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ABSTRACT

India is expected to capture between 20 to 30 per cent of the CDM market, bringing in up to US
$300 million in revenue. Several favorable enabling factors have contributed to India's pre-
eminent position in the CDM market such as good technical base and a pro-active national CDM
authority. Projects in renewable energy, improved industrial efficiency and industrial processes,
fuel switching and municipal solid waste disposal can offer the greatest potential for CDM.
Greenhouse gas emissions in developing countries are increasing more rapidly in the trans-
portation sector. Even people with low income are meeting their need for mobility, and projected
income growth over the next two decades suggests that many more will acquire personal modes
of transport in future. How would this affect the earth's climate is a great concern. According to
World Bank and Asian Development Bank joint study of air pollution for 20 major Asian cities
between 2000 and 2003 Delhi is also one of the most polluted city of the Asia. Delhi faces the same
transportation, economic, and environmental challenges like other metropolice of the world.

KEY WORDS : CDM; Kyoto protocol; CDM market; Inventory, Road transport, Air
pollutants, GHGs inventory
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INTRODUCTION

The Kyoto Protocol of the United Nations
Framework Convention on Climate Change
(UNFCCC) came into force on 16th Feb 2005. With
this, there was a renewed vigour for mechanisms
such as the CDM. It thus became important for
developing countries, particularly India to explore
various possible opportunities for emissions
reductions. The concern with regard to increase in
GHG emissions and rise in global temperature has
become a major issue in national and international
policy discussions. It has therefore become critical to
investigate options, policies, instruments and
consequences of more sustainable future energy
options.

The Kyoto Protocol is the first International
agreement on emissions of green house gases
(GHGs) that contains explicit emissions limit and
timeframe (Barret, 1998). The Kyoto Protocol
provides spatial flexibility through the Kyoto
Mechanisms: Article 12 on the Clean Development

Mechanism, Article 17 on emissions trading
(allowing industrialized countries to trade emissions
among themselves), and Article 6 on joint
implementation (allowing one industrialized
country to engage in project-based emission
reduction activities in another).

Together with the quantified reduction
commitments, these mechanisms constitute an
International system of tradable GHGs permits
(Hahn and Stavins, 1999). On an average, all the
GHGs emissions of industrialized countries should
be 5.2 % below the 1990 levels in (2008-2012)
according to the protocol. (Kirsten and Olhoff, 2005).

The Clean Development Mechanisms (CDM) was
instituted in the year 2001, under Kyoto Protocol to
enable developed countries to meet their Green
House Gas (GHG) reduction targets at lower cost
through project in developing countries.

Under the CDM all parties benefit- the host
country is assisted in achieving sustainable
development, the owner of the project receives
financial and technological assistance, and the
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emitter in the industrialized country receives carbon
credits. Certified emission reductions (CERs) are
expressed in tons of carbon dioxide equivalent. The
financing country can use these units to offset its
own emissions of greenhouse gases during a given
period, or sell them to another country. It can also
bank them for use during a subsequent period.

Delhi's Transport
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Fig. 1. CDM Project Approval & Monitoring Procedure

community has been negotiating reductions in
greenhouse gas (GHG) emissions. The primary
focus of negotiations has been the responsibility of
developed (Annex 1) countries and what measures
they will take. The negotiations have yet to confront
the growth in GHG emissions from developing
nations. Data indicate that countries such as India
and cities such as Delhi are experiencing rapid
increases in GHG emissions. Increases are greatest in
the transport sectors in almost all cities and
countries. It has been estimated that vehicles
contribute about 64% of the pollution in Delhi as
compared to other sources like domestic 8%,
industrial 12% and power plants 16% which are less
contributor (MoEF, 1997).

While global carbon emissions from energy in all
sectors grew 1.2 percent annually between 1980 and
1997, those from transport grew 2.1 percent per year.
In the developing countries of Asia (excluding the
former Soviet Union), transport emissions grew
dramatically at 5.6 percent per year. In all regions,
transport emissions growth outpaced growth in all
other sectors, with differences accelerating after
1990. Delhi is following this same pattern of rapid
growth in transport-related GHG emissions.

MATERIALS AND METHODS

Emissions in megacity Delhi have been calculated
using an emission factor based approach for the
source category e.g. transport. Compounds included
in this inventory are CO2, NOx, and SO2

Ei = Σ(Vehj  × Dj) × Ei, j, km
Ei : emission of compound (i)
Vehj : number of vehicles per type (j)
Dj : distance traveled in a year per

different vehicle type (j)
Ei, j, km : emission of compound (i), vehicle type

(j) per driven kilometer

RESULTS AND DISCUSSION

Given the predominance of the energy sector, the
following areas have been identified for mitigating
GHG emissions:

1. Electric power generation;
2. Renewable energy;
3. Industry - energy efficiency;
4. Transport; and
5. Municipal waste.

The potential reduction in GHG emissions up to

Transport is a major source of air pollutants
emission in cities of developing countries (Energy
Sector Management Assistance Programme, 1999).
Transport sector is one of the major anthropogenic
contributor of air pollutants and green house gases
(GHGs) like NOx, SOx, CO2, CO, particulate matter
etc in to the atmosphere (Mitra and Sharma, 2002).
The urban areas are considered the most polluted
cities in the world in an air quality status point of
view (CPCB, 2000; CPCB, 2001; TERI, 2001; Mitra
and Sharma, 2002).

Delhi ranks amongst the worst polluted
megacities of Asia. Its low air quality is held
responsible for about 18600 premature deaths per
year (TERI, 2001a). Since 1992, the international
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Table 2. Selected emission factors (g/km) for calculation of Transport Emissions

Emission Autorickshaws Buses (Mini, Goods Veh. and Motorcycles and Private Taxis
factor g/km  Pvt. & Others)  Delivery Vans  Scooters  Cars

CO2 26.60a 60.30a 223.60a 208.30a 515.20a 515.20a

NOx 0.25b 6.68b 21.0e 0.03c 2.0d 0.92b

SO2 - - 0.4g 0.05f 0.22f -

aBose (1998), Mittal and Sharma (2003).
bCRRI 2002, A-13/14.
cMittal and Sharma (2003a), Saxena et al. (2002) and Kandlikar and Ramachandran (2000) in agreement with
Uncontrolled EEA 2000. .
dBose (1998) and Kandlikar and Ramachandran (2000).
eSaxena et al (2002) in agreement with Uncontrolled EEA 2000.
fAverage of Bose (1998) and Saxena et al. (2002), Kandlikar and Ramachandran (2000) with EEA 2000.
gRange from Bose (1998) and Saxena et al. (2002).
Source: Gurjar et. al (2004).

Table 3. Average Kilometers Traveled Per Day by Vehicles in Delhi

Autorickshaws Buses (Mini, GoodsVeh. & Motorcycles & Private
Pvt.& Others)  Delivery Vans  Scooters Cars Taxis

66.5 157.2 39.7 36.4 36.6 45.1

Source: CRRI, 2002

Table 1. Motor Vehicles Registered in Delhi

Year Autorickshaws Buses (Mini, GoodsVeh. & Motorcycles & Private Taxis
Pvt. & Others) Delivery Vans Scooters Cars

2002 123495 38132 138351 1714642 944857 16770
2003 125653 40207 154153 1777448 1083902 18281
2004 129862 41866 160852 1833253 1136021 22239
2005 126998 36988 194486 1984562 1213697 26040

Source: Road Accidents in Delhi

the year 2012 (period 2004-2012) has been estimated
at 417 MTCO2eq and is presented in figure.

CDM Potential in Renewal Energy (RE)
Technology

The Government of India is making a concerted
effort to promote renewal energy technology. Fifty-
five percent of the 80 projects approved by the
Indian CDM Authority are in the RE sector. India is
the only country in the world that has a dedicated
ministry for promoting renewable energy, the
Ministry for Non-conventional Energy Sources
(MNES), and an exclusive public sector financial
sector, the Indian Renewable Energy Development
Agency (IREDA). MNES prepared between 1993
and 1996 a set of guidelines for "Promotional and
Fiscal Incentives by State Governments for Power
Generation from Non-Conventional Energy
Sources".

CO2 emission factors for Vehicles that run on

CNG are not available. So, firstly the available CO2

emissions factors were used to calculate emissions
from Autorickshaws, Buses (Mini, Pvt and Others).
Then a 20% deduction in calculated emissions was
done to get the actual CO2 emissions from CNG run
Vehicles. As there is 20% reduction in CO2 emissions

Fig. 2. GHG Mitigation Potential in India in Key Sectors
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Table 4. Potential and Achievements for Renewable Energy Technologies:

Source/System Approximate Cumulative Physical
Potential  Achievements as on

31st March 2009

Wind power 45, 195 MW 10, 242.50 MW
Bio Power (Agro residues & Plantations) 16, 881 MW 703.30 MW
Small hydro power (up to 25 MW) 15, 000 MW 2, 429.67 MW
Cogeneration - Bagasse 5, 000 MW 1, 048.73 MW
Waste-to-Energy (Urban & Industrial) 2, 700 MW 58.91 MW
Solar power 50 MW/sq.km. 2.12 MW
Biomass / Cogeneration (non-bagasse) - 170.78 MW
Biomass Gasifier - 242.90 MWeq
Energy Recovery from Waste - 34.06 MWeq
Family Type Biogas plants (nos.) 120 lakhs 41.2 lakh
Solar Photovoltaic systems
Solar water heating (collector area) sq.m 140 million sq.m 2.5 million sq.m
Solar Cookers - 6.37 lakh

MW- Megawatt, sq.km. = square kilometer, sq.m. = square meter
Source: MNES Annual Report 2008/09

Table 5. Carbon Dioxide (CO2) Emissions in T/d

Year Autorickshaws Autorickshaws Buses (Mini, Buses (Mini, Taxis Taxis
emissions reduced Pvt. & Others) Pvt. & Others) emissions

by use of CNG emissions reduced by reduced by
use of CNG use of CNG

2002 495.21 99.04 3088.29 617.66 157.54 31.51
2003 503.86 100.77 3256.34 651.27 171.74 34.35
2004 520.74 104.15 3390.70 678.14 208.92 41.78
2005 509.26 101.85 2995.64 599.13 244.63 48.93

Table 6. Carbon Dioxide (CO2) Emissions in T/d

Year Autorickshaws Buses (Mini, Goods Veh. & Motorcycles and Private
Pvt. & Others)  Delivery Vans  Scooters Cars Taxis

2002 396.17 2470.63 2829.75 1660.18 7732.48 126.03
2003 403.09 2605.07 3152.96 1721.00 8870.39 137.39
2004 416.59 2712.56 3289.98 1775.03 9296.92 167.14
2005 407.40 2396.51 3977.91 1921.53 9932.60 195.70

Table 7. Oxides of Nitrogen (NOx) Emissions in T/d

Year Autorickshaws Buses (Mini, Goods Veh. & Motorcycles and Private
Pvt. & Others)  Delivery Vans  Scooters Cars Taxis

2002 2.05 40.04 115.34 1.87 69.16 0.70
2003 2.09 42.22 128.52 1.94 79.34 0.76
2004 2.16 43.96 134.10 2.00 83.16 0.92
2005 2.11 38.84 162.14 2.17 88.84 1.08
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from vehicles using CNG (Aslam et al., 2006)
The quantity of pollutant emitted can be directly

correlated to the increase or decrease in the number
of registered vehicles. Where there has been an
increase in the number of Vehicles the increase in the
quantity of pollutant has been observed and vice
versa.

As may be observed from the figures that the

74% in the year 2005. Also the Goods vehicles and
private cars have been the major contributors of NOx

emissions together accounting for 81% in the year
2002 which has gone up to 85% in the year 2005.
Taking a look at the % contribution in SO2 emissions,
here also Goods vehicles and Private cars are major
contributors. Together they contribute 92% in the
year 2002 and have gone up to 93.5% in the year
2005.

By looking at the results of the calculations it can
be concluded that Private cars and Goods vehicles &
Delivery vans are the biggest contributors of CO2,
NOx and SO2 pollutants.

Petrol Prices 43.52 Rs/l, Diesel 30.48 Rs/l & CNG
19.2 Rs/kg (Indian Oil Corporation Ltd, 06 June,
2007

Economics of CNG shows that there is a saving of
1.19 Rs/km in case of Autorickshaws, 3.22 Rs/km in
case of Buses and 2.0 Rs/km in case of Cars
respectively.

Strategies to Control Vehicular Pollution in Delhi
1. Reducing the number of vehicles on the

road
2. Reducing emissions from vehicles
The strategies involved in reducing emissions

from vehicles are:
Fuel switch
Improved vehicle technology

Table 8. Sulphur Dioxide (SO2) Emissions in T/d

Year Goods Vehicles & Motorcycles & Private
Delivery Vans  Scooters Cars

2002 29.66 3.12 7.61
2003 33.05 3.23 8.73
2004 34.48 3.34 9.15
2005 41.69 3.61 9.77

Table 9. Total Emissions in T/d

Year Total CO2 Total NOx Total
emissions emissions SO2

(T/d)   T/d   emissions
(T/d)

2002 15215.25 229.17 40.39
2003 16889.90 254.87 45.01
2004 17658.22 266.31 46.97
2005 18831.66 295.19 55.08
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number of Autorickshaws and Buses (Mini, Pvt and
others) show a decrease in the year 2005
comparative to 2004, consequently there has been a
decrease in the emissions of CO2 & NOx emissions
otherwise there has been a constant increase in their
emissions. Since CNG contains no sulphur, SO2
emissions by all CNG run vehicles are assumed to
be zero.

The number of Goods vehicles & Delivery vans,
Motorcycles and Scooters and Private cars has been
increasing continuously so the emissions of CO2,
NOx & SO2 are also increasing. In case of Taxis there
has been an increase in emissions of CO2 and NOx.
But no SO2 since Taxis consume CNG and CNG
contains no sulphur, SO2 emissions by all CNG run
vehicles are assumed to be zero. Looking at the
Total, Emissions of CO2, NOx and SO2 are
continuously increasing..

As may be observed from the tables that the
major contributors of CO2 in terms of % are the
Private cars and the Goods vehicles and Delivery
vans where private cars contributing to nearly 51%
and Goods vehicles 18.6% together contributing
nearly 70% in the year 2002 and has increased to
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Improved fuel quality
Improved traffic flow

GHG Mitigation in the Transport Industry

Fuel substitution from petrol to natural gas leads to
reduction of CO2 emissions. Under government
mandate, taxis and some public transport buses
have been fitted with engines running on
compressed natural gas (CNG) in the major
metropolitan areas of Delhi and Mumbai.

The biofuels, ethanol and biodiesel, will play an
important role in reducing the dependence on
petroleum while reducing CO2 emissions. The
Government of India has announced a plan to
replace 5 per cent petrol by ethanol and 20 per cent
diesel by biodiesel by 2012. Ethanol is produced by
fermenting sugarcane juice and biodiesel is
manufactured by the transesterification of vegetable
oil obtained from oilseeds such as Jatropha.
Southern Biotechnologies of Hyderabad, Andhra
Pradesh, has announced a CDM project which will
set up a 30 ton per day biodiesel plant using
vegetable oil feedstock. The annual CO2 emission
reduction is estimated to be about 24,000 tons.

CONCLUSIONS

CDM benefits associated with energy efficiency
projects can make them economically viable by
reducing the payback period and recovery of high
initial cost by revenue from sale of CERs. Hence
automobile industry need to identify potential
energy saving initiatives and utilize CDM tool to
implement them to remain in competition and
simultaneously contributing toward conservation of
primary sources of energy and reduction of GHG
emission and ultimately to Sustainable
Development.

The greatest potential for CDM lies in the areas of
renewable energy (RE) enhanced industrial
efficiency and industrial processes, fuel switching,
and municipal solid waste (MSW). The Government
of India is making a concerted effort to promote
renewal energy technology. Fifty-five per cent of the
80 projects approved by the Indian CDM Authority
are in the RE sector. Implementation of the CDM in
India can deliver significant local, economic and
sustainable development co-benefits. India's CDM
strategy, policy, and implementation plans should

include guidance on unresolved issues such as the
sharing of CER revenue between project proponents
and utilities.
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ABSTRACT

In the present study, photocatalytic degradation of congo red (CR), an anionic diazo dye has been
investigated in a batch reactor using Titania P-25 (surface area: 50 m2/g) as a photocatalyst under
UV light in slurry mode. The rate of decolorization was estimated from residual concentration
spectrophotometrically. Similar experiments were carried out by varying pH (2-10), amount of
catalyst (0.25-2.00 g/L) and concentration (5-100 ppm). The degradation rate of CR was favorable
at pH 4. Optimum value of catalyst dose was found to be 1.5 g/L. The complete degradation of CR
was achieved in 2.5h under UV irradiation.

KEY WORDS : Diazo dye, Congo Red, Titanium dioxide, Photodegradation, Photocatalytic

INTRODUCTION

Various types of dyes are manufactured for printing
and dyeing industries from coal tar based
hydrocarbons. Color removal from effluent is one of
the most difficult requirement faced by the textile
finishing, dye manufacturing, pulp and paper
industries. These industries are major water
consumer and therefore cause water pollution. Most
of these dyes are harmful, when in contact with
living tissues for a long time. The discharge of
effluent containing dyes to the river stream without
proper treatment causes irreparable damage to the
crops and living beings, both aquatic and terrestrial.
Dyes are classified in three broad categories: (a)
anionic: direct, acid and reactive dyes; (b) cationic:
all basic dyes and (c) nonionic: dispersed dyes
(Mishra and Tripathy, 1993). Congo red is an
example of diazo dyes and is prepared by coupling
tetrazotised benzidine with two molecules of
napthionic acid.  Congo red is the first synthetic dye
produced that is capable of dying cotton directly. It
is very sensitive to acids and the color changes from
red to blue in the presence of inorganic acids (below
pH 5). This blue color may be attributed to
resonance among charged canonical structures
(Finar, 1986). Congo red containing effluents are
generated from textiles, printing and dyeing, paper,
rubber, plastics industries, etc. Due to its structural
stability, it is difficult to biodegrade. It is highly

soluble in water and persistent, once discharged in
the natural environment. The conventional
technologies currently used to degrade the dye
contaminated water include primary (adsorption,
flocculation), secondary (biological methods), and
chemical processes (chlorination, ozonization) (Patil
and Shinde, 1988; More et al.1989). However these
techniques are non-destructive, since they only
transfer the non-biodegradable matter into sludge,
giving rise to new type of pollution, which needs
further treatment (More et al.1989; Arslan et al. 2000)
Advanced oxidation\ processes (AOP’s) employing
heterogeneous catalysis have emerged as potential
destructive technology leading to the total
mineralization of most of organic pollutants (Stock
et al. 2000; Galindo et al. 2001). Titanium dioxide
(TiO2) is found to be more efficient catalyst for
photocatalytic degradation of pollutants due to
faster electron transfer to molecular oxygen
(Guillard et al. 2003). Moreover TiO2 photocatalyst is
largely available, inexpensive, non-toxic and show
relatively high chemical stability. In the present
work, heterogeneous photocatalytic degradation of
Congo red, a toxic dye was carried out using TiO2 as
photocatalyst. The dye has a complex chemical
structure and a high molecular weight. Thus, its
study is interesting not only for being possible
pollutant of industrial effluents but also it is a good
model of complex pollutant.
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Experimental

MATERIALS

Titania P-25 (surface area 50 m2/g) was obtained
from Degussa and was used as received. Congo red
was purchased from Merck and used without
purification. Double distilled water is used for
preparation of various solutions. pH of the solutions
was adjusted with 1M HCl or 1M NaOH.

Instruments

Photochemical degradation is carried out in
specially designed reaction vessels in the photo
reactor equipped with 4 UV tubes each of 30W
(Philips). Constant stirring of solution was insured
by using magnetic stirrers and aeration was done
with the help of aquarium aerator. The spectra were
taken with UV-VIS Spectrophotometer (Systronics
119); pH meter (Thermo Orion 920A) was used to
adjust the pH of the solution.

Procedure

For the degradation experiments, fixed amount of
photocatalyst (TiO2) was added to 100 mL of sample
solution. The suspension was subjected to
irradiation under UV light. The aqueous suspension
was magnetically stirred. At different time intervals,
aliquot was taken out with the help of syringe and
then filtered through Millipore syringe filter of 0.45
μm. Then absorption spectra of sample solution
were recorded at λmax=499 nm. The rate of
decolourisation was studied in terms of changes in
absorbance. The decolorization efficiency (%) has
been calculated as follows:

Efficiency (%) = 100 × (C0-C)/C0

where C0 = initial concentration of dye  and C =
concentration of dye after photoirradiation.

Similar experiments were carried out by varying
the dose of photocatalysts, pH of the solution and
initial concentration of substrate.

RESULTS AND DISCUSSION

Congo red is the sodium salt of benzidinediazo-bis-
1-naphthylamine-4-sulfonic acid (formula: C32 H22 N6

Na2 O6S2; molecular weight: 696.66 g/mol). Congo
red is water soluble, yielding a red colloidal
solution; its solubility is better in organic solvents
such as ethanol. The degradation experiments were
carried out under UV light using TiO2 as
photocatalyst. The decolorization rate was recorded
in terms of change in intensity of characteristic peak

at 499 nm.  Main characteristics of CR are
summarized in Table 1.

Table 1. Main Characteristics of Congo Red

Name of dye Congo Red [ CI Direct Red 28]
Color index number 22120
Molecular formula C32H22N6Na2O6S2

Molecular weight 696.665 g/mol
ëmax 499 nm
Structure
Absorption spectrum of CR

UV-VIS Spectra

Fig. 1 shows a typical UV-VIS spectrum of Congo
red solution. Congo red shows characteristic
absorption peaks at 345 and 499 nm in visible
region. The absorption peaks corresponding to
Congo red diminished in visible as well as UV
region during photo degradation using TiO2/UV
photo catalytic system indicates that the dye has
been decolorized and degraded with time. No new
absorbance peak appears in either the visible or
ultra-violet regions during photo degradation.

The effect of process parameters viz., amount of
catalyst, concentration of dye and pH on
photocatalytic degradation of congo red was
studied. The expepiments were carried out by
irradiating the aqueous solutions of dyes containing
photo catalyst under UV light. Similar experiments
were carried out by varying pH (2-10), amount of
catalyst (0.25-2.0 g/L) and initial concentration of
dye (5-100 mg/L).

Effect of pH

Waste water containing dyes is discharged from the
industry at different pH, therefore it is important to
study the effect of pH on decolouration of dye. The
effect of pH of the solution on the percentage
photodegradation was examined in range 2-10. Fig.
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2 show the colour removal efficiency of Congo red
solution as a function of pH. The results revealed
that the lesser degradation occurred in  case of basic
region and higher degradation of dye in acidic
region. Although the degradation occurred in acidic
medium (pH<4) upto 99.9%, it decreases
significantly after pH 4 and appeared to be 68.4% at
pH 8. The influence of pH can be explained on the
basis of (1) surface state of titania and (ii) ionization
state of ionisable organic molecules.

the percentage degradation revealed that with an
increase in catalyst degradation, efficiency
increased. In case of Congo red dye the maximum
degradation (95.3%) was observed with 1.5g/L of
TiO2 and thereafter rate of degradation decreased.
Thus with the increase of catalyst dosage, total
active surface area increased, hence, the availability
of more active sites on catalyst surface. At the same
time, due to an increase in turbidity of the
suspension with high dose of photocatalyst, there
would be a decrease in penetration of UV light and
hence photo activated volume of suspension would
decrease. This is in accordance with our findings
since the effective decomposition of this dye was
observed with 1.5 g/L of TiO2.

EFFECT of Concentration of dye

After optimizing the experimental conditions, the
photocatalytic decolouration of Congo red was
carried out by varying the initial concentrations of
dye from 5-100 mg/L in order to assess the
appropriate amount of catalyst dose. As the

Fig. 3. Effect of catalyst dose (TiO2) on decolourization of
Congo red by TiO2/UV light at pH 4; ë=499
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Fig. 4. Effect of initial concentration of dye on
decolourization of Congo red by TiO2/UV light:
catalyst dose, pH 4 ; 1.5g; ë= 499

Fig. 1. Time dependent UV absorption spectra for
degradation of Congo Red (25 ppm; pH 2; TiO2

1.5 g/L)

The net effect was direct influence of pH of the
solution on the heterogeneous photocatalytic
process (Fijishima et al. 2000). As TiO2 is positively
charged below its zero point charge i.e.4. Congo red
being charge and being anionic dye and is –ve
charged  largely adsorped at pH = 4 and thereby
having maximum degradation at this pH.

Effect of Catalyst Dose

The degradation efficiency of substrate is directly
related to the catalyst dose during the
heterogeneous photo catalytic process. The rate of
photodegradation increases with increase in catalyst
dose due to the fact that with increase in the catalyst
dose the number of organic molecules absorbed will
increase owing to increase in number of TiO2

particles thereby enhancing the rate of degradation
(Daneshvar et al. 2004).

The photo degradation experiments were carried
out in the presence of UV light using photocatayst
TiO2. In order to optimize the dose of catalyst, the
experiments were performed by varying catalyst
concentration from 0.25 g/L to 2.0 g/L. The graph
plotted (Fig. 3) between amount of catalyst used and
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concentration of dye is increased, the rate of
photodegradation decreases indicating either to
increase the catalyst dose or time span has to be
increased for the complete removal. (Fig. 4).

   CONCLUSION

Synthetic dyes are used extensively in the textile
industry for dyeing nylon, wool, cotton, and silk, as
well as for coloring oil, fats, waxes, varnish and
plastics. The wastewater containing dyes emanating
from textile mills are strongly colored and are
carcinogenic in nature. In order to reduce pollution
load, it is desirable to decolorize the water and
remove the organic constituents before its discharge
into the main stream. In the present study, the
potential of AOP’s for the removal of synthetic dyes
from aqueous streams was investigated.
• The Photocatalytic degradation of Congo red dye

was investigated in the presence of TiO2 with UV
irradiation. The results show that for 25 ppm
solution of Congo red,  95.3% of it decolorizes in
30 minutes, which reflects the  high efficiency of
the process.

• The optimum pH value for degradation of
Congo red dye was found to be 4. Optimum
value of catalyst dose has been found as 1.5 g/L
for the initial conc. of dye (25 ppm).

• The various types of such as cationic, anionic and

Fig. 2. Effect of pH on decolourization of Congo red by
TiO2/UV light
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azo dyes can be effectively removed from the
aqueous dye solutions.
These findings will be helpful in determining the

future direction of research and development of the
effectiveness of such technologies for industrial
waste water treatment.
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ABSTRACT

Anaerobic digestion of cattle dung supplemented with rice straw in different ratios was carried out
at 15-16% total solid concentration in batch and semi-continuous system under laboratory
conditions. The maximum biogas production of 28.97 L/kg was observed on supplementation of
cattle dung with rice straw at 5% level under batch conditions which was 26.36 L/kg with cattle
dung only. Under semi-continuous mode of digestion volumetric productivity of 0.330L/L/day was
observed at 5% supplementation of paddy straw to cattle dung which was 0.283 L/L/day for cattle
dung only. Methane content in digesters was about 60%. Supplementation of paddy straw to cattle
dung also enriched the effluent slurry with nitrogen, phosphorus and potassium.

KEY WORDS : Anaerobic digestion, Biogas, Cattle dung, Rice straw

INTRODUCTION

 The phenomenal increase in population, fast
growing industrialization and urbanization in the
past few decades have put tremendous pressure on
natural resources which are depleting much faster
than before. Due to modernization the energy needs
of people have also increased many folds. But our
conventional energy sources (e.g. coal, petroleum
and natural gas) are limited and already have been
overexploited. The use of renewable energy sources
is becoming increasingly important, in order to
reduce emission of green house gases from fossil
fuel sources that have impact on global warming.
Biogas technology couples the advantage of an
efficient use of renewable resources and nutrient
conservation with effective protection of
environment (Stafford et al., 1980). Biogas has been
widely accepted by the rural community in India as
a renewable, energy efficient technology as it
provides clean fuel and fulfils the basic domestic
energy requirements of cooking, water heating, and
lightening. There are currently strong incentives for
increased use of renewable fuels in the transport
sector worldwide, biogas is a fuel that is eco-friendly
and can be used as vehicle fuel (Borjesson and
Mattiasson, 2008).

