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ABSTRACT

In present study, Nitrilotriacetic acid (NTA) mddd Dendrocalamus strictus charcoal powder was s$tigated as
adsorbent for the removal of Cd (Il) metal ionsnfraqueous solutions. The study revealed that teerhdnt dose
2 g/L of NTA modified Dendrocalamus strictus cloatgpowder under optimized conditions viz., pH @ntact
time (2h), temperature (25°C) and concentrationng@l) of cadmium metal ions exhibited maximum @)%
removal of Cd (Il) metal ions. Further, genotoxjcgtudies using Allium cepa root chromosomal aki@raassay
showed significant reduction in chromosomal abeor after the adsorption by NTA modified Dendracals
strictus charcoal powder. The study proved that Nmddified Dendrocalamus strictus charcoal powdemais
excellent adsorbent with high adsorption capadaitythe removal of Cd (1) from industrial waste wat

Keywords. Adsorbent, Nitrilotriacetic acid)endrocalamus strictygharcoal, genotoxic.

INTRODUCTION

The contamination of wastewater by different taxéavy metals through the discharge of industrigtevavater is
an ongoing problem. Some of these heavy metal®ai@even at low concentrations. Presence of hestal ions
in aquatic bodies is of special concern as thesge patential to accumulate in different environmemmponents. It
is well known that heavy metals can damage nerns, as well as bones and can interfere with tbenral

functioning of various metallo-enzymes [1]. Amoniffatent metals, cadmium is one of the most commarged

metals in different industrial processes. Cadmisgniniroduced into water bodies as results of sngltmetal
plating, cadmium-nickel batteries, phosphate iedik, mining, pigments, stabilizers, alloy indiesty photographic
industries and sewage sludge [2, 3].

Cadmium is known to cause acute and chronic dissrdech as “itai-itai” disease, renal damage, erspima,

hypertension and testicular atrophy [4, 5]. Onlihsis of these health problems, Cd (1) has beelnded in the red
list of priority pollutants by Department of Envinment, UK [6] and in the black list of EEC Dangesdsubstance
Directive [7]. US Environment Protection Agency haso classified Cd(ll) as group B1 carcinogen [Badmium

has been designated as category | carcinogen bynhational Agency for Research on Cancer (IARCYrfiam

has been document to be one among “big threeittmetals, along with lead and mercury.

A significant number of tests involving plants, te@, non-mammalian and mammalian systems have bee

developed for biomonitoring the extent of pollutiamd to evaluate the genotoxic potential of envitental
contaminants [9-13]. Among different test systemailable for genotoxicity evaluation, the utilityf glant
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bioassays is well accepted. Among several higrertflioassaysllium cepaassay is well known and commonly
used in many laboratories. The results obtainel this system are in good agreement with the restdin other
established test systems using prokaryotic as ageukaryotic systendllium ceparoot chromosomal aberrations
test provides a rapid screen for the genotoxicctffef chemicals and metal ions.

Various purification methods have been adopted dwidde to solve heavy metal pollution in the envirent.
These methods include chemical precipitation, mamdmprocesses, solvent extraction, adsorption arsbiption
processes. However, these methods do not seemédodmemically feasible because of their relativielygh costs
and developing countries are not able to affordhgdachnologies. Therefore, there is a need to iotukalternatives
to investigate a low-cost method, which is effegtand economical. To overcome this difficulty, thés a strong
need to develop economical adsorbents which camiseel to solve this problem. Among different methods
adsorption processes are suggested to be seleetigetive and cheap and are able to remove vewyléwels of
heavy metals from solutions [14]. With the seleatiof a proper adsorbent, the adsorption processbeaa
promising technique for the removal of certain t/@é contaminants [15-16]. At present years, differtypes of
materials such as fruit wastes [17-18], fly ash[tfays [20], bark [21], sawdust [21, 22], biom#§88], husks [24],
alumina [25] red mud [26] and agricultural wast@§][are being used as low-cost alternatives to msige
adsorbents.Dendrocalamus strictuscharcoal is a cheap, widely available and abundaatural material.
Considering this, the present study was planneld aiih to remove the cadmium metal ions from agueoligion
using unmodifiedDendrocalamus strictusharcoal powder (UDC) and modifié@kendrocalamus strictusharcoal
powder (MDC) with Nitrilotriacetic Acid (NTA). Sevel important factors such as pH, initial metal Son
concentration, adsorbent dose, contact time angdeature were investigated in the present studys the
adsorbent some time poses their own toxicity, theotpxic effects of cadmium metal ions before aftdrahe
adsorption process was evaluated ugitigm ceparoot chromosomal aberration assay.

