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mg environmental contamination. nuiatiom of heavy metz

in soil and water bodies is on the raise due to uncontrolled industrial activities.
metals are non-biode@@able and

TS oerras

Biomagnification of toxic molecules may occur in both human and animal when

e_consuymed ich may lead to SeYers health
jgdte th c|efféct C-mete | P
ec m,| [t\ 1% anged

environmental restoration projects.

heayy

on bioremediation being an eco-frien%%r @proach,

viksaezli=A

cost-effective manner. Bioremediation maybe classified into

Phytoremediation, Microbial remediation and Mycoremediation.
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Human activities such as exploration of earth natural resources through industrial

a growing environmental problem of public health concern. EXémges of these

o) .
RS
. Chromium (Cr)

. Nickel (Ni)

SR
SR/ KoRlEI)

. Lead (Pb),
Mercurycg{g)

s Y oailiim

Because environmental pollution 1s a great threat t an and animal health; it

con

[ | | | 'k | ‘ | | ‘ A‘ O%ﬂ %‘%
Contamination of aquatic and terrestrial ecosystem withtoxic heavy metals hasbecome

contaminates the soil on which crops are cultivated. And thus, affecting the wildlife

Aty n rth.
f @e egrth | It 1s 1B
0 ponutant




an 1 ired

polly d@ enyronmental restoration projectscgr@required.

Environmental restoration 1s a purposeful rehabilitation of an area to recreate a

YoalHIA

Identification of the level and order of distribution of organisms in the habitat.

N

organisms in the habitat.

Types of Interactions

ztbrestoration rojects 00
/A e A

(rehabilitate) an environment to its natural form.

In the history of environmental restoration, several techniques have been adopted inan
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The limitations and challenges associated with previously used conventional methods

2.1 CONVENTIONAL ENVIRONMENTAL RESTORATION

SYSINRoiEIA

In situ soil and groundwater remediation requires a method that introduces activated

Ju—y

PTOCCSSCS.

2.1.3 Electrokinetic-enhanced remediation

contaminants by stimulating ions to move within the s

00
A
bsurface.
2.14 Environmental dredging
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mo Isewhere thro environmental dredging. 00
YR ey

Off-site, permitted disposal facilities can take care of-contaminated material if the

contaminants materials are excavated and transported to them.

Gruy@ﬁw y% EiWOOH {M} ”
A circufation pafiern 1S introduced to groundwater il;@s su sur(De remediation

method. Groundwater passes through a screened section into a well. After that, it is

S| hon thenrre-enters the aquifer. O (O
ST IRORIHM
e

This technique starts by pumping contaminated non-aqueous phase liquid (NAPL) or

groundwater out of the subsurface. Above ground, it is treated and then discharged.

piBINRYIKOSNIEA

Using horizontal directional drilling (HDD), horizonta] remediation wells (HRWs)are

set up underground, either at a shallow angle or parallel to the ground surface.

Obs %@ ma keGt\difficult for vertical wells t@)dctess relevant
2.1 -sit [@

One of the more str%'%htforward types of environmental remedd'%tclsn 1S 1n-situ

b ) )




gneare examples o @j"en‘[ 00
B DM
hese containment methods separate the ground surface $fom a contamination source
area or waste body by creating a barrier.
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2.1

cable ive barrier ) 00
LY oaiing

chemical treatment zone, dissolved-phase contaminants4 groundwater can be gottenrid

of using a PRB. A dissolved contaminant plume is treated as it flows through this in

ikl ORI

Typically performed in situ (but sometimes ex-situ), it rids unsaturated (vadose)zone

sity t

2111

¢ votqtilesand semi-volatile. The fgglmology works

NS IR

Based on particle size, a water-based system separates bulk soil from contaminants

attgc e{so1l pa
of thg wash/w. te@n E
agent, surfactant, or basic leaching agent.

2.1.14 Solidification/stabilization (S/S)

solid material that encapsulates it. Stabilization makes 1t more difficult for waste to

leach by reducing solub&'ty or immobilizing hazardous substances. ole
al yﬁh—j&tﬁtl Ttioﬂ y%?@ U B:D %
[1d

Soil can be separated from metal or organic contaminants by performing extraction

with an organic solvent. The technology uses an extraction unit to blend contaminated

f00\ the /opvent. (Pife resulling| 3ol is then sent throéeiOa separator.
VBRI eI
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Bioremediation can be described as any process which involves the use of biological

, gr,bacteria\and Algac
lIptants | from /

Due to the natural ability of living organisms to accumulate, degrade and adsorb and

hascencoyraged the use of biologcatagents in the

RalH

considerable advantages because it is; scalable, cheap—to run, sustainable, and eco-

ironment.

ntiqngl tr

friendly. Most bioremediation processes are less complicated as it involving native

; O
orgarisms.
Vatiqus arhiw methyds ha@i{%

the remediation process by introducing some organisms|into the polluted site or also

J highl X1& Dy-p
i induyistrializxti
esstwhich inturn could

than any other remediation alternatives discussed earlier. Further modification of the

processes of bioremedi%’bon could lead to improved outcome.

less susceptible to bioremediation.

