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Abstract
An investigation was carried out to analyse Physitemical parameters like colour, odour, pH, ECSTEDS,
BOD, COD, chromium and copper of untreated tanedflyent and to degrade the effluent using native mon
— native Fungi. The results of the analysis of paters revealed that untreated tannery effluent Mesk in
colour with offensive odour. pH was alkaline withgi organic load such as EC, TSS, TDS, BOD and COD
which were higher than the permissible limits of GB? Since the effluent had high organic load, niie®
(Fungi) present within the effluent was identifiadd isolated. The results of the study revealedbtweirrence
of 10 species of fungi namefspergillus fumigatus, Aspergillus niger, Aspergillus sydowii, Aspergillus terreus,
Aspergillus versicolor, Fusarium moniliformis, Paecilomyces variotii, Penicillium citrinum, Penicillium
frequentos and Trichoderma harzianum. The presence of bacteria indicates the pollutistetus of the untreated
tannery effluent suggesting that it should be &édiefore its disposal using the biological metpadicularly
native and non native fungi for comparing their eling efficiency. The results of the degradatituadg shows
that native fungusA. niger was found to be very much successful in reductibtioxic substances at the
percentage range of 52-96% whereas non nativgujAspergillus flavus showed reduction of 53-96% and
the biotreated water can be reused for the agui@iland aquacultural purposes.
Key Words : Untreated tannery effluent, physicochemical paramsefungal identification, degradation, native
A. niger and non — nativa. flavus.

INTRODUCTION

Environmental pollution is becoming the global desb in which water pollution is an important issue
as water is used directly for various purposesdy®iand Usha, 2007). The major sources of watdutpmi are
industrial effluents which is being dischargedhe tommon drainage. The effluent pollute not dhb/nearby
soil but may cause the pollution of drinking wadéso (Lokhande and Vaidya, 2004). It is difficdtgut a price
tag on the cost of pollution (Arora, 2001).Untrehtadustrial effluent discharged on the surfaceseasevere
ground water pollution in the industrial belt ofetltountry. This poses a problem of supply of hafae
drinking water in the rural parts of the countryidya and Usha, 2007). Pollution is the greatesatposed to
humanity and even to the whole biosphere. (Shivakuand Thippeswamy, 2012).

The tanning industry is one of the major consunodrsvater and most of it is discharged as waste
water, which contains high amounts of heavy metalsh as Fe, Cr, Zn, Mn, Cu etc. (De&vial., 2011).The
enormous pollution load along with the toxic natafevaste water makes the tanneries a potentiahtho the
areas in the vicinity of their location which wheonsumed causes serious health hazards (Pahalar2002).

Though tanneries are revenue and job generatictgrsehe pollution from their effluent is of major
concern. The objectionable constituents preselarge amounts in the effluents are suspended salidisrides,
sulfides, chromium, tannins and organic wastes.

1.1.1  Impact of Tannery Effluent on the Environment

Tannery effluent with high pollutional load whelscharged into water bodies alter the physical,
chemical and biological characteristics of wated atepletes the dissolved oxygen, increases alkglini
suspended solids and sulphides which are injutiofish and other aquatic lives. Tannery effluenthw
high TDS would produce undesirable taste and gasdstinal irritations, chrome ulcers, corrosivagion on
the nasal septum, acute irritative dermatitis alekgic eczematous dermatitis are caused due tongiim
toxicity (Gokulakrishnan & Pandurangan, 2004).Tagneffluent contains chromium and pathogens maafly
faecal origin and toxic organic components, allvbfch pose a serious threat to the environment.

Heavy metals in the tannery effluent is one ofrtiest hazardous environmental pollutants, toxio/fiea
metals like Cr, Cu, Zn, Pb and Cd are mostly ab=thidnd get accumulated in various plant partsegsrfretals
which may adversely affect the plant growth andabelism . Major diseases of cattle and human beings
produced by Chromium and Nickel are bronchitis eawcer. (Sivakumar and Thippeswamy, 2012).

