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ABSTRACT

Heavy metals also occur naturally, but rarely at toxic level. Excess heavy
metal accumulationin soil istoxicto human and other animal's. Exposureto
heavy metalsare normally chronic (exposure over alonger period of time),
dueto food chain transfer. Acute (immediate) poisoning from heavy metal
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is rare through ingestion or dermal contact, but is possible. Preventing
heavy metal pollution is critical because cleaning contaminated soil is
extremely expensive and difficult. Application of industrial waste or sludge
must abide by the regulatory limits set by the U.S. Environment Protective

Agency (EPA). © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

In recent years, heavy meta pollution hasbecome
one of the most serious problems. Presence of heavy
metal sevenintracesistoxic and determined both flora
and fauna. With therapid devel opment of many indus-
tries(mining, surfacefinishing, energy and fue produc-
ing, fertilizer, pesticide, metalurgy, ironand stedl elec-
troplating, eectrolyss, dectroosmodss, legther, synthetic
compounds, waste nuclear liquids, photography, € ec-
tric gppliance manufacturing, meta surfacetreating) and
aerospace and atomic energy installation hascause a
pollution. Metalurgica wastewatersare considered to
be amajor source of hemetal contamination. Waste
containing metalsaredirectly or indirectly being dis-
charged into theenvironment causing serious environ-
mentd pollution and even threatening humanlife. Sev-

eral methodsare being used for the removal of heavy
metd ionsfrom agueous sol ution waste (chemica pre-
cipitation, ion exchange, €l ectro chemical treatment,
membrane technol ogies, adsorption on activated car-
bon, bioremediation).

Excessheavy meta accumulationin soil istoxicto
human and other animals. Exposureto heavy metas
arenormally chronic (exposureover alonger period of
time), duetofood chaintransfer. Acute (immediate) poi-
soning from heavy metal israrethrough ingestion or
dermal contact, but ispossible.

Chronic problem associated with long-term heavy
metd exposures are:

e Cadmium-affectskidney, liver and Gl tract

e Arsenic-skin poisoning, affectskidneysand central
nervoussystem

e Cadmiumisnon-— essential, toxic and non-benefi-
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cid toplantsand animds, heavy metd that isacom-
mon contaminationinsoil.

Themgor sourcesof cadmiumareindustrid wastes.
It wasfound in batteries, welding, dectropl ating, pesti-
cide fertilizer, CdNi batteries, nudear fissonplant, ciga
rettesmoke (1cigarette contain 1-2 microorgansof cad-
mium). Cadmiumin soil isknownto originatefrom
geogenic (natural) and anthropogenic (industrial)
source”,

Thedaily intake of cadmium in the most heavily
contaminated areas amounted to 600-2000 pg/day; in
other lessheavily contaminated aress, daily intakes of
100-390ug/day has been found?,

Cadmiumismainly stored intheliver and kidneys.
Skdetd damageisanother critica effect of chronic cad-
mium exposure. Excretionisdow, withavery long haf-
life (decades) inthe human body. Cadmium concentra:
tionsinmogt tissuesincreasewith age.

MATERIALSAND METHODS

Samplecollection

Stored soil samplefromthelaboratory of Molecular
Bioremediation, Department of Environmenta Biotech-
nology, Bharathidasan Universty, Tiruchirgppdli wasused
for thisstudy. The soil sampleswerestoredin-20°C.

| solation and screening of cadmium resistant fun-
gal species

Toaseriesof sterilized 8 test-tubeswith 9 ml of
distilled water wastaken and labeled as 10 ' to 108,
Onegram of soil samplewasdissolvedin 10dillution.
Oneml of 10 dilutionwastransferred carefully to next
tube using asterilized pipette and repeated up to 108
test tubes. Dilution 10 and 107 waschosenfor isolating
cadmium resstant fungi. The Petri plateswere prepared
with 15ml of containing PDA with cadmiumin different
concentration ranging from 10-100 ppm .Fromthe 10
3and 107dillution 0.1 ml of samplewastransferred to
the Petri plates and using an L-rod the sample was
spread evenly inthe Petri plates. The Petri plateswere
kept ininverted positionin room temperaturefor 3-4
days.

Theisolated coloniesweregrownin PDB and these
colonieswerefurther characterized and employed for
heavy metal tolerance studies.

BioTechnology — ammm—

I solation of pureculture

The pure culturewasisolated from the Petri plate
by inoculating theindividual coloniesintothe sterile
Potato Dextrose Agar plates by Dot platetechnique.
The plateswereincubated at 37°C for 48 h.

I dentification of metal tolerant fungi

Themetd tolerant funguswasexamined by Lacto
phenol Cotton Bluemethod. Placed adrop of LCB on
acleanglassdideover italoop full culturewas spread
uniformly. A cover dip was placed over it, without air
bubbl e observed under microscopeof 45 X resolution.