EXPERIMENTAL SECTION

2.1. Material

The culms ofDendrocalamus strictusiere used to prepare the charcoal powder, whicle wellected from the
Botanical Garden, Guru Nanak Dev University, AnaitsPunjab (India). All chemicals used were of Atiahl
reagent grade.

2.2. Preparation of adsorbents

For the preparation of the charcoal, pre-weigbedidrocalamus strictusulms were cut into small pieces, washed
and dried at room temperature. The culms pieces then carbonized in Muffle furnace at 450°C fdr @ prepare
the charcoal and were allowed to cool at room teatpee. The charcoal was crushed to form fine powding
grinder and was passed through the sieve of 150tlencharcoal powder was divided into two partse Qart of
charcoal powder was stored in desiccators for éurddsorption experiments and the second part iwatet! with
Nitrilotriacetic acid. 10 g of adsorbent was adte&00 ml of 1% NTA solution and extracted for 24t25 + 2°C
and 100 rpm shaking. After 24 h extraction, soltigith Dendrocalamus strictusharcoal powder was filtered
through Whatmanfilter paper No 1 and rinsed 3 times with doublstilied water. After treatment, modified
Dendrocalamus strictusharcoal sample was oven dried at 60 + 2°C foh24onditioned at 23 + 5°C for two
weeks and was stored in desiccators for furtheemx@nt studies.

2.3. Preparation of the Stock Solution

Stock solution of 1000 mg/l of cadmium was prepargdlissolving 2.744 g of cadmium nitrate (Cd(®CHH,0)
in 1000 ml of double distilled water. Different aamtrations of cadmium (50, 100, 200, 300, 400 0@ mg/l)
were prepared from the stock solution by makingHrdilution for each adsorption experiment.

2.4. Batch adsorption studies

Adsorption experiments were performed using diffiel@ncentrationsiz., 50, 100, 200, 300, 400 and 500 mg/l of
cadmium, pH (1, 2, 3, 4, 5, 6 and 7) temperatuB&q}, contact time (0.5, 1, 2 and 4 h) and dosade 0.2, 0.3 and
0.4 g/100 ml) of adsorbents (unmodifi@@&ndrocalamus strictusharcoal powder and modifiddendrocalamus
strictus charcoal powder) at 120 rpm/min in incubator shaksfferent batch experiments were carried out to
achieve the optimum conditions for maximum adsorptiThe final concentration of the cadmium was yared
after every batch experiments using Atomic AbsorptSpectrophotometer (Model: AA240 FS, Make: Adilen
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Contents of the flask were filtered throug¥hatmanfilter paper No. 1 and filtrate was analyzed foetah ions
concentration. All the experiments were conductettiplicates.

2.5. Calculation of percentage removal and adsor ption capacity
The percent adsorption of the cadmium metal iors egdculated as follows

Percent adsorption (%) =Ci;—'cfx 100
L
Where &’ stands for initial andc; stands for final concentrations (mg/l) of cadmium

2.6. Genotoxicity of cadmium metal ions

Genotoxicity of cadmium was estimated by us&ljum ceparoot chromosomal aberration assay. The bulbs of
Allium cepawith freshly emerged roots of about 0.5 - 1.0 cngtl were treated by placing them on treatment jars
containing different concentrations of cadmium rhigtas solution corresponding to 50, 100, 200, 30I) and 500
mg/l of cadmium for 3 h before and after the adsorponto the both samples (unmodifidéndrocalamus strictus
charcoal powder and modifiedendrocalamus strictugharcoal powder with NTA). After 3 h, the roots reve
thoroughly washed and root tips were fixed in FatenBuid (glacial acetic acid : ethanol :: 1 : J)he fixed root
tips were hydrolyzed in 1 N HCI with intermittenedting (up to 60°C) for 1 min and transferred tdolaglass
containing a mixture 1 N HCI and aceto-orecin @) for 25-30 min. Then the root tips were squasheal drop of
45% glacial acetic acid. The slides were obsenaddffferent types of chromosomal aberrations. Abd&0
dividing cells in 9 root tips (~50 cells/slide) veescored to determine the genotoxic effects of ¢asinmetal ions

in the absence and presence of both samples (ufedddéndrocalamus strictusharcoal powder and modified
Dendrocalamus strictusharcoal powder with NTA).

