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Heavy metals are a dangerous and widespread contaminant in the world be-
cause of the difficulty of disposal. Heavy elements affect the life of organisms
and cause many serious diseases in humans and lead to the deposition of
heavy elements in the soil to the weakness of the growth of plants and its
yield. There are many techniques to remove the deposits of heavy elements,
including bioremediation. Many factors are used in the process of phytore-
mediation, such as microorganisms such as bacteria, fungi, yeasts, algae and
different plants. Microbiology can absorb heavy elements through multiple
mechanisms and specialized vectors. Molecular genetics techniques have
been used to increase the tolerance of plant contaminants and to develop
mechanisms to transfer isolated genes from bacteria to plants and to produce
genetically modified plants that can grow in soils contaminated with high
concentrations of heavy elements. The following review is a review of studies
on phytoremediation to clean the environment from heavy element deposits.
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withdrawn to the vegetative and seeds total har-
vested (phytoextraction or rhizofiltration) and in
exceptional cases volatile (phytovolatilization)

(Naik et al, 2012; Mirlahiji and Eisazadeh, 2014).
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The methods of biotechnologies have focused on
the production of tolerant plants or the accumula-

tion of contaminants by focusing on metal-carrying
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genes and on genes that facilitate the production of
a mixture (Mohsenzadeh and Rad, 2012). In the
case of elements that can volatilize, then the em-
phasis is placed on the genes responsible for turn-

INTRODUCTION

ing the contaminants into volatile.

Contaminants include minerals such as arsenic
(As), cadmium (Cd), copper (Cu), Hg, manganese
(Mn), selenium (Se), zinc (Zn) and Radionuclides
such as Cesium (Cs), Phosphorus (P), U add to plant
fertilizer like nitrate and phosphate (Singh et al,
2011). These minerals are available in the form of
positive or negative shipments. Inorganic contam-
inants can be exchanged by oxidation and Reduc-
tion and can be transported into cells and in other
cases evaporate into the atmosphere such as mer-
cury and selenium but unfortunately cannot be de-
stroyed (Priyalaxmi et al,, 2014). A range of biore-
mediation methods for inorganic compounds, in-
cluding restriction of their movement (immobiliza-
tion), so-called phytostabilization, are available,

Mechanism of removal and absorption of As by
microorganism and plants

Arsenic detoxification is manifested in bacteria
and yeasts, as the similarity between AsV and
phosphates enables the yeasts cells to pull the con-
taminant from the phosphate vectors. In this con-
text, the ability of microorganisms to reduce AsV to
Aslll as a mechanism for these organisms to toler-
ant the contaminant (Kristanti et al, 2011). It does
not stop at this point but excludes those organisms
Aslll oxyanions from their cells by vectors being
used for this purpose (Bogacka, 2011). For exam-
ple, it was found that bacteria (Escherichia coli) is
reduced AsV to Aslll by an enzyme Arsenate reduc-
tase (ARSC) than Aslll is transported outside the
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cell by an export pump Aslll and the mechanism
thus acts as a contaminant resistance (Deeb and Al-
talhi, 2009). Proto organisms show another
method course of detoxification Arsenic by the me-
tabolism of inorganic arsenic into volatile organic
compounds such as Trimethyl arsine after a series
of methylation reactions and s-adenosylmethio-
nine enzymes are used as a cofactor (Dobson and
Burgess, 2007).

Studies of plant capacity in arsenic detoxification
or absorption of various mechanisms have been
identified, the most important of which is that, as
long as AsV is a peer-to-P, it is absorbed by the
plant system by the phosphate carrier (PHT1)
(Garbisu and Alkorta, 2001), which has been
demonstrated in a study on A. thaliana. It has also
been found that AsV is inhibiting gene reactions to
the plant's need for FPC, leading to the conclusion
that ASV overlaps in the presence of phosphate
from its absence to ensure a change in Phosphate
signalling mechanism (Kim et al, 2007). There
were nine phosphates (PHT) carriers with high
portability in (A. thaliana). There is certainly a
need for further studies to diagnose the attractions
of the different phosphate of the AsV and phos-
phate Paranthaman SR, (Karthikeyan, 2015). Sev-
eral studies have suggested that AsV reduced to
Aslll within plant cells by endogenous arsenate re-
ductases, that identified in rice, Holcus lanatus,
Pteris vittata (Salido et al,, 2003). It was found that
the gene insulated from A. thaliana (ACR2) com-
pletes the function of zirconium down sampling in
the strains of E. coli (Rensing and Grass, 2003). Re-
cent studies have shown that the possession of aq-
uaporins compounds MIP (Major intrinsic protein
superfamily) and their function is to transport Aslll
in rice (Tabak et al, 2005). MIPs plant proteins are
divided into four subfamilies, which include; pro-
teins Plasma membrane intrinsic proteins (PIPs);
tonoplast intrinsic proteins and abbreviation
(TIPs); The Nodulin 26-like intrinsic proteins
(NIPs) and finally small group proteins (small and
basic intrinsic proteins SIPs) (Zaidi et al, 2009).

