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Abstract

Organic pollutants reach the aquatic environment through different waste sources such as municipal, industrial and agricultural 
wastes. The term “organic pollutants” in the present review is considering different types of chemicals including; pesticides, 
organic matter, dyes and oil spills. The ordinary methods used for remediation of such pollutants from the water environment 
such as mechanical removal, coagulation, aeration and filtration are defective due to their partial treatment effect in some 
instances and their high costs in some others. The modification of new, environmentally friend treatment methods are of 
great concern by abundant environmentalists. Bioremediation is one of new promising techniques that attracting worldwide 
attention, to completely or partially remove the organic pollutants from the aquatic systems. It is eco-friendly, cost-effective, 
and suitable for in situ applications. Microbial remediation has been applied to eliminate the toxic and recalcitrant pollutants 
from the water environment through several mechanisms including biodegradation. This review article provides a survey on 
the aquatic environment and the main groups of organic pollutants that commonly contaminate it. It also deeply expatiates the 
multiple applications of microbial bioremediation of such organic pollutants. Moreover, it focuses on some in situ applications 
of bioremediation technology in some case studies.
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Abbreviations

DO: Dissolved Oxygen; TOC: Total Organic Carbon; TN: Total 
Nitrogen; COD: Chemical Oxygen Demand; BOD: Biological 
Oxygen Demand; OCPs: Organophosphorus Pesticides; LC-
MS: Liquid Chromatography-Mass Spectrum.

Introduction

The accumulation of organic pollutants in the aquatic 
environment causes serious environmental risks [1]. The 

global development of chemical industries and the multiple 
applications of such chemical compounds have altered the 
natural environments everywhere [2]. Aquatic environments 
are susceptible to organic and inorganic pollutants, where 
they might reach the water bodies through the discharge 
of effluents containing industrial wastes, agricultural and 
domestic wastes, oil spills, petroleum exploitation and 
transportation [3]. The persistence of the organic pollutants 
in the aquatic resources depends on their physical and 
chemical features, whereas the organic compounds of 
complex structures, are more persistent than others; some 
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of them are strongly resistant to degradation and survive 
for many years, they are called recalcitrant [4]. Several 
cleanup methods are applied for the removal of chemical 
contaminants from water bodies such as; mechanical 
removal, sedimentation, flotation, sorption, filtration, 
coagulation, aeration, degasification, neutralization, and 
ion exchange [5]. However, there are several restrictions 
on physicochemical methods including; i) high cost, for 
example; the cleanup of contaminated sites by traditional 
methods in the United States would mount to 1.7 trillion US$ 
[6], ii) partial treatment which sometimes leads to generating 
of secondary pollutants, causing further environmental 
threats [7]. Bioremediation of organic contaminants from an 
aqueous environment is considered a promising technology 
to recover such problems, forasmuch, it is a cost-effective, 
environmentally friend technique, and can be applied on 
large distanced contaminated areas [8].

This review aims to i) provide a beneficial evaluation 
of current achievements of bioremediation of some 
hazardous organic pollutants from aqueous environments, 
ii) give introspection of In Situ applications of pollutants 
bioremediation, and iii) investigate the limitations, 
challenges and prospects of using microorganisms to treat 
organic contamination of water bodies.

The Aquatic Environment

The importance of water is coming from the fact that 
all living organisms strictly need it to survive. The unique 
properties of water make it basic to life [9]. The term aquatic 
environment is involving; groundwater, rivers, canals, lakes 
and all types of surface water, oceans and marines, as well 
as, glaciers, ice caps and snow [10]. Chemically, water is 
hydrogen and oxygen, but actually, it is a mixture of more 
than 30 possible compounds. Each water environment is 
characterized by special physical and chemical features, 
it contains different concentrations of naturally occurring 
inorganic and organic particulates such as; iron particles 
which originate from soil and rocks weathering, in addition 
to humic acid which produced from degrading leaf litter [9]. 
The characteristics of an aquatic environment are susceptible 
to some changes, as some chemicals (organic or inorganic) 
might reach the water bodies either directly through the 
discharges of industrial and/ or wastewater effluents or 
indirectly due to surface runoff from soils [11]. Moreover, the 
deterioration of rivers waters quality is probably attributed 
to the nonpoint source pollution (contributes about 60% of 
pollution cases), while the municipal discharge, industrial 
discharge and sewer overflows contribute 21%, 18% and 
1%, respectively [9].

On the other hand, each water environment is also 
characterized by a unique microbial community, which 

might include fungi, bacteria, viruses, protozoa, rotifers, 
and algae. Among all the living organisms on the planet, 
microorganisms are considered as the utmost varied group of 
them. They are will survived and need minimal requirements 
to exist in different circumstances [9]. The majority of 
microorganisms are non- pathogenic; however, the presence 
of human or animal intestinal tract microorganisms in a 
given water body indicates its pollution with fecal materials, 
and consequently, confirms its contamination by pathogens. 
Pathogenic microorganisms might reach the water bodies 
via the untreated domestic wastewater, they temporarily 
residing water, going with the flow, to meet up with their 
final host [12].

