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bioenvironmental processes, thereby posing a menace to the life on this planet
(Gupta, 2000).

Due to rapid industrial development during the last two decades in India,
the disposal of industrial effluents has become a serious problem. The tanning
industry is one of the oldest cottage industries in India, which has now taken
a predominant place in the country’s economy (Dadhich et al., 2002). Such
remarkable expansion incidentally leads to extensive pollution of ground water
and soil due to the release of sludge and effluent (Thangavel et al., 2003).

This industry consumes huge amount of water and consequently
generates large volume of wastewater. These are usually discharged to nearby
river courses. The application of these industrial effluents to land has also been

started during recent years as an alternative means of treatment and disposal.

There are about 3000 tanneries in India, mostly spreadover in TamilNadu,
West Bengal, Uttar Pradesh, Maharashtra, Karnataka, Punjab and Rajasthan.
Annually, about 80 million pieces of hides and 130 million pieces of skins are
processed by the tanning industry of the country for manufacturing semi finished
and finished leather. There are about 680 leather finishing units in our country
producing about 1000 million square meter of finished leather per annum. The
quantity of effluents discharged amounts to about 30 to 40 litres per kg of
skin/hide processed and in the case of finishing units, the quantity is about
50 litres per kg of raw skin/ hide. A large number of tanneries (about 433) are
located in TamilNadu and their contribution is about 70 percent in the total export
of leather and leather products from the country (Chhonkar et al., 2000).

Two types of tanning processes are mainly followed in India - vegetable
tanning and chrome tanning. About 80% of tanneries are engaged in chrome
tanning process. The leather industry discharges many toxic pollutants namely
sulphides, phenolic compounds, chromium and other mineral salts, dyes and
solvents. Chromium contributes a major share to the hazardous nature of tannery









































































































A search for a low cost and easily available adsorbent had led to the
investigation of materials of agricultural and biological origin along with industrial
by products, as potential metal sorbents (Bharani, 1999).

Siddiqui et al. (1999) showed that the phosphate treated saw- dust could
successfully be used for the separation of Cr(Vl) from Zn?*, Ni?* and Cu?* and

their removal and recovery from electroplating waste water.

The report on the use of thin layer chromatography (TLC) and
column chromatographic techniques as a tool for studying the sorption capacity
of teak leaves powder towards heavy metal cations has been documented
by Ajmal et al. (2001).

An adsorbent CACMM2, extracted from a cactus was studied for the
adsorption of Cd?*, Cr**, Cu®*, Fe*, Ni**, Pb*" and Zn?* from aqueous solution
and it was found to remove more than 83% of chromate in a freshly prepared and

exhausted chromate commercial solution (Morales et al., 2001).

The removal and recovery of Cr(lll) from aqueous solutions with a
spheroidal cellulose adsorbent containing the carboxyl anionic group was
investigated by Liu et al. (2001). The adsorption process follows both the
Freundlich and Langmuir adsorption isotherms and has been found to be
endothermic. The adsorption mechanism is explained on the basis of
complexation and ion exchange, between which the complexation adsorption is

predominant.

The use of unconventional materials in this field has been examined by
several workers. Interesting results have been reported with surface modified
saw dust carbon for the removal of arsenic (Raji and Anirudhan, 1999), sorption
of Pb(ll) on chemically modified saw dust (Raji et al, 1997), flyash for the
removal of Ni (Kannan, 1991), removal of chromium using chitosan and chitin

and leaf materials (Vasanthy and Lakshmanaperumalsamy, 1993), adsorption of
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heavy metal cations from aqueous solutions by wool fibers (Balkose and
Baltacioglu, 1992), copper and zinc uptake by bone mineral (Panda, 1995),
coconut husk carbon for the removal of arsenic (Manju et al., 1998) and uranium

biosorption by dried roots of Eicchornia crassipes (Bhainsa and D’souza, 2001).

