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ABSTRACT

Leather industries releases large amount of wasteish are in solid and liquid form. One of the liksolid wastes
produced as of leather industry is chrome-tannedher shavings(CTLS) hides, etc. Wastes releasestannery
industries contain major toxicity of chromium whigteases into the environment directly or indinec€hromium
(Cr) into the environment createmfavorable outcomes by altering the normal physéocical properties of soil
and water. It is determined that Chromium is thmgiple threat of tannery industry. Cr is extremegnomous and
carcinogenic to humans, animals, vegetation andval as overall environment. Effective manageménaonery
waste is the necessity of the time. Although |atltefnative treatments were assessed to reducéottie effect of
Cr on environment but none of them forced out Ommletely. In some cases researchers however sdckess
enough working biotechnological methods to reduee tbxic effect of chromium (Cr VI). Hence treattaesre
either complex, expensive or not applicable worttbMiue to proficient work force environment. Congedly, to
tackle these challenges demanding environmentahande which can be practiced and approved widekr ahe
world. This problem can be overcome by microbigredation process which uses plants like hyper-audators,
microbes for the treatment of contaminants. Thougls time consuming this helps in complete resion and
pollution free process.
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INTRODUCTION

Environment is getting fragile and environmentalllyggmon is one of the disagreeable side effects of
industrialization, urbanization, population growHnd irrational approach towards the environment.sté&
produced from industries are generated from diffepeocesses and the quantities, features of peataffluent and
wastes vary from industry to industry dependingrugte raw material used, water consumption andageedaily
production [1]. The mutual problems associated witlauthorized management and discarding of wast#sde
infections, disease transmission, soil and wat#ufpan[2]. Due to industrial expansion, large amtaiof industrial
wastes are gathering in environment and cannotigmosked without prior special treatments. Due tugtrial
enlargement, enormous amounts of industrial waategathering in environment and can't be dispegdte not
previous special treatments[3]. In specific, wagsteducts from the mining, tanneries and metal mnefjindustries,
sewage sledges, etc contain heavy metals at higteotrations. Generally, these heavy metals cdedbed from
the soil to the surface water system[4, 5] at cotrations higher beyond acceptance (CEC, 1986)rBnriental
pollution from heavy metals and minerals can diigm natural as well as anthropogenic sources.
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Natural sources are: seepage from rocks into wabécanic activity, forest fires etc. In anthropogeactivity the
pollution occurs both at the level of industriabguction as well as end use of the products anaff{iB]. From the
research conducted by Blacksmith Institute, itneates that close to 125 million people are at fiskn industrial
pollution worldwide.

The chief hazardous metals which are of great qonfoer India in terms of their environmental loaddahealth
effects are lead, mercury, chromium, cadmium, coppd aluminium.

These metals exist in soil leads to severe thredtreeeds to be treated. Data of Central pollutiontrol board
(CPCB) display that Maharashtra, Gujarat and Anditveedesh subsidize to 80% of hazardous waste ia (Ridess
information Bureau, Govt. of IndiaPib.nic.in/releg9.11.2011).

Waste disposal into the environment generates adwaffects by changing the normal physiochemiagp@rties of
soil and water[5]. However several conventional g¢bgchemical methods are currently being practibed
biological methods are better alternatives, becthusgare economical as well as eco-friendly.

