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ABSTRACT

Batch mode experiments were carried out for the removal of Reactive Orange 107 from aqueous
solution using native and dead mycelia pellets/lbiomass of Alternaria raphani. The effect of
process parameters like contact time, dosage of adsorbent, adsorbate concentration and pH on
adsorption was investigated. Higher the dye concentrations lower the adsorption. Increase in
biomass dosage increased the adsorption. Experimental data were analyzed by the Langmuir
and freundlich isotherms. Adsorption capacity (Q,) of autoclave biomass was 28.74mg/g, which
was higher than native biomass studied. The second-order kinetic model by Ho and Mckay
described well the experimental data. Acidic pH was favorable for the adsorption of RO 107.
Sudies on pH effect and desorption show that chemisorptions and physisorption play a major
role in the adsorption process. Among the biomass studied, autoclaved biomass showed a better
adsorption capacity. Utilization of autoclaved biomass is much safer as it does not pose any
threat to environment. These results suggest that this fungus can be used in biotreatment process
as biosorbent for reactive dyes.
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INTRODUCTION

Reactive dyes are widely used in many industri@sudue to their bright color, excellent

colorfastness and ease of application [1]. Readis are typically azo-based chromophores
combined with different reactive groups. They diffieom all other dye classes in that they bind
to the textile fibre, such as cotton, through ceméilbonds; and thus are highly recalcitrant to
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conventional wastewater treatment processes [Xtil&alye effluents contain reactive dye in a

concentration range of 5-1500mg/L. Therefore, teattnent of dye-contaminated effluents is

currently a primary environmental concern [3]. Centional treatment technologies such as,
activated sludge process, chemical coagulatiorhotaadsorption, chemical oxidation, photo

decomposition, electro-chemical treatment, revessrosis, hydrogen peroxide catalysis etc are
difficult, ineffective (or) economical disadvantaje 5].

Biosorption has been defined as the property darebiomolecules (or types of biomass) to
bind and concentrate selected ions/other moledutes aqueous solutions. Thus biosorption
using microbial biomass especially, fungal biomaspotential sorbent for removal of dyes from
industrial wastewater has gained considerable tagterRecently removal of reactive red 2 dye
using activated carbon was reported [6]. Severnte on decolorisation of synthetic dyes and
dye effluents by fungi [7, 8 and 9] have been reggbby using various fungi. To minimize the
use and generation of hazardous chemicals, whiled@sing the treatment efficiencies of the
wastewater generated, we studied the use of furigalass as a cheap resource. In this study,
the live and heat-treated biomassAtternaria raphani were used for the biosorption of RO 107
in batch mode studies. The effects of experimerdablitions such as initial dye concentration,
temperature and pH are investigated to obtain mé&bion on dye removal properties of the
fungal biomass.

EXPERIMENTAL SECTION

Preparation of inoculum and adsor bate

The fungus was isolated from dye industry effluearals in the textile city, Tirupur, Tamilnadu.
The isolated fungal culture was grown in Czapek-gar medium for 5 days at 27+2°C in
petriplates. Czapek-Dox agar medium contained potas chloride (0.5g), potassium
dihydrogen phosphate (1.0g), sodium nitrate (2.Ggjrous sulphate (0.01g), magnesium
sulphate (0.5g), yeast extract (1.0g), dextroseO0 agar (20.0g), streptomycin (0.3g) and
distilled water (1000mL). The plates were then dled with sterile distilled water, brushed with
sterile camel hairbrush smoothly without disturbithg mycelial growth and filtered through
sterile filter. The concentration of the filtratasvadjusted to £Gpores/mL with sterile distilled
water and used as inoculums for further studies.tRe preparation of adsorbent, 1mL {10
spores) of fungal spore suspension was inoculateml 100mL of sterile Czapek-Dox broth
(composition is similar to Czapek-Dox agar mediuevald of agar alone) in a 250mL
Erlenmeyer flask and incubated at 27+2°C for 5 dayan orbital shaker at 125 rpm. After the
incubation period, the mycelium developed as pelwbs separated by filtration through
Watman No.1 filter paper and washed with generonsumts of deionized water until free from
the media components. The washed, live mycelieieWere used as biosorbent as such [10].
The mycelia pellets were also subjected to pretreat to enhance the efficacy of dye
adsorption. The pretreatment employed were: Autooia the biomass was subjected to
autoclaving for 30 minutes at 121°C at 18psi. Thgcehal pellets/ biomass after each
pretreatment was washed with generous amount ohideid water (pH-6.8) until the pH of the
wash solution was close to that of deionized wgikr6.8-7.2).
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Preparation and estimation of adsor bate