Disposal of the wastes with high pollution loadbinvater course or onto land, with or without prior
treatment, creates a great problem in the envirohnmethe vicinity. So, it has become essentiatraat the
waste before its disposal. Though there are physitemical and biological means of waste treatnast
available, scientists have found that in managiedain wastes, the best option is microbiologicehtment
which is more efficient and consumes no energyceSithe complete degradation of organic chemicalkhén
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natural ecosystem is primarily carried out by miorganisms, bio technological application using nolies or
their enzymes for waste treatment are efficieni@eal., 2011). Degradation is defined as stimulation of
micro-organism to degrade rapidly hazardous orgaoictaminants to environmentally safe levels inssoi
waters sludges and residues. The key element imadation are enzymes which uses environmental
contaminants as source of food and hence make itleah for degradation. (Vijayaraghavanhal., 2007).
Taking into consideration of all the above saidestigations carried out by many researchers pértaito
degradation of various industrial effluents usingnobes especially fungi, an attempt has been nadegrade
the untreated tannery effluent using fungi.
Aims and objectives:
* To analyse the physicochemical parameters of industffluent as a means of monitoring the
pollution.
* To isolate and identify the microbes (fungi) presenthe industrial effluent which provide clues
on the ability of the microbes to survive, adapd anlonise in the polluted environment.
* To ascertain the bioremediation potential usingveamicrobe - fungus isolated from industrial
effluent for its treatment.
e« To degrade the industrial effluent using non-natme&robe fungus which is not present in
industrial effluent and obtained from Microbiologid_aboratory Centre, India
e To study the comparison between the native andmabire microbes - fungi for the degrading
efficiency of the effluent.
Materials and Methods
Analysis of physicochemical parameters of industrigeffluent
Untreated industrial effluent was collecia polythene containers from an industry locatedChennai,
Tamil nadu, India, were brought to the laboratayd stored for further analysis. The sample walectld for a
period of 6 months ( May 2011 to October 2011). gsico-chemical parameters of the effluent - pH,
Electrical Conductivity (EC), Biochemical Oxygen band (BOD), Chemical Oxygen Demand (COD), Total
Dissolved Solids (TDS), Total Suspended Solids (TS$8tal Hardness, Chloride, Sodium, Calcium anavige
metals were estimated by following the Standarchods suggested by APHA (1995).
Isolation and identification of microbes — fungi pesent in industrial effluent
Industrial effluent was collected in sterile bath®r microbial analysis, brought to the laboratand
fungal identification was carried out by pour platethod, following the procedure of Oniastal., (1981).
Biodegradation of Industrial Effluent using Native Microbe — fungus
Isolates of NativeAspergillus niger obtained from industrial effluent was used for d@gradation of
industrial effluent by following the procedure oftab Begum and Noorjahan (2006).
> Biodegradation of Industrial Effluent using Non-Native Microbe - fungus
Isolates of Non-Native fungugspergillus flavus which was not present in the industrial effluent
was obtained from Microbiology Laboratory Centtadia and used for biodegradation of industrialuefft
by following the procedure of Aftab Begum and Nabign (2006).

Results and Discussions
Analysis of physicochemical parameters of industrigeffluent

Results of the analysis of the physico chemicahpmters of untreated industrial effluent colledmda
period of 6 months ( May 2011 to October 2011)depicted in Table. 1.  Statistical analysis was aarried
out. The results of the study revealed that cotifithe untreated industrial effluent was blackislcolour with
offensive odour. This colour and odour could be ttudecomposition of organic or inorganic matténgs et al.,
1998). A large number of pollutants can impart agléaste and odour to the receiving water, theraking them
unaesthetic and unfit for domestic consumption @lamal., 2011). P of the tannery effluent was found to be
alkaline. Discharge of such effluent with alkalipel into ponds, rivers, etc for irrigation may betrimental to
aquatic biota such as zooplankton and fishes. Algugrto Saxena and Shrisvastava (2002), alkalihgreaf the
tannery effluent may be due to the presence oboatbs and bicarbonates present in the effluent.
Untreated effluent showed higher level of Eleafriconductivity(8344-9138 umhos/ cm) which coulled the
presence of organic and inorganic substances #sdisat would have increased the conductivity (Veraet al.,
1998). It may be due to high concentration of &ade and salt in the effluent (Jartadl., 2011).
Level of suspended solids was found to be hightrareffluent (5174-6908 mg/l) when compared topenissible
limit (100 mg/l) prescribed by CPCB (1995) for a#ht discharge. High amounts of suspended particiss
detrimental effects on aquatic flora and faunaraddce the diversity of life in aquatic system praimote depletion
of oxygen and sliting in ponds during rainy sea&soel, 2000).
The composition of solids present in a natural bofdyater depends on the nature of the area andrédsence of
industries nearby. High levels of TDS (5758 - 66#@/) may be due to high salt content and also eend
unsuitable for irrigation hence further treatmentibution would be required (Goel, 1997). Theganece of high
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level of TSS and TDS may be due to the insolubdmimic and inorganics present in the effluent (Nagaiet al.,
2005).

