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Removal of Cadmium from Aqueous Solution by Spinach (Ipemoea aquatica)
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Abstract: The use of batch method to study the adsorption ability of spinach for removal of Cd(I) from
aqueous solution was carried out. Results obtained shown that the pH and contact time for maximum removal
efficiency percentage of Cd* was found to be from 4.5 to 6.5 and 30 min, respectively. The experimental data
fitted the pseudo second order model with correction coefficients R* = 0.98 for all Cd” concentrations in the
range of 5, 10 and 15 mg/l and the adsorption rate was controlled by mntrapartical and boundary layer
diffusions. The Langmuir model was found to be a appropriate model for describing the equilibrium adsorption
process and the maximum adsorption capacity was found to be 9.54 mg Cd*'/g adsorbent. With three cycles
of de-sorption/adsorption without changing the adsorption efficiency, it could be conclude that spimach 1s a
potential material for removal of Cd* from contaminated water.
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INTRODUCTION

Because of high toxicity, contamination of water by
cadmium causes adverse effects to human health and
survival of aquatic ammals. Chromc exposure to cadmium
evenl at very low doses leads to kidney damage, renal
disorder, bone fraction and destruction of red blood [1-3].

Cadmium may enter surface and ground water
systems mdirectly via run off from solid waste disposal
sites and agriculture fields or directly through effluent
from mines, fertilizer production and electroplating, etc.
[2-4]. Concentration of cadmium in drinking water under
the guidance of the World Health Orgamization 1s 3 ppb
[5]. However, there are several natural water sources that
contain Cd*" high concentration exceeding the permitted
level. Therefore, it is necessary to remove this metal from
contaminated water down to permitted level to protect of
human health.

In order to remove cadmium from contaminated
water, a number of technologies have been used
such as precipitation, adsorption, ion exchange, etc
[4, 6]. However, these technologies are still
expensive and it i3 less common in developing
countries. Therefore, the need to find an alternative
technology which can effectively removal of cadmium as
well as  low cost. Currently, adsorption technology 1s
considered a suitable solution for the remediation-
contaminated water. Further, if adsorption technology

using adsorbents which are available in nature with high
adsorption capacity, it will sigmficantly reduce the cost
of treatment [7].

Recently, the study of the adsorption materials
derived from plants have been extensively conducted.
Because of the diversity and availability m nature, these
materials can be considered a replacement for other costly
materials used in the adsorption technology to remove
pollutants from contaminated water [6, 8-16].

The objective of this research was the determination
of the adsorption characteristics of Cd*" by spinach, a
plant specie 1s fairly common m Vietnam and other
countries in Asia, for unitizing m the adsorption
technology. The results obtamed will be reported here
including the effect of parameters such as pH, contact
time, adsorbent dose. The experimental data were also fit
the kinetic and 1sotherm models to clarifier the adsorption
process for Cd™ by this new material.

MATERIALS AND METHODS

The spiach used 1n this study was collected from
Ho Chi Minh City of Vietnam. The fresh spinach was cut
into small pieces and dried in oven at 80°C for three
hours. The resulting dried spinach were then crushed and
sieved. The fraction of 0.25 mm was selected for
adsorption study. The FT-IR spectra of raw dried spinach
was obtained using JASCO FTTR-3500 model.
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Adsorption Experiment: Batch experimental method
was set up to investigate effects of pH, contact time,
adsorbent dose on the adsorption process. To determine
the effect of contact time, experiments were conducted in
Erlenmeyer flasks containing 0.1 g of spinach powder,
50 ml of Cd* solution with concentration in the range of
5.0,10.0and 15.0 mg/l. pH of the solution was adjusted to
PH 5 using exther with diluted solution of HNO, or NaOH.
The adsorption solution was shaken at speed of 200 rpm
for predetermined time intervals at room temperature
28 £ 1°C. After shaking, the mixture was filtered and Cd*
concentration 1n the liquid phase was determined by the
voltammetric method [17] using polargraph instrumental
797 VA Computrace from Metrohm company. Effect of
the pH on the adsorption was determined by varying
pH of the adsorption solution from 1-7 while keeping
contact time and Cd*’ concentration constant. Effect of
the adsorbent dose was determined by changing the dose
of adsorbent 1n the optimum conditions of pH and contact
time which were selected 1 the previous experiments.