Noting that bioremediation processes include oxidation and hydrolysis processes. The

0 enhaxcgs water-solubility of the OI‘Q@ compounds
8




In heavy metals, Pollutants containing heavy metals cad be reduced or removed with

[
k&
:
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varying bioremediation techniques, whoever, major challenge usin
arying q y g g

1V1]€I mto E major

2. Phytoremediation:

This involves the use of lants or algae to bind, extract, and clean up pollutants suchas

fied into 2 methods dn fhe basis of

B@[@@HM 7
AT el
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(Treats polluted sites directly)




at the original site of the contamination. In situ bioremediation concept is basically

:
[
E
E
[é
[
[

used in treatment of contaminations in soil and ground water.

The type of the contaminant concern

Contaminant dlstrlbutlon and concentration

- oRIHMU
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In-situ bioremediation method can be divided into 2 forms base on manipulation of the

st V0] HI

Temperature

2.3

1
J
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jetation, gdding Nutyler
vity of oredanisms-and 1
2.3.2 Intrinsic in-situ bioremediation

O

ing amendments.

TN ORI

3

4

5 Natural attenuation
6 Biosparging

33/beh 1| YRoRIHMU

Bioventing is a form of in-situ bioremediation that increases the flow of oxygenor air

bioremediation process which involves oxygen. Here, oxygen act as the electron

acceptor for oxidation of contaminants such as:

( ) ( ) ( l_ ( ) ( ) ( ) ( )

kb KON HIA

Oxygen is preferably used as electron acceptor because it has the ability to yield higher

' mquome enzime system il@ﬁﬁer to initiate
11

. Phenols




increases simultaneously as the molecular weight of the compound increases.

O c d| di 1t re

Most bioremediation processes involve oxidation and reduction reactions in which

(contaminants).

eithefcan elged ) 1s added to stimulqtg©xidation of a

reduded pélllithnttike: ..
substrafe ¢ 11 ) ea chlo

solvents, nitrate, perchlorate, explosives and propellants. Additional nutrients,

vitamins, minerals, and pH buffers may be added to optimize conditions for the

AT Y RoalHx

Bioaugmentation

2.3.

Thi

tec

To

1. Recirculating acrated water through the treatment zone

2. Addition of pute)oxvgen or peroxides, and air sparging.
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pressure involved in the air injection must be great enowgh to overcome thehydrostatic

pressure of the water and must be able to resistance air flow through thesoil.

rgal temperature it is oipy@bout8 to 10

el

oxygen or by adding H202 (hydrogen peroxide) to the water in the process the

hydro rating into hydrogen and water without
QO @]e)

leayi
Howgve

anisr@ Qlder both in-

5 3

¢ achieved
by the addition of specialized microbial cultures.

nd goal of bioremediatign ¢syto removeor

il

does.
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2.3

Bid

volume/bulk, toxicity, or the concentration of pollutants+h a particular environment.

Forms of bioattenuation

N O A7

3. ysical processes

Bioattenuation processes involves the following:

° Volatilization,

° Chemical or biological stabilization.

nyation,—biodegradatio
futriehts Jor) path to a pollutant)

The indigenous microorganism present in the enyijonment will determine the

metabolic activity and thus act as natural attenuation.

13/t | Y KoaIHK

Biosparging focuses on saturated contaminated zones, specifically related to ground

water remediation.

encourages acrobic biodegradation. Also, the introduced oxygen encourages rapid

findigdndifs eria h fagther accelerate the ratddfdestruction of
SOl
14

o
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In bioremediation naturally occurring bacteria ys an important role in

biostimulation, and the population of these critical bacteria can be increased by

' n C} bacteri
he d dag@

phosphorus and nitrogen is identified as essenfial nufrients forthe bacteria involved

in the biodegradation. Though the rate of bioremediation of hydrocarbons isrelatively

A B R

A microbial ~ consortium or microbial community, 1S two ormore
Q - - 00
p 1vin 1oticatty; S be
1qtic, |01 occas 11

The role of microbial consortium or microbial commpnity in bioremediation can be

emphasized within the consortium, because the product of one bacteria species couldbe

the[sbstrat {emuﬁe@ cteria s eciy o0
2, u biclActivi B\J\{[@@ H D:D %
Principally in bioreme%tion, anaerobic activities can be employecbtbtreat a wide

0 Is beem oxidixed such as
>
®

Perchloroethylene (PCE)
. Trichloroethylene (TCE)
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. Carbon tetrachloride (CT)

QeSS
YOS

This process of treating oxidized contaminants involves:

O 00O
S SR

B. Adding an electron donor to stimulate the biological and/or chemical reduction

M HeX ‘
¢ Land/drJless ic f
Another similarly exam&e is sulfidogenesis; the reduction of sulfateéodulfide which

NSl ©RilEIZ
YIS YroalHm

. perchlorate

X ive
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respectively.




inants of Substrate and Injection Met&g@

A. The nature/type of the contaminant and the distribution in the aquifer

B. The remediation objectives

C. /drage O
Sing conve til@v tallations, su e% ‘

y direct-push technology

Sl

substrates, they tend to remain static for an extended tréatment period, while soluble

substrates or soluble fermentation products of slow-release substrates can potentially

. . O )
migrats Wi eftion diffugion w V, Vi€
st R

The organic substrates added are first fermented to hydrogen (H2) and volatile fatty

S ROBIHMA
VSRR 0 1

Ex-situ bioremediation is a technique in which the contaminants are treated away from

the { foul this method of bioteihddiation, the
17
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diffyfent\lO arg place
eroyis fnikrp 1S S
process can control and manage by providing appropriateconditions for the indigenous

microorganisms.