Determination of BOD is one of the important partere used in water pollution to evaluate the impafct
wastewaters on receiving water bodies. The prestedy revealed high levels of BOD (600 - 1622 miylthe
effluent due to the presence of considerable amufumtganic matter. High BOD levels have also besported for
effluent discharged from tanneries (Kulkarni, 198§ dairy effluent (Noorjahagt al., 2004). Increase in BOD
which is a reflection of microbial oxygen demanalds to depletion of DO which may cause hypoxia itimmd with
consequent adverse effects on aquatic biota (2&r,).

COD test is the best method for organic mattemagidn and rapid test for the determination of ltoteygen
demand by organic matter present in the samplepiidgent investigation revealed high levels of G@Z86 - 9600
mg/l) which surpassed the standards limit for CQBO(mg/l) prescribed by CPCB (1995) for effluersitiiarge into
inland surface waters. This indicate that the efftuis unsuitable for the existence of aquatic miggas due to the
reduction in DO content (Goel, 1997).

Total hardness were found to be high (1416-3850) riigin the permissible limit of CPCB(1995). Chttwi(1244-
1895mg/l), Sodium (1200-2100 mg/l) and Calcium (850 mg/l) were higher compared to permissibletliofi
CPCB(1995).

Chromium and copper levels were within the perroiedimits of CPCB (1995), the physicochemical pndies and
heavy metals concentration of the effluent variggethding on the process of tanning adopted in waiiledustries
(Vidya and Usha, 2007).

Thus the analysis of physico chemical parametetsitwéated effluent for the period of 6 months y\N2811 - Oct.
2011) confirms that the wastewater released frarahnery industry has higher concentration of BGD, COD,
TSS, TDS, which surpassed the permissible limigsgibed by CPCB (1995) for discharge of indusefluent
into inland surface water as well as an land fagation.

Alkaline pH, high TSS, TDS, BOD and COD of thdlusnt reveals that the effluent is highly pollutat it has to
be treated before disposal. Hence it is imperdtivadopt technologies to reduce or degrade thkienf using
microbes.

The most reliable way seems to be the biologiealttnent in which microorganisms serve as effigietoxifiers of
pollutants. Microorganisms degrade organic contants as they use it for their growth and reproductirhe
microorganism obtains energy by catalyzing enemgpduyrcing chemical reactions and this energy is usetie
production of new cell (Goudar and Subramanian6).9Burther biological treatment process is a effstctive
method for hazardous substance disposal.

The researchers have clearly indicated that aqgfustigi play a key role in the productivity of stres, estuaries and
oceans (Jamal, 2002). There are many fungi ocgunaturally in conditions ecologically substrate the wastes
from the industries. The present study indicates pbssibilities of employing such organisms undartrolled
conditions to degrade the waste. The spectaculay af fungal populations adorning aquatic habitss been
reviewed by Noorjahaet al. (2003), and Jerin, (2011), which prompted to as®athe native microbial population in
the effluent and to use it for biodegradation iadtef introducing other microbes.

The results of the microbial analysis from theweffit are represented in Table . 2. The resulthefticrobial
analysis of the effluent revealed the occurrericlOaspecies of fungi such a&spergillus fumigatus, Aspergillus
niger, Aspergillus sydowii, Aspergillus terreus, Aspergillus versicolor, Fusarium moniliformis, Paecilomyces
variotii, Penicillium citrinum, Penicillium frequentos and Trichoderma harzianum. This finding would help to
unreveal 4 major outcomes namely :

. Isolation & identification of new isolates of midres particularly fungi from the effluent.