RESULTSAND DISCUSSION

3.1. Effect of pH

pH is consider as an important controlling paramtteadsorption of metal ions because it affebts golubility of
the metal ions, concentration of the counter ionstlee functional group of the adsorbent and therekegf
ionization of the adsorbate during reaction [28-30he effect of pH on cadmium metal ions adsorptioto
Dendrocalamus strictusharcoal powder (unmodified and modified) was ®&dicht 25 °C by varying the pH of
cadmium solution from 1 to 7 (Fig. 1a).
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Fig. 1. Effect of pH (a), adsorbent dosage (b), contact time (c) and concentration (d) on the cadmium metal ionsremoval by unmodified
and NTA modified Dendrocalamus strictus char coal powder

It was observed that removal of cadmium by both edifred and modifiedDendrocalamus strictugharcoal
powder adsorption increased with increasing pH faitl to pH 6 and decreased slightly at pH 7. Tlaimum
adsorption was found to be at pH 6. Thereforedahfr batch experiments, pH was fixed at 6.

3.2. Effect of adsorbent dose

Adsorbent dose is considered as another importeibrf affecting the percentage removal of a metal The

adsorption of cadmium metal ions onto the both dmsts (UDC and MDC) was studied at 25 °C tempegatind

fixed pH value by varying adsorbent dosage fromt6.0.4 g/100 ml. In the present study, the peagatremoval
of the cadmium metal ions increased with increasimgboth adsorbent dosage from 0.1 to 0.2 g/10@ndlafter
then, remained nearly constant with higher adsdrtiese i.e. 0.3 g/100 ml and 0.4 g/100 ml. Amorglibth four
adsorbent dosages (UDC and MD@).,0.1, 0.2, 0.3 and 0.4 g/100 ml, maximum adsorptibthe cadmium metal
ions was attained at 0.2 g/100 ml (Fig. 1b). Tfo¥ee the optimum dosage was taken as 0.2 g/ 10@miurther

experiments. Similar results have been found by §\&ral [31] and Gupta and Bhattacharyya [20] fmtraium (11)

adsorption onto different clays.
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3.3. Effect of contact time

Contact time of adsorbent is one of the importarameters for successful rapid adsorption. Figepcesents the
percent removal of cadmium metal ions initially ie&sed rapidly, and that the optimal removal efficiesi.e.
44.43% and 73.43% were attained within 2 h for Ua@d MDC, respectively. However, the equilibrium
(maximum) value was attained at around 4 h for WiC and MDC. Therefore, the optimum contact timasw
selected as 2 h for further experiments. Similaultewvas observed for the adsorption of cadmiuinao(hto clarified
sludge [32], food waste [33], meranti wood [34].

Table 1. Removal of cadmium metal ions (%) after the adsor ption onto unmodified and modified Dendrocalamus strictus char coal
powder

% age removal of cadmium metal ions after adsor ption by

Concentrations Dendrocalamus strictus char coal powder

(mg/l) Unmodified M odified
50 81.16+0.001 89.66+0.003
10¢ 68.16+0.00 88.37+0.00
200 56.91+0.003 77.40+0.033
300 55.27+0.003 66.86+0.001
40¢ 50.19+0.00 62.42+0.00
500 48.65+0.003 58.69+0.003

3.4. Effect of initial concentration of cadmium metal ions

The effect of initial concentration on the adsarptof cadmium metal ions (UDC and MDC) was investiégl by
varying the cadmium concentration (50, 100, 20@, 3®0 and 500 mg/l) as shown in Fig. 1 d. It wiaseoved that
adsorption of cadmium metal ions onizendrocalamus strictusharcoal powder decreased with increasing
concentration of the solution (Table 1). At init@ncentration, surface area and availability cfoagtion sites were
relatively high and cadmium metal ions were eaailgorbed. At higher concentration, the total abéladsorption
sites were limited and resulted in decrease ingreage removal of cadmium metal ions. The remofzahdmium
metal ions from agqueous solution was observed tcobpeentration dependent. This might be due tartbeease in
driving force of the cadmium metal ions concentratgradient [35]. A similar result has been founddsorption
of cadmium (IlI) from aqueous solutions on sulfudztivated carbon prepared from nut shells [3@] areranti
wood [34].