2l e OB A

° Ex-situ bioremediation techniques allow modifications of, chemical,

s\andogher parameters necesgarg)for effective

o Preliminary stage is short because ex-situ bioremediation does not require

extensive preliminary assessment of the polluted site prior to remediation

O . . Q0 .
o edt In e I soil| por h goyepnrs-tapspor se g
renfediation/ ¢ @eu@e hep polluted soil ﬁ l%

¢sses associated with ex-situ

adequately optimizing some process parameters such as; temperature, pH and mixing.

5N YiRoaiHm
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24 -situ bio ediation

g

as under buildings, inner city and working sites (Philp and Atlas 2005).

o Moderate to extensive engineering work are required in ex-situ

17

arge space tor

N moSt cases, eX-situ bioremediation tec

operation.

2.4.3 Examples of ex-situ bioremediation processes

o Soil biopiles
. y[reiEisD [ ‘ @]e,
In athe nh D Qt olis and BMM

and ex-situ methods additional nutrients, vitamins, minerals, and pH buffers are

required. Some situation will require bio-stimulation process which ¢ ecachieved b
q b p &5‘ y

‘ ialiZzed microbial cu

reduce harmful compounds from the environment to improve soil and waterquality and

not to further create any environmental disaster like some conventional methods does.

[

[

5
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2.4

Bid

excavated soil are mixed with some soil additives, formed into compost piles, andthen

enclosed for treatment. In biopile, heat, nutrients, pH, moisture, and oxygen, are

T Y KealHu

Ccon

24.4.1 Components of biopile system

A YKoalHK

[rrigation/nutrient system

Leachate collection system.

[

[

[

Ak roaM
=

[

[

to pass air and nutrients through the soil. The pile be covered with plastic to;

promote solar heating, control runoff evaporation, and volatilization.

ere volalife organjc
3 <ﬂingt
dHDOL betore the

treatment time can be from a duration of 3 to 6 months. After the treatment, the

excavated material is then either returned to its original location or dis&o&ﬁd.

s et om0V |1

The machineries used in the process of excavation of the contaminated soil

dustand t

Gald
educd concs

1.
usTl[ 0




are volatile organic compounds in the soil that can volatiize into the airstream, it may

then be necessary to treat the air leaving the soil to prevent discharge of this volatile

co S ; 0O
i il
may also not beeffective in degrading thetransformatig

products of explosives:

[ed Q
o

5. To determine; the potential degradation by-products, the potential degradation

stsuits (promote) the microbial activit@€gdaboratory or
equited becaube\ proc @QIM

mixingmay result in more uniform treatment than statictreatment processes.

7. The critical consideration of covering or containing the treatment area with

[
[
I
o
[
[
[

planning process.

8. To build a biopile system, a large amount of relatively flat space 1s required.

O @]e,
1. Biopile treatment has been applied to the treatment of non-chlorinated volatile
organic compounds andéuel-contaminated soil.

S ]
B YiKoaiHu
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2

Volatil

effectiveness will vary




(Coulon et al. 2010).

Windrows is a form of ex-situ bioremediation method which rely on regular turning of

' : chhancedggradation actiyities o and/ar transitory
-‘ i th t ay ‘ | ‘K a .H %
turning of polluted soil combined with Tegular addifig

of ‘water1eads to increase in
acration and oxygen, nutrients and microbial degradative activities, more even

il pthe and thus speeding yp) the rate of

However, windrow treatment may not be an appropriate technique to be adopt in

remediating soil polluted with toxic volatiles due to the constant turning of the pile,

Q . .00 .
bedause \th tting gas| doul{l |creay ceondaty—pir A
tregtmeny has begn ) @c ted i greenhpugde gas a 1

release due to development of anaerobic zone within piled polluted soil, which usually

occurs following reduced aeration (Hobson et al. 2005).

WSO SEIZ

Generally, land farming is described as among the simplest technique of

2

SN

bioremediation because it requires less equipment and cost of operatimblﬁnd farmingis

P e

treatment. Pollutant depth also plays a key role as ta_whether land farming can be

carried out ex-situ or in-situ. In land farming, one thing is common, polluted soils are

l—aneﬂ’(g)ﬂm theyeatment apﬁarenﬂ% de@DQines the t?pe
22
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autochthonous microorganisms enhance bioremediatiomduring land farming, and the

activities of the microo%anisms can be enhanced by the following ocgegtions; tillage

of ¢o ' nges acration/ additiorpfessentta 1ents S;
nitfogen, 0 ssipm and 1yrigati tn@ DDZHC

However, it has been reported that tillage and irrigatjon system without addition of

nutrient in a soil with appropriate biological activity increased heterotrophic and

A/ Bty ORI A

Despite being the simplest form of bioremediation method; just like other ex- situ

bioremediation techni

q%f:js, land farming has some basic limitations ng:gncludezlarge

requires an additional cost for excavation. (Khan et al. 2004; Maila andColete 2004).