Phytoremediation of arsenic (As)

Nature provides large-scale genetic material
(germplasm), which can be considered as a gene
bank at the request of the person at will. For exam-
ple, Pteris vittata are estimated to accumulate large
amounts of arsenic and grow profusely in tropical
and under tropical areas. This plant can be a strong
candidate for the bioremediation of arsenic-con-
taminated soils in Those areas. In contrast to other
land plants, the plant Accumulates arsenic in the
form of a Aslll (Chaney et al, 2000). It was found
that the gene PvACR3 which encodes the protein is
slightly similar to the ACR3 available in the yeasts
and is responsible for the flow of the As, and the
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Aslll flow to the gap for isolation (Li and Li. 2011).
Although studies have shown that the fern holds
high levels of arsenic in the soil under the condi-
tions of the Glasshouse. The most important is the
lack of full knowledge of the molecular mechanism
to detoxify as by this fern (Machado et al, 2008).
Besides, its permanent growth is limited to tropical
and subtropical areas and may be considered Inva-
sive when transported to new areas, adversely af-
fecting the new ecosystem.

Alternative strategies have been developed for the
use of P. vittata in the search for genetic founda-
tions and mechanisms for the creation of alterna-
tive plants at a lower cost. The basis for the work
of these strategies is built on genetic manipulation
of the inherited material to the desired capacity,
such as increasing the endurance of the new plant
to resist living under the conditions of the arsenic-
contaminated environment, increasing the plant's
susceptibility to remove the contaminant and
transport it to the harvested parts of the plant
(Marques et al, 2014). Many of the research suc-
cesses in development of genetically modified
plants in the capacity of increased endurance and
accumulation to include a high gene expression in
the manufacture or PCs of the GSH, which has in-
creased plant endurance for high levels of As but
unfortunately failed to accumulate the contami-
nant in its tissues (Olatunji et al, 2009).

Scientists developed genetically modified plants
tolerance accumulation of the contaminant As in
the vegetative by collecting expression of the gene
isolated from bacteria. The expression of the iso-
lated gene from the E. coli reductionist (arsC) in the
leaves and Stimulate from the soybean plant-medi-
ated by a small unit of the Roesco enzyme system
(RuBisCO small subunit 1) (Lors et al,2004). An ex-
pression of gene Synthetaseglutamylcysteine ¥
(ECS-¥) isolated from E. coli bacteria in the vegeta-
tive and root groups was obtained through a strong
synthetic catalyst named Actin2. Thus, the plants
were genetically altered twice and showed a high
tolerance compared to those of Ecs¥ units (Pefia-
Montenegro et al, 2015). What is interesting about
this scientific achievement is that the plants that
were genetically modified twice (double trans-
genic plants) formed a 17-fold greater biomass
than the wild plant and accumulated the arsenic in
the vegetative total 3 times more than wild plant
after its development in media containing 125 mi-
cromoles of sodium arsenic (Velasquez and
Dussan, 2009).

