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Abstract  
 

Bioremediation is a process to remove or detoxify contaminant present in the environment by certain biomolecules or 

biomass to bind and concentrate selected ions or other molecules. Water pollution is an issue of great concern 

worldwide, and it can be broadly divided into three main categories, that is, contamination by organic compounds, 

inorganic compounds (e.g., heavy metals), and microorganisms. A wide range of microorganisms, including bacteria, 

fungi, yeasts, and algae, can act as biologically active methylators, which are able to at least modify toxic species. 

Microorganisms cannot destroy metals, they can alter their chemical properties via a surprising array of mechanisms. 

Different factors affect bioremediation include environmental factor biological factor, availability of nutrients, 

temperature, ph, and toxic compounds. Among organic pollutants, hydrocarbons may enter in water either directly by 

spills or effluents or indirectly from atmosphere. These metals are extremely sensitive at low concentrations and can be 

stored in food webs, posing a serious public health risk. Several microorganisms (natural/exotic/ engineered) having 

specific metabolic capability and various enzyme production ability which fall under six main divisions include 

Oxidoreductases, Transferases, Hydrolases, Lyases, Isomerases and Ligases (synthetases) are used during bioremediation 

process. The heavy metals associated with environmental contamination, for instance, lead (Pb), cadmium (Cd), and 

chromium (Cr), which are potentially hazardous to ecosystems. The types of microorganisms that are used in 

bioremediation processes due to their natural capacity to biosorb toxic heavy metal ions. 

Keywords: Bioremediation, Biological Organisms, Environmental Pollution, Metals, Microorganisms, polluted water. 
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INTRODUCTION  
Environmental contamination by heavy metals 

from anthropogenic and industrial activities has caused 

considerable irreparable damage to aquatic ecosystems. 

Sources include the mining and smelting of ores, 

effluent from storage batteries and automobile exhaust, 

and the manu‐ facturing and inadequate use of 

fertilizers, pesticides, and many others. The metals and 

metalloids that contaminate waters and are most 

commonly found in the environment include lead, 

chromium, mercury, uranium, selenium, zinc, arsenic, 

cadmium, silver, gold, and nickel. Several different 

physicochemical and biological processes are 

commonly employed to remove heavy metals from 

industrial wastewaters before their discharge into the 

environment [1].  

 

Conventional physicochemical methods such 

as electrochemical treatment, ion exchange, 

precipitation, osmosis, evaporation, and sorption are not 

cost-effective, and some of them are not 

environmentally friendly [2, 3]. The bioremediation 

strategy is based on the high metal binding capacity of 

biological agents, which can remove heavy metals from 

contaminated sites with high efficiency. In this regard, 

microorganisms can be considered as a biological tool 

for metal removal because they can be used to 

concentrate, remove, and recover heavy metals from 

contaminated aquatic environments [4]. Bioremediation 

have using microorganisms for the uptake of heavy 

metals in polluted waters, as an alternative strategy to 

conventional treatments [5-7]. The term ―heavy metal‖ 

generally refers to metallic elements with an atomic 

weight higher than that of Fe (55.8 g mol–1) or density 

greater than 5.0 g cm–3, and these metals are naturally 

present in the environment [7]. Heavy metal is of 

economic significance in industrial use and currently 

becomes a significant environmental problem 

throughout the whole world [8]. 

https://saudijournals.com/sjls
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Microorganisms use chemical contaminants as 

an energy source through their metabolic processes 

throughout the microbiological process [9]. 

Microorganisms, in particular, have the ability to 

degrade, detoxify, and even accumulate harmful organic 

as well as inorganic compounds. There are different 

sources of heavy metals in the environment, such as 

natural, agricultural, industrial solid waste, inland 

effluent, atmospheric sources, and more sources [10]. 

On the bioremediation process using various micro-

organisms, including Algae, bacteria, fungi, and the 

mechanisms of action, for the potential use of genetic 

engineering techniques to develop prominent 

recombinant novel microorganism variants that are 

more efficient and improvements in the operation 

conditions of bioremediation technologies [11].  

 

The microbes are biochemically discovered 

and their potential to resist heavy metals such as zinc 

and copper will be determined [12]. A Bioremediation 

technique, with the ultimate goal being to effectively 

restore polluted environments in an eco-friendly 

approach at very low cost is available [13]. The process 

of pollutant removal depends primarily on the nature of 

the pollutant, which may include agrochemicals, 

chlorinated compounds, dyes, greenhouse gases, heavy 

metals, hydrocarbon, nuclear waste, plastics, and 

sewage. Apparently, taking into consideration the site 

of application, bioremediation techniques can be 

categorized as ex-situ or in-situ. Pollutant nature, depth 

and degree of pollution, type of environment, location, 

cost, and environmental policies are selected of the 

selection criteria that are considered when choosing any 

bioremediation technique [14]. Heavy metals can play a 

role as micronutrients, such as Cu, Fe, Mn, Mo, Zn, and 

Ni, but they can also be toxic to humans, e.g., Hg, Pb, 

Cd, Cu, Ni, and Co [15]. Heavy metals are notable 

contaminants because they are toxic, nonbiodegradable 

in the environment, and easily accumulated in living 

organisms [16]. The contamination of waters with 

heavy metals occurs through natural and anthropogenic 

activities, mainly related to industrialization. 

 

 
Figure 1: Types of microorganisms used in bioremediation 

processes [16] 

Principal of Bioremediation 

Bioremediation is defined as the process 

whereby organic wastes are biologically degraded under 

controlled conditions to an innocuous state, or to levels 

below concentration limits established by regulatory 

authorities [17]. The aim of bioremediation is 

encouraging them to work by supplying optimum levels 

of nutrients and other chemicals essential for their 

metabolism in order to degrade/ detoxify substances 

which is hazardous to environment and living things. 

Bioremediation relies on stimulating the growth of 

certain microbes that use contaminants like oil, 

solvents, and pesticides as a source of food and energy. 

 

These microbes consume the contaminants, 

converting them into small amounts of water and 

harmless gases like carbon dioxide. All metabolic 

reactions are mediated by enzymes [18]. These belong 

to the groups of oxidoreductases, hydrolases, lyases, 

transferases, isomerases and ligases. Many enzymes 

have a remarkably wide degradation capacity due to 

their nonspecific and specific substrate affinity. 

Bioremediation is occurred naturally and encouraged 

within addition of living things and fertilizers. 

Bioremediation technology is principally based on 

biodegradation. It refer to complete removal of organic 

toxic pollutants in to harmless or naturally occurring 

compounds like carbon dioxide, water, inorganic 

compounds which are safe for human, animal, plant and 

aquatic life [19]. 

 

 
Figure 2: Principals of Bioremediation [19] 

 

Mechanism of Bioremediation 

Bioremediation is a biological treatment 

system to destroy, or reduce the concentration of 

hazardous waste from a contaminated site. 
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Figure 2: Microorganisms employed in the bioremediation and processes/mechanisms Involved in the case of dead and living 

biomass [20, 21] 

 

Mechanisms of microbial metal resistance 

includes precipitation in stable states such as 

phosphates, sulfates etc, mtal volatilization by addition 

of methyl group, intracellular accumulation due to 

presence of specific proteins named as cysteine –rich 

proteins [22, 23]. Bioremediation can be separated into 

two categories, biosorption and bioaccumulation. 