Biogas technology is best suited to convert the
organic waste from agriculture, livestock, industries,

municipalities and other human activities into
energy and manure. In India the majority of work
done on biogas has used animal wastes as the raw
material; however availability of cattle dung and
cost of current designs are the major constraints for
successful operation of biogas digesters.
Development of solid state design of biogas has
significantly reduced the operating cost however,
there is a need to evaluate alternate substrates for
biogas production under solid state conditions that
can give higher yield of methane (Wati et al., 2009).
Paddy straw is one of the most abundant wastes. In
the Indo-Gangetic plains about 95 million tons of
rice residues are produced which is about 39% of
total crop residues generated (Sidhu et al., 2003). In
Haryana , about 6 million tons of rice straw is
produced annually, out of which about 63% is burnt
to dispose off crop residues. In India, approximately
85-95 million tons of paddy straw is disposed off by
burning.  One ton of paddy straw burning releases 3
kg particulate matter, 60 kg CO, 1460 kg CO2, 199 kg
ash and 2 kg SO2 (Jenkins and Bhatnagar 2003).
Repeated burning of paddy straw also results in soil
erosion. Because of air pollution and loss of valuable
organic matter and plant nutrients, burning is now
being discouraged. The rice growers are therefore
seeking alternative disposal options. Rice residue
management options such as incorporation of straw
into the soil before sowing of next crop has not
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caught up. Besides extra cost involved, rice straw
incorporation is associated with certain problems
such as, immobilization of plant nutrients
particularly nitrogen. Residues impede seedbed
preparation and contribute to reduced germination
of subsequent crop.

Rice straw can be converted to biogas via
anaerobic digestion and biogas production from rice
straw is an alternate for its safe disposal (Kashyap et
al 2003). Anaerobic digestion of rice straw alone is
inefficient because the nutrients and minerals
required for microbial growth are not present at
sufficient levels in rice straw (Zhang and Zhang,
1999). Biomethanation of paddy straw can be
carried out either by some pretreatment or nutrient
addition. Pang et al., (2008) reported 27.3-64.5%
increase in biogas production from paddy straw
through pretreatment with 6% sodium hydroxide.
Lei et al., 2010 studied biomethanation of rice straw
with acclimatized sludge under room temperature
at different levels of phosphate. One approach to
improve anaerobic digestion of paddy straw is to
mix with cattle dung, which also provides a major
source of bacterial inoculum. The present study was
aimed at codigestion of cattle dung and rice straw
for biogas production at high solid concentration.

MATERIAL AND METHODS

Substrates: Fresh cattle dung was obtained from
animal farm, College of Animal Sciences, CCSHAU,
Hisar and rice straw was collected from farmer’s
field. Rice straw was chopped to 2-3 cm pieces and
soaked in water overnight. The excess of water was
drained off and soaked rice straw was mixed with
fresh cattle dung for preparation of mixture in ratios
1:00, 1: 0.31, 1: 0.63, 1: 0.78 and 1: 0.94 on dry matter
basis corresponding to 0, 5, 10, 12.5 and 15 % on
fresh weight basis (Table 1).

Anaerobic digestion

Cattle dung and rice straw mixtures were digested
in batch type manner at about 15-16% total solids
(TS) for eight weeks. The laboratory digesters
comprised of three aspirator bottles (capacity 5 liters
each) stoppered with rubber corks fitted with glass
tubes and connected with rubber tubing (Fig. 1).
One of the bottles was used as digester and other
was graduated and used as gas collecting bottle. The
gas collecting bottle was filled with water. The gas
produced in digester displaced water which was
collected in the third bottle. Three kg substrate
comprising of cattle dung mixed with rice straw in
different ratios was filled in respective digester
bottles for anaerobic digestion in batch mode. After
eight weeks of batch digestion the digesters were
converted into semi-continuous digestion system.
For that 375 g substrate in each digester was
replaced with same amount of fresh substrate
weekly and gas production was recorded for eight
weeks.

Analysis

Regular analysis of influent and effluent was done
for total solids (TS), volatile solids (VS), cellulose,
hemicellulose, lignin and total N, P and K using
standard methods (AOAC, 1970). The methane
content in biogas was determined by gas liquid
chromatography (Systronics 8200).

RESULTS AND DISCUSSION

Analysis of cattle dung revealed 15.4 % total solids
(TS) of which 83 % were volatile solids (VS) while
96.8 % TS and 88.0 % VS (% of TS) were observed in
rice straw (Table 2). The N, P and K content of cattle

Fig. 1. Experimental setup for biogas production from
rice straw

Table 1. Composition of different digesters for biogas
production

Digester Cattle dung (CD): Rice straw
Wet weight pass Total solids

basis

1 CD 3 kg 1:00
2 CD 3 kg : 750 g wet RS 1:0.31
3 CD 3 kg  : 1500 g wet RS 1:0.63
4 CD 3 kg : 1875 g wet RS 1:0.78
5 CD 3 kg : 2250 g wet RS 1:0.94
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dung was higher (1.40, 0.56 and 1.67 % respectively)
as compared to rice straw (0.52, 0.11 and 0.70%
respectively). Cellulose and hemicellulose content of
paddy straw was more as compared to rice straw
while reverse trend was observed for lignin content.
C/N ratio of cattle dung was 34.3 that was very high
for paddy straw (98.1).

   Under batch system biogas production in all the

digesters gradually increased with time of
incubation, reached its maximum at 6th week and
decreased thereafter. Average temperature during
experiment varied from 27-300C. Maximum biogas
production of 28.97 L/kg was observed on
supplementation of cattle dung with rice straw at 5
% level during batch digestion with digestion
efficiency of 0.201 L/g TS and 0.233 L/g VS added
(Table 3). The biogas production, degree of
degradation of solids and digestion efficiency are
dependent on the type of substrate. Kalia and
Kanwar (1990) observed 9% more biogas production
from mixing of cattle dung and Ageratum biomass in
3:2 ratio with more degradation of total and volatile
solids as compared to each waste alone. There was
24.6 and 34.1 % degradation of total and volatile
solids on supplementation of cattle dung with rice
straw at 5 % level which was 20.6 and 26.0% for
cattle dung only (Fig.2). The higher degradation of
total and volatile solids with 5% supplementation of
rice straw is related to increase in activity of
microorganisms on rice straw supplementation.
Somayaji and Khanna (1994) reported that when rice
or wheat straw was added to cattle dung slurry and
digested anaerobically, daily gas production
increased from 176 to 331 l/kg total solids with
100% rice straw and to 194 l/kg total solids with
40% wheat straw.

Biogas production in field biogas plants is carried
out under semi continuous manner; therefore to
explore the possibility of biogas production on
paddy straw supplementation under semi-
continuous conditions the laboratory digesters were
turned to semi continuous mode after 8 weeks of
batch digestion. Maximum Biogas productivity of

Table 2. Composition of cattle dung and rice straw*

Parameter Cattle dung Paddy straw

Total solids (TS) 15.4 96.8
Volatile solids (VS) 83.0 88.0
Cellulose 26.7 33.0
Hemicellulose 17.2 23.1
Lignin 15.0 6.1
Nitrogen 1.40 0.52
Phosphorus 0.56 0.11
Potassium 1.67 0.70
Organic carbon 48.14 51.04
C/N ratio 34.3 98.1

*Values are on percent dry weight basis
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Fig. 2. Degradation of total and volatile solids after eight
weeks of batch digestion

Table 3. Weekly biogas production from cattle dung supplemented with rice straw under laboratory condition during
batch digestion

Time (weeks) Biogas production (litres) Temp.
Digesters

1 2 3 4 5 (oC)

1 3.1 3.8 3.0 3.8 5.3 30.1
2 5.3 7.2 5.2 6.1 6.2 28.5
3 5.6 7.4 6.8 7.2 7.0 27.5
4 12.4 16.6 10.5 10.8 9.6 29.2
5 13.2 18.4 11.9 12.4 10.4 28.8
6 20.3 18.3 17.0 17.2 13.6 29.0
7 11.4 9.4 11.5 10.5 10.0 30.1
8 7.8 5.8 7.5 4.8 2.9 30.3
Total Biogas (L) 79.1 86.9 73.4 72.8 65.0
Biogas (L/kg) 26.36 28.97 24.47 24.27 21.66
L/gTS 0.171 0.201 0.169 0.168 0.150
L/gVS 0.206 0.233 0.195 0.192 0.170
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about 0.330L/L/day was observed on
supplementation of 5% paddy straw to cattle dung
that was 0.283L/L/day with cattle dung only (Table
4). Solid conversion efficiency was also more at 5%
supplementation to cattle dung. Rice straw
supplementation to cattle dung above 5% did not
have appreciable effect on anaerobic digestion that
may be due to high C: N ratio which is an important
factor for anaerobic digestion and it varies from
substrate to substrate (Svensson et al., 2006). Speece
and McCarty (1998) reported biogas production of
0.52 m3/kg from cattle dung mixed with agro
residues in 7:3 ratio. Bhattacharya and Mishra (2003)
reported maximum biogas production of 0.160 l/l/
d with digestion efficiency of 0.654 l/g TS from
cattle dung mixed with agricultural residues in 3:2
ratio. The methane content was observed to be
almost 60% in all the digesters in batch as well as in
semi-continuous mode of digestion.

The effluent after semicontinuous digestion had
higher content of N, P and K (Table 5). After
anaerobic digestion about 40-60 % of total solids are
transformed into gas with a large amount of
digested effluent (Nagamani and Ramasamy, 1999).
During anaerobic digestion the P and K content
remains stable, since dry matter (TS) decreases in the
digested effluent, the total P and K content seems to

increase when expressed as % dry matter content.  A
part of organic nitrogen is converted to ammonical
form of nitrogen and some of it is lost through
volatilization. Due to VS degradation and
consequent decrease in organic carbon content and
increase in total nitrogen content (as %TS) the C/N
ratio gets narrowed in the effluent. Similar
observations were reported by Demuynck et al.,
1984. The effluent after codigestion of cattle dung
with paddy straw being rich in plant nutrients can
be used as quality manure.

CONCLUSION

Results of the present study indicate that paddy
straw can be supplemented to cattle dung upto 5%
for enhancing biogas production. Paddy straw
supplementation above 5% however needs
adjustment of C/N ratio.

REFERENCES

Association of Official Agricultural Chemist. 1970. Official Method
of Analysis. 11th Ed., Washington, D.C.

Bhattacharya, A. and Mishra, M. 2003. Biodegradability of dairy
cattle manure under dry anaerobic fermentation process.
Indian J. Agric . Sci. 84: 9-11.

Table 5. Composition of effluent after semi continuous digestion

Parameter* Digesters
1 2 3 4 5

**Initial ***Final Initial Final Initial Final Initial Final Initial Final

Total solids 12.2 11.2 10.8 9.8 11.4 10.5 11.8 10.9 12.1 11.2
Volatile solids 77.3 73.8 75.5 72.3 77.0 73.1 81.5 78.0 83.0 79.8
Nitrogen 1.61 1.70 1.42 1.61 1.30 1.42 1.23 1.41 1.25 1.36
Phosphorus 0.67 0.70 0.58 0.63 0.53 0.56 0.48 0.52 0.44 0.49
Potassium 1.87 1.91 1.75 1.79 1.73 1.79 1.69 1.74 1.63 1.69
Organic carbon 44.8 42.8 43.8 41.9 44.6 42.4 47.2 44.5 48.1 45.6
C/N ratio  27.8 25.1 30.8 26.0 34.3 29.9 38.4 32.1 38.5 34.0

*Values on percent dry weight basis
**Effluent of batch digestion
*** Effluent of semi continuous digestion

Table 4. Volumetric biogas production and digestion efficiency of cattle dung supplemented with rice straw during
semi continuous digestion of eight weeks

Parameter Digesters

1 2 3 4 5

Volumetric biogas production (L/L/d) 0.283 0.330 0.306 0.278 0.268
Total biogas production (L/kg) 26.44 30.84 28.57 26.00 25.07
Solid conversion efficiency L/g TS added 0.216 0.284 0.249 0.220 0.206
L/g VS added 0.280 0.377 0.324 0.270 0.249



CO-DIGESTION OF CATTLE DUNG AND RICE STRAW FOR BIOGAS PRODUCTION 15

Borjesson, P. and Mattiasson, B. 2008.  Biogas as a resource-
efficient vehicle fuel. Trends  Biotechnol. 26: 7-13.

Demuynck, M., Nyns, E.J. and Naveau, H. 1984. Agricultural uses
of digested effluents. In: Anaerobic Digestion and
Carbohydrate Hydrolysis of Waste. Ferrero, G.L., Ferranti,
M.P. and Naveau, H. (eds.) Elsevier Applied Science Pub.
London: pp- 409-422.

Jenkins, B. M .and Bhatnagar, A. P. 2003. On electric power
potential from paddy straw  in Punjab and the optimal
size of the power generation station. Bioresour. Technol.37:
35-41.

Kalia, A.K. and Kanwar, S.S. 1990. Anaerobic fermentation of
Ageratum for biogas production. Biol. Wastes 32: 155-158.

Kashyap D. R., Dadhich K. S. and Sharma S. K. 2003
Biomethanation under psychrophilic conditions: a review.
Bioresour. Technol .87: 147-53.

Lei, Z., Chen. J., Zhang, Z. and Suginra, N. 2010. Methane
production from rice straw with aclimated anaerobic
sludge: effect of phosphate supplementation. Bioresour.
Technol. 12: 4343-4348.

Nagamani, B. and Ramasamy, K. 1999. Biogas production
technology: an Indian perspective. Curr. Sci. 77: 44-54.

Pang, J., Zhang, R., Hamed, M. E., Sun, H. and Ying, Y. 2008. Effect
of food to microorganism ratio on biohydrogen
production from food waste via anaerobic fermentation.

Int. J.  Hydrogen Energy 33: 6968-6975.
Sidhu, B.S., Beri, V., Singh, J. and Pannu, R.P.S. 2003. Crop residues

and their utilization for crop production In: Recycling of
rural and urban wastes-a review. Department of Soils, PAU,
Ludhiana, pp. 1-35.

Somayaji, D. and Khanna, S. 1994. Biomethanation of rice and
wheat straw. World J. Microbiol Biotechnol. 10: 521-523.

Speece, A. and McCarty, G. 1998. Solid state anaerobic digestion
of cattle dung and agro residues in small capacity field
digester.  Biores. Technol. 48: 203-204.

Stafford, D.A., Hawkers, D.L. and Horton, R. 1980. Methane
production from waste organic matter. CRC Press.
Florida. 285 pp.

Svensson, L.; Christenson, K. and Bjornasson, L. 2006. Biogas
production from crop residue on a farm scale level in
Sweden: scale, choice of substrate and utilization rate
most important parameters for financial feasibility.
Bioprocess Biosystems Engg. 29: 137-142.

Wati,  L., Kapoor, K.K. and B.S. Kundu 2009. Cattle dung based
modified solid state biogas plant. In: Biotechnology Emerging
Trends. R.Z. Sayyed and A.S. Patil (eds.) Scientific
Publishers, Jodhpur pp 137-142.

Zhang, R. and Zhang, Z. 1999. Biogasification of rice straw with
an anaerobic-phased solids digester system, Bioresour.
Technol., 68: 235-245.

















Poll Res. 31 (1) : 25-32 (2012)
Copyright © EM International
ISSN : 0257–8050

INTRODUCTION

One common group of substances that are often the
focus of bioremediation are polycyclic aromatic
hydrocarbons (PAHs). The major sources of PAHs
pollution are industrial production, gasification and
plastic waste incineration. These compounds persist
in the environment and due to their hydrophobicity
get deposited in soil and sediment (Ravindra et al.,
2008). Because of their toxicity, carcinogenicity and
ubiquitous distribution, the United States
Environmental Protection Agency (USEPA) has
listed 16 PAHs as priority pollutants and pyrene is
one of them (Heitkamp et al., 1988). Therefore, there
is a toxicological concern about the presence,
persistence and deposition of the PAHs in the
environment. A major decomposition process of
PAHs in the environment is biodegradation.
Biological treatment is preferred because it is
cheaper than alternatives such as incineration,
storage or soil washings, volatilization, chemical
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ABSTRACT

Contamination of polycyclic aromatic hydrocarbons (PAHs) which are toxic environmental
pollutants causes public health risks and raises environmental concerns. One hundred and seven
bacterial isolates were obtained from PAH (pyrene) contaminated soil samples by enrichment
culture technique. Eight bacterial isolates showed zone of pyrene utilization around their colonies
in the presence of glucose (0.2%) on L9 Minimal medium agar plates while one showed the
utilization zone in the absence of glucose also. All the eight isolates produced zone on complete
medium plates also. Pyrene utilization was also checked in L9 Minimal broth using all the isolates.
Two bacterial isolates viz. KLR 1 and KRRG 1 which showed more protein content and viable
count in L9 broth amended with pyrene (1mM) as compared to others were selected for different
carbon and nitrogen source utilization pattern on L9 MM agar plates. Out of 16 carbon sources and
9 nitrogen sources tested, good growth & large zone of pyrene utilization was observed with eight
carbon & five nitrogen sources in both the isolates. However in liquid medium, both the isolates
showed maximum viable count and protein content with glucose as carbon source and ammonium
sulphate as nitrogen source. These isolates were characterized using morphological, physiological
and biochemical tests and both the isolates were identified as Paenibacillus larvae.

KEY WORDS: Polycyclic aromatic hydrocarbons, Bioremediation, Enrichment culture,
Pyrene, Paenibacillus larvae
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oxidation and photo decomposition etc. They are
used for the disposal of PAHs but cause a vast
amount of financial burden to various industries
and may soon outstrip the available resources. Thus,
there is great need to better manage these wastes via
reduce, reuse and recycle. Bioremediation is an
economic, safe, ecofriendly and efficient method.
PAHs with high molecular weight (i.e., 4–6 rings)
are less prone to biodegradation due to their low
water solubility and strong absorption onto the
particle surface than PAHs with low molecular
weight (Bossert and Bartha, 1986, cerniglia, 1992).
The expected bioremediation efficiency is restricted
by various factors such as nutrients, bioavailability
of PAHs (sorption to particles), temperature and
oxygen. Numerous bacteria are known to be capable
of utilizing PAHs as the sole source of carbon and
energy making them good candidate species for site
remediation application (Bossert and Bartha, 1986).
Moreover, the biodegradation of PAHs can be
enhanced by the addition of a co-substrate, a
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compound that supports the growth of microor-
ganisms and enables the degradation of a target
compound, a process called as co-metabolism
(Heitkamp et al., 1988). Several bacteria capable of
co-metabolizing various PAHs as sole source of
carbon and energy (Bouchez et al., 1995) are known.
The present study describes isolation and
characterization of pyrene degrading bacteria as a
model from PAH rich soils.

MATERIALS AND METHODS

Enrichment and isolation of pyrene degrading
bacteria

Soil samples contaminated with pyrene were
collected from the fields around urban areas of
Rewari, Charkhi Dadri, Kaithal, Karnal, Kaul, and
land near the thermal plant of Faridabad and land
adjoining the industrial discharge in Panipat,
Haryana, India. These soil samples were sieved
through 2 mm mesh sieve and kept in refrigerator at
-200C until further use.

 Axenic pyrene degrading strains were isolated
from enrichment cultures obtained by adding soil
samples to L9 MM amended with 1 mM pyrene and
0.2% glucose and were detected on pyrene-coated
Nutrient agar, L9 MM agar and 869 rich medium
agar plates (Bastiaens et al., 2000). Plates were then
incubated in a BOD incubator at 29±1oC for 3-5
days. Colonies of different morphology were picked
up and purified by streaking on Nutrient agar plates
and maintained on Nutrient agar slopes in
refrigerator.

Screening of bacterial isolates

All the isolates were screened for pyrene utilization
on L9 MM agar plates in the presence and absence
of glucose (0.2%). Actively growing cultures were
spotted, dried and sprayed with 1 mM of pyrene
dissolved in acetone over L9 MM agar plates. The
plates were then incubated at 29±1oC for 7-10 days
and observed for clear zone around the bacterial
colonies. Colonies showing zone formation around
them were referred as Pyr+. Colonies of Pyr+

bacterial isolates which had already grown on L9
glucose medium agar plates (complete medium)
were sprayed with 1 mM pyrene, further incubated
at 29±10C for two to three days and then observed
for clear zone around bacterial colonies. Bacterial
isolates which formed clear zone of pyrene
utilization on L9 MM agar plates and complete

medium agar plates were selected for pyrene
utilization studies in liquid medium. All the selected
isolates were grown in L9 MM at 29±1oC on a rotary
shaker for 15 days. Viable count in culture broth was
determined by dilution plating on Nutrient agar
plates and protein content was determined by
Lowry’s method (Lowry et al., 1951).

Determination of carbon and nitrogen source
utilization pattern on L9 MM agar plates

Selected isolates which were able to utilize pyrene in
L9 liquid medium in the presence or absence of 0.2
% glucose were further tested for pyrene utilization
in the presence of different carbon and nitrogen
sources on L9 MM agar plates. For confirmation of
pyrene utilization in the presence of these carbon
and nitrogen sources in liquid medium, cultures
were grown in L9 broth supplemented with either of
these carbon and nitrogen source and pyrene.

Extraction of pyrene

The cells were separated from broth by
centrifugation at 10,000 rpm for 10 min. The
supernatant was mixed with equal volume of
dichloromethane in a separating funnel and the
bottom clear layer containing pyrene was collected
separately. The samples thus prepared were further
purified by passing through Axiva nylon filter units
(0.45 µm) and after appropriate dilution, pyrene
concentration in the samples was measured using
spectrofluorimeter.

Identification of bacterial isolates

Bacterial isolates were grown at 29±10C for 24 h on
Nutrient agar medium slants/plates. The bacterial
cultures were examined for various morphological,
biochemical and physiological characteristics as per
procedure described in Bergey’s Manual of
Determinative Bacteriology (Holt et al., 1994). The
inter-relationship of the microorganisms in each
section of Bergey’s Manual is based on
characteristics such as morphology, staining
reactions, nutrition, cultural characteristics and
biochemical test results for specific metabolic end
products.

RESULTS AND DISCUSSION

Isolation of bacteria from enriched soil samples
One hundred and seven (45, 35 and 27 on L9
Minimal medium (MM), Nutrient agar medium
(NA) and 869 Rich medium respectively) bacterial
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isolates were obtained from PAH contaminated soil
samples collected from different regions of Haryana
by enrichment culture technique, using pyrene as
sole source of carbon and energy. Bastiaens et al.
(2000) also isolated PAH utilizing bacteria from PAH
contaminated samples by enrichment culture
technique using PAH as sole source of carbon and
energy while, Zaihan and Tuah (2008) obtained 13
new hydrocarbon degrading bacteria from
environmental samples collected from Labuan crude
oil via direct as well as enrichment culture
technique.

Screening of bacterial isolates for pyrene
utilization on L9 MM agar plates

To study the utilization of PAH by the bacteria on
agar plates, a rapid screening procedure was
devised by Kiyohara et al. (1982). They transferred
the overnight grown bacterial isolates on MM2
plates and sprayed the plates uniformly with
ethereal solution of phenanthrene. After the
evaporation of ether from surface, plates were
incubated at 300C. Formation of the clear zone
around bacterial colony indicated the ability of
bacteria to utilize the hydrocarbon. This method is
widely applicable for the isolation of bacteria which
could be able to degrade non-volatile, water
insoluble, biologically inert and high molecular
weight PAHs. The same procedure was followed for
screening of all the isolates for the utilization of
pyrene on L9 MM agar plates with and without
glucose (0.2 %). Out of 107 isolates, eight showed
zone of pyrene utilization (Fig. 1a) around their
colonies in the presence of glucose (0.2%) while one
showed the utilization zone in the absence of
glucose also. Our results are similar to Heitkamp et
al. (1988) who also observed clear zone of pyrene
utilization around bacterial inoculum spreaded on
pyrene sprayed overnight dried minimal basal salts
medium plates containing low levels of bacto-
peptone, yeast extract and soluble starch. When the
colonies of pyrene+ bacteria which had already
grown on glucose L9 MM plates sprayed with an
acetone solution of pyrene and further incubated for
2-3 days, all utilized the pyrene and formed clear
zone around their colonies (Fig. 1b). None of the
pyrene-bacteria formed such zones and thin layer of
pyrene remained white. Kiyohara et al. (1982) also
obtained a clear zone around the phenanthrene+

colonies which had been grown on Succinate
minimal salt medium followed by spraying of
ethereal solution of phenanthrene and further

incubated for 1-2 days. This suggests that the
formation of clear zone is closely related to the
ability of bacteria to utilize the hydrocarbon and
allows detection of hydrocarbon+ phenotype.

Screening of bacterial isolates for pyrene
utilization in liquid medium

Bacterial isolates which produced zone of pyrene
utilization on L9 MM and Complete medium agar
plates were checked for pyrene utilization in liquid
medium. Growth of the bacterial isolates at the
expense of pyrene was established by increase in
bacterial count and protein content. The maximum
bacterial count (2950 x 106 cfu/ml) and protein
content (659.2 µg/ml) was observed in the culture
KLR 1 (Table 1). Isolate KRRG 1 that showed clear
zone of pyrene utilization on L9 MM agar plates in
the absence of glucose, also showed more bacterial
count (6.7 × 106 cfu/ml) and protein content (140.2
µg/mL) in the liquid medium amended with pyrene
as compared to other isolates. Therefore, these two
bacterial isolates viz. KLR1 and KRRG1 were
selected for further experiments.

Table 1. Growth of bacterial isolates in L9 MM with and
without glucose (0.2%)

Sr. Bacterial Treatments Bacterial count Protein
No. isolates (cfu x 106/ml) µg/ml

1 KLR 1 MM + Ga 90.0 243.3
 MM + G+Pb 2950.0 659.2
MM + Pc 3.0 127.6

2 KRRG 1 MM + Ga 540.0 594.7
 MM + G+Pb 670.0 600.7
MM + Pc 6.7 140.2

3 KRRG 2 MM + Ga 70.0 375.6
 MM + G+Pb 790.0 439.8
MM + Pc 0.3 61.9

4 KRR 1 MM + Ga 220.0 314.2
 MM + G+Pb 700.0 340.3
MM + Pc 3.8 134.3

5 KRRG 4 MM + Ga 330.0 283.6
 MM + G+Pb 80.0 244.1
MM + Pc 6.4 137.5

6 KRRG 3 MM + Ga 80.0 241.9
 MM + G+Pb 1500.0 559.9
MM + Pc 3.0 99.5

7 RW I MM + Ga 390.0 274.5
MM + G+Pb 235.0 240.6
MM + Pc 0.5 48.0

CD at 5% 176.41 127.59

aG: 0.2 % glucose;  bG+P: 0.2 % Glucose + pyrene (1mM);
c+P: only pyrene (1mM)
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However, enhanced bacterial count and protein
content was observed in both the isolates when 0.2
% glucose was added in the medium along with
pyrene. Our results are in accordance with Zaihan
and Tuah (2008) who observed best growth of the
isolate TOS.E1 in Ramsay medium when glucose
was supplied in the medium along with different
concentrations (5, 10, 15 and 20% ) of crude oil (v/
v).  It suggests that isolates can utilize or degrade the
hydrocarbon at non toxic or less inhibitory
concentration but for initial growth, easily utilizable
carbon source is required.