Organic Pollutants in the Aquatic 
Environments

Different organic pollutants can reach the water bodies 
through agriculture activities, oil production, transportation 
and unexpected accidents, and the improper discharge 
of industrial and domestic wastes. In such context, the 
following discussion will focus on four major categories of 
organic pollutants that have been detected in water bodies 
nationally and globally.

Pesticides

Herbicides, fungicides and insecticides are extensively 
applied in agriculture in many countries. They might 
contaminate different water resources, which leads to some 
complicated health hazards that affect the human beings 
[13]. There are plenty of regulations have been published 
all over the world to regulate the utilization of pesticides, 
nevertheless, immeasurable amount of pesticides materials 
are used all over the world every year [14]. This can reach 
surface waters from application sites via the discharge of 
agricultural drains [15], or from streams of wastewater 
treatment plants [16]. They can also contaminate the 
groundwater through runoff and leaching [17]. Globally, 
the detection of various kinds of pesticides in water bodies 
has been investigated by numerous authors [18-21]. For 
example; diuron has been extensively used in agricultural 
areas in France, during the recent decades, several studies 
highlighted the presence of diuron in various rivers and 
drainage waters [22]. Alachlor and endosulfan residues 
were detected in Ochlocknee River water, Tallahassee, 
Florida [23]. The occurrence of malathion and chlorpyrifos 
in different countries both in ground- and surface- waters 
even at low concentrations was highlighted by Westlund and 
Yargeau [24]. In Egypt, the presence of aldrin, DDT, dieldrin, 
HCH, endrin, and heptachlor epoxide have been scanned in a 
drainage canal located at the pesticides factory in Damietta 
Governorate. They were detected in concentrations of 
715, 1259, 95, 819, 169 and 243 ppb, respectively [25]. 
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B-HCH, hepatochlor epoxide and endrin were detected in 
concentrations of 1.668, 2.098 and 4.66 ng L-1, respectively, in 
El-Sarsawia canal while aldrin and endosulfan were present 
in concentrations of 2.149 and 5.746 ng L-1, respectively, in 
Embaby drain, Menufiya Governorate [26]. Furthermore, 
alachlor was detected in high concentrations (165-254 ppb) 
in some water bodies of many Egyptian governorates such as; 
Cairo, Alexandria, Damietta and Manzala [27]. In a detailed 
monitoring study conducted by Dahshan and co-workers 
[28], organochlorine pesticides; dieldrin, DDD, DDE, DDT 
and endrin were detected in some sites (according to the 
local pollution points) along the River Nile in concentrations 
of 1.081, 1.209, 1.192, 3.22 and 0.403 μg L-1, respectively, and 
they concluded that dieldrin, DDT and DDE concentrations 
were above the WHO standard guidelines. Moreover, the 
concentrations of organophosphorus pesticides chlorpyrifos, 
ethion, ethoprophos, fenamiphos, fenitrothion, pirimiphos-
methyl, quinalphos and triazophos were 0.263, 0.111, 0.578, 
0.04, 1.076, 2.601, 1.222 and 1.91 μg L-1, respectively.

Organic Matter

The occurrence of elevated concentrations of organic 
compounds in a given water resource causes the decrease in 
the dissolved oxygen (DO) of the water due, this condition 
is known as hypoxia of water bodies [29]. Organic matter 
content of wastewater is particularly evaluated by measuring 
the concentrations of total organic carbon (TOC), total 
nitrogen (TN), chemical oxygen demand (COD) and biological 
oxygen demand (BOD) [30]. Organic pollutants from distillery 
effluent were evaluated by Tripathi, et al. [31] where the 
concentration of TN, COD, BOD and phenols was 1200, 
37000, 17000, 6900 mg L-1, respectively. Food industries are 
usually producing wastewaters rich in organic matter [29]. 
The improper discharge of such wastes sometimes poses 
pollution threats to the aquatic environment. The organic 
content of maize processing wastewater of an industrial 
factory, located on the 10th of Ramadan industrial city in 
Egypt was rich in carbonaceous and nitrogenous compounds 
where COD, BOD and TKN concentrations were 12100, 9000 
and 2330 mg L-1, respectively [32]. In addition, animal-
processing industries are also reported as another source of 
water pollution with organic matter, where a considerable 
amount of organic wastes were always produced, which 
indirectly, might reach the water systems. For example, the 
BOD of slurry collected from some pig farms was in range of 
30000 to 80000 mg L-1 [33]. Manure is always collected in 
farms of livestock production to be used as organic fertilizer, 
sometimes it diffuses in water channels causing their 
pollution [34]. Fertilizers are usually applied for agricultural 
purposes, when they are excessively used; they might 
contaminate the water bodies via soil wash-off. Moreover, 
aquacultures are considered a major source of organic 
encumbrance in water environments. For instance, a salmon 

