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In this paper batch removal of hexavalent chromium from aqueous solutions by Ocimum americanum
L. seed pods was investigated. The optimum pH and shaker speed were found to be 1.5 and 121 rpm.
The equilibrium adsorption data fit well with Langmuir isotherm. The maximum chromium adsorption
capacity determined from Langmuir isotherm was 83.33 mg/g dry weight of seed pods at pH 1.5 and shaker
speed 121 rpm. The batch experiments were conducted to study the adsorption kinetics of chromium
removal for the concentrations of 100 mg/L, 150 mg/L and 200 mg/L chromium solutions. The adsorbent

gi{;vﬁgimeriwnum L dosage was 8 gdry seed pods/L. The removal efficiency observed for all the three chromium concentrations
seed pods ' was 100%. The equilibrium was achieved less than 120 min for all the three concentrations. The adsorption

kinetic data was fitted with first and second order kinetic models. Finally it was concluded that the
chromium adsorption kinetics of O. americanum L. seed pods was well explained by second order kinetic

Chromium removal
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Adsorption kinetics

model rather than first order model.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The chromium related industries are now facing the problem of
safest disposal of large quantity of chromium containing wastewa-
ter. This has become a serious issue because Cr®* has been classified
as a Group I human carcinogen by International Agency for Research
on Cancer (IARC) and as a Group A inhalation carcinogen by US Envi-
ronmental Protection Agency (EPA) [1]. The chromium pollution is
increasing due to the generation of water from mining, leather tan-
ning, cement, dying, electroplating and corrosive paint industries
[2-7]. Chromium exists in two states as Cr (III) and Cr (VI). The hex-
avalent chromium is 500 times more toxic than the trivalent form
[8]. The maximum Cr levels permitted in wastewater are 5 mg/L
for trivalent chromium and 0.05 mg/L for hexavalent chromium
[9].

Chromium-bearing industrial wastewater is typically treated
by chemical means, which generally involves the reduction of
Cr (VI) to Cr (Ill) by reductants like Fe (II) and the subsequent
adjustment of the solution pH to near-neutral conditions to pre-
cipitate the Cr (IIl) ions produced [10-12]. Microbial reduction
of Cr (VI) to Cr (IIl) is also possible and is becoming a promis-
ing alternative to the remediation of Cr (VI)-contaminated sites
via chemical reduction [13-16]. Apart from the precipitation
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method, lime coagulation, ion exchange, reverse osmosis and sol-
vent extraction are some of other methods for chromium pollution
abatement [17,18]. The aforesaid methods have many disadvantages
like incomplete metal removal, high reagents and energy require-
ments, generation of toxic sludge that needs again safest disposal
[6]. There is also considerable interest in the use of biopolymers,
particularly the microbial exopolysaccharides. Several reports are
available on metal biosorption using microbial exopolysaccharides
[19-22].

Recently, use of natural materials for the treatment of heavy
metal waste is gaining considerable importance as an alternative
technology. Several chromium removal studies were carried out
using naturally available biomaterials such as, Bengal gram husk [6],
eucalyptus bark [9], saw dust, sugarcane bagasse, sugar beet pulp
[23], coconut husk fibers [24], palm pressed fibers [25], waste tea
[26] and Ocimum basilicum seeds [27]. The interesting features of
the new adsorbents are their high versatility, metal selectivity and
high uptake. The present investigation looks into a batch process,
for the removal of toxic element, chromium by adsorption using
low cost adsorbent developed from abundantly available Ocimum
americanum L. seed pods, a plant material.