. Provides clues on the ability of microbes to sweyadapt and colonize in the polluted environment.
. To study the capacity of the mycoflora to bioacuolate contaminants.

. To assess the biodegradation potential of the floyagoresent in the effluent.

The effluent is rich in organic and inorganic remts which would have supported the growth of fupggulation.
Prabakar (1999) also reported the occurrence @usfungi in sugar and distillery effluent, whicbntains high
organic load. Noorjahaset al. (2003) identified 7 species of fungi in both unteehand industry treated dairy
effluent. Adekunle and Oluyode (2005) reportedptesence of 21 fungal species in melon and soyabd&amnagi
(2007) reported the presence of 6 species of fungrewery effluent. 6 fungal species were idesdifin Tannery
effluent (Krishnapriya, 2010 and Jerin, 2011).

The occurrence of 10 species of fungi in the efftuas reported in the present study has signdea their utility
as biological indicators (Rao and Rao, 2000). furths pointed out by Radha (1995), the presenasaidie
microbes in tannery effluent would be successfeitploited to remove the pollutants, a techniquectviis more
economically and industrially effective.

Based on the above suggestions, biodegradatiosfitiient was planned and executed using microldesgus.
Biodegradation technology is potentially usefulsitmportant to document enhanced biodegradafitimegpollutant
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under controlled conditions, this cannot be acc@het in sites and thus must be accomplished iordadry
experiments before the technology is transferrdig i,
According to Goudar and Subramanian (1996), laboratxperiments which provide real environmentalditions
are most likely to produce relevant results witligenous microbial population.
Native fungus,Aspergillus niger is used to biodegrade the tannery effluent. SiAsgergillus species were
documented by many workers for their capacity igrdding the effluent, it was selected and were used
biodegradation of tannery effluent. Non native fumgspergillus flawus was selected to biodegrade the tannery
effluent in order to compare the degrading efficienf native fungusAspergillus niger and non native fungus
Aspergillus flavus.
Degradation of 100% untreated effluentusing Native fungus,Aspergillus niger and non - native fungus,
Aspergillusflavus:
Results of analysis of degradation of industrifluent using native fungushspergillus niger and non native
fungus,Aspergillus flavus are presented in Table.3. The colour of indus#féilient is black before degradation
but after degradation using native fungAspergillus niger and non native funguaspergillus flavus there is a
change in colour from black to almost colourleature of the effluent. The odour of the effluehanged from
offensive to odourless after degradation usingvedtingusAspergillus niger and non native funguaspergillus
flavus . This may be due to the action of microbds.celi andBacillus sp., which decomposed the toxic pollutants
present in the effluent and made the change iruc@od odour of the effluent. This is supportedtsy work of
Sukumararet al., (2008).
The pH was alkaline in nature but after degradhm sample using native fungéspergillus niger and non-
native fungusAspergillus flavus , alkaline nature of pH has changed to the neuta spH of untreated tannery
effluent changed to almost neutral pH which maydbe to accumulation of organic acids and alsccatitig the
efficiency of the microbes to biodegrade the efftughis is in agreement with the reports of Nduejaet al. (2004)
EC of effluent before treatment is 9148 (umhos/am}.8708 which is beyond the permissible limit @40
pmhos/cm) of CPCB (1995) but after degradatiomgisiative fungugspergillus niger EC degraded to 4350
pmhos/cm + 1.5811 and the percentage change o6 B2.4% and using non-native fungdspergillus flavus
EC degraded to 4260 pmhos/cm + 3.1622 and the mage change of EC is 53.43%.
TSS of the effluent before treatment is 176 mgll.&708 which is beyond the permissible level (1afyrof
CPCB (1995) for disposal, but after degradatioriiveafungusAspergillus niger degraded TSS to 32 mg/l +
1.8708 and the percentage change is 93.27% andatoe fungusispergillus flavus degraded TSS to 24 mg/l
+ 3.1622 and the percentage change is 94.53%.

