
There are various de�nitions to de�ne pollution. Pollution 

can either be considered as the introduction of unwanted 

substances into the environment by man, in quantities 

enough to cause a disturbance to the environment. 

Industrial e�uents coming from different industries such 

as textile, pesticide and plastic industries etc. contribute 

majorly to pollution considering their subtle effects on life 

related aspects such as behavior, reproduction/health and 

even survival of biotic communities. Organic pollutants can 

be removed using physical and chemical methods of 

industrial e�uent treatment processes but the removal is 

at low level; these methods/processes are extremely 

selective to the range of pollutants removed and the 

expensiveness of these procedures is a di�cult obstacle 

to climb. Pollution control is today's one of the primary 

concerns of the society but because of the economic on 

DOI: https://doi.org/10.54393/pjhs.v3i04.112 

The Efcacy of Microbes in the Detoxication of Industrial Efuent and Curbing 
of their Impact on Environment

pollution control processes, relatively affordable methods 

having good e�ciency have turned into a necessity. 

Nowadays, because of the increase in population and 

urbanization, the demand for resources is also increasing. 

To ful�l these increasing demands, industrial growth takes 

place which results into an increased generation of 

wastewater [1]. With the advancement in technology, 

various biotechnological  approaches have been 

r e c o m m e n d e d  t o  g e t  o v e r  t h e  l i m i t a t i o n s  o f 

physiochemical methods. These approaches involve the 

use of microorganisms for the treatment of different 

industry e�uents e.g., textile dyes. 

The Textile Industry

In many countries including China and South Africa 

estuaries, the textile sector plays a major role in the global 

economy and environmental pollution [2]. The textile dyes 
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 Microbes with their versatile abilities can potentially be used for the treatment of various 

industrial e�uents; for removal or degradation of variety of harmful substances present inside 

them which would otherwise have severe detrimental impacts on terrestrial and aquatic 

environment, if discharged untreated. This article sums up the use of various microbes for 

treatment of several industrial e�uents like industrial e�uents from dyes, pesticide, plastic 

etc. The use of bacteria in dye industries can remove colors present in the wastewater, up to 

100% in just 1 hour, if used as consortium. Plastic industrial e�uents can also be treated by 

microbes, especially by forming bio�lms. The article contains information about the selective 

use of these microbes coupled with different processes and highlights the best results 

achieved, without the addition of any chemical which might end up turning into a pollutant for 

the environment.
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are used in the textile sector which includes Azo dye – due 

to the affordability and simplicity of azo dyes, they are used 

in rubber, enamel, textile industries, etc. About 1 million 

tons of dyes are produced annually and 10% of them are 

released in environment as dyestuff waste. This 

wastewater produces brightly pigmented e�uent having a 

large number of tenacious containments [3]. These dyes 

are poisonous teratogenic and malignant for both aquatic 

and human lives. They are non-biodegradable so some 

physiochemical reactions are employed but they treat the 

disposable issue and are non-environmentally friendly to 

human life.

Effect of Dyes on Aquatic and Terrestrial Environment:

About 71% of the surface on the globe is covered by water 

but still, one of the biggest problems faced by humanity is 

the need for pure drinking water. The quality of water is 

destroyed by the textile sector. And the requirement for 

pure water is increasing at a tremendous rate. The textile 

industry discharges off many treated and untreated 

e�uents containing azo dyes and other organic pollutants. 

Both living organism and the aquatic environment is badly 

in�uenced by untreated wastewater [4]. The aquatic �ora 

is also affected by the dyes which are poured into the water 

from the textile industry. The most problematic �ow of dye 

is its ability to absorb the sunlight and prevent it from 

penetrating the photic zone of water by re�ecting it. Many 

remarkable ecological effects are seen from this which 

includes altered aquatic conditions and a reduction in the 

rate of photosynthesis [5].

Biological Treatment

Dyes include the textile dyes, have been reported as a 

primary danger to the environment, because of their non-

biodegradable nature and stable properties in water [6]. 