For recovery of Cd* and assessment of reuse ability
of adsorbent, the adsorption / de-sorption cycles were
mvestigated with the exhausted adsorbents using
different concentrations of mtric acid as an elution
solution.

The amount of Cd* adsorbed at equilibrium (g,,
mg/g) and the removal percentage (R %) were calculated
by relationships:

(G- (H
4=
m
R%:Mxloo 2
CD

where C; and C, are the mitial and equilibrium Cd*
concentration (mg/l) respectively, 77 is the solution
volume (I) and m is the mass of adsorbent (g).

RESULTS AND DISCUSSION

FT-IR Spectra: FT-IR spectra of the spinach is given in
fig. 1. There are characteristic peaks of functional groups
such as CO, OH, CH appearing in the spectra. These
functional groups are considered as active sites for metal
ion adsorption. The bands appearing at 3200 to 3600 cm™
were assigned to OH stretching, characteristic of the
presence of H,O, phenol or amimno acids. The group of CH
was recognized at peak of 2935 cm™ indicative of the
chlorophyll groups. The peaks at 1637 and 1053 cm™ and
peak at 1412 cm ™' were assigned to CO stretching
characteristic of compounds contamming CO groups.

The peak at 1411 cm™ represent the bending vibrations of
CH groups [11]. As results shown in fig 1. The adsorption
intensity of peaks presenting for CO groups in the
spinach 1s relative stronger than that of OH groups. This
indicated that the adsorption of metal cations by spinach
is mostly due to involving the CO groups.

Effect of PH: pH of the solution 1s one of the most
important parameters for the adsorption process. pH of
the solution controls the sorption capacity through its
influence on the surface properties of the adsorbent and
species of adsorbate in solution [18]. Effect of pH was
studied in the pH range of 1 -7 and results obtained are
shown in fig 3. From results, it was found that the
removal efficiency of Cd* was low at pH < 2 and
increased with increasing pH and reached maximum value
at pH from 4.5 to 7.0. The change of the removal efficiency
by pH variation can be explained by the competition of
hydrogen ion for adsorption sites on the adsorbent
surface. At pH 2-3, all the adsorption sites occupied by H”
ions. At higher pH, the concentration of H' reduced and
Cd* are freely attracted to the adsorption sites, leading to
the removal efficiency mcreases. On the other hand, the
maximum removal efficiency at pH > 4 due to the
involvement of the deprotonation of carboxylic groups in
spinach [11]. Tt was found that the pKa value of the
carboxylic group which 13 3.3-4.8. At pH > 4, the
carboxylic group 1s deprotonated and became negatively
charged, hence increasing the availability of binding sites
for positively charged of Cd* ions. Thus, €O function
groups 1n spinach has a decisive role for the adsorption
of Cd”. A similar trend was observed when studying the
absorption Cd* by juniper bark and wood [11],
adsorption of Cr* by banana peel [18], etc. The increase
of the Cd* removal efficiency was observed at pH >7.
This phenomenon can be explained by the contribution
of the precipitation of Cd (OH), [10]. Thus, pH from 5 -6.5
can be selected for the next Cd(IT) adsorption studies.

Effect of Contact Time and Initial Concentration:
Figure 1 shows the dependence of the removal efficiency
of Cd* on the contact time at pH 5. As can be seen in the
results, the adsorption rate increased rapidly with
increasing the contact time and reached the equilibrium
adsorption after 30 min. The initial faster rate observed
can be explained by the presence of the available
uncovered surface areas of the adsorbent. According to
Badmus ef al. [19], when contact time increases, the active
sites on the adsorbent surface are gradually filled and the
adsorption process becomes more difficult. Hence, the
removal efficiency almost did not mcrease and it 1s
represented as a flat line in the plot.
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Fig. 1: FT-IR spectra of spinach
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Fig. 2: Effect of pH on the adsorption of Cd* by spinach
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Fig. 3: Effect of contact time on the adsomtion efficiency of Cd* by spinach

Effect of the contact time to the removal efficiency of
different concentrations of Cd* ranging from 5 to 15 mg/1
is also represented in fig. 3. The obtained results show
that the adsorption rate was depended on the initial
concentration of Cd*. The higher initial Cd(II)
concentration, the fatter initial adsorption rate to reach
adsorption equilibrium. However, the removal efficiency
was decreased from 86.7 to 62.3 % as initial concentration
of Cd* increased from 5 to 15 mg/l. The removal
efficiency decreased with increasing concentration is due

to the fixed number of adsorption sites on the adsorbent
surface was saturated with adsorbed Cd* while the
surplus of Cd* in the solution.

