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Abstract

The research representation is based on application of Cynodon dactylon and orange peel powder for
the removal of Cd (II), major hazardous heavy metals of the environment. The extent of adsorption
depends on pH, adsorbent dose and contact time. A comparative study of both orange peel powder
and Cynodon dactylon is done to know their effectiveness. An increase in percentage removal of
cadmium is observed when pH is varied from 4 to 6.5. Experimental data interpret Freundlich and
Langmuir isotherm describing favorable biosorption with orange peel powder. With cynodon dactylon
percentage removal at pH 6.5 is 46.8%. On varying pH from 6.5 to 4.00, no change in percentage
removal takes place. Cynodon dactylon removes cadmium through roots, stems and leaves whereas
orange peel powder is effective due to its active sites. 100 ml 1 ppm Cd (II) solution is treated with 1
g orange peel powder upto different intervals of time as a result of which maximum percent removal
of 65.8% is obtained. Furtherl0 g of cynodon dactylon on treatment with 100 ml 1ppm Cd solution
upto 24 h, 48 h and 72 h give 0.562 ppm, 0.54 ppm and 0.532 ppm residual concentration of Cd. It
may be concluded that orange peel powder is an effective adsorbent of Cd (1) from aqueous medium.

Keywords: Cynodon dactylon; Orange peel;
Freundlich; Langmuir; Cd (I1); Biosorption

Introduction

The problem of heavy metal contamination in
drinking water has attracted the attention of
researchers worldwide. Arsenic and fluoride
contamination in groundwater of the Gangetic
plain has become very common. But case
studies conducted so far have established that
the Gangetic plain is now no freer of toxic
heavy metal contamination [1-4]. Chromium,
mercury, cobalt, cadmium and lead are some
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of prominent heavy metals which have been
established as a potential source of health
hazard [5]. Not only is this hazardous to
human beings, it is also posing a threat to the
aquatic kingdom. Primary sources of these
heavy metal pollution may be attributed to the
effluents of mining operations, tanneries,
petrochemical industries, dyeing of textiles
and use of heavy metals in circulatory path of
computers and as well as electronics. Many of
these heavy metals come into the environment
and then find its path to the aquifer through
leaching from the soil. Owing to non-
biodegradability and persistence in soil, the
heavy metals have immense possibilities of
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entering food chain e.g.,, cereals and
vegetables [6]. Among these heavy metals,
cadmium is also considered highly toxic
element detrimental to human health.

As per report in India alone 4500 industries
have treatment plants for effluents and several
other small industries are operating without
obeying principles of green chemistry and
adequate safety measures [7]. Prolonged
exposure to cadmium causes renal cancer,
prostate cancer, kidney disease, bone problems
and emphysema. Commonly adopted methods
of removal are ion exchange, treatment
through limestone beds, montmoriltonite
minerals, electro-dialysis and reverse osmosis.
Removal by montmoriltonite  minerals
involves cation exchange and adsorption [8-
11]. Natural and synthetic zeolites also are
effective for removal of heavy metals.
Industrially modified and intercalated clays
also have good adsorption potential [12-14].
Adsorption  through  activated  charcoal
prepared from certain substance has also been
used as an effective alternative technique but
high operational cost involved has rendered it
economically unfit. Natural wastes available in
large quantities from agricultural practices
have also the potential to be used as an
alternative. Keeping in mind unused part of
fruits, orange peel has been employed here as
an adsorbent of Cd(ll) [14]. This may not
impart bad taste to the treated water unlike
activated charcoal. Cynodon dactylon, a
perennial weed, growing in a natural way has
been tried as an effective remediator of Cd(Il)
from aqueous medium. Removal of Cd(Il) by
Cynodon dactylon takes place through roots,
leaves and stem and the process is known as
phytoremediation. Owing to abundance and
low operational cost, this herb has been
chosen. Other parameters such as pH,
adsorbent dose and contact time have been
investigated with a view to optimize the
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laboratory condition [15]. Particle size of
orange peel powder has been fixed at 300
mesh sieve and efforts have been made to
remove toxic cadmium from aqueous medium
[16].

Experimental
Solution

100 ppm stock Cd (Il) solution has been
prepared from cadmium, nitrate

(A R grade) of Merck company. 1 ppm Cd (1)
solution has been prepared from the stock
solution by dilution (V1N1=V2Nz).

