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ABSTRACT

The potential use of crushed cockle shells (Anadara granosa) for treating polluted river water
in the fabricated column model was investigated along with the determination of the
optimum amount of A. granosa used in the fabricated column model based on the results
obtained from the series of jar test experiments performed during the study. The result
shows that the crushed cockle shell could reduce chemical oxygen demand with the adsorp-
tion capacity of 5.3191 mg g−1. Moreover, based on adsorption isotherm, it is shown that the
adsorption data best fitted for Freundlich (R2 = 0.9798) when compared to Langmuir iso-
therm (R2 = 0.5737). The breakthrough curves plotted based on the data obtained from fabri-
cated column model experiment indicates that the exhaustion time of crushed cockle shell
was on the third day. The linearization of breakthrough curves based on Thomas model,
Yoon–Nelson model, and Adam–Bohart model, shows that the curves best fitted with
Adam–Bohart model, since the value of R2 was higher compared to the other models tested
during the experiment.

Keywords: Crushed cockle shells; Adsorption kinetics; Breakthrough curve; Dynamic column;
Fabricated column model

1. Introduction

The accumulation of nutrients in waterbody led to
eutrophication due to the abundant growth of algae
[1]. Several physical, chemical, and biological treat-

ments have been introduced like ion exchange [2,3],
coagulation/flocculation [4,5], precipitation [6], mem-
brane filtration [7], and biological treatment [8] for
treating wastewater. But the majority of them are
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costly, time-consuming, and generates high amount of
sludge [9]. Adsorption is a physicochemical process
and widely used in many studies due to its special
characteristic of having porous and high surface area.
Other features that evaluate the overall behavior of
adsorption are adsorption efficiency and adsorption
capacity in the removal of organic and inorganic
pollutant [10].

The development of low-cost adsorbent is nowa-
days getting the attention of many researchers. The
abandoned waste generated from power plants, agri-
cultural and fishery industries is at a crucial stage
because of this issue; re-utilization of these waste
materials needs to be expanded. The utilization of
industrially generated waste ash as one of promising
adsorbent for the removal of organic and inorganic
pollutant has been introduced and studied recently
[11–13]. Agricultural waste has also been reported as a
low-cost adsorbent for the removal of organic matter
present in the polluted water [14–17]. Wastes pro-
duced from fishery industries such as mussel shells,
oyster shells, and mollusk shells [18–21] are
extensively used as adsorbent and they show high
performance for the removal of organic and inorganic
pollutants. Apart from that, cockle shell or Anadara
granosa can be potentially used for the wastewater
treatment by adsorption process. Budin et al. [22]
studied the ability of crab and cockle shell to adsorb
lead and chromium from industrial effluent, and from
their study, it was found that the removal of lead and
chromium using cockle shell was due to the presence
of CaCO3 in the cockle shell.

In Malaysia Ninth Plan, the cockle production is
expected to be around 13,000 metric tons [23] and this
has provided the indication that the generation of
waste cockle shell will also increase simultaneously.
Due to this reason, the pressing need for the preserva-
tion of nature and re-utilization of waste have fueled
the search for developing alternative solutions in
creating a sustainable environment.

This study observed the ability of natural adsor-
bent such as the cockle shell (A. granosa), collected
from marine waste, for the treatment of polluted river
water using a jar test and also for its application in
the fabricated column model system. In order to deter-
mine its static adsorption in jar test, Freundlich and
Langmuir isotherms were applied and for the
investigation of dynamic adsorption in the fabricated
column model, mathematical models such as Thomas,
Yoon–Nelson, and Adam–Bohart models were used.
The value of R2 obtained from the linear regression
plot determined the best model for describing the
adsorption process.

2. Materials and methods

2.1. Preparation of adsorbent

The cockle shell or A. granosa was collected from
the Fisheries Research Institute, Gelang Patah, Johor,
Malaysia. Initially, the shells were washed thoroughly
with tap water and rinsed with deionized water in
order to remove sand and other impurities. Then, the
shells were dried naturally under sunlight for 3 d and
later with oven drying at 105˚C for 24 h. Next, the
shells were crushed and sieved to approximate size of
1 mm and stored in polyethylene bag as to prevent
the addition of moisture until further use.