Furthermore, land farming is not suitable for the treatment of soil contaminated with

anbés) fhisis due §
ﬁ ith 1 farm

ature of pollutant ren@\@ mechanism




' a@g ' veral others limitations made lan@@m'ng method
(

Diesel-degrading bacterial counts and thus enhancing’ the rate of bioremediation;

dehydrogenase activity was also observed to be a good indicator of biostimulation

tregtment and/ c u e bidlogie ra
ilva-Chstro e a@O
In a field trial Teported b 1

y Paudyn et at” (20

er_1n_land

p a - O%
ya$ Statedthat more than 80%

contaminant (diesel) were removed through aeration using rototilling approach in a

stu tl ‘ €n3
Tovds ar ec
espedi tc ld@ KOns ual

for hydrocarbon-polluted land including the polyaromatic hydrocarbons (Silva-Castro

et al. 2012; Cerqueira 6‘81. 2014)

AV[EnRR eI

Volatilization (weathering) and biodegradation are the two basic remediation

id farming system is eXxpdcied to always

&Stivities, leaching of

esig
. Mot

difficult to design, and it is really easy to implementlas it can beused to treat large

volume of polluted soil with little or no environmental impact and energy requirement.
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converted to specific product(s) after series of chemica

l/

2N

r biological reactions. Therea

different operating mode/types of a bioreactor including the following:

Bubblt cotau Rl reactor 00
SRRy O HIA
Airlift bioreactot
o Fluidized bed bioreactor
Ph @)@
Or
IRV O ANEN

and market economy. The environmental conditions 1 a bioreactor are expected to

support and maintain the natural processes of cells present in the bioreactor by

00

SRy

or slurry of the polluted

h — (e e
> =

° Temperature

BT Y oeim
YIS YroalHm




compounds such as; ethylbenzene, benzene, xylenes, amd toluene canbe treated using

bioreactor system. Flexibility in the design nature of bioreactors hasallowed maximum

pol[uigd\soi
additjoy
genetically

process the genetically modified microorganisms can then be destroyed before the

treated soils are returned/release for landfilling or back to the exc&z@ed site. In a

Gl

genetically modified microorganisms in a bioreactor helps to ensure that no foreign

gene escapes into an environment after bioremediation. As a result of efficient mixing

: a ysterns \the/rgle played b biosurfadtditd were found
26
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Though the efficiency of bioreactor system has been p

Q0O
I n to be enormous due to the

/e

easy of controlling the different operating parameters. However, in other to establish

vith T approach
| r %

However, this particular challenge can be overturn by adoption of DOE tone (design

g4 setrof independent variables)which could be

More so, information about microbiological processes 15 of great necessity in other to

optimize the processes of bioremediation (Piskonen et al. 2005).

O
tenh of reprgdiation 1§ not\a \"n p
thofl, I olum¢ of pollyted s@{{

logistics for transporting pollutant to the bioreactor location. In general, those stated
of figatment. (Philp and Atlas QD05).

01 ase in the cOS
.;, f the type of \b1ory
S 18 paramount 1

bioreactor could be challenging.

Moreover, bioreactor segtem required_several bioprocess parameterb\gich must be

microbial activities and can in turn make the bioreactor system of remediation less

effective.
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such as; pesticides, herbicides, insecticides, fungicides &

N1 M

Pes

known to be potentially toXic to human &
CRPOSUTR. @)@

thet ol @n sand |t Ie a

ral T.

Pesticides are very important tool in integrated pest comtrol because they are efficient,

effective and economical.

.00
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The term 1s derived from the Greek word phyto (plant) and Latin word remedium

(restoring balance). Therefore, phytoremediation can be described as the use of plants

S

5 from théenvironment.

s e O

Certain plants are able to remove or break down harniful chemicals from the ground

when their roots take in water and nutrients from the contaminated soil, sediment, or

. Convert the contaminant into less harmful chemicals within the plant or, more

cor] y, fhg(root zore) | l @]e)
. b (sti aminants/ont r roots Whergvery\smallorganismes d

“microbes” (such as bacteria) that live in the soil break down the sorbedcontaminants

harmful chemicals.

YIS Vel
YIS YroalHm
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yield,and in plant phytochemicals.

. Phytoremediation can benefit companies specializing in "phyto mining" as

soil€rosion.