TDS of the effluent before treatment is 6428 nmig/8.3115 which is beyond the permissible limit
(2100 mg/l) of CPCB (1995) but after degradationg6 hrs, native fungu&spergillus niger degraded TDS to
2045 mg/l £ 1.5811 and the percentage change k768.and non-native fungusspergillus flavus degraded
TDS to 2986 mg/l £ 1.5811 and the percentage ch&§8.54%. Since TSS and TDS are the major polisita
the above biodegradation results are encouragimgeaie up studies for continuous treatment ofevester at pilot
scale is required. The information generated wbelg to scale up the process and assess the ecoieasibility of
the technology. This is supported by the work dfé&tava and Thakur(2006).

BOD of the effluent before treatment is 900 mg2.2£602 which is beyond the permissible limit (30/ingf
CPCB (1995) for disposal but after degradationiveatungusAspergillus niger degraded BOD to 36 mg/I
1.5811 and the percentage change is 96% and nime-fangusAspergillus flavus degraded BOD to 33 mg/l
4.3846 and the percentage change is 96.33%.
COD of effluent before treatment is 2637 mg/l 3166 which is beyond the permissible limit (250 bngf
CPCB (1995), but after degradation, native fungggergillus niger degraded COD to 297 mg/l + 1.5811 and
the percentage change is 88.73% and non-nativeuukspergillus flavus degraded COD to 380 mg/l + 3.1622
and the percentage change is 85.5%. This is ireagnet with the work of Karthikeyaet.al.(2010).
Chromium of effluent before treatment is 5.149 m#/0.0034 which is within the permissible (0.05 Hhof
CPCB (1995) but after degradation, native fungsgergillus niger degraded chromium to 0.829 mg/l + 0.00258
and the percentage change of chromium is 83.8%nanchative fungugéspergillus flavus degraded chromium
to 0.756 mg/l + 0.00316 and the percentage chahglromium is 85.3%.
Copper effluent before treatment is 0.00168 md2l804 which is within the permissible limit (3 mgdf CPCB
(1995) but after degradation , natitepergillus niger degraded copper to 0.00296 mg/l + 1.58114E-05thed
percentage change of copper is -76.19% and nowenfithgusAspergillus flavus degraded copper to 0.00242
mg/l + 1.5811 and the percentage change of coppe5%. This is in agreement with the work of Kitlgan
et.al.(2011).

Thus from the above resultsait be inferred that the maximum reduction ofdstibstances was
recorded in biotreated sample using native funggsergillus niger (52-96%) and non nativéspergillus
flavus(53-96%) compared to untreated effluent. Thus iy f@ concluded from the above study that untreated

+ I+
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effluent with high pollutants can be reduced byngshative fungusAspergillus niger and non native fungus,
Aspergillusflavus and this treated water can be reused for agrielifwrpose as evidenced in the present work.
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Table 1: Analysis of physicochemical parameters dhdustrial effluent for a period of six months from
May 2011-Oct. 2011