2.2. Experimental procedure

2.2.1. Static adsorption experiment

The static adsorption experiment was carried out
using the jar test experimental method. The effect of
adsorbent amount and saturation time were studied.
The water sample collected from the Desa Bakti River,
located in Universiti Teknologi Malaysia was treated
with a constant volume of 1 liter for seven consecutive
days.

In order to study the effect of adsorbent amount in
reducing the chemical oxygen demand (COD) level
present in water sample, the range of adsorbent
applied was 1–4 g/L. In order to minimize the experi-
mental errors, a control sample was prepared. Now, all
the beakers were placed in the jar test machine (SAS-
TEC) by lowering the paddle as to stir (100 rpm/min)
the water sample in order to provide a constant con-
centration in all of the beakers. Finally, the water was
allowed to settle for about 30 min. 10 ml of the
wastewater sample was mixed with COD reagent as to
determine the COD value in each of the beakers. A,
HACH DR-5000 spectrophotometer was used to
examine the value of COD.

The total removal of COD is calculated based on
the equation shown below:

Removal %ð Þ ¼ C0 � Ce

C0

� �
� 100 (1)

where C0 is the initial concentration of the river water
sample (mg/L) and Ce is the final concentration
(mg/L). The amount of COD adsorbed per unit of
cockle shell at equilibrium was calculated according to
the following equation (Eq. (2)):

qe ¼ C0 � Ce

m

� �
� Volume ofwater sample Lð Þ (2)
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2.2.2. Method of analysis for static adsorption using
adsorption isotherm study (Langmuir and Freundlich
kinetic isotherms)

Generally, the mechanism of adsorption shows fas-
ter progression of physical and chemical processes,
and it is generally known as the accumulation process.
Appropriate analysis and design requires suitable iso-
therm to analyze and provide essential information.
Equilibrium modeling based on specific isotherm is
practiced in order to describe the adsorption data and
parameters that are obtained from different models.
Langmuir and Freundlich isotherms [23–25] are
applied in this study in order to analyze the
adsorption equilibrium data.

Langmuir sorption isotherm portrays the uptake
that happens on a homogeneous surface and is
expressed as shown below:

Ce

qe
¼ Ce

qm
þ 1

KLqm
(3)

where qe (mg/g) is the solid phase concentration and Ce

(mg/L) is the liquid phase concentration of adsorbate at
equilibrium. While qm (mg/g) is the maximum adsorp-
tion capacity and KL (L/mg) is the adsorption equilib-
rium constant. The value of KL and qm is obtained from
the interception of the graph Ce/qe and Ce.

Freundlich is the widely used isotherm to describe
the adsorption equilibrium and it is an empirical
equation which is capable of describing the adsorption
of organic and inorganic compounds, and it is
expressed as:

qe ¼ KFCe (4)

This equation (Eq. (4)) also can be represented in the
linear form (see Eq. (5))

log qe ¼ logKF þ 1

n
logCe (5)

From the graph of log qe vs. log Ce, the value of 1/n is
obtained from the slope and the intercept magnitude
shows the value of log KF.

2.2.3. Design of fabricated column model

Fig. 1 illustrates the schematic diagram of the fabri-
cated column model. The column model was designed
to the height of 7.5 inch, diameter of 2.0 inch in a close
loop with three columns arranged in series. This
design is capable of monitoring the efficiency of adsor-
bent in reducing the level of total phosphorus (TP),
total nitrogen (TN), COD, and biological oxygen
demand (BOD) in river water that is being pumped
into the collection tank. Water sample in the collection
tank was continuously circulated in FCM in the pres-
ence of adsorbents up to the optimum day, as per the
jar test experiments conducted earlier. The efficiency
rate of the adsorbent was obtained by comparing the
initial concentration of water sample at day 0 and day
3, after it has undergone the treatment with the
adsorbents present in the column series.