Estimation of cadmium (APHA-AWWA-WEF,
1998)

Cadmium concentration wasdetermined by Pyro-
nine G method (APHA- AWWA-WEF, 1998) with cad-
mium chlorideasstandard. Different adliquotsof stan-
dard were taken in the concentration range of 10 to
100mg/ ml. Tothis2.5ml of citrate buffer (pH 4), 2.5
ml of potassiumiodide, 2.5ml of pyronineG and 1 mi
of 1% gelatin wasadded, mixed thoroughly and dlowed
to stand for 20 minutes at room temperature. The ab-
sorbancewasread at 405 nmin aspectrophotometer.
A standard graph was plotted against the concentra-
tion of cadmium observance. From the standard graph,
the concentration of sample can becal cul ated.

Biomassquantification

Fungd biomasswasquantified by withdrawing 2.5
ml of broth culturefrom thefunga mediumand theab-
sorbancewas measured usi ng spectrophotometer at 405
nm. Uninocul ated growth mediumwasused asblank8.,

Biosor ption studiesfor cadmium removal usingthe
isolated metal resistant fungi

(1) Optimization of ph for metal removal

Thefungd isolateswereincubated into aseries of
50 ml conical flasks containing PDB amended with 100
mg L* of cadmium. The pH wasvaried from2to 10
(2,4, 6, 8, 10) using dilute HCL or NaOH. The cul-
tures were shaken (120 rpm) at 35°C for 24 hours.
After 24 hoursincubation, the adsorbate were sepa-
rated by centrifugati on was determined spectrophoto-
metricaly (APHA-AWWA-WEF, 1998). Theinitid fi-
nal concentration of cadmium was cal cul ated by esti-
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mating the concentration of cadmium spectrophoto-
metricaly.

(2) Optimisation of temper aturefor metal removal

Thefungal isolateswereinocul ated into aseriesof
50 ml conicdl flasks containing PDB amended with 100
mg L* of cadmium. Thetemperaturewasvaried from
25t045°C (25, 30, 35, 40 and 45°C). The cadmium
concentration was determined spectrophotometrically
(APHA-AWWA-WEF, 1998). And the cadmium re-
moved by isolated fungus was determined.

(3) Extraction of extra cellular protein from iso-
lated cadmium resistant fungi

Protein from thefungi wasextracted and purified
usngmicrobid lyssmethod. Thecadmiumressant As-
pergillusterreuswasinoculated into a50 ml Glucose-
peptone broth and was incubated 24-36 h at 37°C.
Then 15 ml of samplewastaken from thefal con tube
and it was shaked and centrifuged at 6000 rpm for 10
min. Thesupernatant was discarded, and then washed
threetimeswith normal sainebuffer. The supernatant
wasdiscarded.

Tothepellet, 200ul of 10%SDSand 50 mM Tris
glycine buffer was added and mixed well. The mixed
pellet wastransferred to microfuge tube and sonicated
at 3 bontseach of 30 seconds, then centrifuged at 5000
rpm for 10 min. The supernarant was collected; the
same procedurewasfollowed for theisol ation of pro-
tein from the cadmium unexposed Aspergillusterreus.

RESULTSAND DISCUSSION

Soil analysis

Atomic absorption spectrophotometer (AAS) andy-
gsof cadmiuminsoil reveded ahighlevel of 0.26 ppm.

| solation of cadmium resistant fungal species

The soil sampleswas collected were enumerated
for fungi subjected to serid dilution and plating meth-
ods. For enumeration of cadmium resistant fungi, the
dilute soil sampleswereinoculated in PDA plateswith
different concentrations of cadmium ranging from 10-
100 mg/L. Thecoloniesweregrown when the concen-
tration of metal at aconcentration of 200 mg/L. From
this concentration, theidentical large colonieswere

picked andisolated for pureculture. Theisolated cul-
turewastol erant to cadmium concentration of 100 mg/
L. Theisolated colonieswerefurther characterized and
used in Cd removal batch modestudies (Figure 1).

I dentification of cadmium tolerant fungi isolates

Theisolated coloniesshowed blue-green shadewith
velvety sructure. Thesurfaceisgppeared granular; large
guantities of pigmented spores are produced and the
white apron is seen along the edge of active growth
.Thecamel isformed on the surface of colonies. The
fungi wastol erant to acadmium ion concentration of
100 mg/L. Microscopic view of the fungi with
Lactophenol Cotton Blue staining showed that theiso-
lated strain was Asspergillusterreus. They having Hy-
phaeareseptateand hydine. Conidid heedsarebiseriate
(containing medullathat support phialides) and colum-
nar (conidiaforminlong columnsfrom the upper por-
tion of thevesicleinmostly globosevesicles. Conidia
aresmall (2-2.5 um), globose, and smooth. Globose,
sessile, hyaline accessory conidia(2-6 um) frequently
produced on submerged hyphae (Figure 2).