V1Bl D=

Phytoremediation is only limited to surface area and the soil depth reach of the plant

roots.

based systems of remediation

. Survivability of the plants used in the remediation process can be threatened

by [I :ni S@min R0l and also by other conditiofid fich asclimate
tu\ f contaminants (gﬁ @&Bﬂ%

an
contaminate consumer products such as cosmetics and foods. Therefore, safe disposal

of the plant products ésed in_phytoremediation could be challe&gi&g, but is of

i Ra e CllRir

Detoxification of contaminants such as heavy metal 1s an important mechanismin plants

: gl1° ‘
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Avoidance and tolerance are the two mechanisms, plants adopt to maintain their

cellular concentrations of heavy metals below the threshold levels of toxicity (Hall,

WYSIN YRoaHM

fanm

3.3 voidance:

Jimit~the mptake of contaminantsagd restrict the

extracellular level. This happens through a range of mechanisms such as metal ion

precipitation, metal exclusion, and root sorption (Dalvi and Bhalerao, 2013).

WH ¢ plant roots 1
imil t through root

e (Dalvl and Bhalers
exudates change the\ p
e’ heavy) me ]

Metal exclusion mechaa'bsm such as exclusion barriers play an intergt&gg role in the

t [akol rate 1§ mechanis SIS NeXISIS hefween tlie)ghoo
and thexoof sy te‘@)fg@ lant thereby cti ] s@ T;{e

contaminated soil to within the root system; the aerial parts of the plant is protected

Bhalerao, 2013).

against the harmful heavy metals by the restriction of uptake and root-to-shoot

corrhizas symbioti@e@ociation that

Ceiime







IR el

. Malate is involved in chelation of Zinc (Zn) 1 abidopsis halleri (Sarret et
al., 2002).

o gsefice sticl a itfic agids admiv
nigrym § .
o Presence of citrate mediates the chélatio

goesingense leaves (Kramer et al., 2000),

xifigchwitheertain kind of amino aCi¢s)by chelating
ind x s .
is|kin, N0 ACH

. For instance; The production of cysteine can be induced with Cadmium (Cd)

stress in Arabidopsis thaliana (Dominguez—Solis et al., 2004),

SRS

. Hyperaccumulation of Nickel (Ni) stress ipduces histidine accumulation

(Harper et al., 2004)

Y it/ Ag0 R

The presence of amino acid in plant cells is very important in detoxification of

contaminants such as |8VV metals in_the plant system by chelatin%tgﬂz ions of the

v IEITRIN i ray=isy 7

Phytochelatins (PCs) are also induced.
Example: In Silene vulgaris enhanced copper (Cu) tolerance is associated with

ssion ofiefa 1anei T)) gene, because the respdasedo copper

) Is hediate

( ) ( ) ( ) - ) ( ) ( ) ( )




ogeli-Lange and Wagyéﬁr@l 990),

QO

n s | 4]
n other Tocations in'the plant such|ag; trichomes, the I€af petioles,

and leaf sheathes (Robinson et al., 2003; Eapen and D’souza, 2005),

detrigreptal reffects of heavy metalg)ig)achieved by
v eEiitlizl
t10 cell diNidipnotctts T, QCESS 16 S

the interactions between cellular metabolic processe

meta

and heavy metal ions which

prevent damaging effect to cell functions (Sheoran et al., 2011).

SNSRIy

Besides the vacuoles, the heavy metal ion can also be transported to other places in the

pl ere oxio) kehyy metals iqay, cafi gause less damage to @é plant. Heavy
all 1 n| al sequestratgd an. p i1_other | logatiods |i
plant/s as; BS eticles/ and lea athed YRohiy et all ;

Eapen and D’souza, 2005).

Through translocation 8500655, heavy metals can also be transpoﬁ&sl (50 old leaves
C 1 rally dgtached from dyrigUcatsheddix kyrefal.
2016) D R @ d

One example such leaf shedding is Plantago lanceolata in which, zinc (Zn) is

transported to the leaves just during the final week prior to leaf shedding. In this, zinc

YBIIT YRoalH




entually

cmoved fig t affer the contaminated leaves gl(Emst et al.,
ST YKo

3.3.5 Reactive Oxygen Species (ROS)

(Y eS |( ) lare \fTg icals,and--are des
; ' I ygen and can easi ct v@ 0 a
Mass buitd-up of reactive oXygen species in living cellsjmay cau

species (ROS) is triggered in the plant cell due to the i

.
[
Y
[
[
[
[

metal ions in the cytoplasm of the plant cell.

homeostasis, and inhibition of cellular processes (Huang et al., 2012; DalCorso etal.,

2019) O 00O
WeV ot 0 lant o cope oxida a‘n‘ e
exdess eacti ecies(wh as inducey héavy metallion), the plant

switch to activating the reactive oxygen species-scavenging machineriesby inducing

various antioxidant enzgwes such as;

Q0O
)icatalase
e ORIEM

Furthermore, non-enzymatic antioxidant compounds such; tocopherols,

glutathione, carotenoids, flavonoids, and ascorbate are also induced (Gupta et al.,

YIS YroalHm




019). It should be n%@ha‘[ the anti-
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3.4.1
O 00O
A S ey

contaminants from water or soil. The contaminants are ftranslocated and accumulatedin
the aboveground biomass of the plant (Salt et al., 1995; Jacob et al., 2018).
Ph ‘

