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Abstract

Background and Objective: Due to the substantial contribution of feather waste to the total solid waste between efforts aimed at
countering the attendant environmental impact of waste feathers are urgently required. This investigation was aimed at comparing
selected chemical, physical and biological methods in the decolouration of crystal violet dye from wastewater. Materials and Methods:
The study, which was carried out under batch experimental conditions, made use of Hydrogen Peroxide (HP), Fenton (FT), Raw Chicken
Feather fibre (RCF), Carbonated Chicken Fibre (CCF) and two bacterial species (Pseudomonas aeruginosa and Bacillus subtilis). The
parameters studied were the effect of feather quantity/chemical quantity/inoculum size, pH and initial crystal concentration. Results:
Data obtained from this study showed that after 144 h of treatment, 92% decoloration of the crystal violet dye was achieved using the
RCF as biosorbent compared to 63 and 10% decolouration using Bacillus subtilis and Pseudomonas aeruginosa cells, respectively and
93 and 100% decolouration using HP and FT, respectively. The lowest quantity (2 g) of the RCF was observed the most effective while
B. subtilis was best at 2 mLinoculum size. The HP and FT were effective over the various concentration tested. Maximum decolouration
was achieved at pH 4, 6 and 12 with the RCF, pH 6 with the bacterial cells and over pH ranges between 2 and 12 with HP and FT.
Conclusion: Based on these results, the RCF was observed to compare favourably with HP and FT and better than the bacterial cells in
crystal violet decolouration. Considering the environmental side effects of HP and FT as decolourants, the RCF could offer a better
alternative as biological biosorbent. Application of the findings of this study could enhance further scale up studies for more efficient
treatment of dye effluents.
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INTRODUCTION

Dyes are substances that possess color and have the
ability to affect the color of any substrate added to it. The
production of textile dye was invented to improve the
economy and fashion, it has been used for bags, shoes,
leather, nylon several other products. Dyes are grouped or
classified based on their uses and chemical structure, they
possess chromophores which is responsible for the
colouration of dye, substances with considerable colouring
ability are used widely in several industries such as textile,
pharmaceutical, food, cosmetics, plastics, photographic and
paper’.

In water, the presence of any colouration is usually the
first contaminant that is noticeable due to the fact that even
a very minute quantity of synthetic dye present in water will
be highly visible, thus affecting the aesthetic quality,
transparency and gas solubility of the water?. Generally, colour
is released into the environment as a result of incomplete
exhaustion of dyes onto textile fibre from an aqueous dyeing
process. This has resulted in the need to reduce the
concentration of residual dye in textile eflluent?.

The presence of extreme concentrations of dyes in water
bodies is indicated to have effect on re-oxygenation process,
thus obstructing sunlight and prevention of photosynthetic
activity processes. In addition, some of these dyes are capable
of reacting with cellular macromolecules such as DNA and
proteins to form reactive adducts which are known to trigger
gene mutation and destruction of DNA thus initiating
carcinogenesis known to trigger gene mutation and
destruction of DNA can lead to several health conditions*>.
Most reactive dyes areindicated to cause respiratory problems
in persons who inhale dye particle. These dye particles
accumulate inthe lungs of the individual and obstruct the free
flow of oxygen. In some cases, they could lead to allergies in
susceptible individuals®.

Several methods (physical, chemical and biological) have
been employed in the decolouration of dyes. None of the
methods for dye decolouration is indicated to be 100%
efficient, with each having several limitations. This study was
therefore aimed at investigating the effectiveness of chemical
oxidation (Fenton and hydrogen peroxide), adsorption with
chicken feather fibre (raw and carbonated) and bacterial
(Pseudomonas aeruginosa and Bacillus subtilis) in the
decolouration of crystal violet in water.

MATERIALS AND METHODS

Preparation of chicken feather fibre: This study was carried
out between January and May, 2018. The chicken feathers

used for the study was obtained from the Landmark University
Commercial Farm in Omu-Aran, Kwara State, Nigeria. The
feathers were first washed with detergent and disinfected
with 5% hypochlorite and thoroughly rinsed with copious
water. After which, it was sun-dried for a week and pulverized
to increase the surface area.

