTRACT

The potential biosorption abilities of apple shell (AS), orange peel (OP), banana peel (BP),
and millet waste (MW) as a bio-waste material to remove 2,4-dichlorophenoxy acetic acid
(2,4-D), 2,4-dichlorophenoxy propanoic acid (2,4-DP), and 2,4-dichlorophenoxy butyric acid
(2,4-DB) from aqueous solution were investigated in batch condition. Optimum biosorption
conditions were determined as a function of contact time, pH of the solution, amount of
biomass, and initial pesticide concentrations. The concentrations of the pesticides in the
remaining solutions were simultaneously determined by high performance thin layer chro-
matography. Langmuir and Freundlich models were applied to describe the biosorption iso-
therm of the pesticides by agricultural wastes. The experimental adsorption data were fitted
to Langmuir adsorption models (r2 > 0.99). It was found that adsorption of 2,4-DP was
higher for all biosorbent. The highest maximum adsorption capacities of 2,4-DP were found
as 40.08, 22.71, 33.26, and 45.45mg/g, respectively, for AS, OP, BP, and MW. Maximum
adsorption capacity was obtained for 2,4-D as OP >MW>BP >AS, 2,4-DP as MW>AS > BP
>OP, and 2,4-DB as OP >AS > BP >MW. From the results, it can be said that MW was an
effective biosorbent for removal of 2,4-DP and OP was an effective biosorbent for removal
of 2,4-D and 2,4-DB through the studied pesticides. Optimum biosorption conditions were
determined as 60min of contact time, 100mg of biomass, AS at pH 6.0, OP at pH 6.0, MW
at pH 7.0, and BP at pH 7.0. FT-IR was employed to understand the surface properties of
biosorbents. According to the results, agricultural wastes have high adsorption capacity.
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1. Introduction

The potential damages of organic and inorganic
pollutants from antrophogenic activities on environ-
ment and human health are well known. Many

treatment procedures are employed to reduce the level
of pollution [1]. Tolerance of organic and inorganic
compounds varies in a wide range from ppb to % [2].
It is reported that phenols and phenolic compounds
such as nitrophenols, chlorophenols from coke, petro-
leum, and unconscious use of pesticides, paints, sol-
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vents, pharmaceuticals, food additives, and wood
preserving are the most important pollution sources
[3–7].

The common use of organochlorine compounds,
persistent and highly water-soluble pollutants lead to
accumulation in the environment [8]. Chlorophenoxy
acid herbicide formulations, alkyl esters and free car-
boxylic acids are widely applied to prevent the growth
of unwanted plants [9]. They are inexpensive and very
potent even at low concentrations [10]. They also can
be used for rapid growth of plants. Due to their toxic-
ity and high water solubility, the European Commu-
nity has established legal directives to restrict the use
and to control their maximum residue levels in several
matrices and monitoring of ground and drinking
water [9,10]. Among these, chlorophenoxy acid herbi-
cides are used extensively as plant growth regulator.
Chlorophenoxy acid herbicides, include 2,4-D, 2,4-DP,
and 2,4-DB, are widely used in agriculture to control
the weeds and other vegetation. It is well known that
the excessive use of herbicides lead to different disor-
ders on human and animals [11]. Acidic herbicides are
toxic for many living organisms even at low concen-
trations. Hence, the removal of chlorinated phenols
from wastewater is a necessary obligation to preserve
the quality of drinking water resources [12]. Nowa-
days, water quality is one of the most important prob-
lems especially in undeveloped countries.

Biosorption is accepted as a physico-chemical pro-
cess that consists of adsorption of a chemical sub-
stance on biological materials [13,14]. Currently, an
increasing amount of studies has focused on the treat-
ment technologies by applying biosorption methods
[6,15]. Biosorbents are materials from biological origin,
often composed of secondary industrial or agricultural
by-products or organic wastes, such as algae, bacteria,
plants, yeast or fungi [14]. From the industrial point of
view, the use of biosorbents for treatment provides
many advantages such as high adsorption capacity,
low cost, environment friendly, easy to find [16–18].