Effect of Adsorbent Dose: The effect of adsorbent dose
on adsorption capacity of Cd*was studied by varying the
adsorbent dose 0£ 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 g in 50 ml of
Cd* solution of 10 mg/1 at pH 5. The obtained results are
presented in Fig. 6. The maximum adsorption capacity
reached 2.3 mg/g at 0.2 g of adsorbent and then decreased
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Fig. 4: Effect of adsorbent dose

Table 1: Parameters of pseudo second order model for Cd(IT) adsorption by ;spinach

Concentration of Cd (mg/1) q.(mg/g) h(mg g .min") k (g mg™!.min ") R? q. (experimental)
5 2.238 0.828 0.199 0.998 1.978
10 3.885 3.575 0.066 0.999 3.743
15 4.783 9.505 0.038 0.999 4.737

with increasing the adsorbent dose. Such adsorption
behavior is related to the specific surface adsorption of
adsorbent. When adsorbent dose was low, the active
sites on the adsorbent surface utilized effectively. On the
reverse, increasing the adsorbent dose while maintaining
Ccd”
adsorption sites [7].

concentration constant leads to surplus of the

Adsorption Kinetic: Adsorption kinetic mvestigation
15 to find out the stage which plays a decisive
role to the adsorption reaction rate. Therefore, the
use of kinetic models to fit the time dependent
experimental data is one of important steps for the
adsorption study.

In this research, two kinetic models used for fitting
data are pseudo second order model and interapatical

diffusion rate medel.

The Second Order Equation: The sorption kinetics
following pseudo second order model [11,14, 20, 21] is
expressed in the linear equation as:

2 Led 3)
gt h 9
e )

where q, is the amount of Cd*" adsorbed at equilibrium
(mg/g), k1s the equilibrium rate constant (g/mg.min), ¢, 1s
the amount of Cd* adsorbed at time t (mg/g). h is the

initial adsorption rate as t - 0. The plot t/q, against ¢
should give a straight line with the slope of 1/q, and
intercept of 1/h.

The pseudo second plots from Eq. (3) and results of
parameters computed from plot of for different
concentration of Cd*'is presented in Fig. 4 and Table 1.
The plot shows good straight lines with the correction
coefficient R* 0.998, 0.999 and 0.999 for concentrations of
5, 10 and 15 mg/l, respectively. The pseudo second order
the equilibrium rate constants, & were in the range of
0.199 to 0.038. The initial adsorption rate,  calculated
from Eq. (4) for concentrations of 5, 10 and 15 mg/1 was
foundtobe 0.083, 3.57 and 9.50 respectively. Values of ¢,
obtained from experiments were found to be good
agreement with those has been predicted from the
pseudo-second order.

The Intrapartical Diffusion Equation: The adsorption
process of solutes onto the solid surfaces 1s a process of
mass transfer characterized by either external mass
transfer or intraparticale diffusion or both. Thus, the
adsorption rate will be determmed by one or both
processes. However, for experiments carrying out by the
batch method with a good mixing condition, the rate of the
external mass transfer usually is negligible. Therefore, the
adsorption rate 13 determined primarily by intrapartical
diffusion [26].

The relation between the amount of adsorbate on the
adsorbent surface varies proportionately with a function
of retention time is given by Weber and Morris [22]:
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Fig. 5: Plot of pseudo second order equation for Cd (IT) adsorption by spinach
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Fig. 6: Plot of intrapartical diffusion model for Cd** adsorption by spinach
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gy = Kza.’tuz (5)
where K; 1s the rate constant of intrapartical diffusion
(mg/g.mim).

The plot of ¢, against £ in the Eq.(5) is presented in
the Fig. 5 that will yield a straight line which should pass
through the origin and diffusion constants K, was
calculated by the slope of the plot.