The extent of effectiveness of decolorization by 

microorganisms depends on how good the selected 

microorganisms adapt to the conditions and they perform 

their activity. Various microorganisms are found to be 

capable of degrading textile dyes. These include bacteria 

e.g., Neisseria sp., Aeromonas sp., Bacillus sp. and Vibrio 

sp., yeast, fungi and algae [7]. Use of fungi for the 

treatment of textile industry e�uent has some known 

disadvantages, including the requirement of low pH for the 

optimum activity of enzymes, and requirement of long 

hydraulic retention time for thorough decolorization. In 

recent time, the interest in bacteria having the potentiality 

to mineralize or degrade various textile dyes, has been 

increasing. Involvement of oxidoreductive enzymes e.g., 

azoreductase, laccases, lignin peroxidase, etc. have mainly 

been used in the degradation of azo dye (bacterial 

degradation) [8].

Bacterial Cultures for the degradation of dyes:

Additionally, 60-70% of azo dyes are toxic, carcinogenic, 

and have resistance to conventional  treatment 

m e t h o d o l o g i e s  b e c a u s e  o f  t h e i r  r e s i s t a n c e  to 

physiochemical nature and non-biodegradable nature [9]. 

However, many bacterial species such as klebsiella, 

pseudomonas, Bacillus, Rhodococcus, and Shigella. which 

have the capability of azo dyes biodegradation [10]. 

Because of their ability of high speci�c growth rates and 

easy cultivation in comparison with other microorganisms; 

they are highly bene�cial in dye degradation. The e�ciency 

of bacterial consortium  containing pseudomonas 

aeruginosa BCH and Providencia sp. SDS were compared 

with each other to degrade Red HE3B to individual strains 

[11]. It was concluded that consortium had greater 

decolorization and degradation as compared to individual 

bacterial strains. In 1 hour, 100% decolorization of 50mg/L 

of Red HE3B tools place by consortium metabolic activity.

Fungal Cultures for the degradation of dyes:

Fungi play a major role in the breakdown and mineralization 

of varying degrees of textile dyes through different fungal 

strains. Many enzymes such as manganese peroxidase, 

laccase, and lignin peroxidase, which are both intra-cellular 

and extra-cellular, increase metabolic activity and aid in 

the procedure of dye-containing wastewater. A mixture of 

pollutants from wastewater and the textile sector which 

are composed of polycyclic aromatic hydrocarbon are 

degraded by Phanerochaete chrysosporium. Congo Red 

with a decolorization e�ciency of 97% was successfully 

biodegraded by Aspergillus niger showing that 27% of 

Congo Red could be removed by 1g of fresh biomass by 

process of biosorption. Whereas 70% of dye can be 

removed by biodegradation with the aid of a mixed reaction 

of enzymes such as manganese peroxide, lignin peroxide, 

and possibly deaminase [12]. Moreover, 70 – 80% of dye 

molecules can be removed by a fungal enzyme, Laccase.

The Pesticide Industry

Pesticides are a well-known source of improvement in the 

food crop productivity; by helping in controlling the pests. 

But this assistance does not come alone. The pesticides 

can not only cause pollution but can also become a part of 

the food chain, which in result could turn the drawbacks 

outweigh the advantages. Hence, the necessity of properly 

treating of pesticide mixed industrial wastewater before its 

release in water bodies is un-ignorable. 

Adverse Effects:

The industrial wastewater coming from pesticides 

production units is enriched with both organic and 

inorganic compounds. This might seem like a typical 

characteristic but pesticide mixed wastewater is quite 

di�cult to treat biologically, courtesy of the toxicity posed 

by pesticides to microbes. Apart from the toxicity, its 

recalcitrant characteristics, high chemical oxygen 

demand, high total suspended solids and highly acidic 
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The degradation of pesticide residues mainly incorporates 

the metabolic processes in which microbes growing with 

the help of some growth substrate, are used to degrade the 

residues without any energy or food (nutrients) from the 

process. For instance, Pseudomonas �uorescents has been 

reported to degrade the organochlorine aldrin by 94.8% 

[16]. Achromobacter xylosoxidans strain CS5 has been 

reported to be able to utilize both the endosulfan and its 

sulfate (endosulfan sulfate) as an energy source, sulfur and 

a carbon source. This results in endosulfan's thorough 

m i n e r a l i z a t i o n  v i a  h y d r o l y t i c  p a t h w a y  [ 1 7 ] . 