Biosorption is a passive adsorption mechanism that is 

fast and reversible [24, 25]. 

 

Factors affecting microbial bioremediation 

Bioremediation is involved in degrading, 

removing, altering, immobilizing, or detoxifying 

various chemicals and physical wastes from the 

environment through the action of bacteria, fungi and 

plants. Microorganisms are involved through their 

enzymatic pathways act as biocatalysts and facilitate the 

progress of biochemical reactions that degrade the 

desired pollutant [26]. The efficiency of bioremediation 

depends on many factors; including, the chemical 

nature and concentration of pollutants, the 

physicochemical characteristics of the environment, and 

their availability to microorganisms [27]. The 

availability of contaminants to the microbial population 

and environment factors (type of soil, temperature, and 

pH, the presence of oxygen or other electron acceptors, 

and nutrients. 

 

Biological factors 

A biotic factors are affect the degradation of 

organic compounds through competition between 

microorganisms for limited carbon sources, antagonistic 

interactions between microorganisms or the predation 

of microorganisms by protozoa and bacteriophages 

[28]. The expression of specific c enzymes by the cells 

can increase or decrease the rate of contaminant 

degradation. The major biological factors are included 

here: mutation, horizontal gene transfer, enzyme 

activity, interaction (competition, succession, and 

predation), its own growth until critical biomass is 

reached, population size and composition [29]. 

 

Environmental Factors 

The metabolic characteristics of the 

microorganisms and physicochemical properties of the 

targeted contaminants determine possible interaction 

during the process. The actual successful interaction 

between the two; however, depends on the 

environmental conditions of the site of the interaction 

[30]. Microorganism growth and activity are affected by 

pH, temperature, moisture, soil structure, solubility in 

water, nutrients, site characteristics, redox potential and 

oxygen content, lack of trained human resources in this 

field and Physico-chemical bioavailability of pollutants 

(contaminant concentration, type, solubility, chemical 

structure and toxicity). This above listed factors are 

determine kinetics of degradation [31] Biodegradation 

can occur under a wide range of pH; however, a pH of 

6.5 to 8.5 is generally optimal for biodegradation in 

most aquatic and terrestrial systems. 
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Temperature 

Among the physical factors temperature is the 

most important one to determining the survival of 

microorganisms and composition of the hydrocarbons 

[32]. In cold environments such as the Arctic, oil 

degradation via natural processes is very slow and puts 

the microbes under more pressure to clean up the 

spilled petroleum. The sub-zero temperature of water in 

this region causes the transport channels within the 

microbial cells to shut down or may even freeze the 

entire cytoplasm, thus, rendering most oleophilic 

microbes metabolically inactive [33]. Biological 

enzymes are participated in the degradation pathway 

have an optimum temperature and will not have the 

same metabolic turnover for every temperature. 

Moreover, the degradation process for specifi c 

compound needs specific temperature. Temperature 

also speed up or slow down bioremediation process 

because highly influence microbial physiological 

properties. The rate of microbial activities increases 

with temperature, and reaches to its maximum level at 

an optimum temperature [34]. 

 

PH 

PH of compound which is acidity, basicity and 

alkalinity nature of compound, it has its own impact on 

microbial metabolic activity and also increase and 

decrease removal process. The measurement of pH in 

soil could indicate the potential for microbial growth 

[35]. Higher or lower pH values showed inferior results; 

metabolic processes are highly susceptible to even 

slight changes in pH [36] 

 

Moisture content 

Microorganisms require adequate water to 

accomplish their growth. The soil moisture content has 

adverse effect in biodegradation agents [37]. 

 

Concentration of oxygen 

Different organisms require oxygen others also 

do not require oxygen based on their requirement 

facilitate the biodegradation rate in a better way. 

Biological degradation is carried out in aerobic and 

anaerobic condition, because oxygen is a gaseous 

requirement for most living organisms. The presence of 

oxygen in most cases can enhance hydrocarbon 

metabolism [32]. 

 

Availability of nutrients 

The addition of nutrients adjusts the essential 

nutrient balance for microbial growth and reproduction 

as well as having impact on the biodegradation rate and 

effectiveness. Nutrient balancing especially the supply 

of essential nutrients such as N and P can improve the 

biodegradation efficiency b optimizing the bacterial C: 

N: P ratio [38]. To survive and continue their microbial 

activities microorganisms need a number of nutrients 

such as carbon, nitrogen, and phosphorous. The 

addition of an appropriate quantity of nutrients is a 

favorable strategy for increasing the metabolic activity 

of microorganisms and thus the biodegradation rate in 

cold environments [39]. Biodegradation in aquatic 

environment is limited by the availability of nutrients 

[40]. Similar to the nutritional needs of other organisms, 

oil-eating microbes also require nutrients for optimal 

growth and development. These nutrients are available 

in the natural environment but occur in low quantities 

[41] 

 

Toxic compounds  

When in high concentrations of toxic nature of 

some contaminants can create toxic effects to 

microorganisms and slow down decontamination. The 

degree and mechanisms of toxicity vary with specific c 

toxicants, their concentration, and the exposed 

microorganisms. Some organic and inorganic 

compounds are toxic to targeted life forms [27]. 

 

Water Pollution, contamination and diseases caused 

by heavy metals 

Water pollution is the contamination of water 

bodies like lakes, rivers, oceans, aquifers and 

groundwater. Water pollution occurs when pollutants 

are discharged directly or indirectly into water bodies 

without adequate treatment to remove harmful 

compounds. Different concentrations of heavy metal 

elements commonly occur in all ecosystems. Several 

compounds have diverse properties, such as Zn, Cu, Ni, 

Fe, and Mn, are essential trace elements [42]. Heavy 

metals can cause severe toxic effects to expose plants, 

animals, and humans when exposed to excessive 

concentrations [43]. When the concentration of heavy 

metals enters the human body through absorption, these 

metal ions can bind various biomolecules, such as 

proteins, nucleic acids, and interfere with their 

functions [228] Globally, open water and aquatic 

ecosystems are contaminated with several heavy metals 

through various human activities that indirectly or 

directly lead to these pollution [44]. The most serious 

water pollution has occurred with some waterbodies, 

such as rivers, lakes, oceans, and groundwater. In 

addition, a high amount of materials can change the 

water properties and pollute the water, thus resulting in 

an unfit for intended uses. Water pollution can be 

classified into two distinct types that are point sources 

and nonpoint sources [45]. 
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Table 1: Contamination sources, uses, and adverse health effects of some heavy metals [46-49] 