Naturally chromium occurs in various oxidation sgtbut Cr (lll) and Cr (VI) are of remarkable wohiologically.
Chromium is a necessary metal that is involvedhi& metabolism of glucose in humans and animals,itbut
hexavalent form is very toxic and carcinogenic¢mand for Cr(VI) is increasing day by day duetsoeixtensive
use in numerous industrial and chemical procesgel as film and photography, galvanometric and tetad
procedures, metal cleaning, plating and electrofateather, and mining[8[hese industrial processes produce
toxic waste in a large amount that contains hexantathromium with concentrations ranging from tenlBundreds
of milligrams per liter along with other forms ofiromium [9]. Hexavalent chromium is often foundsoil and
ground water due to its wide spread industrialinsseveral process industries [10], such as tanmdegtroplating,
steel industries etc. Cr(VI) are highly toxic[11dllutant even at very low concentration[12, 13]. ®any aerobic
and anaerobic microorganisms are capable of regugi(VI) to Cr(lll), bioremediation may play an imgant role
for the detoxification from Cr (VI) even at verywappm or ppb) level. It has already been repotied because of
the presence of some enzymes called chromium rasket{14], completely different microorganisms hglog
particularly to the genu®seudomonasan reduce Cr(VI) to Cr(lll). The reduction of tefiormation capacity of
Cr(VI1) by microorganisms at higher initial concetton of Cr(VI) has been observed by other reseascfi5] and
the phenomenon has been explained by the presémdghotory effect of Cr(VI) at high concentratidavel [16].

2. Tannery wastes and chromium contamination:

In tannery industries tanning are performed by twethods,Vegetable tanning and Mineral tanning. Vegetable
tanning uses tannin (a class of polyphenol astringeemical) which are present naturally in thekteard leaves of
many plants Mineral tanning usually uses chromium in the forfmbasic chromium sulfateChrome tanning is
faster than vegetable tanning (less than a dathisipart of the process) and produces a stretelabther which is
excellent for use in handbags and garments.

Chromium-based tanning process is predominantlyo@d worldwide[17, 18]Leather industry produces
chromiumbased waste both in liquid and solid form such as chromium sludge, chromeddneather shavings
(CTLSs), and chrome leather trimmings. These wastesinavoidable due to adaptability of chromiung possess
a serious threat to the environment. It has begmated that 0.02 million tons of chromium shavisgienerated in
India per annum. Nearly, 0.8 million tons of CTL&=uld be generated per year globally [2&ong heavy metals
presents in tannery waste, Chromium is one of tbetmommon pollutanChromium is found in several oxidation
states ranging from -2 to +6, among which chrom{livf) and chromium (Ill) are the most significant astheir
persistence and stability. Chromium (VI) catchesptace in the priority list arranged by the AgerafyToxic
Substances and Diseases Registry (ATSDR). Chrongcampounds can cause mutation and cancer, and hinder
enzymes and nucleic acid synthesis. In comparisbrpmium (lll) is less toxic and less mobile[20]ath Cr
(VD.Cr(VI)penetrate cells 1000 times more thanliCxChromium contamination of the environment fsconcern
because of the mobility and toxicity of Cr (VI). ifalent and hexavalent chromium differ widely in
physicochemical properties and biological reagtiwhile Cr (VI) species and dichromate’s are axiggy water-
soluble and mobile in the environment.
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3. Chromium toxicity:

Industries like electro plating, metallic cleansiugd dyeing processing, cement, and leather tarinthgstries are
the major source and play role in discharging clivominto the environment. Hexavalent chromium is thain
chromium species used in industrial processes,dital) manufacturing of metallic alloys (the mosprntant use
of Cr), chrome leather tanning, metal cleaning pssing, electronics and wood preservation and saaod is
therefore the most common pollutant in a wide \gréd industrial wastes [15]. Cr in the hexavalphaise (Cr-VI)
is more toxic then in trivalent state (Cr-Ill). Maver, Cr (VI) is recognized to be highly toxic, tagenic and
carcinogenic for mammals including humans wherea$ll is an essential trace element which is ieegi for
lipid, glucose and amino-acid metabolism as welbhageneral dietary supplement. Studies have redehbt Cr
(V1) is approximately 100 times more toxic and1d@ies more mutagenic than Cr (lll). Chronic inhialat of
hexavalent chromium compounds increases risk of leencer. The accumulated chromium in soil can akso
reason of acute and long term toxic effects onemilsystems. Non occupational exposure to the rhafaens via
the ingestion of chromium-containing food and watewhile occupational exposure arises via
inhalation[21].Humans and animals confine chromiumthe liver, lung, spleen, kidney, bone marrowd aed
blood cells (RBC) (ATSDR, 1989). The central pafitisthe excretion of chromium are via the kidneysfe and
the feces/bile[21].Cr VI i.e. Hexavalent chromiumngounds are genotoxic carcinogens in nature. dtibal of
hexavalent chromium compounds increases risk of lkeencer (lungs are especially susceptible, tratkefine
capillaries in kidneys and intestine).It's quitealdénging that polluted arena by industrial wastewaxhibit a
mobilization ration of less than 5 (possibly poisos) for selected plant species. The deploymeidsréor weeds
turn out to be greater than 5 (Fig. 1), which shéwalthy morphology in the early flowering stagéTse work
done by Marchese and his coworkers [22] about raatation of Chromium in four fresh water clams,lgaplant
species and fishes showed that, all the four frester species and animals were found with high eotration of
Chromium which means there is well-known accunoabccur. The release of heavy metal poses ldngsat to
the environment and public health because of tlogic nature, bio-accumulation within the organteepomenon
and persistence in nature (Ceribasi and yetis, 2001
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Fig 1: Schematic diagram of the toxicity and mutagenicity of Cr (VI) (Cheung et al., 2007)
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4. Effect of Chromium on environment:

Chromium (Cr) is the topmost heavy metal contantifaand in the tannery effluent occupying 40% oé tiotal
industrial use. Cr used by the leather industriatohides is not used completely by leather andpewatively large
amounts outflows into the effluent[23]. Cr (VI) gatively affects the environment due to its emingitibility,

mobility and responsiveness. Soils and groundwateiounds are utmost affected by Cr (VI) pollutfoom spills,

unlawful disposition and unguarded stock piles efvntechniques chromium products. Though Cr (lll)ars
essential nutrient for human beings but there iowflict that Cr (VI) compounds are more poisontiusn Cr
(ln).Generally the effluents are extremely comphaktures comprising of both inorganic and orgatsenpounds
that make the tanning industry possibly a polluiotensive sphere [24].[3] examined the total ofatgams in the
monetarily considerable products and vegetableseredt with tannery effluent. They've accounted ttret

collection of metal from soil to plant structure mitoconsent any particular model and veered wittnegtion to
metal, species and plant structure. In India, al20@0-32,000 tons of elemental Cr annually escampesthe
environment from tanning industries. Tamil Nada ileading finished leather producer in India. TaRadu which
was considered as one of the “Critically pollutedad[6].The contamination doubts are amplified bg tunder
mentioned attributes of Cr (VI):

» Cr (VI) is extremely dissolvable and mobile in wafEhese consequences in eminent consumptionrraeimal
and plant cells.

« Cr (VI) is extremely available to live organismsrahigh multiple paths of entrance such as consumptio
epidermal adjoin, breathing in, and absorptiorttim case of plants and root ages).

» Cr(VI) shortens seed sprouting of plants [25]. Tikisuspected to be due to root dalliances.

» Other analysis suggested retardation of developmbotosynthesis and enzyme actions in algae duibeo
bearing of Cr (VI) at concentration as low as 1éngp, 26, 27].