6sp important phytoremedidiibn technique

IS

Phytoextraction method is a permanent solution for the removal of heavy metals from

polluted environment @il) unlike other phytoremediation methodsdlbwhich plants

t rilyL_contain| heavy |meta anefa er 1
bel d. 0 hytoextraction " e%

application.
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Ther 110

include:

(i) Mobilization of heavy metals in the rhizosphere

S bR DRI HIA

(i) Heavy metal ions translocation from roots to aerial parts of plant,

IV R iR

In other to maximize the effectiveness and efficiency of phytoextractionremediation

method, the strategies to be adopted should focused on the following factors. in light

of fthe\fac sfate e] pHytoext
faclors syclyas] [ )

Plant selection Plant performance

Heavy metal bioavailabilitySoil type

YIS Y RoaHm

3.4.3 Selection of plant species for phytoremediation
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3.4 ate ele
Ho atM%E%D %
1) Plant selection base on plant hyperaccumulation ability. Accumulation of

O

O
‘Be‘ pL:ri overall

accumulation capacity of heavy metals should be averagely comparable to the

%y @lmbiy., 1998 Salt et al., P98, Al et al,,
BT YR 0RINHIA

Under the same conditions, heavy metal hyperaccumutators that occurs naturally can

accumulate metals in their biomass at levels 100-folds higher than common plant

. . Q
speeci rd non-hyperace latiy
Sofng ac ulLt@rgtm;ccum

same time. Plant species such as Sedum alfied

ii possess the ability to

hyperaccumulate more than two metallic elements such as; Zinc (Zn), Lead (Pb), and

SIS ﬁ@@@ﬁuﬂ A

3.4.3.2 Qualities of appropriate plant species for phytoextraction

O 00
T t or phytoe t0_poOs$esy 30 Iy,
=uvieseiligvaidio g

(i) Easy cultivation and harvest.

(ii) Uiyt pidly\with high biomass roductiéd O
ST YR HM
39




(iii) extract and accumulate hi@iégvel of heavy
alis ang corqund/ big :
(iv) ¢ effecty O he@y efals 1qns.
(v) Good adaptation to prevailing environment, strong ability to grow in
O 00
poqr :
(vii) High resistant to pest sand pathogens

lant sp

S
ize| the ce

potential of a plant species.

Hyperaccumulators can be described as plant species that are capable of accumulating

{ Phetals in thei

3.4.4 Quality of hyperaccumulator

il

. The heavy metal concentration of shoot-to-rootratio should be greater than 1,

bovggtound biomass withoufafy symptom of

which is an indication of efficient ability of the plant to transport metals from rootsto

DR Site)
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families, more than 450 plant species have been—confirmed as heavy metal

hyperaccumulators. (Suman et al., 2018).

I s i

. Scrophulariaceae families

hyperaccumulator.
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selection of the non-edible hyperaccumulators. Heavy metals can accumulate in edible

parts of plants and from there the metal can enter into the food chain when such plants

The efficiency of phytoextraction can be limited by hyperaccumulators which are

duetion and slow growth rate.However, non-
v
ate T conecents { heavy| metals r

migh biomass production can

aboveground biomass on a per mass basis, the

compensate for the lower phytoextraction efficiency can be compensated for by their

hrbignjass], the ulati
hat of hypera '

1997; Vangronsveld et al., 2009; Vamerali et al., 2010)

higly biomass, such as Nicdfiana tabacum,

Etlaits

out using grass plants because of their, high level of tolerance to abiotic stresses, high

growth rate, short life cycle, and more biomass

foli andrin
multi e tsa‘@

loads, and it has been selected as effective for phytoextraction of Cadmium(Cd), Lead

(Pb), Copper  (Cu), and  Zinc (Zn) (Ali et al, 2012).
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3.4

0d @a ies for. phytoremediation 00
=N el Lz paiiEm

phytoextraction Suman et al., 2018; Salt et al., 1998; Dushenkov, 200
)

3.4.8 tage ing waody plé 0 eo 10
. K3l
. i y prant species and this enables

gh amount of biomass is produced by wood

o climi]

Due to the non-edibility nature of tree phants, they are preferred for

het

red

phytoremediation, by this probability of the heavy metals entering into the food chain

BT Y ORI

3.3 Phytovolatilization

are then released from the plant leaves/foliage to the atmosphere throughthe process of

transpiration, The plangs used in the phytovolatilization of pollutang 8n be can be
wgﬁzeﬂ U_H y% @ U B:D %

Phytovolatilization strategy can be used to volatilize heavy metals such as Selenium

(Se) using plants of the Brassicaceae family such as Brassica juncea (Banuelos and

roc@g@he inorf[}anic
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3.5 Advantage:

2
@)
remediation method is that heavy metal” pollutants

converted into partially/less toxic forms and then dispersed as gaseous compounds into
eechforplant harvesting and disposal) O

Tt 1| QORI

Phytovolatilization strategy requires a thorough risk—assessment process before its

fa
G \/

e ground:

applied on the field because the process may not completely remove the contaminants

Q
owever, rategy On




ocess,of precipitation the Voclﬂtgj: compounds

Fjvclimig

Phytofiltration is the use of plant seedlings, shoots, or roots (rhizofiltration), shoots

. cmoQve n nants m
K [ ﬁ .X.ﬂ
ationCaulofiltration: use o

the pH of the rhizosphere is changed by root exudates (

=N reel=

The plants are grown hydroponically in clean water so the plant can first develop large

aved et al., 2019),

bio

become saturated (Wuana and Okieimen, 2011).