Adsorbents

Cynodon dactylon, a perennial weed, has been
collected from the garden of University
Department of Chemistry, Bhagalpur. It is
washed with double distilled water to remove
soluble impurities. After washing several
times, it is soaked with filter paper and dried.
10 g Cynodon dactylon is weighed and made
ready for use. Orange peel powder is collected
and washed from distilled water several times.
After dring in oven orange peel powder is
powdered to 300 mesh sieves by mesh sieve
available in the laboratory.

Treatment of 100 ml 1.0 ppm Cd(I1)
solution

When 100 ml 1.00 ppm Cd(Il) solution is
treated with 10 g Cynodon dactylon upto 24
hours, 48 hours and 72 hours at pH 6.5.
Residual concentrations on treatment with 100
ml 1.00 ppm Cd(ll) solution are also measured
with double beam spectrophotometer pharo
300 and the dithizone reagent supplied by
Merck in Merckoquant kit. The absorbance is
read at 518 nm.
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. Mass of

NO Initial . orange Time Residual % gt log gt log ct ct/qt

' concentration oowder Removal

1 1 ppm 1gm 10 mins 0.653 34.7 0.0347 | -1.459 -0.185 18.818
2 1 ppm 1gm 15 mins 0.454 54.6 0.0546 | -1.262 -0.342 8.315
3 1 ppm 1gm 30 mins 0.403 59.7 0.0597 | -1.224 -0.394 6.75
4 1 ppm lgm 60 mins 0.514 48.6 0.0486 | -1.313 -0.289 10.576
5 1 ppm 1gm 120 mins | 0.425 57.5 0.0575 | -1.24 -0.371 7.391
6 1 ppm 1gm 180 mins 0.42 58 0.058 | -1.236 -0.376 7.241

Table 1: Residual concentration of 100 ml Cd(ll)ion after treatm
intervals of time at 26°% and pH6.5.
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Figure 1: % removal of Cd(ll)vs time with 1 gm of orange
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Figure 2: log gt vs log ct (Freundlich isotherm Cd(Il) ion- orange peel powder system) at 26°c and

pH 6.5.
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Figure 3: ct/qt vs ct (Langmuir Isotherm of Cd(ll)- orange peel powder system) at 26°c and pH 6.5.
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Figure 4: Plot of log of residual concentration vs time 26° and pH 6.5.

. Mass of - 0
S:NO. contl:z:wttlztion 553335 Time Coﬁsz:l(#j;lion Rem/(())val at Itcl)tg Ic?tg ct/at
1 1 ppm 1gm | 1 0.525 475 | 0048 2| 50| 1005
2 1 ppm 1gm | -2 0.343 65.7 | 0.066 | 1 1 | oaea| 522
3 1 ppm 1gm | 3 0.342 658 | 0.066| o | o acc | 0.0658
4 1 ppm 1gm | 00 0.342 658 | 0.066 | 1 101 | o465 | 0-0658

Table 2: Residual concentration of 100 ml Cd(ll)ion after treatment with orange peel upto different
intervals of time at pH4.
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Figure 5: % removal of Cd(Il)vs time with 1 gm of orange peel powder at 26°¢ and pH 4.
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Figure 6: log gt vs log ct (Freundlich isotherm Cd(ll) ion- orange peel powder system) at 26° and

pH 4.
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Figure 7: ct/qt vs ct (Langmuir Isotherm of Cd(I1)- orange peel powder system) at 26% and pH 4.
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Figure 8: Plot of log of residual concentration vs. time 26°c and pH 4.
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Figure 9: Effect of pH on the removal of Cd(l1) by orange peel powder at 26°c.