Carbon and nitrogen source utilization pattern
on L9 MM agar plates

Bioremediation is the main process in the natural
decontamination of PAHs and enhancement of this
phenomenon is the basis of this technology. Several
workers observed increased PAH degradation in the
presence of different nutrients (Morzik et al., 2003,
Vinas et al., 2005). Therefore, bacterial isolates KLR 1
and KRRG 1 which showed more protein content
and viable count in the pyrene amended liquid
medium as compared to others were tested for
pyrene utilization in the presence of different carbon
and nitrogen sources on L9 MM agar plates. Out of
16 carbon sources tested, good growth and large
zone of pyrene utilization was observed with 8
carbon sources (glucose, fructose, rhamnose,

arabinose, lactose, D-gluconic acid, sodium acetate,
sodium citrate) in both the isolates (Table 2). While
out of 9 nitrogen sources tested, large zone of pyrene
utilization was observed with five nitrogen sources
(potassium nitrate, sodium nitrate, ammonium
chloride, ammonium sulphate, urea) (Table 3).
Heitkamp et al. (1988) also studied the ability of
Mycobacterium sp. cells to utilize pyrene as sole
source of carbon and energy in MBS medium plates
supplemented with organic nutrients. Bastiaens et al.
(2000) also determined the carbon source utilization
pattern by the bacterial isolates obtained from
historically contaminated soil samples on L9 MM
agar plates. Morzik et al. (2003) studied the effect of
nutrients on PAH degradation and found increased
PAH degradation in top soil and aquifer sand on
addition of inorganic nitrogen and phosphorus.

Determination of carbon source utilization
pattern in liquid medium

For confirmation of pyrene utilization in the
presence of eight selected carbon sources in liquid
medium, isolates were grown in L9 MM
supplemented with either of the carbon source (10
mM) along with 1 mM pyrene. High bacterial count
(188.3 x 107 and 299.6 x 107 cfu/ml) and protein
content (244.4 and 397.7 µg/ml) was observed with
both the isolates i.e. KLR 1 and KRRG 1 in medium
amended with pyrene and glucose (Table 4). As with

Table 2 Pyrene utilization by selected bacterial isolates on L9 MM agar plates with different carbon sourcesa

Sr. Carbon  Source Bacterial Isolates
No. KLR 1 KRRG 1

Growth Zone Growth Zone

1. Ribose + ++ ++ -
2. Fructose +++ ++ +++ +
3. Sodium acetate + + + +
4. Rhamnose + ++ + ++
5. Mannitol ++ - +++ ++
6. Sodium citrate +++ ++ ++ +
7. D-gluconic acid + ++ + +
8. Maltose +++ ++ +++ +
9. Mannose ++ - ++ -
10. Sucrose +++ ++ +++ -
11. Lactose + ++ + ++
12. Glucose +++ + +++ +
13. Xylose ++ ++ ++ -
14. Arabinose ++ ++ ++ +
15. Sodium succinate ++ - ++ -
16. L-glutamine ++ - ++ -

a10 mM concentration; + small growth & zone; ++ medium growth & zone;    +++ heavy growth & zone; - no growth
& zone
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no other carbon source, better growth than glucose
was observed in presence of pyrene, therefore,
glucose at the concentration of 10 mM was used as
carbon source in addition to pyrene for further
studies. This strongly supports that utilization of
pyrene in the L9 MM is enhanced when the medium
is supplemented with glucose as the carbon source.

Determination of nitrogen source utilization
pattern in liquid medium

For confirmation of pyrene utilization (1 mM) in
presence of five selected nitrogen sources in liquid
medium, isolates were grown in L9 MM
supplemented with either of the nitrogen source

(0.02 M). Both the isolates i.e. KLR 1 and KRRG 1
showed more bacterial count (178.2 x 107 and 68.6 x
107cfu/ml) and protein content (451.5 and 640.2 µg/
ml) in the presence of ammonium sulphate
indicating more utilization of pyrene in the presence
of this nitrogen source (Table 5). Both the isolates
showed almost same bacterial count and protein
content with potassium nitrate and sodium nitrate,
but as more clear zone of pyrene utilization on L9
MM agar plates were observed in the presence of
potassium nitrate compared to sodium nitrate, with
both the isolates, so it was selected as another
nitrogen source in the medium for degradation
studies. Yuan et al. (2003) observed enhanced PAH

Table 3. Pyrene utilization by selected bacterial isolates on L9 MM agar plates (0.2% glucose) amended with nitrogen
source (0.02M)

Sr. Nitrogen source Bacterial Isolates
No. KLR 1 KRRG 1

Growth Zone Growth Zone

1. Tryptophan + - + -
2. Tyrosine + - + -
3. L-aspartic acid + - + +
4. Threonine - - - -
5. Ammonium chloride ++ + ++ +
6. Urea + + + +
7. Potassium nitrate ++ + ++ ++
8. Sodium nitrate ++ + ++ +
9. Ammonium sulphate + + + +

Table 4. Growth of bacterial isolates KLR 1 and KRRG 1 in L9 broth with different carbon sourcesa

Sr. Treatment        Bacterial Isolates
No. KLR 1 KRRG 1

Bacterial Count Protein Bacterial Protein
cfu × 107/ml µg/ml Count cfu × 107/ml µg/ml

1. Glucose 96.6 202.0 187.3 338.5
2. Glucose + P b  188.3 244.4 299.6 397.7
3. Fructose 65.0 163.1 119.6 261.3
4. Fructose + P b 92.6 175.8 229.0 325.8
5. Rhamnose 43.6 146.9 13.6 68.1
6. Rhamnose + P b 107.3 173.6 47.3 98.4
7. Arabinose 24.3 150.6 186.6 301.7
8. Arabinose + P b 61.3 202.2 268.0 324.2
9. Lactose 4.6 54.4 45.0 159.8

10. Lactose + P b 17.6 97.1 156.6 191.3
11. D- gluconic acid 4.3 48.6 85.6 244.4
12. D- gluconic acid + P b 14.3 71.4 129.3 293.7
13. Sodium acetate 15.6 148.8 76.0 146.8
14. Sodium acetate + P b 27.6 176.1 182.3 177.4
15. Sodium citrate 25.6 145.5 181.0 200.4
16. Sodium citrate + P b 49.6 164.5 116.3 161.1

CD at 5% 19.640 14.651 43.057 21.648

a10 mM concentration; b+ P: 1mM pyrene
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biodegradation on addition of yeast extract to the
sewage sludge samples obtained from waste water
treated plants but addition of carbon source did not
significantly affect the PAH degradation.

Residual pyrene in L9 MM after 15 days of growth

To study the utilization of pyrene by the bacterial
isolates in liquid medium, medium was
supplemented with 1 mM (200 ppm) pyrene. Initial
detectable pyrene was 163.08 and 172.36 ppm with
ammonium sulphate and potassium nitrate
respectively (Table 6). The residual pyrene in the
isolate KLR 1 was 68.89 ppm in the presence of
ammonium sulphate and 78.69 ppm in the presence
of potassium nitrate. While, in the isolate KRRG 1,
residual pyrene was 71.31 and 81.17 ppm with
ammonium sulphate and potassium nitrate

Fig. 1. Zone of pyrene utilization around bacterial colony on (a) L9 MM agar plate (b) Complete medium plate.

[→ : Arrow indicates zone of pyrene utilization]

(a) (b)

respectively. Percent utilization of pyrene in
presence of ammonium sulphate was maximum
with the isolate KLR 1 (57.7 %) followed by KRRG 1
(56.3%). Same trend of pyrene utilization was
observed with potassium nitrate i.e. maximum
utilization of pyrene with the isolate KLR 1 (54.3 %)
followed by KRRG 1 (52.9 %). Decrease in pyrene
content was observed with both the isolates in the
medium amended with either of the nitrogen
source. Our results are similar to Bogan et al. (2003)
who reported the degradation of individual PAHs
(phenanthrene, flouranthene and pyrene) in the
presence of strain Mycobacterium austroafricanum
GTI-23. However, Jia et al. (2008) observed 91.9 and
71.8 % utilization of pyrene (initial pyrene
concentration 50 and 100 ppm) amended in liquid
mineral salt medium after six days of incubation.

Table 5.  Growth of selected bacterial isolates  in L9 broth with different nitrogen sourcesa

Sr. Treatment        Bacterial Isolates
No. KLR 1 KRRG 1

Bacterial Count Protein Bacterial Count Protein
cfu x 107 /ml µg/ml cfu x 107 /ml µg/ml

1. KNO3 76.3 240.3 16.3 329.4
2. KNO3 + P b 101.8 385.4 44.6 614.1
3. NaNO3 73.2 286.3 13.6 308.6
4. NaNO3 + P b 125.3 393.9 42.6 622.1
5. NH4Cl 6.95 110.7 11.0 245.2
6. NH4Cl + P b 20.3 190.9 22.0 606.1
7. (NH4)2SO4 77.9 379.9 22.3 268.7
8. (NH4)2SO4  + P b 178.2 451.5 68.6 640.2
9. UREA 92.1 275.2 10.3 279.2
10. UREA + P b 131.0 393.8 16.0 422.4

C.D. at 5% 10.256 28.970 12.289 48.937

a0.02 M concentration; b+ P : 1mM pyrene
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Table 6 Residual pyrene in L9 broth after 15 days of growth

S.  No. Bacterial Treatments Initial detectable Residual pyrene % Utilization
Isolate  pyrene (ppm) (ppm) of pyrene

1. KLR 1 MM + (NH4)2SO4 163.08 68.89 57.7
MM + KNO3 172.36 78.69 54.3

2. KRRG 1 MM + (NH4)2SO4 163.08 71.31 56.3
MM + KNO3 172.36 81.17 52.9

  CD at 5%  14.812  

Initial level of pyrene: 200 ppm

Morphological Tests KLR 1 KRRG 1

Colony morphology
Configuration Circular Circular
Margin Entire Entire
Elevation Convex Convex
Surface Smooth Smooth
Pigment Off white Off white
Opacity Opaque Opaque
Gram’s Reaction +ve +ve
Cell shape Rods Rods
Size (µm) 2-3 2-3
Arrangement Scattered Chains
Spore(s) + +
Position Central Central
Shape Ellipsoidal Ellipsoidal
Sporangia bulging -- +
Motility - -

Physiological Tests KLR-1 KRRG-1

Growth at temperature
40C - -
10 + +
15 + +
25 + +
30 + +
37 + +
42 + +
60 - -
Growth at pH
pH 4.0 - -
pH 5.0 - -
pH 6.0 - -
pH 8.0 + +
pH 9.0 + +
Growth on NaCl (%)
2.0 + +
4.0 + +
6.0 + +
8.0 + +
12.0 - -
Growth under anaerobic + +
condition

Biochemical Tests KLR-1 KRRG-1

Growth on MacConkey - -
Indole test - -
Methyl red test + +
Voges Proskauer test - -
Citrate utilization - -
H2S production - -
Gas production from glucose
Casein hydrolysis + +
Gelatin hydrolysis + +
Starch hydrolysis - -
Nitrate reduction + +
Catalase test + +
Oxidase test (+) (+)
Urea hydrolysis - -
Esculin hydrolysis + +
Arginine dihydrolase + +
Tween 20 + +
Tween 40 + +
Tween 60 + +
Tween 80 + +
Acid Production from
Raffinose - -
Trehalose + +
Galactose - +
Sucrose + +
Fructose + +
Maltose + +

They used four pyrene degrading strains and found
that strain TZh51 had stronger ability to degrade
pyrene than other PAH degrading strains and this
strain belonged to the genus Mycobacterium.

Identification of Bacterial Isolates

Above two isolates namely KLR 1 and KRRG 1 were
identified using standard morphological,
physiological and biochemical tests (Holt et al.,
1994). As depicted from comparative analysis of
various characteristics as described in Bergey’s

Table 7. Identification of the bacterial isolates on the basis of morphological physiological and biochemical tests
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Manual of Determinative bacteriology (Table 7),
both the isolates were identified as Paenibacillus
larvae. Complete degradation of low molecular
weight PAHs in contaminated soils by a variety of
naturally occurring microorganisms that use these
PAHs as sole carbon and energy sources has been
demonstrated by a number of researchers (Cerniglia
and Heitkamp, 1989, Mueller et al., 1989). Bacterial
mineralization of PAHs with four or more rings has
generally been reported to occur via cometabolism
(Heitkamp and Cerniglia, 1988, Mahaffey et al., 1988,
Mueller et al., 1989). A relation can be observed
between the complexity and recalcitrance of PAH
compounds and the gram-positive bacterial isolates
which could degrade PAH compounds. Bastiaens et
al. (2000) also obtained gram positive PAH
degrading bacterial isolates mainly at contaminated
sites containing high molecular weight PAH
compounds (more than three benzene rings) .
Similarly Zaihan and Tuah (2008) isolated thirteen
new hydrocarbon degrading bacteria from
environmental samples in Labuan crude oil and nine
of the bacterial strains were Gram positive rods and
cocci while seven among them were endospore
forming. Bayoumi (2009) also found Bacillus firmus
APIS272 as the best oil and PAHs degrader
compared to other five biosurfactant producing
bacterial isolates. It has been suggested that Bacillus
spp. are more tolerant to high levels of hydrocarbons
in soil due to their endospore resistance. It is
generally believed that bacterial strains resistant to
pollutants and capable of degrading it effectively
can be found at contaminated sites.
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ABSTRACT

City sewage consists of all types of waste water including domestic, municipal and industrial
waste and is highly polluted in terms of physical, chemical and biological characteristics. In the
present investigation, aquatic typical fish Heteropneustes fossilis was treated in the sewage of
Guwahati city for a period of 180 days and the histology of gill was studied after every 30 days
interval. The gill showed remarkable changes in its histology showing vacuolation, hemorrhage
and rupture of gill lamellae thereby impairing gaseous exchange mechanism in the fish.

KEY WORD : Wetland, Sewage, Gill, Heteropneustes fossilis

INTRODUCTION

The gills are the most delicate structure of fish. Gills
remain in intimate contact with surrounding water
and are vulnerable to damage by any pollutant
dissolved or suspended in water. City sewage
mostly consists of domestic, municipal and
industrial waste, highly polluted (Kalita et.al., 2009)
and capable of altering physico-chemical and
biological characteristics of  receiving water body
(Das et. al., 2003),  Municipal sewage can adversely
effect the aquatic organisms including fishes.
Structural alterations of different organs particularly
gills of fishes due to aquatic pollutants were
reported by Sharma and Sharma (1991), Bhatnagar
et. al., (1992),  Anitha Kumari and kumar (1997),
Jagdesan (1999) and Dhanapakiam et. al., (1998,
2004). The present investigation was carried out to
study the chronic effects of city sewage on the gills
of fresh water cat fish Heteropneustes fossilis.

MATERIAL AND METHODS

Mature healthy live fish H. fossilis of size 10-12 cm
were procured locally and acclimatized in glass
aquarium (Size 75X45X45 cm) for 3 weeks and fed
with standard food pellets. The sewage was
collected from the most polluted site of the
Guwahati city (Kalita et al., 2009) in plastic container
and brought to laboratory and kept in the test

aquarium. A batch of 14 fishes were transferred to
test aquarium and exposed to sewage for 180 days.
Simultaneously, a control set of fishes was
maintained. The sewage of test aquarium was
replaced after every 3 days interval. Couple of fishes
were scarified at 30 days intervals and the
histological study of gills of both control and treated
fish were prepared by following standard
methodology of Verma (1983) and observed under
microscope (400X).

RESULTS AND DISCUSSION

The sections of gills of both control and treated fish
are given in the plate no. I — VII. The gills of control
fish showed normal histopattern of gill filaments.
The long filaments of primary lamellae provided
with regular folds of comb-like secondary lamellae.
The structures were uniform with distinct
connective support, comb-like configuration and
clear undisturbed respiratory epithelium (Plate - 1).
In the treated group of fishes marked alteration in
the gill structure were noticed.  The gills of the
treated group initially showed intense mucous
secretion, partial disruption in comb-like uniformity
associated with a tendency of hypertrophy and
vacuolation. The structures of secondary lamellae
appeared deformed in shape and size (Plate -II).

As the exposure period prolonged there were
extensive vacuolation and lamellar hypotrophy led
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to bulging of the tip of gill filaments along with
breakage of epithelium and alteration of comb-like
configuration (Plate -III). The gills exhibited
hemorrhagic state with dilation of entire branchial
apparatus indicating impact on the tissue level
(Plate - IV, V). Further extension of exposure period
the treated group showed dilation and swelling of
branchial apparatus and hemorrhage in the gills
associated with accumulation of cell debris and
waste material from the environment (Plate-VI).
This was followed by acute damage to bronchial
epithelium with symptoms of corrosion,
degeneration, rupture and necrosis and finally the
loss of histopattern as well as cellularity, lysis and
fragmentation along with fibrotic changes were

noticed in the gills (Plate -VII).
The hypertrophy of the respiratory epithelium as

seen in the present experiments might be linked to
excessive mucous secretion caused by pollutants
present in the waste water. Excessive mucous also
disturbed the gaseous exchange mechanisms of the
gills that resulted depletion in the oxygen at the
tissue level. Sharma and Sharma (1991) also put
forwarded similar view in the gills of fish exposed to
metal contamination. Histopathological changes in
gills including intensive mucous secretion, swelling,
haemorrhage, histolysis and necrosis were also
reported by Schaperclaus (1991) in ammonia
exposed fish. This observation was similar to the
present experiment on gills of H. fossilis exposed to

Plate 1. Photomicrograph of control gill showing normal histopattern of gill filaments. Primary gill lamellae provided
with fine comb-like structure of secondary gill lamellae and thin layer of connective epithelium. (400 ×)

Plate-2. 30 days treated gill showing partial loss of comb-like structure and deformed shape and size of secondary gill
lamellae. (400×)

Plate-3. 60 days treated gill showing   bulging of tip and breakage of gill epithelium (400X).
Plate-4. 90 days treated gill showing deformed primary gill lamellae with detaching gill arch and dilation of secondary

lamellae. (400×).
Plate 5. 120 days treated gill showing dilation, swelling and haemorrhage in branchial apparatus. (400X).
Plate 6. 150  days treated gill showing acute damage of branchial apparatus along with  progressive necrosis and

degenerative lamellae. (400×).
Plate 7. 180 days treated gill showing fragmentation, lysis, disruption of gill and vacuolation in secondary lamellae with

morbid growth. (400×).
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city waste water. The disorganization of gills in both
primary and secondary lamellae showing
vacuolation and swelling agreed with the finding of
earlier report of Gupta and Rajbanshi (1995).

In the present study, the bulging of tip of gill
filament and necrosis of gill tissues led to reduction
of respiratory area thereby decreased gaseous
exchange and osmoregulatory potential of the fish.
This was in the line of the report of Anitha Kumari
and Kumar (1997). The fragmentation and loss of
comb-like configuration were attributed to the
various organic and inorganic and metallic
pollutants present in dissolved and suspended form
in the waste water. The chronic effect of pollutants
caused haemorrhage  and fibrosis of the gill tissues
resulted to disturbance in respiratory process of the
fish. Earlier report of Karuppasamy, (2000);
Palaniappan, et al., (2003) and Anusuya et. al., (2005)
also agreed to the findings of present study.

The study clearly showed that the ability of the
city waste water to inflect serious damage to the
aquatic organisms including fishes and the damage
is due to the variety of pollutants present  in waste
water. The study emphasized the need for adoption
of treatment of waste water before release in to
nearby aquatic ecosystem.
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ABSTRACT

The agriculture pesticides due to its indiscriminate use in field create pollution problems in water
bodies. In this present investigation effect of cypermethrin on histophysiology of liver of
freshwater fish Ophiocephalus punctatus was studied. The freshwater fish Ophiocephalus
punctatus were exposed to sub lethal concentration 0.0007 µ/L of cypermethrin. At different time
intervals there was hydropic degeneration in liver. The loosening of tissue, distension of cell,
hypertrophy of hepatocytes, significant increase of kupffer cell, pycnotic nuclei, vacuolation of
cytoplasm was also observed.

KEY WORDS : Cypermethrin, Kupffer cell, Pycnotic nuclei, Ophiocephalus  punctatus.
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INTRODUCTION

Modern agriculture depends heavily on synthetic
chemicals, which includes different types of
fertilizers, pesticides and herbicides or weedicides.
Pesticide usage is a critical concern which may have
an adverse effect on the delicate ecosystem. The
transport of pesticides to delicate ecosystem
therefore creates a need to fully understand the
effect in the resident biota. In many areas of the
world there sensitive ecosystems at a risk because of
known point source runoff of pesticides from
agricultural and urban sources to aquatic
ecosystems affecting aquatic biota (Srivastava et al.,
2008). Pesticides not only alter the physico –
chemical properties of water but also adversely
affect the aquatic organisms (De Vlaming et al., 2000;
Parma et al., 2007).

Pyrethroids are the new generation of pesticides,
which are good substitutes for organochlorines and
oraganophosphates (Eliot, 1980). Pyrethroids are
reported to be relatively stable for long duration
(Tiwari, 2005). Among all these insecticides,
cypermethrin is one of the recent pyrethroids being
used for the cotton crop paste in India.
Cypermethrin is a synthetic pyrethroid insecticide
that has high insecticidal activity for low avian and

mammalian toxicity and adequate stability in air
and light, (Kaufman, 1981). Fish are often
considered to be much better and sensitive
indicators of pesticides. Liver is a vital organ for the
aquatic animal. It is observed that severe and
irreversible anatomical and histophysiological
changes in such important organ would seriously
affect normal physiological and biochemical process.

In the present study an attempt is made to know
the effect of cypermethrin on the histophysiology of
liver in the fresh water fish Ophiocephalus punctatus.

MATERIALS AND METHODS

The fish were obtained from Wadali lake in
Amravati region. The Fish having 12-30 cm length,
13-25 gm weight were selected for experiment.

After the normal process of acclimatization and
washing a group of six fishes were transfered to
another aquarium containing sub lethal
concentration 0.0007 µ/L of cypermethrin for
predetermined exposure at 24, 48, 72 and 96 hours.
The fishes were scarified and the liver tissues were
isolated and with the help of sharp blade cut the
liver into small pieces. These tissues are fixed in
Bouins fluid for 24 hrs then were wash under
running tap water and used microtechnique
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procedure.

RESULTS AND DISCUSSION

Liver is the one of vital organ of the fish. The surface
of liver is covered with serious membrane and some
connective tissue extends inwards into parenchyma.
It is composed of parenchymal cells and lattice
fibers, which support the former. Hepatic cells are
roundish polygonal containing clear spherical
nucleus. They are located among sinusoids forming
cord like structures known as hepatic cell cords.
Hepatic cells have many vital functions other than
the secretion of bile. They play an important role in

protein, lipid and carbohydrate metabolism. They
serve as storage sites for some nutrients (Fig. 1).

When the fresh water fish Ophiocephalus punctatus
is exposed to sub lethal concentration of
cypermethrin at different time interval and observed
that there are harmful effects on liver. The
arrangement of the liver cells is disturbed.

At 24 hours, the changes showed that, hydropic
degeneration in liver. The loosening of tissue and
distension of the cell. At 48 hours, the changes
showed that, distended cells appear to become
empty and have lost their nuclei, hypertrophy of
hepatocytes, significant increase of kupffter cells. At
72 hrs, the changes showed that there is

Fig. 1. Control Liver of Ophiocephalus punctatus

Fig. 2. Effect of cypermethrin on Ophiocephalus punctatus at different time intervals. 45x magnification of Lambod
research microscope.
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degeneration in hepatocytes, necrosis, the nucleus
becomes picnotic, significant increase of kupffer cell,
narrowing of sinusoids.

At 96 hrs, the changes showed that there was
focal necrosis and hypertrophy of hepatocytes,
picnotic nuclei, and vacuolation of cytoplasm. Due
to this change metabolism of the cell and physiology
becomes changed and disturbed. All these results
are showed in Fig. 2.

In the liver, histophysiologically hepatocytes is in
disturbed manner when exposed to the sub lethal
concentration of cypermethrin. The size of
hepatocytes showed disturbed in manner and cells
of the membrane get ruptured. The similar study
has been reported by Mathur et al.,  (1981) Sarkar et
al.,  (2004) in Labeo rohita, Yildirm et al., ( 2006) Rana
cyanophtyticits. There is appearance of necrosis in
cells. Similar changes observed by Cough et al.,
(1975); Sastry et al., (1979); Tilak et al.,  (2001). Like
that of cypermethrin, deltamethrin also show
hepatic lessions in the liver tissues of fish,
hypertrophy of hepatocytes, increase of kupffer
cells, (Cengiz et al., 2006). Similar effects were noted
by Sharma et al., 1980; Longanathan et al., 2006,
Gupta et al., 2006 and Mishra et al., 2008.

The cypermethrin, induced hepatocyte
pathologies in Heteropneustes fossilis are on similar
lines as reported by earlier workers under influence
of different pesticides, (Joshi et al., 2007). Shrunken
and pycnotic nuclei indicated that cells became
hypo functional and at the end necrosis was
extensive. The stagnation of bile inside hepatocytes
signifies  affected metabolism, (Fanta et al.,  2003).

The present findings are in good agreement with
observation of Mishra and Jain (1988); Wagh and
Khillare (1989); Shammi (1992) and Thorat (2001) .

Above study clearly indicates the toxic nature of
the cypermethrin affects histophysiology of liver of
fish Ophiocephalus  punctatus. Due to this change the
metabolism of the cell and physiology becomes
changed and disturbed.
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ABSTRACT

The Animal wastes (Goat and Sheep) collected from the rural area of Sanganaperi, Tirunelveli
District, Tamilnadu, premises was vermicomposted using an African species of earthworm
Eudrilus eugeniae and Physico Chemical features of animal wastes before and after composting
was analysed, which showed that macro and micro nutrients as well as Physico Chemical features
of animal wastes before and after composting was analysed, which showed that macro and micro
nutrients as well as physico chemical features increased after vermicomposting.

KEY WORDS : Animal wastes (Goat and Sheep), Eudrilus eugeniae, Vermicompost.

INTRODUCTION

Earthworms are often referred to as farmer’s friends
and natures plough (Darwin, 1881). Certain species
play a significant role in decomposing organic
matter and mineral cycling (Edwards and Lofty,
1977). Macro invertebrates play a definite and
prominent role in regulating soil processes but
among them termites and earthworms play a vital
role in maintaining soil fertility and in bringing
about efficient nutrient cycling. An earthworm is
more familiarly known to the student of biology as
an organism provided for dissection to the angler as
bait for fishing and to the common man as ‘yet
another creature’ (Darwin, 1837). Vermicomposts
are products of non – thermophilic bio degradation
of organic materials through interactions between
earthworms and micro organisms (Aira et al., 2002).
The epigeic earthworm were utilize for organic
wastes management (Suthar, 2006; Benitez et al.,
2005). The vermicomposting through different
species of earthworm has been studied (Edwards et
al., 1998; Kale et al., 1982). The excess uses of
chemical fertilizers and pesticides have made our
soil sick and problematic and cause environmental
hazards which affect the human health and
environment. Million of tons of animal, and agro
wastes are produced annually and have odour and
pollution problems (Gupta, 2005). Suthar (2008)

Studied that the post harvest crop residues and
cattle shed manure were recycle through
vermicomposting by using the epigeic earthworm
Eudrilus eugeniae. The epigeic earthworm Eudrilus
eugeniae is a suitable species for management of
wastes which are utilized successfully in
vermicomposting (Gunadi and Edwards, 2003;
Chaudhari and Battacharjee, 2002; Garg et al., 2004).

MATERIALS AND METHODS

The epigeic earthworm Eudrilus eugeniae were
collected from vermiculture unit of Sri
Paramakalyani Centre for Environmental Sciences,
at Manonmaniam Sundaranar University. The
animal wastes (Goat and sheep) was collected from
the rural area of Sanganaperi. The vermibeds were
prepared using animal wastes in plastic troughs and
watering was done regularly to moist the medium.
Mulching was done by using paddy straw to
prevent evaporation. The experimental troughs
were arranged in a shadow to avoid direct sun light.
After 60 days from the date of commencement of the
experiment the vermicompost produced by the
earthworms was harvested for analysis. The
physical parameters such as pH, electrical
conductivity and the chemical parameters such as
nitrogen, Phosphorus, Potassium, Zinc, Copper and
Manganese were analysed.
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RESULTS

The initial value of pH and EC in the medium i.e.,
the Goat dung was recorded as 7.33± 0.58 and 1.0±0
respectively. In the harvested vermicompost the
values of pH and EC were found to 8.07±0.05 and
1.77±0.06 respectively.

