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Textile industry is one of the leading industries that contribute to economy. The
oldest man-made chemicals and are widely used in the textile industries are a
type of azo dyes. Globally, 2.8x10° tonnes of textile dyes are poured into water
ecosystem every year. This has several adverse effects on life including
decreased aquatic photosynthesis, ability to exhaust dissolved oxygen and toxic
effect on flora, fauna and also humans. The presence of dyes in the textile
effluent also causes an unpleasant appearance by imparting the color and also
their breakdown products (colorless amines) which are toxic, carcinogenic and
mutagenic. One of the examples of azo dyes is Metanil Yellow (MY) dye. MY is
a type of azo dyes that is toxic to humans and also environment. Thus, this study
is conducted with aims to overcome these problems. For the first objective, which
is to isolate, screen and identify MY dye decolorizer from mixed culture and
optimization of MY dye decolorization using RSM. The mixed bacterial culture,
FN3 was isolated from agriculture soil in palm estate in Universiti Putra Malaysia,
(2.9876,101.7234). Forty samples were screened for dye decolorization. The
screening process was performed using different dye concentration ranging from
100 mg/L to 400 mg/L. The mixed culture was prepared by dissolving 5.0 mL of
the soil suspension (10% v/v) in 50.0 mL of minimal salt medium (MSM)
supplemented with desired concentration of MY dye in 250 mL conical flask. The
conical flask was incubated at room temperature on a rotary shaker at 120 rpm
for 24 hours. The cultures were maintained by subculturing into new MSM media
every 3 days and were kept in 8°C. It was later determined that isolate FN3 able
to decolorize MY up to 90% of MY dye in 24 hours. Mixed bacterial culture FN3
was then identified using metagenomics analysis. This analysis determined that
the mixed bacterial culture FN3 comprised of Bacillus sp with percentage of up
to 42.6%. The second highest of bacteria found in the mixed culture was from
genus Acinetobacter with percentage of 14%. Fungi diversity analysis was also
performed using Internal Transcribed Sequence (ITS). It was determined that
97% of mixed culture FN3 was “unclassified” fungi and 3% consisted of Candida



sp. After that, the optimization of MY decolorization was performed using the
methodological approach of Response Surface Methodology (RSM). From the
optimization, it was determined that the optimum conditions were 72 mg/L of
Metanil Yellow dye concentration, 1.934% of glucose concentration, 0.433 g/L of
ammonium sulphate and pH of 7.097. The analysis of variance (ANOVA)
demonstrated that the model was significant based on the low probability value
(F<0.0001). The goodness of fit of the model was checked using the
determination coefficient R2. The value of R? was 0.9125 that indicated good
relation between experimental and predicted values of response. The non-
significant value of lack of fit (>0.05) shown that the quadratic model was
statistically significant for the response and thus can be used for further analysis.
Next, for the second objective which is to optimize the MY dye decolorization of
immobilized mixed culture FN3 using RSM and to study the effects of heavy
metals ions towards MY dye decolorization. The mixed bacterial culture of FN3
was immobilized using gellan gum and optimized using the same approach,
RSM for optimum dye decolorization. It was determined that the optimum
conditions were as follows; 130 mg/L of dye concentration, 1.478% of gellan gum
concentration, 50 beads and 0.6 cm of beads size. The ANOVA test
demonstrated that the model was significant for dye decolorization (F<0.0001).
The value of R2 was 0.9767 which is close to 1 indicating that the correlation
between the predicted and experimental values are good. The lack of fit for the
model was 5.8 and statistically insignificant implying that the model was
statistically significant for the response and can be used for further analysis. The
reusability of the microbials beads in dye decolorizing was tested. It is
documented that the immobilized beads was able to be reused up to 15 times
without substantial loss of catalytic activity. The effects of metals ions were also
tested to the free cells and immobilized beads of mixed bacterial culture FN3. It
was shown that dye decolorization of MY by the mixed bacterial culture was not
affected by the presence of 1 mg/L of the metals ions of argentum, lead, cobalt,
copper, zinc, cadmium, chromium, arsenic, nickel and mercury. The ability of the
immobilized beads has made this as a great potential of bioremediation tools.
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Industri tekstil merupakan salah satu industry penting yang menyumbang
kepada ekonomi. Bahan kimia yang paling tua dan digunakan secara meluas
adalah pewarna azo. Di peringkat global, sebanyak 2.8x10°tan pewarna tekstil
dilepaskan ke dalam ekosistem air setiap tahun. Perkara ini memberi kesan
kepada kehidupan termasuk pengurangan proses fotosintesis oleh hidupan air,
keupayaan menghabiskan kadar oksigen larut dan kesan toksik kepada flora,
fauna dan manusia. Kehadiran pewarna di dalam bahan buangan tekstil juga
mengakibatkan penampilan yang tidak menyenangkan disebabkan kehadiran
warna dan produk penguraian (amina tidak berwarna) yang toksik, karsinogenik
dan mutagenik. Salah satu contoh pewarna azo ialah pewarna “Metanil Yellow”.
Pewarna “Metanil Yellow” adalah sejenis pewarna azo yang toksik kepada
manusia dan alam sekitar. Oleh hal yang demikian, projek ini dijalankan dengan
harapan untuk mengatasi masalah sedemikian. Untuk objektif yang pertama
iaitu untuk memencilkan, menyaring dan mengenalpasti kultur bakteria campur
yang dapat menyahwarnakan pewarna MY dan optimasi penyahwarnaan MY
menggunakan RSM. Kultur bakteria campur, FN3 telah berjaya dipencilkan dari
tanah pertanian kelapa sawit di Universiti Putra Malaysia, (2.9876,101.7234).
Empat puluh sampel tanah telah disaringkan untuk penyahwarna pewarna
“Metanil Yellow”. Proses penyaringan dilakukan beberapa kali menggunakan
konsentrasi pewarna berbeza iaitu dari 100 mg/L hingga 400 mg/L. Kultur
bakteria campur disediakan dengan melarutkan 5.0 mL larutan tanah (10% v/v)
di dalam 50.0 mL media “Minimal Salt” (MSM) yang telah disediakan dengan
konsentrasi pewarna MY yang dikehendaki di dalam 250 mL kelalang kon.
Kelalang kon diinkubasi pada suhu bilik di atas penggoncang bergerak pada
kelajuan 120 rpm selama 24 jam. Kultur tersebut dikekalkan dengan subkultur
ke dalam media MSM setiap tiga hari dan disimpan pada suhu 8°C. Setelah
beberapa kali penyaringan dilakukan, ia dapat ditentukan bahawa kultur FN3
dapat menyahwarnakan pewarna “Metanil Yellow” sehingga sebanyak 90%
dalam masa 24 jam. Kemudian, kultur bakteria campur FN3 telah dianalisis
menggunakan analisis metagenomik. Analisis ini telah mengenal pasti bahawa