For preparation of the carbonated feather, known
quantities of the pulverized feathers were placed in crucibles
and transferred to a laboratory furnace at 250°C for 2 h. After
carbonation, the crucibles were allowed to cool, after which
the contents were scooped out, powdered and stored in an
airtight container until when needed.

Wastewater source: The wastewater used for the
investigation was obtained from the Landmark University
Commercial Farm in Omu-Aran, Kwara State, Nigeria. Prior to
use, the wastewater was filtered using Whatman No. filter
paper. For studies using bacterial cells, the wastewater was
supplemented with 5 g L™ of sodium acetate (to serve as
carbon sources) and 0.5 g L™ of sodium nitrate (to serve as
nitrogen source).

Preparation of crystal violet standard curve: To prepare the
standard curve for the crystal violet, 0.1% solution of it was
prepared as stock solution. In order to ascertain the ideal
wavelength for use, aliquot sample of the diluted stock
solution was scanned over several wavelengths in a
spectrophotometer. The wavelength which gave maximum
absorbance with no further increase in absorbance was taken
as the ideal. In this study, the ideal wavelength was observed
to be 520 nm.

After obtaining the ideal wavelengths, several
concentrations of the dye were prepared from the stock
solution and their corresponding absorbance readings
obtained. A calibration curve was obtained by plotting
absorbance readings against the corresponding
concentrations. From the calibration curve, an equation of a
line was obtained.

Dye decolouration studies: Decolouration experiments
were carried out following the protocol reported by
Zablocka-Godlewska etal’. For the dye decolouration studies,
the effect of the quantity of decolouration agent [hydrogen
peroxide and Fenton (iron (II) chloride and hydrogen peroxide,
at 1:1 v/v), raw and carbonated chicken feather fibre and
bacterial cells] and the effects of pH and initial crystal violet
concentration were investigated.

In the study on the effects of quantity of decolouration
agents on crystal violet decolouration, 2,4,6,8and 10 g of the
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respective raw and carbonated feathers were used for
investigation. For the Fenton and hydrogen peroxide, 2, 4, 6,
8 and 10 mL were used for investigation while for the
Pseudomonas aeruginosa and Bacillus subtilis, 1,2, 3,4 and
5 mL of the broth cultures were used.

In the study on the effect of pH, before sterilization, the
pH of the wastewater was adjusted to the pH of interest. In
this study, the pH used for investigation were 2, 4, 6, 10 and
*12. Adjustment of pH of the wastewater was carried out
using either 1 M NaOH or 1 M HCl to obtain alkaline and acidic
ranges, respectively. For the effect of initial crystal violet
concentration on decolouration potential of the decolouration
treatments, five different initial concentrations were
investigated.

In all experimental setups, after inoculation with the
respective treatment agents, aliquot samples were obtained
from each flask immediately after inoculation and every 24 h
for 144 h for the estimation of crystal violet concentration in
the wastewater. All experimental procedures were carried out
in duplicates.

For statistical analysis, comparison of means was carried
out using the one-way analysis of variance (ANOVA) test at
confidence level of 95 %.

RESULTS

As shown in Fig. 1, in presence of the respective
concentration of raw feathers in the wastewater, no
decolouration was observed within the first 24 h of incubation.
However, progressive increase in decolouration was observed
with time after 96 h of incubation. This trend was irrespective
of the raw feather quantity used (Fig. 1). Generally, in the raw
feathertreated sample, the results obtained indicated that the
effect of variation in the amount of the biosorbent (raw
feather) on the extent of decolouration of crystal violet dye
was not statistically significant as the quantity of the
biosorbent did not determine the effective decolouration rate
(p=0.05).

For the Carbonated Feather (CF) set up, the presence of
varying concentration of the carbonated proved to be
effective in the rate of decolouration of the crystal violet dye.
Results obtained showed that the carbonated feather at 6 g
produced significant decolouration of the crystal violet dye
compared to 8 and 10 g indicating a significant reduction
from an initial value of 290.00-125.7 mg L~". However, the
decolouration in crystal violet dye concentration observed
with 6 g carbonated feather was not significantly different
from that recorded for the 2 and 4 g carbonated feather
(Fig. 1).