It has also been shown that peat (McKay and Porter, 1997; Sharma and
Forster, 1995), rice husk carbon (Srinivasan et al., 1998), teak leaves carbon
(Singh and Lal, 1992) sunflower plant dry powder (Bhalke et al., 1999), bark
substrate (Khangan et al., 1996) and an activated carbon prepared from coconut
tree saw dust (Selvi et al., 2001) can be used in the same way to extract metals

from solution.
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3.21 BACTERIA

3.2.1.1 Isolation of bacteria

100g sludge sample was withdrawn and dispersed in 100 ml of tannery
effluent. It was stirred well and homogenised in a shaker. From this, 10g of the
sample was withdrawn and dispersed in 100 ml of sterile distilled water and
stirred well. The sample was serially diluted till 10 dilutions were reached. 1.0 ml
of the sample was withdrawn and transferred to sterile petriplates. Nutrient agar
medium supplemented with 50 mg/l of Cr(VI) was poured onto the petridish and
then incubated at 37°C for 48 hours, till colonies of bacteria were developed on
the petriplate. The individual colonies were selected and transferred to nutrient

agar slants.

Culture medium

Nutrient agar medium was used as the culture medium and all
experiments were carried out in this medium. The composition of the nutrient

agar media is given below :

Peptone - 5g
Beef extract - 5g
NaCl - 5g
Distilled water - 1000ml

7.0+0.1

pH

For nutrient broth agar alone was omitted.

3.2.1.2 Screening bacterial species for chromium tolerance

The isolated bacterial species were inoculated into the petriplates
containing medium amended with increasing concentrations of Cr(Vl) ranging
from 50 to 250 mg/l. The four bacterial species which were highly tolerant to
chromium were isolated and later identified as Pseudomonas sp., Proteus sp.,

Bacillus sp. and Staphylococcus sp.
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Colour, odour and turbidity

The tannery effluent was found to have strong colour and unpleasant
odour and it was turbid.

Observation of colour is the simplest test to determine the effectiveness of
treatment of an effluent. It serves as a guide in deciding the quantity of chemicals
to be used for the removal of colour and ensures economical treatment
(Manivasakam, 1997). Industrial wastes usually have their characteristic odours
due to the presence of a large variety of contaminants. Chlorine, added for
disinfection of waters, may combine with certain impurities like phenolic
compounds to produce highly offensive odours (Goel, 1997). The strong colour
and unpleasant odour of tannery effluent was also reported by Dadhich et al.
(2002) and Mariappan and Rajan (2002). The colour of the effluent might be due
to the use of chemicals in tanning and dyeing processes.

Turbidity is yet another physical parameter which influences the quality of
water. Turbidity in water might be due to the presence of finely divided organic
and inorganic matter in suspended and colloidal forms. Turbidity is an expression
of the optical property that causes light to be scattered and absorbed rather
than transmitted with no change in direction or flux level through the sample
(APHA, 1998). The turbidity of the tannery effluent might be due to the discharge
of large amounts of solids that include chlorides, calcium, magnesium, sulphates
and sulphides.

pH

pH of the tannery effluent (7.3) was found to be within the tolerance limit of
5.5 - 9.0, as prescribed by the Bureau of Indian Standards for the discharge of
wastewater into inland surface waters.

pH is a measure of hydrogen ion concentration or more precisely the
hydrogen ion activity. pH is one of the most important parameters, as it indicates
instantaneously the acid or alkaline condition of an effluent. Further, all the
treatment processes are based on pH values only (Manivasakam, 1997).
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The concentration of sulphides was found to be high (8.0 mg/l) which also
exceeded the tolerance limit (2.0 mg/l) prescribed by the Bureau of Indian
Standards. The high concentration of sulphide in the effluent might be due to the
liming process where sodium sulphide (for 4 cubic meter float - 75 kg sodium
sulphide and 60 kg lime) is used. Hydrated lime increases the pH of the solution
which leads to swelling of skins and subsequently loosening of all unwanted hairs
(Mazumder et al., 1998). The soluble sulphides are considered to be highly toxic

to plants and soil microorganisms (Dadhich et al., 2002).

Cations - calcium, magnesium, sodium and potassium

The levels of calcium and magnesium (86.4 and 40.2 mg/l) recorded in the
tannery effluent samples were less than the reports of Dadhich et al. (2002) (360
and 120 mg/l) in a similar tannery effluents. The tannery effluent contains fairly
good amount of calcium and magnesium because lime is used for loosening the
hair (Thorat and Wagh, 2000).