Reactive orange 107 used as a model reactive dieeipresent work were procured from dye
industry in Mumbai. RO 107 is based on vinyl sulphoeactive group, which have negative
charges in aqueous solutions. They have moderaigivity and are used for printing and
dyeing. The general characteristics of RO 107 oheJuchemical formula=(gH;:sN4010S3Na;
Amax=415 nm. Standard solutions containing 10 to 50Lned/the dye were prepared by diluting
a stock solution of 1000mg/L of RO 107 dye studi€de analysis of RO 107 was estimated
spectrophotometrically by monitoring the absorbane 415nm wusing UV-VIS
spectrophotometer (Shimazdu, UV-1601, Japan).

NaO3SO
COCH;

/
025 i : HN
NNQNHZ

SO3Na
Figure 1. Structure of Reactive Orange 107 dye

Batch biosor ption studies

Adsorption experiments were carried out by agitatig of asorbent with 50 mL of various
adsorbate solution of concentration ranging fromidl80 mL and pH 7, 150 rpm and 30+2°C in
a thermostated rotary shaker. The flasks were wathd at predetermined time intervals. The
adsorbate and adsorbent were separated by ceatidogt 3000rpm for 20 min. The remaining
adsorbate concentration in the supernatant wagndeied from which the amount of dye
adsorbed by the adsorbent (q, mg/g) was calcul&@edtrol experiments were carried without
adsorbent to estimate the adsorbate removal dadstrption onto the walls of the flasks. It was
observed that adsorption onto the container wadlseevnegligible. A study was carried out with
different dosages of adsorbent (0.5-3.0g/50mL)tler equilibrium time to determine the effect
of adsorbent dose on RO107 removal. The effecHobp the adsorption process was studied by
varying the pH of 50mL of 50mg/L adsorbate solutimthe range of 2 to 9 using dilute HCI and
NaOH solutions, while keeping the other experimigodsameters at the values described earlier.

Desor ption experiments

Desorption studies were carried out with adsorbeden adsorbent obtained from a batch
process, in which the adsorbate solutions (30mgMRYoand RB) were treated for the optimium
contact time. The mycelium was washed gently withiltbd water to remove unadsorbed dye.
Several such samples were prepared. The spentbadsovas then agitated at 200rpm for
optimum contact time with 50 mL of distilled watend adjusted to different pH values in the
range of 2 to 10. The desorbed dye was estimatectrgphotometrically as mentioned earlier.
Similarly desorption studies were carried out safey in 50 mL of 0.1-0.6N NaOH solutions.
The flasks were agitated at 200 rpm until equllibriwas reached. All experiments were carried
out in duplicate and the mean values are presentederror obtained was +2%.
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RESULTSAND DISCUSSION

Effects of contact time and concentration of dye on adsor ption

The effect of initial dye concentration on the rateadsorption onto native, heat-treated fungal
biomass was studied. The experiments were cartéatdixed adsorbent dose (1 g), in neutral
pH with 50mL of different initial concentrations 0107 (10-50mg/L) for different time
intervals at 30°C. Autoclaved biomass showed tlyldst removal of RO 107 dye, where the
removal was 8.04, 14.92, 20.49, 23.84 and 23.95rfay/110, 20, 30, 40 and 50 mg/L RO 107
solution. In live biomass the removal was 8.8154419.38, 20.36 and 21.45 mg/L for 10, 20,
30, 40 and 50mg/L RO 107 solution. The equilibritime of RO 107 adsorption slightly varied
with adsorbents and adsorbate concentration (Fighi)h was 105 min and 90 min for live and
autoclaved biomass respectively this may be dadfitaty of adsorbates to different adsorbents.