Element Contamination  

Natural  

 sources  

Anthropogenic  

Uses  Adverse health effects 

Cd   Zn and Pb 

Minerals, 

phosphate rocks 

Mining waste, 

electroplating, Battery 

plants 

Automobile 

exhaust  

Respiratory, cardiovascular, 

Renal effects 

Cr Chromites mineral  Electroplating, metal 

alloys, industrial sewage, 

Anticorrosive products 

Pesticides, 

detergents  

mental disturbance, cancer, 

ulcer, hypokerotos 

Cu  Sulfides 

carbonates,  

Electroplating, metal 

alloys, domestic and 

industrial waste, mining 

waste, 

Pesticides 

Most uses are 

based on electrical 

conductor 

properties 

Anemia and other toxicity 

effects induced indirectly 

through interaction with 

Other nutrients 

Pb  Galena mineral  Battery plants, pipelines, 

Coal, gasoline, pigments 

Batteries, alloys  Neurotoxic 

 Ni  Soils  Metal alloys, battery 

plants Industrial waste, 

production catalysts of 

vegetable oils 

Batteries, 

electronics, 

Skin allergies, lung fibrosis 

Diseases of the cardiovascular 

system 

Zn  Minerals oxides, 

silicates) 

sulfides, Metal alloys, 

pigments, Electroplating, 

industrial waste, pipelines 

Fertilizers, 

plastics Pigments 

Abdominal pain, nausea 

Vomiting and diarrhea gastric 

irritation, headache, irritability, 

lethargy, anemia 

 

Table 2: Comparison of biosorption and bioaccumulation processes [50] 

Characteristics  Biosorption  Bioaccumulation  

Cost  Usually low. Biomass can be obtained from 

industrial waste. Cost associated mostly with 

transportation and production of biosorbent 

Usually high. The process occurs in the 

presence of living cells that have to be 

Supported. 

capacity of heavy 

metals 

The solution pH strongly affects the sorption pH 

However, the process 

can occur within a wide pH range 

Significant changes in PH can strongly 

affective living cells. 

Selectivity However, this can be increased by 

Modification/biomass transformation. 

Better than increase in the case of 

biosorption. 

Rate of removal  Most mechanisms occur at a fast rate Slow rate than in the case of biosorption 

because intercellular accumulation long 

time. 

Regeneration and 

reuse 

Biosorbents can be regenerated and reused in many 

cycles.  

Reuse is limited due to intercellular 

Accumulation. 

Recovery of 

metals 

With an adequate eluent the recovery of heavy 

metals is possible. 

Even if possible, biomass cannot be 

used for other purposes 

 

Bioremediation Methods / techniques 

Bioremediation technology includes 

phytoremediation (plants) and rhizoremediation (plant 

and microbe interaction). At present, the process is used 

to check contamination in soil, groundwater and surface 

water. The system does not require construction or any 

major modification of drains or diversion of flow. It 

takes place in open drains without displacement of 

sewage. The process also does not require any 

additional land or power, making it a simple and easy 

system. 
 

1. Phytoextraction 

Metals are extracted from soil by pollution 

accumulating plants then metals concentrate in the 

plant's harvestable parts [51]. Phytoextraction depends 

on employment of plants which can accumulate 

pollutants such plants remove organics and metals from 

soil, by accumulating them in plant harvestable parts 

[52, 53]. Phytoextraction is based on the employment of 

pollutant-accumulating plants to remove metals and 

organics from soil by concentrating them in harvestable 

sections [54]. 
 

2. Phytostabilization 

Precipitation, Sorption, metals valence 

reduction and complexation, can all help in 

phyostabilization [55]. Those which prevention of 

pollutants and the migration in the environment by plant 

exudates, resulting in a decrease in the contaminants' 

bioavailability and the mobility [56]. It is remediation 

technology that use plants to stabilises wastes and 
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prevents exposure paths through water erosion and 

wind; offers hydraulic control, which stops pollutants 

from migrating vertically into groundwater; chemically 

and physically immobilises toxins by root sorption and 

chemical fixation with different soil amendments [57, 

58, 59] 

 

3. Rhizofiltration  

The absorption of pollutants from aqueous 

streams by plant roots [60]. Water hyacinth, duckweed 

and pennywort are among aquatic plants that may 

remove metals from water. Because of their slow 

growing and short roots, these plants are inefficient at 

removing metals and have limited rhizofiltration 

capacity [61]. Plants employed in rhizofiltration have 

the potential to extract toxic metal 60% more than their 

dry weight. Plants are grown hydroponically and then 

transplanted into water that’s metal polluted, where they 

concentrate and absorb metals from soil in their shoots 

and roots [62]. 

 

4. Phytovolatilization  

The process of contaminants being released 

into atmosphere by plants [63] Plants generally diffuse 

out water in form of vapour, however they may also 

transpire volatile chemicals. It happens when water 

diffuses from xylem of leaves or bark. Although 

phytovolatilization has mostly been used in 

groundwater, it may also be used in sediments, sludge 

and soil. Plants have the potential to act as efficient 

pump and serve as effective treatment system for 

mobile pollutants [64]. 

 

5. Phytomining  

Plants' ability to remove huge amounts of 

metals from soils, which may be used to recover high-

value metals from soils and ore deposits [65]. 

Phytomining is the process of producing a metal crop 

by cultivating large number of plants which can gather 

high concentration of metals. Metal hyperaccumulation 

occurs naturally in various plants, but it can also be 

generated in others [66]. The capacity of plants to 

extract enormous amounts of metals from soil can be 

used to recover economically valuable metals from soil 

and ore deposits. Studies have revealed that metals 

extraction from soil using specific plants is 

commercially viable [66]. 

 

Microbial bioremediation of polluted water  

Natural organisms, either indigenous or 

extraneous, are the important agents used for 

bioremediation [67]. The organisms vary, depending on 

the chemical properties of the polluting substances, and 

are to be chosen cautiously as they only sustain within a 

stipulated limit of chemical contaminants [68, 69]. 

Bioremediation can take place naturally or through 

intervention processes. Bioremediation is based on the 

co-metabolism action of one organism or a consortium 

of microorganisms [70]. In this process, the 

transformation of contaminants presents a little 

efficiency or no benefit to the cell, and therefore this 

process is described as non-beneficial biotransformation 

[71, 72]. 

 

Bioremediation by Bacteria 

The microbes have often been reported for the 

degradation of pesticides and hydrocarbons. A large 

number of bacteria utilize the contaminant as the sole 

carbon and energy sources. Metals play important role 

in the life processes of microbes. Some metals such as 

chromium (Cr), calcium (Ca), magnesium (Mg), 

manganese (Mn), copper (Cu), sodium (Na), nickel (Ni) 

and zinc (Zn) are essential as micronutrients for various 

metabolic functions and for redox functions. 