In the present study, sodium and potassium levels (106 and 256.8 mgl/l
respectively) in the tannery effluent were comparable to those given by
Mariappan and Rajan (2002) (1280 and 40 mg/l respectively) in a similar tannery

effluent.
Ammoniacal nitrogen

It is evident from Table 4 that the mean ammoniacal nitrogen level in the
tannery effluent (88.7 mg/l) was higher than the tolerance limit (50 mg/l)

prescribed by Indian Standards Institution.
In polluted waters, ammonia generally arises from the aerobic and

anaerobic decomposition of the nitrogenous organic matter. It is yet another

parameter to assess the degree of pollution (Manivasakam, 1997).

68




































Ismail et al. (1991) showed that the fungi Aspergillus terreus could tolerate
1000mg/l of zinc whereas Cladosporium herbarum could tolerate only 100 mg/l of
zinc. Lokesha and Somashekar (1991) demonstrated that Rhizopus arrhizus

could tolerate 1000 mg/l of chromium.

PHASE Il

4.3 UPTAKE AND BIOACCUMULATION STUDIES OF CHROMIUM USING
BACTERIAL ISOLATES

There is a great interest in using microbiological systems for extraction of
metal ions from wastewaters and it is accepted that much more impetus must be
exercised over treatment of environmental wastes. It has been shown that
bioremediation by microorganisms is economically and environmentally superior
to chemical treatment and will be one of the solutions for pollution abatement
(Shakibaie et al., 1999).

Several isolated bacterial species were found to be capable of catalysing
the reduction of Cr(VI) to Cr(lll), a less toxic and less water soluble form of
chromium which could be used for bioremediation of Cr(Vl) polluted
environments (Viti et al., 2003).

In the present study, selected bacterial isolates namely Pseudomonas sp.,
Proteus sp., Bacillus sp. and Staphylococcus sp. were analysed for their
efficiency in the removal of Cr(VI) from synthetic solution (sections 4.3.1 to 4.3.6)

and tannery effluent (section 4.3.7) under various conditions.

4.3.1 Influence of cell age on Cr(VI) uptake

The influence of cell age on Cr(VI) uptake by the selected bacterial

isolates was studied and the results obtained are presented in Figure 5.

The bacterial isolates used in the study were cultured in a basal medium

without chromium and harvested at different periods and used as inoculum.
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However, the dead cells and metabolically inhibited cells of Pseudomonas
sp. showed an increased percentage uptake of Cr(VI) upto the incubation period
of 24 hours and thereafter no significant increase in the percentage uptake of

Cr(VI) was observed with increasing incubation period.

Resting and metabolically inhibited cells of Proteus sp. recorded an
increased percentage uptake of Cr(VI) upto 24 hours and thereafter further
increase in the incubation period resulted in a nonsignificant variation in the
removal of Cr(VIl) whereas dead cells showed the percentage increase in Cr(VI)
uptake upto 18 hours and then no significant increase was observed with

increasing incubation period.

A significant increase in the percentage uptake of Cr(VIl) was observed
among resting and dead cells of Bacillus sp. upto 24 hours of incubation period
whereas metabolically inhibited cells showed a significant increase upto 48 hours
of incubation period. Thereafter no significant increase in Cr(VI) was observed

with further increase in the Cr(VI) uptake.

Among the resting and dead cells of Staphylococcus sp., a significant
increase in the percentage uptake Cr(VI) was observed upto 48 hours of
incubation whereas metabolically inhibited cells of Staphylococcus sp. showed
the increase in the percentage uptake of Cr(VI) upto 24 hours of incubation
period. No further increase in the percentage uptake of Cr(VI) was observed with

further increase in the incubation period.

Gadd (1990) indicated that although living and dead cells are capable of
metal accumulation, there might be differences in the mechanisms involved in
either case, depending on the extent of metabolic dependence and in several
bacteria, maximum uptake of Cr(VI) was found to be by metabolism independent

biosorption.
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5.0 SUMMARY AND CONCLUSION

Industrialization is linked with economic growth, national prosperity and
high standard of living of the citizens. Increased industrialization leads to
deterioration of environmental quality and subsequently to health hazards of
man. However, industrialization cannot be sacrificed in view of the impending
threat to environmental quality. Deployment of appropriate remedial measures for
the treatment of effluents shall avoid environmental pollution.