Absorption of AS by crops

The absorption and accumulation of as in crops
like rice and vegetables is a very serious health
problem to health and environment of living or-
ganisms, especially human beings (Borma et al,
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2003). The first is to reduce as in the vegetable
parts of the harvest, as most crops are eaten by
their green, pink, or seeds This is done by
downsampling AsV to aslll in roots, with increased
Aslll-thiol complexity by increasing the genetic ex-
pression of the encrypted genes of the cholinester-
ase reduction enzyme and the bio-manufacturing
of protein-root pathways that are only carried out
with the use of promoters that specialize in roots
(Davis et al, 2003). To increase AC production at
the root, It can refrain from moving as to the green
growth after the formation of ASLLL-PC and send-
ing it to the root vascular tissue. Second, AsV ab-
sorption can be stopped by the roots when manip-
ulating phts-inclined compounds to AsV phosphate
allowance. Thirdly, the accumulation of aslll in
crops, especially the rice, can be minimized and re-
duced by the genetic expression of gene Lsil, which
is mediated by the absorption of the roots of both
aslll and Lsi2 responsible for moving aslll from
roots to green growth. Fourthly, the non-organic
transformation into forms of methylated organic
as, which reduces the toxicity as well as the occur-
rence of the As-MMA and DMA types to a gaseous
state of the trimethylarsine (TMA) compound,
which is augmented by the gene expression of the
genome llI-S-adenosyl Methyltransferase (ArsM)
of bacteria, algae or coded plant genes for the AS-
methyltransferases enzyme diagnosed. However,
TMA toxicity in the submerged fields is still needed
for further studies (Gawali et al.,2014).

Pollution and toxicity of Mercury (Hg)

Mercury is highly toxic and its spread in soil and
water is a major threat to human health and the en-
vironment. Mercury is usually released to the envi-
ronment in non-organic forms, either as a metal el-
ement [Hg (0)] or as [Hg (11)]. The ionic body is
inclined to strongly link to the soil components,
thereby reducing their availability and absorption
(Gomes et al, 2013). Organic forms are Hg and,
specifically, Methylmercury, Dimethylmercury and
Phenylmercury highly toxic and accumulate in
membrane membranes. These compounds dis-
courage the dynamic pathways of oxidation and
optical manufacturing. The instance specializes
Mercury (CH3HG) is the most toxic and poses the
greatest risk to humans and the environment be-
cause it accumulates in large quantities in the food
chain (Infante et al,2014). The world felt the ex-
treme severity of the mercury in 1950 after a major
disaster in Japan as a result of mercury poisoning.
The risk lies in contaminated sites where mercury
cannot be removed forever because of the different
forms that are not shattered by the biological activ-
ities of soil revival and its strong association with
organic matter, which poses a permanent risk to
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the environment (Lozano and Dussan, 2013). Radi-
ation from natural mercury has spread to all areas
of the globe

Removal of Mercury (Hg) by plant and bacteria

Bacteria resistant to organic and inorganic mer-
cury salts mediate their metabolic pathway to the
non-toxic Mercury element Hg (0). Mercury-re-
sistant bacteria genes are organized in the genes of
mer operon and the latter varies from one type of
bacteria to another in their composition (Ruiz et
al, 2011). In the case of bacterial resistance in its
narrow conception of mercury, mer operon is
made up of genes that encrypt functional proteins
to regulate merR, transport (merT, merP, merC,
merF) and chemoelectric reduction. While widely
resistant bacteria carry an extra gene that encrypts
merB and which holds resistance to many types of
elemental mercury. The organic Mercury Analyst
(merB) helps to convert R-Hg to Hg and reduces r-
h when R represents a wide range of organic aggre-
gates as an instance or vinyl totals. The reduced en-
zyme of mercury ion (merA) assists the Hg (11) to
Hg (0) (Wu et al, 2015). The latter is less toxic than
the lonic Hg body or membership. Metallic mer-
cury is relatively inert and very low and gaseous
under normal temperature conditions allowing Its
spread of bacteria produced. Mercury evaporates
rapidly from bacteria and reduces in the atmos-
phere to concentrations with harmless levels (Vil-
legas-Torres et al., 2011).

Biotechnology in a plant of phytoremediation
of Hg

Many plant species have been tested and unfortu-
nately, none of the plants tested in the detoxifica-
tion or conversion of the highly toxic mercury com-
pound has succeeded to less toxic organic forms.
As mentioned earlier, coded bacterial genes for
shifting mercury from one form to another have
been identified, laying a foundation on which mo-
lecular genetics specialists can increase plant tol-
erance for mercury (Gomes et al, 2013). Richard
Meagher developed a strategy for this purpose and
his colleagues in the early 1990s, benefiting from
the gene, isolated from genes mer operon bacteria,
namely merA and bacterial Organomercury lyase
gene and transported them to the plants (Infante et
al, 2014). The efforts made by genetically engi-
neered plant engineers have resulted in the trans-
fer of Gengans to different plant varieties, most im-
portantly, tobacco, cotton wool trees and rice. The
genetically engineered expression of the genet-
ically modified plants (Hg) has increased by ten
times the lethal concentrations of non-genetically
modified plants. After being altered, plants showed
high susceptibility to high levels of Hg (0) com-
pared to no Modified plants. Yellow Populus and
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(Cottonwood) have been characterized by addi-
tional benefit because they are deep-rooted in the
soil and growing in moist soils, absorbing the form
of Mercury Hg (11) from the wide-area root total
and dragging it to the vegetative total to fly into the
atmosphere, providing a great opportunity To get
rid of this contaminant in wet soils (Villegas-
Torres et al, 2011).