The macro nutrients nitrogen, phosphorous and
potassium were recorded as 2.17±0.12% 1.97±0.21%
and 0.52±0.02% respectively in the initial medium
and it was increased as 2.40±0.10% 2.47±0.29% and
0.66±0.12% respectively in vermicompost. Like wise
the micro nutrients such as zinc, copper and
manganese increased from its initial value from 353
± 2.00 ppm, 131.00 ± 2.0 ppm and 392±2.65 ppm
respectively to 361±1.0ppm 144.±0.58 ppm,
401.±3.21cppm respectively in the harvested
vermicompost.

The initial value of pH and EC in the medium i.e.,
the sheep dung was recorded as 7.56±0.19 and
1.44±0.12 respectively. In the harvested
vermicompost the values of pH and EC were found
to 8.06±0.04 and 1.95 ± 0.16 respectively.

The macro nutrients nitrogen, phosphorous and
potassium were recorded as 2.36±0.35%,
1.20±0.07%, and 0.77±0.05% respectively in the
initial medium and it was increased as 2.57±0.26%,
1.97±0.03% and 0.96± 0.10 respectively in
vermicompost. Like wise the micro nutrients such as
Zinc, copper and manganese increased from its
initial value from 65±0.06 ppm, 130±0.18 ppm and
342±2.05 ppm respectively to 99±0.22 ppm, 149±1.26
ppm, 462±2.69 ppm respectively in the harvested
vermicompost.

DISCUSSION

The pH of the Vermicompost increased from its

original value towards neutral. Lakshmi Bai, (2001);
Chaudhari and Bhattacharjee, (2002) reported that
the vermicasts are more neutral in which the worms
live and this may be due to the fact that the
earthworms neutralize soil as it passes through them
by secretions of the calciferous glands secretions
form the intestine and also due to ammonia which is
excreted, Earthworms are responsible for
translocating the accumulated organic debris from
the soil surface to the subsurface layers and during
this process much of the organic material is ingested,
macerated and excreted. Earthworm also contribute
several kinds of nutrients in the form of nitrogenous
wastes. Ammonia which forms a large proportion of
the nitrogenous matter was excreted by earthworms
Cohen and Lewis, (1949). Casts may cause a
temporary rise in soil pH. Earthworms however are
sensitive to the components which go to make a
particular pH that the pH as such Magdoom and
Ismail, (1986). The electrical conductivity was also
found to be increased in vermicompost. This may be
due to the freely available ions and minerals that got
compounded during ingestion and defecation by the
earthworm. Lakshmi Bai, (2001); Kaviraj and
Sharma, (2003); (Uma Maheswari et al., (2004) macro
nutrients such as nitrogen, Phosphorus and
Potassium content also increased significantly in
Vermicompost. Kaviraj and Sharma, (2003) found
that the worm casts are richer in inorganic
phosphorus.The micro nutrients such as zinc,
copper, manganese also increased. Lakshmi Bai and
Vijayalakshmi, (2000) found that the vermicasts
were richer in available phosphorus, manganese
and potassium, calcium, sodium and magnesium.
Mba, (1978) found that the worm Eudrilus eugeniae is
capable of ingesting and excreting organic materials
at a faster rate. Neighanan and Kanwar, (1952)
reported that the macro and micro nutrients in the

Table 1. Showing the Physico-Chemical Changes in the animal wastes (Goat and sheep) treated with earthworm
Eudrilus eugeniae

Physico Physico-Chemical Parameters

pH Ec ds/m N% P% K% Znppm Cuppm MN ppm.

Control Goat 7.33±0.58 1.0±0 2.17±0.12 1.97±0.21 0.52±0.02 353±2.0 131±2 392±2.65
dung
Goat dung 8.07±0.05 1.77±0.06 2.40±0.10 2.47±0.29 0.66±0.12 361±1.0 144±0.58 401±3.21
Vermicompost
Control sheep 7.56±0.19 1.44±0.12 2.36±0.35 1.20±0.07 0.77±0.05 65±0.06 130±0.18 342±2.05
dung
Sheepdung 8.06±0.04 1.95±0.16 2.57±0.26 1.97±0.03 0.96±0.10 99±0.22 149±1.26 462±2.69
Vermicompost
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earthworm casts were more. Lakshmi Bai, (2001)
found that the nutrients are richer in the earthworm
casts. Bhandari et al., (1967) reported that the worm
casts were richer in nitrogen and more organic
carbon. Ghabbour, (1966) found that the organic and
inorganic minerals in the earthworm cast was more.
The increased nitrogen may be due to nitrogenous
products of earthworm metabolism which are
returned to the soil through casts, urine,
mucoproteins and earthworm tissue. Vermicastings
are a rich sources of macro and micro nutrients,
vitamins, enzymes, antibiotics, growth hormones
and immobilized microflora Tirupathi and
Bhardwaj, (2004), Gorakh Nath, et al., (2009).
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ABSTRACT

In India the concept of categorization of different areas is still in the premature stage in most of
the cities. Only few metro cities like New Delhi, Mumbai, and Bangalore etc. are in process to
adopt the idea. The noise regulations and standards in India were introduced around a decade
back and the standards were given as per the four different areas like residential, commercial,
industrial and sensitive areas. The problem of noise pollution is not very clear to all because of the
peculiar nature of it of being without weight and unlike other pollutants you cannot see it. The
impact is also slow in most of the cases. In this paper an attempt has been made to give a picture
of noise level of a city which was supposed to be a dream destination of retired people for their
rest of life, a suitable location for a writer to write a poetry or story. The noise level is recorded for
day and night to compare it with the national noise level standard. The value of noise levels in
recorded 20 locations of the city varies from 45dB to 86 dB whereas Leq values ranges from 50dB
to 79 dB and SEL values are on the higher side at all locations.

KEY WORDS : Noise, Urban noise, Noise standards

INTRODUCTION

In simple terms, noise is unwanted sound. Sound is
a form of energy which is emitted by a vibrating
body and on reaching the ear causes the sensation of
hearing through nerves. Sounds produced by all
vibrating bodies are not audible. The frequency
limits of audibility are from 20 HZ to 20,000 HZ.

A noise problem generally consists of three inter-
related elements- the source, the receiver and the
transmission path. This transmission path is usually
the atmosphere through which the sound is
propagated, but can include the structural materials
of any building containing the receiver. Depending
upon the noise levels and duration of exposures,
various impacts on human beings can be
enumerated. Short duration exposures to high noise
levels may cause discomfort, irritation and problems
in speech communications, whereas long duration
exposures to high noise levels may cause mental
problems, permanent or temporary disorders,
efficiency loss, nervous disorders even up-to
insanity and gastric disorders. Sudden generation of

very high noise levels may cause diversion of
concentration which may lead to accidents resulting
loss of money, machine and even life.

Air borne noise levels have been limited in
different areas as per notification dated 26th
December-1989 under schedule-III by Ministry of
Environment and Forests (MOEF) Govt. of India as
given below.

Area of Category Noise level in dB (A)
6 A.M.-9 P.M. 9 P.M.-6A.M.

Industrial area 75 70
Commercial area 65 55
Residential area 55 45
Silence zone 50 40

Note., Silence zone has been identified as area up to
100 m around Hospitals, Education Institutes,
Courts etc.

Permissible sound pressure levels as per IS-3483
(Hearing Prevention Criteria) are as follows.

Corresponding author : nehalseema@yahoo.com; akbar@akbarhse.com
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Duration per Sound pressure level
day (Hrs.) dB (A) (Slow response) leq.

8 90
4 93
2 96
1 99
0.5 102
< 0.25 105

Above values are compared with similar guidelines
suggested by Occupational Safety and Health
Administration (OSHA) for industrial noise
exposure criteria which are mentioned below.

Level Exposure Maximum Level
Duration (Hrs.) Allowable dB (A)

8 90
6 92
4 95
3 97
2 100
1.5 102
1 105
0.5 110
< 0.25 115

Definition of Noise Pollution

As per the definition in Encyclopedia Americana,

Noise by definition is unwanted sound, what is
pleasant to some ears may be extremely unpleasant
to other, depending on a number of physiological
factors the sweetest music, if it disturbs person who
is trying to concentrate or sleep is a noise to him. Just
as the sound of pneumatic reverting hammer is
noise to nearly everyone (Agarwal, 2002). The noise
level from different point sources is shown in Table
2. The results of a survey conducted in Central
London, way back in 1961-62 reveals the presence of
noise pollution even in the early ‘60s (Table 3). Road
traffic is identified as the major source of noise
pollution while at home or outdoors or at work
place.

Table 1. Noise levels in various locations in Dehradun

S. Locations Max. Max Min. Min Leq Leq SEL SEL
No. (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB)

6 am- 9 pm- 6 am- 9 pm- 6 am- 9 pm- 6 am- 9 pm-
9 pm 6 am 9 pm 6 pm 9 pm 6 am 9 pm 6 am

1. Vasant Vihar 72.5 74.6 51.4 45.5 67.5 54.2 83.9 81.3
2. Balliwala Crossing 85.8 80.1 74.9 70.3 78.1 64.5 95.7 92.4
3. C.M.S. Road 80.3 77.5 55.7 52.7 69.4 65 86.4 81.5
4. Chakarta Road 80.2 78.6 64.1 61.4 72.9 66 88.4 82
5. Ballupur Crossing 85.7 72.9 68.3 63.4 79.5 61.5 93.8 89.8
6. Clock Tower 77.1 75.5 68.1 68.3 79.8 74.1 91.5 89.9
7. Ashlay Hall 79.3 78 68.6 70.4 74.1 70.8 87.8 87.6
8. Rajpur Road 82.4 85.2 66.1 57 73.1 73 86.5 91.3
9. Kawali Road 79.7 70.1 68.6 65 74.2 62.5 87.8 82

10. Doon Hospital Crossing 73.1 72.4 66.4 54.5 73 61 86.1 79.6
11. Prince Chawk 81.3 82.4 72.4 61.5 76.3 75.9 90.5 91.2
12. Saharanpur Chawk 83.3 78.6 76.1 72.2 77.7 64.5 91.6 86.7
13. Mussorie Crossing 79.7 74.2 57.7 54.4 79.8 60.5 93.2 86.7
14. Rajpur Road 85.2 80.4 61.7 58.6 75.7 55 90.2 89.4
15. Clock Tower (Peak Hours) 82.6 77.6 74.3 73.2 78.8 70.5 91.5 87.2
16. E.C. Road 70.1 60.3 61 58 65.9 50.45 87.7 84
17. Subhash Road 86.2 81.9 66 53.3 75.1 68.2 88.9 85.4
18. ISBT 80.5 89.6 67.1 66.4 72.3 64.5 85.5 98.9
19. Rispana Bridge 85.3 77 70.8 60 78.6 67.8 93 84.8
20. MDDA 54.3 42.7 48.9 45 53.5 62.5 67 61.5

Table 2. Typical Noise Levels of Some Point Sources

S. Source Noise level, dB (A)
No.

1. Air compressors 95-104
2. 110 KVA diesel generator 95
3. Lathe machine 87
4. Power operated saw 108
5. Printing press 80
6. Sports car 80-95
7. Trains 96
8. Trucks 90-100
9. Car horns 90-105
10. Jet takeoff 120



TRENDS OF NOISE LEVEL OF A DEVELOPING CITY 53

Effects of Noise Pollution

Noise is one of the main pollutants of the environ-
ment causing various hazardous consequences for
human life. Noise not only impairs sensibility to
auditory stimuli by masking effects, it has other
consequences too.

Studies have proved that a loud noise during
peak hours creates tiredness, irritation and impairs
brain activities, so as to reduce thinking and
working abilities.

Its general effects on human being are that it
causes disturbances in sleep which leads to other
side effects. The effects of noise pollution can be
categorized in to following

Physiological Effects

This form of environmental degradation has
implications for health as serious as air or water
pollution. Noise can change man’s physiological
state by speeding up pulse and respiratory rates. it
can impair hearing either permanently or
temporarily Millions of industrial workers are
threatened with hearing damage.

• Medical evidence suggests-that noise can cause
heart attacks.

• Noise can cause chronic effects as hypertension
or ulcers

• Noise can cause deafness
Some empirical research conducted on pregnant

female mice reveals that air craft taking off which
bring 120 to 160db caused miscarriages in them, if
the findings on mice are made applicable on human
being.

Psycological Effects

The effects of these categories include, annoyance,
tensions in muscles, nervous irritability and strain.

Behavioral Effects

It has been reported that performance of school
going children is poor in comprehension, where
schools are in the busy/ traffic prone area. Noise can
cause irritation, which results in learning disabilities.

Personological Effects

If the injurious effects of noise tend to persist for
longer duration they may cause maladaptive
reactions in the individuals, disturbing his total
personality make-up.

Insomnia, fatigue, hypertension, blood pressure
and deafness are the symptoms shown by the
people living in the noise polluted areas.

Noise Pollution Effects on Wildlife

It has been reported that noise pollution has serious
adverse effects on wildlife too.

• There is decline in migratory birds to a habitat if
it becomes noisy.

• Deers and lions affected from the traffic noise as
observed in some Zoo.

Physiological and environmental consequences of
noise could be serious to the survival of wild life.

Effects of Noise on Non-living Things

The high intensity of noise such as vibrations
emanating from heavy machinery cause shattering
of window glasses, loosing the plaster of house
walls, cracks in walls, cracks in household crockery
and breaking down the hanging in the house.

Control Technolgies Available for Noise
Pollution

There are various options available to control the
noise pollution. The options of noise pollution can
be selected as per the particular needs.

• To isolate Noise at Source.

Table 3. Noise that disturb people-1961-62 Central London Survey

S.No. Description of noise No. of people disturbed per 100 questioned
When at home When outdoors When at work

1 Road traffic 36 20 7
2 Aircraft 9 4 1
3 Trains 5 1 0
4 Industry/Construction work 7 3 10
5 Domestic appliances 4 0 4
6 Neighbors impact 6 0 0
7 Children 9 3 0
8 Adult voices 10 2 2
9 Radio/TV 7 1 1
10 Bells/alarms 3 1 1
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• Personal Isolation from Noise Sources.
• Volumes Reduction.
• Suppression of Noise By Start Plasma Shield.

MATERIALS AND METHODS

Based on the sources of pollution seventeen
sampling sites were selected in the city. Noise
pollution survey was conducted in the study area at
different timings for different duration with a
portable sound level meter at each junction the
sound level meter was mounted on a tripod at a
height of 1.2 m from the ground level.

The noise level observations were recorded once
for every ten seconds. Six readings were obtained in
one minute. The results were tabulated in the
sequence of Maximum, Minimum, Time Weighted
Average (Leq), Sound Exposure Level (Sel).

Measurement of Noise

The two most important measurement of noise are
sound pressure and sound intensity, these are
measured in different units and the scale of the
magnitude is different and very large in relation to
noise.

The unit of measurement of sound is decibel (dB).
It is ratio expressed as logarithmic scale relative to a
reference sound pressure level.

noise level recorder manufactured by Cygnet
Systems, N. Delhi, India. The instrument gives
reading in decibel as well as in the leq directly. The
latest equipment also records maximum and
minimum noise level in the particular span of time
and also gives results of SPL. Monitoring was done
during the day and night time to observe the
deviations from the standard value prescribed by
Central pollution control board, New Delhi.

Noise Monitoring Locations

A comprehensive monitoring study had been
conducted for 20 locations for the comparison of
noise level in the different areas on Dehradun.

Comparative Noise Level in the Study Area

Noise levels obtained in db (A) for all the twenty
locations season wise are enclosed as table 1. and
from this table following interference’s can be
drawn.

Vasant Vihar

The increase in the noise level was observed in both
readings during day time as well as at night time i.e.,
72.5 dB & 74.6 dB. Leq values are lower in this site
but SEL values are on higher side.

Balliwala Crossing

Noise level results showed increase in the noise level
due to the encroachment of large number of vehicles
to this place. It was observed high both during day
and night time i.e., 85.8 dB & 80.1 dB. In this location
Leq values are also on the higher side. SEL values
recorded   95 dB during the day and night.

GMS Road

GMS road experiences a rise in noise level during
day time it was found out to be 80.3 dB while in
night it reaches to 77.5dB. In this location Leq values
are also on the higher side. SEL values recorded 86
dB during the day and night.

Chakrata Road

Noise level in chakrata road were found to be high
both in day and night the max sound decibel during
day time was 80.2 dB while at night it was 78.6 dB.
Average values of Leq recorded at this location
while SEL values are also higher.

Ballupur Crossing

Ballupur chowk experience higher sound level
intensity, during day it was 85.7 dB while during

Intensity measured (I)
Sound Intensity level=10 log 10 =

Reference intensity (10)

I
Decibel = 10 log 10

(10)

The reference intensity used is the “threshold of
hearing” which is a sound that can be first heard at
a sound pressure of 2 × 105 N/M2 of a sound
intensity of 10 - 12 W/M2.

It is quite important to note that doubling of
sound pressures produces an increase of 6 dB and
doubling of sound intensity produces an increase of
3 decibels, which is implicit in the logarithmic scale
for sound measurement.

RESULTS AND DISCUSSIONS

Noise pollution monitoring studies were done in 20
locations across the city of Dehradun in order to
assess the variation in the noise generation across
the city because of rapid urbanization. The noise
monitoring was done by using sophisticated digital
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night it was 72.9 dB. In this location Leq values are
moderately on the higher side but SEL values are
around 90 dB during the day and night.

Clock Tower

Noise level at clock tower was found to be 77.1 dB
during day time while 75.5 during night time. In this
location Leq values are also on the higher side. SEL
values recorded as 91.5 db and 89.9 during the day
and night respectively.

Ashlay Hall

Ashlay hall experiencing a rise in noise level
intensity 79.3 dB during day time while 78 dB
during night time. In this location Leq values are
also on the higher side. SEL values recorded closed
to 85 db during the day and night.

Rajpur Road

Noise level in this area was found to be 82.4 dB at
day time and 85.2 dB during night time. In this
location Leq values are slightly on the lower side.
SEL values recorded as 86.5 db and 91.3 dB during
the day and night respectively.

Kanwali Road

Noise level for the recent study showed increasing
sound level of 79.7 dB during the day time and 70.1
dB at night. In this location Leq values are also on
the higher side. SEL values were recorded 95 dB
during the day and night.

Doon Hospital Crossing

There is a marked increase in the level of noise
recorded at this location i.e., 73.1 db at day time also
in night it was 72.4 dB. In this location Leq values
are on the higher side for day but during night it is
moderate. SEL values recorded as 86.1 dB and 79.6
during the day and night respectively.

Prince Chowk

Results of noise level recorded at this location
showed that there is increase in noise level of 81.3
dB at day time on the other hand night experiences
high noise level intensity of 82.4 dB. In this location
Leq values are on the higher side for day but during
night it is moderate. SEL values recorded as 90.5 dB
and 91.2 during the day and night respectively.

Graph 1. Comparision of Sound Level Max (DB) in
Different Places Day and Night Time

Graph 4. Comparision of Sound Level Sel (DB) in
Different Places During Day and Night Time

Graph 3. Comparision of Sound Level Leq (DB) in
Different Places During Day and Night Time

Graph 2. Comparision of Sound Level Min (DB) in
Different Places During Day and Night Time
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Saharanpur Chowk

Value of noise level recorded at this site during day
time it was 83.3 dB while at night it was 78.6 dB. In
this location Leq values are also on the higher side.
SEL values recorded around 90 dB during the day
and night.

Mussorie Road

Noise level in this area during the day time were
found out to be 79.7 dB while at night time noise
level intensity was 74.2 dB. In this location Leq
values recorded at this location are moderate. SEL
values recorded on the higher side during the day
and night.

Rajpur Road

There is a marked increase in noise level intensity
during day time when it was found to be 85.2 dB on
the other hand in night it was 80.4 dB. Leq values are
comparatively alright at this location. SEL values
recorded 90 dB during the day and night.

Clock Tower (Peak Hour)

Noise level intensity recorded at this site during day
hour it was 82.6 dB while it was 77.6 dB during
night. Higher values of Leq recorded at this side.
SEL values recorded as 91.5 and 87.2 dB during the
day and night.

E.C. Road

Noise level result recorded in this area at day time
experiences 70.1 dB on the other hand at night
recorded noise level of 60.3 dB. Leq values are
comparatively alright at this location. SEL values
recorded around 85 dB during the day and night.

Subhash Road

Subhash road recorded a noise level intensity of 86.2

dB during day time while in night there is slight
decrease in noise level i.e., 81.9 dB.

ISBT

There is a marked increase in the level of higher
value of noise at this location i.e., 80.5 db at day time
and in night there was increase in noise level to 89.6
dB. In this location Leq values are moderately on the
higher side. Values of SEL recorded around 85 dB
during the day and night.

Rispana Bridge

Noise level intensity in this area was found to be
85.3 dB recorded during day time while at night it
was found was found to be 77 dB. In this location
Leq values are also on the higher side. SEL values
recorded around 85 dB during the day and night.

MDDA

Results of noise level recorded at this location
showed that there is decrease in noise level of 54.3
dB at day time and in night hours low noise level
intensity of 42.7 dB. In this area, values of Leq and
SEL were recorded on the lower side only.
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ABSTRACT

This paper presents a study of the application of different multivariate statistical approaches for
the interpretation of water quality data. The data were obtained during a monitoring programme
of the surface water quality of Cauvery River in Erode district, Tamil Nadu, India. A number of
tanneries and textile industries have been established in this region since the past three decades.
It is reported that the effluents from these industries are directly discharged onto the surrounding
land, irrigation fields and surface water bodies. As a result, it degrades the quality of freshwater
in the study area. Thirteen parameters including trace elements (Cd, As, Cu, Cr, Zn and Pb) have
been monitored on 50 sampling points from a hydrogeochemical survey, conducted in the river
stretch under study. The data set thus obtained was treated using R-mode factor analysis (FA) and
principal component analysis (PCA). FA identified three factors responsible for data struc-ture
explaining 91% of total variance. It allowed grouping of selected parameters according to common
features. The results indicated that point source pollutants are responsible for affecting the water
quality of this region. This study indicates the necessity and application of multivariate statistical
techniques for evaluation and analysis of the data. It facilitates better information about the water
quality and designs some remedial techniques to prevent future contamination.

KEY WORDS: River water quality; Water pollution; Multivariate analysis

INTRODUCTION

Water pollution is one the crucial ecological
problems in India.  It is estimated that about 70% of
all the available water sources in India are polluted.
A large amount of untreated industrial waste
disposal pollutes the river water. Every day, about
1700 liters of industrial waste is discharged into the
Cauvery River alone.  In fact, rapid urbanization
and industrialization have contaminated the quality
of river water (Tripathy and Parikh, 1998). A large
number of tannery units are located in the western
part of Erode, and most of these units carry out
processing of animal hides requiring a considerable
amount of water. The effluents from various
tanneries are discharged without treatment through
nearby drain which finally join the downstream on
the Cauvery. In addition, Erode has a cluster of
textile units. The small units generate a significant

amount of effluent per day. Most of these effluents
are discharged into the Bhavani and Cauvery Rivers.
In the long run, this may result in the reduction of
dissolved oxygen and affects aquatic life in the
mainstream rivers (Chattopadhyay et al., 2005).

This study aims at evaluating the surface water
chemistry and water pollution in a part of Cauvery
River. It is imperative to protect the water resources
with proper treatment. Better water quality is
needed for ecologically sensitive construction and
sustainable socioeconomic development in the
whole catchment (Dixon and Chiswell, 1996).
Therefore, it is essential to understand the mecha-
nisms responsible for water pollution and the rate of
contamination (Jinzhu Ma et al., 1996).

The application of multivariate approaches, viz.
factor analysis (FA) for interpretation of these data is
a useful tool in evaluating the water quality and
ecological status of the river stretch (Guler et al.,
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2002; Hirch et al., 1991). It is possible to identify
factors/sources that influence water systems and
thus provides a variable tool for better management
of water resources as well as rapid solutions on
pollution problems (Morales et al., 1999). This study
will help environmental managers to develop a
more reasonable policy for the waste management
and possible measures for the prevention of water
pollution.

Study Area

The Cauvery River starts in the Western Ghats and
flows in eastwardly direction passing through the
states of Karnataka, Tamil Nadu, Kerala and
Pondicherry before it drains into the Bay of Bengal.
The total length of the river from the source to its
outfall into the Bay of Bengal is about 800 km. Of
this, 320 km is in Karnataka, 416 km is in Tamil
Nadu and 64 km length forms the common
boundary between Karnataka and Tamil Nadu
States. The Cauvery basin extends over an area of
81,155 km2, which is nearly 24.7% of the total
geographical area of the country. A detailed study
has been attempted in the Cauvery River between
the latitudes 110 29' 35.1" N and 100 57' 24" N and the
longitudes 770 42' 40.7" E and 780 14' 17.9" E (Fig. 1).
The length of the river taken for the study is
approximately 100 km. This study was conducted to
understand the river water quality, which is one of
the main sources of drinking water for Erode, Karur
and Namakkal districts. Many intakes are present
on either banks of the Cauvery River through which
water is supplied for drinking for the local
communities in the respective areas. Hence this
study will help the researchers to understand the
existing quality of surface water in the rivers.

METHODOLOGY

Sample collection and analysis

Surface water samples were collected from Cauvery,
Bhavani, Noyyal and Amaravathi Rivers at 50
locations during February 2009 (Fig. 1). The samples
were collected in pre-cleaned one litre polythene
bottles. The samples were filtered through 0.45 µm
millipore filter paper and treated with Nitric acid
solution (1%) for the chemical analysis. Electrical
conductivity (EC) and pH were measured
electromagnetically in the field using digital meters
immediately after sampling. The samples were
analyzed for determining the concentration of
various chemical constituents such as Na+, K+, Ca2+,

Mg2+, Cl-, HCO3
-, CO3

2-, SO4
2-, NO3

-, F-  and total
dissolved solids (TDS) in the laboratory using the
standard methods  recommended by the American
Public Health Association (APHA, 2005). The trace
elements (Cd, As, Cu, Cr, Zn and Pb) were deter-
mined using Atomic Absorption Spectrometer after
appropriate calibration according to standard
calibration procedure.

Data treatment and multivariate statistical
methods

Multivariable statistical methods, namely factor
analysis (FA), cluster analysis (CA) and principal
component analysis-multiple linear regression
(PCA-MLR) were applied to analyze and interpret
the data (Singh et al., 2004). Table 1 shows the
summary statistics of these data sets, which were
first calculated to evaluate the distributions. CA was
performed to identify similar groups among the
different sampling sites. It was performed on the
normalized data set by means of Ward’s method
using squared Euclidean distances as a measure of
similarity. Factor analysis was applied on
standardized data through z-scale transformation in
order to obtain proper classification considering the
occurrence of wide differences in data
dimensionality (Aradhi et al., 2009). Standardization
may increase the influence of variables whose
variance is small and vice versa. All the
mathematical and statistical computations were
made using Statistical Package for Social Sciences
(SPSS, 1995).

Fig. 1. Location map of the study region
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RESULTS AND DISCUSSION

The statistical details of concentration of water
quality parameters are presented in Table 1. Table 2
provides the correlation matrix of the water quality
parameters from the statistical analysis. Statistical
treatment of data signifies their relationship and
grouped three factors (Table 3). The pH of surface
water in the Cauvery varies from 7.1 to 8.5 with an
average of 7.5. Hence the water is slightly alkaline in
nature. In Noyyal River, the pH is highly alkaline
and the concentration of many of the major ions
exceeds the permissible limits for drinking. It has
been observed that surface water is alkaline in
nature with varying concentration of major ions.
This clearly depicts that pH is one of the controlling
factors (Riedel et al., 2000; Ravindra et al., 2003). Sites
19 and 47 suggested a high variation of major ion
concentration. This situation implies a strong
variability due to the presence of anthropogenic
sources affecting river water quality (Vandeginste et
al., 1998; Simeonov et al., 2003). In a few samples, the
concentration of Zinc, Copper, and Chromium was
detected. However, the concentrations are within the
permissible limit for drinking.