 

Table 2: Bioaccumulation and biotransformation of organic molecules by bacteria 

 Bacteria   Toxic chemicals   References  

Bacillus sp  Cresol, phenols, aromatics, long chain alkanes, phenol, [72] 

Pseudomonas sp Benzene, anthracene, hydrocarbons, PCBs [73, 74] 

Flavobacterium sp Aromatics [75] 

Azotobacter sp Aromatics [75] 

Xanthomonas sp Hydrocarbons, polycyclic hydrocarbons [76] 

Nocardia sp Hydrocarbons  [77] 

Streptomyces sp Phenoxyacetate, halogenated hydrocarbon, diazinon [78] 

Mycobacterium sp Aromatics, branched hydrocarbons benzene, cycloparaffins [79] 

 

Table 3: Heavy metals utilizing bacteria 

Bacteria Heavy metals References 

Bacillus sp Cu, Zn [80] 

Pseudomonas aeruginosa U, Cu, Ni, Cr [81, 82] 

Aerococcus sp Pb, Cr, Cd [83] 

Aeromonas sp Cr [84] 

Rhodopseudomonas palustris Pb [85] 

Citrobacter sp Cd, U, Pb [86, 87] 
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Bioremediation by Fungus 

Fungi represent the promising group of 

microbes for biodegradation. The ability of fungi, both 

yeasts and moulds, to convert a broad variety of 

hazardous chemical substances has developed interest 

to use them in bioremediation [9].  

 

Table 4: Bioaccumulation and biotransformation of organic molecules by fungi 

Fungi Toxic chemicals References 

Coprinellus radians PAHs, methylnaphthalenes, and dibenzofurans [88] 

Marasmiellus troyanus Benzo [a] pirene [89] 

Gloeophyllum trabeum 1, 1, 1-trichloro-2, 2-bis (4-chlorophenyl) ethane (DDT) [90] 

Pleurotus ostreatus Bisphenol A [91] 

Fomitopsis pinicola 1, 1, 1-trichloro-2, 2-bis (4-chlorophenyl) ethane (DDT) [92] 

Penicillium simplicissimum Polyethelene [93, 94] 

Phanerochaete chrysosporium Polyvinylamine sulfonate anthrapyridone [95, 96] 

 

Bioremediation by Algae 

Biodegradation of pesticides is determined by 

two groups of factors, the first relates to microbial 

consortium and the optimum condition for their survival 

and activity while the second relates to the chemical 

structure of the pesticides. Factors related to 

microorganisms including the presence and number of 

appropriate microorganisms, the contact between 

microorganisms and the substrate (pesticide), pH, 

temperature, salinity, nutrients, light quality and 

intensity, available water, oxygen tension and redox 

potential, surface binding, presence of alternative 

carbon substrates and alternative electron acceptors [97, 

98]. 

 

Table 5: Bioaccumulation and biotransformation of organic molecules by algae 

Algae  Elements References 

Chlamydomonas sp Naphthalene [97] 

Dunaliella sp Naphthalene, DDT [97] 

Euglena gracilis DDT, Phenol [98] 

Selenastrum 

capricornutum 

Benzene, toluene, chlorobenzene, 1, 2- dichlorobenzene, nitrobenzene 

naphthalene, 2, 6-dinitrotoluene, phenanthrene, di-n-butylphthalate, pyrene  

[97] 

Chlorella sp Toxaphene [97] 

Cylindrotheca sp DDT  [97] 

 

The capability of algae to absorb hazardous 

metals has been known for many years. Algae have the 

ability to remove toxic heavy metals from the 

environment, which results in higher concentrations 

than those of the surrounding water [99]. 

 

Table 6: Heavy metals utilizing algae 

Algae Heavy metals  References 

Zooglea sp Co, Ni, Cd [100] 

Phormidium valderium Cd, Co, Cu, Ni [101, 102] 

Chlorella vulgaris Au, Cu, Ni, U, Pb, Hg, Zn [102, 103] 

Volvariella volvacea Cu, Hg, Pb [104] 

Oscillatoria sp Ni, Cu, Co, Pb, Zn [105, 106] 

Tetraselmis chuii Cu [107] 

Spirogyra hyalina Cd, Hg, Pb, As [103] 

Chlorella pyrenoidosa Zn, Cu, As, Pb, Cd, Cr, Ni, Hg [107] 

Lyngbya spiralis Cd, Pb, Hg [104] 

 

Advantages 

1. Bioremediation is a Natural Process 

Bioremediation is a natural process and 

accepted by the public as a waste treatment process for 

contaminated material such as soil. Microbes degrade 

the contaminant, increase in numbers and release 

harmless products. Bioremediation is an eco-friendly 

and sustainable approach that can destroy a pollutant or 

convert harmful contaminants into harmless substances 

[108]. 

 

2. Complete Destruction 

Bioremediation is useful for the complete 

destruction of a wide variety of contaminants. Many 

hazardous compounds can be transformed into harmless 

products. Bioremediation can prove less expensive than 

other technologies that are used for clean-up of 

hazardous waste [109]. 

 

3. Cost-Effective Process 

Bioremediation is less expensive compared to 

other methods that are used for the removal of 
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hazardous waste. Bioremediation can often be carried 

out on site, often without causing a major disruption of 

normal activities [109]. 

 

4. Recovery of polluted sites 

The major function is speed up the recovery of 

waste polluted sites, increase substrate degradation, 

displays a high catalytic or utilization capacity with a 

small amount of cell mass, crate safe and purified 

environmental conditions by decontamination or 

neutralizing any harmful substances [110]. 

 

Disadvantages 

1. Specificity 

Biological processes are highly specific. 

Important site factors required for success include the 

presence of metabolically capable microbial 

populations, suitable environmental growth conditions, 

and appropriate levels of nutrients and contaminants. 

The main disadvantage of bioremediation technology is 

that it is restricted to biodegradable compounds [111]. 

 

2. Time Taking Process 
Bioremediation takes a longer time to compare 

to other treatment options, such as excavation and 

removal of contaminants from the site. Finally, 

introduced foreign modified strain to the system leads 

to un-reacted and cause un-measurable adverse effect 

on the natural structural and functional microorganism’s 

community composition and occurrence [111]. 

 

3. Regulatory Uncertainty 
We are not certain to say that remediation is 

100% completed, as there is no accepted definition of 

clean. Due to this, the performance evaluation 

of bioremediation is difficult, and there is no acceptable 

endpoint for bioremediation treatment. The major 

drawbacks are never carried out in traditional 

procedure, in some case the death of cells are happened, 

having challenge associated with their release in the 

surrounding, In a particular level it showed that delay of 

growth and substrate degradation, seasonal variation 

and other a biotic factor fluctuation have direct and 

indirect impact and relationship on microbial activity 

[112]. 

 

4. Technological Advancement 

Bioremediation technologies those are suitable 

for sites with complex mixtures of contaminants that are 

not evenly distributed in the environment. 

Bioremediation often takes longer than other treatment 

options, such as excavation and removal of soil or 

incineration [112]. 

 

CONCLUSION 
Numerous pollutants contaminate water bodies 

including organic, in organic pollutants, heavy metals, 

detergents are most common. These pollutants have 

deleterious effects on environment and human health. 

Soil and water are being polluted by various organic 

and inorganic pollutants due to rapid industrialization 

and use of agrochemicals in imbalanced proportions. 