kultur bakteria campur FN3 terdiri daripada Bacillus sp sebanyak 42.6%
manakala mikroorganisma kedua tertinggi yang telah dikenal pasti adalah
daripada genus Acinetobacter dengan peratusan sebanyak 14%. Analisis
kepelbagaian kulat telah dilakukan menggunakan “Internal Transcribed
Sequence (ITS)". la telah dikenalpasti sebanyak 97% dalam kultur bakteria
campur FN3 adalah sejenia kulat yang tidak dapat dikenalpasti manakala 3%
lagi adalah terdiri daripada Candida sp. Kemudian, pengoptimuman
penyahwarna pewarna “Metanil Yellow” telah dilakukan menggunakan
pendekatan metodologi “Response Surface Methodology (RSM)”. Berdasarkan
keputusan pengoptimuman itu, ia telah dapat dikenalpasti bahawa kondisi
optimum adalah 72 mg/L kepekatan pewarna “Metanil Yellow”, 1.934%
kepekatan glukosa, 0.433 g/L ammonium sulfat dan pH 7.097. Analisis varians
(ANOVA) menunjukkan model adalah signifikan berdasarkan nilai
kebarangkalian rendah (F<0.0001). Ketepatan padanan model telah disemak
menggunakan nilai pekali penentuan R2. Nilai R? untuk model adalah 0.9125
yang memberi indikasi bahawa hubungan antara nilai uji kaji dan nilai ramalan
adalah bagus. Nilai padanan kurang tepat yang tidak signifikan (>0.05)
menunjukkan bahawa kuadratik model adalah signifikan secara statistic dan
boleh digunakan untuk analisis seterusnya. Kemudian, kultur bakteria campur
FN3 telah disekat gerak menggunakan “gellan gum”. Manik bakteria juga telah
mengalami pengoptimuman menggunakan cara yang sama iaitu RSM. Kondisi
optimum yang dapat disimpulkan adalah 130 mg/L kepekatan pewarna “Metanil
Yellow”, 1.478% kepekatan “gellan gum”, 50 biji manik bakteria dan 0.6cm size
manik. Berdasarkan analisis varians (ANOVA), model adalah signifikan untuk
penyahwarna pewarna “Metanil Yellow” (F<0.0001). Nilai R? adalah 0.9767 yang
hamper dengan nilai 1 memberi indikasi bahawa korelasi antara nilai uji kaji dan
nilai ramalan adalah bagus. Nilai padanan kurang tepat untuk model ini adalah
5.8 dan tidak signifikan secara statistic yang menunjukkan model adalah
signifikan secara statistic untuk respons dan boleh digunakan untuk analisis
seterusnya. Ujian guna semula manik mikrob untuk penyahwarna “Metanil
Yellow” telah dilakukan. Berdasarkan ujian tersebut, manik mikrob tersebut
dapat diguna semula sebanyak 15 Kkali tanpa pengurangan keaktifan
bermangkin. Kesan ion logam terhadap sel bebas dan sel sekat gerak kultur
bakteria campur FN3 juga telah dilakukan. la menunjukkan bahawa aktiviti
penyahwarna pewarna “Metanil Yellow” oleh kultur bakteria campur FN3 tidak
terkesan oleh kehadiran ion logam dengan kepekatan 1 mg/L seperti perak,
plumbum, kobalt, zink, kadmium, kromium, arsenik, nikel dan merkuri.
Kebolehan manik mikrob sekat gerak ini telah menjadikan ia sebagai alat
bioremediasi yang mempunyai potensi yang besar.
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CHAPTER 1

