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Abstract 

 
In third-world nations where improper handling of industrial effluent treatment 

and administration has resulted in increased industrial wastewater 

contamination, this problem has gotten worse. An estimated 80% of wastewater 

that is contaminated with arsenic (As) is a result of contaminants in pesticides, 

municipal trash incineration, the leather industry, and consumption in the 

industry. An extremely dangerous threat to the lives of plants, animals, and 

people is posed by the deadly metalloid arsenic. Plants and animals are harmed 

by some As species, including As (III) and As (V). Various traditional 

techniques are being used for cleanup As in industrial wastewater. The lack of 

technical skills and limited efficacy of these procedures are their main 

drawbacks. Industrial water microbial As remediation has recently emerged as 

a viable solution owing to its widespread acceptability and low cost. The 

function of microbial remediation of As in industrial wastewater is thoroughly 

summarized in this current study. The purpose of utilizing microorganisms, as 

opposed to phytoremediation, is to cause dissolved arsenic species to be 

transformed microbially into arsine gas that is released into the atmosphere at 

non-toxic levels (dilution effect). There won't be any solid or liquid waste 

produced, in contrast to phytoremediation, where arsenic accumulates in plant 

material (creating trash), and this is only one of the major advantages of the 

microbial technique because managing solid/liquid arsenic-rich waste is a 

major problem and financial burden. The review article focuses on the possible 

ways of arsenic remediation by microbial action selecting industrial 

wastewater.  

Keywords: Industrial wastewater contamination, municipal trash 

incineration, leather industry, metalloid arsenic, microbial remediation, non-

toxic levels.  

1. Introduction 
Due to the growth of industry and the world's rising urbanization, enormous amounts of wastewater are 

being produced on a global scale. In comparison to the total amount of water consumed worldwide, the 

industrial sector uses an average of 22%. Approximately 80% of the total wastewater produced is 

released into waterways, endangering aquatic life and polluting the environment. According to The 

Trade Council, Embassy of Denmark, India, 2015, India generates over 44 million m3/day of industrial 

effluent, of which about 6.2 billion liters are dumped into the country's natural aquatic bodies without 

being treated (Dutta et al., 2021). Industries like chemical, distillery, sugar, food and dairy, paper and 

pulp, textile bleaching and dyeing, mining and quarries, battery manufacturing, nuclear power, organic 

chemical, leather/tannery, iron and steel, soap and detergent, electric power plant, metal refining, 

pesticide and biocide, petroleum and petrochemical, pharmaceutical, metal processing, and 

electroplating industries can be thought of as the major sources of metals in the wastewater. The list of 

metals includes Copper (Cu), Zinc (Zn), Cadmium (Cd), Chromium (Cr), Mercury (Hg), Iron (Fe), Lead 

(Pb), Nickel (Ni), and Arsenic (As) (Awuchi et al., 2020). Untreated wastewater effluents are frequently 

spilled into water bodies, damaging normal aquatic life, as a result of inadequate wastewater treatment 

facilities, such as electrical failure, poor maintenance, and a lack of skilled and experienced labor. These 

polluted water sources, especially groundwater, can pose a threat to human health and contribute to 
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environmental contamination (Bora et al. 2019). Thus, an increase in the variety of companies causes a 

rise in resource and utilization of water, which results in the release of a significant amount of 

wastewater that contains various harmful heavy metals. The management of industrial wastewater has 

so grown to be a major issue on a global scale. There have been several studies and investigations so 

far concerning treating the wastewater using various methods (Lee et al. 2019) (Alalwan et al. 2020) 