Cluster analysis is a technique applied to identify
spatial similarity for grouping of sites under the
monitoring network. CA has proved a reliable
method of clas-sification of surface water in the
whole region (Bing Wu et al., 2009). The cluster
analysis differentiates the sites into groups with
similar characteristic features and natural
background source type. Thus it could be found
useful to design a future spatial sampling program
by reducing the number of sampling sites, in an
efficient way (Panda et al., 2006). The clustering
pro-cedure adopted for this study area formed three
groups of sites which are significantly independent
(Fig. 2). Cluster 1 includes the sites from 1 to 31
(except 19), 36 to 43, 46, 48, 49 and 50, located in the
low reach of source water downstream of Cauvery
River after the confluence of its tributaries Bhavani
and Amaravathi. Cluster 2 includes the sites 19
(Vairapalayam), 44 and 45 of Amaravathi River and
site 47 (confluence of Amaravathi with Cauvery)
which indicates moderate level of pollution located
downstream of the industrial parks. Cluster 3
represents all the sites (32, 33, 34 and 35) in Noyyal
River which may be considered as the high pollution
group. The results of cluster analysis in this study
implied that very few sites in each cluster may be
enough for rapid assessment of water quality (Zhou

et al., 2008).
By the factor analysis, the complex linear

correlation between surface water quality
parameters was determined (Shrestha and Kazama,
2007). Based on Eigen values and varimax rotation,
three factors explained most of the variability. Factor
1 exhibit 72.66% of the total variance of 90.76% with
posi-tive loading on EC, TDS, Hardness, Ca, Mg,
Na, Cl, HCO3 and F. This factor indicates strong
association (r = 0.91-0.99) of these parameters. It has
been observed that Ca, Na, K and Cl exhibits
positive correlation with EC while HCO3 exhibits
positive correlation with TH and Alkalinity.

All the water quality parameters were well
within the permissible limits for drinking in the
samples taken in Bhavani River. High values of TDS
with the maximum of 3675 mg/L were reported in
all the samples of Noyyal River, which may be due
to the discharge of industrial effluents from textile
units located on the banks of the Noyyal River. All
the samples reported high levels of hardness in
Noyyal River with a maximum of 720 mg/L and a
minimum of 660 mg/L having an average of 701
mg/L. The chloride levels were very high in Noyyal
River with an average of 1464 mg/L which may be

Fig. 2. Dendrogram of sampling sites using Ward’s
method
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due to the mixing of untreated industrial discharges
into the river. The values of TDS, Ca, Mg, Na, Cl,
HCO3 and F were found to be within the drinking
water standards of the samples taken in Amaravathi
River.

The TDS values in Cauvery River varied from 208
mg/L to 1324 mg/L with an average of 388 mg/L
during February 2009. It was found to increase near
the Sites 26 (Kolanelli), 31 (Kodumudi) and 37
(Kattipalayam). It proves the detrimental effects of
industrial discharges into the river (Wunderlin et al.,
2001; Vega et al., 1998). Similarly, there was an
increase in TDS level around 886 mg/L in Kattalai
Koodurai which is the confluence point of
Amaravathi River with Cauvery River.
Vairapalayam also indicated a high level of TDS
with an average of 1324 mg/L near the municipal
solid waste dumping yard. The study reported the
hardness of water with an average value of 181 mg/
L, the maximum and minimum value being 320
mg/L and 125 mg/L respectively in Cauvery. The
hardness of surface water showed a slight decrease
along the course of Cauvery River before the
confluence point of Amaravathi and Cauvery with
exceptions near Manjula Textiles (Site 15) (170 mg/
L) and Kuranaickanpalayam, (Site 06) (170 mg/L)
immediately after the Barrage across the river. The
samples indicated high levels of hardness in Kattalai
Koodurai (265 mg/L) and Vairapalayam (320 mg/
L), which may be due to the anthropogenic sources.
Their value is found to decrease along the course of
the Cauvery River. Chloride concentration varied
from 397 mg/L to 25 mg/L with an average of 75
mg/L in Cauvery River. Samples 19, 44, 45, 46 and
47 showed a comparatively high concentration. The
study found the concentration of magnesium with a
maximum of 41 mg/L and a minimum of 16 mg/L,
the average value being 25 mg/L. Sodium
concentration was found to vary from 357 mg/L to
28 mg/L exceeding the permissible standards in
samples 19, 32, 33, 34, 35, 45, 46 and 47 respectively.

Factor 2 exhibits 10.27% of the total variance with
positive loading on carbonates. Carbonates showed
a strong positive correlation with Phenolic
Alkalinity and showed weak to fair correlations in
all other parameters. Carbonates were not reported
in Bhavani, Amaravathi and Cauvery rivers with the
exception being Karur (12 mg/L) in Amaravathy
River, located near the paper mill and in
Nanchaipugalur (18 mg/L) in Cauvery River which
is located in the downstream of Site 37. Carbonates
seemed to vary from 36 mg/L to 54 mg/L with anTa
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average of 37.5 mg/L in Noyyal River. Probably
they might have been derived from the effluent
discharges from the textile mills in that region.
Hence this factor can be attributed to anthropogenic
sources.

Factor 3 donates 7.83% of the total variance with
positive loading on nitrates which did not show any
strong correlation with all other parameters. This
factor can be attributed to the influence of
agricultural activity and municipal solid waste
disposal in the study area (Wright, 1982). Bhavani,
Amaravathi and Noyyal rivers showed very
minimum values for the concentration of NO3

-. NO3
-

varied from 45 mg/L to 1 mg/L with an average of
5 mg/L in Cauvery River. The maximum value was
reported in Vairapalayam (45 mg/L) which is near
the solid waste dumping yard and mild
concentrations were observed in Kodumudi (10
mg/L) near the agricultural land. CA and Factor
analysis approaches have proved to be useful in
determining the possible sources impacting the
river.

CONCLUSION

This study provides a compatible survey of surface
water quality in a part of Cauvery River. From the
study, it has been observed that all the samples were
within the standard values prescribed by WHO with

few exceptions in Cauvery River and its tributaries
Bhavani and Amaravathy. However, the samples in
Noyyal River showed a high concentration. This
indicates the impacts of industrial sources and
domestic sewage on the quality of river. The
multivariable statistic approaches namely Cluster
analysis and Factor analysis helped in
differentiating the chosen sites thereby
distinguishing the various sources of the pollutants.
Three groups namely, low, moderate and high
pollutant groups were identified. Anthropogenic
sources and municipal sewage have proved to be
the main source of contaminants. Municipal solid
waste disposal yard caused an increase in the
concentration of pollutants in surface water which
was confirmed in the Vendipalayam sampling site
adjacent to the yard. The present study suggests that
regular monitoring of the water quality should be
undertaken seasonally and spatially to identify the
source of toxic pollutants and adoption of proper
disposal of wastes to protect the quality of the river
water.
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ABSTRACT

The present study evaluated gonadal changes of the freshwater fish Ophiocephalus punctatus
exposed to subleathal concentration of Azadiracta indica 1.1 ml/L at 72 hrs. The changes were
observed on gonadosomatic index and also observed in ovaries of treated fishes.The
gonadosomatic index showed decreased trend in male and female. The flacid and degenerative
stages of ovaries follicles, necrosis of oocyte, shrinkage and interfollicular odema were observed.

KEY WORDS : Biopesticides, Ophiocephalus punctatus, Fish
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INTRODUCTION

Toxicants and other chemicals are widely used to
destroy unwanted plants and animals species.
Among these pesticides find  their way in to aquatic
habitats through run off rain water from agricultural
lands. These pesticides threaten the aquatic species
by reducing the reproductive rate. Reproduction is
one of the basic functation of all living organisms.
Reproductive organs are commonly affected
histologically as well as morphologically with
remarkable effect on fecundity and the embryonic
processes. Pesticides, biopesticides and other
chemicals have been known to cause
histopathological aberrations in the gonads of fishes
(Kumta and Gaikwad, 1998; Jyothi and Narayan,
1990). The deleterious effect of carbamate group of
biocide on reproductive profile of several fishes of
commercial importance and also on hormonal
regulation of it (Choudary et al., 1993; Rastogi and
Kulshretha, 1990; Singh, 1981).

The gonadosomatic index has significant role in
the life of fishes, it may be helpful in breeding of
fishes too (Shashi, 1999).

The present study was to find out the effect of
Azadirachta indica on gonadosomatic index and
ovaries of Ophiocephalus punctatus.

MATERIALS AND METHODS

The telosts  Ophiocephalus punctatus  freshwater fish

selected as experimental specimen. Disease free
freshwater fishes Ophiocephalus punctatus 12.5 cm
length and 38.3 gm of weight was collected from
Wadali lake of Amravati region. The fishes were
washed with 0.1% KMnO4 solution  and then
trasfered in aquaria and acclimatized for 15 days.
The fishes were  exposed to different concentrations
of  Azadiracta indica and the mortality was recorded
at different concentrations. The LC50 of Ophiocephalus
punctatus was recorded. It was 1.1 mL/L at 72 hrs.
The fishes were treated  with sublethal concentration
of  Azadiracta indica.

The freshwater fishes Ophiocephalus punctatus was
studied for gonadosomatic index. Experimental
fishes kept for day wise and then sacrified. At the
same day control fishes were also sacrified. The
male and female gonads were weighted  first and
then the gonadosomatic index was calculated with
the help of the following formula,

(wt of ovary or testis)
GSI  = × 100

wt of  the   fish

Fishes from the control and exposed groups were
sacrificed simultaniously at fixed time and days. The
gonads were dissected , remove and fixed in the 10%
formalin then followed the procedure for
dehydration, tissues were ciear in xylene and then
transferred in the paraffin wax. Then the microtome
was used for section cutting and the sections were
stained by eosin and haematoxylene. The cover slip
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Plate 1. Control Histology of Ovary Ophiocephalus punctatus

Plate 2. Treated Histology of Ovary Ophiocephalus punctatus exposed to Azadirachta indica

BMMF - Breakage membrane of matured follicle, DMF - Disruption of matured follicle, DFC -
Degeneration of follicular cell, DO - Degenerating oocyte, AO - Atretic oocyte, VF - Vacuole
formation, O – Odema, OW - Disorganized ovarian wall,
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was put on the slide with the help of adhesive
solution  canada balsum and the observations were
made under microscope.

RESULTS AND DISCUSSION

In the present investigation histological alterations
and variations were observed.  The wall of the ovary
is fairly thick during the non-breeding season but
becomes thin and highly vascular during the
spawning period. It consists of three layers  1) An
outermost thin peritonium, a thicker tunica albuginea
made up of connective tissue muscle fibres and
blood capillaries. The innermost layer is the
germinal epithelium. The germ cell or oogonia are
found in clusters in the lemellae and it originates
from germinal epithelium oogonium has a large
nucleus and thin layer of ooplasm which is
chromophobic. Each oogonium passes through
number of maturation stages to become a ripe
ovum. Several these stages may be present at the
same time in the ovary.

Normal ovaries of fishes histologically covered
by thin outermost peritonium. Inner to this thica
albugenia, germinal epithelium which give rise to
oocytes. There are many developmental stages
occuring during the complete maturation like
oogenia, immature, mature oocytes. Oogonia are
rounded cell with nucleus. Immature ocytes are
larger than ogonia which are spherical in shape.
(Normal Plate 1).

The  treated fish ovary showed degenerated
ocytes and showed shrinkage and also leading to
odema. Oocyte showed shrinkage and
interfollicellular odema was observed (Plate 2). The
cytoplasm or yolk of the oocyte cells showed
damage and rupture membrane of oocyte. Stromal
hemorrage. Atretic oocyte observed due to this
formed irregular shape of oocyte. Also condensation
of cytoplasmic contents. It showed floating area,
vacuolation was noticed. The vacuole was observed
at the center of the oocyte. (Plate 2).

Gonadosomatic index was observed in the
freshwater treated fish Ophiocephalus punctatus . It
showed reducing trend similar finding were
(Bandopadhyay and Aditya, 2001). Reduction in the
ovarian weight has been noticed in Channa
punctatus, (Ram and Sathyansan, 1984). Dyes and
Bhattacharya (1989) showed significant decrease in
Channa punctatus treated with mercury and
ammonia. Wani and Latey (1982) have reported the
exposure of CdCl2 for the fish Garra mullya showed
significant reduction of the gonadosomatic index.
Similar finding reported as (Lam, 1983; Cambray
and Burton, 1984; Dasgupta, 1988; Alam and Das,
1996; Chattergi et al., 1997).

Ovaries of Freshwater fish Ophiocephalus
punctatus was showed altered change. Similar
observation by Dutta 1996. Low concentration of
fenithion and carbaryl arrested the villalogenic
growth of oocyte in Channa punctatus . Affected
primary oocyte and impairment of vitellogenesis
(Sahai, 1987; Singh and Singh 1987). Similar findings
were Saxena and Garg, 1978. Saxena and Agrawal,
1986 affected oogonal activity in Clarias batrachus.
Similar findings observed by Mohan, 2000; Aditya et
al., 2002; Lee and Yang, 2002; Dutta and Maxwel,
2003.

All the above findings showed that the
biopesticide Azadiracta indica affected the
gonadosomatic index it showed reduced trend and
changes in histological structure of ovary of the
freshwater fish due to stress of biopesticide.
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7th Days Control 45.0±9.9 469.32±19.6 1.04±0.3
Experiment 46.1±10.1 412.35±10.6 0.89±0.11

14th Days Control 48.1±19.8 421.15±17.3 0.87±0.11
Experiment 47.2±11.6 389.20±17.3 0.806±0.17

28th Days Control 46.2±10.0 399.32±10.5 0.86±0.10
Experiment 48.1±19.8 363.33±10.2 0.82±0.2



68 THEMASKAR ET AL

Bandopadhyay, Madhab Prasad and Agit Kumar Aditya, 2001.
Maturity Index : An effectual study of xenobiotics on
Anabas testudineus. J. Ecobiol. 13 (40) : 253-260.

Cambray, J.A. and Burton, M.N. 1984. The reproductive strategy
of a barb, Barbus anoplus (Pisces cyprinidae), colonizing a
man made lake in South-Africa.  J. Zool. Londun. 204 : 143-
168.

Chattergi, S., Dutta, A.B. and Ghosh, R. 1997. Impact of
carbofuran in the oocyte maturation of catfish
Heteropneustes fossilis (Bloch). Arch Environ. Contam.
Toxicol. 32 (4) : 426-430.

Choudhary C., Ray, A.K. and  Bhattacharya, S. 1993. Non lethal
concentration of  pesticide impair ovarian function in the
freshwater Perch, Anabus testudineus. Environ. Biol. Fish. 36
: 319-324.

Dasgupta, M. 1988. Length weight relationship & condition of
the copper mahseer  Acrossochilus hexagonolepis (Mc Clell
). Matsya.  14 : 79-91

Dutta, H.M. and Maxwell, L.B. 2003. Histological examination of
sublethal effects of diazinon on ovary of blue gill, Lepomis
macrochirus. Environ Pollut. 121 : 95-102.

Dyes and Bhattacharya, S. 1989. Ovarian damage of Channa
punctatus after chronic exposure to low concentration of
mercury and ammonia.  Ecotoxicol. Environ. Saf. 17 : 247-
257.

Jyoti, B. and  Narayan, G. 1999. Toxic effect of carbaryl on gonads
of freshwater fish, Clarias batrachus (Linnaeus). J. of Environ.
Biol. 20 (1) :73-76.

Kumata, A. and Gaikwad, A. 1998. Histological aberrations of
gonads caused due to  Nirite toxicity in Gambusia affinis.
Environ. Ecol. 16 (3) : 645-647.

Lam, T.J. 1983. Environmental influence on gonadal activity in fish
In : Fish Physiology, (Ed. W.S. Hoar) Academic Pess New
York. PP. 65-116.

Lee, W.K. and Yang, S.W. 2002. Relationship between ovarian

development and serum levels of gonadal steroid
hormones and induction of oocyte maturation and
ovulation in the cultured femal korean spotted seabass
lateola brax macullatus (Jeom- nong-co). Aquaculture. 207:
169-183.

Mohan, R.M. 2000. Malathion induced changes in the ovary of
freshwater fish Glossogobius giuris (HAM). Poll. Res. 19 (1):
73-75.

Ram, R. and Sathyansan, A.G. 1984. Effect of mercuric chloride
on the reproductive cycle on the teleostean fish Channa
punctatus. Bull. Environ. Contam. Toxicol. 30 : 24-27.

Rastogi, A. and Kulshrestha, S.K. 1990. Effect of sublethal doses
of three pesticides  on the ovary of a carp minnow
Rasbbora daniconinus. Bull. Environ.Contam. Toxicol. 45 : 742-
747.

Sahai, S. 1987. Toxicological effects of some pesticides on the
ovaries of Punctius ticto (Teleostei). Proc. Viii SES. Symp. 53-
54.

Saxena, P.K. and  Agrawal, A. 1986. Effect of  mercuric chloride
intoxication of ovarian activity of teleostean fish Channa
punctatus (Bloch). J. Intl.  Acad. Lctyol. 7 (1) : 1-6.

Saxena, P.K. and Garg, M. 1978. Effect of insecticidal pollution on
ovarian recrudescence in the freshwater teleost Channa
punctatus (Bloch). Ind J. Exp. Biol. 1 (16) : 689-691.

Shashi Bhushan, 1999. Maturity determination by
gonadosomatic ratio in teleost fish, Channa striatus during
Annual reproductive cycle.  J. of Environ. Ecol.  17.

Singh, S.P. and Singh, T.P. 1987. Impact of malathion and
hexaclorocyclohexane on phases of reprodutive cycle in
Clarias batrachus (insecticide) testosterone Estradiol 17
Beta  Estrane vitellogenesis) PCBPB Pestic. Biochem.
Physiol. 27 (3) : 301-308.

Wani G.P. and A.N. Latey 1982 : Cadmium toxicity of gonads in
a teleost fish Garra Mallapur. Poll. Res. 1 : 39-44.



Poll Res. 31 (1) : 69-72 (2012)
Copyright © EM International
ISSN : 0257–8050

STUDIES ON PHYSICO CHEMICAL CHARACTERISTICS OF THE
MOLASSES EFFLUENT

S. GERSHOME DANIEL RAJADURAI AND S. DAWOOD SHARIEF*

School of Environmental Sciences, PG and Research Department of Zoology,
The New College, Chennai-14, India

(Received 27 July, 2011; Accepted 19 September, 2011)

ABSTRACT

Molasses is a viscous by product of the processing of sugar cane or sugar beet in to sugar. For the
present study, the effluent samples were collected from lactic acid manufacture unit using
molasses as a raw material at SIDCO industrial estate, Thiruvallur, Chennai. The physico chemical
parameters of the effluent viz, colour, odour, pH and EC, were determined following the methods
of APHA (2005). Salinity, Dissolved oxygen (DO), Biochemical Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), Total Suspended solids (TSS), Total Dissolved solids (TDS), Hardness,
Bicarbonates, Alkalinity, Chloride, Nitrites, Calcium, Sulphate, Sodium,  Potassium, Magnesium
and Total free sugars (Glucose) of both the effluents (untreated and industry treated) were also
studied following standard methods. Parameters mentioned earlier were studied immediately after
collection of the effluent.

KEY WORDS: Molasses effluent, physico-chemical parameters

INTRODUCTION

Pollution is a gift of rapid industrial revolution and
excessive exploitation of natural resources. Majority
of the industries are water based and considerable
volume of waste water emanates from them which
is generally discharged into water courses either
untreated or partially treated (industry treated).
Untreated effluent are discharged in to low level
areas, in streams and lands which finally accumulate
in the form of large ponds and affects the
environment both at the surface level as well as the
ground water quality through seeping (Appa Roa et
al., 1991).

Industrial effluents are constantly adding up,
toxic substances into water bodies at a very high
rate, especially in industrial zones. Most of the
wastewater discharged into the surroundings water
bodies disturb the ecological balance and
deteriorates the water quality (Francis et al. 2010).

MATERIALS AND METHODS

For the present study, the effluent samples were
collected from lactic acid manufacturing unit using

molasses as a raw material at SIDCO industrial
estate, Thiruvallur, Chennai in polyethylene
containers for a period of 18 months (June 2009 to
Nov 2010) and they were brought to the laboratory
for further analysis.

The physico chemical parameters of the effluent
viz, colour, odour, pH and EC, were determined
following the methods of APHA (2005). Salinity,
Dissolved oxygen (DO), Biochemical Oxygen
Demand (BOD), Chemical Oxygen Demand (COD),
Total Suspended solids (TSS), Total Dissolved solids
(TDS), Hardness, Bicarbonates, Alkalinity, Chloride,
Nitrites, Calcium, Sulphate, Sodium,  Potassium,
Magnesium and Total free sugars (Glucose) of both
the effluents (untreated and industry treated) were
also studied immediately after collection of the
effluent sample using  standard procedure (APHA
2005).

RESULTS AND DISCUSSION

Analysis of physico chemical parameters of
molasses effluent for a period of 18 months (June
2009 to November 2010) are shown in Table 1 (a &
b).

Corresponding author : E-mail: sdawoodsharief@yahoo.co.in
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Physico chemical characterization of the
untreated molasses effluent has revealed that
the pH was slightly neutral with high BOD,
COD, Alkalinity and objectionable odour
(burnt sugar smell) and the colour was
chocolate brown. The industry treated
effluent was pale yellow in colour with
pungent odour (burnt sugar smell) which
may be due to microbial growth or
decomposition. A large number of pollutants
can impart colour and odour to the receiving
waters, thereby making them anesthetic and
unfit for domestic consumption (Goel, 1997).

Results have also revealed that the
conductivity of untreated molasses effluent
was low which may be due to the presence of
organic compounds in the effluent that do
not dissociate in aqueous solution to conduct
current.

Dissolved oxygen is an important
parameter to determine the quality of water
because depending up on the DO, the
aquatic microorganisms, animals and plants
can live in the water and maintain the food
chain of the aquatic eco system. In the
untreated effluent, DO was totally absent
(Nil) but in the industry treated effluent DO
was increased (3.1 - 4.16 ml/L).

BOD is one of the important parameters
used in water pollution studies to evaluate
the impact of waste waters on receiving
water bodies (Subbarao & Gadgil 1996). In
the present study both untreated and
industry treated effluent has revealed high
BOD (956 – 1563 and 663 – 1026 mg/L)
which has is more than the permissible limit
of about 30 mg/L prescribed by CPCB,
indicating high organic load present in the
sample. Further, the presence of organic
matter will promote anaerobic action leading
to the accumulation of toxic compounds in
the water bodies and deterioting them
leading to death of the pond (Goel, 1997).

COD test is the best method of organic
estimation. The present investigation showed
high levels of COD (3176 – 4329 mg/L) in the
effluent samples which does meet the
standards prescribed by CPCB for effluent
discharge into inland surface water (250 mg/
L). This indicates that the effluent is
unsuitable for the existence of the aquatic
organism in water bodies. Ta
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High levels of suspended solids are present in the
untreated and industry treated molasses effluent
and it may be attributed to their accumulation
during the processing of lactic acid. Presence of
suspended solids leads to turbidity resulting in poor
penetration of light in the aquatic system there by
curtailing photosynthetic activity (Goel, 1997).
Further, the settling of suspended partials in animals
and plants might lead to various types of damage
such as clogging of gills and respiration surfaces
(Alabaster & Lloyd 1990).

TDS level of the untreated and industry treated
molasses effluent were found to be higher (163 – 272
and 107- 210 mg/L) than the permissible limit of 100
mg/L prescribed by ISI for the discharge of
industrial effluents into inland surface water.

The ions especially calcium, magnesium, sodium
and potassium impart hardness to water.  Hardness
is unsafe for bathing, washing, cleaning, ect., as it
precipitates soap and it is also unsuitable for
industrial purposes as it causes scaling of
equipments (Goel, 1997). The calcium concentration
was in the range of 32 - 122 mg/L in untreated
molasses effluent and 114 – 210 mg/L in industry
treated effluent. It indicates high range of calcium
present in industry treated effluent because some
amount of calcium carbonate was added to
neutralize the pH of the effluent (industry treated),
While the recommended level is only 169 mg/L
(BIS). Calcium is one of the important nutrients
required by the organisms. It helps in maintaining
the structure of cells. According to Srinivas et al
(2000) physiologically calcium is needed for body in
small quantity.

Present laboratory studies can be extrapolated to

condition existing in nature, since there may be
other diverse interacting factors prevalent in nature,
which could play an important role in determining
the toxicity of a pollutant in the field, unlike at
laboratory.
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ABSTRACT

The aim of this study was to asses the impact of aqueous extract of Euphorbia tirucalli plant latex
on snakehead fish,channa  punctatus. The median lethal concentraion(LC50) value of aqueous
extract of Euphorbia tirucalli plant latex on Channa punctatus was 46.5 mg/L for 30-hours of
exposure.The two different sub-lethal doses(20% and 40% of 30h-LC

50
) were administered to

experimental fish for 30-hours and 60-hours exposure time. Some haematological parameters were
analyzed to determine the influence of aqueous extract of Euphorbia tirucalli plant latex on the
Channa punctatus. The range values obtained for the Total Erythrocyte Count (TEC), Eosinophils,
Neutrophils, Monocytes, Haemoglobin Concentration (HbC) and Specific Gravity significantly
lower,while Lymphocytes, Basophils, Erythrocyte Sedimentation Rate (ESR) and Mean
Corpuscular Volume (MCV) significantly higher at both of sub-lethal doses(20% and 40% of 30h-
LC50). Mean Corpuscular Haemoglobin Concentration (MCHC) values showed differently.
Aqueous extract of Euphorbia tirucalli plant latex could lead to alterations in morphological
parameters of the blood of Channa punctatus.

KEY WORDS : Haematology, Aqueous extract,  Euphorbia tirucalli, Channa punctatus

INTRODUCTION

With  the  growing  awareness,  effort  are  being
made  to  led  out  piscicidal  products  from  plant
origin. Plants  are  virtually  inexhaustible  sources
of  structurally  diverse  and  biologically  active
substances  (Istvan,2000). Some  plants  contain
compounds  of  various  classes  that  have
insecticidal,  piscicidal  and  molluscicidal
properties. Being  by  products  of  biosynthesis,
they  are   potentially  biodegradable,  less
expensive,  readily  available,  safe  for  mankind
and  the  environment (Marston and Hostettmann,
1985).

Fish  is  very  important  to  man  and  is one  of
the  most readily  available  and  valuable  sources
of  high  graded,  relatively  cheap  protein  available
to man (Choo and Williams, 2003). Fish  physiology
(haematological and biochemical parameters)  are
suitable  tools  for  assessing  environmental
influences  and  stress  effects  of  anthropogenic
origin  on  the  condition  and  health  of  aquatic
vertebrates (Celik, 2004).

  Euphorbia  tirucalli  ( Family-Euphorbiaceae) is  a

medicinal  plant, commanly  known  as  barki-
thohar . The  juice  is purgative, carminative,  useful
in   gonorrhoea, whooping cough,  asthma, dropsy,
leprosy,  enlargement of spleen, dyspepsia, jaundice,
stone in gall bladder (Kirtikar and Basu, 1975). From
ancient time  it  is  used  for  stupifying  fish (Kamat
and Muthe, 1 995). Its toxicity against  target  and
non-target organisms  have  been  established
(Tiwari et al., 2003). In the present study, we have
examined the effect of the  aqueous  extract  of
Euphorbia tirucalli plant latex on the  haematological
profile of Channa punctatus.