farm in Scotland was found to produce organic wastes 
equal to 75 % of the domestic organic wastes of the human 
inhabitants. The total organic wastes generated by shrimp’s 
aquacultures in Bangladesh exceeded 600 tons per day [35]. 
In a study conducted on water samples collected from some 
fish farms located in the city of Abengourou - Côte d’Ivoire to 
evaluate their physical and chemical quality. Sanou and co-
workers [36] found that the values of physical characteristics 
such as pH, temperature, DO, TDS, EC, transparency and 
suspended matter were ranged between 6.2 - 8.18, 28.28 - 
30.87 ºC, 5.28 - 6.92 mg L-1, 21 - 42 mg L-1, 32 - 101 µS cm-1, 
25 - 43.6 cm and 101.69 -149.58 mg L-1, respectively. While 
the values of chemical characteristics such as PO4, NO3, 
ammonia and chlorophyll (a) were ranged from 2.2 to 4.3 mg 
L-1, 3.7 to 16.6 mg L-1, 1.04 to 2.69 mg L-1 and 2.6 to 6.6 µg 
L-1, respectively. They finally calculated the pollution indices 
which were ranged between 2.00 to 2.66 and approved that 
there were high levels of organic materials in the farm.

On the other hand, the Egyptian aquaculture has gained 
a prompt development over the past ten years. Egypt is 
now number one in Africa and number six worldwide in 
aquaculture production. The Egyptian total fish production 
is mainly coming from aquacultures (about 81%), the rest is 
coming from lakes (such as; Al-Manzala, El-Brullus, Ghalion, 
Qaroun and Nasser lakes) in approximate percentage of 
(10%), of seawater (4.4%) and of freshwater (3.8%). The 
environmental problems always occur in fish culture ponds 
are; 1) accumulation of toxic metabolites 2) excessive 
phytoplankton production and 3) low dissolved oxygen [37].

Dyes

Globally, dye production and dye industries are of great 
concern, it was reported that about 700,000 tons of different 
kinds of pigments were produced annually [38]. Of them, 
about 10 to 15% were discharged as effluent during their 
applications [39]. The discharge of effluents containing dyes 
into different water resources poses some possible menaces 
to the quality of water, and generates tangible problems 
to the aquatic biota, plants and animals, as well as, the 
human beings. Furthermore, coloring of water caused by 
dyes-contamination reduces the amount of sunlight and of 
oxygen penetrates to the water body, which could weaken 
photosynthesis and consequently, reduce the concentration 
of DO in such water system [40]. Nowadays, abundant 
industries initially depend on dyes as a main constituent 
during the production process including; paper, textile, food, 
electronics, rubber, leather, cosmetics, paints and inks [41]. 
Textile industries consume the majority (about 70%) of 
overall produced dyes [42]. The complexity of the chemical 
structure of most pigments resulted in their resistance to 
be broken down even after they reach the water effluents; 
therefore, they are severe to be degraded or decolorized 
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even after they reached the water systems [43]. Among the 
plenty of dye-types commonly used in different industries, 
azo dyes are considered the most common, as they are 
used extensively [44]. The group of the azo dyes contains 
synthesized organic chemicals that contains one azo group 
(– N=N –) or more, in their structure. When azo dyes 
reach wastewater, they attracted to the suspended organic 
particles by electrostatic interactions, which increase their 
persistence [45]. The environmental impact assessment of 
the contamination of the aquatic environment with harmful 
dyes could be explained as follows; when such wastewater 
is discharged into a water body; the concentration of BOD, 

COD, total nitrogen and some trace metals like Cr, Ar and Zn 
will increase [46], that will affect the aquatic animals, which 
might transfer such toxic components to humans beings, 
through the food chain, causing many diseases like; bleeding, 
hypertension, cramps and nausea. Sometimes in high doses, 
severe damage to the kidneys, livers, reproductive system 
and brain might occur [47]. Unfortunately, most of azo dyes 
are reported as carcinogenic or toxic and recalcitrant [4]. The 
pigmentation of wastewater ponds collecting effluents from 
10th of Ramadan City factors - Sharqia Governorate - Egypt, 
was reported by Ewida and co-workers [48] as illustrated in 
(Figure 1).

Figure 1: Contamination of wastewater ponds at 10th of Ramadan industrial city – Sharqia Governorate - Egypt with textile red 
dyes (with permission of Ewida, et al. [48]).

Oil Spills

The offshore oil exploration, the ocean and/or river 
transportation, tankers release and the accidental spills of 
refined petroleum products, are the main causes of aqueous 
environment contamination with oil spills [49]. Worldwide, 
the amount of spilled oil in the aquatic environment from 
2010 to 2015 has reached 330 x 103 tons, as reported by 
Duran R, et al. [50]. The majority of oil spills might occur 
due to some accidents such as; the outpouring of tankers’ 
crude oil or refined petroleum products, drilling rigs or wells 
and offshore platforms, as well as, the release of fuels from 
large ships [51]. So, we can conclude that oil spills are mostly 
originated due to human activities. Once oil spilled out in the 
aquatic environment, it mainly floats on water surface due 
to the difference density. It will rapidly spread, sometimes 

reach the shores, and then it becomes a thin black layer 
known as an oil slick [52]. Such type of pollution is hard to be 
treated and may remain for hundreds of years due to oil low 
solubility, high viscosity and chemical stability [53]. Several 
accidental oil spills have been recorded worldwide; details 
for some of them will be given as follows;

The Oil Spill of Persian Gulf (1991): It happened as a 
result of the Gulf War in 1991 and was recorded as one of 
the biggest oil spills in the history where the total amount of 
the spilled oil approximately achieved 200 million tons [54]. 
Numerous researches have been conducted to evaluate the 
impact of such spill on the marine environment. The majority 
of them were concluded that such spill caused aggressive 
environmental deterioration to the marine organisms [55], 
illustrated by (Figure 2).
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Figure 2: Environmental impacts of Gulf War Oil spill, 1991(Free social encyclopedia, photos subjected to copyright).