Tannery is one of the important industrial ventures in several districts of
Tamil Nadu. There is a phenomenal growth in Indian leather industry every year.
A variety of chemicals and plant products are used in the tanneries. Chromium is
one of the most widely used metals in the industry, resulting in large quantities of
this element being discharged into the environment. Both trivalent chromium and
hexavalent chromium exist in various bodies of water in a variety of forms. Cr(VI)
is very toxic and is carcinogenic and mutagenic. Cr(lll) on the otherhand, is much
less toxic and significantly less soluble than Cr(VI). Also, the presence of
relatively low concentration of Cr(VI) in effluent can significantly reduce the
efficacy of biological sewage treatment.

Several physical and chemical methods are available for removing metal
ions from industrial effluents. Some disadvantages of these methods include high
operating costs, the requirement for preliminary treatment steps and the difficulty
of treating the solid waste subsequently generated. Biological methods using
microorganisms for the removal of metal ions from effluents has achieved
growing attention. Lower cost and higher efficiency at low metal concentrations
make biotechnological process very attractive in comparison to physicochemical
methods for the heavy metal removal. Also, the application of activated carbon
for the removal of heavy metals by adsorption process from the industrial wastes
is a common practice. However, the high cost and the difficulty of procuring
commercial activated carbon paved the way to produce indigenous low cost
activated carbons from agricultural wastes. Hence, the present study was
undertaken with a view to develop microbial processes for the removal of Cr(VI)
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The fourth phase of the study included Cr(VI) uptake processes using
growing and dead cells of selected fungal isolates. The effect of various
parameters namely chromium levels in the tannery effluent, temperature and pH
on Cr(VIl) uptake and growth were studied with live cells of selected fungal
isolates. The fungal biosorption studies were carried out with dead cells at
various experimental conditions namely pH, initial metal concentration and
biomass concentration. The effect of Cr(VI) concentration on fungal metabolism
was also studied in which mycelia were analysed for total carbohydrates, total
protein, phosphorus, RNA and DNA. Cell walls of selected fungal isolates were
analysed for total carbohydrates, total protein and phosphorus.

In phase five, chromium uptake studies were carried out using selected
agrowaste adsorbents namely nitrated coconut shell carbon, sulphonated
coconut shell carbon, coirpith carbon, saw dust carbon, modified sugarcane
bagasse and groundnut shell carbon. Batch studies were carried out under
varying experimental conditions namely pH, adsorbent dose, initial chromium
concentration and contact time and the results were analysed using Freundlich
and Langmuir adsorption isotherm.

Salient findings of the study are summarised as follows:
Phase |

The results of the study revealed that the tannery effluent was strongly
coloured and was turbid. The pH of the effluent was found to be within the
tolerance limit prescribed by the Bureau of Indian Standards for the discharge of
waste water into inland surface waters. The physicochemical parameters studied
in the effluent namely TSS, TDS, BOD, COD, chlorides, sulphates, sulphides,
calcium, magnesium, sodium, potassium and ammoniacal nitrogen were very
much above the permissible limits. However, phenolic compounds and oil and
grease were found to be within the tolerance limit.

The heavy metals namely total chromium, hexavalent chromium, copper
and iron in the tannery effluent were found to be very much above the tolerance
limit whereas zinc content was found to be within the tolerance level.
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APPENDIX 9

ESTIMATION OF SULPHIDES
lodometric method
(APHA, 1998)

Principle

Sulphide is oxidised with potassium iodide solution under acidic
conditions. The excess iodine liberated is titrated with a standard solution of

sodium thiosulphate.

Reagents

1. Hydrochloric acid 6N.

2. Standard iodine solution 0.025 N: Dissolved 20 to 25g potassium iodide in a
little water and added 3.2 g iodine. After iodine had dissolved, diluted to 1000
mi and standardised against 0.025 N sodium thiosulphate, using starch
solution as indicator.