(Babincev et al. 2020) (Mustafa et al. 2020). However, each of these processes still has significant 

drawbacks, including limited efficiency, the need for large quantities of solvents and reagents, and the 

production of secondary pollutants including waste residues, sludge, waste water, hazardous 

compounds, etc. (Gebretsadik et al. 2020). As a result, efficient wastewater treatment at cheap cost and 

with minimal environmental impact has become crucially important everywhere in the globe (Dutta et 

al., 2021). Traditional methods, such as physical, chemical, and thermal treatments, have a number of 

serious drawbacks, such as the production of toxic intermediates, the transportation of contaminated 

soil or water for treatment, the high cost of treatment, and the insufficient restoration of natural habitats 

and fauna. The reduction and neutralization of pollutants from Industrial wastewater through regular 

biological processes, either by aerobic or anaerobic processes, can be accomplished by using 

bioremediation approaches that require organisms like microbes (bacteria, fungi, and Actinomycetes, 

etc.) or their products (Arora 2018, Saxena et al. 2016). An estimated 80% of wastewater that is 

contaminated with arsenic (As) is a result of contaminants in pesticides, municipal trash incineration, 

the leather industry, and consumption in the industry. An extremely dangerous threat to the lives of 

plants, animals, and people is posed by the deadly metalloid arsenic. Plants and animals are adversely 

affected by certain As species, which include As (III) and As(V). Arsenic is converted by 

microorganisms into species with varying solubility, motility, bioavailability, and toxicity, which plays 

a crucial part in the metabolic cycle of arsenic (Hayat et al. 2017).  

2. Materials And Methods 

The appropriate material for this review paper was found by searching PubMed, PubMed Central, 

Google, and published research work and the review articles from around the world on the 

environmental pollutants produced by the leather industries and the microbial bioremediation strategy 

to remove the pollutants for a cleaner world. Only published data were considered, and vague statements 

of exposure were excluded. Information acquired from reputable sources of publications on the subject 

is part of these inclusion criteria. The study did not include any other languages than English. 

3. Results and Discussion 

Arsenic releasing industries via waste water: The major sources of heavy metals especially arsenic in 

the wastewater can be attributed to the chemical, sugar, textile, bleaching and dyeing 

and leather/tannery industries during various industrial processes and operations (Dutta et al., 2021). 

Industries Heavy metals 

Chemical industry Cd, Cu, Cr, Pb, Zn, Hg, As, Fe, Ni 

Sugar industry As, Cd, Cu, Cr, Pb, Hg 

Textile industry Cu, Cr, As, Zn, Hg, Fe, Ni 

Bleaching industry Cu, Cr, Zn, Hg, As, Fe, Ni 

Dyeing industry Cu, As, Cr, Zn, Hg, Fe, Ni 

Tannery/leather industry Cd, Cu, Cr, Pb, Zn, As 

Table. 1. Showing heavy metal especially arsenic (As) releasing industries via waste water (Dutta et 

al., 2021) 

Environmental and health impacts of arsenic release via industrial waste water: Untreated 

wastewater effluents are frequently dumped into water bodies, posing a threat to the health of regular 

aquatic life, as a result of inadequate wastewater treatment facilities, including breakdowns in 

electricity, poor maintenance, and a lack of educated and inexperienced staff. Water bodies, especially 

groundwater, become polluted, posing health risks and contributing to environmental degradation (Bora 

et al. 2019). Arsenic stress results in a reduction in the growth of leaves, stems, and roots since it is very 

poisonous to all types of plants (Sher et al. 2019). Heavy metal buildup in surface soils can result in a 

discharge of heavy metals into groundwater or soil solutions that are available for plant consumption 

due to the soil's decreased capacity to retain heavy metals. In addition to harming plants, soil 

contamination with heavy metals or micronutrients in phytotoxic concentrations poses a threat to human 

health (Tadesse et al. 2017). 
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Fig. 1. Showing how industrial wastes contaminate our ecology. 

Drinking arsenic-contaminated groundwater is the most typical method that humans get exposed to the 

substance (Yu et al. 2018). The two most common inorganic forms of this hazardous metalloid are 

arsenate and arsenite. While arsenate functions as a phosphate analogue and influences enzymatic 

activities in cells, arsenite prevents cells from absorbing and using phosphate. People commonly come 

into touch with metalloid arsenic due to its ubiquitous distribution in the environment. Arsenic has 

negative short- and long-term impacts on health, including skin damage, color changes, and patches on 

the hands and feet, diabetes, hypertension, and several other conditions that have a bearing on 

reproduction. Arsenicosis is brought on by long-term exposure to arsenic-containing water.  It may exist 

in a wide variety of chemical and oxidation states chronic exposure to inorganic arsenic has been related 

to a range of cancers, including those of the skin, lung, kidney, and oral cavity. Global studies have 

highlighted the harmful consequences of arsenic on humans brought on by environmental pollution. 

