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ABSTRACT

Bioremediation is an alternative way to manage or to degrade the waste. It
is eco friendly and much cost effective as compared to other traditional
technique such as incineration. The main purpose of this paper is to pay
more attention towards bioremediation. This paper outlines the different
processes of bioremediation, their limitation and the process to remove
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different heavy metals, and other waste which is harmful to human beings.
When metals are treated with microbes it get accumulated or attached on
microbial membrane. And after that it can be extract from microbesthrough

cell fragmentation.

INTRODUCTION

‘Earth’ is rich wealth of natural resources such as
land, forests, wildlife, soil, air, water, wind, animasand
plants. Therace beginswhen humansstarted Living a
gableliferather than anomadiclife. But duetociviliza-
tion theuseand over use, and misuse hasled to deple-
tion of variousnatural resourcesto an extent that today
half of our natural resources are either depleted or at
theedge of depletion4,

And duetocivilization, urbanization and industria -
ization large number of wastesisgenerated whichis
dumped into theenvironment annually. Approximately
6x10° chemica compoundshave been synthesized, with
1,000 new chemicalsbeing synthesized annually. Al-
most 60,000 to 95,000 chemicalsarein commercial
use. According to third world network reports, more
than onebillion pounds (450 million kilograms) of tox-
insarerdeased globally inair and water. The contami-
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nantscaus ng ecol ogical problemsleadingtoimba ance
innatureisof globa concern. At theinternationa level
theresearchersof theworld aretryingto overcomeon
the depl etion of natural resources by several means,
however very littleattentionisgiventotheir wordsand
continuesto use them without caring the adverse con-
sequences. The dumping of hazardouswasteinto the
environment likerubber, plagtics, agricultura waste, and
industrid wasteisharmful toliving creature.
Solid-waste management isamajor challengein
urban areasthroughout theworld. Without an effective
and efficient solid-waste management program, the
waste generated from varioushuman activities, canre-
sultin hedth hazards and have anegativeimpact onthe
environment. Continuously and uncontrolled discharge
of industrial and urban wastesinto the environmental
sink hasbecomeanissue of mgjor global concern943,
Theindustriad and anthropogenic activitieshadadsoled
to the contamination of agricultural landswhichresults
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thelossof biodiversity. Although theuseof pesticides,
herbicidesincreasesthe productivity of crop but aso
increasethe contaminationinthe soil, water and air?!,

Bioremediaionsnot only aprocessof removingthe
pollutant from theenvironment but dsoit an eco friendly
and more effective process*l. The pollutantscan be
removesor detoxify from the soil and water by theuse
of microorganism, known as bioremediation“’*4, The
purpose of bioremediationisto makeenvironment free
from pollution with help of environmental friendly mi-
crobes*. Bioremediation broadly canbedividedin
two category i.e. In-situ bioremediation and ex- situ
bioremediation.

Thisstudy reviewed the salient featuresof methods
of bioremediation, itslimitations and recent develop-
ments in solid waste management through
bioremediation.

In situ bioremediation providethetrestment at con-
taminated sitesand avoi ding excavation and transport
of contaminants, meansthereisno need to excavate
thewater or contaminated soil for remediation. There
isabiologica treatment of cleaning the hazardous sub-
stances on the surface. Here the use of oxygen and
nutrient to the contaminated siteintheform of agqueous
solutioninwhich bacteriagrow and helpto degradethe
organic matter. It can beused for soil and groundwater.

Generdly, thistechniqueincludes conditionssuch
astheinfiltration of water containing nutrientsand oxy-
gen or other electron acceptorsfor groundwater treat-
ment®¥. Most often, insitu bioremediationisapplied to
the degradation of contaminantsin saturated soilsand
groundwater. It isasuperior method to cleaning con-
taminated environmentssinceit is cheaper and uses
harmless microbial organismsto degrade the chemi-
cals. Chemotaxisisimportant to the study of in-situ
bioremediation because microbial organisms with
chemotactic abilitiescan moveinto an areacontaining
contaminants. So by enhancing thecells’ chemotactic

abilities, in-situ bioremediation will become asafer
method in degrading harmful compounds.

Thisin-gtubioremediation further sub dividedinto
following category:-

Bioventing

It is atechnique to degrade any aerobically de-
gradable compound. In bioventing the oxygen and
nutrient like nitrogen and phosphorusis injected to
the contaminated site®. The distribution of these
nutrient and oxygen in soil isdependent on soil tex-
ture. In bioventing enough oxygenisprovided trough
low air flow rate for microbes. Bioventing is noth-
ing but it is pumping of air into contaminated soil
above the water table through well which sucked
theair. Bioventingismore effectiveif thewater table
Is deep from the surface and the area having high
temperature. Itismainly used for theremoval of gaso-
line, ail, petroleum etc. The rate removal of these
substances is varied from one site to another site.
Thisisjust because of the differencein soil texture
and different composition of hydrocarbons.