The adsorbent used for present investigation was obtained from
the plant O. americanum. Locally it is called as “Naithulasi”. The
plants are extensively grown in the state of Tamilnadu, India. The
seeds of this plant are black in color and ovoid in shape with mean
size, 2.05 mm (length) and 1.47 mm (width). In the maturation of
the seed pod, the seeds grow within a jelly-like substance which
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is called as mucilage. The seeds grow within seed pods (the adsor-
bent material used for this study), each of which contains 4-8 small
(1-1.5mm diameter) seeds. As the seeds mature, the mucilage
dries on to the outer hull of seeds. The seed mucilage of O. ameri-
canum can be used as tablet disintegrant [29], food hydrocolloids.
The essential oil obtained from the seed was active against several
tested microorganisms [30]. The seed mucilage can also be used
for effluent treatment applications [31]. After removing the seeds,
large quantity of seed pods are left as waste material. In the present
investigation this wasted material was taken as biosorbent for the
chromium removal applications.

2. Materials and methods
2.1. Materials

The chemicals used for this study were of analytical reagent
grade and procured from the standard source. The water used in
all the experiments was obtained from the Millipore make unit in
our laboratory.

2.2. Preparation of stock solution

An aqueous solution (2000 mg/L) of Cr (VI) ions was prepared
using K,Cr,07 salt. For pH adjustments, 6 N H,SO4/1 N NaOH was
used. Fresh dilutions were used for each study.

2.3. Preparation of adsorbent

The seed pods used in this study were obtained from local area.
The seed pods are washed with distilled water to remove dirt and
other particulate matter. The washing procedure was continued till
the wash water contained no color. The washed seed pods were
dried in hot air oven at 105°C for 24 h. The dried seed pods were
ground using a domestic mixer. The ground materials were then
sieved through standard sieve (mesh no 25 (ASTM), 0.6 mm) to the
pan. The product collected in the pan was stored in plastic bottles
for further use.

2.4. Adsorption studies

The adsorption isotherm experiments were conducted at
27 + 1 °C for the concentrations varying from 20 mg/L to 400 mg/L.
A volume of 50 mL of the chromium solution of different concen-
trations was taken in a 150 mL conical flasks and pH was adjusted
to 1.5. The adsorbent dosage equivalent to 0.2 g dry weight was
added in to each conical flask. In this study a volume of 50 mL of
the chromium solution in a 150 mL flask adjusted to pH 1.5 with-
out adsorbent was taken as control. Then the flasks including the
control were placed in a rotary shaker and shaken for 24 h by main-
taining the speed at 121 rpm.

The effect of pH on chromium adsorption rate was studied by
varying the pH from 1 to 6. The concentration of chromium solution
used for this study was 50 mg/L. The volume of chromium solution
was 50 mL. The adsorbent dosage was 0.2 g dry weight of adsorbent.
The shaker speed was 121 rpm and time contact was about 90 min.

To study the effect of speed on chromium removal from solu-
tion by the adsorbent, experiments were conducted by varying
the shaker speed from 80rpm to 180 rpm. The concentration of
chromium solution used for this study was 50 mg/L. The adsorbent
dosage was 0.2 g dry weight of adsorbent. The effect of chromium
removal by 0.2 g of adsorbent for the same experimental conditions
was done using a non-agitated system as the control.

The equilibrium kinetic studies were conducted for three differ-
ent concentrations 100 mg/L, 150 mg/L and 200 mg/L of chromium
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Fig. 1. Effect of pH on the chromium removal efficiency. Initial concentration of
chromium is 50 mg/L and adsorbent dose 4 g/L. The contact time was 90 min.

solutions adjusted to the pH value 1.5. The adsorbent dosage was
0.4 g dry weight of seed pods. 50 mL of distilled water adjusted
to pH 1.5 taken in a 150 mL conical flask. Then 0.4g of adsor-
bent was added in to the flask. This was used as a control for this
experiment. The flasks were kept in a shaker and agitated with
121 rpm.

2.5. Estimation of chromium: diphenyl carbazide complex method

The residual concentration of chromium was determined spec-
trophotometrically (Hitachi U 2000, Japan) at 540 nm using the
diphenyl carbazide reagent. A standard graph of absorbance vs con-
centration was obtained for known chromium concentrations. The
absorbance value of sample was used to determine the unknown
concentration [28].