(Sher et al. 2019) (Ferreccio et al. 2006) (Hong et al. 2014) (Pal et al. 2017). Arsenic also modifies and 

damages DNA, which results in genotoxicity (Faita et al. 2013).  

Green approach for arsenic extenuation: International efforts to clean up many of these environments 

have increased in recent years in response to the prevalence of environmental deterioration, the 

estimated size of the number of polluted environments, and its continuous discovery. This is done either 

to reduce the risk of adverse health or environmental impacts brought on by pollution or to make the 

area suitable for reconstruction or restoration for use (Luka et al. 2018) (Arora 2018). Bioremediation 

is a green technique that has potential for tackling environmental deterioration due to its economic 

viability and environmental friendliness. Bioremediation is the process of eliminating or decreasing 

toxins from the air, soil, and water by using biological processes. The technique employs an organism 

that has either been imported from another system or gathered from the environment that is relevant in 

order to reduce or remove the hazardous component (Sher et al. 2019) (Luka et al. 2018) (Arora; 2018) 

(Ashraf et al. 2018) (Saravanan; 2022). The majority of the bioremediation process is dependent on 

microorganisms that break down pollutants into innocuous molecules through enzymatic attack. Since 

bioremediation can only occur in environments that favour microbial growth and activity, applying it 

often requires changing environmental conditions to promote microbial growth and breakdown faster 

(Karigar et al. 2011). The ability of practically any environmental circumstance to produce isolated 

microbes is crucial. Microbes will adapt to their environment and multiply under a variety of conditions, 

including extreme cold, intense heat, the desert, water, too much oxygen, anaerobic conditions, the 

presence of hazardous compounds, and on any waste stream. A source of energy and a source of carbon 

are the two essential components (Luka et al. 2018).    
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Fig. 2. Showing the process to lessen the metals by microorganisms (Sher et al. 2019). 

Metal ions interact with the microorganism's surface cell wall during the biosorption process. It is an 

ATP-independent mechanism as ATP is not necessary for it to function. As a result of its inability to 

penetrate cells and its absence from the cell's metabolism, it has no harmful effects. According to 

biosorption tests on sulfate-reducing bacteria, their cell pellet can extract 6.6% arsenite and 10.5% 

arsenate from water that contains arsenic (Teclu et al. 2008), but Pseudomonas aeruginosa has a 98% 

biosorption capability (Tariq et al. 2019). Gram-positive and gram-negative bacteria engage in a process 

known as bioaccumulation in which metal ions attach to the surface of their cell walls before entering 

the cell through transfer proteins and accumulating there. Due to the bioaccumulation process' 

dependency on ATP, the entry of metal ions into the cells from the external environment requires some 

energy in the form of ATP. This process is engaged in the metabolism of the cell. This is a long and 

permanent procedure. Inside the cell, metal ions build up through a process known as bioaccumulation, 

which has a harmful outcome. A mutant strain of Corynebacterium glutamicum may collect arsenic 

intracellularly and behave as a biocontainer for the heavy metal (Sher et al. 2019) (Satyapal et al. 2016). 

Chemical processes result in a material changing chemically, which is known as biotransformation. 

Metals' poisonous properties can be altered by adding and removing electrons. When arsenic is exposed 

to arsenite-oxidizing genes, which turn As3+ into As5+, its toxicity is lowered, and in the event of 

reduction, As5+ may be turned into As3+, which is 100 times more lethal than As5+ (Mujawar et al. 

2019). Through the use of microorganisms, harmful metal ions or their compounds that are insoluble 

can be transformed into soluble forms for simple removal through a process called bioleaching. 

Traditional bioleaching techniques include calcination, membrane dialysis, acid extraction, and 

selective adsorption. The efficiency of other operations can be improved by the usage of this 

mechanism. It is an individual precipitation process between hazardous metal ions and microorganisms 

for metal bioleaching. It is based on a technology called microbially initiated calcite precipitation 

(MICP), which has the potential to remove arsenic from the environment (Sher et al. 2019).   