The operation of FCM started by pumping the
water from the Desa Bakti River into the collection

Legend: 

Sampling 
Point: 
Desa Bakti 
River 

Collection 
tank 

Control valve 

Water pump 

Adsorption column filled with crushed cockle shells

Fig. 1. Schematic diagram of fabricated column model.
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tank up to 200 L and the total amount of adsorbent
used was 600 g per treatment. The water was consecu-
tively circulated from day 0 until day 3 as to prove
the saturation attained by the crushed cockle shells
and, at the same time, to determine the efficiency of
adsorbent in reducing the level of nutrient present in
the Desa Bakti River. This was done by taking water
every day from the outlet, checking the value of each
of the parameters obtained after analyzing in the lab-
oratory. Finally, the data were evaluated by plotting
the breakthrough curves. This experiment was mainly
focused as to investigate the applicability, practical
approach, and the ability of the crushed cockle shell
in reducing the amount of nutrient present in the river
water sample.

2.2.4. Breakthrough curve analysis for the
determination of dynamic adsorption process

According to Chowdury and Saha [26], the plotting
of breakthrough curve is essential when the adsorp-
tion experiment is conducted in a column model for
analyzing the dynamic of adsorption process. Break-
through curve was obtained by plotting the graph of
Ct/C0 vs. time, where Ct is the concentration of nutri-
ent present in the river water sample at any time t
(mg/L) and C0 is the inlet concentration of the river
water sample (mg/L).

Breakthrough time, tb, is the time where the nutri-
ent concentration reached 1 mg/L and adsorbent
exhaustion time, te, is the time where the concentra-
tion of effluent attained is 99.5% of its initial concen-
tration. The area above the breakthrough multiplied
with flow (F) is representing the total amount of nutri-
ent adsorbed by the crushed cockle shell, mad.

Following Chowdury and Saha [26], the effluent
volume (Veff), the total amount passing through the
column model (mtotal), and total nutrient removal
determining the performance of crushed cockle shell
as adsorbent material were calculated as follows:

Veff ¼ Fte (6)

mtotal ¼ C0 Veffð Þ (7)

Total removal %ð Þ ¼ mad=mtotalð Þ � 100 (8)

3. Results and discussion

3.1. Determination of the optimal amount and contact time
of crushed cockle shell in jar test experiment

The total amount of adsorbent used provided
greater consequences toward the static and dynamic

adsorption process. It shows the ability of adsorbent
in removing excessive nutrient or pollutant present in
the water sample [27]. The effect of the amount of
crushed cockle shell used in treating 1 liter of polluted
river water sample was investigated in the jar test
experiment by varying the amount of crushed cockle
shells ranging from 1 to 4 g.

The percentage of COD reduction using crushed
cockle shell was calculated according to the mass bal-
ance equation. It is seen from Fig. 2 that the percent-
age of reduction increased along with the increasing
of the crushed cockle shell. The maximum COD
reduction of 38.8% was found with 3 g/L of crushed
cockle shell and the increasing amount of crushed
cockle shell did not show significant levels of reduc-
tion, which clearly indicates that the adsorption yield
is due to the binding of all the nutrients onto the
adsorbent surface [9,28].

It was observed that with the increasing amount of
crushed cockle shell the equilibrium adsorption capac-
ity (qe) was found to be decreased, thus, resulting in
lesser COD reduction. This is because of the reduction
in the total adsorption surface area available for the
molecules, which results from the overlapping of the
aggregation of adsorption sites [29,30]. Thus, from
Fig. 2, it can be seen that the optimal amount of
crushed cockle shells obtained from jar test experi-
ment was 3 g/L. In addition, the potential use of A.
granosa as an adsorbent with the optimal amount of
3 g/L was also monitored from day 0 to day 4. Fig. 3
shows that the percentage of COD removal increased
up to 24.39% at day 1 and the maximum removal effi-
ciency of 37.25% was found at day 3. The rapid COD
removal at the early stage is due to the reason of hav-
ing a high number of active binding sites on the sur-
face of cockle shell which provided more availability
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Fig. 2. Effect of adsorbent amount in COD reduction using
crushed cockle shells.
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for the adsorption process to occur [31,32]. However,
during the later stages, the removal rate of COD
decreased to 32.37% at day 4. The decreasing of COD
removal is due to the reduction of active binding sites,
which also indicates the saturation point of the cockle
shell during the adsorption process [11,31–33].