To increase plant efficiency in order to eliminate
the toxicity of the mercury, mer4 and merB plants
have been modified. It was found that the genet-
ically modified plants of both genes carried a two-
step conversion mercury to a volatile of Hg (0) and
was 50 times the same As the lethal concentration
of the plants of comparison and endured five times
the concentration that kills plants modified by
merB gene only (Wu et al, 2015). When applying
the results of the study to trees after the transfer of
both gene to this plant, they showed a high toler-
ance of organic mercury. Previous results have en-
hanced the potential for the genetic engineering of
a wide range of plants to include trees, shrubs and
grasses and their use in the detoxification of widely
available images of ionic and organic mercury in
sites contaminated by Mercury.

The scientists went further when they noted that
the plastids and the Endoplasmic reticular (ER)
were the target of mercury poisoning, and con-
cluded that the protection of these two parts of the
cell was very important after the engineering of the
detoxification systems in both components of the
cell and would provide high protection of the veg-
etation from Mercury (Lozano and Dussan, 2013).
The beginning was with plastids, genetically engi-
neered by transporting both the gene merA and
merB to the chloroplast. Genetic engineering was
employed in bioreclamation after the transfer of
gene merA and merB from bacteria to a group of
plants. Modified plants have shown high suscepti-
bility in disposing of the toxicity of a mercury in-
stance and converting it into a HgO volatile (less
toxic) (Ruiz et al, 2011).

Selenium

Selenium is an essential nutrient for many organ-
isms, including humans, and its gravity dangers in
its increase or decrease concentration. Although
the plant's need for Salonium is not certified, the
plant absorbs it and represents it inside its tissues
as it is similar to sulphur and is transported by sul-
phur carriers (Wang and Chen, 2009). Se is accu-
mulated in all of the plant parts, including seeds
and can be flown into the atmosphere, knowing
that some items can accumulate high concentra-
tions of Se up to 1% of their dry weight. Many of
the plant species estimated in the accumulation
and volatilization of Se, and can be invested in bio-
reclamation (KCR Sunil et al, 2015).
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It is believed that the toxicity of Se due to a non-
specialized relationship between the two SeCys
and SeMet with protein. To prevent plant poison-
ing, the latter will break seCys into a safe metallic
Se (Se0) or represent it to a relatively non-toxic
methyl-seCys compound which may accumulate to
dimethyl diselenide (DMDSe) compound. Sulphur-
loving plants such as mustard, latex, onion and gar-
lic accumulate in normal conditions 0.01-0.1% of
their dry weight Se and yet they are called ordinary
accumulation types of Se (Jain et al, 2012)
(Wathah, and Marhoon, 2018). The accumulation
of large amounts of se possesses a unique charac-
teristic regarding its preference for the accumula-
tion of Se instead of S and it could carry 1% of its
dry weight under the conditions of the field as well
as its accumulation of Methyl-SeCys compounds
(Fan et al, 2007).

Biotechnology of Selenium metabolism in plant

The first idea began to deal with the endurance, ac-
cumulation and volatility of Se when the gene ex-
pression of the genes included in the representa-
tion and volatilization of sulphur and selenium was
increased. Indian mustard Plant Brassica juncea
showed a high expression of the ATP sulfurylase
(APS) that converts of Selenium from form to oth-
ers and the plant has been able to increase the
downsampling of salite (KCR Sunil et al, 2015).
The test results indicated an increase in the expres-
sion Cystathionine gamma-synthase (CGS), the
first enzyme to convert SeCys to SeMet in the In-
dian mustard plant, which increased the volatility
of Se by 2 to 3 times after genetically engineered
with the gene crossing the enzyme (Lozano and
Dussan, 2013).