INTRODUCTION

The garment and apparel business is one of the oldest industries in Malaysia. It
is considered as the tenth largest export earner. In the Industrial Master Plan 3
(2006-2020), the importance of this industry was highlighted by the identification
of six key thrusts. Along with these achievements, many drawbacks have arised.
One of them is that the textile industry has been consuming generous amounts
of water in its preparation and dyeing processes. In Malaysia, more than 662
licensed and 1000 small scale textile and apparel factories are exempted from
the Manufacturing License and this is regarded as a critical source of waste
water (Pang & Abdullah, 2013) as 22% of the total volume of industrial
wastewater generated in Malaysia comes from wastewater from the textile
industry (Idris et al., 2007). The main textile industry in Malaysia is Batik industry.
This industry is normally run by the locals in East Coast of Malaysia; Kelantan
and Terengganu (Birgani et al., 2016).

Textile processing industries largely utilize the use of azo dyes that includes
aromatic hydrocarbons, derivatives of benzene, toluene, naphthalene, phenol
and aniline (Puvaneswari et al., 2006). Due to large varieties (more than 3000
different varieties), simple biosynthesis, chemical stability and the variety of
colors available compared to natural dyes, azo dyes are chosen (Chang et al.,
2004).

Around 80 per cent of azo dyes are used in the textile industry's dyeing process
(Singh & Lakhan Singh, 2017). The chemical structure of azo dyes characterized
by one or more azo bonds (-N=N-) has permitted the visible region to absorb
light (Chang, Chou, et al., 2001b). Even though the textile industry plays an
important role in any country's economy, it is still an environmental impediment.

During the dyeing process, 2% of basic dyes and up to as high as 50% for
reactive dyes do not bind to the fabric and loss in wastewater. This contributes
to significant surface and ground water pollution in the vicinity of the dyeing
industries (Pandey et al., 2007). Disposal of these dyes into the environment
gives rise to severe damage since the photosynthetic activity of hydrophytes is
affected by low light penetration (Aksu et al., 2007) and they may also be toxic
to some aquatic organisms due to their breakdown products (Hao et al., 2000;
Wang et al., 2009). In addition, the release of colored textile waste into drains
and lakes leads to a decrease in the concentration of dissolved oxygen and
produces harmful conditions for aquatic flora and fauna (El Bouraie & Salah,
2016).

Metanil Yellow (MY) (Acid Yellow 36) is a highly water-soluble dye and is
extensively used for many purposes such as the coloring of soap, spirit lacquer,

1



shoe polish, bloom sheep dip, for the preparation of wood stains, dyeing of
leather, manufacture of pigment lakes and paper staining (Anjaneya et al.,
2011a). From the toxicity data, it reveals that oral feeding or intraperitoneal and
intratesticular administration of MY in animals produces testicular lesions due to
which seminiferous tubules suffer damage and results in the decreased rate of
spermatogenesis (Gupta et al., 2008). Studies have shown that 13.6% of the
orally administered dose of MY (15mg 200 g—1 rat) is retained even after 96 h in
the gastrointestinal tract, which may be responsible for decreased mucin
secretion from the intestinal mucous cells (Ramchandani et al., 1997). On oral
consumption, it causes toxic methaemoglobinaemia (Sachdeva et al., 1992) and
cyanosis in humans, while for skin contact, it results into allergic dermatitis. MY
also has tumour-producing effects and can create intestinal and enzymic
disorders in human body (Ramchandani et al., 1997). It is not mutagenic.
However, it can alter the genes expression (Gupta et al., 2003).