The Macondo Oil Release at the Gulf of Mexico (2010): 
It happened due to the exploding of the drilling rig of DH at 
the Gulf of Mexico. The approximate amount of the spilled 
oil exceeded 100 million tons where the oil overflowed from 
the damaged well for 87 days. That led to the pollution of 
more than 1773 km of shoreline [56]. After one year of this 
spill, the contamination of Atlantic Ocean water with alkanes 
and polyaromatic hydrocarbons (PAHs) was observed at 
Louisiana marshes [57].

The Penglai 19-3 Oilfield Spill (2011): It was initiated 
from the sea floor and continued for 4 days, resulting in the 
leakage of about 20 million tons of crude oil which impact 
Bohai Sea shorelines at China [58].

In Egypt; the detection of weak oil spills has been detected 
during some few accidents of oil-water transportation and 
somewhere at the river banks near the stations of ship 
settlement and fixation [59-61].

Discussion 

The existence of organic pollutants in a given 
water resource is undesirable, so, some conventional 
physicochemical methods for recovery were applied to the 
contaminated sites. Among those methods are mechanical 
removing, washing out by highly pressurized hot water 
[62] and chemical curing [8]. The physical technologies 
usually require heavy equipment with a lot of efforts and 
sometimes it is very expensive [63]. The chemical treatments 
methods sometimes produce residues which have more 
serious unfavorable effect on the water environment 
[64]. Bioremediation is a promising technique attracting 
worldwide concern, to remove organic pollutants from 
the aqueous environment. It is eco-friendly, cost-effective, 

and suitable for in situ applications [1,8,65]. The term 
“Bioremediation” points to the process of pollutants removal 
from the environment using living things. Bioremediation 
is sometimes named after the organisms used; it is called 
phytoremediation when using plants, phycoremediation 
when using algae, mycoremediation when using fungi 
microbial remediation when using microorganisms such as 
bacteria [66,67]. The organisms involved in bioremediation 
are called bioremediators. Possibly, microbial bioremediation 
is the most common and traditionally applied worldwide. 
Microorganisms exhibit different mechanisms when applied 
for bioremediation; such as i) Biodegradation: which 
concerns the capability of microorganisms to utilize the 
targeted organic compound, resulting in the conversion 
of the substrate to a simpler one. If biodegradation of a 
given organic pollutant ends with mineral compounds like 
CO₂, H₂O, and or NH₄⁺, it is called mineralization [68]; ii) 
Biotransformation: describes the chemical modification 
performed by microorganisms for the targeted organic 
compound, which might reduce or increase the toxicity 
of pollutants. When microorganisms transform dyes by 
removing their colors, it is called biodecolorization, which 
lower the harmful effect of coloring the water environment 
[48]; iii) Bioaccumulation: is used when microorganisms 
gradually accumulate substances, such as pesticides, in their 
cells. When the microbial cells absorb some toxic materials at 
a rate faster than that at which the substances are naturally 
broken down or eliminated, that called bioaccumulation 
[69]; iv) Biosorption; refers to the ability of microbial cells to 
bind and concentrate heavy metals from aqueous solutions 
[70].

As the aim of the present review is to consider 
the bioremediation of organic pollutants, through the 

https://medwinpublishers.com/OAJMB


Open Access Journal of Microbiology & Biotechnology
6

Ewida AYI. Bioremediation of Some Organic Pollutants in the Aquatic Environment; the Egyptian and the 
Global Experiences. J Microbiol Biotechnol 2024, 9(3): 000302.

Copyright©  Ewida AYI.

biodegradation ability of microorganisms, the following 
discussion will focus on the microbial biodegradation of 
pesticides, organic matter, dyes and oil spills from the aquatic 
environment, concerning the results obtained from in vitro 
and in situ cases studies.

Microbial Degradation of Pesticides

Due to different economical and agricultural reasons, 
pesticides use cannot yet be completely avoided [71] 
and the need for remediation of the pesticides-polluted 
aqueous environment is still of great importance. The 
microbial remediation of pesticides attracted scientists 
for a long time and continued up to date [72,73]. Most of 
pesticides are chemically complicated in their structures 
and are deemed as POPs i.e. persistent organic pollutants. 
POPs are materials that hard to be degraded and last for 
a long time in the aquatic environment [74] and called 
recalcitrant [4]. However, plentiful of microorganisms 
have been reported as valid biodegraders; fungi such as 
Lentinus tigrinus, Phanerochaete chrysosporium, Pleurotus 
ostreatus and Trametes versicolor [75]; bacteria such 
as Micrococcus, Arthrobacter, Bacillus, Enterobacter, 
Alcaligenes, Burkholderia and Pseudomonas [76]. Some in 
vitro experiments recorded in the literature were given in 
Table 1.