Biosor ption studiesfor cadmium removal using
isolated metal resistant or ganisams

(1) Cadmium removal by isolated fungal species
at different pH

Heavy metal bioremediation process involving
biosorption do not require growing cells, soit isnot
necessary to add extranutrientsto the biosorption mix-
ture. Inthe absence of nutrients, no complexing capac-
ity isexpectedin thefungd environment, sothemetd is
completely availabletointeract with cells. Biosorption
studieswerecarried out to establish experimenta con-
ditionsandto sdect theproper funga strainfor thepro-
cessdesign. pH wasevduated sinceit affectsthe num-
ber of cellular surfacesitesavailableto bind cations, as
well asmetd speciation. Cadmium adsorptionincreased
aongwith theincrease of pH of the absorbate solution
whichisshowningraph 1. The maximum removal of
cadmium was around 76 % at pH 4.0 at the concentra
tion of 100 mg/ L. pH changes during a biosorption
processwhenitwascarried out with out pH regul ation.
Inthiswork, buffered solutionsare used for pH control
during the bi osorption assay to ensurereliableresuilts.

According to several authors, it is expected that
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Figurel: Isolated fungi from heavy metal contaminated soil
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Figure3: Cdlular growth and cadmiumremoval by Aspergil-
lusterreusin responseto variouspH

the adsorption of metals degreases at low ph values
becausethe competition for binding Sitesbetween cat-
ions and the products of acid hydrolysis. Proton and
oxoniumions(H,O") concentrationsarerelatively high
at low pH and compete with metal sfor ion exchange.
Theother report aso confirmed that the effect of initia
pH on the biosorption of cadmium (1) ions onto P.
platypus, A. bisporus and Calocybe indical*?.

(2) Biosor ption of Cadmium by isolated fungal spe-
ciesat different temperature

Maximum removal of cadmium (81%) was ob-
served at 30°C for the isolated Aspergillus terreus.
Thefungd biomassgrown onthenutrient mediahavea
sgnificant influence onthetemperature. The optimum
growth of fungal biomasswas seen a temperature 30°C
whichisshowningraph 2. At temperature above 35°C,
thefunga doesnot attain the growth duetoitsinggnifi-
cant environmental condition. Temperature seemsto
affect biosorption only toalesser extent withintherange
from 20-35°C, higher temperatures usually enhance
sorption dueto theincreased surface activity and ki-
netic energy of the solute however, physical damageto

Figure2: Identification by L acto phenol cotton bluestain
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Figure4: Cedlular growth and cadmium removal by Aspergil-
lusterreusin responsetovarioustemper atures

the biosopbent can be expected at higher temperatures.
Dueto the exothermic nature of some adsorption pro-
cesses, an increase in temperature has been found to
reduce the biosorption capacity of thebiomass). Itis
always desirableto conduct/ eval uate biosorption at
room temperature, asthisconditioniseasy toreplicate.

(3) Biosor ption of Cadmium and cdlular growth of
theisolated fungal species

The metal adsorption by Aspergillusterreusin-
creased and become constant beyond 24 hoursand 82
% cadmium removal was observed graph 3. Similar
resultswas obtai ned in the biosorption of cadmium by
P. platypus, theremova efficiency reached equilibrium
at 60 min and that by Asspergillus bisporus and
Calocybeindica reached equilibrium at 240 mini*9,

(4) Cadmium toler ancer esponse by isolated fun-
gal species

The biosorption capacities of Cd (I1) by
Asspergillusterreus asshown in Grap 4. Among the
different concentrations, the Asspergillusterreushas
shown tolerance upto 100 mg/L (100 PPM). The
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biosorption capacity if biomassincreased first within-
creasing of theinitia concentration of metal ionsand
reached asaturated value. Thesimilar resultswereob-
tained inthe case of Funaliatrogii for Hg?*, Cd?* and
Zn?* All these dataclearly reveal sthat the existence of
afiniteheavy meta reduction capacity possibly dueto
heavy metal toxicity towardscells.

