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Abstract:
The use of microorganisms in place of physical and chemical treatments is known as bioremediation. In
recent years, there has been a lot of interest in bioremediation. Pesticides, heavy metals, poly aromatic

hydrocarbons, and azo dyes can all be broken down or mineralized by bacteria into less dangerous or immobile
forms.

The algal Numerous functional groups found in cell wall, such as carboxy, carbonyl, hydroxy,
phosphoryl, and amide groups, are crucial for the decolorization of dyes. Some algae have the capacity to take
up the pigments of chromophores. Due to the enzymes' capacity to change the dyes into H20 and CO2, algal
biomass rises,Since azo dyes are commonly found in aquatic habitats, where textile dye effluents are dumped,
algal biomass can therefore be used for the potential treatment of azo dyes.Since bacteria have several
advantages from a biotechnological perspective, including being quick-growing, possessing a wealth of
degradative enzymes, and having the ability to breakdown a variety of colors, they have been the focus of
numerous investigations. In order to decolorize and break down dyes, bacteria must produce azoreductases, an
enzyme that can cleave the azo link (-N = N-). Furthermore, bacteria are more adaptable than other organisms
because they can further reduce or degrade aromatic amines either aerobically or anaerobically. The biological
methods that are currently available to remove such colors from the environment are discussed in this study,
with an emphasis on the employment of various microorganisms, in particular bacteria and algae, as well as
factors affecting microbial growth.
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Introduction

Microorganisms play a significant part in the delicate biological balance that supports life on our planet.
Depending on a variety of factors, microorganisms have developed into a significant influence on biological
ecosystems, necessary for maintaining the existence of superior organisms (human, animal, and plant).
Microorganisms are used for a number of environmentally and economically significant purposes, including
remediation and rehabilitation [1]. In the past several years, there has research on the ability of microbes to break
down and change various types of contaminants in various habitats (soil, water, and sediments). Microorganisms
can thrive in contaminated environments because they can find niches that are conducive to their survival. The
biological breakdown that occurs in the microbial cells that absorb poisons is part of the complex process known
as bioremediation[2].

Biotreatment is a method that removes different toxins from environmental media like soil and water.
Bioremediation is a technique that, according to the Environmental Protection Agency, "uses naturally occurring
organisms to break down hazardous substances into less toxic or nontoxic substances. [3]It works by providing
these organisms with various minerals and nutrients, which aid in the rapid breakdown of organic contaminants
and aid in the cleanup of oil spills.Numerous factors, including oxygen, nutrients, pH level, composition,
bioavailability of the pollutants, physical and chemical characteristics, and the history of the pollution, affect the
efficiency of bioremoval. Bioremediation is a non-destructive, low-cost, and effective method of treating
pollutants that also occurs naturally [4, 5]. A well-known technology that has been used to successfully treat a
number of organic effluents and dye effluents is bioremoval in wastewater treatment. The textile effluents have a
high pH [6], a lot of dissolved and suspended particles, and organic compounds. Because the textile industry
uses so much water, a lot of industrial waste is daily released into the environment. Textile wastewater ranks first
among all industrial sectors in terms of quantity and kind of pollution [7] are numerous physiochemical
treatment options for textile wastewater, but their main drawbacks include high capital costs and the creation of
secondary effluent. By contrast, The most popular and practical group of colors used in the textile industries are

called azo dyes. Therefore, biological decolorization works well in low- to low-oxygen environments [8]

Bioremoval

A regulated biological degradation process called Bioremoval | is used to reduce organic waste to safe state or
to concentrations below safe levels or to put it another way, To decompose or detoxify, it makes use of
naturally occurring bacteria, fungi, algae, or plants [9]. Additionally, it involves a variety of techniques that
lessen the pollutant's impact and mobility as well as stop it from migrating to uncontaminated areas [10].

In spite of the fact that microbiologists have been researching this method The first commercial application
of a biotreatment system since the 1940s took place in 1972 to clean up a spilled solar oil pipeline in Ambler.,
Pennsylvania [11]. It is thought that the ancient Romans used this process to use microorganisms to treat their
waste water. This procedure has improved significantly since it was first used to remove various contaminants
in 1972. Since 1989, it has developed into a technology that is debated, used, and taken into account in a
variety of situations [12].
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This method is today referred to as an emerging technology known as therapy based on the use of biological
systems for the repair of environmental media is known as environmental biotechnology. [13; 14].
Additionally, It is thought of as a technology that can be utilized anywhere and is thought to be safer, cleaner,
more inexpensive, and ecologically friendly. [15], as opposed to the pricey physical-chemical methods that
frequently result in toxic, undesirable products that need additional treatment steps [16].