Phytoremediation of Selenium

An experiment was carried out inside a glass house
using natural soil containers contaminated with
Selenium and others contaminated with sediment
were used. Plants planted in the soil contaminated
with Selenium and modified with gene APS Accu-
mulated of Selenium triple compared to non- mod-
ified Indian mustard plants, and decrease contam-
ination rate was 40% in the plants to transported
gene CgS and the results were identical to labora-
tory research (Gawali et al,2014). When plants are
planted at a site contaminated with Selenium sedi-
ments, the plants with gene-APS have accumulated
more than four times than the wild plant species
(Mirlahiji and Eisazadeh, 2014). In a second field
experiment, in which soil containing sediment
from the element was used, the genetically modi-
fied plants of SL and SMT showed an increase in the
accumulation of the component by two times, and
the results were identical to the results of the re-
search carried out under laboratory conditions
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(Marhoon et al, 2018). This follows from the im-
portance of the use of biotechnologies in the area
of plant Phytoremediation (Fan et al, 2007).

REFERENCES

Al-nashi, A.P.Ali Abed Raheem; AL-AOSI, Ghaidaa
Raheem Lateef (2013). Isolate and diagnose the
bacteria present in the hospital in the city of Di-
waniyah and the statement of the mechanisms to
control the use of antibiotics and antiseptics. Al-
Qadisiyah Journal of Pure Science, V. 18 (3): 11-
20.

Al-Thahab, Azhar Omran and Ghaidaa Raheem
Lateef Al-Awsi, 2018. DETECTION OF HELICO-
BACTER PYLORI IN PREGNANT WOMEN BY
STOOL CULTURE METHOD, Biochemical and Cel-
lular Achieve Vol. 18, No. 1, pp. 49-54.

Azhar Omaran Al-Thahab, and Ghaidaa Raheem
Lateef Al-Awsi, 2017. The relationship between
H. pylori infection and IL-1f3 polymorphism in
pregnant women, Research Journal of Pharma-
ceutical, Biological and Chemical Sciences, 8 (4)
P.858-866.

Bogacka EK (2011) Surface properties of yeast
cells during heavy metal biosorption. European
Journal of Chemistry 9: 348-351.

Borma LDS, Ehrlich M, Barbosa MC (2003) “Acidi-
fication and release of heavy metals in dredged
sediments.” Canadian Geotechnical Journal 40:
1154-1163.

Chaney RL, Li YM, Brown SL, Homer FA, Malik M, et
al, (2000)Improving metal hyperaccumulator
wild plants to develop commercial phytoextrac-
tion systems: Approaches and progress. CRC
Press, Florida.

Davis TA, Volesky B, Mucci A (2003) A review of
the biochemistry of heavy metal biosorption by
brown algae. Water Res 37: 4311-4330.

Deeb BE, Altalhi AD (2009) Degradative plasmid
and heavy metal resistance plasmid naturally co-
exist in phenol and cyanide assimilating bacteria.
American Journal of Biochemistry and Biotech-
nology 5: 84-93.

Dobson RS, Burgess JE (2007) Biological treatment
of precious metal refinery wastewater: A review.
Minerals Engineering 20: 519-532.

Egbal Dohan Chalap Al- Grawi and Ghaidaa Ra-
heem Lateef Al-Awsi (2018). Expression of
CDKN2A (p16/Ink4a) among Colorectal Cancer
Patients: A cohort study. Journal of Pharmaceuti-
cal Sciences and Research. Vol. 10 (5), 2018,
1145-1147.

782

Fan Q, He ], Xue H (2007) “Competitive adsorption,
release and speciation of heavy metals in the Yel-
low River sediments, China.” Environmental Ge-
ology 5: 239-251.

Garbisu C, Alkorta I (2001) Phytoextraction: A
cost-effective plant-based technology for the re-
moval of metals from the environment. Biore-
sourTechnol 77: 229-236.

Gawali AA, Nanoty VD, Bhalekar UK (2014) Bio-
sorption of heavy metals from aqueous solution
using bacterial EPS. International Journal of Life
Sciences 2: 373-377.

Ghaidaa Raheem Lateef Al-Awsi, 2012. Isolation
and Identification of microbiological from AL-Di-
wanya hospitals and Controlled by Antiseptic
and Antibiotic, M.Sc. Thesis, University of Al-Qa-
disiyah.

Ghaidaa Raheem Lateef Al-Awsi, 2017. Immuno-
logical and Molecular Study on Helicobacter Py-
lori in Pregnant Woman, Ph.D. thesis, College of
Science, University of Babylon, Iraq.