Source

A thesis on Bioventing Degradation Rates of
Petroleum Hydrocarbons and Determination of
Scale-up Factorsby Alamgir Akhtar Khan, The Uni-
versity of Guelph

Schematic diagram of a typical bioventing sys-
tem

Biosparging

In biosparging air is injected below the ground
water under pressure to increase the concentration
of oxygen. The oxygenisinjected for microbial deg-
radation of pollutant. Biosparging increase the aero-
bic degradation and volatilization?. There must be
control of pressurewhileinjecting the oxygen at the

TABLE 1: Someaccidentshavebeen occurred in giving countries

Organization Accidents occurred at Key note References
USEPA United State 58100 UST leak have been identified Eyvazi, 2010
United Kingdom g?f:é%?;sel nstallations 409 dangerous occurrences for 2011/12 UKHSE, 2012
Canadian federal contaminated 46.6 % of total contamination concerns soil,
sitesinventory Canada with 52.1% of soil contamination due to petroleum OAGCA,2012
0 ; TN .
England 17 % of all serious contamination incidentsin 2007were UKARI, 2007

related to fires, spills and leaks of hydrocarbons
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contaminated site to prevent the transfer of volatile
matter into the atmosphere. In it the cost can be re-
duce by reducing the diameter of injection point.
Beforeinjecting the oxygen there should know about
soil texture and permeability. This technology was
applied to a known source of gasoline contamina-
tion in order to quantify the extent of remediation
achieved in terms of both mass removed and reduc-
tionin massdischargeinto groundwater. Biosparging
is effective in reducing petroleum products at un-
derground storage tank (UST) sites. Biosparging is
most often used at sites with mid-weight petroleum
products (e.g., diesdl fudl, jet fud); lighter petro-
leum products (e.g., gasoline) tend to volatilize
readily and to be removed more rapidly using air
sparging. Heavier products (e.g., lubricating oils)
generaly take longer to biodegrade than the lighter
products, but biosparging can still be used at these
sites. Even after that there are some disadvantages
is aso-

Biospar ging processflow chart

Bioagumentation: Microorganisms having spe-
cific metabolic capability areintroduced to the con-
taminated sitefor enhancing the degradation of waste.

- OCrlticel Review

At siteswheresoil and groundwater are contaminated
with chlorinated ethenes, such astetrachloroethylene
and trichloroethylene, bicaugmentation isused toen-
surethat thein situ microorgani smscan completely de-
grade these contaminants to ethylene and chloride,
which arenon-toxic. Monitoring of thissystemisdiffi-
cult.

Ex-stu bioremediation

Thetreatmentsarenot given at Site. Inex situ, the
contaminated soil excavate and to tresat it at another
place. Thiscan befurther sub dividedinto following
categories.-

Biopiling
Thebasi cbiopile system includesatreatment bed,
an aeration system, anirrigation/nutrient syssemand a

Initial Screening Of

Biosparging
I
|
Is Floating ' —%,
Product ¥el / Remove \'>
Present? That
No
{
Arenearbyany | Yes
basement sewer
present? —\
. \
i e usel
No Yos WillSVEbe used
i \\ to control vapours
. . migration?
Is contaminated l Yos

;No

*

ground waterina
confined aquifer?

Biosparging is not |
effectiveat the site.
Consider other
technology like
insitu ground water
bioremediation

Yos
%,

potential to be

Biosparging has the
effective at the site.

TABLE?2

Advantages

Disadvantages

Itisreadily available and easy to install.

Treatment time is short and very minimal
disturbance to the operation site.

It can be used in environmental where air sparging is uniform,
permeable soil, unconfined aquifer etc.