The ability of microorganisms to biodegrade pesticides 
is affected by some factors like the structure of the pesticide, 
its concentration, and the conditions under which the 
biodegradation process is performed. The degradation 
of pesticides passes through multi-steps involving many 
metabolism enzymes of the microorganism [77]. Some 
scientists recorded high performance of microorganisms 
for pesticide remediation from the aquatic environment, for 
example; Ewida [23] found that the bacterial consortium 
isolated from Ochlocknee River water, in Florida, 
removed 94% of endosulfan and 80% of alachlor of initial 
concentration 100 mg L-1 (each). The potential biodegrading 
bacteria for endosulfan and alachlor were Burkholderia, 
Pseudomonas and Beta Proteobacterium. The identification 
of whole genomic material of those bacterial isolates 
indicated that they have specific genes controlling their 
abilities to degrade many other pesticides such as atrazine 
[78]. Contrary to such findings, Istvan [79] found that only 
34% of 10 mg L-1 of acetochlor was removed after one month 
of treatment by soil bacteria. In a case study conducted on 
diuron using a microbial community of freshwater sediment 
collected from Morcille River, in France, authors suggested 
that diuron might be mineralized by the act of the microbial 

enzymes [22].

The laboratory-scale experiments are considered the 
uterus from which a new technology will elaborated. A 
laboratory investigation was carried out using bed biofilm 
reactors for malathion and chlorpyrifos, the reactor was 
operated for 300 days, and the biofilm could remove 70% 
and 55% (of 210 and 165 µg/m2/d), respectively [80]. 
On a pilot scale, Carles and co-workers [71] did apply the 
degrading bacteria (previously identified as eco- friendly) 
for pesticide removal. They constructed small boxes 
(microcosms) containing soil planted with seeds of wheat, 
then they applied 2,4-D herbicide mixed with a bacterial 
degrader named Cupriavidus necator JMP134. All were 
incubated in small agriculture greenhouses covered with 
porous plastic covers, for two weeks. They found that the 
application of bacterial degrader with the pesticide did not 
suppress its effectiveness, as well as, reduce the time of 
pesticide persistence in the environment by threefold than 
usual.

In Egypt, many authors have been engaged in pesticide 
bioremediation research, for example; Bayoumi, et al. [81] 
isolated six microbial strains from soil and sewage water 
polluted with dursban pesticide. Those microorganisms 
showed their capabilities to utilize dursban as a sole 
carbon source. The conditions of dursban breakdown 
were optimized using MSM enriched with 40 ml L-1 of 
pesticide concentration, at 25 oC for 7dyes. The potential 
bacterial isolates could remove dursban were identified as 
Flavobacterium balustinum S8B6 and Pseudomonas stutzeri 
S7B4. Another study concerning the degradation of 17 
organophosphorus pesticides (OCPs) presented in three 
different agricultural wastewater drains at Kafr El-Sheikh 
Governorate. Numerous bacterial strains were isolated 
from the same sources; the best of them was identified 
as Peanibacillus sp. and was found capable of degrading 
10 (of 17 OCPs) in broth cultures, with removal efficiency 
frequented from 24.4 % to 100 % [82]. Fungi were also 
reported in pesticides biodegradation field for example, 
Ibrahim and co-workers [83] isolated Anabaena oryzae 
and Nostoc muscorum from wastewater at Al-Fayoum 
Governorate. They recorded the ability of such fungi to 
breakdown up to 90% of malathion concentration of 100 mg 
L-1. Recently, Ewida and co-workers isolated and identified 
two bacterial and four fungal strains from agricultural 
drainage water which showed high potential (more than 
90%) in degradation of chlorpyrifos and malathion with 
concentrations up to 100 mg L-1 [84].
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Pesticides Microorganisms Source of Isolation References
Aldrin - Endrin Bacillus sp., Artheobacter sp. Soil, Wisconsin, U.S.A. [85]

Atrazine, Propazine, Simazine Rhodococcus sp. Agricultural soil, Ottawa, Canada [86]
Carbofuran Bacillus thuringiensis Nzoia River basin, Kenya [87]

Chlorophenyl Pseudomonas acidovorans Soil, Tennessee, U.S.A. [88]
Chlorpyrifos Verticillium sp. Soil, China [89]
Chlorpyrifos Bacillus cereus Wastewater, Egypt [90]

DDT Stenotrophomonas sp. Soil, Kenya [91]
Diazinon Serratia marcescens Soil, Katowice, Poland [92]

Malathion Pseudomonas frederiksbergensis Soil, India [93]
Methyl, Parathion Sphingobium sp. Wastewater of insecticide factory, China [94]

Oxamyl Pseudomonas monteilii Agricultural soil, Crete, Greece [95]
Propiconazole Burkholderia sp. Soil, India [96]

Toxaphene Bjerkandera sp. Soil, La Paz, Bolivia [97]

Table 1: List of some pesticides degraded by a diverse group of microorganisms from different locations.