SNo.| Parameters | GTCP | May2011 | June 2011 July2011 | August201l  Sept. 2011 Oct. 2011
1 Colour Colourless| Blackish Blackish Blackish Blist Blackish Blackish
2 Odour Odourless| Unpleasant] Unpleasal Unpleasant| Unpleasant Unpleasan Unpleasapt
3 pH 5.5-9.0 7.2+0.0187 | 7.2+0.0187 | 7.2+0.0187 7.140.0187 | 7.1+0.0187 | 7.21
+0.0769
4 E'ecérici\' " 400 8890+1.8708| 9080+1.877 | 9138 +1.877 | 8344+ 8415 8699+
onductivity 1.8708 +1.8708 2.3166
(EC)
(__mhos/cm)
5 ;gtl%'ss“pe”dec 100 6908+1.8708| 6128+1.8756| 6076+1.8756 | 5192 +1.8708| 5174 5260
(T1SS)(mafl) +1.8708 +1.8708
6 ;gt“Z'SD'SSO'VEd 2100 6672+1.8748| 6612+1.8755| 6528+1.8794 | 5758 _+1.8794| 5952 6166
(TDS)(mal) +1.8765 +1.8793
7 g‘;’;g:rr]“'ca' 30 1622+1.8906| 613+1.8760 | 910+1.8765 | 600+ 1.8759 | 710 620+
Demand (BOD) +1.8062 1.8759
(mgl)
Chemical
8 Oxygen 250 9600+2.908 | 2820+1.8780| 2637+1.8780 | 2286 _+1.8708| 2299 2679+
Demand (COD) +1.8708 1.8708
(mgfl)
9 Total Hardness | 1000 2080+1.8708 1416+1.1690| 1550+1.8708 | 1635+1.8708| 3850+ 2300
(mgfl) 1.8708 +1.8708
10 Chloride (mg/l) | 1000 1455+1.87251890+1.8895| 1284+1.8720 | 1244.+1.8708| 1373 1485
+6.1913 +1.7692
11 Sodium (mg/l) | 600 1218+1.87081200+1.8708| 1900+1.8708 | 2100.+1.8708| 2040 1250+
+1.4142 1.672
12 Calcium (mg/l) | 100 257+1.7605 | 310+1.7607 | 320+1.7612 360+ 1.7615 | 380 560+
+1.7625 1.8062
13 Total Chromium| 2 43.5+0.1870 | 35+0.1870 | 5.47+0.0187 0.01+0.04319| 7.14+ 9.20+
(mg/l) 0.01769 0.01871
14 Copper (mg/l) 3 6.40+0.0187 | 3.79+0.0187 | 0.00158+0.0001] 0.0133 0.00124 0.00013
+0.0016 +0.0187 +0.00063
+ Standard Deviation
Table 2: Isolation and Identification of Fungi from Industrial effluent
for a period of six months from May 2011 — Octobef011
. May June | July August Sept. Oct. No. of
.No. Name of the Organisms .
9 2011 2011 | 2011 2011 2011 2011 | Colonies
1 Aspergillus fumigatus + + + + + + 19
2 Aspergillus niger + + + + + + 22
3 Aspergillus sydowii - - + + - - 2
4 Aspergillusterreus + + - - + + 4
5 Aspergillus versicolor + + - - - - 2
6 Fusarium moniliformis - - - + + - 2
7 Paecilomyces variotii + + - - - - 2
8 Penicillium citrinum + - - + - - 2
9 Penicillium frequentos + - - - - + 2
10 Trichoderma harzianum + + - - - - 4
+ = Present - = Absent
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TABLE -3
Analysis of physico chemical parameters of industal effluent before (control) and after degradation
using native fungusAspergillus niger and non-native fungusAspergillus flavus

Control Bio treated Bio treated non-native
S.No. Parameters CPCB (1995) native fungus fungus Aspergillus
(Untreated) ; .
Aspergillus niger flavus
1. Colour Colourless Blackish Almost Colourless Almost Colourless
2. Odour Odourless Offensive Odourless Odourless
3. pH 55-9.0 8.19 £ 0.08 7.21 £ 0.0207 7.323286
4. Electrical Conductivity 400 9148 +1.8708 4350 +£1.5811 4250 = 3.1622
(kmhos/cm) (52.44%) (53.43%)
5. Total Suspended Solids (mg/l 100 176 + 1.8708 2+3.8708 24 +3.1622
(93.27%) (94.53%)
6. Total Dissolved Solids (mg/l) 2100 6428 £ 3.311% 2045 £ 1.5811 2986 + 1.5811
(68.17%) (53.54%)
7. Biochemical Oxygen Demand 30 900 + 2.1602 36 £1.5811 33+4.384
(mgfl) (96%) (96.33%)
8. Chemical Oxygen Demand 250 2637 +2.3166 297 +1.5811 380 +3.1622
(mgfl) (88.73%) (85.58%)
9. Chromium (mg/l) 3 5.149 +0.0034 0.829 + 0.00258 0.756 + 0.00316
(83.89%) (85.3%)
10. Copper (mg/l) 1.5 0.00168 £ 2.804 0.00296 +1158 0.0024 £ 1.5811
(76.19%) (65%)

+ = Standard Deviation
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% = Percentage Change