2.6. Statistical analysis

All the data represent the mean of three independent experi-
ments. The errors during the measurement were indicated by error
bars. All the statistical analysis was done using Microsoft excel
2003, ANOVA statistical tool.

100

80 A
E
=
Q
£ 60
4
s
E —o— 100 ppm
.; 40 —0— 150 ppm
id —a&— 200 ppm
&

20 A

0 T T
0 50 100 150
Time (min)

Fig. 2. Adsorption kinetics of chromium on Ocimum americanum L. seeds with
shaker speed 121 rpm, pH 1.5 and adsorbent dose 8 g/L.
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Fig. 3. Langmuir isotherm for adsorption of chromium on powdered Ocimum amer-
icanum L. seed pods at pH 1.5, shaker speed 121 rpm and adsorbent dose 4 g/L.

3. Results and discussion
3.1. Effect of pH

The chromium removal efficiency of O. americanum L. seed
pods at different pH values at an initial concentration of 50 mg/L
are shown in Fig. 1. The chromium removal efficiency was 100%,
98.5% and 99% for the pH values 1, 1.3 and 1.5, respectively. But it
decreased to 75% when the initial value of pH of the Cr solution
is 2. The efficiency was 60% when the initial pH was kept at 3. At
pH 4, the efficiency decreased to 49%. After this pH there was no
appreciable change observed for pH values 5 and 6. The optimum
removal takes place at the pH range 1-1.5. The reason for the high
uptake of chromium at lower pH range was explained below. The
Cr (VI) exists in different forms such as H,CrO4, HCrO4—, CrO42-
and Cr,072 in aqueous solution and the stability of these forms
is dependent on the pH of the system. The active form of Cr (VI)
adsorbed on the adsorbent is HCrO4~. This form is stable at only
lower pH range which leads to high uptake of chromium. But the
concentration of this form decreases when there is an increase in
pH. Hence chromium uptake at higher pH decreases [7,9].

3.2. Adsorption kinetics

The percentage removal of chromium with respect to time was
plotted in a graph shown Fig. 2. It was observed that there was no
appreciable change in control measurements. From the graph, it is
clear that 100% chromium removal was achieved for the chromium
concentrations 100 mg/L, 150 mg/L and 200 mg/L for the shaking
times of 30 min, 60 min and 120 min, respectively. There is no
appreciable change in control observed.

3.3. Adsorption isotherm

The adsorption isotherm experimental data obtained was fit-
ted to Langmuir isotherm. The following linear form of Langmuir
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Fig. 4. Effect of speed on the chromium removal efficiency. Initial concentration of
chromium is 50 mg/L, pH 1.5, adsorbent dose 4 g/L and time of adsorption 30 min.

isotherm was used to fit the data.

Ceq Ceq 1
-~ _ s, 1
qm dm  bqm (1)

where Ceq is the equilibrium concentration in mg/L, i is maximum
adsorption capacity in mg/g dry seed pods and b is the ratio of
absorption and desorption rates [5].

The correlation coefficient for the above data is shown in Fig. 3
as 0.9992 indicates that the adsorption isotherm data fit well with
Langmuir isotherm. From the slope of Langmuir isotherm linear Eq.
(1), the maximum chromium adsorption capacity, gm was found
to be 83.33 mg/g of dry seed pods. This value is comparable with
adsorption capacity of many natural materials like eucalyptus bark,
saw dust, coconut husk fibers, sugar beet pulp, wool and sugar cane
bagasse which have been reported earlier in the literature which is
shown in Table 1.

3.4. Effect of speed

The speed of shaker also plays an important role in the mass
transfer of chromium from the solution to the surface of adsorbent.
For a non-agitated system the removal efficiency was only 18%.
The effect of speed on chromium removal efficiency was shown
in Fig. 4. When the speed was 80 rpm, the chromium removal effi-
ciency was obtained as 63%. This value increases to 70% when the
speed was 121 rpm. The efficiency decreased to 53% and then 44%
when the speed was maintained at 150 rpm and 180 rpm, respec-
tively. This may be due to the fact that at higher speed the influence
of desorption made the adsorption process highly reversible one. So
the adsorbed ions will be immediately desorbed which decreases
the net rate of adsorption of chromium ions on adsorbent sur-
face. The optimum speed obtained from the above experiments is
121 rpm.