Ideally both aquatic an&terrestrial plants can be adopted for rhizof&ﬁr&ﬁion purpose,

iiEyiIo Al

o High tolerance to heavy metal

o Dense root system

YN YRealHx
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str1 t
e

omé& etal.,

2008; Rezania et al., 2016; Dhanwal et al., 2017).

AVISIIN ORI

Rhizofiltration operation allows for inexpensive procedure, but depending on the type

contaminated water body.

After the plants may have been harvested, the entire plant biomass may be convertedto

extracted.

ﬁygmwympa@wa

Disadvantages

@)
of Yhizofiltration d
ts| that are t

Also, contaminated sites may be polluted with combination of different kinds of

con

( ) ( ) ( ) ( ) ( ) ( ) ( )

t an which fré with ofiltration alone may not bé-Lhdugh.
SIS
52
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This phytoremediation strategy prevents the migratton of heavy metal across

ecosystem as it limits the chance of heavy metal penetration into food chain. In this

r ' ectes with i etal Yol c
' 112 I ctals| by tmnfob
confaminants within the polluted Site (Wong, 20C

2009; Mench et al., 2010). Comparing phytostabilizatior

strategy with phytoextraction

strategy, the disposal of hazardous/contaminated biomass is notrequired. And this is

. Q) : @le) .
on € of advantagds of phytastab afegy (Wuana Okagimen,
BRI
3.7.1 Means of phytostabilization
O @]e)
Dgisliennoclihilg

Occurrence of sequestration inside root tissues, when the metal valence in the

rhizosphere is reducedcﬁdsorption of heavy metal onto root cell W&Blbof the plant,
mto plant ti

ehe et 4l. ] 2012;

For efficient phytostabilization approach, plant shouldlbe tolerant to heavy metal and

therefore, appropriate plant species selection is key as the plant roots playcrucial roles

'8 eavy metals

Cuinislivd
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il a d ts to improve phyto%l@ization

2

physical or chemical qualities of soil. A typical example-of such substance is compost.

Y BRI

ganic and inotganic™ soil amendmeénts

effectiveness of phytoremediation strategy, these added soil additives can change the

rhizosphere of the selected plant. The activities of the microorganisms encourage

precipitation processes and production chelators. The microorganism also adsorbs

VBTN oAl




phy

NMa
IvIia

ﬁ a/VWSKL 2006; Mastret@)@ al.,2009;

3.5 Phytostimulation
OO
plant assisted

bioremediation/degradation. Phytostimula

enhanced breakdown of contaminant by increasing/enhancingbioactivities of microbes

entcthe e ced bioactivities regul{In increasing
elp 1 meBPJlx}Z @:@Eﬁkﬂ M

contaminants can be converted into less harmful products which can serve as sourceof

This ph
betwee

3.8

ISR M

more; which are major sources of food (carbon) for the specific microbes thathelps in

Plant mechanisms:

improving soil condition. However, the same (phytochemical) exudatesmay act as an

a elp prometes 1t’s own growthand fel etation, they
56
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The plant also @1 ps-1in logsening the-soil and thereby transp%ieg oxygen and
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3.8

@]e,
‘ @ Qe:n‘lg
and chemical build-up

exudates) thereby protecting the plant from competitio

Though, there may be more varieties of microorganism’s population present in

t tat&d \so wever, Cvangba e@o t st
sgciated with Rhytos tor@:e @n r%

Cyanobacteria in the rhizosphere are able to release phytohormones. When these

can induce the secretjon of exudates

.. 00 -
11SO oW1l as a AN STOFMAlION arot meal n
Bl iy

by plant enzymes secreted by the root. The resulting molecules canthen be absorbed

by the plant and released from the leaves through the process of transpiration.

YRS DRI

Plant secreted enzymes such as dehalogenases and nitroreductases arcused by

plants to degrade organbcontaminants. Favas et al., 2014). ole
WAk inimVi O S 1
@) @@
YIS Yikoai-m
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1fies-organje-pollutants which helps@h@)plantto toxic

conditions of pH, and temperature. (Mukhopadhyay and-Maiti, 2010)

Organic contaminants such as Explosives, pesticides, solvents and some other

xenobhiotic t toxified\ th h the metaholic-a tio' of 1al
st TSRS
In phytotransformation, as a diréct impact of metabq

Cco ly WID1F

issalory

term jp ra 1

1, environmental substances
inactivation or degradation (phytodegradation).

sV iBiliNE©AIRI

The introduction of genetic engineering into

modification for

The targeted organism DNA will then recombine with the DNA from the insertedforeign

gene. The targeted orgaa'bsm inherits the gene from foreign source nglbdeposit some

SIVBIRIWEOAIEIZ

3.10.1 Advantages of genetic engineering in bioremediation

nta r dntroduc '
.~| ity of|g¢nerat itELle\/ryl'
59
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2002; Marques et al., 2009).