Thereisno field and laboratory

datato support design consideration.
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TABLE 3: Work doneon different methodsof bioremediation and itsapplications

Technique Type Application Special technique Removal References
Gui-Lan Niu
Petroleum aal:
A blower or compressor is
Useful for hydrocarbons  connected to air supply
removal from well and soil gas Petroleum Sdllers
Bioventing contaminated site monitoring well
L Non-fuel
Air isinjected at low flow hvd bo Savl a
rate for 15 month lydrocarbon yles .
like acetone
Indigenous micro -
Biospaging organism are useful in Most efﬁqent Bouwer EJ
Non Invasive
presence of metals
In Situ Naturally attenuated Steohen
process, treat Soil and For the treatment of €0
; Son &
water. Remove toxic waste water Steohenson
material ®
bench-scale batch and
continuous For waste water Qasm &
_ . Useful for soluble flow activated treatment Stineh Elfer
Bioaugmentation chemical sludge reactors
Use nitrogen as a essential  For waste water Bouch-
component treatment Ez et.a
Use not only indigenous
micro organismbut also  For removal of
; . Booneta.
use regular resupplement  Chlorinated organic
to microbes
Aeraobic process and
. . . Blanca
Land farming useful_ for organic Inexpengye, self-heatmg Antizar-
material followed by Cost efficient, Simple, '
L - Ladidao et.d
irrigation and tailing
Low cost Rapid reaction Blanca
rate, Inexpensive, sdf Antizar-
. heating Ladidao et.al.
Bxsitu Anaerobic process . . . I , M. Tuom
Composting converts organic solidsto Using Whiterot fungi Lignin degradation daet.a.
humus During composition Composting O.f Abde
2 X organic materials :
maintain moisture 75% from municipal solid hadi
and pressure under 0.6 bar Makan et.a

waste

leach ate collection system. For proper degradation
there should be control of moisture, heet, nutrients, oxy-
gen, and pH. Theirrigation system isburied under the
soil and providesair and nutrient through vacuum. To
prevent the run off the soil iscovered with plasticand
duetowhich evaporation and volatilizationisaso pre-
vented and promote the solar heating. Biopile treat-
ment takes 20 to 3 month to completethe procedure*”.

L andforming

Inland forming make a sandwich layer of exca-
vated soil between aclean soil and aclay and concrete.

Theclean soil at bottom and concretelayer should be
theupper most layers. After thisalow it for natural deg-
radation. Init also provide oxygen, nutrition and mois-
tureand pH should a so maintain near the pH 7 by us-
inglime. Land formingisuseful mainly for pesticides.
Compositing

Compositing is aprocess in which microorgan-
ism degrades the waste at elevated temperature that

israngesfrom 55— 65. During the process of degrada-
tion microbesrel ease heat and increase thetempera-
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turewhich leadsto the more solubility of waste and
higher metabolic activity in composts.

In windrow composting remove the rocks and
other larger particles from excavated contaminated
soil™, The soil is transported to a composting pad
with atemporary structure to provide containment
and protection from weather extremes. Amendments
(straw, alfafa, manure, agricultural wastes and wood
chips) are used for bulking agents and as a supple-
mental carbon source. Soil and amendmentsarelay-
ered into long piles known as windrows.

Requirementsof bioremediation
Wastes are two typei.e. inorganic waste and or-

Energy source &
electron Acceptor

Moisture and pH

Nutrient and Temperature

Absence of Toxicityy Removal of Absence
Metabolites of

Competitive

ganicwadte. Theinorganicwagteincludesmainly heavy
metalsand organic wasteincludes agricultural waste,
plastics, rubbersetc.

Although researcher had found the variety of the
ways by which we can degrade the solid waste. But
bioremediation a so making itsleap to tacklethe prob-
lem of heavy metal s associated with different catego-
riesof wastewith the help of microorganism:

Bioremediation of heavy metals

Theatomicweight and density of heavy metal is
high as compareto other element. Thereismorethan
20 heavy metals, only few of them such as Cadmium
(Cd), Cupper (Cu), Argon (Ar), Silver (Ag), Chro-
mium (Cr), Zinc (Zn), Lead (Pb), Uranium (Ur), Ra,
Nickel (Ni) etc. isconsidered, duetotheir toxicity. The
contaminationsof soil through heavy metalsbecomea
major problem among all other environmental prob-
lems. Theseheavy metalscontaminate not only the soil
but d so ground water through leaching. Theremova of
heavy meta isvery important dueto their potentia of
entering into thefood chain causing adverse effect to
human beingswhich accumul ateinto the body. These
metal s can also beremoved by theuse of variousbio-
logica agentslikeyeast, fungi, bacteria, and algaeetc.
which act as biosorbent for sequesteringthe metds. It
can sequester dissolved metal ionsout of dilute com-
plex solutionsvery quickly and whichismoreeffective
and efficient. Henceitisanided candidatefor thetrest-
ment of high volume and |ow concentration complex