5. Microbial reduction of Chromium:

Chemical methods are often available for elimimatad chromium in majority from industrial effluefiut they
often fail to meet the environmental regulatiomschemical treatment very harmful chemicals arehdisged which
are toxic as well as harmful to environment. So rob@l treatment of CTLS may be better alternatime
comparison with chemical treatment for this purpasethe chemical agents add to the environmentaltion.
Microbial treatment involves all kinds of microblédse bacteria, fungus, etc. Study have conveyeémté@l of some
species of bacteria likPseudomonasBacillus and Arthrobacterfor reducing the level of chromium[28, 29].In
polluted sites, chromium obtainability is influedcdy processes like complex formation, oxidatioduaion,
precipitation, which in turn depend on microbiatidties. Though, exposure to chromium for a lomgéd can
reduce microbial diversity, population and activikfany bacterial species surviving in presencelobmium for
years in contaminated sites are found to be hig#gistant to chromium and are measured as impddanémoval
of chromium[30].The current study tries to check thotential of a strain dBacillus subtilisisolated from East
Calcutta Wetlands for biological treatment of chiem (VI).Chromium (VI) is virulent to biological sgems due to
its strong oxidizing potential that causes harnisci1]. However, some microorganisms within thesance or
absence of oxygen will reduce the toxic form of @i) to its trivalent form [32]These microorganisnase
identified as chromium reducing bacteria (CRB)wHs demonstrated that among CRB, gram-positive @RB
significantly tolerant to Cr (VI) toxicity at reliaely high concentration, whereas gram-negative GR8 more
sensitive to Cr (VI) (Coleman, 1988). Initially, searchers targeted on facultative microorganisneh sas,
Pseudomonas dechromaticans, Aeromonas dechromdiicseries of other diverse microorganisms wererlat
isolated including sulfate-reducing bacteria (SRBh aDesulfovibrio vulgarij5] and Fe(lll) reducing bacteria
such as and@hiobocillus ferrooxidaf33].

6. Biological degradation of chromium:

Unlike organic contaminants, the metals cannotudeed, but can be converted to a stable form omoxed. The
process of using microorganisms to degrade or renf@zardous pollutants from the environment is knas
biodegradation or biological degradation. Even tiouCr (VI) can be reduced by algae or plants, iil so
microorganism has been confirmed to be most effeldD, 32, 34]. The biological processes are higiggcific
with culture requirements and at time are difficitextrapolate the results from lab to field. [scaoften takes
longer time than other treatment such as excavatimhremoval of soil. There are numerous factdiectihg the
method of bioremediation such as depletion of pesfigal substrates, lack of nutrients, toxicity aswubility of
contaminants, chemical reaction or reduction paeanhd microbial interaction (Fig. 2).
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Fig 2:Cr (VI) reduction in respiratory chain involving trans membrane protein[35]

Mechanisms by which microorganisms act on heavyalménclude bio sorption (metal sorption to celtfage by

physicochemical mechanisms), bioleaching (heavyahebbilization through the excretion of organiddacor

methylation reactions), bio-mineralization (heavgtal immobilization through the formation of insble sulfides,

etc), accumulation inside cell, and enzyme-catalysactions(redox reactions)[36]. The major micablprocesses
that influence the degradation of metals are sunzeain Fig 3.
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Fig 3: Microbial processes used in bioremediation technologies modified from Lloyd and L ovley
6.1. Bacterial degradation of chromium:
Hexavalent Chromium is toxic to bacteria that axisteng in the contaminated soil or waste watere Hacterial
species are capable to nurture in the toxic camitiand are commonly supposed to be tolerant/aesiso
chromium[30, 37Pseudomonas spwvas the first hexavalent chromium to be recognifeun waste water.
133
Pelagia Research Library



Harshita Nigam et al Adv. Appl. Sci. Res,, 2015, 6(3):129-136

Resistance is explained as the capability of aeoiganism to persist toxic effects of metal expedw means of a
detoxification mechanism formed in direct respottséthe metal species concerned. Tolerance is exgaas “the
capability of a microorganism to endure metal tiyidy means of intrinsic properties and or enviramtal
modification of toxicity[38]. Bacterial strain thate isolated from electroplating industry displhyegher reduction
rate paralleled with the procured one[3Bhcillus coagulanssolated from electroplating industry was capalfle o
reducing Cr (VI) by using soluble enzyme and usimgate as external electron donor. The biologieduction of
Cr (VI) was found similar to sulfate reduction pess. Thus we can say that bacteria which are ebfadm highly
chromium contaminated soil are helpful in reducthg chromium level[40].The bio-degradative pathwagse
also been reported in bacteria from the ger@ovaynebacterium, MycobacteriynhAeromonasand Bacillu§41].
Although many bacteria are able to metabolize wariorganic pollutants, a single bacterium doeshudd the
enzymatic capability to degrade all or even mosthef organic compounds in a polluted soil. Mixectnoibial
populations have maximum powerful bio-degradatieéeptial because the genetic information of moanthne
organism is necessary to degrade the complex reitwf organic compounds present in contaminated
areas[42].Microorganisms have developed the cdpabilto protect themselves from heavy metal tayidiy
various mechanisms, such as adsorption, methylatgigation and reduction. Reduction of metals cacur
through dissimilarly metal reduction [42], wherecteia utilize metals as terminal electron accepfor anaerobic
respiration. Along with this, bacteria may haviegluction mechanisms that are not attached to egi&gpir but in its
place are supposed to be metal resistance. Forpégameduction of Cr(VI) to Cr(lll) under aerobidd] or
anaerobic conditions [44].