3.2. Analysis of jar test experiment using Freundlich and
Langmuir isotherms

Adsorption isotherm is a vital analysis for
wastewater treatment, as it defines the estimation of
absorption capacity of the adsorbent materials. Fig. 4
represents Langmuir and Freundlich isotherms of
COD reduction using crushed cockle shells with the
optimum amount of adsorbent as 3 g/L.

The correlation coefficient and constant from
Eqs. (3)–(5) are presented in Table 1. The correlation
value obtained from the Langmuir equation shows
that the value of R2 is 0.5737, which is found to be
lower than the Freundlich equation with the R2 value
of 0.9798. This shows that the Freundlich isotherm
model is more suitable for determining the adsorption
equilibrium required for COD uptake using crushed
cockle shell [34–36] (Fig. 5).

3.3. Determination of saturation point and performance of
crushed cockle shell as adsorbent in the fabricated column
model

The optimum amount of crushed cockle shell used
in the fabricated column model was 600 g for 200 L of
working volume, which was determined based on the
preliminary experiment carried out during the jar test
and the same was used in the further experiments.
Now, the performance of crushed cockle shell in the
fabricated column model was evaluated using break-
through curve plots as shown in Fig. 6.

At the beginning of the experiment, it was found
that the breakthrough point of total phosphorus (TP)
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Fig. 3. Effect of contact time in COD reduction using the
crushed cockle shell.

y = 0.0593x + 1.0232
R² = 0.5737
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Fig. 4. Langmuir isotherm plot for the reduction of COD
in water sample (Condition: pH 6.5, adsorbent amount:
3 g/L).

Table 1
Coefficients of Langmuir and Freundlich isotherm models
for COD uptake using the crushed cockle shell

Parameter

Langmuir constant Freundlich constant

qmax KL R2 1/n log KF R2

COD 0.0593 1.0232 0.5737 1.4064 0.0754 0.9798

y = 1.4064x + 0.0754
R² = 0.9798

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 0.5 1 1.5

lo
g 

q e

log Ce

Fig. 5. Freundlich isotherm plot for the reduction of COD
in water sample (Condition: pH 6.5, adsorbent amount:
3 g/L).
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and total nitrogen (TN) reached earlier, when com-
pared to COD and BOD. Table 2 shows that the
removal of TP is high when compared to other nutri-
ents that are present in the polluted river water sam-
ple. This shows that the main element present in the
cockle shell might be calcium carbonate (CaCO3),
which resembles oyster shell in providing higher
absorption rate for phosphorous [37,38].

The exhaustion time or saturation time, t, of
crushed cockle shells was found to be on day 3 as
seen from the plots in Fig. 6 and indicates that at day
3, the active binding sites for crushed cockle shell has
saturated.

3.4. Breakthrough curve testing using mathematical
empirical models: Thomas, Yoon–Nelson, and Adam–Bohart
models

3.4.1. Thomas model

In the Thomas model study, the velocity of the
fluid is assumed to be constant across the column pipe
or used to be known as plug flow behavior. The linear
equation of Thomas model is described as below:

ln
C0

Ct
� 1 ¼ kTHq0m

Q
� kTHq0Veff

Q
(9)

where kTH (mg d/m3) is the Thomas rate constant, q0
(mg/g) is the equilibrium adsorbate uptake, and m is
the amount of adsorbent in the column (g). The value
of kTH and q0 was determined from the slope and
interception of lnC0=Ct � 1 vs. t [39,40].

Table 3 shows the Thomas model parameters for
the fabricated column model using linear regression
analysis.
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Fig. 6. Breakthrough curve plot based on the fabricated
column model using cockle shell.
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As seen from Table 3, R2 value is not found to be
significantly high; this may be due to the reason that
the Thomas model is only applicable for the adsorp-
tion process that follows the Langmuir kinetic iso-
therm [41]. It is supported by the result of jar test
experiments and shows that the adsorption of nutri-
ent, especially COD follows the kinetic isotherm of
Freundlich.