Table 1

Comparison of adsorption capacity of Ocimum americanum seed pods with other adsorbents

Adsorbent Maximum absorption capacity (mg/g) qo Optimum pH Maximum concentration (ppm) References
Bengal gram husk 91.64 2 600 [6]
Eucalyptus bark 45 2 250 [9]

Saw dust 39.7 2 1000 [23]
Coconut husk 29 2.05 - [23]

Palm pressed fiber 15 2 - [25]
Ocimum basilicum seeds 205 1.5 2000 [27]
Ocimum americanum seed pods 83.33 1.5 400 [27]
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Fig. 5. Pseudo-first order kinetics of powdered Ocimum americanum L. seed pods
for different initial concentrations at optimum pH 1.5.

4. Modeling of adsorption kinetics

The experimental adsorption kinetic data was fitted with
pseudo-first and pseudo-second order models.

4.1. Pseudo-first order kinetics

The sorption kinetics explained by pseudo-first order equation
[7] is given as

9 k(e -a) @)
where ¢ is the amount of solute adsorbed at equilibrium per
unit weight of adsorbent (mg/g), q is the amount of solute adsorbed
atany time t per unit weight of adsorbent (mg/g) and k; is first order
adsorption rate constant. When applying the boundary conditions
t=0to t>0 and gq=0 to g>0 and rearranging the Eq. (2), it yields

Table 2

First order adsorption rate constants for different initial concentrations

Initial concentration (mg/L) ki (min—1) R?

100 0.046 0.9876
150 0.026 0.991
200 0.015 0.9592
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Fig. 6. Pseudo-second order kinetics of powdered Ocimum americanum L. seed pods
for different initial concentrations at optimum pH 1.5.

Table 3

Second order adsorption rate constants for different initial concentrations

Initial concentration (mg/L) k> (g/mg min) h (mg/g min) R?

100 0.008 1.33 0.9909
150 0.006 2.22 0.991
200 0.005 3.13 0.9989

the following linear time dependence equation.

_ k]
2.303

The plots were drawn for Eq. (3) for the concentrations 100 ppm,
150 ppm and 200 ppm. Approximately linear plots were obtained
for all the three concentrations which were shown in Fig. 5. The
kinetic constant k; for the three different concentrations were
obtained from the slopes of the plots and tabulated in Table 2. The
smallest correlation coefficient obtained from the first order kinetic
is 0.9592. The largest one is 0.9918.

log(qe — q) = log(qe) t (3)

4.2. Pseudo-second order kinetics

The sorption kinetics explained by pseudo-second order equa-
tion [7] is given as

dq 2

ar = ka(ge — q) (4)
where k is the rate constant in g/mg min. Integration of Eq. (4)

for the boundary conditions t=0 to t>0 and g=0 to g >0 and then

rearrangement yields the following linear form

t 1 ti

- 5
q kg Qe (3)

h = kpq2, where hiis the initial sorption rate in mg/g min. The values
of ky and h are determined from the intercept of second order Eq. (5)
from graph shown in Fig. 6. The values of k, and h are tabulated in
Table 3. The smallest and largest correlation coefficients obtained
from the second order kinetics are 0.9909 and 0.9991 which are still
better than the correlation coefficients of the first order kinetics.

5. Conclusion

The powdered O. americanum L. seed pods were reported as an
effective adsorbent for the treatment of hexavalent chromium for
the very first time. It was capable of removing 100% of chromium
from the aqueous solutions of concentrations 100 mg/L, 150 mg/L
and 200 mg/L. The predicted maximum chromium adsorption
capacity as 83.33 mg/g showed that adsorbent prepared from the
0. americanum L. seed pods have reasonable chromium removal
efficiency. The adsorption kinetics was well explained by pseudo-
second order kinetics rather than the first order kinetics. But further
studies such as the effect of particle size and temperature on
chromium adsorption, continuous column experimentation and
adsorption process parameters optimization have to be carried out
for complete understanding and scale up of the adsorption process.