MATERIALS AND METHODS

Collection and maintenance of experimental animal

The Snakehead  fish, Channa punctatus (bloch)
(17.5+ 1.50 cm  total  length;  44.0 + 2.5 gm  weight)
were  collected from the different  localities  of
Aligarh district  (U.P), India.  They  were  stored  in
glass  aquaria  containing  20L  of  dechlorinated  tap
water. Prior  to experiment, fish  were treated with
potassium permanganate  solution  for 1 min. to
remove  any  dermal  adherent  and allowed  to
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acclimatize  under  laboratory  conditions  for  seven
days. The aquaria water was  changed  every  24 hrs.
and  food  was  provided.  Experimental  water
conditions  were;  atmospheric  temperature  26-27
0C,  water  temperature    28-29 0C, pH 7.0-7.2,
dissolved  oxygen  6.8-7.5  mg/L ,  free  carbon
dioxide  4.3-6.2  mg/L (APHA/WEF, 1998). .

Collection and preparation of aqueous extract of
plant latex

The  plant  Euphorbia  tirucalli (Family-
Euphorbiaceae), commonly  called  as  barki- thohar
was  collected  from  botanical  garden  of   D. S.
College, Aligarh (U.P), India.

Euphorbia  tirucalli  latex  was obtained  by
incisions  or  cut the  twigs, and  collected  in  the
pre-weighted  test tubes  containing  3 mL  distilled
water. After collecting  the  exudates  the test tube
were weighed again.  The  accurate  weight  of  latex
was  calculated  by  subtracting  the  initial  weight
of  test  tubes  containing  3 mL  distilled water  from
the final weight of test tubes. Now for  preparing the
aqueous extract, 1000 mL of  distilled  water  was
added  in to  the  latex.  Thus,  the  aqueous  extract
of  known  concentration  was  obtained, from
which  required dose was calculated. This  aqueous
extract  was  stored  in the refrigerator and  used
within a period of 48 hrs. (Jurberg et al,1985).

Haematological Analysis

Haematological  examination  of  Channa  punctatus
was  performed  at  the  end of  30-hrs  and  60-hrs
exposure  to  two  different  sub-lethal  doses (20%
and  40%  of  30h-LC50)  of  aqueous  extract  of
Euphorbia  tirucalli  plant  latex. At the  end  of  30-hrs
and  60-hrs,  Fish  were  sacrifized  from  control  as
well  as  experimental  groups  for  the  estimation  of
haematological  parameters.  Blood samples  were
collected into  sterilized  glass  vials  containing
anticoagulant  1% dipotassium  ethylene  diamine
tetra  acetate (EDTA).  The  total  erythrocyte count
(TEC)  was  made  by  Neubauer  haemocytometer,
Haemoglobin  concentration (HbC)  by sahli’s
method  outlined  by wintrobe (1968) ,erythrocyte
sedimentation  rate(ESR)  as mm/hr.  was  measured
by  wintrobe & landsberg’s method (1935),  specific
gravity  was  determined  by  copper  sulphate
specific gravity  method (phillips et al., 1950)
described  by  tarley (1966), mean corpuscular
volume (MCV)  was  calculated  by  (wintrobe,1969)
and  mean corpuscular  haemoglobin  concentration
(MCHC)  was  determined  by  Dacie and Lewis,

(1969). Blood  smears  made  and  stained  with
leishman  were  used  to  determine  differential
leucocyte  count  (DLC). The  majority  of  blood
values  determined  for  fishes  have  been  reported
as  Mean ± SEM  (Hubec et al., 2000), the  data
generated  in  this  study  are  thus  presented  as
MeanSEM.

Statistical analysis of data

The  data  obtained  from  this  study  were
subjected  to  various  statistical  tools. The
difference  in  the  means(± SEM),  between  groups
were  assessed  using Fisher’s  ‘t’test.  A  P-value  of
P<0.01  was  taken  as  highly  significant [#]  and
P<0.05  was  taken  as  significant [*].

RESULTS

Aqueous  extract  of  Euphorbia  tirucalli  plant  latex
induced  significant  decreases  in t otal  erythrocyte
count  (TEC),  Haemoglobin  concentration (Hbc),
Eosinophils,  Neutrophils,  Monocytes  and  Specific
gravity,  while  increases  in Lymphocytes,
Basophils,  Erythrocyte  sedimentation  rate (ESR),
Mean corpuscular  volume (MCV)  exposed  to  both
sub-lethal  doses (20% and  40% of 30h-LC50) in
Channa  punctatus. Mean  corpuscular haemoglobin
concentration (MCHC) values shows differently, it
was  significantly increased at 30-hours of  both
sub-lethal  doses (20%  and  40%  of  30h-LC50)  and
20%  of  30h-LC50  at  60-hours., while  decreases  at
60-hours  of  40%  of  30h-LC50  sub-lethal  dose
(Table 1 and Table 2).

DISCUSSION

In  the  presence  of  stressors ( contaminants/
pollutants),  blood  parameters  and blood
chemistry  can  be  employed as  standard
laboratory  test  to  determine diseased conditions
and  metabolic disturbances  in  fish (Celik, 2004).

The  decrease  in  Total  erythrocyte  count  and
haemoglobin  concentration  with increase   in  the
concentration  of  aqueous  extract  of  Euphorbi a
tirucalli  plant latex  is  similar  to  those  reported  in
C. gariepinus  exposed  to  Lepidagathis alopecuroides
leaf  extract  and  cassava milli  effluents (Gabriel et al.
2009; Adeyemo, 2005). This  pattern  of  response
may  be  attributed  to  acute anaemia.  Besides,  it
may  result  from  either  an  increase  in  the  rate  of
Hb  destruction or  decrease  in  production /
synthesis  (Raddy  and  Bashamohideen, 1989).
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Decrease  in the  Hb levels  may  impair  oxygen
supply  to  various  tissues resulting  in  slow
metabolic  rate  and  low  energy  production
(Ahmed et al., 1995; Atamanalp and yanik, 2003).

Differential  Leucocyte  Count (DLC)  was  also
found to  be altered  in  Channa punctatus,  in  which
Lymphocytes and  Basophils  were  found  to  be
increased, while  Eosinophils, Neutrophils  and
Monocytes  were  decreased. Many workers like
,Yati  and  Auta (2007)  in  Clarias gariepinus,
Agrahari et al., (2006)  in  Channa  punctatus  both
exposed  to  monocrotophos  and  Devi et al., (2004)
in Heteropneustes fossilis exposed  to  paper  mill
effluent  also  studied  Differential Leucocyte  Count.
The  decrease  in  the  number  of  Eosinophils,
Neutrophils  and  Monocytes  may  be  explained  by
their  limited  role  in  execising  protective  and
immune  responses  under  effluent  stress  contrary
to  this,  the increase  in  number  of  lymphocytes
was  related  to  the  triggering  of  adaptive,

defensive  and  immune  responses  to  counter  and
arrest  the  damage  of  the  fish  body.

Erythrocyte  sedimentation  rate (ESR)  increased
due  to  sub-lethal  doses  of aqueous  extract  of
Euphorbia  tirucalli  plant  latex.  An  increase  in  ESR
can be  correlated  with  decrease  in  specific  gravity
because  specific  gravity  is primarily  dependent
on  the  ratio  of  plasma  to  red  cells. An  increase
in  ESR (mm/hr)  has  been  also  reported  in
Channa  puncatus  due  to  exposure  of chlopyrifos
(Malla et al. 2009). An  increase  in  ESR  may  be  due
to  increase  in the  concentration  of  fibrinogen
which  develops  into  fibrinogenemia  due  to
chlorpyrifos  exposure  (Singh  and  Bhati, 1991).

Mean  corpuscular  volume (MCV)  showed
significant  increase  in  the experimental  groups
following  toxic  effect  of  Euphorbia  tirucalli  plant
latex. There  was  a  negative  correlation  between
MCV  and   total  erythrocyte  count ,while  positive
correlation  between  MCHC  and  Hb

Table 1. Alteration in haematological parameters  of  Channa  punctatus  to different  sub-lethal  doses  (20%  and  40%
of  30h-LC50 )  as  well  as  in  control for  aqueous  extract  of  Euphorbia  tirucalli  plant  latex  at  30-hours.

Parameters Control 20% of 30h-LC50 40% of 30h-LC50

TEC (106 /mm3 ) 1.84 ± 0.08 1.58 ± 0.08# 1.46 ± 0.03#

Lymphocytes (%) 56.2 ± 2.16 60.8 ± 1.99# 70.8 ± 1.86#

Eosinophils (%) 3.00 ± 0.40 2.20 ± 0.33* 0.80 ± 0.25#

Neutrophils (%) 20.4 ± 2.05 17.2 ± 2.07* 16.2 ± 1.68*
Basophils (%) 14.0 ± 1.26 15.6 ± 1.22* 16.2 ± 1.39*
Monocytes (%) 4.20 ± 0.77 1.40 ± 0.22* 1.60 ± 0.43*
HbC (gm%) 6.00 ± 0.31 5.40 ± 0.19* 5.24 ± 0.10#

ESR (mm/h) 1.60 ± 0.22 2.00 ± 0.20* 2.50 ± 0.14#

Specific gravity 1.0626 ± 0.0010 1.0578 ± 0.0012# 1.0558 ± 0.0009#

MCV (µm3) 183.75 ± 3.68 192.67 ± 3.62# 203.99 ± 3.00#

MCHC (%) 17.85 ± 0.74 19.07 ± 0.91 18.14 ± 0.28

Each  values represent the mean± SEM  of three observations,   P<0.01 = Highly significant (#), P<0.05 = Significant (*).

Table 2. Alteration in haematological parameters of Channa punctatus to different sub-lethal  doses (20% and 40% of 30h-
LC50) as well as in control for aqueous extract of Euphorbia tirucalli plant latex at 60-hours.

Parameters Control 20% of 30h-LC50 40% of 30h-LC50

TEC (106 /mm3 ) 1.84 ± 0.08 1.34 ± 1.62* 1.32 ± 1.50#

Lymphocytes (%) 56.2 ± 2.16 57.6 ± 1.34 63.8 ± 1.34*
Eosinophils (%) 3.00 ± 0.40 2.60 ± 0.46* 1.20 ± 0.23#

Neutrophils (%) 20.4 ± 2.05 18.8 ± 1.04 16.0 ± 1.02
Basophils (%) 14.0 ± 1.26 16.8 ± 1.11* 17.4 ± 1.40#

Monocytes (%) 4.20 ± 0.77 1.00 ± 0.20* 1.40 ± 0.36*
HbC (gm%) 6.00 ± 0.31 5.36 ± 0.19* 5.00 ± 0.13*
ESR (mm/h) 1.60 ± 0.22 1.80 ± 0.27 2.00 ± 0.20*
Specific gravity 1.0626 ± 0.0010 1.0606 ± 0.0010 1.0578 ± 0.0019*
MCV (µm3) 183.75 ± 3.68 206.09 ± 1.49#  206.33 ± 2.72#

MCHC (%) 17.85 ± 0.74 18.04 ± 0.62  15.40 ± 0.39*

Each  values represent the mean± SEM  of three observations,   P<0.01 = Highly significant (#), P<0.05 = Significant (*).
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concentration.  Mean corpuscular  haemoglobin
concentration (MCHC)  showed  significant
increase  except  40%  of  30h-LC50   sub-lethal  dose
at  60-hours.

CONCLUSION

Blood  is  a  pathophysiological  reflector  of  the
body  because  it  is  highly susceptible  to  internal
and  external  environmental  fluctuations.  Physio-
morphological  changes  in  blood  indicates  the
changes  in  the quality  of  the environment  and
therefore  blood  parameters are  important  in
diagnosing  the functional  status  of  the  animal
exposed  to  toxicants.

The  result  of  present  investigation  reveals
high  mortility  rate  and  deleterious consequences
on  the  entire  physiology  of  fish (haematological
disturbance followed  by  metabolic  changes)  in
Channa  punctatus  subjected  to  toxic effect  of
aqueous  extract  of  Euphorbia  tirucalli  plant  latex
and  therefore, should  not  be  used  any  purpose  in
aquaculture  at  higher  concentration.
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ABSTRACT

Accidents in industries are common features in most of the industries. Introduction of
multinational companies in India and some major accidents worldwide like Flexibrough, Seveso
and Bhopal gas tragedy have opened the eyes of regulatory agencies and industry owners. Safer
design and intrinsic safe equipment are now used in the industries to avoid accidents but still
accidents happen due to one reason or another and that causes direct and indirect losses to the
company and some time to the Nation. Concept of risk analysis and management is introduced to
prioritize the risk and how to control it. Risk analysis is also part of Environmental Impact
Assessment and also it is mandatory requirement by Insurance Companies to take the insurance
of the company. In this paper an attempt has been made to give the concept of risk assessment,
steps of conducting risk assessment and advantages of this study.
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INTRODUCTION

Process safety involves the application of
identification and control of hazards so that as we
prevent accidents and incidents can cause to
employees, plants and environment. The most
important aspects the process and plant should be
safe design and operation, shutdown of the plant.
The major industrial accidents such as Bhopal
tragedy in India (1984) and Sevso disaster in Italy
(1976) have created huge impact to the society. These
accidents might have been avoided if process safety
was given importance. The following graph shows
the major injury incidents rates in various sectors
over the period of 2003-04 issued by HSE UK. The
graph indicates the accidents are more in chemical
process industries.

Risk should be reduced to lowest practical level
by clear understanding of the process design,
operation and mechanical integrity of equipment.
Risk assessment begins with hazard identification.
The identified hazards to be assessed to determine
the probability and severity of the impact of the
hazard on public, surrounding community plant
employees and environment.

Risk assessment is a study to identify, analysis

and evaluate the risk and control measures for
reduces the risk of process plant or factory. Now a
day’s risk assessment has been a legal requirement
for process industries as per rules and regulations.

Under the new Workplace Safety and Health
(Risk Management) Regulations U.K, Factories Acts
1987, India and Manufacture, Storage and Imports
of Hazardous Chemicals Rules(MSIHC) India.
Every workplace, including factories, should
conduct risk assessments for all routine and non-
routine work undertaken. Other than the legal
requirement the risk reduction in the chemical
company earns to reduce the premium paying to the
Insurance companies due to accidents, illness and
Occupational diseases.

MATERIALS AND METHODS

A risk assessment is a systematic examination of a
task, job or process that you carry out at work for the
purpose of;
• Identifying the significant hazards that are

present (a hazard is something that has the
potential to cause someone harm or ill health).

• Deciding if what you have already done reduces
the risk of someone being harmed to an
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acceptable level, and if not;
• Deciding what further control measures you

must take to reduce the risk to an acceptable
level.
Risk Assessments should also be carried out to

satisfy the requirements of legislation but above all
to ensure the Health & Safety of employees.

Risk assessment can be done in qualitative as well
as quantitative methods. The following tools are
used for assessing risk in the chemical process
industries.

Risk assessments should always be carried out by
a person who is experienced and competent to do
so, competence can be expressed as a combination of
Knowledge, Awareness, training, and experience. If
necessary consult a more experienced member of
staff or external professional help to assist with the
risk assessment.

Separate risk assessment should be carried out
for all tasks or processes undertaken by the
organization, they should be carried out before the
task starts, or in the case of existing or long running
tasks, as soon as is reasonably practicable.

Risk Assessments should also be reviewed on a
regular basis; monthly, annually, bi-annually,
depending on risk, or if something changes i.e. a
new worker, a change of process or substance etc.

Risk Assessment is a process of evaluation
including the identification of the attendant
uncertainties, of the likelihood and severity of an
adverse effect (s)/event(s) occurring to man or the
environment following exposure under defined
conditions to a risk source(s). (European
Commission, 2000).2

Risk assessment can be done in qualitative as well
as quantitative methods. The following tools are
used for assessing risk in the chemical process
industries.

1. Qualitative Risk Assessment
• Job Safety Analysis (JSA)

• Logic diagrams
• What-if/Checklist
• Failure Modes and Effects Analysis (FMEA)
• Hazard and Operability Study (HAZOP)

Job Safety Analysis

A Job Safety Analysis (JSA) is a method that can
be used to identify, analyze and record
� The steps involved in performing a specific job.
� The existing or potential safety and health

hazards associated with each step, and
� The recommended action(s)/procedure(s) that

will eliminate or reduce these hazards and the
risk of a workplace injury or illness.

Logic diagram

In any system of man-machine interface, we have
interplay of probabilities of failures of man &
components. A logical diagram showing this
interplay is known as a logic diagram.

Checklist

Checklist is used as an aid to memory.  It helps to
ensure consistency and completeness in carrying out
a task. A basic example is the “to do list.” A more
advanced checklist would be a schedule, which lays
out tasks to be done according to time of day or
other factors.

Applications of checklist

(1) A popular tool for tracking sports card
collections. Randomly inserted in packs, checklist
cards provide information on the contents of sports
card set. (2) A tool that is used as a human factors
aid in aviation safety to ensure that a long list of
items are not forgotten.

Failure modes and effects analysis (FMEA)

Failure modes and effects analysis (FMEA) is a
procedure for analysis of potential failure modes
within a system for classification by severity or
determination of the effect of failures on the system.
It is widely used in manufacturing industries in
various phases of the product life cycle and is now
increasingly finding use in the service industry.
Failure modes are any errors or defects in a process,
design, or item, especially those that affect the
customer, and can be potential or actual. Effects
analysis refers to studying the consequences of those
failures.

HAZOP

Hazard and operability studies is a methodology for
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for an entire year using typical meteorological year
weather data. An important aspect of whole-
building modeling is that it accounts for the
interaction between different elements of the
building, such as the impact of lighting on space
conditioning loads or the impact of day lighting on
electrical lighting loads. The impact of different
building uses and occupancy patterns is also
accounted for.

Probit Models

A Probit model is a popular specification for a
binary response model which employs a Probit link
function. This model is most often estimated using
standard maximum likelihood procedure; such
estimation is called Probit Regression.

Probit models were introduced by Chester Bliss
in 1935, and a fast method for computing maximum
likelihood estimates for them was proposed by
Ronald Fisher in an appendix to the same article.

Components of Risk Assessment
Quantitative risk assessment (QRA) includes:
a. System Description
b. Hazard Identification
c. Scenario Selection
d. Consequence Estimation
e. Likelihood Estimation
f. Risk Estimation
g. Utilization of Risk Estimates

A brief account of the role of each of these
techniques is given below:

System Description: is the compilation of
process/plant information needed for the risk
analysis, for example, site location, environs,
weather data, process flow diagrams (PFDs), piping
and instrument diagrams (P&IDs), layout drawings,
effluent and emission summary, operating and
maintenance procedures, technology
documentation, process chemistry, etc.

Hazard Identification: Hazard Identification is a
critical step in QRA(4). Many aids are available,
including experience and engineering codes. Some
of these are:

• Checklists
• What-if-Analysis
• Preliminary Hazard Analysis (PHA)
• Hazard and Operability (HAZOP) Studies
• Failure Mode and Effects (FMEA)
Scenario Selection: A robust methodology is

called for in order to list out all accidental release

scenarios that have the potential to impact members
of the public outside the installation boundary. The
key considerations are:

• Nature of the hazardous substance released
and its operating temperature and pressure, etc.

• Inventory of the hazardous substance.
• Geographical location of the inventory in

relation to the installation boundary.
Consequence Estimation: is the methodology

used to determine the potential for damage or injury
from specific incident. This includes determination
of affected distances for the identified maximum
credible loss scenarios using a variety of’ software.
The distances would indicate the radiation and
overpressure level for flammable substances and
vapour concentration for toxic chemicals. By using
this technique, one can locate the areas of the site
which would be affected in the event of an
emergency. Outcomes of an incident are analyzed
using source and dispersion models and explosion
and fire models. Effects models are then used to
determine the consequences to people or structures.
Evasive actions such as sheltering or evacuation can
reduce the magnitude of the consequences and these
may be included in the analysis. Many consequence
estimation computer programmes are available in
the market.

Likelihood/Frequency Estimation: is the
methodology used to estimate the frequency or
probability of occurrence of an incident. Estimates
may be obtained from historical incident data on
failure frequencies or from failure sequence models,
such as fault tree analysis (FTA) and event tree
analysis (ETA).

Risk Estimation: combines the consequences and
likelihood of all incident outcomes from all selected
incidents to provide a measure of risk. This involves
mapping the accident areas and risk pattern.

Risk Assessment Matrix: The risk assessment
matrix is a tool that standardizes quantitative risk
assessment and facilitates the categorization of risk
from threats to health, safety, environment and
company reputation.

As shown in the graph-1, a scale of consequences
from “1” to “5” is used to indicate increasing
severity of occurrence. The consequences are those
of credible scenarios that can develop from the
release of a hazard. After assessing the potential
outcome, the likelihood on the horizontal axis is
estimated on the basis of historical evidence that
such consequences have materialized within the
industry, the company or a smaller unit. Estimation
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of likelihood and consequences is not an exact
science.

Assessing the risk of a particular scenario should
be done in the above sequence, i.e. first the potential
consequences are estimated and only thereafter the
likelihood of such consequences occurring is
estimated.

Utilization of Risk Estimates: is the process by
which the result from a risk analysis is used to make
decisions depending upon the goals set for the QRA
study.

The goals could be one or more of the following:
• To compare the estimated individual and societal

risks against acceptance criteria and comment on
the tolerability of risk.

• To identify the major risk contributors and to
recommend remedial measures for risk
reduction.

• To carry out cost-benefit analysis for the
implementation of the remedial measures.

• To address land use planning issues including
suitability of sitting, layout and design.

• To develop appropriate contingency plan

Steps For Risk Assessment

1. Identify the potential hazardous event or
incidents. This includes qualitative analysis

and or complex analysis.
2. To estimate the potential incident frequencies.

Generally fault trees or generic databases are
used for the event or incidents sequences. To
evaluate the hazardous events or incidents
outcomes (consequences).

3. To estimate the risk and its impacts on people,
environment and property. This is done by
combining the potential consequence for each
event with the event frequency, and summing
over all events.

4. To evaluate the risk. Identify the major sources
of risk and determine if there are cost-effective
process or plant modifications which can be
implemented to reduce risk.

5. To Identify and prioritize potential risk
reduction measures if the risk is considered to
be excessive.

Figs 1 and 2 shows procedure of risk assessment.

Advantages of Risk Assessment

QRA can be effective in increasing the manager’s
understanding of the level of risk associated with a
company activity.

Whenever possible, decision makers should
design QRA studies to produce relative results that
support their information requirements.

Fig. Risk Assessment Methods
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ABSTRACT

The present work deals with the quality of water parameters such as pH, electrical conductivity,
total hardness, calcium, magnesium, total alkalinity, chloride, salinity and fluoride in
Kodumudiaru dam water.  These parameters are recorded by means of collecting twenty samples
of water from the dam and near by ponds connected through canal.  Experimental analysis shows
that concentration of fluoride  in   surface   water  is  less than 1 ppm, which is the permissible
limit.  The other parameters are also present within the limit.

KEY WORDS : Dam water, Fluoride, Physico-chemical characteristics of water

INTRODUCTION

Kodumudiaru, is a perennial river in South Tamil
Nadu, originating from Western Ghats in Tirunelveli
District at a height of above 200 meters. It is a small
river basin in Tamil Nadu.  The Kodumudiaru dam
was constructed by Tamil Nadu Government in
2004 near the hill, where the river water is collected
and stored. The total length of the dam is 43.2 meters
with a top level breadth of 5m.  This dam water is
utilized for an area of 5781 acres. There are 44 ponds
connected by two canals which take off from this
dam to facilitate the distribution  of water both for
irrigation and for drinking purposes. The amount of
water that comesout from the dam through the canal
is 7944 cub/sec.  The maximum amount of water is
passed from the dam through the canal is 17084
cub/sec. People of more than fifty villages are using
this water for drinking and agricultural purposes.

MATERIALS AND METHODS

Twenty water samples from the dam along with two
ponds were collected in cleaned polythene bottles.
Fluoride concentration is measured by
spectrophotometer. The pH is determined by digital
pH meter and electrical conductivity is analysed
using digital conductivity bridge.  Total alkalinity,
total hardness, calcium, magnesium, chloride and
salinity are determined by the titration methods.

RESULTS AND DISCUSSION

Table 1 reports the findings about the concentration
of fluoride, total alkalinity, total hardness, calcium,
magnesium, chloride, salinity, pH and EC in the
samples of drinking water. Total alkalinity in all
water samples ranges from 56.58 mg/L to 150.88
mg/L. The amount of total hardness (i.e., calcium
and magnesium) in all samples of water ranges from
28 mg/L to 76 mg/L. In the water samples pH
ranges from 6.67 to 8.13.  The electrical conductance
ranges between 70 mho/cm and 115 mho/cm.
Chloride and salinity range from 14.683 mg/L to
25.361 mg/L and 26.943 mg/L to 46.537 mg/L.

Fluroride concentration in drinking water,
ranging between 1 mg/L and 5 mg/L causes
mottled enamel in teeth and in the case of exceeding
the above range, the concentration causes skeletal
fluorosis.  This range is not applicable to the water
samples under investigation. The concentration of
fluoride in these water samples are less than 1 mg/
L. So none of the people here have been affected by
dental and skeletal fluorosis.

In all the water samples the values of pH are
within the prescribed limit. The limit of pH  value
for the quality of drinking water is specified at 6.5 to
8.5 (ICMR 1975). Hence the pH value of 7.0 is
considered to be advisable and an ideal one for most
of the reactions as well as for human beings.

The value of electrical conductivity of these water
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samples are within the limits ie less than 250 mho/
cm.  The investigation reveals that the quality of the
water samples is excellent.

Conductivity values are indicative of solute
content of water and general nature of water quality.

Total alkalinity of all water samples are within the
prescribed limit ie less than 400 mg/L. A commonly
indicated water quality parameter is its hardness,
due to the presence of calcium and magnesium in
combination with anions such as carbonate and
sulphate. The presence of these two divalent cations
is essential for ensuring soil permeability and for the
growth of crops. Thus, one can measure that the
sum total of calcium harness and magnesium
hardness is the total hardness. The values of total
hardness in these samples are within the prescribed
limit (ie less than 300 mg/L). Total hardness of water

is within this limit. The amount of chloride and
salinity are within the desirable limits. (250 mg/L
and 450 mg/L).

CONCLUSION

The researcher finds that the concentration of all the
parameters under investigation are within the
prescribed limit. Agriculture is the main occupation
of the people in these areas.  Drinking water is an
important basic need.  Hence this dam water is
suitable for both drinking and irrigation purposes.
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ABSTRACT

All types of domestic, municipal and industrial waste together constitute the city sewage. It is
highly polluted with regards to physical, chemical and biological characteristics. In the present
experiment, fish Heteropneustes fossilis was exposed to the sewage of Guwahati City for a period
of 180 days and the liver histology was studied after every 30 days interval. The liver exhibited
marked change in the histopattern showing gradually increase in liver damage including
vacuolation, degeneration, haemorrhage and fibrotic change in liver cells.

KEY WORDS : Wetland, Sewage, Liver, Heteropneustes fossilis.

INTRODUCTION

City sewage is extremely polluted due to presence of
variety of pollutants from domestic, municipal and
industrial sources of the city. Waste water from these
sources contain organic, inorganic and metallic
pollutants (Kalita et al., 2010), remain untreated and
released into nearby wetlands as raw sewage. The
pollutants of sewage grossly alter the water quality
of receiving wetland affecting the biotic
communities including fishes, the most important
food source of human being. Among the different
vital organs, liver is the worst affected organ of
animal due to pollution of environment. Upon
gaining entry in to the animal body, pollutants
through circulation reach liver, the principal site of
detoxication of the body. The organic, inorganic and
metallic pollutants of sewage pass through the gill
barrier of fish and reach liver through circulation,
and inflict damage to the liver at cellular level.
Adverse effect on fish liver due to chemical and
other pollutants  was reported by Sharma and
Sharma (1991, 1995); Pandey et al., (1993); Banerjee
and Bhattacharya (1997); Anitha Kumari and Kumar
(1997); Nanda et al., (2004) and Anusuya et al.,
(2005). Since there are very few information
regarding the impact of city sewage on liver,
therefore the present study was carried out to see the

histopathological change of liver tissue of fish
Heteropneustes fossilis exposed to sewage of
Guwahati city.