The biotreatment process can be impacted by a variety of variables, including the depletion of preferred
substrates, a lack of nutrients, the toxicity and solubility of pollutants, oxidation or reduction potential, and
microbial interaction[17]. Each degradation process is influenced by the microorganisms (biomass
concentration, population diversity, and enzyme activities), the substrate (physicochemical properties,
molecular structure, and concentration), numerous environmental variables (pH, temperature, moisture), the
availability of electron acceptors, carbon, and energy sources, as well as the microorganisms' capacity to
degrade the substrate[18]. Fig.1 [19]

Treatment methods for textile effluents

Chemical method Physical method Biological method

| ]
[Oxidation ] [Ozonation] [ Filtration ] [Adsorption] lEnz_\'mcsl

Reverse Coagulation/

Floculation [.\licroorganisms]

lElcclroI) sisl 0SMOSIS

Fig. (1). Techniques for removing colours from wastewater discharge

Toxic dyes (Azo Dyes)

Color is added to materials by dye compounds adhering to them. A chromophore group's presence is what
gives a dye its color. They are widely used to tint a wide range of substrates, including textile fiber, paper,
leather, hair, fur, plastic material, wax, a foundation for cosmetics, and food items.[ 20]. There are 20-30
different kinds of dyes, depending on the chromophore's chemical makeup. The most significant types are

anthraquinone, triarylmethane, and azo (monoazo, diazo, triazo, polyazo) dyes [21].

The most common family of synthetic aromatic dyes made of sulfonic (-SO3-)groups and one or more N=N
groups are called azo dyes, and they have a sizable commercial market[22; 23]. Azo dyes are artificial
chemicals that dissolve in water. Typically, phenyl and naphthyl rings are connected by one, two, or three azo
linkages in azo dyes.. These rings are typically substituted with triazine amine, chloro, hydroxyl, methyl, nitro,
and sulphonate functional groups [24]. They are poisonous to both plants and animals, with a fatal effect,

genotoxicity, mutagenicity, and carcinogenicity[25].

37



Mesopotamia Environmental Journal ISSN 2410-2598

Mesop. environ. j. 2025, Vol.8 No.2 :35-50.

Because the metabolic metabolism of benzidine produces carcinogenic amines [26] ,two thirds of the global
dyestuff market is accounted for by the textile manufacturing sectors. A byproduct of the textile industry is
thought to contain several chemicals used in the industry as major pollutants 10 and 15 percent of the colours
used in the dyeing procedure are sent into the wastewater, which causes environmental contamination and
health problems. [27].

In watery conditions, azo dyes' hues prevent plant growth by obstructing light, which has an impact on
photosynthetic activity [28]. The aquatic biota that is present suffers as a result of the variations in dissolved
oxygen content, and the surrounding water's biochemical oxygen demand rises [29]. Additionally, it has been
noted that various azo dyes, including Congo red, Direct Blue 15, and Direct Red 2, are poisonous, mutagenic,
and carcinogenic to aquatic species [30]

It was discovered that the adsorption of dye may be characterized by a pseudo-second-order rate
equation[31]. Farming waste is a cheap, plentiful, and ecologically beneficial material that is used as an
incredibly effective adsorbent. Peat bagasse, The most often utilized sources for removing color and heavy
metals are coffee powder, pistachio peel, squash coal, rice hull ash, garlic peel, banana peel, pomelo peel, tea
waste, coconut shells, orange peel, pomegranate peel, and squash coal.Many dyes, as well as the byproducts of
their breakdown, are either fatal, can cause cancer, or both. Little amounts of dyes in the water are quite
obvious and have a huge detrimental effect on the marine ecology by purposefully altering the quality and
transparency of water bodies including lakes, rivers, and others.Azo dyes are harmful, often causing cancer and
mutagenic effects. They are consumed, then broken down by gut microorganisms, causing DNA damage.. [32,
33].

Congo Red

Tetrazotisedbenzidine and two molecules of napthionic acid are combined to create Congo red (CR), a
direct, anionic, benzidine-based dye. Table 1 and give its molecular make-up and its physicochemical

properties.