Different techniques used to controlled water pollution 

Phytoextraction, Phytostabilization, Rhizofiltration, 

Phytovolatilization, and phytomining. Restrictive and 

clean up measures to avert hazards from contaminated 

soil belong to the curative soil protection. 

Bioremediation is a unique and cost-effective technique 

for cleaning up pollution by intensifying the natural 

biodegradation processes. So developing an 

understanding of microbial and plant communities with 

their response to the natural environment and 

contaminants, elaborating the knowledge of the genetics 

of the microorganisms helps to increase capabilities to 

degrade pollutants and recovery of land and ground 

water. To that combined use of microorganisms such as 

bacteria and fungi can make remediation method more 

effective and rapid that can help in protection of 

human’s as well aquatic system both. 

 

REFERENCE 
1. Fomina, M., & Gadd, G. M. (2014). Biosorption: 

current perspectives on concept, definition and 

application. Bioresource Technology, 160, 3–14. 

2. Mulligan C. N., Yong R., & Gibbs B. F. (2001). 

Remediation technologies for metal contaminated 

soils and groundwater: an evaluation. Engineering 

Geology, 60(1–4), 193–207. 

3. Kadirvelu, K., Senthilkumar P., Thamaraiselvi K., 

& Subburam V. (2002). Activated carbon pre‐ 

pared from biomass as adsorbent: elimination of Ni 

(II) from aqueous solution. Biore‐ source 

Technology, 81, 87–90. 

4. Riggle, P. J., & Kumaoto, C. A., (2000). Role of a 

Candida albicans P1-type ATPase in resistance to 

copper and silver ion toxicity. Journal of 

Bacteriology, 182, 4899–4905. 

5. Tsezos, M., & Volesky, B. (1981). Biosorption of 

uranium and thorium. Biotechnology 

Bioengineering; 23, 583–604. 

6. Gadd, G. M., & White, C. (1993). Microbial 

treatment of metal pollution—a working 

biotechnology; Trends in Biotechnology, 11, 353–

359. 

7. Texier A. C., Andres Y., & le Cloirec, P. (1999). 

Selective biosorption of lanthanide (La, Eu,Yb) 

ions by Pseudomonas aeruginosa. Environmental 

Science and Technology, 33, 489–495. 

8. Igiri, B. E., Okoduwa, S. I., Idoko, G. O., 

Akabuogu, E. P., Adeyi, A. O., & Ejiogu, I. K. 

(2018). Toxicity and bioremediation of heavy 

metals contaminated ecosystem from tannery 

wastewater: A review. Journal of Toxicology, 

2018, 1–16. 

9. Siddiquee, S., Rovina, K., Azad, S. A., Naher, L., 

Suryani, S., & Chaikaew, P. (2015). Heavy metal 

contaminants removal from wastewater using the 

potential filamentous fungi 

biomass: A review. Journal of Microbial and 

Biochemical Technology, 7(6), 384–395.  



 
 

Aisha Saleem et al., Haya Saudi J Life Sci, Apr, 2022; 7(4): 116-127 

© 2022 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                   124 
 
 

10. Zhang, W. J., Jiang, F. B., & Ou, J. F. (2011) 

Global pesticide consumption and pollution: With 

China as a focus. Proceedings of the International 

Academy of Ecology and Environmental Sciences, 

1(2), 125–144. 

11. Su, C. (2014). A review on heavy metal 

contamination in the soil worldwide: Situation, 

impact and remediation techniques. Environmental 

Skeptics and Critics, 3(2), 24. 

12. Ahirwar, N. K., Gupta, G., Singh, R., & Singh, V. 

(2016) Isolation, identification and characterization 

of heavy metal resistant bacteria from industrial 

affected soil in central India. International Journal 

of Pure & Applied Bioscience, 4(6), 88–93.  

13. Arao, T., Ishikawa, S., Murakam, I. M., Abe, K., 

Maejima, Y., & Makino, T. (2010) Heavy metal 

contamination of agricultural soil and counter 

measures in Japan. Paddy and Water Environment, 

8(3), 247–257.  

14. Smith, E., Thavamani, P., Ramadass, K., Naidu, R., 

Srivastava, P., & Megharaj, M. (2015). 

Remediation trials for hydrocarbon-contaminated 

soils in arid environments: Evaluation of bioslurry 

and biopiling techniques. International 

Biodeterioration & Biodegradation, 101, 56–65. 

15. Zhuang, W., & Gao, X. (2013). Acid-volatile 

sulfide and simultaneously extracted metals in sur‐ 

face sediments of the southwestern coastal Laizhou 

Bay, Bohai Sea: concentrations, spatial 

distributions and the indication of heavy metal 

pollution status. Marine Pollu‐ tion Bulletin, 76, 

128–138. 

16. Kumar, N., & Tyagi, B. (2020). Bioremediation: 

Principles and Application in Environmental 

Management, Toxicity, and Mechanisms of 

Contaminants Degradation, Detoxification and 

Challenges. Elsevier. 

17. Kumar, A., Bisht, B. S., Joshi, V. D., Dhewa, T. 

(2011). Review on Bioremediation of Polluted 

Environment: A Management Tool. international 

journal of environmental sciences, 1, 1079-1093 

18. Pankaj, Kumar, Jain, Vivek, Bajpai. (2012). 

Biotechnology of bioremediationa review. 

International journal of environmental sciences, 3, 

535-549. 

19. Shilpi, Sharma. (2012) Bioremediation: Features, 

Strategies and applications. Asian Journal of 

Pharmacy and Life Science 2: 202-213. 

20. Kumar, V., & Dwivedi, S. K. (2021). 

Mycoremediation of heavy metals: processes, 

mechanisms, and affecting factors. Environmental 

Science and Pollution Research, 28(9), 10375-

10412. 

21. De, J., Ramaiah, N., & Vardanyan, L. (2008). 

Detoxification of toxic heavy metals by marine 

bacteria highly resistant to mercury. Marine 

Biotechnology, 10(4), 471-477. 

22. Gadd, G.M., Rhee, Y.J., Stephenson, K., Wei, Z. 

(2012). Geomycology: Metals, actinides and 

biominerals. Environ. Microbiol. Rep. 4, 270–296. 

23. Mishra, S., & Bharagava, R. N. (2016) Toxic and 

genotoxic effects of hexavalent chromium in 

environment and its bioremediation 

strategies. Journal of Environmental Science and 

Health, Part C, 34(1), 1-32 

24. Ahalya, N., Ramachandra, T. V., & Kanamadi, R. 

D. (2003). Biosorption of heavy metals. Research 

Journal of Chemistry and Environment, 7(4) 4544–

4552. 

25. Prescott, L. M., Harley, J. P., & Klein, D. A. 

(2002). Microbiology, 5th edition, McGrawHill, 

New York. 

26. El Fantroussi, S., & Agathos, S. N. (2005). Is 

bioaugmentation a feasible strategy for pollutant 

removal and site remediation? Current Opinion in 

Microbiology, 8, 268-275. 

27. Madhavi, G. N., & Mohini, D. D. (2012) Review 

paper on–Parameters affecting bioremediation. 