Agricultural waste is one of the rich sources for
low-cost biosorbents besides industrial by-product or
natural material [19]. Most of the biosorption studies
have been focused on untreated agricultural wastes
such as eggshell powder [20], hen feather leaf [21],
peanut hull pellets [22], grape stalk wastes [23], oil
palm ash [24], wheat bran [25], rice husk [26], rice
bran and wheat bran [27], oil palm trunk fiber [28],
yellow passion fruit peel [29], sugarcane dust [30],
and durian peel [31]. Some of the advantages of using
agricultural wastes for wastewater treatment include
simple technique, requires little processing, good
adsorption capacity, low cost, free availability, and
easy regeneration [32].

In this research paper, biosorption study of the
chlorophenoxy acid derivates, namely, 2,4-D, 2,4-DP,
and 2,4-DB on low-cost agricultural wastes, is carried
out along with isotherm studies.

2. Materials and methods

2.1. Preparation of the biosorbent materials

Apple shell (AS), orange peel (OP), banana peel
(BP), and millet waste (MW) materials were washed
thrice with distilled water in order to remove the dust
and soil, and then dried in an oven at 80˚C until con-
stant weight. The dried biosorbent materials were
crushed and sieved to get the biomass particles of 0.1–
0.2 mm diameter.

2.2. Chemicals and reagents

2,4-D, 2,4-DP, and 2,4-DB were obtained as indi-
vidual standards from Sigma-Aldrich (Missouri, USA)
and used for preparing the stock standard solutions
without purification. Chromatographic grade organic
solvents were supplied from Merck (Darmstadt,
Germany). All solutions were passed through 0.45 μm
membrane filter (Sartorius Goettingen-Germany)
before injection to the TLC plate. High performance
thin layer chromatography (Camag) was used for the
analysis of the pesticides. Chromatographic conditions
given in literature were employed for separation of
pesticides [14].

2.3. Experimental procedure

pHs of the solutions were about 6.0 during the
batch experiments and no pH adjustment was per-
formed. Approximately, 100mg of agricultural wastes
as a biomass was added to each flask and placed on
the orbital shaker. The initial pesticide concentrations
for the contact time experiments were 7.5 mg/L for
each of the pesticides and the incubation times ranged
from 5 to 120min at 150 rpm shaking rate. The data
used to derive the Langmuir constants were obtained
using 1.0 g/L of biomass and using the pesticides
solutions at the concentrations of 7.5, 15.0, 22.5, 30.0,
37.5, and 45.0 mg/L of pesticides. After contacting, the
contents of the flask were centrifuged to separate the
biomass from the solution. The results of pesticides
analysis were used to calculate specific adsorption
(mg pesticides adsorbed per g of biomass). All the
experiments were repeated three times and average
values were used for further calculations. The biosorp-
tion capacities of biosorbents were calculated from the
equation given in literature [14].
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3. Results and discussion

3.1. Effect of pH on biosorption

The effect of pH on the biosorption of 2,4-D, 2,4-DP,
and 2,4-DB was investigated in the range of pH 2.0–8.0.
It was observed that the maximum biosorption recover-
ies were obtained in the pH interval of 4.0–7.0. The
influence of pH on the biosorption of OP and BP was
not effective (Fig. 1(a) and (b)). There were no such
variations on maximum adsorption capacities for these.
Hence, pH 6.0 and 7.0 are employed for orange and
banana peels, respectively. In contrast, AS and MW
showed maximum adsorption at pH 6.0 and 7.0, respec-
tively (Fig. 1(c) and (d)). At the lower pH, ionization of
the pesticides which have acidic characteristics are sup-
pressed. Therefore, they stayed in molecular state in
contrast to acidic form. It can be said that the interac-
tion of the pesticides with surface of biosorbent is
mainly due to the result of molecular interaction. Oppo-
sitely, at higher pH, where pesticides concentration are

much greater than H3O
+ concentration, the pesticides

uptake increases. At pH range of 6.0–7.0, functional
groups of the agriculture waste surface, e.g. carboxyl
and sulfate, become negatively charged, increasing the
electrostatic interactions with the functional groups of
studied pesticides.