In Situ Application of Pesticide Bioremediation: Biobed 
bioremediation systems have been originated by a Swedish 
farmer named Goran Ohlsson in 1992. It is an efficient, 
environmentally friendly system, for in farm - treatment 
of wastewater contamination with pesticides. The original 
components of the biobed were soil, peat and straw in 
volumes of 25: 25: 50. They subjected to air-drying and 
grounding then mixed and packed in big boxes. When 
wastewater contaminated with pesticides is passing through 
such biobed, pesticides are completely adsorbed on it. At 
the same time, microorganisms available in the biomixture 
start to degrade the adsorbed pesticides [98]. Since that 
time, biobeds have been used worldwide, the simplicity and 
efficiency of the biobed system led to its fast distribution and 
use in many countries, such as; Guatemala, Peru and Ecuador. 
Furthermore, it is distributed in European countries with 
different names like; biofilter in Belgium, biomassbed in Italy, 
and biobac in France. Moreover, some scientists modified 
the biomixture content of the biobed aiming to enhance the 
microbial community to perform pesticide biodegradation 
more efficiently. In Spain, a group of agricultural and 
environmental researchers has constructed biobeds using 
olive-oil industry wastes mixed with soil in a pilot-scale assay 
to use it in olive grove areas. They found that the removed 
proportion of diuron, dimethoate, imidacloprid, oxyfluorfen 
and tebuconazole was 75, 100, 80, 50 and 73 %, respectively 
[99].

Microbial Degradation of Organic Matter

Domestic wastewater, food industry effluents and 
aquacultures always comprise high concentrations of OC, 
COD, BOD and TN due to their richness in organic matter such 

as; proteins, fats, carbohydrates, oil & grease, fatty acids and 
nitrogenous compounds [29]. These contaminants are easily 
degraded by microorganisms under aerobic conditions. 
Aerobic biodegradation is carried out by degradable 
organisms that strictly needing oxygen in their degradation 
either at the start of the process of contaminants breakdown 
or at the end of their metabolic chains [100]. Enzymes 
such as; oxygenase and peroxidase are sharing in organic 
matter degradation; abundant strains of bacteria and fungi 
were reported in the literature as such enzymes producers; 
they get benefits of them through observing carbon and 
nitrogen sources, as well as, energy [30]. Such capability 
of microorganisms attracted environmental researchers 
since a long time. McIntosh and McGeorge [101] have used 
aeration theory to treat liquid wastes with high COD and BOD 
contents from canned fruits and vegetables. The approximate 
recorded values of COD and BOD were 4000 and 3000 mg 
L-1, respectively, and by the act of microbial degradation, 
enhanced by excessive oxygen, reduced by more than 80%. 
Tricolici, et al. [102] investigated wastewater biodegradation 
of dairy industry, in Romania; it was characterized with its 
high concentration of nitrogenous compounds. They reported 
that microalgae and bacteria were capable of removing about 
68% of TN and 91% of COD contents. In Egypt, Abdel-Fatah 
and co-authors [103] applied using of plentiful aeration to 
treat maize processing wastewater. They found that the COD 
and BOD contents come down from 8000 and 4500 mg L-1 to 
700 and 400 mg L-1, respectively. Ewida [32] did operate a 
one-month lab experiment on corn processing wastewater 
very rich in COD, BOD and TN, under ambient conditions 
and excessive oxygen created by continuous shaking. They 
potentially reduced from 12000, 9000, and 2330 mg L-1 to 
430, 220, and 420 mg L-1, respectively. The identification 

https://medwinpublishers.com/OAJMB
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of microorganisms performed such breakdown are 
Bacillus subtilis, B. licheniformis, B. amyloliquefaciens and 
Saccharomyces cerevisiae.

Microbial Degradation of Dyes

The bioremediation of dyes from the water environment 
can be achieved using microorganisms and/or their catalytic 
enzymes. A lot of potential bacterial strains competent to 
decolorize plenty number of dyes has been investigated 

under different conditions by many researchers [48]. For 
example; bismarck brown y dye in concentration of 200 
mg L-1 was decolorized by Alcaligenes faecalis ZD02 with 
percentage of 88% through 48 h [104]. Recently, about 93% 
of 500 mg L-1 of reactive black 5 dyes has been degraded by 
Pseudomonas entomophila BS1 within 120h [105]. Table 2 
summarizes some published researches concerning dyes 
biodecolorization, it includes dye name, the concentration 
used, the microorganisms used and the reference.