Initial Mass of . Residual %
S.NO. concentration %ﬁ?}?ﬁ) ?]n Time Concentration | Removal at log qt log ct ct/at
1 1 ppm 10 gm 24 hrs 0.562 43.8 0.0043 | -2.366 -0.25 130.69
2 1 ppm 10 gm 48 hrs 0.54 46 0.0046 | -2.337 -0.267 | 117.39
3 1 ppm 10 gm 72 hrs 0.532 46.8 0.0046 | -2.337 -0.274 | 115.652

Table 3: Residual concentration of 100 ml Cd(ll)ion after treatment with Cynodon dactylon upto
different intervals of time at pH6.5.
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Figure 10: % removal of Cd(lI)vs time with 10 gm of cynodon dactylon at 26°% and pH 6.5.
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Figure 11: log qt vs. log ct (Freundlich isotherm Cd(l1) ion- cynodon dactylon system) at 26°% and pH
6.5.
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Figure 12: ct/qt vs ct (Langmuir Isotherm of Cd(11)- cynodon dactylon system) at 26°c and pH 6.5.
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Figure 13: Plot of log of residual concentration vs. time 26% and pH 6.5.

Effect of pH

The effect of pH on the removal of Cd(Il) has
been studied in the pH range 4 and 6.5. The
adsorbent dose has been fixed to 1 gm at 26°%
for orange peel powder and 10 g for Cynodon
dactylon. From table it is clear that maximum
percentage removal is 46.8 achieved in 72
hours. Percentage removal at pH 6.5 in 24
hours, 48 hours and 72 hours are 43.8%, 46%
and  46.8%  respectively.  Equilibrium
concentration is achieved in 48 hours. There is
no effect of change of pH on percentage
removal in case of Cynodon dactylon.
Experimental results of removal by orange
peel powder show that maximum percentage
removal of Cd(ll) is 65.8 at pH 4 which has
been achieved in 30 minutes. So equilibrium
agitation time is 30 minutes at pH 4. At pH 6.5
maximum percentage removals at 26° is 59.7
achieved in 30 minutes slight abnormality in
residual concentration may be attributed to
release or desorption after a certain time. A
comparative study of removal of Cd(ll) at pH
6.5 and 4 have revealed that maximum
removal takes place at pH 4. This effect of pH
may be explained due to increased protonation
at pH 4 which provides more active sites on
the surface of adsorbent [17]. The adsorbent
used here is orange peel powder which
contains polar functional groups along with
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pectin and dignin [18]. These polar functional
groups may participate in chemical bonding
and cation exchange capacity [19,20].
Exchange capacity of Cd(ll) may be
represented as:

0] 2P + Cd?*-> CdP,
(1 2HP+ Cd**->CdP, + 2H"

Where P and HP stands for polar sites on the
orange peel powder surface.

Effect of time

Equilibrium time can be seen from the Table 1
and 2 both for Cynodon dactylon and orange
peel powder. With increasing time more
surface area of orange peel powder becomes
available for adsorption. Agitation time for
removal of Cd(Il) ion varies by orange peel
powder ranging from 10 minutes to 180
minutes at pH 6.5 and 4 both. Maximum
removal takes place in 30 minutes. For
Cynodon dactylon contact time ranges from 24
hours to 72 hours and the residual
concentration in 72 hours is 0.532 ppm from
an initial concentration of 1.00 ppm Cd(ll)
solution.

Adsorption isotherms
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Adsorption isotherms have been explained by
fitting the experimental data into the
concerned equations [21,22]. Plot of log gt vs.
log ct gives Freundlich isotherm whereas ct/qt
versus ct indicates Langmuir isotherm [23]. gt
is known from the formula gt=(ci-c;)/m. v
Where c;stands for initial concentration of
Cd(I1) solution and c;stands for concentration
of Cd(Il) after time t.

M stands for mass adsorbate in grams and v;
volume in liters.

Figure 6 and 7 show log qt vs. log ct
(Freundlich isotherm of Cd(Il) ion-orange peel
powder at 26° and at pH 6.5 and 4
respectively). Whereas figure 7 and 12 show
ct/qt vs. ct show Langmuir isotherm. If Cd(Il)
ion-orange peel powder at 26° and pH 6.5 and
4 respectively. Graphs have also been plotted
between log gt versus log ct and between ct/qt
versus ct for Cynodon dactylon represented by
Figure 6 and 11. There experimental analyses
and data obtained thereafter are a good fit for
Freundlich and Langmuir adsorption isotherms
[24,25]. Percentage removal has been put in
the tables by the formula
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Conclusion

Experimental analysis and data led to the
conclusion that orange peel powder as an
effective adsorbent of Cd (1) from aqueous
medium. Cynodon dactylon, a perennial herb,
has also been used a phytoremediator of Cd
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