SUMMARY AND CONCLUSION

Metd accumulation by appropriatebiologica sub-
strates can counteract meta mobilization into theenvi-
ronment. Microorganismsprovidealarge contect area
that caninteract with metalsinthesurrounding environ-
ment. Biosorption hasreceved great attention during
thelast years, dueto the potentia use of microorgan-
ismsfor cleaning metal-polluted soil, water or waste-
water streams. Theaim of thiswork wasto show the
ability of severa microorganisms, isolated from meta -
polluted soilsto biosor and removetoxic metalsfrom
of aqueous solutions. Environmental factors, i.e. pH,
temperature andionic concentration showed significant
effectson cadmium biosorption on Aspergillusterreus
withmaximum efficiency a pH 4.0, temperatureof 30°C
and themaximum tolerability of 100 ppm. Aspergillus
terreus found to be suitable biosorbent for Cd ions,
especia ly whenthemeta content inthe aqueous solu-
tion wasin the concentration of 100 mg/I.

A significant differential expression of some
polypeptideswas seenin cadmium resistant fungi than
the control (without cadmium). Thiswas probably at-
tributed dueto ahigher degree of functional diversity
amongthefungi.

The present investigation concluded that the heavy
metal resistant Aspergillusterreusisol ated from con-
taminated soil could be empl oyed asan effective adsor-
bent for theremova of cadmium from agueous solution.

REFERENCES

[1] L.Addour, D.Belhocine, N.Bourdrise, Y.Comeau,
A .Pauss; J.Chem.Technol .Biotechnal ., 4, 1089-1095
(1999).

[2] H.K.Alluri, S.R.Ronda. V.S.Settalluri, J.Singh,
Bondili, V.Suryanarayana, PVenkateshwar; African
J.Biotechnol., 6(25), 2924-2931 (2007).

[3] FA.A.Al-Rub, M .H.EI-Naas, F.Benyahia, |.Ashour;
Process Biochem., 39, 1767-1773 (2004).

[4] B.Anderson, R.Clark; ‘Development of A Pre-treat-
ment Process for Toxic Metal Removal’, Effluent
and Water Treatment Convention, Birmingam, Great
Britain, (1987).

[5] G.Bhattacharya, PA.L.Kumar, A.Basumajumar,
A.Banik; Indian Chem.Soc., 29, 744-750 (2002).

[6] A.R.Binupriya, M.Sathishkumar, K.Swaminathan,
E.S.Jeong, S.E.Yun, S.Pattabi;
Bull.Environ.Contam.Toxicol., 77, 219-227 (2006).

[7] J.GCrock,J.R.Larsion, L.PGough; ‘Cadmium Ac-
cumulationin Native Vegetation of Alaskaand Colo-
rado’, In: Metals in Biology and Medicine JA John
Libbey Eurotext Paris, 6,177-179 (2000).

[8] ECB; ‘Risk Assessment of Cadmium Metal/Cad-
mium Oxide’, Final, but not Adopted Version of Dec
2005, European Chenicals Bureau, Ispra, Italy,
(2005).

[9] R.FEI-Bishtawi, A.Ali, J.Environ.Sci.Health, 36,
1055-1077 (2001).

[10] M.Galun, PKéeller, D.Malki, H.Feldsdein, E.Galun,
SSiegd, B.Siegel; Wat.Air Sail, Pall., 33, 359-371
(1983).

[11] GM.Gadd; ‘Microbial Control of Heavy Metal Pol-
lution’, In: J.C.Fry, G.M.Gadd, R.A.Hebert,
C.W.Jones, 1.A.Watson-Craik, (Eds.), Microbial
Control of Pollution. Cambridge Univercity Press,
Camridge, United Kingdom, 59-87 (1992).

[12] L.Jarup, A.Akesson; Toxicol .Appl.Pharmacol ., 238,
101-108 (2009).

[13] JECFA; ‘Summary and Conclusions of the fifty- fifth
meeting, Geneva, 6-15 June 2000, Geneva, World
Health Organi zation, Joint FAO/WHO Ex-pert Com-
mittee on Food Additives, (2000).

[14] A.Kapoor, T.Viraraghavan; Biores.Teechnol., 63,
109-112 (1999).

[15] Z.Lin, JWu, R.Xue, Y.Yang; SpectrchimicaActa,
A, 61, 761-765 (2005).

[16] L.D.Mullen, D.C.Wolfe, F.GFerries, T.J.Beveidge,
C.A.Flemming; Appl .Environ.Microbial ., 55, 3143-
3149 (1989).

[17] A.Norberg, H.Persson; Biotech.Bioeng., 26, 239-
246 (1984).

[18] C.Shankar, D.Sridevim, J.Park, M.Dexilin,
K.Thamaraiselvi; J.Haz.Mat., 146, 270-277 (2007).

[19] R.Vimala, D.Nilanjana; Com.Haz.Mat., 168, 376-
382 (2009).

[20] WHO, ‘Cadmium (Environment health criteria 134)’,
Geneva: World Health Organisation, 172-188
(1992).

BioTechnology

An Tudian Yourual

——