 

Fig. 3. Showing various processes used to remove hazardous metal ions from contaminated areas 

(Sher et al. 2019). 

Bioremediation using bacteria: Bacteria are an excellent bioresource for green chemistry to eliminate 

environmental arsenic due to their multiple metal tolerance and effective bioremediation capability. 

Due to the low level of nutrients in the polluted location, metal-resistant bacteria may survive in low-

nutrient environments (Sher et al. 2019).  
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Bacterial species 
Max tolerable arsenic 

(As) concentration 

Arsenic (As) 

removing 

capacity 

Klebsiella oxytoca, Citrobacter freundii, Bacillus anthracis 240, 290 mg/L - 

MNZ1, MNZ4 and MNZ6 300, 370 mg/L - 

Strain MLHE-1 0.13 mg/L - 

Corynebacterium glutamicum 0.16-5.33 mg/L - 

NT-26 0.066 mg/L - 

Strain ULPAs1 500 mg/L - 

Agrobacterium tumefaciens, Pseudomonas fluorescens, 

Variovorax paradoxus, Flavobacterium sp., Microbacterium 

sp., and Arthrobacter sp. 

0.001-0.003 mg/L mM - 

Ralstonia eutropha MTCC 2487 15-25 mg/L 86-67% 

Pseudomonas putida MTCC 1194 15 mg/L 60% 

Bacillus indicus MTCC 4374 15 mg/L 61% 

Penicillium canescens - 26.4 mg/g 

Micrococcus luteus AS2 - 99% 

Table. 2. Showing the bacterial species that have as removing capacity (Hayat et al. 2017) (Sher et al. 

2020) (Dutta et al., 2021). 

Green discovered the first arsenite-oxidizing bacteria, the Bacillus arsenooxydans, in 1918 (Gosh et al. 

2018). In the meanwhile, a number of microorganisms that oxidise arsenic have been found and named. 

Some bacterial strains that are responsible for the oxidation of arsenic were isolated and characterised, 

including Alcaligenes faecalis, Pseudomonas arsenitoxidans, Microbacterium lacticum, 

Agrobacterium tumefaciens, M. oxydans, P. stutzeri, Aeromonas sp., Agrobacterium sp., Comamonas 

sp. (Sher et al. 2019). Methanogen bacteria, namely the Methanobacterium bryantii-MOH strain, were 

shown to be able to volatilize as, and they may be the most effective treatment option for as in industrial 

effluents. (Hayat et al. 2017). Numerous bacterial species, including Pseudomonas, Alcaligenes, 

Herminiimonas, Agrobacterium and Thermus have been reported to oxidise As3+. These particular 

bacterial strains could still employ As3+ as their own personal electron donor and were cultivated as 

lithotrophs. Arsenite-oxidizing heterotrophic bacteria may receive energy via As3+ oxidation and as a 

result, arsenic detoxification occurred. They feed on both live and dead species (Sher et al. 2019) (Hayat 

et al. 2017). Recently, 64 isolates of the genera Rhizobium, Ochromobactrum, and Achromobacter that 

are extremely resistant to As(III) and As(V) and can grow chemolithotrophically and use As as an 

electron donor were identified (Sarkar et al. 2013).  

PhoS, PstC, and PstB (Pi) transporters are primarily responsible for the absorption of arsenate As(V) 

into bacterial cells and for arsenic transport in bacteria. The GlpF aquaglyceroporin (AQGP) allows 

arsenite As(III) access to bacterial cells. By employing glutathione (GSG) as a reductant, bacterial ArsC 

arsenate reductase converts As(V) to As(III). As(III) is extruded into the environment by ArsB, an 

As(III):H -antiporter, or ArsAB, an As(III) ATPase. Additionally, after further methylation processes 

carried out by As(III)-Sadenosylmethionine methyltransferase, As(III) can be released into the 

environment in volatile form (Hayat et al. 2017). 