Asindicated in Fig. 2, there was no significant decrease in
crystal violet dye decolouration in the presence of 1, 3,4 and
5 mL broth culture of Bacillus subtilis. However, 2 mL culture
broth of Bacillus subtilis showed a significant and more
appreciable decolouration trend comparedto 1,3,4and 5 mL.
This trend was observed at 120 h of the incubation period
which resulted to a concentration value of 99.28 mg L= and
at 144 h, 85 mg L' from an initial value of 290.00 mg L.

For Pseudomonas aeruginosa, it was observed that the
highest cell mass of the microorganism (5 mL) showed a
significant trend of decolouration compared to lower cell mass
(1, 2, 3 and 4 mL) this indicated that the increase in the cell
mass of the organisms aided the increased rate of
decolouration of the dye (Fig. 2).

When different volumes of hydrogen peroxide were used
for decolouration, significant decolouration of the crystal
violet was observed within 24 h incubation. After 24 h of
decolouration, crystal violet concentration decreased from
290.00-65.71, 60.00, 89.28, 106.42 and 80.00 mg L', when 2,
4, 6, 8 and 10 mL of hydrogen peroxide were used for
decolouration, respectively (Fig. 3).

In media containing different volumes of the Fenton,
significant decolouration of the crystal violet was observed
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Fig. 1(a-b): Effect of feather quantity on crystal violet
decolouration, (a) Raw feather and (b) Carbonated
feather
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Fig. 2(a-b): Effect of initial inoculum size on crystal
violet decolouration, (a) Bacillus subtilis and
(b) Pseudomonas aeruginosa

after 24 h of incubation. This trend was irrespective of the
Fenton that was used. Generally, continuous reduction in the
concentration of crystal violet was observed till the end of
144 h incubation period. However, the reduction rate of the
dye in all varied volumes were not statistically significant,
indicating that increase in volume of the Fenton did not
determine the rate (Fig. 3).

Asillustrated in Fig. 4, when the initial dye concentration
in the wastewater was varied, the rate of decolouration in
presence of the raw feather was observed to be more effective
at low initial crystal violet concentration, when compared to
those at high initial crystal concentrations. At the termination
ofthe 144 hincubation period, concentrations were observed
to decrease from 465, 604, 664, 684 and 714 mg L='to 51.42,
78.57,26.42,93.57 and 24.28 mg L', respectively (Fig. 4).

In the carbonated feather set up, the rate of
decolouration observed was insignificant. However, a colour
change was observed after 24 h of incubation which was as a
result of the colouration of the carbonated feather. The media
containing lower concentration of the crystal violet dye
showed some level of decrease after 96 h of incubation and
this was sustained till the end of the 144 h incubation period
(Fig. 4).
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Fig. 3(a-b): Effect of quantity of chemical on crystal
violet decolouration, (a) Hydrogen peroxide and
(b) Fenton

In the presence of Fenton, at the different initial
concentration of the crystal violet, significant decolouration
was observed at the different concentrations investigated. In
set up containing hydrogen peroxide, the reduction rate
observed during the first 24 h of incubation was remarkable.
The decolouration rate varied according to the concentration
of dye added to wastewater, those with lower concentration
of dye had an increased rate of reduction compared to others.
The trend in reduction was determined by the concentration
of dye added to the wastewater. At the end of the incubation
period, complete decolouration of the crystal violet was
observed at the different initial concentrations used for
investigation (Fig. 5).