Gomes KM, Rebello RC, Duarte RS, Rachid CT
(2013) Diversity of mercury resistantEsche-
richia colistrains isolated from aquatic systems
in Rio de Janeiro, Brazil. International Journal of
Biodiversity 6: 1-8.

Ibraheen, Lujain Hussein and Abed, Salwan Ali
(2017) Accumulation detection of some heavy
metals in some types of fruits in the local market
of Al-Diwaniyah City, Iraq. Rasayan ]. Chem.10
(2), 339 -343. DOL:
http://dx.doi.org/10.7324/R]JC.2017.1021641.

Infante JC, De Arco RD, Angulo ME (2014) Removal
of lead, mercury and nickel using the yeast Sac-
charomyces cerevisiae. Revista MVZ Cérdoba
19:4141-4149.

Jain AN, Udayashankara TH, Lokesh KS (2012) Re-
view on bioremediation of heavy metals with-
microbial isolates and amendments on soil resi-
due. International Journal of Science and Re-
search 6: 2319-7064.

KCR Sunil, Swati K, Bhavya G, Nandhini M, Veed-
ashree M, et al, (2015) “Streptomycesflavomac-
rosporus, A multi-metal tolerant potential biore-
mediation candidate isolated from paddy field ir-
rigated with industrial effluents.” International
Journal of Life Sciences 3:9-15.

Kim SU, Cheong YH, Seo DC, Hur JS, Heo S, et al,
(2007) Characterisation of heavy metal toler-
ance and biosorption capacity of bacterium
strain CPB4 (Bacillus spp.). Water SciTechnol 55:
105-111.

© International Journal of Research in Pharmaceutical Sciences


http://dx.doi.org/10.7324/RJC.2017.1021641

Intedhar Abbas Marhoon et al, Int. ]. Res. Pharm. Sci.,, 9(3), 778-784

Kristanti RA, Hadibarata T, Toyama T, Tanaka Y,
Mori K (2011) Bioremediation of crude oil by
white rot fungi Polyporus sp. S133. ] Microbiol
Biotechnol 21: 995-1000.

Lateef, Ghaidaa Raheem; AL-THAHAB, Azhar Oma-
ran; CHALAP AL- GRAWI, Egbal Dohan. The link-
age between H. pylori Infection and TNF-a poly-
morphism in The Pregnant Women. Interna-
tional Journal of Research in Pharmaceutical Sci-
ences, [S.I], v. 9, n. SPL1, Apr. 2018
https://doi.org/10.26452/ijrps.v9iSPL1.1298.

Li Y, Li B (2011) Study on fungi-bacteria consor-
tium bioremediation of petroleum-contaminated
mangrove sediments amended with mixed bio-
surfactants. Advanced Material Research 85:
1163-1167.

Lors C, Tiffreau C, Laboudigue A (2004) Effects of
bacterial activities on the release of heavy metals
from contaminated dredged sediments. Chemo-
sphere 56: 619-630.

Lozano LC, Dussan ] (2013) Metal tolerance and
larvicidal activity of Lysinibacillussphaericus.
World ] Microbiol Biotechnol 29: 1383-1389.

Machado MD, Santos MSF, Gouveia C, Soares
HMVM, Soares EV (2008) Removal of heavy
metal using a brewer’s yeast strain of Saccharo-
myces cerevisiae: The flocculation as a separa-

tion process. Bioresource Technology 99: 2107-
2115.

Marhoon IA, Lahmood WY, Saleh S (2018) Effect of
nanocarbon and yeast suspension on some vege-
tative growth and yield characters of Vinga un-
guiculatal under salt water stress. Eurasia ] Bi-
osci 12: 8-11.

Marques M, Kede MLFM, Correia FV, Conceicao PF,
Junior SFS et al, (2014) Evaluation of mobility,
bioavailability and toxicity of Pb and Cd in con-
taminated soil using TCLP, BCR and earthworms.
International Journal of Environmental Research
and Public Health 11: 11528-11540.

Mirlahiji SG, Eisazadeh K (2014) Bioremediation of
Uranium by Geobacter spp. Journal of Research
and Development 1:52-58.

Mohsenzadeh F, Rad AC (2012) Bioremediation of
heavy metal pollution by nano-particles of Noae-
amucronata. International Journal of Bioscience,
Biochemistry and Bioinformatics3: 85-89.

Naik MM, Shamim K, Dubey SK (2012) Biological
characterization of lead resistant bacteria to ex-
plore the role of bacterial metallothionein in lead
resistance. Current Science 103:426-429.