Figure 2. Effect of Agitation time and initial dye concentration for Reactive orange 107 biosor ption onto (a)
live biomass and (b) autoclaved biomass of Alternaria raphani.
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The amount of dye adsorbed (mg/g) increased witliease in contact time and reached

equilibrium. Thus, it is clear that the removaldyles depends on the concentration of the dye.
The initial rapid phase may be due to availabiitynore number of adsorption/vacant sites, as a
result there exists an increased concentrationigradetween adsorbate in solution and

adsorbate in the adsorbent [11].

Proposed Binding M echanism:

The main functional groups of protonat&adaphani biomass are compromised of carboxyl (B-
COO), phosphonate (B-HPQ and amine (B-NKf) sites. Of these functional groups, the
positively charged amine groups of the biomass ragnly responsible for reactive dye

biosorption, as reactive dyes are negatively clthrge aqueous solution. These negatively
charged dye anions will exhibit electrostatic attien toward the positively charged amine

groups of the biomass surface. This is the reasemtaximum biosorption occurred at acidic
pH, which coincides with the suggestion of [12, 113t the protonated amine could act as a
binding site for the binding between the adsorbemd anionic dyes. The reduction in the
reactive dye uptake with increasing pH was posdibie to the electrostatic repulsion between
the negative sulfonate groups (dyes3Qof the reactive dyes and negative carboxyl and
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phosphonate groups on the biomass [14]. Cells wihneleath (or) autoclaving can suffer rupture

and denaturation of cell wall that can allow freeess of adsorbates to cell wall binding sites
[15, 16, 17 and 18]. This could be the reason funaeced dye adsorption by autoclaved

mycelium as observed in the present study. Fu arataghavan [16] also recorded an enhanced
removal of congo red by autoclavadiger biomass in comparison with live biomass.

Adsor ption kinetics

To study the adsorption kinetics, two kinetic madekre used, which included Lagergren [19]
and pseudo-second order models. In order to olitenrate constants and equllibrium dye
uptake, the straight-line plots of log were maddlifferent initial dye concentrations. If the

intercept did not equal to the experimental eqdiiim dye uptake then the reaction was not
likely to be first order even if plot had high celation coefficient with the experimental data
[20]. The rate constants, predicted equilibriumalps and the corresponding correlation
coefficients for all concentration tested are sumized in Table 1 and 2.

For lagergren plot, correlation coefficients wamanf 0.8085 to 0.9726, but the calculatedv@s

not equal to experimentale(Buggesting the insufficiency of the model tali¢ kinetic data for
the initial concentrations examined. The reasonghese differences in the,@alues was that
there was a time lag, possibly due to a boundaygriaexternal resistance controlling at the
beginning of the adsorption process [21]. In mases, the lagergren model does not fit the
kinetic data well for the whole range of contantéj and generally underestimate thev@ues
(Ho and McKay, 1998).

Table 1. Kinetic parametersfor the reactive orange 107 dye biosor ption with live biomass of Alternaria
raphani at different initial dye concentrations

Lagergren modsl Pseude-second-ordsr medsl

Initial concentration ofdye  (Qlay

(mgL) (mg'g) EyLmmn) Q.mgg B K. zmgzmm) Q.mgg R?

10 2.81 0.030 6.8 0.9199 57 292 09082
20 1434 0.024 10.8 0.8682 27 1504 0.9081
30 1938 0.017 12.0 0.8062 21 2146 08887
40 2036 0014 124 0.9206 23 2250 082171
30 2145 0.026 19.1 0.8083 24 2402 08724

The pseudo-second order model is based on thd@ogatpacity on the solid phase. Contrary to
other well-established models, it predicts the b&raover the whole range of studies and it is in
agreement with the chemisorptions mechanism béiagrate controlling step [21]. This was
consistent with the better results obtained with plseudo-second order model (Table 1 and 2)
[22, 23]. Correlation coefficients were always teglthan 0.95, and the lowest correlation
coefficients in this case was better than the firster model correlation coefficients (Fig 3 (a)
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and (b)). The values of predicted equilibrium siptcapacities showed reasonably good
agreement with the experimental equilibrium upteikee.

