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Bioremediation is a crucial strategy in combating environmental
pollution, particularly in soil. The escalation of industrial and agricultural
activities, coupled with the introduction of non-degradable and toxic
pollutants, has exacerbated soil contamination. Heavy metals, such as lead
and zinc, resistant to degradation over time, potentially accumulating in the
food chain and posing persistent threats to both the environment and
human health. Similarly, chemical compounds like herbicides and
insecticides present challenges due to their prolonged stability and
persistence. Although various chemical and physical methods exist for soil
remediation, the biological approach gains more attention due to its
sustainability and minimal impact on native ecosystems. Bioremediation
leverages natural organisms to transform hazardous substances into less
harmful forms. Microorganisms play a pivotal role in this process.
Furthermore, plants can enhance bioremediation efficiency through
symbiotic relationships with bacteria, accelerating the degradation of
pollutants and accelerating soil productivity restoration. The use of native
plants and microorganisms, especially in countries with high biodiversity
such as Iran, is an important step towards the sustainable use of this
technology. Native plants and microorganisms have the ability to make
better use of environmental conditions and are most efficient with minimal
environmental changes. Recent advancements in 'omics' technologies, such
as genomics, proteomics, and metabolomics, have opened new avenues for
the exploration and application of bioremediation techniques. These
advance technologies enable molecular-level studies of organisms by
generating big data to identify the most effective microorganisms for
specific pollutants. Bioremediation can be applied in two primary ways: in
situ or ex situ. In-situ bioremediation addresses contaminated soil directly
on-site, whereas ex-situ bioremediation involves the removal of
contaminated soil to another location for remediation. Each approach has
its advantages and limitations, necessitating careful consideration prior to
implementation. The integration of phytoremediation and microbial
bioremediation methods can enhance efficiency and reduce costs, making
the process economically viable. This study aims to serve as a
comprehensive guide to understanding the diverse methodologies in
bioremediation. Furthermore, it proposes sustainable and effective
strategies to transform non-arable polluted lands into arable areas, offering
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environmental and economic benefits for future land reuse. Finally, what is
ahead of bioremediation is turning bioremediation into a central tool in
sustainable development. In addition, from the decomposition of industrial
pollutants to the restoration of damaged natural environments,
bioremediation can play an important role in providing a better and
healthier life for future generations. This multifaceted and expandable
approach can be one of the keys to success in sustainable environmental
management in the 21* century.
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1- Vapor extraction

2- Incineration

3- Solidification

4- Thermal desorption
5- Soil leaching

6- Enzymatic degradation
7- Biosparging

8- Biostimulation

9- Bioaugmentation
10- Bioventing

11- Natural attention
12- Archaea
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12- Metagenomics
13- Next-Generation Sequencing
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1- Aspergillus sydowii
2- Chlorpyrifos

3- Methyl parathion
4- Brassica juncea

5- N. Caerulescens

6- Populus deltoides Bartr. ex Marsh
7- E. Coli

8- merA

9_ Hg2+

10- Hg*

11- merB



Oy g b3l (g3 plact 5/ o 2V hCumm ) (g8 S ol

Slasdlan 3 (Y1) tiees (5515n 0 Ll 53 e
sskea Al pbel OKes 5 ol buy &S
s Sadl as a OLdl
€ 3 8ae b ol SL lad s (S 3 5 5
A Ol e s Ol il )
amd Opn el g b aglia o s 0L gl
TEEIE I EPUR T SPRW IS
G e o 3 ST (YY) sp 5 g UYA
Olgee O Jl 3 & ol Sl s (35 55 skl
e oS o S s S v s JB S
B5h o 2SN Samer 53 e S B Dl
SN J1als s Vo sl s
elmil Gob s S5 sl S ol
Jos C)l’; Vs 5 de o Vb
oVl e s VL 5 e el
S gl (ST o 53 odie 55b 4
5 LS T Joe 2 Y e S s
RV S e s bl 4l (S
5 Ol Ok plles () sphe bl
PRRIT RS PUR P A PO LS P o
f Lo VT sseSay 3 (sla0 Oly Jial3bl S
Lo tasn 0 S S Vo TS
5 st OLLS Ole bl Jedly 4 4
shea S s s baeeslSls S
(LS 54 el e glasls Ve
s LSl L des 8 LulS LS
OS5 s liSay s 5 oS A,y S e a5 bl

(T8) WAs by 5 oluld Ls g 2
Ol by 2 5 fhe sla)sSB
Sl g ge 31 0T 53 Sl ol b Vb
oslizal (S0 Gl b 2als 5 Slol 6l e
S G PO R Uy R FCNE R
5 e Bl b et s s iS5 S

14- Halophyte
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1- Alcaligenes

2- Xanthobacter

3- Arthrobacter

4- Pseudomonas

5- Bacillus

6- Mycobacterium
7- Corynebacterium
8- Flavobacterium
9- Nitrosomonas
10- Rhodococcus
11- Mycobacterium
12- Nocardia

13- Aeromonas
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Table 1. Critical factors for microbial bioremediation.
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The availability of bacteria is essential for the bioremediation process. In  Biological
addition, microorganisms present in the soil require a source of carbon to Factors
sustain their activities. Among the most crucial biological factors
determining bioremediation are interactions (competition, predation, and
replacement) and the population size of microorganisms.
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As an electron acceptor, it plays a role in aerobic bioremediation. In
pollutants with hydrocarbon sources, the presence of oxygen is essential for
the activity of aerobic microorganisms.

1- Staphylococcus sp
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The pH of the environment plays a role in the activity of
microorganisms and the removal of pollutants. For instance, at pH=8,
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activity of microorganisms decreases.
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Figure 1. Types of bioremediations.

1- Oxidoreductases
2- Lyases

3- Transferases

4- Hydrolases
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4- Biostimulation
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1- Engineered bioremedition
2- Biosparging
3- 1,4-Dioxaned
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3- Bioventing
4- Bioslurping
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1- Bioaugmentation
2- Chrysebacterium
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3- Biopiling
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1- Natural attention
2- Solid phase bioremediation
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4- Biofilter
5- Slurry-phase bioremediation
6- Bioreactor
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1- Composting
2- Land farming
3- Sphingomonas
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1- Klebsiella sp

2- Kosakonia cowanii

3- Sinorhizobium melilot
4- Salsola crassa
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6- Proteomics

7- Genomics

8- Transcriptomics

9- Meta-transcriptomics
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1- Salicornia europaea

2- Bienertia cycloptera

3- Salicornia iranica

4- Polymerase Chain Reaction

5- Fluorescence In Situ Hybridization
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1- Pseudomonas aeruginosa
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