The first synthetic azo dye developed that can directly color cotton is congo red. Congo red-containing
effluents are produced by a number of industrial processes, including those used in the textile, printing and
dyeing, paper, rubber, and plastics sectors [34; 35]. There have been reports of allergic responses following dye
exposure. The chemical is regarded as dangerous since it is acutely toxic, cytotoxic, genotoxic, hematotoxic,
neurotoxic, and carcinogenic and mutagenic [36]. The CR is included in the list of prohibited azodyes is
because it can cleave one or more azo groups to produce carcinogenic amines like benzidine [37]. The presence
of aminobiphenyl groups and azo linkages, two characteristics typically regarded as xenobiotics [38], has been

implicated in the recalcitrance of CR
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Table (1): Congo red's physical-chemical properties . (39)

Name

Characteristic

Chemical structure

NH» NH2
5 e S Sl & @
O=s5=0 O=s=0
ONa ONa
Molecular formula C32H22N6Na206S2
Molecular weight 696.66 g mol-1

Physical form brounish-red powder

Solubility ethnol is soluble in water; acetone is just very slightly soluble; ether and xylene
are essentially insoluble.

Dye Class Azo

Melting point > 3600C

pH range 3.0-5.0

Colour Blue (pH 3.0) tored (pH 5.0

Absorption wavelength

(Amax)

498 nm; 488 nm

Use of Microalgae in Bioremoval

The microalgae are microscopic unicellular or multicellular photosynthetic organisms. Due to their
prevalence in various habitats and interactions with a number of biotic and abiotic variables, they face varied
nutritional environments [40].

Algae are a diverse range of photosynthetic organisms that have tremendous bioremediation potential as
well as industrial uses that can reduce the cost of energy and fuel usage. Algae are used for a variety of things,
including fuel, medicine, and wastewater treatment [41].

According to their quality, algae are nonpathogenic, grow quickly, and can recover biomass for industrial
output, including biofuel and cattle feed, for the treatment of a variety of wastes [42]Microalgae are the most
effective alternative for cleaning up environmental pollutants because algae experience physiological and
genetic changes in the presence of high concentrations of contaminants [43] Due to their ability to accumulate
plant nutrients, heavy metals, pesticides, toxic organic and inorganic chemicals, and radioactive elements in
their cells, algae have recently come to be recognized as essential organisms for the biological treatment of
wastewater [44; 45].

Algae, a type of microorganism, have been tested as a biosorbent for the removal of color. Tests on various

algae species for bio-decolorization of dyes have been conducted [46]. Malachite green dye removal tests on

39




Mesopotamia Environmental Journal ISSN 2410-2598

Mesop. environ. j. 2025, Vol.8 No.2 :35-50.

Chlorella sp., Cosmorium sp., and Euglena sp. revealed removal efficiencies of 92%, 91%, and 87%,
respectively [47].

The benefits of using algae in biotreatment may be quickly identified as being abundant, inexpensive to
operate, producing little sludge, not requiring additional nourishment [48], straightforward and adaptable in
use, and requiring little upkeep [49]. Agriculture waste can be cleaned up by growing algae biomass, which can
be done using relatively simple and affordable methods [50; 51].figure(2)

Algae are capable of absorbing and eliminating organic contaminants through biosorption and/or
metabolization [52, 53]. In addition to detoxifying and mineralizing the pollutants, they can employ a variety of
organic contaminants, such as pesticides, as an energy source for growth [54].
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figure 2: Biological methods for dye removal from environment [55].

Use of Chlorella vulgaris in Bioremoval.

Chlorella vulgaris is a photosynthetic microorganism and a eukaryotic member of the chlorellaceae
family. It is a unicellular green microalgae and one of the important species because of its rapid growth and
resistance to cultivation systems' manipulation technologies, as well as its production process's ease and low
cost [56; 57].

C. vulgaris presents enormous potentials for creating future industrial bioenergy and bioremoval of diverse
effluent quality due to its robustness, high oil content, mixotrophic culturing environment, rapid growth rate in
various demanding settings, and tolerance to high amounts of heavy metals..[ 58; 59].

The photoautotrophic growth of C. vulgaris is typically constrained by carbon limitation, light attenuation,
pH shift, nutritional depletion, and oxygen buildup from photosynthetic processes [60;61].

In autotrophic, heterotrophic, and mixotrophic environments, C. vulgaris can be cultivated. It makes use of
energy from the sun or other external sources, nutrients (nitrogen and phosphorus) from wastewater, and

carbon dioxide during autotrophic development to boost its algal density [62].
40



Mesopotamia Environmental Journal ISSN 2410-2598

Mesop. environ. j. 2025, Vol.8 No.2 :35-50.

The reason Chlorella vulgaris was chosen above other species was because it is highly powerful, performs
well in wastewater, and has the ability to eliminate contaminants. Additionally, it can withstand a variety of
temperatures, nutrient concentrations, and making it versatile for wastewater remediation [63].