International journal of life science and pharma 

research, 2, 77-80 

28. Boopathy, R. (2000). Factors limiting 

bioremediation technologies. Bioresource 

Technology, 74, 63-67. 

29. Demnerova, K., Mackova, M., Spevakova, V., 

Beranova, K., & Kochankova, L. (2005). Two 

approaches to biological decontamination of 

groundwater and soil polluted by aromatics 

characterization of microbial populations. 

International Microbiology, 8, 205-211. 

30. Adams, G. O., Fufeyin P. T., Okoro, S. E., & 

Ehinomen, I. (2015). Bioremediation, 

Biostimulation and Bioaugmention: A Review. 

International Journal of Environmental 

Bioremediation & Biodegradation, 3, 28-39. 

31. Cases, I., de Lorenzo, V. (2005). Genetically 

modified organisms for the environment: stories of 

success and failure and what we have learned from 

them. International microbiology, 8, 213-222. 

32. Macaulay, B. M. (2014). Understanding the 

behavior of oil-degrading microorganisms to 

enhance the microbial remediation of spilled 

petroleum. Appl Ecol Environ Res, 13, 247–262. 

33. Das, N., & Chandran, P. (2011). Microbial 

degradation of petroleum hydrocarbon 

contaminants: An overview. Biotechnol Res Int, 

2011, 1-13. 

34. Yang, S. Z., Jin, H. J., Wei, Z., He, R. X., Ji, Y. J. 

(2009). Bioremediation of oil spills in cold 

environments: A review. Pedosphere, 19, 371–381. 

35. Asira, E. E. (2013). Factors that Determine 

Bioremediation of Organic Compounds in the Soil. 

Academic Journal of Interdisciplinary Studies, 2, 

125-128. 

36. Wang, Q., Zhang, S., Li, Y., & Klassen, W. (2011). 

Potential Approaches to Improving Biodegradation 

of Hydrocarbons for Bioremediation of Crude Oil 

Pollution. Environ Protection J, 2, 47-55. 

37. Poli, A., Salerno, A., Laezza, G., Di 

Donato, P., Dumontet, S., 

& Nicolaus, B. (2009). Heavy metal resistance of 



 
 

Aisha Saleem et al., Haya Saudi J Life Sci, Apr, 2022; 7(4): 116-127 

© 2022 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                   125 
 
 

some thermophiles: Potential use of α-amylase 

from Anoxybacillus amylolyticus as a microbial 

enzymatic bioassay: Research in Microbiology, 

160(2), 99–100.  

38. Couto, N., Fritt-Rasmussen, J., Jensen, P.E., 

Højrup, M., & Rodrigo, A. P. (2014). Suitability of 

oil bioremediation in an Artic soil using surplus 

heating from an incineration facility. 

Environmental Science and Pollution Research, 21, 

6221- 6227. 

39. Phulia, V., Jamwal, A., Saxena, N., Chadha, N. K., 

Muralidhar, et al. (2013) Technologies in aquatic 

bioremediation, 65-91. 

40. Thavasi, R., Jayalakshmi, S., Banat, I M. (2011) 

Application of biosurfactant produced from peanut 

oil cake by Lactobacillus delbrueckii in 

biodegradation of crude oil. Bioresour Technol , 

102, 3366–3372 

41. Siddiquee, S., Yusof, N. A., Salleh, A. B., Tan, G. 

S., Bakar, F. A., Yap, C. K., Yusuf, U. 

K., Ismail, A., Tan, S. G., Naher, L., Ho, C. L., 

& Yusuf, U. K. (2011). Assessment of surface 

water quality in the Malaysian coastal waters by 

using multivariate analyses, Sains Malaysiana, 

40(10), 1053–1064. 

42. Hussain, A., Alamzeb, S., 

& Begum, S. (2013). Accumulation of heavy 

metals in edible parts of vegetables irrigated with 

waste water and their daily intake to adults and 

children, District Mardan, Pakistan. Food 

Chemistry, 136(3–4), 1515–1523.  

43. Yu, M. H. (2001). Impacts of environmental 

toxicants on living systems. Environmental 

toxicology. CRC Press LLC. 

44. McEldowney, S., Hardman, D. J., 

& Waite, S. (1993). Pollution: Ecology and 

biotreatment. Longman Scientific & Technical. 

45. Sutherland, R.A., Tack, F.M.G., Tolosa, C.A., 

Verloo, M.G. (2000) Operationally defined metal 

fractions in road deposited sediment, Honolulu, 

Hawaii. Journal of Environ‐ mental Quality, 29 (5), 

1431–1439. 

46. Aguiar M. R. M. P., Novaes, A. C. Remoção de 

metais pesados de efluentes industriais por 

aluminossilicatos. Química Nova 2002; 25 (6B) 

1145–1154. 

47. Nicolaou S. A., Gaida S. M., Papoutsakis E. T. A 

comparative view of metabolite and substrate stress 

and tolerance in microbial bioprocessing: from 

biofuels and chemi‐ cals, to biocatalysis and 

bioremediation. Metabolic Engineering 2010; 12 

(4) 307–33. 

48. Watanabe, K. (2001) Microorganisms relevant to 

bioremediation. Current Opinion in Bio‐

technology, 12 (3), 237–241. 

49. Zabochnicka-Swiatek M., Krzywonos M. 

Potentials of biosorption and bioaccumulation 

processes for heavy metal removal. Polish Journal 

of Environmental Studies 2014; 23 (2) 551–561. 

50. Peng, W., Li, X., Xiao, S., & Fan, W. (2018) 

Review of remediation technologies for sediments 

contaminated by heavy metals. Journal of soils and 

sediments, 18(4), 1701-1719. 

51. Hirano, T., Honda, Y., Watanabe, T., Kuwahara, M. 

(2000) Degradation of bisphenol A by the lignin-

degrading enzyme, manganese peroxidase, 

produced by the white-rot basidiomycete, Pleurotus 

ostreatus. Bioscience, Biotechnology, and 

Biochemistry, 64 (9), 1958-1962. 

52. Yamada-Onodera, K., Mukumoto, H., Katsuyama, 

Y., Tani, Y. (2002) Degradation of long-chain 

alkanes by a polyethylenedegrading fungus, 

Penicillium simplicissimum YK. Enzyme and 

Microbial Technology, 30 (6), 828-831. 

53.  Darah, I., Ibrahim, CO. (1997) Lignin-degrading 

enzyme production by entrapped cells of 

Phanerochaete chrysosporium in submerged culture 

system. Asia-Pacific Journal of Molecular Biology 

and Biotechnology, 5 (3), 143-154. 

54. Brooks, R.R., Chambers, M.F., Nicks, L.J., (1998) 

Robinson BH. Phytomining. Trends in plant 

science, 3(9), 359-62. 

55. McCoy, A.J., Epa, V.C., Colman, PM. (1997) 

Electrostatic complementarity at protein/protein 

interfaces. Journal of molecular biology. 268(2), 

570-84. 

56. Kobayashi, H., Rittman, BE. (1982) Microbial 

removal of hazardous organic compounds. 