3.2. Effect of contact time on biosorption

The rapid biosorption is a significant parameter for
large-scale application in industrial processes. It is
important to fix the optimum contact time in view of
economical perspective [17]. So, the cost of operation
is increased with time over the optimum value. In
other words, extra energy must be used in this state.
From this point of view, effect of contact time on bio-
sorption was examined for 15, 30, 45, 60, and 120min.
From Fig. 2, it reached to the maximum adsorption
value nearly about contact time of 60min. After
60min, no significant increase was observed for AS,
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Fig. 1. Effect of initial pH on equilibrium biosorption capacities of 2,4-D, 2,4-DP, and 2,4-DB (conditions: 7.5 mg/L of
initial pesticides concentration, 60min of contact time, 100mg of biomass) (a) AS, (b) OP, (c) MW, (d) BP.
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OP, BP, and MW. At shorter biosorption periods, max-
imum adsorption values were also found lower.
Therefore, further experiments were performed for a
time of 60min.

3.3. Effect of pesticides concentration on biosorption

The effect of initial pesticide concentration was
investigated for the concentrations of 15.0, 22.5, 30.0,
37.5, and 45.0 mg/L of pesticides. When initial pesticide
concentrations were increased, an increase in maximum
adsorption capacities was observed. As expected,
increasing was slowed down nearly about surface satu-
ration. This was probably due to the increasing driving
force in the concentration gradient and increasing in
electrostatic interactions between surface sites and pes-
ticides [33]. Among the pesticides, 2,4-DP showed the
highest maximum adsorption capacity overall. Qeq was
obtained as 28.5, 29.6, 25.0, and 24.9 mg/g, respectively,
for AS, OP, BP, and MW (Fig. 3).

3.4. Effect of biomass concentration on biosorption

The biosorbent concentration is an important factor
that determines the capacity of a biosorbent for a
given initial concentration [17]. Effect of biomass
amount on equilibrium biosorption capacity of pesti-
cides was shown in Fig. 4. Different amounts of agri-
cultural biomass, 25, 50, 100, 200, and 400mg, were
employed for biosorption. It was observed that there
was an important decrease in Qeq with increase on bio-
sorbent amount. From the results, it can be said that
low amount of biosorbents were more effective than
higher one [17,34]. The decrease in biosorption with
the increase in biosorbent dosage can be attributed to
saturation of biosorbent surface.

3.5. Adsorption isotherms

The equilibrium biosorption isotherms are the most
important information to realize the biosorption
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Fig. 2. Effect of contact time on equilibrium biosorption capacities of 2,4-D, 2,4-DP, and 2,4-DB (conditions: 7.5 mg/L of
initial pesticides concentration, 100mg of biomass) (a) AS at pH 6.0, (b) OP at pH 6.0, (c) MW at pH 7.0, (d) BP at pH
7.0.
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mechanism. Langmuir and Freundlich isotherms were
utilized for the modeling of the experimental biosorp-
tion data obtained from the batch system [17]. The
Langmuir isotherm theory assumes monolayer cover-
age of adsorbate over a homogeneous adsorbent sur-
face [14]. The Freundlich isotherm model assumes a
heterogeneous sorption surface [14]. The Langmuir
(Eq. (1)) and Freundlich (Eq. (2)) isotherms are repre-
sented by the equations below:

ceq
qeq

¼ 1

KbAs
þ ceq
As

(1)

ln qeq ¼ lnKF þ 1

n
ln ceq (2)

where qeq and ceq are the equilibrium ligand adsorp-
tion capacity of the biosorbent and the equilibrium

ligand concentration in the aqueous solution, respec-
tively; As, Kb, KF, and n are the adsorption isotherm
parameters. As is the maximum amount of the metal
ions per unit weight of biosorbents to form a complete
monolayer on the surface bound at high ceq, and Kb is
the constant related to the affinity of the binding sites.
As represents a practical limiting adsorption capacity
when the surface is fully covered with metal ions and
assists in the comparison of adsorption performance,
particularly in cases where the biosorbent did not
reach its full saturation in experiments [35,36].