Removal of the MY dye has become a major concern. Scientists have identified
ways to treat the textile wastewater. It can be grouped into three categories:
physical, chemical and biological techniques. For physical methods, the most
known method is the adsorption method. Due to their greater decolorization
efficiency for waste water containing a range of dyes, the adsorption method has
significant interest (Holkar, J Jadhav, et al., 2016). Besides that, coagulation,
filtration and ion- exchange method are categorized in the physical method as
well. The conventional oxidation process, ozonation, Fenton oxidation and
electrochemical are some of the methods used in the chemical method category.

These physical and chemical methods have some drawbacks which are in terms
of cost, time and production of secondary pollutants (Sudha et al., 2014). Thus,
scientists nowadays are searching for other alternative methods. Biological
methods have made it ways into recognition. Bioremediation is an advancement
in pollution control that utilizes natural biological organisms to catalyze the
degradation or transition to less toxic structures of various poisonous synthetic
substances (P Shah et al., 2014). The biological materials involved in the
bioremediation process are bacteria, fungi, yeasts and algae (Bhatia et al.,
2017).

Many pure cultures of microorganisms have been reported to be able to
decolorize the azo dyes. However, it has recently been discovered that treatment
systems with mixed microbial populations are more efficient and successful
because of the mixed microbial populations' concerted metabolic activities
(Khehra et al., 2005). This is due to the catabolic activities of the mixed bacterial
populations complement with each other and makes the biodegradation,
detoxification and mineralization of textile dyes to be higher (Parvin et al., 2015).

Besides that, immobilization of microbial cells has received attention these days.
In terms of rate, operational stability, cell washout and substrate transfer into the
cells, free cells are said to be limited (Cheng et al., 2012b). Thus it is said that
immobilized cells frameworks have the potential to debase harmful synthetic

2



compounds quicker than ordinary wastewater treatment frameworks since high
densities of specialized microorganisms are utilized in immobilized cell systems
(He et al.,, 2004). They are often safer than suspension cells for ecological
irritations, such as pH or exposure to harmful concentrations of compounds, and
are increasingly good for oxygen supply and mass exchange (Cheng et al.,
2012b).

There are many different types of methods for immobilization such as adsorption
or attachment to inert surfaces, self-aggregation of cells by flocculation,
encapsulation in polymer gels or entrapment of different types of matrices
(Matthieu Landreau et al., 2016). Some of the gel matrices that are used by
researchers are polyvinyl-alcohol (PVA) gel (Chen et al., 2003), combination of
calcium alginate and k-carageenan, polyacrylamide (Chang, Chou, & Chen,
2001) and polyurethane foam (PUF) (Srikanlayanukul et al., 2006). Gellan gum
is chosen in this study. Gellan gum has higher breakage resistance compared to
calcium alginate. Furthermore, when gellan gum is compared to other matrices
such as k-carageenan and agar, the activities of cells in latter matrices are lower
compared to gellan gum (Survase, Annapure, & S Singhal, 2010; Wang et al.,
2007).

In this industrialization era, co-contamination of the environment with heavy
metals and other contaminants are common (Olaniran et al., 2013). The
presence of heavy metals decreased the activity of microorganisms in the
environment and this will inhibit the degradation of toxic waste due to their
toxicity.

Thus, the bioremediation process will be affected due to this. Hence, in order to
solve this problem, it is important to make use of specific bacteria that able to
degrade specific toxic waste and it must also be resistant and tolerant to heavy
metals. In a study, Pseudomonas aeruginosa ZM130 able to simultaneously
removed Cr(VI) and various azo dyes (Magbool et al., 2016). Another study also
has shown that the newly isolated bacterial consortium AIE-2 are efficient in the
bioremediation process of Cr(VI) and RV5 (Desai et al., 2009). This proved that
specific microrganisms are able to simultaneously removed contaminants
without affecting the decolorizing dye ability.

This study aims to find the preliminary ways to treat the textile wastewater using
biological method that will cut the cost, reliable and environmental- friendly. This
is by means of bacterial isolation that able to decolorize MY dye and later by
immobilizing the bacteria using gellan gum.



The objectives of this study are:

1.

To isolate, screen and identify the best isolated mixed culture from soil
which able to decolorize MY dye and optimizing the MY dye
decolorization using Response Surface Methodology (RSM) approach.
To optimize the decolorization of MY dye of the selected isolate by
immobilising it into porous beads using RSM approach and study the
efficiency of the decolorization of immobilised beads and free cells
towards heavy metals ions.
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