Acknowledgements

The authors thank Dr. V. Ramamurthy, HOD, Department of
Biotechnology for providing permission to use the spectrometer
and other lab facilities. They also thank Dr. M. Kumarvel, HOD,
Department of Chemistry, PSG College of Technology for providing
lab facilities which are available in the Department of Chem-
istry, PSG College of Technology, Coimbatore. The authors extend
their thanks to Miss. G. Usha, Research Scholar, Department of



L. Levankumar et al. / Journal of Hazardous Materials 161 (2009) 709-713 713

Biotechnology, PSG College of Technology for proof reading this
manuscript.

References

[1] S. Lagergren, Zur theorie der sogenannten adsorption geloster stoffe kung liga
svenska vetenskapsakademiens, Handlingar 24 (1898) 1-39.

[2] Y.S. Ho, G. McKay, D.A.J. Wase, C.F. Foster, Study of the sorption of 680 divalent
metal ions on to peat, Adsorpt. Sci. Technol. 18 (2000) 639-650.

[3] J.M. Sankalia, R.C. Mashru, M.G. Sankalia, P.P. Parikh, B.V. Sutariya, Estima-
tion of trace amounts of chromium (III) in multi vitamin with multimineral
formulations, Anal. Sci. 20 (9) (2004) 1321-1325.

[4] R.L Acosta, X. Rodriguez, C. Gutiérrez, G. Moctezuma, Biosorption of chromium
(VI) from aqueous solutions onto fungal biomass, Bioinorg. Chem. Appl. 2 (1-2)
(2004) 1-7.

[5] L. Langmuir, The constitution and fundamental properties of solids and liquids,
J. Am. Chem. Soc. 38 (1916) 2221-2295.

[6] N.Ahalya, R.D.Kanamadi, T.V.Ramachandra, Biosorption of chromium (VI) from
aqueous solutions by the husk of Bengal gram (Cicer arientinum), Electron. J.
Biotechnol. 8 (3) (2005) 258-264.

[7] N.K. Hamadi, X.D. Chen, M.M. Farid, M.G.Q. Lu, Adsorption kinetics for the
removal chromium (VI) from aqueous solution by adsorbents derived from used
tyres and sawdust, Chem. Eng. J. 84 (2001) 95-105.

[8] Z. Kowalski, Treatment of chromic tannery wastes, J. Hazard. Mater. 37 (1994)
137-144.

[9] V. Sarin, K.K. Pant, Removal of chromium from industrial waste by using euca-
lyptus bark, Bioresour. Technol. 97 (2006) 15-20.

[10] D.W.Blowes, C.J. Ptacek, ].L. Jambor, In-situ remediation of Cr(VI)-contaminated
groundwater using permeable reactive walls: laboratory studies, Environ. Sci.
Technol. 31 (1997) 3348-3357.

[11] J.M. Chen, O.J. Hao, Microbial chromium (VI) reduction, Crit. Rev. Environ. Sci.
Technol. 28 (1998) 219-251.

[12] LE. Eary, D. Rai, Chromate removal from aqueous wastes by reduction with
ferrous ion, Environ. Sci. Technol. 22 (1988) 972-977.

[13] D.R. Lovley, ].D. Coates, Bioremediation of metal contamination, Curr. Opin.
Biotechnol. 8 (1997) 285-289.

[14] J. Wang, C. Chen, Biosorption of heavy metals by Saccharomyces cerevisiae: a
review, Biotechnol. Adv. 24 (5) (2006) 427-451.

[15] S. Srivastava, LS. Thakur, Isolation and process parameter optimization of
Aspergillus sp. for removal of chromium from tannery effluent, Bioresour. Tech-
nol. 97 (10) (2006) 1167-1173.