C. vulgaris can increase the effectiveness of nitrogen and total organic carbon removal as well as water reuse in
urban wastewater [64].

Efficiency was something to build on, and the heavy metals and red color from the textile wastewater were
removed [65]. Chlorella vulgaris, Chlorella pyrenoidosa, and Oscillatoriatenuis were able to biodegrade and
decolorize over 30 azo compounds, converting azo dyes into less complicated aromatic amines. [66]

The ability of the species Chlorella, Ankistrodesmus, and Scenedesmus to biodegrade harmful organic
pollutants is well recognized, and they have already been utilized successfully for the treatment of wastewaters
[67]

Decolorization and Degradation of AzoDyes by Algae .

Using an induced version of an azo reductase, algae can degrade azodyes, according to a review of the
literature [68]. The three main methods by which algae lose color are chromophores adsorption on algal
biomass, CO2 and H20 transformation of colored molecules, and CO2 and H20 conversion of colored
molecules into non-colored ones. A few species of Chlorella and Oscillatoria may break down azo dyes into
their aromatic amines, which can subsequently be broken down into simpler chemical compounds or CO2 [69]
Mohan et al. [70]claim that biosorption, followed by bioconversion and biocoagulation employing algae, are
the main causes of the decolorization. It has been shown that more than 30 azo compounds are subject to
biodegradation and decolorization by Chlorella pyrenoidosa, Chlorella vulgaris, and Oscillateri atenuis,
resulting in the conversion of the azo dyes into less complex aromatic amines [71]. According to the
aforementioned findings, algae may be crucial for eliminating azo dyes and aromatic amines from stabilizing
ponds. In addition to being a viable alternative to more expensive materials, the biosorption approach may also
be utilized to decolorize effluents in an economical and efficient manner[72; 73].

The two methods used by microorganisms for the bioremoval of azo dye are adsorption and/or biodegradation.
Colors are absorbed by using the biomass of microbial cells, both living and dead. This technique keeps the
dye's original structure intact. To the contrary, biodegradation happens when bacteria alter the dye's natural
structure, occasionally mineralizing it into water and carbon dioxide [74].

Depending on the azo dyes' molecular structure and the kind of algae utilized, algae like Chlorella and
Oscillatoria can remove them [75]A review of several investigations on the removal of dyes by algae is
provided in Table 2..

Table (2) Different dyes are discolored by algae.

Strain Species Dye Reference
Spirogyra rhizopus Acid red 247 Ozer et al, 2006
Algae Cosmarium sp Triphenylmethane dye & Daneshvar et.al,2007
Malachite green
Chlorella vulgaris tectilon yellow 2G Acuner and Dilek.2004)
Scenedesmus bijugatus Tartrazine Omar (2008)
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Bacterial azo dye decolorization and degradation

Numerous bacterial species frequently decolorize azo dyes when they are subjected to facultative
anaerobic, conventional anaerobic, and aerobic conditions. Azo dyes are broken down by bacteria in anaerobic
environments, and azo.bonds (-N=N-) are reductively cleaved by azoreductase enzymes. This process produces

colorless solutions with potentially dangerous aromatic amines.[77; 78].

Following that, either aerobically or anaerobically, the resulting intermediate metabolites are further broken
down [79]. Microbial biocatalysts are the focus of numerous recent investigations [80-81] that aim to extract

dye from wastewater.

The bacterial decolorization and degradation of these dyes has garnered a lot of interest because it is
economical, environmentally benign, and works with a variety of azo dyes while also producing less sludge. It
might also speed up mineralization and biodegradation, there has been considerable interest in the bacterial
decolorization and degradation of these dyes. [82]

The emission of textile and dye-house effluent, which may cause an abnormal coloring of the surface water, is
the most pressing environmental issue with regard to water quality. This has an immediate effect on water
wildlife and flora. The impact of azo dyes on human health as well as the occupational exposure of personnel
in the dye production and use industries have received attention for many years. Apparently has drawn a lot of
interest, especially from people who work in the dye-making and dye-consuming industries. In their pure
forms, many azo dyes have been shown to exhibit direct mutagenic and carcinogenic characteristics [83]. Three
methods by which azo dyes made by bacteria decay are as follows: (i) Azo dyes that only become toxic after
the azo bond is reduced and broken down to produce aromatic amines, typically by intestine anaerobic bacteria.
Because of metabolic oxidation, reactive electrophilic species formed from aromatic amines covalently bind
DNA;

(ii) Metabolic oxidation for azo dyes with structures comprising free aromaticamine groups without azo

reduction; and

(iii) Direct oxidation of the azo bond linkage to electrophilic diazonium dyes that are extremely reactive.
Since each pathway could be compound-specific, azo toxicity is likely brought on by a number of different
mechanisms. It has been noted that the azo dyes' converted intermediates are extremely poisonous and

mutagenic in nature [84]. Mechanisms of bioremoval of dyes by bacteria [ 85].