Environment Science and Technology, 16 (3), 

170A-183A. 

57. Gabriel, J., Kofronova, O., Rychlovsky, P., 

Krenzelok, M. (1996) Accumulation and effect of 

cadmium in the wood rotting basidiomycete, 

Daedalea quercina. Bulletin of Environmental 

Contamination and Toxicology, 57 (3), 383-390. 

58. Megharaja, M., Ragusa, S.R., Naidu, R. (2003) 

Metal–algae interactions: implication of 

bioavailability. In: Naidu, R., Gupta, V. V. S. R., 

Rogers, S., Kookana, R. S., Bolan, N. S. and 

Adriano, D. C. (eds) Bioavailability, Toxicity and 

Risk Relationships in Ecosystems, Science 

Publishers, Enfield, New Hampshire pp. 109–144. 

59. Rajendran, P., Muthukrishnan, J., Gunasekaran, P. 

(2003) Microbes in heavy metal remediation. 

Indian journal of experimental biology, 41 (9), 

935-944. 

60. Gabriel, J., Mokrejs, M., Bily, J., Rychlovsky, P. 

(1994) Accumulation of heavy metal by some 

Wood- rooting fungi. Folia Microbiologica, 39 (2), 

115-118. 

61. Salt, D.E., Blaylock, M., Kumar, N.P., Dushenkov, 

V., Ensley, B.D., Chet, I., et al. (1995) 

Phytoremediation: a novel strategy for the removal 

of toxic metals from the environment using plants. 

Bio/technology. 1995;13(5):468-74. 

62. Gabriel, J., Kofronova, O., Rychlovsky, P., 

Krenzelok, M. (1996) Accumulation and effect of 

cadmium in the wood rotting basidiomycete, 



 
 

Aisha Saleem et al., Haya Saudi J Life Sci, Apr, 2022; 7(4): 116-127 

© 2022 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                   126 
 
 

Daedalea quercina. Bulletin of Environmental 

Contamination and Toxicology, 57 (3), 383-390. 

63. Pearson, RG. (1969) Hard and soft acids and bases. 

Survey of Progress in Chemistry 5 (1), 1-52.  

64. Purkayastha, R.P., Mitra, AK. (1992) Metal uptake 

by mycelia during submerged growth and by 

sporocarp of an edible fungus, Volvariella volvacea. 

Indian Journal of Experimental Biology 30 (12), 

1184-1187. 

65. Jagadevan, S., Mukherji, S. (2004) Successful in-

situ oil bioremediation programmes – key 

parameters. Indian Journal of Biotechnology 3 (4), 

495–501.  

66. Ajayan, K.V., Selvaraju, M., Thirugnanamoorthy, 

K. (2011) Growth and heavy metals accumulation 

potential of microalgae grown in sewage 

wastewater and petrochemical effluents. Pakistan 

Journal of Biological Sciences 14 (16), 805-811. 

67. Ugya, AY. (2015) The Efficiency of Lemna minor 

L. in the phytoremediation of Romi stream: A case 

study of Kaduna Refinery and Petrochemical 

Company polluted stream. Journal of Applied 

Biology and Biotechnology, 3 (1): 11-14. 

68. Nicolaou S. A., Gaida S. M., Papoutsakis E. T. A 

comparative view of metabolite and substrate stress 

and tolerance in microbial bioprocessing: from 

biofuels and chemi‐ cals, to biocatalysis and 

bioremediation. Metabolic Engineering 2010; 12 

(4) 307–331. 

69. Wasilkowski D., Swedziol Ż., Mrozik A. (2012) 

The applicability of genetically modified mi‐

croorganisms in bioremediation of contaminated 

environments. Chemik; 66 (8) 822–826. 

70. Beyhill, M., Matthews, R., Pavlostathis, S. (2001) 

Decolorization of a reactive copper-phthalocyanine 

dye under methanogenic conditions. Water science 

and technology. 43(2), 333-40. 

71. Salt, D.E., Smith, R., Raskin, I. (1998) 

Phytoremediation. Annual review of plant biology. 

49(1), 643-68. 

72. Cybulski, Z., Dzuirla, E., Kaczorek, E., 

Olszanowski, A. (2003). The influence of 

emulsifiers on hydrocarbon biodegradation by 

Pseudomonadacea and Bacillacea strains. Spill 

Science and Technology Bulletin, 8 (5), 503–507. 

73. Kapley, A., Purohit, H.J., Chhatre, S., Shanker, R., 

Chakrabarti, T. (1999) Osmotolerance and 

hydrocarbon degradation by a genetically 

engineered microbial consortium. Bioresource 

Technology, 67 (3), 241-245. 

74. Jogdand, SN. (1995). Environmental biotechnology, 

1st edition, Himalaya Publishing House, Bombay, 

India.  

75. Ijah, UJJ. (1998) Studies on relative capabilities of 

bacterial and yeast isolates from tropical soil in 

degrading crude oil. Waste Management: 18 (5), 

293–299. 

76. Park, A.J., Cha, D.K., Holsen, TM. (1998) 

Enhancing solubilization of sparingly soluble 

organic compouds by biosurfactants produced by 

Nocardia erythropolis. Water Environment 

Research 70 (3), 351– 355. 

77. Yan, G., Viraraghavan, T. (2001) Heavy metal 

removal in a biosorption column by immobilized M. 

rouxii biomass. Bioresource Technology, 78 (3), 

243-249. 

78. Rajendran, P., Muthukrishnan, J., Gunasekaran, P. 

(2003) Microbes in heavy metal remediation. 

Indian journal of experimental biology 41 (9), 935-

944.  

79. Sar, P., D’Souza, SF. (2001) Biosorptive uranium 

uptake by Pseudomonas strain: characterization and 

equilibrium studies. Journal of Chemical 

Technology and Biotechnology 76 (12), 1286-1294.  

80. Sar, P., Kazy, S.K., Asthana, R.K., Singh, SP. 

(1999) Metal adsorption and desorption by 

lyophilized Pseudomonas aeruginosa. International 

Biodeterioration and Biodegradation 44 (2), 101-

110. 

81. Sinha, S.N., Biswas, M., Paul, D., Rahaman, S. 

(2011) Biodegradation potential of bacterial 

isolates from tannery effluent with special 

reference to hexavalent chromium. Biotechnology 

Bioinformatics and Bioengineering 1 (3), 381- 386. 

82. Sinha, S.N., Paul, D. (2014) Heavy metal tolerance 

and accumulation by bacterial strains isolated from 

waste water. Journal of Chemical, Biological and 

Physical Sciences, 4 (1), 812- 817. 

83. Sinha, S.N., Biswas, K. (2014) Bioremediation of 

lead from river water through lead-resistant purple-

nonsulfur bacteria. Global Journal of Microbiology 

and Biotechnology, 2 (1), 11-18. 

84. Wesenberg D, Kyriakides I, Agathos SN (2003) 

White-rot fungi and their enzymes for the treatment 

of industrial dye effluents. Biotechnology 

Advances 22 (1): 161-187.  