The K, values obtained from the plots are 1.23x 107,
9.3x107, 8.2x10” mg/g.min for Cd* concentrations of 5, 10
and 15 mg/l, respectively. However, the intercept of the
plot showed in Fig. 5 did not pass through the origin. It
mdicates that besides the intraparticle diffusion, the rate

of adsorption process was contributed by the mass
transport mechanism of the Cd* from the solution through
liquad film to the adsorbent exterior surface [23].

Adsorption Isotherm: The Cd* adsorption at rcom
temperature  has studied with the Cd¥
concentrations ranging from 5-80 mg/1 at pH 5 and 30 min
of contact time, The experimental data for adsorption of
Cd" by spinach were processed in accordance with the
Langmuir and Freundlich models that are most widely
used to describe the adsorption equilibrium [21-24]. Linear

been

equations of Langmuir and Freundlich models are
presented as follows:
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Table 2: Parameters of Langmuir and Freundlich models

Langmuir model Freundlich maodel

K (IVg) 1.80 K; (mg/g) 5.447
4, (mg/g) 9.54 1/m 0.3591
R? 0.997 R? 0.879
The Langmuir Equation:
C_ 1 & )
9 Kl T Im
The Freundlich equation:
7

Ing, =Ink, + llnCe
]

where C, 13 the concentration of metal 1ons m the liquid
phase at equilibrium (mg/ 1), ¢, is the adsorption capacity
at equilibrium (mg/g), K, is Langmuir constant (l'g), ¢, 1s
the maximum adsorption capacity (mg/g), 1/n is constant,
K;is Freundlich constant.

The plots of C/ge against C, from Eq. (6) and Ing,
against InC, from Eq. (7) are presented in Fig.7 and Fig. 8.
The values of K, ¢,. K,and, I/# in the Langmuir and
Freundlich equations were determined from the slopes
and intercept of the plots and are reported in table 2.
Comparing the correction value, R = 0.9974 for Langmuir
and R* = 0.8795 for Freundlich model, it can be concluded
that the Langmuir isotherm model 15 appropriate to
describe the adsorption process of Cd* by spinach. From
the Langmuir equation, the maximum adsorption capacity
was found to be 9.54 mg Cd*/g spinach.

Cadmium Recovery and Reusable of Adsorbent:
To avoid the decomposition of the adsorbent and release
cadmium back into the environment duration storing, it is
necessary to recover cadmium from the exhausted
adsorbent. The experiment was conducted m each 10 ml
HNO, solutions with concentrations of 0.1, 0.5 and 0.7 M.
1.0 g of the exhausted adsorbent were added into each

HNO, acid solutions. The mixtures were shaken for 5 min.
After shaking, a volume aliquot of the adsorption solution
were taken and the liquid phase was separated from solid
phase by centrifugation.
concentration the liquid phase by voltammetric method.

Determination of Cd*
The recovery yield (%) was determined by the formula:

%RE :C—RXIOO ®)

CEx
where RE is recovery efficiency (%), ' is amount of Cd*

from solid phase entering into the solution (mg/g), C;, 18
initial amount of Cd* in the solid phase, ie. in the
exhausted spimach (mg/g).

Recovery efficiencies of cadmium with different
concentrations of HNO, was found to be 99.9% for all
concentrations of HNO,. From the results, the solution of
HNO, 0.1 M was selected as an elution for recovery of
cadmium.

Three adsorption/de-adsorption cycles were carried
out to evaluate the possibility of reuse of the adsorbent.
In each cycle, Cd* was removed from the exhausted
adsorbent, using the solution of HNO,; 0.1 M then the
adsorbent was washed several times with distilled water
until pH 5. The adsorption procedure was repeated.
Results obtamed showed that after three cycles, the
adsorption efficiency of spinach was found to be
unchanged. This indicates that, spinach can be multiple
used for removal of Cd” from aqueous solution.

In conclusion, the results obtained in this study
show that spmach 1s a potential material for removal of
Cd* from contaminated water. The adsorption process
was described by using the kinetic and isotherm models.
The results obtained indicated that the adosption of Cd*™
followed the pseudo second order kinetic model and
Langmuir 1sotherm model. From the Langmuir moedel, the
maximum adsorption capacity for Cd*" was found to be
9.54 mg/g spinach powder.
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