Langmuir and Freundlich adsorption isotherms
were employed in order to investigate in detail the
adsorption characteristics and to compare the adsorp-
tion performance of the adsorbents for the biosorp-
tion of metal pesticides. The values of Langmuir and
Freundlich constants along with their coefficient of
determination are listed in Tables 1 and 2. The
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Fig. 3. Effect of initial pesticides concentration on equilibrium biosorption capacities of 2,4-D, 2,4-DP, and 2,4-DB (condi-
tions: 7.5 mg/L of initial pesticides concentration, 60min of contact time, 100mg of biomass) (a) AS at pH 6.0, (b) OP at
pH 6.0, (c) MW at pH 7.0, (d) BP at pH 7.0.
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Langmuir isotherms were given in Fig. 5. As can be
seen in the Table 1, high regression correlation coeffi-
cients (>0.99) were obtained from Langmuir iso-
therms. Therefore, it can be said that adsorption
characteristics of the studied pesticides were mono-
layer. Freundlich adsorption model was also applied,
according to the results it was not fitted to this

model. Maximum adsorption capacity was obtained
for 2,4-D as OP >MW>BP >AS, 2,4-DP as MW>AS
> BP >OP, and 2,4-DB as OP >AS > BP >MW. From
the results, it can be said that MW was an effective
biosorbent for removal of 2,4-DP and OP was an
effective biosorbent for removal of 2,4-D and 2,4-DB
through the studied pesticides.
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Fig. 4. Effect of biomass amount on equilibrium biosorption capacities of 2,4-D, 2,4-DP, and 2,4-DB (conditions: 7.5 mg/L
of initial pesticides concentration, 60min of contact time, 100mg of biomass) (a) AS at pH 6.0, (b) OP at pH 6.0, (c) MW
at pH 7.0, (d) BP at pH 7.0.

Table 1
Langmuir adsorption isotherm parameters for 2,4-D, 2,4-DP, and 2,4-DB by using agricultural wastes

Biosorbent
2,4-D 2,4-DP 2,4-DB

As Kb r2 As Kb r2 As Kb r2

AS 17.86 ± 0.42 2.01 ± 0.21 0.9928 40.08 ± 0.34 5.53 ± 0.32 0.9745 25.64 ± 2.12 5.51 ± 0.32 0.9707
OP 34.48 ± 0.89 6.30 ± 0.23 0.9845 22.71 ± 0.27 2.92 ± 0.21 0.9950 23.25 ± 1.54 7.00 ± 0.45 0.9990
BP 22.73 ± 1.23 5.85 ± 0.34 0.9827 33.26 ± 0.43 4.14 ± 0.69 0.9851 21.27 ± 0.87 4.73 ± 0.40 0.9904
MW 29.4 ± 1.67 6.11 ± 0.19 0.9490 45.45 ± 1.24 16.61 ± 0.68 0.9950 20.83 ± 1.94 4.05 ± 0.34 0.9971
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3.6. FT-IR studies

From the Fig. 6, it was clear to see that surfaces of
MW, AS, BP, and OP was functionalized after
treatment with the mixture of 2,4-D, 2,4-DP, and
2,4-DB. From the FT-IR spectrum peaks at 2,700–2,620
(C=O), 1,715 cm−1 (C=O stretching), 1,467 cm−1 (C–H

aromatic), 1,401 cm−1 (C–H stretching), 1,280, 1,211,
and 1,060 cm−1 (C–C aromatic) for AS + Pest., cm−1 ()
for BP + Pest., 2,700–2,620 (C=O), 1,715 cm−1 (C=O
stretching), 1,467 cm−1, for OP + Pest., for MW+ Pest.,
were attributed to differences 3,309 cm−1 (N–H stretch-
ing), 2,919, 1,730, 1,610, 1,240, and 1,050 cm−1 were