Dehalococcoides sp. has been observed to dechlorinate 

Hexachlorobenzene, anaerobically, the product of the cbrA 

gene is reported to be degraded by the enzyme, 

trichlorobenzene reductive dehalogenase. P. putida MAS-1 

is accounted for more than 90% degradation of 

chlorpyrifos, in minimal salt concentration [18]. Five 

bacterial species, isolated from cockroaches residing in 

pesticide contaminated areas, were reported to degrade 

endosulfan with following e�ciencies [19]. 
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Bacterial Species

Pseudomonas aeruginosa

Stenotrophomonas maltophilia

Acinetobacter l

wo�iBacillus atrophaeus

Citrobacter amalonaticus

Endosulfan Bioremediation E�ciency

88.5%

85.5%

80.2%

64.4%

56.7%

Table 1: Bacterial species and their e�ciencies in degrading 

endosulfan

conditions are the major challenges in treating the 

pesticide industrial wastewater [13]. Researches have 

linked exposure to pesticides for longer times to 

neurological disorders, reproductive complications, 

cancer, immunological, and pulmonary diseases citing 

their potential for teratogenicity, carcinogenicity and 

mutagenicity. Various types of pesticides are employed for 

the purpose of pest control. These include organochlorine 

(e.g., DDT), carbamates (e.g., carbaryl), organophosphates 

(e.g., malathion), and pyrethroids (e.g., pyrethrins). The 

nonbiodegradable and persistence nature make these 

chemicals highly toxic to the �ora and fauna [14]. The 

conventional methods opted for treatment of pesticide 

mixed industrial wastewater include process such as 

chemical oxidation, Fenton oxidation, ozonation, 

photochemical degradation e.g., UV radiations, and 

membrane distillation etc. are used. But all these methods 

come with some limitations. Apart from that, these 

methods are expensive, di�cult to carry out and require 

use of other chemical compounds, which might pollute the 

environment, even further. Microbial treatment methods, 

on the other hand, are free of these problems, relatively. 

The e�ciency is better for a wide spectrum of substrates 

and the ease is noticeably greater if the processes are to be 

taken out in situ [15].

Microbial Treatment

Microorganisms such as bacteria, algae and fungi have 

been found useful in getting rid of the above discussed 

recalcitrant compounds. The way by which microbes 

eradicate these compounds, is by consuming them; 

metabolize them to use intermediates as a source of 

energy for processes like Krebs cycle. The strains which are 

able to do so have been isolated, screened and cultured, 

from various water bodies. For example, �ve bacterial 

genera were isolated from the Kor River in Iran, which were 

able to degrade an organochlorine endosulfan, which is 

effective against aphids, fruit-worms, moth larvae. The �ve 

genera were Klebsiella, Acinetobacter, Alcaligenes, 

Flavobacterium ,  and Bacil lus .  The production of 

metabolites such as endosulfan diol, endosulfan lactone, 

and endosulfan ether was also documented, but these 

metabolites were found to be of lesser toxicity than 

endosulfan itself [15]. Microbes of same ability can be used 

both in situ (composting and bio-stimulation etc.) and ex 

situ (bioreactors and bio �lters etc.) for various pesticides. 

They can also be added as xenobiotic compounds to the 

site of treatment, if the e�ciency of native microbes is not 

well reputed.

Bacterial Treatment

Various types of pesticides for example, organochlorines, 

which include Dichlorodiphenyltrichloroethane or DDT, are 

known to be degradable by different genera of bacteria. 