TABLE 4: Table showing the name of microbial species& removal elements

Name of the species

Removal of elements

Reference

Bascillus species Cd, Cu, Zn

Cellulosmicrobium cellulans Cr
Pseudomonas aeruginosa

Aspergillus fumigates Ur

Aspergillus niger Cd, Zn, Th, Ur, Ag, Cu
Betavulgaris Cd, Ni,Cr, Hg,
Micrococus roseus Cd

Escherichia coli Znand V

Oedogonium rivulare
Trichoderma Viride, And Humicola Insolens Hg

Cd, Pb, Fe, Cu, U, Ra, Ni, Ag

Cr, Ni, Zn, Fe, Mn Cu, Pb, Cd and Co

Perrin et. al. (2005);Philip et.a. (2000);
Gunasekaran et. d,(2003)
Chatterjeeet. d., (2011)

Jayashree R,(2012);

Pattus F, (2000)

Wang et. al. (2009)

Guibd et. d., (1995);
Gunasekaran €. al., (2003),
Mukhopadhyayet. d., (2007)
Gunasekaran €. al., (2003)

M oteshareadeh et. a., (2008)
Grass et. al.,(2002)
Chatterjee, (2011)

Javed et. dl., (2007)

————  Snoivonmental Science
Au Tudian Yournal



16 Application of bioremediation on solid waste management: A review

ESAIJ, 10(1) 2015

Orielcal Review e

Protein
Denaturation (Hg,
Pb and Cd)

Inhibition of Cell
Division (Hg, Pb,

MICRO
ORGANISM

e

‘uhibition of
Cell Membrane Enzyme
Disruption (Hg, Activity (Hg,
Pb, Cd, Zn, Ni Pb, Cd, Zn, Ni
and Cu) and Cn

Translation Inhibition (Hg)

DNA ==>mRNA ==>Protein Synthesis
DNA Damage Translation Inhibition

(Hg, Pb, Cd and As) (Hg, Pb and Cd)

wastewaterg®. The property of microorganismto ac-
cumulate/sequester themetd isfirst of al observed with
toxicological point of view!®3, Biosorptionisnothing
but it isareaction between thepositive charged heavy
metal sand negative charged microbia cell membrane,
inwhich meta sarethen transported to cell cytoplasm
through cell membranewiththeaid of transporter pro-
teinsand get bioaccumul ated. Biosorption of metd ions
strongly dependson pH. Thebiosorption of Cr, Zn, Ni
and Pb by p. chrysogenum was inhibited below pH
3.0. It wasobserved that biosorption of Cd by various
fungd speciesisat very sensitive pH.

It has been observed that Cd?* Cré* and Zn?* re-
moval activity ranged between 85% and 60%, with
intracellular accumulation as predominant mecha
nismsinmost of the cases.

Pseudomonas aeruginosa and Aspergillus
nigerarethe specieswhich removeamost every toxic

heavy metd.

Sometimes the toxicity of heavy metals also af-
fects the microbia population as shown below in
figure:

Bioremediation of rubber waste

In solid waste, about 12% constitute of rubber. A
rubber can neither degrade easily nor recycled dueto
itsphysical composition™?, Tireiscomposed of syn-
thetic polymersand high grade of black carbonisaso
there*d. Thereason behind thisblack carbonistoin-
crease the strength of that rubberor tired?. A major
environmental problem arisesdueto rubber, because
on burning it gives a large number of toxic fumes
along with carbon monoxide?. Even after that the
use of rubber is increasing day by day, of which
maximum rubber comes from vehiclesi.e. 65%/24,
Its toxic chemical composition like zinc oxides in-
hibit the growth of sulfur oxidizing and other natu-
rally occurring bacteria, which leads slow natural
degradation of rubber’>®. So for degradation of rub-
ber first of al remove the toxic component of rub-
ber through fungi like Recinicium bicolour. After that
this rubber can be devulcanized by sulfur reducing
or oxidizing bacteria like Pyrococcus furiosus
& Thiobacillusferroxidans. These devul canized rubbers
can berecycled®!, Thecd orific vaueof rubberissame
ascod that isof about 3.3 x 10°KJkg*. So control
combustion of rubber can be a best waste manage-
ment!? and the heat can beusefor energy generation.