3. Standard sodium thiosulphate solution 0.25N: Dissolved 6.205g sodium
thiosulphate in distilled water. Added 1.5 ml 6N sodium hydroxide and diluted
to 1000 ml. Standardised with di - iodate solution.

4. Starch solution: Dissolved 2g laboratory grade soluble starch and 0.2g salicylic
acid, as a preservative, in 100ml hot distilled water.

Procedure

Measured from a burette into 500 ml flask an amount of iodine solution
estimated to be an excess over the amount of sulphide present. Added distilled
water, if necessary, to bring volume to about 20 ml. Added 2.0 ml 6N
hydrochloric acid. Pipetted 200 ml sample into flask, discharging sample under
solution surface. If iodine color disappeared, added more iodine so that the

colour remained. Back titrated with sodium thiosulphate solution, adding a few
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Reagents

1. Stock phenol solution : Dissolved 1.0 g phenol in freshly boiled and cooled
distilled water and diluted to 1000mi.

2. Intermediate phenol solution: Diluted 10.0 ml stock phenol solution in freshly

boiled and cooled distilled water to 1000ml. 1 ml = 10.0 ng phenol. Prepared
freshly.

3. Standard phenol solution: Diluted 50 ml intermediate phenol solution to 500
ml with freshly boiled and cooled distilled water. 1.0 ml = 1.0 ug phenol.
Prepared within 2 hours of use.

4. Ammonium hydroxide 0.5N: Diluted 35ml fresh concentrated ammonium
hydroxide to 1 litre with water.

5. Phosphate buffer solution: Dissolved 104.5 g dipotassium hydrogen
phosphate (K;HPOs)and 72.3g monopotassium dihydrogen phosphate
(KH,PO,)in water and diluted to 1 litre. The pH was 6.8.

6. 4-Amino antipyrine solution: Dissolved 2.0g 4-aminoantipyrine in water and
diluted to 100ml. Prepared freshly.

7. Potassium ferricyanide solution: Dissolved 8.0g potassium ferricyanide in
water and diluted to 100 ml. Filtered if necessary. Stored in a brown glass
bottle.

Procedure

Placed 100ml distillate in a 250ml beaker. Prepared a 100mi distilied
water blank and a series of 100ml phenol standards containing 0.1, 0.2, 0.3, 0.4
and 0.5 mg phenol. Treated sample, blank and standards as follows : Added 2.5
ml 0.5 N ammonium hydroxide solution and adjusted to pH 7.9 £ 0.1 with
phosphate buffer. Added 1.0ml 4-amino antipyrine solution, mixed well and then

added 1.0 ml potassium ferricyanide solution and mixed well.
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growth of each slant culture. Observed each culture for the appearance or
absence of gas bubbles. A catalase positive culture will produce bubbles of
oxygen within one minute after addition of hydrogen peroxide.

OXIDASE TEST

During aerobic respiration, oxidase enzymes play a vital role in the
operation of electron transport system. Cytochrome oxidase catalyses the
oxidation of a reduced cytochrome by molecular oxygen, resulting in the
formation of water or hydrogen peroxide.

This test depends on the presence of certain oxidases in bacteria that will
catalyse the transport of electrons between electron donors in the bacteria and a
redox dye - tetramethyl -p- phenylene - diamine dihydrochloride. The dye is
reduced to a deep purple colour.

Procedure

The test cultures were grown on suitable solid medium. Following
incubation period, poured on to the plate a freshly prepared 1% solution of
tetramethyl -p- phenylene - diamine dihydrochloride solution so as to cover the
surface and then decanted. Observed the colonies for the development of

colour. The colonies of oxidase positive organisms rapidly develop a purple

colour.
APPENDIX 18
ASSESSMENT OF GROWTH PATTERN OF BACTERIA
Turbidity method
(Bhattacharya, 1986)
Principle

Microorganisms do not settle out of suspension and they scatter light,
creating turbidity. Turbidity is the effect of light scattering by colloid suspensions.
Many growing microorganisms act like colloids. This character of

microorganisms is used to measure microbial growth.
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