Dye Microorganism Optimum Dye Concentration (mg/L) References
Acid red 337 Bacillus megaterium 500/ 24h [48]
Cotton blue Penicillium ochrochloron 50/ 2.5h [106]

Crystal violet Pseudomonas putida 0.022 / 7d [107]
Direct black 38 Enterococcus gallinarum 100 / 5d [108]

Direct blue Pseudomonas desmolyticum 100/ 72h [109]
Indigo blue Phormidium autumnale 0.02/ 19d [110]

Malachite green Pseudomonas pulmonicola 50/ 3.5h [111]
Reactive green 19A Micrococcus glutamicus 50 / 42h [112]

Reactive red 2 Pseudomonas sp. 3000 / 72h [113]
Remazol red Lysinibacillus sp. 50/ 6h [114]

Table 2: List of some dyes degraded by a diverse group of microorganisms with different concentrations.

In addition, it was approved that indigenous 
microorganisms (i.e. microorganisms which have been 
isolated from the contaminated sites) are always capable 
to achieve the best results of biodecolorization or 
biodegradation of dyes. Abo Zeid, et al. [115] isolated bacterial 
community from the River Nile (a non-contaminated site) 
and El-Rahawy drain (as a heavily contaminated site) to 
evaluate the biodecolorization capability of the microbial 
community of both resources for dye telon yellow A 4R. 
El-Rahawy drain bacterial consortium was capable of 
decolorizing more than 90% of 200 mg L-1 of the dye while 
the bacterial consortium of the Nile River decolorized less 
than 20% of the same concentration. Ewida, et al. [48] have 
been use textile wastewater samples collected from a textile 

effluent contaminated with red pigments to isolate some 
indigenous bacterial strains having the ability to biodegrade 
red dyes. They have isolated and identified a bacterial strain 
named Bacillus megaterium KY848339.1 which showed a 
potential capability (91%) to remove azo dye acid red 337 
from solutions at concentration up to 500 mg L-1. The follow 
up of degradation pathway using Liquid Chromatography-
Mass Spectrum (LC-MS) instrument approved the complete 
degradation of the dye by such bacterium. Finally, they 
applied the same experiment under same conditions, using 
B. megaterium on wastewater samples contaminated with 
red dyes. The bacterium was able to remove 98.9% of the red 
color within 10 days (Figure 3).

Figure 3: Biodecolorization of red-colored textile wastewater using B. megaterium [48].

https://medwinpublishers.com/OAJMB
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Recently, the using of immobilized enzymes instead 
of the microbial cells had drawn abundant attention of 
scientists. Microorganisms could produce enzymes such 
as; peroxidases, laccases and dioxygenases which act as 
biocatalysts in dye biodegradation process [104,116]. For 
instance; malachilte green dye was completely degraded 
at concentration of 50 mg L-1 using laccase enzyme. The 
advantages mentioned by the authors illustrated that the 
enzyme was resistant to high salinity, high heavy metal 
content and high temperature [117].

Microbial Degradation of Oil Spills

Crude oil contains thousands of components (named 
hydrocarbons; which are compounds composed mainly of 
hydrogen and carbon). These components are separated 
into saturates, aromatics (including PAHs), resins 
(including; amides, carbazoles, sulfoxides, quinolones and 
pyridines) and asphaltenes (including; porphyrins, esters, 
fatty acids, phenols and ketones). Some microorganisms 
have a potential ability to break down hydrocarbons from 
oil spills, for instances; Rhodococcus sp., Acetobacter sp., 
Bacillus sp., Pseudomonas sp., and Flavobacterium sp., were 
isolated from diesel-contaminated water, they showed 
promising capabilities to biodegrade plenty of PAHs [118]. 
Biodegradation of oil spills sometimes deals with one or 
more of the oil- constituents [60] and sometimes deals 
with the row crude oil [119]. When crude oil is accidentally 
spilled out, it is subjected to the weather factors that affect 
biological and physico-chemical processes. Saturates are 
readily biodegraded in the water environment, due to 
their simple structure of single bond (C-C atoms) [120]. 
Aromatics containing one to three benzene rings are also 
subjected to biodegradation; Jahin, et al. [60] isolated 
bacterial consortium from the river Nile, which was capable 
of degrading phenanthrene (a three-aromatic ring PAH) in a 
concentration of 100 mg L-1 over 14 days. Although those four 
to six aromatic ring PAHs are highly resistant to microbial 
biodegradation, a four-ring PAH named fluoranthene was 
utilized as a sole energy and carbon source by Pseudomonas 
paucimobilis EPA505 isolated from an oil contaminated soil 
[121]. Concerning the biodegradation of PAHs composed of 
five or more rings, there is much less research data in the 
literature. However, Cladosporium sphaerospermum, a soil 
fungus that was isolated from a senile gas refinery plant, 
was able to uptake 18% of the original concentration of 
benzo (a) pyrene (a five-ring PAH) after 4 days of incubation 
[122]. Moreover, the biodegradability of asphaltene and 
resin fractions of oil which contain higher molecular weight 
compounds is not yet clears [123]. To enhance the ability of 
microorganisms to remediate the oil spills, some scientists 
applied adding biosurfactants to the aqueous medium within 
which the biodegradation process was performed. Chen, et al. 