© International Journal of Research in Pharmaceutical Sciences

Olatunji BO, Deacon BJ], Abramowitz]S (2009) The
cruellest cure? Ethical issues in the implementa-
tion of exposure-based treatments. Cognitive Be-
havioural Sciences 2: 172-180.

Paranthaman SR, Karthikeyan B (2015) Bioreme-
diation of heavy metal in paper mill effluent us-
ing Pseudomonas spp. International Journal of
Microbiology1:1-5.

Pefia-Montenegro TD, Lozano L, Dussan ] (2015)
Genome sequence and description of the mos-
quitocidal and heavy metal tolerant strain
Lysinibacillussphaericus CBAM5. Stand Genomic
Sci 10: 2.

Priyalaxmi R, Murugan A, Raja P, Raj KD (2014) Bi-
oremediation of cadmium by Bacillus safensis
(JX126862), a marine bacterium isolated from
mangrove sediments. International Journal of
Current Microbiology and Applied Sciences
3:326-335.

Rensing C, Grass G (2003) Escherichia coli mecha-
nisms of copper homeostasis in a changing envi-
ronment. FEMS Microbiol Rev 27: 197-213

Ruiz ON, Alvarez D, Gonzalez-Ruiz G, Torres C
(2011) Characterization of mercury bioremedia-
tion by transgenic bacteria expressing metal-
lothionein and polyphosphate kinase. BioMed
Central Biotechnology 11:1-8.

Salido AL, Hast KL, Lim Jae-Min, Butcher D] (2003)
Phytoremediation of arsenic and lead in contam-
inated soil using Chinese Brake Ferns (Pterisvit-
tata) and Indian Mustard (Brassica juncea). In-
ternational Journal of Phytoremediation 5:89-
103.

Singh R, Gautam N, Mishra A, Gupta R (2011)
Heavy metals and living systems: An overview.
Indian ] Pharmacol 43: 246-253.

Tabak HH, Lens P, Hullebusch EDV, Dejonghe W
(2005) Developments in bioremediation of soil
and sediments polluted with metals and radio-
nuclides—Microbial processes and mechanisms
affecting bioremediation of metal contamination
and influencing meal toxicity. Reviews in Envi-
ronmental Science and Biotechnology 4: 115-
156.

Velasquez L, Dussan ] (2009) Biosorption and bio-
accumulation of heavy metals on dead and living
biomass of Bacillussphaericus. ] Hazard Mater
167: 713-716.

Villegas-Torres MF, Bedoya-Reina OC, Salazar C,
Vives-Florez M]J, Dussan ] (2011) Horizontal arsC
gene transfer among microorganisms isolated
from arsenic polluted soil. International Biodete-
rioration and Biodegradation 65:147-152.

783



Intedhar Abbas Marhoon et al, Int. ]. Res. Pharm. Sci.,, 9(3), 778-784

Wang |, Chen C (2009) Biosorbents for heavy met-
als removal and their future. BiotechnolAdv 27:
195-226.

Wathah, E. F.and Marhoon, L. A. (2018)The effect of
terpenoid isolation from some plant against
Aphis gossypii (Hemiptera: Aphididae). Interna-
tional Journal of Research in Pharmaceutical Sci-
ences, [S.1.], v. 9, n. SPL1, ISSN 0975-7538.

Wu YH, Zhou P, Cheng H, Wang CS, Wu M (2015)
Draft genome sequence of Microbacteriumpro-
fundi Shh49T, an Actinobacteriumisolated from
the deep-sea sediment of a polymetallic nodule
environment. Genome Announcements 3:1-2.

Zaidi A, Khan MS, Wani PA, Oves M (2009) Role of
plant growth promoting rhizobacteria in the re-
mediation of metal contaminated soils. Environ-
mental Chemistry Letters 7: 1-19.

784 © International Journal of Research in Pharmaceutical Sciences



	ISSN: 0975-7538
	IJRPS | https://ijrps.com
	INTRODUCTION
	Mechanism of removal and absorption of As by microorganism and plants
	Phytoremediation of arsenic (As)
	Absorption of AS by crops
	Pollution and toxicity of Mercury (Hg)
	Removal of Mercury (Hg) by plant and bacteria
	Biotechnology in a plant of phytoremediation of Hg
	Selenium
	Biotechnology of Selenium metabolism in plant
	Phytoremediation of Selenium
	REFERENCES