MATERIAL AND METHODS

Mature healthy live fish Heteropneustes fossilis of size
10-12 cm were procured locally and acclimatized in
glass aquarium (Size 75X45X45 cm) for 3 weeks and
fed with standard food pellets. The sewage was
collected from the most polluted site of the
Guwahati city (Kalita et al., 2009), in plastic
container and brought to the laboratory and kept in
the test aquarium. A batch of 14 fishes were
transferred to test aquarium and exposed to sewage
for 180 days. Simultaneously, a control set of fishes
were maintained. The sewage of test aquarium was
replaced after every 3 days interval. Couple of fishes
were scarified at 30 days intervals and the
histological study of liver of both control and treated
fish were prepared by following standard
methodology of Verma (1983) and observed under
microscope (400X).

RESULT AND DISCUSSION

Microphotograph of the control and treated group
of the liver of fishes are presented in the plate I to

Corresponding Author : B.K. Baruah (birodekbarhau@rediffmail.com)
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VII. The liver of control fish showed normal
histological pattern comprising polygonal hepatic
cells or hepatocytes with uniform distinct cell
membrane, central nucleus and homogenous
cytoplasm. The hepatocytes are arranged in linear
order with the presence of distinct bile capillaries
and sinusoids (Plate-I). Contrary to this, the treated
group of fishes showed marked changes in the liver
histological structure and the intensity of changes
were found depend on the duration of exposure
period. At the initial period of exposure the liver
showed alteration of polygonal shape of
hepatocytes, swelling and formation of cytoplasmic
vacuoles in the liver cells (Plate - II). As the exposure

period increased the breakdown of cell membrane,
more tissue swelling and vacuolation noticed (Plate
-III). Later, liver cells  showed breakage of
histopattern, dissolution of the perilobular area and
hemorrhagic condition of the liver (Plate- IV).
Finally, the liver showed dissolution of intercellular
tissue matrix, nuclear disorganization,
haemorrhage, hypertrophy and rupture of hepatic
cells and necrotic changes (Plate -V, VI and VII). All
these changes were indicative of degeneration of
liver caused by toxic nature of sewage due to
presence of various organic, inorganic and metallic
components.

Similarly, earlier report of Banerjee and

Plate 1. T.S. of liver of control fish showing normal histopattern with hepatocytes, distinct nuclei (400X).
Plate 2. T.S. of liver of  30 days treated fish showing loss of nuclei and cell  membrane, formation of vacuoles and

dissolution of interlobular connective tissues (400X).
Plate 3. T.S. of liver of  60 days  treated fish showing hepatocellular degeneration, cytoplasmic vacuolation and loss

of compactness (400X).
Plate 4. T.S. of liver of 90 days treated fish showing breakage of histopattern, vacuolation, hepatocytic dissolution

and haemorrhagic condition (400X).
Plate 5. T.S. of liver of 120 days treated fish  showing dissolution of intercellular connective tissue matrix, deformed

nucleus  and  vacuolation in hepatic cell with  haemorrhage (400X).
Plate 6. T.S. of liver of 150 days treated fish showing loss of cellular configuration,  disappearance of nuclei and cell

membrane, degeneration of hepatic vein and cellular compactness (400X).
Plate 7. T.S. of liver of 180 days treated fish  showing necrotic lesion with haemorrhage, rupture, vacuolation, empty

cell boundary and fibrotic change (400X)
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Bhattacharya (1997) recorded histopathological
damage associated with vacuolation and necrosis of
liver and Anitha Kumari and Kumar (1997) reported
breakage of histopattern, vacuolation, matrix
dissolution and haemorrhage in liver of fish exposed
to aquatic pollutants. Sharma and Sharma (1991,
1995)  also observed vacuolation, degeneration and
necrosis of liver cells in fish. Mukhopadhya et al.
(1987) and Nanda et.al. (2004) in their study found
rupture and hypertrophy of hepatic cells and
disorganization of interlobular space in liver of fish
exposed to the pollutant.

The present study clearly demonstrates that
pollutants of sewage could induce severe damage to
the liver of fish. The extensive hepatic cellular
damage leading to malfunctioning of overall
metabolic activities of liver that resulted morbid
state of fish. Therefore, sewage needs treatment
minimizing its toxicity before release into nearby
ecosystem.
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ABSTRACT

Distillery spentwash contains all nutrients and organic matter and used in agriculture as a source
of plant nutrients and irrigation water. Besides all the nutrients, spentwash contains appreciable
amount of nitrogen (N) and phosphorus (P). The effect of different levels of spentwash application
on soil nurtient dynamics was examined through a laboratory closed incubation experiment.
Application of different levels of spentwash had significant influence on soil N and P in soil. Both
the NH

4
-N and NO

3
-N fractions markedly increased with increase in the levels of spentwash (140

m3). Results show that the spentwash not only adds mineral N (NH
4
-N and NO

3
-N) to soil, but also

promotes the mineralization of soil organic N, thus resulting in large amounts of NH4-N and NO3-
N in soil. The application of different levels of spentwash markedly increased the concentration
of P also in the soil. Significant difference was observed in various P fractions during the
incubation experiment. The increase in all the fractions of P might also be due to the dissolution
of soil mineral P (apatite P). The present study was, therefore, undertaken to study the nutrient
dynamics in soil under spentwash application and its impact on soil and environmental quality.

KEY WORDS : Spentwash, Levels of spentwash, Mineralization, Nutrient dynamics

INTRODUCTION

The spentwash, being loaded with organic and
inorganic compounds could bring remarkable
changes on the physical, chemical and biological
properties of soils and thus influences the fertility of
soil significantly. Several workers reported
significant increase in the available N, P, K, Ca and
Mg contents of the soils due to spentwash
application (Mallika, 2001). Saliha (2005) found that
the application of effluent @ 125 m3/ ha enhanced
the nutrient contents to 325, 60 and 640 kg/ ha N, P
and K, respectively than the initial N, P and K status
of the experimental soil.

MATERIALS AND METHODS

Collection and Characterization of distillery
spentwash

The biomethanated distillery spentwash was
characterized for its nutritive value and pollution
potential by following standard methods (APHA,

1989) (Table 1). The biomethanated distillery
spentwash sample was collected from the Salem Co-
operative Sugar Mills Ltd, Mohanur, Namakkal
District, Tamil Nadu, India.

Characterization of experimental soil

The soil samples used in the laboratory experiment
were collected from a farmer ’s field in Kidaram
village of Namakkal district. The soil belongs to
Alfisol (red soil) – Typic Rhodustalfs in USDA
classification. The soil samples were processed and
analysed for important physical and chemical
characteristics (Table 2).

Laboratory incubation experiment

The effect of different levels of spentwash on soil
nutrients dynamics was examined through a
laboratory closed incubation experiment. Five
hundred grams of air-dried soil (2 mm sieved) were
weighed in plastic containers. The biomethanated
spentwash was added at the rate equivalent to 0, 20,
40, 60, 80, 100, 120, 140 m3/ha and thoroughly mixed

*Corresponding author : E-mail: kalaiphd@gmail.com
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with soil. Wherever necessary required quantity of
distilled water was added to achieve a final
moisture content equivalent to 60% of field capacity.
After adding the spentwash, the plastic containers
were covered with polyethylene bags containing
small pin-sized holes to permit aeration. Four
replicates of each treatment were prepared,
randomly placed and incubated in the laboratory at
25±2oC for 90 days. Based on the weight loss
distilled water was added to the container to
maintain the moisture content throughout the
incubation experiment. At the end of 30, 60 and 90
days samples (≈ 100 g) were removed from all the
treatments and used for various chemical analyses.
Moisture factor was computed and applied to
express the results on oven dry basis. The
mineralization of N and P was determined by
measuring mineral-N (NH4-N and NO3-N) and
organic P (P0) and inorganic P (Pi) in soil, at 0, 30, 60
and 90 days.

Mineral- nitrogen

The fractionation of soil nitrogen was carried out by
the procedure given by Cheng and Kurtz (1983) and
Keeney and Bremner (1964). The individual
fractions were estimated according to the procedure
given by Bremner (1965).

• Preparation of Equilibrium extract
A quantity of 10 g of soil (0.2 mm) treated with 100
mL of 2 M KCl solution was shaken for one hour
and filtered through Whatman No.1 filterpaper.

• Ammonical nitrogen (NH4-N)
An aliquot of 20 mL of the above filterate was
distilled with freshly ignited MgO in distillation
apparatus and the distillate collected in 2% boric
acid containing mixed indicator was titrated with
standard H2SO4.

• Nitrate nitrogen (NO3-N)
On removal of NH4 from the sample, added a pinch
of devarda’s alloy and continued the steam
distillation. The amount of NO3-N was determined
as described for NH4-N.

Phophorus (P) fractions

The different P fractions in soil were determined
following a modified P fractionation technique
which involves both alkaline and acid extractants

Table 1. Characteristics of biomethanated distillery
spentwash

S. Characters Biomethanated
No. spentwash*

1. Colour Dark brown
2. Odour Unpleasant

burnt sugar
3. pH 7.1
4. EC (dS/ m) 38
5. Total dissolved solids 50000
6. Total suspended solids 3300
7. Total solids 53300
8. Biological oxygen demand 12800
9. Chemical oxygen demand 35000

10. Carbon (g/ L) 24
11. Nitrogen 420
12. Phosphorus 40
13. Potassium 9097
14. Total sugars (%) 3.49
15. Reducing sugars (%) 1.77
16. Total phenols 84
17. Zinc 7.20
18. Iron 78
19. Manganese 5.3
20. Copper 5.5
21. Bacteria (x 106 CFU/ mL of effluent) 12
22. Fungi (x 104 CFU/ mL of effluent) 19
23. Actinomycetes (x 103 CFU/ mL of

effluent) Nil

*Mean of triplicate samples (Values are in mg/ L unless
otherwise stated)

Table 2. Characteristics of soil used in the incubation
experiment

S. No Characters Values

(a). Mechanical properties
Textural class Sandy loam
Sand (%) 79.5
Silt (%) 14.8
Clay (%) 10.3
USDA classification Typic Rhodustalfs

(b). Physico-chemical properties

1. pH (1: 2.5 soil water suspension) 5.40
2. EC (dS/ m) (1: 2.5 soil water

suspension) 0.043
3. Organic carbon (g/kg) 5.20
4. NH4- N (mg/kg) 52
5. NO3- N (mg/kg) 55
6. NaOH - Pi (mg/kg) 194
7. NaOH - Po (mg/kg) 488
8. HCl - P (mg/ kg) 42
9. NH4OAc-K (mg/kg) 80
9. Sodium (cmol (p+)/kg) 0.26
10. Calcium (cmol (p+)/kg) 0.69
11. Magnesium (cmol (p+)/kg) 0.52
12. Sulphate (mg kg) 26
13. Chloride (mg/kg) 17
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(Bolan and Hedley, 1989). One gram field soil was
added with 25 mL of water and shaken for 30 min.
in a 50 mL centrifuge tube. After centrifuging at 8000
rpm for 10 min, the supernatant solution was
filtered and analysed for solution-P. The soil residue
was subsequently shaken with 1 M NaOH (at 1:25
sample solution ratio) for 16 hrs. After centrifuging
and filtering, the solution was analysed for P, which
included both solution and adsorbed P.

To the residue in the tube 25 mL of 1 M HCl was
added and shaken for further 16 hrs and centrifuged
and filtered. The P was determined in the solution as
acid soluble P. The soil residue was digested using
10 ml of triacid at 2600 C for 45 min. and the
concentration of P in the extract was subsequently
measured. The organic P (Po) in the extract was
calculated as the difference between total P in
NaOH and Pi in NaOH.

RESULTS AND DISCUSSION

Effect of spentwash on nutrients dynamics

Nitrogen

The effect of spentwash on N dynamics in soil is
presented in Table 3. Application of different levels
of spentwash had significant influence on soil N.
Immediately after application of spentwash, the
NH4-N in soil markedly increased from 134 mg/ kg
(control) to 296 mg/kg. The highest concentration
was recorded due to the application of 140 m3/ha
(T8). The spentwash application up to 60 m3/ha
resulted significant increase in the NH4- N at 30 days
(T1 to T4) and thereafter, a decreasing trend was

observed; whereas, in treatments T5 (80 m3/ ha) to T8

(140 m3/ha), the concentration of NH4-N in soil was
progressively decreased during 90 days of
incubation. The treatments and incubation period
had significantly affected the NH4-N content in soil.
At all days of incubation, the concentration of NH4-
N was the lowest in control and the highest in
treatment (T8) that received spentwash at the rate
equivalent to 140 m3/ ha.

Similar to NH4-N, the NO3-N in soil under
controlled condition was also changed significantly
due to spentwash application. Initially the NO3-N in
soil ranged between 66 and 114 mg/ kg (Table 4).
Increase in the rate of application had significantly
increased the NO3-N content of soil. During 90 days
of incubation, the concentration of NO3-N
progressively increased at all treatments. At the end
of incubation, the concentration varied between 148
and 424 mg/ kg. At all days of incubation, the NO3-
N content was the lowest in the control and the
highest in treatment (T8) which received the
spentwash at a rate of 140 m3/ ha. The effect of
treatments, incubation period and their interaction
had significant impact on NO3-N in soil.

The N dynamics in soil was significantly
influenced by the application of spentwash. The
data indicated that the mineralization of N occurs
continuously in soil during incubation up to 60 days
and thereafter the mineralization rate decreased at
90 days due to possible net immobilization and
microbial uptake. Increase in the levels of spentwash
markedly increased the rate of mineralization of N
during the incubation.

Both the NH4-N and NO3-N fractions markedly

Table 3. Effect of spentwash application on NH4-N (mg/ kg) content of soil during incubation

Treatments Incubation period (days)

0 30 60 90 Mean

T1- Control 54 58 70 51 58
T2- Soil +  Spentwash @ 20 m3/  ha 134 192 80 82 122
T3- Soil +  Spentwash  @ 40 m3/  ha 140 204 90 92 132
T4- Soil +  Spentwash  @ 60 m3/  ha 194 210 94 92 148
T5- Soil +  Spentwash  @ 80 m3/  ha 224 222 98 96 160
T6- Soil +  Spentwash  @ 100 m3/  ha 272 234 104 94 176
T7- Soil +  Spentwash  @ 120 m3/  ha 272 240 120 104 184
T8- Soil +  Spentwash  @ 140 m3/  ha 296 246 130 106 195
Mean 198 201 98 90 147

SEd CD (0.05)
T 2.34 4.65
D 1.66 3.29
T x D 4.69 9.31
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increased with increase in the levels of spentwash
(Fig. 1 and 2). This might be due to the inorganic N
present in the distillery spentwash. This result
corroborates with the findings of Myers et al., 1982
who reported that under land-based treatment of
effluent, NO3-N and NH4-N concentrations in soil
may increase as a direct result of inorganic N present
in the effluent and increased soil organic matter
(SOM) mineralization. Similar results were observed
by Degens et al., 2000 who stated that effluent
irrigation can significantly increase total N stored
within a soil profile, according to effluent
composition, loading rates and solution chemistry.

The increase in the NH4-N fraction was observed
up to 30 days of incubation in spentwash applied
soils. This was in line with the findings of Chatigny
et al., 2001 who reported that addition of pig slurry
and cocomposted sewage sludge has resulted in an
immediate but short term increases in inorganic N
contents, particularly NH4

+.  After 30 days of

incubation a decline in the NH4-N fraction was
observed, probably due to the N transformation
process through which the NH4-N is converted into
NO3-N (or) due to immobilization and microbial
uptake.

In an incubation experiment Van Kessel et al.,
2000 found that various components of dairy
compost the bulk mineralized ammonium was
observed to have been nitrified to nitrate within 14
to 28 days.  The reduction in NH4-N could also be
due to conversion of NH4-N to NO3-N (nitrification)
and further the NO3-N lost during incubation
through biological denitrification, a microbial
process through which NO3 is reduced to nitrous
oxide (N2O) and molecular N (N2) and lost from soil
(Firestone, 1982).

The NO3-N fraction was found increased
continuously until the end of the incubation
experiment. Nitrification of NH4-N added through
spentwash, and mineralization and nitrification of

Table 4. Effect of spentwash application on NO3-N (mg/ kg) content of soil during incubation

Treatments Incubation period (days)

0 30 60 90 Mean

T1- Control 66 118 140 148 118
T2- Soil +  Spentwash @ 20 m3/  ha 78 138 142 160 130
T3- Soil +  Spentwash  @ 40 m3/  ha 84 142 144 204 144
T4- Soil +  Spentwash  @ 60 m3/  ha 92 150 152 268 165
T5- Soil +  Spentwash  @ 80 m3/  ha 104 154 160 346 192
T6- Soil +  Spentwash  @ 100 m3/  ha 106 156 160 390 203
T7- Soil +  Spentwash  @ 120 m3/  ha 114 160 184 420 220
T8- Soil +  Spentwash  @ 140 m3/  ha 114 174 214 424 232
Mean 95 150 161 295 175

SEd CD (0.05)
T 3.06 6.08
D 2.17 4.30
T x D 6.12 12.16

0
50

100
150
200
250
300
350
400
450
500

0 30 60 90

N
O

3-
N

 (
m

g 
kg

-1
)

Incubation period (days)

Control 40 m3 ha-1 80 m3 ha-1 120 m3 ha-1

0

50

100

150

200

250

300

350

400

450

500

0 30 60 90

N
H

4-
N

 (
m

g 
kg

-1
)

Incubation period (days)
Control 40 m3 ha-1 80 m3 ha-1 120 m3 ha-1

Fig 1. Effect of spentwash application on NH4-N (mg
kg-1) content of soil during incubation

Fig 2. Effect of spentwash application on NO3-N (mg
kg-1) content of soil during incubation
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Table 6. Effect of spentwash application on NaOH-Pi (mg/kg) content of soil during incubation

Treatments Incubation period (days)

0 30 90 Mean

T1- Control 201 225 214 213
T2- Soil +  Spentwash @ 20 m3/  ha 216 326 305 282
T3- Soil +  Spentwash  @ 40 m3/  ha 236 328 316 293
T4- Soil +  Spentwash  @ 60 m3/  ha 247 337 320 301
T5- Soil +  Spentwash  @ 80 m3/  ha 253 348 334 312
T6- Soil +  Spentwash  @ 100 m3/  ha 255 364 344 321
T7- Soil +  Spentwash  @ 120 m3/  ha 258 373 362 331
T8- Soil +  Spentwash  @ 140 m3/  ha 288 397 378 354
Mean 244 337 322 301

SEd CD (0.05)
T 5.50 10.96
D 3.37 6.71
T x D 9.52 18.99

Table 5. Effect of spentwash application on organic carbon (g/ kg) of soil during incubation

Treatments Incubation period (days)

0 30 60 90 Mean

T1- Control 5.2 5.0 5.7 3.3 4.8
T2- Soil +  Spentwash @ 20 m3/  ha 8.0 6.8 6.1 4.5 6.4
T3- Soil +  Spentwash  @ 40 m3/  ha 8.8 7.6 6.3 5.6 7.1
T4- Soil +  Spentwash  @ 60 m3/  ha 9.7 8.2 6.8 6.8 7.9
T5- Soil +  Spentwash  @ 80 m3/  ha 10.7 8.3 7.8 7.4 8.5
T6- Soil +  Spentwash  @ 100 m3/  ha 11.6 8.5 8.2 8.0 9.1
T7- Soil +  Spentwash  @ 120 m3/  ha 12.2 9.8 8.3 8.0 9.6
T8- Soil +  Spentwash  @ 140 m3/  ha 13.4 10.5 9.5 9.3 10.7
Mean 10.0 8.1 7.3 6.6 8.0

SEd CD (0.05)
T 0.20 0.50
D 0.22 0.36
T x D 0.51 1.13

soil organic N might have increased the NO3-N in
soil. Hadas et al., 1996 and Marschner et al., 2003
reported that an increase in the rate of spentwash
markedly increased the rate of both mineralization
and nitrification in soil. However, greater amount of
NO3-N than NH4-N was evident particularly at the
later stage of incubation. The spentwash contains
large amount of organic carbon. It increased the soil
organic carbon content (Table 5) which in turn
stimulated the soil microbial activity by providing a
carbon substrate. The balance between N
mineralization and immobilization is closely linked
to C substrate availability and the C/N ratio of the
available organic matter (Cookson et al., 2006).

Phosphorus

The P dynamics in soil as affected by spentwash
application was examined through a P fractionation

study. This involves measuring the changes in the
inorganic (Pi) and organic (Po) as extracted by
NaOH, as well as measuring the acid soluble P
(HCl- extractable P) P- fractions in soil.

The concentration of inorganic P (NaOH-Pi)
changed notably during 90 days of incubation (Table
6). Initially, NaOH-Pi ranged from 201 to 288 mg/
kg. Increase in the rate of application of spentwash
significantly increased the NaOH-Pi particularly at
higher rates. The spentwash at 140 m3/ ha recorded
the highest concentration of 288 mg/ kg. At all
treatments, the NaOH-Pi was found rapidly
increased up to 30 days, and thereafter found
decreased at 90 days. At the end of incubation the
concentration ranged between 214 and 378 mg/ kg.
Soils with no spntwash application had the lowest
concentration of NaOH-Pi at all days; whereas the
spentwash at a rate equivalent to 140 m3/ ha
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resulted in the highest concentration at all days of
incubation.

The changes in the concentration of organic P was
measured indirectly. The total P as extracted in
NaOH was determined and the difference between
total P and inorganic P (NaOH-Pi) was computed as
organic P (Mahimairaja et al., 1995). The changes in
the amounts of Po during incubation are presented
in Table 7.

In control, the soil had only 491 mg Po/ kg
initially. Due to application of spentwash at the rate
equivalent to 140 m3/ ha the NaOH-Po remarkedly
increased up to 799 mg/ kg (T8). Significant
variations were observed between treatments as
well as between incubation periods. During
incubation, irrespective of treatments the NaOH-Po

was found increased rapidly at 30 days and
thereafter showed a gradual decrease at 90 days.

Similar to Pi, NaOH-Po also increased progressively
with increase in the rate of spentwash application.
At all days, application of spentwash at a rate of 140
m3/ ha recorded relatively higher concentration of
NaOH-Po and the highest concentration (1144 mg/
kg) was observed at 30 days. The concentration of
NaOH-Po was the lowest in soil with no spentwash
application.

Phosphorus extracted in HCl (HCl-P) forms
relatively a small proportion of total P than NaOH-
Pi and NaOH-Po (Table 8). Though not always
significant, the effect of treatments and incubation
period was notable. The application of different
levels of spentwash markedly increased the
concentration of HCl-P in soil. The concentration of
HCl-P ranged from 45 mg/ kg (Control) to 121 mg/
kg (T8-spentwash @140 m3/ ha). Similar to NaOH-Pi

and NaOH-Po, the HCl-P was also found increased

Table 7. Effect of spentwash application on NaOH-Pi (mg/kg) content of soil during incubation

Treatments Incubation period (days)

0 30 90 Mean

T1- Control 491 549 465 502
T2- Soil +  Spentwash @ 20 m3/  ha 497 590 503 530
T3- Soil +  Spentwash  @ 40 m3/  ha 531 599 505 545
T4- Soil +  Spentwash  @ 60 m3/  ha 586 609 552 582
T5- Soil +  Spentwash  @ 80 m3/  ha 627 672 636 645
T6- Soil +  Spentwash  @ 100 m3/  ha 667 742 727 712
T7- Soil +  Spentwash  @ 120 m3/  ha 728 1117 953 932
T8- Soil +  Spentwash  @ 140 m3/  ha 799 1144 964 969
Mean 615 753 663 677

SEd CD (0.05)
T 12.62 25.16
D 7.73 15.41
T x D 21.86 43.58

Table 8. Effect of spentwash application on HCl-P (mg/kg) content of soil during incubation

Treatments Incubation period (days)

0 30 90 Mean

T1- Control 45 58 31 45
T2- Soil +  Spentwash @ 20 m3/  ha 62 88 78 76
T3- Soil +  Spentwash  @ 40 m3/  ha 67 96 84 82
T4- Soil +  Spentwash  @ 60 m3/  ha 67 108 87 87
T5- Soil +  Spentwash  @ 80 m3/  ha 80 126 116 107
T6- Soil +  Spentwash  @ 100 m3/  ha 83 152 139 125
T7- Soil +  Spentwash  @ 120 m3/  ha 117 166 151 144
T8- Soil +  Spentwash  @ 140 m3/  ha 121 194 170 162
Mean 80 123 107 103

SEd CD (0.05)
T 2.01 4.00
D 1.23 2.45
T x D 3.48 6.93
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rapidly at 30 days and decreased significantly at 90
days, irrespective of treatments.

Significant difference was observed in various P
fractions during the incubation experiment. The
soluble P fraction was completely (H2O-P) absent in
this experiment. The inorganic P (NaOH-Pi)
increased up to 30 days of incubation and thereafter
showed a slight decline at 90 days of incubation.
Solubilizaiton of soil P is achieved by the release of
organic acids and phosphatase enzymes. Similar to
inorganic-P, the organic P (NaOH-Po) and HCl-P
were increased up to 30 days, and showed a slight
decline at 90 days of incubation. The mineralization
of soil organic P was linked to the soil phosphatase
activity (Chen, 2003). In the experiment, a positive
correlation was observed between phosphatase
activity and P mineralization (Fig. 3 and 4). The
increase in all the fractions of P might also be due to
the dissolution of soil mineral P (apatite P). Though
the biomethanated spentwash was not acidic
(pH=7.1) its microbial decomposition in soil
produces organic acids which might have
solubilized the apatite P and thus increased the P
content. The reduction in pHs during incubation
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Fig 4. Relationship between phosphatase and NAOH-Po
in soil during incubation

Fig 3. Relationship between phosphatase and NAOH-Pi
in soil during incubation

further provides supporting evidence for this
statement. The reduction in P fractions at 90 days of
incubation could be due to possible physico-
chemical immobilization of P (Mahimairaja et al.,
1995).
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ABSTRACT

Fluoride concentration in ground water and ground water quality parameters in ground water
samples from three villages of Tirunelveli District were assessed. It is found that fluoride
concentration in ground water is heterogeneously distributed and more than 1 ppm, which is much
above the permissible limits prescribed by ICMR. Fluoride content upto 1 ppm is considered as
“safe” and fluoride beyond that limit leads to dental and skeletal fluorosis.

KEY WORDS : Water quality, Fluoride ion, spectrophotometer, Ground water.

INTRODUCTION

Ground water is one of the major drinking water
source in many parts of these villages namely
Kadambankulam, Sivagamipuram and
Rosemeyapuram in Vallioor Union. A house to
house survey of these villages namely
Kadambankulam, Sivagamipuram and
Rosemeyapuram    in   Vallioor Union. A house to
house survey of these villages comprising  a strength
of about 900 population was conducted by means of
a prepared questionnaire. All the residents were
brought under a thorough clinical investigation.  The
outcome of the investigation was recorded in the
proforma  sheet.  Accordingly, evidence of dental
mottling was found.

The primary aim of this survey was to determine
the concentration of fluoride and its  occurrences in
selected parts of these areas and identify likely
sources of fluoride.  By another system the samples
of the drinking water were also collected from the
same villages surveyed and analysed for the
concentration of fluoride. The outcome of the survey
and the analysis helped in determining  whether the
areas were control or fluorotic.

Dental fluorsis and skeletal fluorosis are  caused
by excessive intake of fluoride ion in drinking water
which are serious public health problems in many
areas of the world. Dental fluorosis has been
reported sporadically from almost all parts of the
world.  In India this phenomenon is confirmed

mainly in fifteen states Andhra Pradesh, Punjab,
Haryana, Rajasthan, Gujarat, Tamil Nadu,
Karnataka and Uttarpradesh are highly affected
among the fifteen states.