Factors affecting microbial decolorization

The ability of microorganisms to decolorize azo dyes is directly impacted by physico-chemical operational
parameters in biological treatment processes, including temperature, pH, dye structure, dye concentration,

carbon and nitrogen sources, oxygen concentration, electron donor, and redox mediator. Therefore, to improve
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the process's viability, speed, and efficiency, it's crucial to predict how each element would affect the
decolorization of azo dyes [86].

1. Temperature

Bacteria are directly impacted by the temperature of their surroundings because microbial cells use
metabolic or enzymatic processes to adapt to temperature fluctuations. Temperature must be considered in any
microbial life-related activity, such as remediation of soil and water. The extremely complex bacterial
consortia living in active sludge require restricted temperature ranges in order to decolorize azo dyes,
according to several studies looking at the activation energy of microbial decolorization of azo dyes [87; 88].
Furthermore, temperature variations have been shown to abruptly alter the activation energy of
microorganisms' physiology [89].Additionally, reports on the effects of temperature on response mechanism,
biomass output, and growth rate have been published [90]. It was found that up to the optimal temperature, the
rate of azo dye decolorization increases; beyond that, the decolorization activity somewhat declines. This
decrease at higher temperatures can be explained by either lower cell viability or denaturation of an azo
reductase enzyme [91;92].

2. pH

In decolorization, the pH the medium is another crucial component. For color removal, the pH range
between 6.0 to 10.0 is usually the most successful. A dye's ability to be decolored is greatly influenced by
pH[93]. The optimal pH causes color fading to happen more quickly, whereas strongly acidic or extremely
alkaline pH tend to cause it to happen more slowly. It is suspected that pH affects the passage of dye molecules
across cell membranes, the rate-limiting step in the decolorization process [94]. pH variations between 7.0 and
9.5 often don't affect the dye breakdown process much.[95]. The pH may increase when the azo link is
physiologically removed because the metabolites of aromatic amines are more basic than the parent azo
molecule. [96]. The dye degradation process is typically not significantly affected by pH changes between 7.0
and 9.5. Although Chang et al [97] discovered that the dye reduction rate became insensitive in the pH range of
7.0 t0 9.5 [98], it increased roughly 2.5 times as the pH was raised from 5.0 to 7.0.

When using adsorptive treatment for colored wastewater, pH must be taken into account. The structural

stability of CR and, consequently, the intensity of its color, are known to be influenced by pH, as well [99].

3. Dye Concentration

The inability of the dyes to obstruct the active sites of the enzyme azo reductase with molecules of
different structures, their toxicity to specific bacteria, low biomass concentrations, or an incorrect cell-to-dye
ratio are likely the reasons for the decreased decolorization rate when the dye concentration is gradually
increased [100]. Additional investigation demonstrated that reactive group azo dyes containing sulfonic acid
(SO3H) groups on their aromatic rings significantly limit microbial growth at greater dye concentrations. [101;
102].Reactive group azo dyes containing sulfonic acid (SO3H) groups on their aromatic rings were also
discovered to significantly suppress microbial growth at greater dye concentrations. [103; 104 Jdiscovered that
employing bacterial co-culture instead of pure culture lessened the effect of concentration increases, which
could be connected to the two microorganisms' mutually beneficial interactions. The rate of decline was also
unaffected by dye concentration [105].This outcome is consistent with a reduction mechanism that is not
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enzymatic and is governed by factors independent of dye concentration. A thorough kinetic study and the
relationship between the equilibrium conversion and the substrate-dependent specific decolorization rate have
been the focus of many investigations [106].

Conclusion

Azo dyes are now crucial in a variety of businesses, particularly as consumers' preferences are heavily
influenced by color. However, as azo dye use has increased, a number of health and environmental issues have
surfaced, some of which are brought on by azo dyes and their metabolites. Bioremediation should be utilized
since contemporary civilizations strive for environmentally friendly solutions. Algae and bacteria are examples
of microorganisms that have demonstrated versatility in both environmental application and the biomedical
area. Through biosorption and/or metabolization, algae can absorb and eliminate organic contaminants.They
can both detoxify and mineralize a variety of organic contaminants, including colors, while also using them as
an energy source for growth. an infection
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