[16] J. Bender, R.E. Lee, P. Phillips, Uptake and transformation of metals and metal-
loids by microbial mats and their use in bioremediation, J. Ind. Microbiol. 14 (2)
(1995) 113-118.

[17] RS. Juang, R.C. Shiau, Metal removal from aqueous solutions using chi-
tosan enhanced membrane filtration, . Membr. Sci. 21 (10) (2000) 1091-
1097.

[18] G. Yan, T. Viraraghavan, Heavy metal removal in a biosorption column
by immobilized M. rouxii biomass, Bioresour. Technol. 78 (3) (2004) 243-
249.

[19] J.C. Mamaril, E.T. Paner, B.M. Alpant, Biosorption and desorption studies of
chromium (III) by free and immobilized Rhizobium (BJVr 12) cell biomass,
Biodegradation 8 (4) (1997) 275-285.

[20] G. Ozdemir, N. Ceyhan, E. Manav, Utilization in alginate beads for Cu(Il) and
Ni(II) adsorption of an exopolysaccharide produced by Chryseomonas luteola
TEMOS5, World J. Microbiol. Biotechnol. 21 (2) (2005) 163-167.

[21] G.Ozdemir, N. Ceyhan, E. Manav, Utilization of an exopolysaccharide produced
by Chryseomonas luteola TEMOS5 in alginate beads for adsorption of cadmium
and cobalt ions, Bioresour. Technol. 96 (15) (2005) 1677-1682.

[22] R. Gupta, P. Ahuja, S. Khan, RK. Saxena, H. Mohapatra, Microbial biosorbents:
meeting challenges of heavy metal pollution in aqueous solutions, Curr. Sci. 78
(8)(2000) 1967-1973.

[23] D.C. Sharma, C.F. Foster, A preliminary examination into the adsorption of hex-
avalent chromium using low cost adsorbents, Bioresour. Technol. 47 (1994)
257-264.

[24] C.P. Huang, M.H. Wu, The removal of chromium (VI) from dilute aqueous solu-
tion by activated carbon, Water Res. 6 (1997) 533-540.

[25] W.T. Tan, S.T. Ooi, C.K. Lee, Removal of chromium (VI) from solution by coconut
husk and palm pressed fibres, Environ. Technol. 14 (1993) 277-282.

[26] A.H. Mahvi, D. Naghipour, F. Vaezi, S. Nazmara, Tea waste as an adsorbent for
heavy metal removal from industrial wastewaters, Am. J. Appl. Sci. 2 (1) (2005)
372-375.

[27] J.S. Melo, S.F. D’Souza, Removal of chromium by mucilaginous seeds of Ocimum
basilicum, Bioresour. Technol. 92 (2004) 151-155.

[28] APHA, Standard methods for the examination of water and waste water, 18th
ed., APHA, Washington, DC, 1992.

[29] D.M. Patel, D.G. Prajapati, N.M. Patel, Seed mucilage from Ocimum americanum
as disintegrant in tablets: separation and evaluation, Indian J. Pharm. Sci. 69 (3)
(2007) 431-435.

[30] A.Tajo,].E. Thoppil, Antimicrobial activities of Ocimum americanum L. essential
oil, Indian J. Pharm. Sci. 61 (6) (1999) 377-378.

[31] A. Mishra, A. Yadav, A. Agarwal, Fenugreek mucilage for solid removal from
tannery effluent, React. Polym. 59 (2004) 99-104.



	Batch adsorption and kinetics of chromium (VI) removal from aqueous solutions by Ocimum americanum L. seed pods
	Introduction
	Materials and methods
	Materials
	Preparation of stock solution
	Preparation of adsorbent
	Adsorption studies
	Estimation of chromium: diphenyl carbazide complex method
	Statistical analysis

	Results and discussion
	Effect of pH
	Adsorption kinetics
	Adsorption isotherm
	Effect of speed

	Modeling of adsorption kinetics
	Pseudo-first order kinetics
	Pseudo-second order kinetics

	Conclusion
	Acknowledgements
	References