Fungal Treatment

Fungi are likewise capable of treating and degrading 

pesticides. A study was conducted by Xiao et al. to evaluate 

the species of fungi which were competent to degrade the 

organochlorine heptachlor and its epoxide. The three 

fungal species, P. brevisporam, P. acanthocystis and P. 

tremellosa, after a two weeks' incubation period, were 

noted to have 74%, 90% and 71% remediation e�ciency of 

heptachlor, respectively. The metabolism of heptachlor 

yielded 1-hydroxy-2, 3- epoxy-chlordene, heptachlor 

epoxide, and 1-hydroxychlordene, and after two weeks 

25%, 16%, 22%, and 16% removal of heptachlor epoxide 

was observed by P. aurea, P. acanthocystis, P. lindtneri, and 

P. brevispora, respectively [20]. Three fungal species, 

Spingobium indicum, Spingobium francense ,  and 

Spingobium japonicum, all possessing the lin gene were 

found to be capable of taking up and metabolizing the 

agricultural insecticide hexachlorocyclohexane. A yeast, 

Rhodotorula mucilaginosa strain IM-2 has been reported for 

the remediation of two neonicotinoid insecticides, 

acetamiprid and thiacloprid [21]. Similarly, degradation of 

endosulfan and endosulfan sulfate through the hydrolytic 

pathways has been observed with white rot fungus 

Tr a m e t e s  h i r s u t e .  D e g r a d a t i o n s  o f  f u n g i c i d e 
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Various microbes also used to be extremely helpful in 

degrading the plastic particles drained in the aquatic 

environment by plastic industries. However, chemical 

treatment, coagulation, �occulation, and incineration, are 

not favored because of some limitation that leads to 

causing more harm to our environment. Biological 

remedies have signi�cant importance as they are eco-

friendly such as using phytoremediation biotechnology 

w h i c h  c i r c u m s c r i b e s  m i c r o b e  a n d  p l a n t- b a s e d 

degradation, and has given promising results [28].

Bioremediation of Bisphenol A (BPA)

The plant endophytic-bacterium P. dispersa and its 

available host D. sanderiana had been veri�ed to treat 

plastic e�uent that contains bisphenol A. Moreover, a 

strain of bacterial specie known as, Bacillus cereus NI, from 

the wastewater has the potential to terminate BPA in a high 

total dissolved solid and alkaline environment. The 

outcome states that a strain that is inoculated before use 

has a positive result and appears to remove the highest 

BPA percentage up to 89.54 % in contrast to that strain that 

was not inoculated, after 5 days of treatment. Each remedy 

was carried out in the presence of natural lightning. In this 

event, it is observed that loss of BPA was in�uenced by 

temperature and light use these parameters increased the 

degradation also speeds up in the presence of sterile water 

[28]. Also, the pH, salinity, TDS, COD, and BOD tend to 

decrease by a greater amount after the whole experimental 

time. Speci�cally, BOD tends to decrease signi�cantly due 

to the action of the plants and microbe.

Usage of Bio�lms to Degrade Micro plastics:

Bio�lms are of great advantage in capturing and degrading 

micro plastics (MPs) found in aquatic ecosystems. It works 

by creating an interaction between microbes and 

microplastics thus reducing the toxicity of chemicals that 

a r e  a s s o c i a t e d  w i t h  M P s .  M e m b e r s  o f  m a r i n e 

Erythrobacteraceae have been demonstrated to colonize 

both microplastics (MPs). Bio�lms on the surface of MPs 

attract other MPs from the environment, and in addition to 

that, it generates an odor of DMS, which tends to attract 

speci�c groups of Arthropods known as copepods that help 

in degrade MPs by ingesting them [29]. There are other 

fungal and bacterial species mentioned in the table below 

that contribute to the degradation of those plastics that 

can absorb harmful chemicals from the surroundings and 

are being drained out in nearby water systems [30].
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difenoconazole, herbicide pendimethalin, and the 

algicide/microbicide terbuthylazine have been reported by 

the use Fusarium oxysporum, Penicillium brevicompactum, 

Lentinula edodes, Lecanicillium saksenae (99.5% removal 

of pendimethalin), and Aspergillus oryzae (maximum 80% 

removal of terbuthylazine), and were shown to be able to 

[22].