 
Fig. 4. Transportation of as in bacteria. MMA: monomethylarsonic acid, DMA: dimethylarsinic acid, 

TMAO: trimethylarsine oxide, TMA: trimethylarsine (Hayat et al. 2017). 
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Bioremediation using fungi: It is feasible to use fungus to remove arsenic from drinking water or 

wastewater. The Aspergillus and Trichoderma groups of fungus are often those that are arsenic-

resistant. Additionally, additional fungi strains such as Neocosmospora, Sordria, Rhizopus, and 

Penicillium are also capable of reducing arsenic (Srivastava et al. 2011). Fungi have been used for As 

removal from industrial effluent for over a century because they may produce inorganic As compounds 

as cupric arsenite and copper aceto-arsenite, which can release the toxin trimethylarsine. Aqueous 

arsenite and arsenate species may be converted to dimethylarsine and monomethylarsine, respectively, 

by Penicillium brevicaule, Scopulariopsis sp., Aspergillus glaucus, Candida humicola, and 

Gliocladium sp. These methylated forms of as are flammable and easily discharged into the 

environment, where oxidation may cause them to return to the oxidised form As(V). (Hayat et al. 2017). 

Fungal species 
Max tolerable arsenic (As) 

concentration 

Arsenic (As) 

removing capacity 

Aspergillus niger 25-100 mg/L 70-76% 

Neosartorya fischeri, Aspergillus clavatus, 

Aspergillus niger 
4-17 mg/L 70-76% 

Aspergillus flavus, Rhizopus sp. 25-50 mg/L - 

Aspergillus clavatus, A. niger, 

Trichoderma viride, Penicillium glabrum 
5-20 mg/L - 

Aspergillus sp. P37 0.66 mg/L - 

Table. 2. Showing the fungal species that have As removing capacity (Hayat et al. 2017) (Vala et al. 

2012). 

Aspergillus niger, Aspergillus clavatus, Aspergillus flavus, and Rhizopus sp. are examples of fungal 

species that have been reported to be able to volatilize As at 25 mg L1 and 50 mg L1. Additionally, 

they stated that Rhizopus has greater accumulation potential than Aspergillus flavus (Hayat et al. 2017) 

(Vala et al. 2012). 

 

Fig. 5. Transportation of As in fungi (Hayat et al. 2017). 

Arsenite is mostly absorbed by AQGP Fps1p in fungi, whereas absorption of arsenate is aided by Pho87 

type phosphate transporters. Hexose penneases (HXTs) can also be used to enter cells. The Acr2p 

arsenate reductase uses glutathione reduction (GSH to GS) to convert arsenate to arsenite to arsenite in 

yeast cells. The ABC transporter Ycf1p sequesters glutathione (As(GS)3), which may be used to remove 

cytoplasmic As(III), into vacuoles. Alternatively, As(III) can be extruded via the plasma membrane 

transporter Acr3 (Hayat et al. 2017). 

4.  Conclusion 

A thorough investigation demonstrates that the large amount of arsenic released through waste water 

from diverse businesses has a significant influence on the environment as a whole. The negative impacts 

of the leather industry have brought attention to the need for green technologies. The physio-chemical 

therapy methods also make extensive use of chemicals while being ecologically safe. Bioremediation 

technologies, which are environmentally friendly, economically viable, and offer a promising method 

to improve environmental quality, may be a good option to safely degrade and detoxify the solid wastes 

and wastewater containing heavy metals produced by the industries. This study demonstrates a variety 

of microorganisms that have been shown to be capable of removing or remediating hazardous risks 
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found in waste products produced by the industries. Even with so many microorganisms and excellent 

eco-friendly and cost-effective ways, industrial wastes and wastewater still regularly create 

environmental pollution and toxicity problems. This study serves as a social massage for the 

population's goodwill on that note. To take appropriate action, handle solid waste and industrial waste 

water in an eco-friendly manner, reduce the use of harmful chemicals, and bring this critical situation 

to the governments' and various industries' real attention. 

Future Scope: Prior to its final disposal into the environment, it is vital to search for more effective 

microorganisms for the decontamination and degradation of arsenic, which impacts the aquatic ecology, 

soil, and human health. It is vital to comprehend their genetic structure and biochemistry in order to 

build efficient bioremediation strategies. Natural ecosystems on surface and in the water will be more 

likely to survive in the long run as a result. Every arsenic releasing industry via wastewater, need to 

employ more cost- and environmentally-friendly waste-treatment methods. 
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