[124] constructed a lab experiment by using two models, one 
containing crude oil with bacteria and the other containing 
crude oil with bacteria with rhamnolipid biosurfactant. They 
reported that rhamnolipid could increase the degradation 
of oil from 22% (bacterial cell only) to 58%. The ability 
of some bacterial isolates to produce biosurfactants is 
of great importance in the industrial field [61]. Other 
scientists prefer to supplement the water system at the oil 
contaminated site with nitrogen and phosphorus fertilizers 
to enhance the growth of biodegrading bacteria in such site 
to biodegrade the spilled oil. This concept was applied in situ 
at a large-scale implementation for bioremediation of oil 
that was spilled out from the supertanker of Exxon Valdez 
at Alaska. The supplementation of the contaminated water 
site with nitrogen and phosphorus compounds resulted in 
the overgrowth of an endogenous bacterial group belonging 
to genus Alcanivorax which predominate the bacterial 
community of the oil- contaminated marine environment 
[123]. Recently, some environmental researchers prefer to 
use extracted enzymes for biodegradation of spilled oil [53].

In Situ Applications of Oil-spill Bioremediation: In 
1989, the oil mega tanker of Exxon Valdez accidently struck 
Bligh Island Reef at Prince William Sound, Alaska, USA. The 
crude oil continued to spill out for several days that led to 
a serious environmental disaster where more than 260,000 
barrels of crude oil were spilled out. The Oceanic waters of 
approximately 778 Km of the shorelines were affected by the 
oil slicks. The application of physical washing was difficult 
to be achieved, so, bioremediation became the choice for 
shoreline curing by EPA and Exxon. During the first couple 
of weeks of the spill, they perform some laboratory tests, 
adjunct to some field trials to apply the addition nitrogen 
and phosphorus fertilizers to promote the growth rates of oil 
biodegrading bacteria. The addition of fertilizers enhanced 
some indigenous hydrocarbon-degrading microorganisms 
by 1.25% per day. Getting such results, the federal on-scene-
coordinator approved the implementation of bioremediation 
technique for spill curing using fertilizers. The concentrations 
of NH + and that of NO in oceanic water were followed up 
considering EPA water quality standards. The count of oil- 
degrading bacteria at the beginning of treatment was 1 X 103 
CFU mL-1 and become 1 X 105 CFU mL-1 during the treatment 
time. From 1989 to 1991, more than 1400 oil-contaminated 
sites along the shorelines were loaded with fertilizer. Finally, 
a survey was carried out in 1992 approved that most of the 
shorelines were cured from oil contamination and the U.S. 
Coast Guard and the State of Alaska officially declared the 
cleanup was accomplished [125].

In 2010, high-pressure oil absconds from an exploratory 
well belonged to the British Petroleum’s Deep Water Horizon 
in Mississippi Canyon Block. It was located 48 miles offshore. 

https://medwinpublishers.com/OAJMB
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Oil leaked from multiple locations over 84 days, leading to 
spill of more than 5 X 106 barrels of Macondo oil. Dispersion 
of oil was the first strategy used to decrease the negative 
impact of oil on the water environment, thereby preventing 
large slicks formation. However, some large oil spills moved 
to the ocean surface, the bacterial count in such spills was 1 X 
105 CFU mL-1 while it was 1 X 103 CFU mL-1 outside the spills. 
Using the 16S rRNA technique for bacterial identification, 
the majority of the bacterial community was belonged 
to Gamma-proteobacteria which known as strong PAHs-
degrading bacteria [126]. Two coastal marshes impacted by 
such oil spill were selected to apply bioremediation of PAHs 
and alkanes; Bay Jimmy and Fourchon Beach in Louisiana 
from 2012 to 2015. Obvious loss of 3- and 4- ring PAHs was 
recorded, with elevation in CO2 (comparing such results with 
those obtained from laboratory experiments ensuring the 
mineralization of such organic pollutants by bacteria) [127].

Restrictions and Challenges of Using 
Microorganisms to Treat Organic 
Contamination of Water Bodies

Despite the several advantages mentioned through the 
present review concerning the application of bioremediation 
for removing pollutants from the aquatic environment, there 
are some limitations that always challenge the researchers 
such as; i) solubility of the pollutants (to be available for 
bacterial cells and enzymes), which sometimes delivered by 
using biosurfactants; ii) the contaminant concentration, the 
in situ application of bioremediation cannot control pollutant 
concentration; iii) time consumed, bioremediation relies 
mainly on microbial metabolism to degrade pollutants which 
sometimes need months or years to uptake all pollutants; 
iv) the amount of biomass, which might be resolved by 
using fertilizers; v) the environmental conditions, which 
considered the most serious challenge to be adapted.

Conclusion

Bioremediation of organic contaminants using microbial 
biomass seems to be a very promising technique to clean the 
aquatic environment. It has several advantages compared 
with the traditional physical and chemical methods; it is 
environmentally friendly, cost-effective and can be applied 
to treat large-distances of contaminated areas. The ability of 
microorganisms to biodegrade pesticides, organic matters, 
dyes and oil spills was investigated by many authors in 
vitro to remediate the environment. Moreover, many in 
situ applications of bioremediation have been recorded 
worldwide, encouraging the author to recommend the use of 
such technology to remediate the aquatic environment.
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