Table 2. Kinetic parametersfor thereactive orange 107 dye biosor ption with autoclaved biomass of
Alternaria raphani at different initial dye concentrations

Lzgergren medsl Pseude-zecond-ordsr modsl

Initizl concentration ofdye (O

(mgL) (mg'g) KL min) Q.(mg g) R? Kizmgmm) Qmgz) B

10 2.04 0.033 036 09721 235 10.79 0.9736
20 1492 0.022 1258 08381 1.2 2020 09732
30 2040 0.023 18.79 00208 g7 2303 00658
40 2384 0.030 2063 0.9333 03 2623 0.0830
30 2305 0.037 2229 09726 1.7 2763 0.9932

Figure 3. Pseudo second order plotsfor Reactive orange 107 biosor ption onto (a) live biomass of and (b)
autoclaved biomass of Alternaria raphani
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Effect of carbon dosage on RO 107 removal

The removal of dye increased with increasing carlbosage (0.5 to 3.0 g of biomass)
respectively. Thus, 3 g was considered as optimasage for further studies. Increase in
adsorbent dosage increased the percentage rembwbleowhich is due to the increase in
adsorbent surface area of the biosorbent (Figure 4)
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Figure 4. Effect of carbon dosage on Reactive orange 107 biosor ption onto (a) live biomass and (b) autoclaved
biomass of Alternaria raphani
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Adsor ption I sotherms

The data obtained from equilibrium studies werdyameal according to Langmuir and freundlich
adsorption isotherms. The langmuir and freundlighations are commonly used to describe
adsorption isotherms at a constant temperatured¢er and waste water treatment applications.
The Langmuir model is valid for monolayer sorptionto a surface with a finite number of
identical sites. The distribution of dyes betwela $olid-solution interface equations has been
described by the Langmuir equation [24]. The walbkn expression of the Langmuir model is
given by equation no (1).

&= QCe/ (1+DC) !

where g(mg/g) and G(mg/g) are the amounts of adsorbed dye per unghtaif adsorbent and
unadsorbed dye concentration in solution at equagspectively. Qis the maximum amout of
the dye bound per unit weight of adsorbent to farsomplete monolayer on the surface at high
Ce,and b is a constant related to the affinity oftheding sites (L/mg).

The empirical Freundlich equation based on sorgtitma heterogenous surface is given as

q3 = KF Celln > 2

where Kk and n are the freundlich constants for the systenich are indicators of adsorption
capacity and intensity respectively [25]. The valaé the freundlich and Langmuir parameters
were obtained respectively from the linear coriefabetween the values ot/G. and G and log

ge and log G The adsorption isotherm parameters along with threetation coefficients are
presented in Table 3.

The linear relationships were evidenced by tRev&ues (for the Langmuir model, 0.9868 and

0.9929 for live and autoclaved biomass, respedgtifgelthe fruendlich model, 0.9505 and 0.7394
for live and autoclaved biomass respectively).
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Table3. Langmuir and Freundlich model constants

Lengmiur medel Freundlich medel

Altsrnaria raphani Qymgez b, Lmg R: Comegl By E:Lmg n R:
0 0.186
20 0.102

Live biomzsz 23.81 (0.438 0.9868 30 0.071 0.0503 1.084 0.9503
40 0034
30 0.044
0 0.307
20 0.13