6.2. Fungal degradation of chromium:

Fungus behave as bio-absorptive material to eliteih@xavalent chromium. Bio-sorption mechanismasedby
two methods- metabolism dependent and non-metabalispendent. The chemicals get attach to the fomaiti
groups on the surface and get absorbed. Severglisuran be treated as a natural bio-sorbents torlahsxavalent
chromium in environment. Bio-sorption of the chromi ion Cr (VI) from the cell surface ofrichoderma
fungal[45]species in aerobic condition was investigl. The extreme efficiency of 97.39% was foun8.5pH. The
results of FT-IR analysis proposed that the chremhinding sites on the fungal cell surface were miiggly
carboxyl and amine groups. The absorption isotheaitulated fit to Freundlich models.

Fungi are an important part of degrading microbexsabise, like bacteria, they are able to metaboliganic matter;
they are principal organisms responsible for theodgosition of carbon in the environment. Unliketesia, fungi
can grow in low moisture areas and in low pH, whietps them in the breaking of organic matter. gged with
extracellular multi-enzyme complexes, fungi are teficient, especially in breaking down the natyralymeric
compounds. By means of their hyphal systems thewalso able to colonize and penetrate substrgpédiyand to
transport and redistribute nutrients[42]. The hittrés that distinguish filamentous fungi from othiée forms
determine why they are good biodegrades. First,ntlyeelial growth habit gives a competitive advaetagyer
single cells such as bacteria and yeasts, espewiil respect to the colonization of insoluble shtes.

6.3. Yeast degradation:

Yeasts are known for playing an important roletie temoval of heavy metals which are toxic. Thee many
information on bio sorption of heavy metals by yeai the case of hexavalent chromium (Cr(VI)) fwend that

P. anomalais able to remove Cr(VI)[46].The capability of yeas reduce hexavalent chromium was considered.
The in vitro decrease of hexavalent chromium u€ingde Chromate Reductase (CChRPathia jadinii M9 and
Pichia anomalavi10, isolated from a textile-dye factory efflueri[4

CONCLUSION

Microbial activities are very essential for the earal of our environment and maintenance of the alaycle.
These happenings are included in the term biodegiomd Among the substances that can be degraded or
transformed by microorganisms are a huge numbesynthetic compounds and other chemicals having eco-
toxicological effects like hydrocarbons and heawstals.

Microorganisms might be considered excellent patiiremoval tools in water, soil and sedimentsegaty due to
their benefit over other bioremediation proceduiisdegradation represents a highly profitable pss¢ but still
affordable tool of removing pollutants, hence ayvirasible process to be applied. The capacity ofierobial
population to degrade pollutants can be enhansdlsl stimulation of the indigenous microorganisgmsaddition
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of nutrients. The ever increasing concern aboug#téng worse of the environmental condition cookda driving
force to evaluate and remediate pollutant frometbesystem. Chromium is very virulent to human wesdb) beasts
and the environment (land, water system, depokrgpand so on).There are some species of micbeh are
able to decrease or we can say that remove thenalmo content up to 90%. The strainBdicillus subtilisisolated
from East Calcutta Wetlands removed chromium fraowgh medium under laboratory condition up to 90hu3
by treating with microbes we can reduce the chromievel as well as this process does not involwe kand of
chemicals thus this study shows that the biologiosdtment helps in full reduction or removal ofxérealent
chromium in the environment.
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