In the presence of Bacillus subtilis, remarkable
decolouration was only observed within 24 h of incubation
in media containing the lowest concentration of the crystal
violet. The reduction rate was monitored through a
continuous trend. Additionally, the wastewater contained
sources of nitrogen and carbon required by the micro-
organisms to multiply. However, those with higher dye
concentration showed no significant decrease in dye
colour. When the Pseudomonas aeruginosa was used
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Fig.4(a-b): Effectofinitial crystal violet concentration on decolourationin presence of (a) Raw and (b) Carbonated chicken feather
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Fig. 5(a-b): Effect of initial crystal violet concentration on decolouration in presence of the (a) Hydrogen peroxide and (b) Fenton
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Fig. 6(a-b): Effect of cell mass of (a) Bacillus subtilis and (b) Pseudomonas aeruginosa in the decolouration of varied dye

concentration

for inoculation, remarkable decolouration was only
observed after 96 h of incubation (Fig. 6).
At the different pH investigated, crystal violet

concentration in presence of the hydrogen peroxide showed
significant decolouration throughout the period of incubation.
This trend was irrespective of the respective pH investigated.

When the Fenton was used for investigation, crystal violet
decolouration showed remarkable decreases with time. This
observation was also irrespective of the pH investigated
(Fig. 7).

When the raw feather was used for the study, significant
decreasein crystal violet concentration was observed within
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Fig. 7(a-b): Effect of pH crystal violet concentration on decolouration in presence of the (a) Hydrogen peroxide and (b) Fenton
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Fig. 8(a-b): Effect of pH crystal violet concentration on decolouration in presence of the (a) Raw and (b) Carbonated feathers
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Fig. 9(a-b): Effect of pH crystal violet concentration on decolouration in presence of the (a) Bacillus subtilis and

(b) Pseudomonas aeruginosa

the first 24 h of incubation. This decrease was consistent till
the end of incubation and was observed at pH 4,6 and 12. For
the carbonated feathers, significant decolouration of the
crystal violet was observed at pH 4 and 10, after 48 h of
incubation. At the other pH investigated, no significant
decrease in crystal violet levels was observed throughout the
period of incubation (Fig. 8).

In presence of the Bacillus subtilis, no significant
decolouration of the crystal violet was observed at pH 2,4, 10
and 12, with the exception of pH 6. This trend was consistent
throughout the period of incubation. The Pseudomonas
aeruginosa, crystal violet levels at the respective pH were
observed to show no significant decrease, except at pH6
(Fig. 9).
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DISCUSSION

This study explored the use of chicken feather fibre as
possible biosorbent for crystal violet decolouration in water.
The use of the feather fibers was deliberate. Although they are
normally discarded as waste, chicken feathers are indicated to
be keratinous, non-abrasive, biodegradable, renewable and
ecofriendly®. Waste feathers have been reportedly used as
efficient biosorbents for the removal of dyes, heavy metals and
several other impurities in water®.

From the findings of this study, progressive decolouration
of the crystal violet was observed with time in presence of the
raw feather fibre. This observation was irrespective of the
quantity of feather. Similar observation has been reported by
earlier investigators. In a study by Pandima Devi and
Muthukumaran'®, when investigating the utilization of chicken
feathers as adsorbent for the removal of acid brown dye from
aqueous solutions, their finding revealed variation of the
quantity of dye adsorbed with initial dosage of the adsorbent
used. No further increase in adsorption capacities was
observed with further increase in adsorbent dosage.
Mittal et a/'' also reported similar observation from their
studies on the adsorption of erythrosine dye, using hen
feathers.

The present study revealed significant decolouration of
the crystal violet in presence of hydrogen peroxide or Fenton.
The use of Fenton in dye decolouration and heavy metal
removal studies in water has been reported by Pawar and
Gawande'?. In a study on the decolouration of Azo dye acid
Red 18 by Fenton reagent in the presence of iron powder, it
was reported that acidic pH produced a remarkable
decolouration rate when compared to other pH ranges'. In
the presence of Fenton or hydrogen peroxide, the
decolouration of crystal violet was observed at the different
dosages of solutions used for investigation. However, the rate
of decolouration was faster at higher concentrations of Fenton
or hydrogen peroxide. In a study on the decolouration of
reactive black 5 using Fenton oxidation, 58.9% COD and 97%
colour removal was reported after 10 min reaction by Fenton
when 50 mg L' of FeSO, and 300 mg L~! of H,0, was used™.
In a related study, the decolourization rate of azo dye orange
was reported to remarkably increase with increase in
quantity' of H,0,.