The Plastic Industry

From distinct hydrocarbons and petroleum by-products, 

high molecular weight natural polymers are obtained. 

These polymers are referred to as plastic. For example, 

Polypropylene (PP), Polyester (PET), Polyethylene (PE), 

Polyvinylchloride (PVC), Polystyrene (PS), and the High-

Density Polyethylene (HDPE). Plastics, the basis of many 

factories, are used to make various products i.e., toy 

materials, sanitary wares, tiles, plastic bottles, wires, 

bulbs, and various home items. They are also utilized in 

covering/packaging food products, medicines, detergents, 

and cosmetics [23]. Plastic is inert however, the 

wastewater e�uent discharged from the plastic industry 

directly into the aquatic environment arises a major 

problem. These e�uent results in unpleasant odor 

emissions, and change in groundwater quality, poisoning 

the land, which somehow in�uences the aquatic life as well 

as the health of neighborhood inhabitants [24].

Detrimental Impact on the Environment:

The e�uent of the plastic industry tends to absorb organic 

pollutants that are being discharged into water bodies. 

Harmful chemicals coexisting in the depth of water bodies 

with plastic scrap include polychlorinated biphenyls 

(PCBs), and natural pesticides i.e., bisphenol A (BPA) etc. 

These harmful agents tend to cause health issues i.e., 

cancer of breast and arthritis, damage to the hypothalamus 

of the brain, and disturbs neurological activities it also 

results in lower methylation of deoxyribonucleic acid and 

lastly led to diabetes issues. Bisphenol A utilized in plastic 

production when consumed accidentally within the smaller 

percentage can cause hormonal imbalance and mutagenic 

issues in living beings and at a percentage up to 0.4 milli 

molars, it can result in minimal toxicity in aquatic species 

[25]. Besides from e�uents the degradation of plastic 

generates particles having a size greater than 5mm known 

as micro plastics (MP) which led to potential Eco 

toxicological effects [26]. MPs are drained out with 

industrial waste in aquatic bodies and become harmful to 

the environment as it is often considered food by marine 

animals. In the stomach of these species, the ingested 

plastic particles endure and lead to a lessening natural 

capacity of gastric enzyme release, intestinal obstruction, 

reduced hunger, breeding issues, and lessening of various 

hormonal levels [27].

Microbial Remedy to Degrade Pollutants
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Table 2: Microbes used in the degradation of plastic

Plastic Type

Polyester 

polyurethane (PUR)

Lasiodiplodia spp. 

(strain: E2611A), 

Pleosporales spp. 

(strain: E2812A), 

Bionectria spp. (strain: 

E2910B),

and three other 

members of same 

genus.

By using FTIR all of 

them cleared PUR by 

signi�cant amount 

but most active 

strain that out 

perfor  is 

Lasiodiplodia spp.

[31]

LD polyethylene 

�lm

Aspergillus Versicolor 

&

Aspergillus spp.

(Both were isolated 

from Sea water)

Microbes degraded 

LDPE into max CO2 

by biodegradation.
[32]

Polyethylene 

products

Bacillus subtilis,

Bacillus amylolyticus,

Arthobacter de�uvii

Per month by 

degradation the 

weight loss is up to 

30% in liquid 

culture.

[33]

Microorganism Used Result Ref.

Microorganisms are capable of treating various industrial 

e�uents. Using the discussed types of bacteria, fungi, and 

algae to degrade the waste products of an industry is a 

better way than using chemicals. Use of microbes is not 

only an inexpensive but also an e�cient method of curbing 

the detrimental effects of industrial e�uents when 

compared to both mechanical/physical and chemical 

treatments.  The microbes can help protect the 

environment particularly the water bodies which are the 

primary victims of the pollution caused by industrial 

wastes. The conditions required by the microorganisms, 

are relatively easy to establish/attain and are easy to work 

with.
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