Autoclaved 28.74 0.226 08824 30 0.129 1.038 033 0.7304
biomass 40 [.0sg
30 0.08

Table 4. Comparison of Q, valuesfor various adsor bents

Dhves Adsorbent Qoimg'g) Feference
Reactive orange 107 Live biomass 2381 This work
of Alternaria raphani
Autoclaved biomass 28.74 This work
of Alternaria raphani
Reactive Yellow 178 Biomass flv ash 3.65 [28]
Modified zeolite BR.3 [27]
Modified clav
(sepiolite) 165.1 [27]
Reactive Yellow 2 Activated carbon
(300-500m) 209.4 [28]
Activated sludge 1154 [29]
Aeromonas sp 1243 [30]
Escherichia coli 324 [30]
seudomonas luteola 102.6 [30]
Reactive Yellow 64 Calcined alunite 236 [31]
Reactive Yellow 64 Alunite 5 [31]
Sunset Yellow Powdered peanut hull 13.59 [32]
Reactive vellow208 Hvdrotalcite 478 [33]
Remazol golden vellow Eluveromyces marxianus 33 [34]
Reactive orange 16 Rhizopus arrhizus 150 [1]
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These indicates the applicability of the two adforpisotherm and the monolayer coverage on
the adsorbent surface. The ffom Langmuir isotherm indicates that the adsorptapacity of
RO 107 was greater for the autoclaved biomass 428g/g) than the live biomass (23.81mg/qg)
of Alternaria raphani. The observed Rvalues indicate favorable adsorption of the RO @07
live and autoclaved biomassAternaria raphani (0<R <1).

Effect of pH on RO 107 removal

Biosorption of dye decreased with increasing pHwvé&oadsorption of both dyes at alkaline pH
was probably due to the presence of excess of kRydimns competing with the dye anions for
the adsorption sites. A maximum removal of 84.69%,9% of RO 107 dye by live and
autoclaved biomass was observed in values of pHd43arespectively (Figure 5). Fungal cell
wall is predominantly known to contain amine, catydand phosphonate groups [15]. Generally
the carboxyl and phosphonate groups can’t binetaative (direct dyes which possess negative
charges in the agueous medium, whereas positiVielsged amine groups are believed to be the
binding sites for anionic/reactive dyes [35].

Figure 5. Effect of pH on Reactive orange 107 biosor ption onto (a) live biomass and (b) autoclaved biomass of
Alternaria raphani.
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At a pH of higher acidity, that functional group® grotonated and to maintain neutrality in an
agueous environment, negative counter ions arerlaeldo These ions are mobile, and are
exchanged by ions from the dyes at appropriateTpiit result shows a tendency towards great
adsorption for anionic dyes in the acidic pH ra[8.

Desor ption studies:

Regeneration of the adsorbent may take the treatmere economical. Attempts were made to
degenerate color from the mycelial pellets usingous strengths of NaOH (0.1-0.6N). The

percent desorption increased with increasing NaG@htentration in the aqueous medium (Fig.6)
and attained a maximum desorption at 0.6N NaOHtisol{Figure 6). The effect of percentage

desorption was inversely correlated to pH effentijdating that ion exchange was probably the
major mode of adsorption process. Similar resuésavobserved for the adsorption of Congo red
by coir pith carbon [37].
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Figure 6. Desor ption studies for Reactive orange 107 biosor ption onto (a) live biomass and (b) autoclaved
biomass of Alternaria raphani.
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CONCLUSION

The present study shows that autoclaved mycelidbétpbiomass ofAlternaria raphani is an
effective adsorbent for the removal of RO 107 fragueous solutions compared to live biomass.
Adsorption of RO 107 dye on to live and autoclabésimass ofAlternaria raphani, followed
Langmuir and Freundlich isotherms, showed a gaoaf fihe data. The adsorption capacitye)(Q
from the Langmuir isotherm was found to be maximéon autoclaved adsorbent with
28.74mg/g. The suitability of first and second orki@etic models for the sorption of both dyes
was also discussed. It was decided that the adsorginetics of both adsorbents obeyed the
second order adsorption model. Adsorption was fdonoe pH dependent. Desorption tests has
revealed the possibility of both chemisorptions ahmysisorption mechanism involved in the
removal of RO 107. The whole process is more ecacainand eco-friendly because of the
possibility of reusing the adsorbent (fungal bios)aadsorbate (dyes) and the solvent/desorption
medium (NaOH). These results suggest tAHernaria raphani biomass can be used in
biotreatment process as biosorbent for reactive.dye
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