Although, remarkable crystal violet decolouration was
observed at the different pH investigated in this study, no
remarkable decolouration was observed at pH 4 and 6 within
the first 24 h of incubation in presence of hydrogen peroxide
and Fenton, respectively. This observation was at variance
with the findings of Bahmani et a/'>. In their report, the degree

of decolouration was observed to decrease with increase in
pH, with highest and lowest removal rates of 99.1 and 41.1%
observed at pH 3 and 7, respectively. A similar observation has
been reported by Lucas and Peres'®.

Result obtained from this study indicated that cells of
Bacillus subtilis and Pseudomonas aeruginosa, showed no
significant decolouration at high crystal violet concentration.
It is reported that dye concentration is a vital factor that
affects dye decolouration in wastewater. The rate of dye
decolouration is therefore affected by a variety of factors,
including toxicity of the dye, which increases as the dye
concentration increases.

The dye-containing media used in this study for the setup
involving the test bacterial species was supplemented with
sodium acetate (as carbon source) and sodium nitrate (as
nitrogen source). It is opined that during microbial
decolouration of dyes, the presence of carbon and nitrogen
sources is not limited to the metabolic activity of the
micro-organisms alone but also to aid the decolouration
process through the stimulation of the reduction process in
the cleavage of bonds present in the dye™,

In this study, the decolouration of crystal violet was
observed to increase with increase in inoculum concentration
of the test bacterial species. Inoculum dose is considered an
important factor that is taken into consideration during
microbial decolouration of dyes. In a study on the bacterial
decolourization of textile dye-orange 3R, Ponraj et a/%,
observed that the rate of decolouration increased with
increase in inoculum size.

Optimum pH for crystal violet decolouration was
observed in presence of the test bacterial species to be 6.
Higher and lower pH did not support decolouration of the
dye. Singh et a/*' have reported optimal condition for the
decolouration of Acid Orange dye by Staphylococcus hominis
to be at a pH of 7.0, after 60 h of incubation. In a study on
microbial decolourization of textile wastewater, by different
fungal isolates, Ali and El-Mohamedy? reported maximum
degradation activities occurring at pH for acid dyes after
9 days and at pH 5 to for reactive dyes.

CONCLUSION

Data generated in this study showed that the RCF
(biological treatment) compared favourably with HP and FT
(chemical treatment) and better than the test bacterial cells in
crystal violet decolouration. This study thus offers a good
strategy of actualizing one of the key components of United
Nation’s Sustainable Development Goals (SDGs) of providing
clean water, airand environment by the year 2030. However,



. Environ. Sci. Technol, 2078

to validate the possible application of the findings of this
study, there is need for scale-up studies in laboratory scale
microcosm, which is the focus of the next study.

SIGNIFICANCE STATEMENT

The efficient decolouration of crystal violet dye in
wastewater using chicken feather waste as demonstrated in
this study will not only provide an environmentally friendly
low-cost solution to wastewater recycling but also a viable
solution to reducing the environmental hazards associated
with waste feather disposal.

REFERENCES

1. Bafana, A, S.S. Devi and T. Chakrabarti, 2011. Azo dyes: Past,
present and the future. Environ. Rev., 19: 350-371.

2. Robinson, T., G. McMullan, R. Marchant and P. Nigam, 2001.
Remediation of dyes in textile effluent: A critical review on
current treatment technologies with a proposed alternative.
Bioresour. Technol., 77: 247-255.

3. Hassaan, M.A,, A. El Nemr and F.F. Madkour, 2017. Advanced
oxidation processes of Mordant Violet 40 dye in freshwater
and seawater. Egyp. J. Aquat. Res., 43: 1-9.

4. Kirk-Othmer, A., 2004. Encyclopedia of Chemical Technology.
5th Edn,, Vol. 7, Wiley-Inter-Science, USA.

5. Hong, Y.G.and J.D.Gu, 2010. Physiology and biochemistry of
reduction of azo compounds by Shewanella strains relevant
to electron transport chain. Applied Microbiol. Biotechnol.,
88:637-643.