Bioremediation of agricultural waste

Each year, human, livestock, and crops produce
approximately 38 billion metric tons of organic waste
worldwide. Disposa and environmenta friendly man-
agement of these wastes has become aglobal prior-
ity. Therefore, much attention has been paid in re-
cent years to develop low-input and efficient tech-
nol ogiesto convert such nutrient-rich organic wastes
into value-added productsfor sustainableland prac-
tices. However these can be managed through
vermicomposting. A vermicomposting is nothing but
ajoint action between the earth warms and microor-
ganism. Here microorganism hel psin degradation of
organic matter and earth warm drivesthe processand
conditioning to the substrate and altering the biol ogica

Snvivonmental Science (=
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Figure5: Thesructureof someherbicides, pesticides, and
someenvironmental contaminants

activitytt49,

Several epigeic earthworms, e.g., Eiseniafetida
(Savigny), Perionyx excavatus (Perrier), Perionyx
sans baricus (Perrier), and Eudriluseugeniae havebeen
identified asdetritusfeeder and can be used potentialy
to minimizethe anthropogeni c waste from different

= Oritical Review

sourcel®¥. Whereas agricultural by productslike ani-
mal dung, crop residueetc. are good source of nutrient
for theplants. InIndia, accordingto conservative esti-
mation approximately 600 to 700 million tons of agri-
cultural wasteisavailable. Thishugequantity of waste
can be converted to boifertilizer by vermicomposting.
Vermicomposting oftenresultsin massreduction, shorter
timefor processing, and high levelsof humuswithre-
duced phytotoxicity in ready materia?. A variety of
combinationsof crop residuesand cattlemanurewere
used invermicomposting trial sto obtain aval ue-added
product, i.e., vermicomposting, at theend, the higher
concentrations of plant nutrientsin end productsin-
dicate a potential for using agriculture wastes in
sustainable crop production(*4.

Degradation of xenobiotic compounds

Xenobiotics are organic in nature and many of
the xenobiotic compounds released into the envi-
ronment and accumu-late because they are only de-
graded very slowly and in some cases so slowly as
torender them effectively permanent. Some examples
of such type of compounds are given below:

A short summary of some cardinal issuesof sig-
nificance for all Xenobiotics has been given bel-
low.

o The degradation of xenobiotic compounds
are depends upon microbial activity. Some
exampleincludes degradation of parathion

o It should be examine the degradation path-
way of xenobiotic compound when single
substrateisavailablethere.

o In absenceof oxygen there should be an alter-
native el ectron accepter nitrate, sulphate, sdl-
enate, carbonate etc.

o There are no microbes or group of microbes

TABLE5: List of Xenobiotic compoundsand degrading microbesaregiven bellow

Xenobiotic compound

Microbes

Reference

Endosulfan compounds

Endosulphate compounds Arthrobacter sp.

Vinylchloride Dehalococcoides sp.
Napthalene Pseudomonas putida
Pyrene MycobacteriumPY R-1

Sphingomonas paucimobilis
PCB RhodococcusRHA 1
Benzene Dechloromonas sp.

M ycobacterium sp.

Sutherland et al., 2002

Weir et al., 2006

Heet al., 2003

Habe and Omori, 2003
Kanaly and Harayama, 2000
Habe and Omori, 2003
Kimbara, 2005

Coateset al., 2001

ey Snoivonmental Science
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that degrade all compounds. So there should
be a group of organism, metabolically ver-
satile that is applicable for the degradation
of large no of compound.

The degradation of X enobiotic compound through
whiterot fungi can take place with certain enzymes.
It has been reported that the degradation of TNT by
non-ligninolytic strains of P. chrysosporium.

Limitation of bioremediation

Some common environmental limitationsto bio-
degradation arerel ated to hazardous chemical wastes
which posses’ high waste concentrations and itstox-
icity. Because sometimethistoxicity either inhibits
the growth of microorganism or sometimekill them.
For proper growth of microorganism it requires of
favorable pH condition and sufficient amount of min-
eral nutrientsand al so requirestemperature on which
maximum microbes can survivei.e. 20°C to 30°C.
Oncethelimitationsby environmental conditionsare
corrected, the ubiquitousdistribution of microorgan-
isms, in most cases, allows for a spontaneous en-
richment of the appropriate microorganisms. In the
great majority of cases, an inocul ation with specific
microorganismsisneither necessary nor useful. Be-
sides all these some other factors are also effect the
bioremediation such as solubility of waste, nature
and chemical composition of waste, oxidation — re-
duction potentia of waste and microbial interaction
with this. Hence the researchers should search ge-
netically different type of microbes which can also
work on glightly adverse condition. Therefore,
bioremediation is still considered as a developing
technol ogy to regulate the day to day environmental
problems faced by man residing in an area.

CONCLUSION

Although researcher had found the variety of the
ways by which we can degrade the solid waste. But
bioremediation aso making its leap to tackle the
problem associated with different categories of
waste with the help of microorganism. From this
paper we can say that there werelesswork has been
done on rubber waste degradation. So there should

pay more attention towards rubber waste.
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