This operation is not possible with previously used traditional system of plant

cess prpduce T bea

It
of the organism to th€¢ nature/type of the contaminant will

shorten the response time of the organism for decontamination of the polluted site

WisinRieraisiveii i

selection of genes should be

@

J.

e

In genetic engineering for phytoremediation purpose, the

requires transfer and overexpression of the genes which are involved in; translocation,

sequestration and upta%of heavy metals (Mani and Kumar, 2014; %abet al., 2016).

SRRVl

Uptake and translocation of heavy metal can be improved with genetic engineering by

overexpression of genes encoding natural chelators (Wu et al., 2010).

YIS YroalHm
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gineering in bloremedlatm@ O
m f{ s e

environmental restoration project, the approach st111 faces some significant setbacks.

Genetic manipulation of multiple genes involved in achieving desired traits requires a

E p ‘ M
ditficult to obtain in cerfain

Governmental approval of genetically modified plants

part of the world due to risk of consumption ecological safety concermns.
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Microbial remediation is the use of microorganism as biological agent for degrading

Ing 1oxi d pollutarks a_contamigated 'tQ 2
{ hy/ wh H lowical activities 4f oig a I 1%
the bioavailability of thetoxic molecul€s present in the ¢onfaminants, 1S ProcCess,

be induced artificially.

[
[
I
HNEID iR
[
[
L

Y

@le)
FOCESS % z U D E| |j /[:|
lcrobes as remediation agent,

ranging from the eco-friendliness of bacteria (microorganisms) to the valuablegenetic

¢ @my ygemtic engineering féobibremediation
atural of oor% n_the QHM

base remediation method is less labour intensive, cheap to run and simple to maintain.

There are various advantages involved in the use of

Also, there are limitations associated with microbial remediation.

) b2 [ HIA

Availability of microbes capable of remediation task at the polluted site is usually of
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4.3.1 Temperature

dmpera 's ial for su
'carj;t?'site 1¢roo

with different microorganism and temperature above the optimal may result in cell

NN sy

Oxygen requirement varies with different microbes.| The organisms can carry out

biological degradation under an aerobic condition (oxygen is required) or anaerobic

e

tion

sup

tillage or by introduction of magnesium peroxide or hydrogen peroxide to the

S

ganism, soil moisture content

environment.

NI W%

Water is essential for life including the life of microa

has a great influence on biological agents of biodegradation. Addition of water or

of the microorganism.O O

ORI
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present may not be adequate for an effective remedtation process. It is therefore

necessary to stimulate the growth and activities of the microbes. Addition ofessential

ch ofctheir eells determines the ratg)gf)contaminant
RANOElliiiiz]
S.

o Antagonistic interactions between microorganist

Predation on microorganisms by other organism such as bacteri(gghages and
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Mycoremediation is a fungi-based remediation method. This bioremediation method

inVl h t CC ¢“l¢',_
everal 18 e H

of toxic molecules in their biomass for 1at€r removal.
Significantly, fungi can be used to effectively remediate heavy metal contamination.

i (Chygmi Cadmy ickel, Lead, Mercury),(Boron, Zink,
1 (mydoremgdiati Jo ) Gl j N

C
craq

2013).

Various types of fungi such as Pleurotus, Aspergillus, Trichoderma are example of

treatment of;, contaminated water, polluted marine environment and land pollution.

Y et A

Some species of fungi are able to survive extreme conditions like the cold weather

condition in Antarctica. 5ungi species such as:

Sinvdry IEIVAEO A=l

can withstand extreme cold weather and still provide kfficient biodegradation of

contaminants.
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fungl are able to bre@iﬁ @Wn different

Elilisii]

5.2 Suitability of mycoremediation

A - S S A
USRI YRoal-m

o Polycyclic aromatic hydrocarbons,

° Wastewater,
o Pesticides,
Q0O
y@@ U_H y[ul\lj @ U D:D %
o Leather tanning chemicals

Some fungi are capable of degrading radioactive materials and some can survive in

ﬂyng them useful for refndiation in cold
io

mycoremediation of radioactive waste because of its low pH and radiation resistant
own conta / )
e product e ;
yEO U_H y [i : I

69

properties.
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Research Centre of Finland. Mushroom was used to ‘fecover precious metals from a

medium using mycofiltration technique, from medium with electromc Waste 80% gold

SIBII g@@uww

5.4 vantages of mycoremediation
doesnotypo eat to the ecosystem amlsy itis largely

Lo A

useful for bioindicator purposes.
No expensive tool or equlpment 1s required, and thus the process 1s generally

R Wﬁ@@”ﬁ%

Edible mushrooms (such as Coprinus comatus) that are able to a&‘leswulate heavy

a y@ W W}y

5.6 Limitations of bioremediation

organic po t

extract he

5.5 Disadvantages of mycoremediation

selected, and the selection is usually done in the laboratory.

olll@a@s of organic
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