85. Aranda, E., Ullrich, R., Hofrichter, M. (2010) 

Conversion of polycyclic aromatic hydrocarbons, 

methyl naphthalenes and dibenzofuran by two 

fungal peroxygenases. Biodegradation 21 (2), 267–

281. 

86. Wunch, K.G., Alworth, W.L., Bennett, JW. (1999) 

Mineralization of benzo [a] pyrene by 

Marasmiellus troyanus, a mushroom isolated from 

a toxic waste site. Microbiological Research, 154 

(1), 75–79.  

87. Purnomo, A.F., Kamei, I., Kondo, R. (2008) 

Degradation of 1, 1, 1-trichloro-2, 2-bis (4-

chlorophenyl) ethane (DDT) by brownrot fungi. 

Journal of Bioscience and Bioengineering, 105 (6), 

614–621. 

88. Yılmaz, A.B., Işık, O., Sayın, S. (2005) 

Bioaccumulation and toxicity of different copper 

concentrations in Tetraselmis chuii. E. U. Journal 

of Fisheries and Aquatic Sciences 22 (3- 4), 297-

304. 

89. Kumar, JIN., Oommen, C. (2012) Removal of 

heavy metals by biosorption using freshwater alga 

Spirogyra hyalina. Journal of Environmental 

Biology 33: 27-31.  



 
 

Aisha Saleem et al., Haya Saudi J Life Sci, Apr, 2022; 7(4): 116-127 

© 2022 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                   127 
 
 

90. Yao, J., Li, W., Xia, F., Zheng, Y., Fang, C., Shen, 

D. (2012) Heavy metals and PCDD/Fs in solid 

waste incinerator fly ash in Zhejiang province, 

China: chemical and bio-analytical characterization. 

Environmental Monitoring and assessment 184 (6), 

3711-3720.  

91. Inthorn, D., Sidtitoon, N., Silapanuntakul, S., 

Incharoensakdi, A. (2002) Sorption of mercury, 

cadmium and lead by microalgae. Science Asia, 28, 

253-261. 

92. Salt DE, Blaylock M, Kumar NP, Dushenkov V, 

Ensley BD, Chet I, et al. Phytoremediation: a novel 

strategy for the removal of toxic metals from the 

environment using plants. Bio/technology. 

1995;13(5):468-74. 

93. Brook, IM. (1997) Trophic relationships in a 

seagrass community (Thalassia testudinum), in 

Card Sound, Florida. Fish diets in relation to 

macrobenthic and cryptic faunal abundance. 

Transactions of the American Fisheries Society, 

106(3), 219-29. 

94. Faucon, M-P., Shutcha, M.N., Meerts, P. (2007) 

Revisiting copper and cobalt concentrations in 

supposed hyperaccumulators from SC Africa: 

influence of washing and metal concentrations in 

soil. Plant and Soil, 301(1), 29-36. 

95. Vangronsveld, J., Van Assche, F., Clijsters, H. 

(1995)Reclamation of a bare industrial area 

contaminated by non-ferrous metals: in situ metal 

immobilization and revegetation. Environmental 

Pollution.;87(1):51-9. 

96. Cunningham, M.R., Roberts, A.R., Barbee, A.P., 

Druen, PB., Wu, C-H. (1995) " Their ideas of 

beauty are, on the whole, the same as ours": 

Consistency and variability in the cross-cultural 

perception of female physical attractiveness. 

Journal of personality and social psychology. 68(2), 

261. 

97. Cunningham, SA. (2000) Depressed pollination in 

habitat fragments causes low fruit set. Proceedings 

of the Royal Society of London Series B: 

Biological Sciences. 267(1448):1149-52 

98. Aitchison, E.W., Kelley, SL., Alvarez, P.J., 

Schnoor, JL. (2000) Phytoremediation of 1, 4‐

dioxane by hybrid poplar trees. Water Environment 

Research. 72(3), 313-21. 

99. Burken, JG., Schnoor, JL. (1997) Uptake and 

metabolism of atrazine by poplar trees. 

Environmental Science & Technology. 31(5), 1399-

406.  

100. Zhu, Y.L., Pilon-Smits, E.A., Tarun, A.S., Weber, 

S.U., Jouanin, L., Terry, N. (1999) Cadmium 

tolerance and accumulation in Indian mustard is 

enhanced by overexpressing γ-glutamylcysteine 

synthetase. Plant physiology. 121(4), 1169-77 

101. Burken, JG., Schnoor, JL. (1998) Predictive 

relationships for uptake of organic contaminants by 

hybrid poplar trees. Environmental Science & 

Technology. 32(21):3379-85. 

102. Rosenberg, E., Legmann, R, Kushmaro, A., Taube, 

R., Adler, E., Ron, EZ. (1992) Petroleum 

bioremediation—a multiphase problem. 

Biodegradation. 3(2), 337-50. 

103. Banuelos, G., Ajwa, H., Mackey, B., Wu, L., Cook, 

C., Akohoue, S., et al. (1997) Evaluation of 

different plant species used for phytoremediation of 

high soil selenium. Wiley Online Library, 0047-

2425. 

104. Brooks, R.R., Chambers, M.F., Nicks, L.J., 

Robinson, BH.(1998) Phytomining. Trends in plant 

science. 3(9), 359-62. 

105. Schwitzguébel, J-p., van, der., Lelie, D., Baker, A., 

Glass, D.J., Vangronsveld, J. (2002) 

Phytoremediation: European and American trends 

successes, obstacles and needs. Journal of soils and 

sediments, 2(2):91-9.  

106. Wuertz, S., & Mergeay, M. (1997). The impact of 

heavy metals on soil microbial communities and 

their activities. Modern soil microbiology, 607-642. 

107. Vidali, M. (2001). Bioremediation. An overview. 

Pure and Applied. Chemistry, 73 (7), pp. 1163–

1172. 

108. Ali, N. et al. (2020). Bioremediation of soils 

saturated with spilled crude oil. Scientific Reports, 

10, 1116. https://doi.org/10.1038/s41598-019-

57224-x 

109. Kulshreshtha, S. (2013) Genetically Engineered 

Microorganisms: A Problem Solving Approach for 

Bioremediation. J Bioremed Biodeg, 4, 1-2.  

110. Sharma, I. (2020). Bioremediation Techniques for 

Polluted Environment: Concept, Advantages, 

Limitations, and Prospects, Trace Metals in the 

Environment - New Approaches and Recent 

Advances, IntechOpen, DOI: 

10.5772/intechopen.90453. 

111. Alin, Iosob & Prisecaru, Maria & Stoica, Ionut & 

Calin, Maria & Cristea, Tina. (2016). Biological 

Remideation of Soil Polluted With Oil Products : 

An Overview Of Available Technologies. Studi si 

Cercetari Stiintifice UnivErsitatea Bacau Seria 

Biologea. 101. 

112. Sutar, Harekrushna., & Kumar, Das. (2012). A 

Review on: Bioremediation. International Journal 

of research in chemistry and environment. 2. 13-21. 

 