3.4.2. Yoon–Nelson model

The Yoon–Nelson model provides the assumption
that the decrease in probability of each adsorbate to
be adsorbed is proportional to the probability of its
adsorption and breakthrough on the adsorbent [42].
The linearized model of Yoon–Nelson is shown below:

ln
Ct

C0 � Ct

� �
¼ kYNt� skYN 10

where kYN and τ are estimated from the slope and
intercepts of linear graph between ln Ct=C0 � Ct½ � vs. t.

Table 4 shows that the value of τ is inversely pro-
portional to R2, and this trend is similar to the one as
achieved by Sotelo et al. [43]. The initial concentration

of each parameter does not provide any significance
to the value of kYN, τ, and R2, since Yoon–Nelson
model is limited through its rough and simple form.
Due to this reason, Yoon–Nelson model is considered
to be less valuable for the prediction of adsorption
under various conditions [44].

3.4.3. Adam–Bohart model

Adam–Bohart model came up with the hypothesis
that the uptake rate of adsorbate is proportional to the
concentration of contaminant/pollutant/nutrient in
the bulk fluid and the residual absorptive capacity of
the adsorbent [44]. This model is commonly applied
to describe the relationship between bed depth and
service time at the column adsorption experiment [45].
The linear form of the Adam–Bohart model is
expressed as follows:

ln
C0

Ct
� 1 ¼ kABN0

Z

F
� kABC0t (11)

where kAB and N0 are obtained from the plot of
ln C0=Ct vs. t. The interception and slope represent the
value of kAB and N0, respectively.

Table 3
Thomas model parameters for the fabricated column model using linear regression analysis

Parameter Initial concentration (mg/L) Bed height (inch) Flow rate (m3/d) kTH (mg d/m3) q0 (mg/g) R2

COD 56 4.5 11.49 0.4719 0.9753 0.4334
TP 0.44 4.5 11.49 0.8412 0.6016 0.5740
BOD 14 4.5 11.49 0.2749 3 × 10−16 0.75
TN 7 4.5 11.49 0.7679 0.7679 0.5422

Table 4
Yoon–Nelson model parameters for the fabricated column model using linear regression analysis

Parameter Initial concentration (mg/L) Bed height (inch) Flow rate (m3/d) kYN (mg d/m3) τ R2

COD 56 4.5 11.49 0.4719 2.0661 0.4334
TP 0.44 4.5 11.49 0.8412 0.7152 0.5740
BOD 14 4.5 11.49 0.2749 0 0.75
TN 7 4.5 11.49 0.7679 1.0000 0.5422

Table 5
Adam–Bohart model parameters for the fabricated column model using linear regression analysis

Parameter Initial concentration (mg/L) Bed height (inch) Flow rate (m3/d) kAB (mg d/m3) N0 (mg/L) R2

COD 56 4.5 11.49 0.3733 0.0899 0.9385
TP 0.44 4.5 11.49 0.6933 0.0803 0.7696
BOD 14 4.5 11.49 0.1010 0 0.750
TN 7 4.5 11.49 0.6130 0.0171 0.8211
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Based on Table 5, the overall value of R2 is found
to be higher compared to other models which are Tho-
mas and Yoon–Nelson model. This shows that the
breakthrough curve obtained from the fabricated col-
umn model follows Adam–Bohart model and the
adsorption process is likely affected by the initial con-
centration of nutrient present in the water sample,
and is proving that Adam–Bohart model is more suit-
able in expecting breakthrough curves and optimizing
the parameters.

4. Conclusion

From the jar test experiments, the optimum adsor-
bent amount and contact time were found to be as
3 g/L in 3 d of continuous operation. These results
were based on the maximum removal of COD and
with the equilibrium study of crushed cockle shell, it
showed that Freundlich isotherm model provided the
best fit to the experimental data. A continuous adsorp-
tion process with crushed cockle shell was carried out
on the fabricated column model. The breakthrough
curves were plotted separately according to the type
of nutrient present in the river water sample and the
curves showed that the exhaustion time of crushed
cockle shell was determined to be on day 3. The pres-
ence of higher amount of CaCO3 in the shell helped
the removal rate of P to increase. The column study
showed that the Adam–Bohart model best fitted to the
experimental data because of its higher R2 value and
is considered suitable for expecting the breakthrough
curves and also for optimizing the parameters for
treating polluted river water.
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