Table 2
Freundlich adsorption isotherm parameters for 2,4-D, 2,4-DP, and 2,4-DB by using agricultural wastes

Biosorbent
2,4-D 2,4-DP 2,4-DB

Kf n r2 Kf n r2 Kf n r2

AS 7.29 ± 0.23 3.65 ± 0.09 0.8954 6.56 ± 0.12 1.66 ± 0.01 0.9371 5.79 ± 0.09 2.37 ± 0.03 0.9853
OP 5.94 ± 0.32 1.88 ± 0.01 0.9731 7.36 ± 0.15 2.90 ± 0.01 0.9812 4.14 ± 0.12 2.06 ± 0.08 0.9702
BP 4.72 ± 0.01 2.22 ± 0.01 0.9571 6.99 ± 0.15 1.91 ± 0.03 0.9311 5.01 ± 0.07 2.38 ± 0.01 0.9061
MW 5.93 ± 0.08 2.19 ± 0.01 0.9897 3.21 ± 0.06 1.40 ± 0.01 0.9876 5.69 ± 0.20 2.64 ± 0.07 0.9610

Fig. 5. Langmuir isotherms of 2,4-D, 2,4-DP, and 2,4-DB (a) AS at pH 6.0, (b) OP at pH 6.0, (c) MW at pH 7.0, (d) BP at
pH 7.0.
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Fig. 6. Comparison of FT-IR spectra of biosorbents and biosorbents loaded with pesticides mixtures.
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observed, whereas the mixture of pesticides adsorbed
on AS showed different peaks at 1,715 cm−1(C=O
stretching), 1,467 cm−1 (), 1,280 cm−1, 1,100 cm−1, and
1,060 cm−1. These changes of the spectra clearly show
the complexation/coordination of the pesticides dur-
ing the adsorption process. Difference peaks were
attributed to adsorption of pesticides to biosorbent.
They were commented and presented on above by
considering to chemical structures of pesticides.

4. Conclusion

The results of the present batch studies show
that the adsorptions of pesticides on agricultural
wastes are quite satisfactory. The equilibrium data
were tested using Langmuir and Freundlich adsorp-
tion isotherm models. The data fitted well to Lang-
muir isotherms. From the isotherm models it can be
said that adsorption of 2,4-D, 2,4-DP, and 2,4-DB on
agricultural wastes is monolayer. FT-IR was
employed to understand the surface functionalities
of the biosorbents. The results showed that optimum
pHs for the biosorbent were in the range of pH 6.0
and 7.0. Thus, it can be said that acidity of the sam-
ple solution could be adjusted easily. Contact times
of biosorbents with pesticides were short as 60min.
Thus, developed biosorption process can be applied
to wastewater with soft conditions. In our developed
method, pesticides can be removed from wastewater
up to concentration of 45.0mg L−1. Results showed
that 25mg of biomass was most effective for
removal of pesticides.

By considering the applicability of the Langmuir
model and FT-IR spectral comparison, it could be con-
cluded that monolayer sorption onto a homogeneous
surface with a finite number of identical sites is a pos-
sible mechanism for interaction.

The findings in this study revealed that studied
agricultural wastes are promising biosorbents for the
removal of pesticides from contaminated wastewater.
This kind of low-cost biosorbents make the process
highly economical and competitive, particularly, for
environmental applications in detoxifying effluents. In
addition, it is not necessary to employ the use of com-
mercial sorbents and resins when biosorbents are
used. Further studies will help to evaluate the eco-
nomic implications of using this biosorbent.
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