6. Hassaan, M.AA. and A. El Nemr, 2017. Health and
environmental impacts of dyes: Mini review. Am. J. Environ.
Sci. Eng., 1: 64-67.

7. Zablocka-Godlewska, E., W. Przystas and E. Grabinska-Sota,
2014. Decolourisation of different dyes by two Pseudomonas
strains under various growth conditions. Water Air Soil Pollut.,
Vol. 225.10.1007/s11270-013-1846-0

8. Schmidt, W.F, E.F.Codling, C.G. Thomas, M.J. Line, G. Gassher
and T. Stuczynski, 1997. Binding of heavy metal ions to fibers
and filters from poultry feathers. Proceedings of the
NONWOVENS Conference, (NONWOVENS'97), TAPPI Press,
pp: 105-110.

9. Martinez-Hernandez, A.L., C.Velasco-Santos, T.R. Dullar and
J. Mousques, 2011. Keratin Fibers from Chicken Feathers:
Structure and Advances in Polymer Composites. In: Keratin:
Structure, Properties and Applications, Dullaart, R. and
J.Mousques (Eds.).,Nova Science Publishers, Inc., Hauppauge.

10.

20.

21.

22.

Pandima Devi, M. and C. Muthukumaran, 2013. Adsorption
kinetics of acid brown dye from aqueous solution using
biowaste. Asian J. Sci. Technol,, 4: 1-5.

. Mittal, A, J. Mittal and L. Kurup, 2007. Utilization of hen

feathers for the adsorption of indigo carmine from simulated
effluents. J. Environ. Prot. Sci., 1: 92-100.

Pawar, V. and S. Gawande, 2015. An overview of the Fenton
process for industrial wastewater. IOSR J. Mech. Civil Eng.,
2:127-136.

Bautista, P, AF. Mohedano, J.A. Casas, JA. Zazo and
J.J.Rodriguez, 2008. An overview of the application of Fenton
oxidation to industrial wastewaters treatment. J. Chem.
Technol. Biotechnol.: Int. Res. Process, Environ. Clean
Technol,, 83:1323-1338.

Halima, C., D. Kamel, B. Oualid, S. Tahar and B. Abdelkader,
2008. Decolourization of azo dye orange g by Fenton and
photo-Fenton processes in aqueous solution. Int. J. Chem.
Sci., 6:619-630.

Bahmani, P., A. Maleki, E. Ghahramani and A. Rashidi, 2013.
Decolorization of the dye reactive black 5 using Fenton
oxidation. Afr. J. Biotechnol., 12: 4115-4122.

Lucas, M.S.and J.A. Peres, 2006. Decolorization of the azo dye
Reactive Black 5 by Fenton and photo-Fenton oxidation. Dyes
and Pigments, 71: 236-244.

Pandey, A.K.and V. Dubey, 2012. Biodegradation of Azo dye
reactive red BL by Alcaligenes sp. AAD9. Res. Inventy: Int.
J.Eng. Sci,, 1: 54-60.

Bras, R, M.LA. Ferra, H.M. Pinheiro and I.C. Goncalves,
2001. Batch tests for assessing decolourisation of azo
dyes by methanogenic and mixed cultures. J. Biotechnol.,
89:155-162.

Prasad, A.AAA. and KV.B. Rao, 2010. Physico chemical
characterization of textile effluent and screening for dye
decolorizing bacteria. Global J. Biotechnol. Biochem.,
5:80-86.

Ponraj, M., K. Gokila and V. Zambare, 2011. Bacterial
decolorization of textile dye-Orange 3R. Int. J. Adv.
Biotechnol. Res., 2: 168-177.

Singh, RP., PK. Singh and R.L. Singh, 2014. Bacterial
decolorization of textile azo dye acid orange by
Staphylococcus  hominis ~ RMLRT03.  Toxicol.  Int,
21: 160-166.

Ali, NF. and RS.R. El-Mohamedy, 2012. Microbial
decolourization of textile waste water. J. Saudi Chem. Soc.,
16:117-123.