3.5. Genotoxic studies

Chromosomal aberrations observed in root tip adll&llium cepaunder 3 h treatment of different concentration of
cadmium metal ions (50, 100, 200, 300, 400 andrb@0), before and after the adsorption ontoBemdrocalamus
strictus charcoal powder (UDC and MDC) were categorized ibvo groups as physiological aberrations
(attributing to changes in cell milieu or normaln@tioning of spindle apparatus) and clastogenicrraliens
(attributing to direct action on chromosomes) (R2Q.

The physiological aberrations included c-mitosisp&nown as spindle inhibition resulting in randsoattering of
chromosomes over the cell; delayed anaphases ichvihvo anaphasic groups of chromosomes lie closeati
other near equatorial plate; stickiness which magttributed to changes in the surface nucleopranfiguration;
vagrant chromosomes, a weaker c-mitotic effect wirem or two spindle fibers are not functioning pdy or are
not formed. The clastogenic aberrations includadmosomal breaks and chromatin bridges which neafpbmed
due to unequal exchanges resulting in the formatfodicentric chromosomes which are pulled equiithe both
poles.

The frequency of chromosomal aberrations followtiegtment with different concentrations of cadmibefiore the
adsorption bypendrocalamus strictusharcoal powder ranged from 21.74% at 50 ppm t80% at 500 ppm. The
frequency of cells with c-mitosis was found to baximum followed by delayed anaphases, stickineagrant
chromosomes, chromosomal break/s and chromatirgdsidThe frequency of root tip cells with physiatad)
aberrations was found to be more as compared $toglenic aberrations. In earlier studies, sensjtiai Cd toxicity
has been reported among different plant species3gg7
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Fig. 2. Spectrum of chromosomal aberrationsinduced in root tip cells of Allium cepa.
(a) Before adsorption of cadmium metal ions
(b) After adsorption of cadmium by unmodified Dendrocalamus strictus char coal powder
(c) After adsorption of cadmium by modified Dendrocalamus strictus char coal powder with Nitrilotriacetic acid

Bk- Chromosomal break/s, Bg- Chromatin bridge/s; Vg Vagrant chromosome/s; St-Stickiness;, Da-Delayed
anaphase/s; Cm-C-mitosis

Reduction in the chromosomal aberrations was obserafter the adsorption of cadmium metal ions by
Dendrocalamus strictusharcoal powder (UDC and MDC). The total aberrativequency including both
physiological as well as clastogenic aberratiotsrdhe adsorption by unmodifi@kndrocalamus strictusharcoal
powder ranged from 7.89% at 50 ppm to 28.61% atggf and adsorption by modifiddendrocalamus strictus
charcoal powder ranged from 7.32% at 50 ppm to 724.@t 500 ppm. Maximum reduction in chromosomal
aberrations was observed after the adsorption tdifred Dendrocalamus strictusharcoal powder than unmodified
Dendrocalamus strictusharcoal powder (Table 2).
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Table 2. Genotoxic potential of cadmium metal ionsin Allium cepa root chromosomal aberration assay before and after the adsor ption
by Dendrocalamus strictus char coal powder

Concentrations % age chromosomal aberrations
(mgll) Before adsor ption After adsorption
Unmodified Modified

50 21.74+0.00 7.89+0.00:  7.32+0.00

100 29.52+0.005 12.05+0.003 11.72+0.006
200 33.76+0.005 15.07+0.006  14.86+0.003
30C 35.52+0.00 16.31+0.00 15.87+0.00
400 39.74+0.003 25.37+0.006  20.83+0.006
500 43.30+0.003 28.61+0.006  24.07+0.003

CONCLUSION

Batch experiments for the adsorption of cadmiumainiens from aqueous solutions have been carri¢cusing
Dendrocalamus strictusharcoal powder (unmodified and modified) as dosor in the present study. The study
revealed that at pH 6, 2 g/L of adsorbent mateciahtact time 2h, temperature 25°C and concentrg&®mg/l) of
cadmium metal ions, the percentage removal of Qdvds maximum (89.66 %) for NTA modifiddendrocalamus
strictus charcoal powder. Total aberration frequency affter adsorption by unmodifieBendrocalamus strictus
charcoal powder ranged from 7.89 % at 50 ppm t&286 at 500 ppm while after adsorption by modified
Dendrocalamus strictusharcoal powder, it ranged from 7.32 % at 50 ppn24.07 % at 500 ppm. The results
revealed that NTA modifiedendrocalamus strictugharcoal powder could be employed as a promisimd) a
effective adsorbent for the removal of cadmium fragqueous solution.
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