Drinking water is considered to be the main
source of fluorides and standards are fixed by
various authorities for the permissible limit of
fluorides.  Fluoride in drinking water causing dental
fluorosis has been found through many surveys of
these villages such as Kadambankulam,
Sivagamipuram and Rosemeyapuram in Vallioor
Union.

The climate of  these area is very hot in summer
and cold in winter. The monoon season is very short
duration, annual rainfall is also very low in these
areas.  So surface water is not available in all seasons
for drinking purpose. For this reason people depend
on ground water for their use.

The present study is focussed on spread of
fluorosis through drinking water.

MATERIALS AND METHODS

All the ground water samples of these villages were
collected from different wells and handpumps of
these area. Fluoride concentration was measured by
spectrophotometer. The pH  was determined by
systronics digital pH meter.  Electrical conductivity
was analysed using conductivity bridge, chloride,
total harness, calcium, magnesium and total
alkalinity were analysed titrimetrically as per
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standard methods (Saxena, 1990).

RESULTS AND DISCUSSION

The survey revealed that about 44% of people in
these areas are affected by dental fluorosis. As the
people residing at these villages are economically
poor, they consume only the vegetables, fruits, food
grains and water available within their localities. In
consequence of this, there is the possibility of high
prevalence of dental fluorosis in the food items
consumed by the economically poor residents of this
area.

Table 2 reports the findings about the
concentrations of fluoride, total alkalinity, total

Table 1. Preliminary Survey report of Fluorotic Villages

S. Name of the Total Total % of
No. Villages number number people

surveyed of people of people affected
affected

1. Kadambankulam 185 81 43.78
2. Rosemeyapuram 342 144 42.10
3. Sivagamipuram 370 176 47.56

hardness, calcium, magnesium, chloride, salinity,
pH and electrical conductivity in ppm and mho/cm
in the samples of drinking water.

The concentration of natural fluoride in ground
water is not uniform in these areas.  The fluorotic
variation is due to many factors such as sources of
water, the geological formation of the area, the
amount of rain fall and the quantity  of water lost by
evaporation. The various factors that govern  the
release of fluoride into natural waters by fluoride
bearing minerals in the soil and rocks are ; the basic
chemical composition of the water, the presence and
accessibility of the fluoride and the time of contacts
between the source minerals and water.

Fluoride concentration in drinking water ranging
between 1 ppm and 5 ppm cause mottled enamel in
teeth and in the case of exceeding the above range,
the concentration cause skeletal fluorosis. This range
is applicable to the villages under investigation too.
The concentration of fluoride in these villages are in
the range of 1.0 ppm to 4.3 ppm and 44% of the
people here have been affected with dental fluorosis
and traces of skeletal fluorosis.

The levels of fluoride in drinking water are
associated with higher alkalinity levels.  This may be
due to the release of OH- and HCO3

- ions
simultaneously during the leaching and dissolution Ta
b
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process of fluoride bearing minerals in the ground
water. More and more leaching of minerals leads to
high fluoride concentrations with higher alkalinity.

The pH of all water samples ranged from 6.38 to
8.37. The limits for pH value for the quality of
drinking water are specified at 6.5 to 8.5.

The electrical conductance of samples ranged
from 86 to 920 mho/cm.

The total hardness (calcium and magnesium) of
all water samples ranged from 110 to 420 ppm. Most
of the water samples  had above the permissible
limit (300 ppm).  The amount of chloride in all
samples of water ranged from 26.27 to 400.62 ppm
and salinity of  water samples ranged from 48.20 to
735.13 ppm.  About 50% of water samples have been
found to contain above the desirable limits (250
ppm) of chloride. But in surface water samples the
values have within the permissible limits.

CONCLUSION

1 ppm of fluoride present in drinking water is the
safe limit prescribed by Indian Council of Medical
Research and Committee on public Health
Engineering Manual and Code of Practice and
World Health organization. In these villages fluoride

level in drinking water ranges between 0.9 ppm and
4.3 ppm.  Therefore this causes dental fluorosis. In
view of preventing these health problems people
should consume water derived from control areas,
where fluoride concentration is less than 1 ppm.
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ABSTRACT

The present study reports use of Moringa oleifra seeds in water purification. The technology was
found to be highly effective in removal of turbidity and iron.

KEY WORD : Rural technology, Water treatment, Rain water, Removal of turbidity and iron.

INTRODUCTION

In ancient Period, the rulers of South India
constructed number of Oorani a kind of water
Storage Unit to harvest rain water in the rural sector.
The Rural Population used this stored water for
dinking purpose after making simple filtration.  Few
of them knowingly (or) Unknowingly treat it using
Thatan Seed, Alum, Water stone etc., to remove the
turbidity.  As an alternate Moringa oleifra can be used
as water purifier as a natural coagulation to treat
rain water for drinking purpose.  This low cost
Technology can also be used for the establishment of
Community model to provide drinking water for a
Villages.

Aim and Objective

To introduce the low cost Technology on water
treatment for Rural Population.
Removal of turbidity and iron concentration from
Rain water for Drinking purpose, using natural
coagulation, a low cost water Treatment Technology.

Quality of Rain Water

The rain water, as it passes through the atmosphere
gets dissolved with oxygen, carbon dioxide, other
gases and floating dust. When it reaches ground, it
absorbs particles of silt and mud in the surface.  Due
to this, the dissolving action of water is increased
and several salts get dissolved into it.  The most
common salts are the carbonates, sulphates,
chlorides and nitrates of calcium, magnesium,
sodium and potassium. These impart alkalinity,

hardness and salinity to water.  In addition to these,
the water also contains salts of iron, manganese,
copper, zinc and aluminum.

These impurities in water may be classified into
inorganic and organic impurities, which may be
present in the form of suspended, colloidal and
dissolved states.  Living organisms may also be
present in water which include bacterial life, aquatic
life and microscopic form of plant life.

The suspended impurities include salts,
algae(which is a plant life thriving in water) and
bacteria.  These impart turbidity, colour and odour
to water. Some bacteria produces diseases. These
dissolved impurities in water are also large in
number.  These include salts of Ca, Mg and Na
which impart bad taste, hardness, alkalinity, etc.

The iron oxide and manganese impart red, black
or brown colour.  The colloids are particles in a
finally divided state.  These are midway between
particles in suspensions and solution.  Since these
are very fine, their removal by ordinary (plain)
sedimentation is not possible.

The water containing pathogenic bacteria is
called the “Contaminated Water”.  The “Polluted
Water” is one which consists of undesirable
substances rendering it unfit for drinking and
domestic use.  The “Potable Water” is that which is
tasty, safe and suitable for drinking and domestic
use.

Materials and Methods

Rain water stored in different location for drinking
purpose, were collected and their Physical and
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Chemical parameters were examined at District
water Testing Laboratory, Ramanathapuram and
were reported in Table 1.

It is observed that in all six cases, except the
turbidity and the level of iron all other physical and
chemical parameters were found with in the limits.
So it should be treated for the removal of turbidity
and iron concentration. The technology adopted for
treatment has been explained.

Theory and Technology on Moringa oleifera

Moringa Seeds contain Polypeptides.  It serve as an
effective and low cost traditional source of natural
coagulant for removing turbidity and reducing
bacterial and viral contamination from drinking
water.

Moringa oleifera seeds are an effective water
purification agent across a wide range of various
colloidal suspensions.  When is mixed with water,
the crushed seed powder yields water Soluble
Organic Polymers also known as Natural Cationic
(net positive charge) Poly electrolyte.

The actual Moringa flocculants are basic
polypeptides with a molecular weight between 6

and 16KDa, and an isoelectric pH of 10 to 11.  The
natural Polyelectrolyte’s released from the crushed
seed kernels function as natural flocculating agent
binding suspended particles in a colloidal
suspension, forming larger sedimentary particle
(flocs), Pathogenic micro organisms are generally
attached to the solid particles and treatment
employing Moring oleifera seed can remove 90% to
99.99% of indicator bacterial load.

Preparation of Coagulant Solution and Treatment
Steps

Step 1 Seed Pods are allowed to mature and dry
naturally to a brown colour on the tree.

Step 2 The seeds are removed from the harvested
pods, and shelled.

Step:3 The seed kernels are crushed and sieved (0.8
mm mesh or similar). Traditional techniques
used to produce maize flour have been found to
be satisfactory.

Step:4 The finely crushed seed powder is mixed
with clean water to form a paste, and is then
diluted to the required strength. Dosing
solutions can be prepared from 0.5 to 5%
concentration (i.e.0.5 to 5g/L)

Table 1. Physical and chemical parameters of stored rain water before treatment.

Parameters Sample – 1 Sample-2 Sample-3 Sample-4 Sample-5 Sample-6
Idampadal Valantharavai Ervadi Michael Thiruppa- Panchan-

Pattinam laikudi thangi

Appearance Whitish Whitish Whitish Brownish Whitish Whitish
Odour None None None None None None
Turbidity, NTU 150 70 120 120 80 400
Total Dissolved Solids mg/L 295 310 670 120 182 260
Electrical Conductivity μg/cm 420 440 960 170 260 370
Chemical Examination
pH 7.7 7.4 7.8 7.0 6.8 7
Total Alkalinity mg/L 160 165 315 40 50 120
Total Hardness mg/L 65 92 100 30 40 60
Calcium mg/L 16 21 24 8 8 16
Magnesium mg/L 6 10 10 2 5 5
Sodium mg/L 70 60 160 25 35 50
Potassium mg/L 8 8 12 4 4 8
Total Iron mg/L 14 6 12 12 8 40
Manganese mg/L 0 0 0 0 0 0
Free Ammonia as NH3, mg/L 0 0 0 0 0 0
Nitrite as NO2 mg/L 0.04 0.06 0.08 0 0 0.08
Nitrate as NO3 mg/L Nil 2 3 0 0 2
Chloride mg/L 35 35 100 35 40 25
Fluoride mg/L 0.4 0.6 0.6 0.2 0.2 0.4
Sulphate mg/L 10 13 15 4 0 15
Phosphate mg/L 0 0.12 0 0 0 0.08

All the parameters were referred with Drinking water Quality Standards of World Health Orgaisation (WHO), Bureau
Indian Standards, Indian Council of Nedical Research mentioned in Table 2.
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Step:5 Insoluble material is filtered out using either
a fine mesh screen or muslin cloth.

Step:6 The solution is ready for use.

Dosage Calculation

Jar Test Method gives the dosage ratio depending
upon the Turbidity of Water as given below
Rain Water Turbidity in NTU Dosage Range

(mg/L)
Below 50 NTU 10 – 50
Between 50 to 150 NTU 30 -100
Above 150 NTU 50 -200

Coagulation Concept

When the crushed seeds are added to raw water, the
proteins produces positive charges acting like a
magnets and attracting the predominantly
negatively charges particles like clay, sick, bacteria
and other toxic particles in water.  Flocculation
process occurs when proteins bind the negative
charges forming flocs through the aggregation of
particles in the water.  Flocs will be easily removed
by Settling (or) Filtration.

Experimental Results

The  collected  samples were  Tested in the District

Laboratory after treatment using Moringa oleifera, the
Low Cost water Treatment Technology. The results
for various samples were shown in  Table 3.

OBSERVATION AND DISCUSSION

From Table 1 it is clearly observed that in all Six
cases except Turbidity and Iron concentration, all
other parameters are found within the permissible
limit. After Treatment using Moringa oleifera the
values are between the permissible limits.

Variation of  Turbidity before and After
Treatment

Before Treatment the Turbidity level is found in
between 50-400 NTU. It is not within the permissible
limit.  After treatment the level is  below 10 which is
in the permissible limit for drinking purpose.

Variation of  Iron Concentration before and After
Treatment

Another Chemical Parameter which was not within
the permissible limit is Iron Concentration. The level
was in between 6 - 40 units. After Treatment it was
found that the values is below 1 unit and it is within
the permissible limit.

Table 2. Drinking water quality standards recommended

Characteristics Bureau Indian World Health Indian Council of Central Public
Standards IS Organization Medical Research Health

10500-1983 (ISI)  (WHO)  (ICMR) Environmental
Engineering and

Research
Organisation
(CPHEERO)

P E P E P E P E

Turbidity, NTU 2.5 10 5 25 5 25 2.5 10
Total Dissolved Solids, mg/L - - 500 1500 - - 500 2000
Electrical Conductivity μS/cm - - 1400 - - - - -
pH 6.5-8.5 6.5-9.2 7-8.5 6.5-9.2 7-8.5 6.5-9.2 7-8.5 6.5-9.2
Alkalinity Total as CaCO3 200 600 200 600 50 450 200 600
Total Hardness as CaCO3 300 600 100 500 300 600 200 600
Calcium as Ca, mg/L 75 200 75 200 75 200 75 200
Magnesium as Mg, mg/L 50 150 30 150 50 150 30 150
Sodium as Na, mg/L - - 200 - - - - -
Iron as Fe, mg/L 0.3 1 - - - - 0.1 1
Manganese as Mn, mg/L 0.1 0.3 - - - - 0.05 0.5
Nitrite as NO2, mg/L - - - - - - 0.02 0.22
Nitrate as NO3, mg/L - - - - - - 45 100
Chloride as Cl, mg/L 250 1000 200 600 250 1000 200 1000
Fluoride as F, mg/L 0.5 1.5 - - - - 1 1.5
Sulphate as SO4, mg/L 150 400 200 400 200 400 200 400
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Table 3. Physico-chemical characteristics of water after treatment with Moringa oleifera

Parameters Sample – 1 Sample-2 Sample-3 Sample-4 Sample-5 Sample-6
Idampadal Valantharavai Ervadi Michael Thiruppa- Panchan-

Pattinam laikudi thangi

Appearance Slty Whitish Slty Whitish Slty Whitish Slty Whitish Slty Whitish Slty Whitish
Odour None None None None None None
Turbidity, NTU 8 6 10 6 8 10
Total Dissolved Solids, mg/L 320 320 685 250 245 245
Electrical Conductivity μC/cm 460 460 950 360 350 350
PH 7.2 7.6 8.1 6.9 7.3 7.1
Alkalinity Total, mg/L 150 160 280 140 170 110
Total Hardness, mg/L 70 72 100 80 90 40
Calcium, mg/L 16 16 24 16 20 8
Magnesium, mg/L 8 8 10 10 10 5
Sodium mg/L 65 65 170 45 30 65
Potassium mg/L 6 6 12 4 4 6
Iron, mg/L 0.8 0.6 1 0.6 0.8 1
Manganese, mg/L 0 0 0 0 0 0
Free Ammonia as NH3, mg/L 0 0 0 0 0 0
Nitrite, mg/L 0.04 0.06 0.06 0 0 0.06
Nitrate, mg/L Nil 2 3 2 0 2
Chloride, mg/L 35 40 170 25 30 30
Fluoride, mg/L 0.4 0.6 0.8 0.4 0.4 0.4
Sulphate, mg/L 5 13 18 13 13 15
Phosphate, mg/L 0 0.12 0 0 0 0.08

CONCLUSION

Moringa oleifera the locally available Cheap material
is a natural Coagulant Water Treatment Material for
purification Technology.
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ABSTRACT

The present study reports bacterial load and species composition of bacteria at six sites in Akkulam
Velli lake, Kerala, India. Both the species composition and total bacterial load was found to be
considerably affected by the type of pollution.
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INTRODUCTION

Aquatic environment have varied surface area and
volumes, such as river, lakes and the ocean .Micro-
organisms are constantly mixing and being added to
waters. Aquatic micro-organisms are released to the
atmosphere and returned to other aquatic locations
by air movement. Micro-organisms associated with
detritus animals and fish carcasses also move with
their substratum (Dyer, 1972).

The Akkulam-Veli lake situated approximately
5km north west of Thiruvananthapuram between
latitudes 8 25’ and 8 35’ and longitudes 76 50’ and 76
58’E, the lake is having an area of <1km surrounded
by lateritic hillocks. Serious environmental
degradation is being experienced by this system due
to municipal waste disposal, eutrophication,
excessive tourism load, effluent discharge,
developmental activities etc. Two canals, viz the
Kulathur canal and Parvathy puthenar join the Veli
lake in the northen side. The channankara canal
connects the Veli lake with kadinamkulam kayal in
the north. Seepage of sewage from Muttathara
sewage makes the water extremely polluted.
Kannamoola canal joins the eastern part of the
Akkulam lake. Sewage from the Thiruvanantha-
puram city and drainage from the suburbans are
brought into the lake through the Kannammoola
canal. (Nair et al., 1998). In the vicinity of the lake
there are two factories. The English clays Ltd. and
Travancore Titanium Products Ltd. The clay factory
discharge and its effluents directly to the lake, while

the effluent discharged from Travancore Titanium
Products Ltd. to the sea finds its way to the lake
when the river mouth remains open. Six stations
were selected for the study they are Akkulam boat
club, central part of the akkulam lake, akkulam side
of the bund, central part of  lake off clays factory,
veli boat club, mouth part of veli lake.

MATERIALS AND METHODS

For this study samples were collected from the six
stations. The water samples were collected at the last
date of every month, for a period of 6 months,
starting from January 2008 to june 2008. A
mechanized boat was used for the survey and
collecting samples. At first the micro-organisms
were isolated by pouring sterile nutrient agar with
sample in to the sterile petriplates and incubated at
37oc for 18-24 hours and results were recorded.
Bacterial cultures were obtained simply by streaking
the positive culture on the agar slants after 24hours
incubation growth was observed. The biochemical
tests were done for bacterial genera and  identifi-
cation was done by using standard procedures.
(Catalasic test, Oxidase tests, Indole tests, Methyl
red and Voges – Proskaver test, citrate utilization
test, Urease test, Triple sugar iron agar test  (APHA,
1985).

RESULTS AND DISCUSSION

At station I, Pseudomonas aeruginosa , E.coli, and
Klebsiella species are found and the bacterial load is
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189 x 103 MPN/100 mL; in station II, the above
mentioned unit species are noticed and the bacterial
load is 185 x 103 MPN /100 mL. At station III and VI
also the same three bacterial species are recorded
and the bacterial loads are 270 x 103 MPN/100 mL,
129 x 103 MPN/100 mL respectively.  But at station
IV and V only E.coli  and Klebsiella species are
recorded, and the bacterial counts are 236 x 103

MPN/100 ml, 239 x 103 MPN/100 mL respectively
(Table1).

From the biochemical studies on the bacterial
culture developed from Akkulam veli lake, it is clear
that, there are isolates from direct plating method of
bacterial culture .Isolated 1 is found as E .coli, which
look like pink color colony, isolated 2 is confirmed as
Klebsiella species which is also pink color colony, and
isolated 3 is Pseudomonas aeruginosa a colour less
colony. It is quiet interesting to notice that all three
motile gram negative bacilli are gamma –haemolytic

colonies. All three bacterial species are showing
catalyst activites. For indole test E.coli is showing
positive result, whereas the rest two are showing
negative result. E.coli and Klebsiella species shows
negative result to oxidase test, but P. aeruginosa
shows the results and E.coli shows negative results.
But all the 3 species shows negative result to urease
activity. For glucose, sucrose and lactose
fermentation tests E. coli and klebsiella species are
showing +ve results and P. aeruginosa shows –ve
results. For hydrogen sulphate fermentation test, all
3 species shows -ve results (Table 2).

Microorganism are widely distributed in the
water and play an important role in decomposition
of organic matter and mineralization of water are
excellent media for growth of different type of micro
organisms. The biochemical activities of the
microbes would be affected by the changes in the
environmental conditions and also by the presence

Table 1. Illustrations the bacteriological study in water samples collected from six different stations during the month
of January, 2008

Sl. Name of the Stations Bacterial load Bacterial name

1. Akkulam boat club 189 × 104 Pseudomonas aeruginosa, Escherichia coli, Klebsiella
2. Central part of the Akkulam lake 185 × 104 P. aeruginosa, E. coli, Klebsiella
3. Akkulam side of the bund 270 × 104 P. aeruginosa, E. coli, Klebsiella
4. Central part of lake off clay factory 236 × 104 E. coli, Klebsiella
5. Veli boat club 239 × 104 E. coli, Klebsiella
6. Mouth part of the veli lake 129 × 104 P. aeruginosa, E. coli, Klebsiella

Table 2. Biochemical studies on the bacterial culture develops from Akkulam – Veli lake water samples.

Sl. Test Name Escherichia Klebsiella sps Pseudomonas
No. coli aeruginosa

1. Growth in MacConkey Pink Colour Colony Pink Colour Colony Colourless Colony
2. Growth in Blood Agar γ-Haemolytic Colony γ-Haemolytic Colony α-Haemolytic Colony
3. Gram’s Stain Gram Negatie Gram Negative Gram Negative

Bacilli Bacilli Bacilli
4. Motility Motile Motle Motile
5. Catalase + + +
6. Oxidase - - +
7. Indole + - -
8. Methyl Red + ± -
9. Voges-Proskauer

10. Citrate utilization
11. Urease activity
12. Sugar Fermentation

Glucose + + +
Sucrose + + +
Lactose + + +
Mannitol + + +
TSI A/A, Gas A/A, Gas A/A, Gas
H2S -ve -ve -ve

+Denotes positive; –Denotes negative; A/A denotes acid/alkali
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of diversified animals and plants. The activities of
the total hetrotrophic bacteria and their relative
abundance reflect the hydrographic structure and
nutrients concentration in the aquatic environment.
Dissolved organic matter released into the water
from the plankton was probebly the main source of
nutrient that increased the bacterial population as
suggested by Ramsay (1976) in New Zealand
waters. Temperature is also a factor for increased
bacterial population during pre monsoon and
monsoon period. The station III recorded high
bacterial load this is due to the inflow of sewage.
Studies on bacterial culture reveal high load of
bacterial species in some part of lake, where high

discharge of solid and liquid waste and excessive
tourism load have been noticed. Thus we conclude
that we should take proper attention and care for
this ecosystem and there by save Akkulam-Veli lake
from anthropogenic pressure to ensure better
environment for the prosperous life of future
generation.
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ABSTRACT

The application of adsorption techniques for the removal of heavy metals is quite popular and
activated carbon is universally used as an adsorbent. However, higher costs of its preparation and
regeneration have led to a search for alternative sorbents, especially in the developing countries.
A number of sorbents are used to remove metals by adsorption from industrial effluents, like rice
husks, barks, cotton wastes, coal, clay, hair, saw dust etc. Therefore, as an alternative, Egg Shell
Carbon (ESC), a low cost sorbent was used in the present work, for the removal of heavy metals
from aqueous effluents. The results of the batch adsorption studies indicate that, the efficiency of
heavy metals removal by egg shell carbon is comparable to that of commercially available
activated carbon. The parameters affecting the sorption process are also discussed in the present
paper.

KEY WORDS : Adsorption, Heavy metals, Egg shell carbon, Acid treatment, Metal
Complex.

INTRODUCTION

The treatment process of industrial waste water like
reduction, precipitation, ion exchange,
electrochemical reduction, evaporation, reverse
osmosis, direct precipitation, settling, clarification
are some of the methods to remove dissolved
organics, inorganic and heavy metals, etc. These
methods involve large exposed liquid surface area,
and long detention periods in a hot climate which
leads to considerable loss of water due to
evaporation. Besides this, most of these methods
need high capital cost and recurring expenses, such
as chemicals, which are not suitable for small-scale
industries, (Rao et al., 2003). Among the physico-
chemical treatment processes, adsorption is found to
be highly effective, cheap and an easy method.

Adsorption process is the most versatile and
widely used method. Activated carbon has been
used as a standard adsorbent for the reclamation of
municipal and industrial waste water for potable
purpose for almost three decades, (Srivastava et al.,
1996). The high cost of activated carbon has inspired
the investigators to search for suitable low cost
adsorbents. Efforts have been made to develop  low
cost adsorbent materials as possible media for metal

ions removal from aqueous solutions, including
natural and industrial waste water samples. Many
investigators who have explored some low cost
adsorbent materials ranging from industrial waste
products to agricultural waste products. These
investigations include the use of mixture of flyash
and activated carbon for Chromium, (Vasanthy et al.,
2003), maize bran for Copper, (Singh et al., 2004),
coconut shell and dates nut carbons for Lead and
Copper, (Kannan et al., 2005), coconut charcoal for
Cadmium, (Singh et al., 2008), coconut husk powder
for Copper, (Prasad et al., 2009), and Sulphonated
black & white rice husks ash (Santhlakshmi, et al.,
2008).

The main objective of the present study is to
investigate the adsorption behavior of heavy metals
from aqueous solutions on egg shells, at different
operating conditions and to determine the optimum
adsorption conditions of the sorbents, the sorption
and speciation of the metal ions under acidic and
slightly alkaline conditions. All the experiments are
conducted on a laboratory scale by batch process.

MATERIALS AND METHODS

Processing of Egg shell as an activated Carbon

The organic waste like egg shell is used as an
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adsorbent for the removal of metals. Egg is boiled
and peeled off for its shell and is air or sun dried to
dryness. Then, it is heated in hot air oven for 1½-2
hrs  until shell gives pungent smell, at 150oC. The
egg shell is treated with 2 N HCl solution. It is
washed with water and once again kept in hot air
oven for dryness at 150oC. After half an hour, it is
removed  from hot air oven, crushed manually with
piston and mortar, to have large surface area, for
better results.

Preparation of metal solutions (Synthetic
solutions)

Ammonium molybate (0.1288) is weighed and
dissolved in 100 mL of distilled water to which
potassium-dihydro phosphate (0.0439 gms) and of
stannous chloride (0.01 mg) are added to give 100
ppm of ammonium phosphomolybate solution. To
the above solution, 5 mL concentrated sulfuric acid
solution is added, which gives blue color. The above
solution is diluted and used for adsorption studies.
Potassium dichromate (0.0124) is dissolved in 100
mL of distilled water, to which diphenylcarbazide
(0.2%) (20 mL) is added with 1:1 sulfuric acid (5
mL). The dark pink color develops. The solution is
used for adsorption study of Chromium by diluting
to the required concentration.

Aluminium sulphate (0.233 g) is dissolved in 100
mL of distilled water to which Alizarin red dye
solution (100 ppm of 100 mL) is added with 5 mL of
concentration hydrochloric acid (5 mL). The solution
gets on orange color and is used for adsorption
studies.

Calcium carbonate (0.0249 g) and magnesium
sulphate (0.1014 g) are weighed, hydrochloric acid
(2-3 drops) is added to dissolve the calcium
carbonate and the solution is diluted to 100 mL
which gives 100 ppm of solution of calcium and
magnesium. To the above solution 2-3 total hardness
tablet are powdered and added to give wine red
colour. On adding E.D.T.A. (0.372) the solution
becomes blue, which is used for the adsorption
study of Calcium and Magnesium by diluting to
required concentrations.

Zirconium oxychloride (0.3 g) is dissolved in 50
mL distilled water. Dissolve separately alizarin red
(0.07 gms) in 50 mL distilled water, add this to
Zirconium oxychloride solution. Dilute to 1000 mL
which gives 100 ppm solution. Further diluted to
required concentrations for adsorption process.

Cupric sulphate (0.0392 g) is dissolved in 100 mL
of distilled water to which, silver diethyl

dithiocarbamte reagent (10 mL) (1 g) of SDDC is
dissolved in 200 mL of pyridine solution) is added.
The green solution of Copper (II) is formed which is
further diluted to required concentration for
adsorption process.

NOTE : SDDC is added till the precipitate is
formed. The precipitate indicates that the total
copper ions reacted with SDDC solution and excess
SDDC solution reacts with sulphate to form
precipitate. This precipitate is filtered and the filtrate
is used for further analysis.

Cabaltous sulphate is dissolved (0.02630 g) in 100
mL of distilled water which gives 100 ppm of cobalt
solution. For this solution, 35% of ammonium
thiocyanate in 100 mL of acetone (1:1) is added
which gives greenish blue color. It is further diluted
and used for adsorption process.

Mercuric chloride (0.0135) is dissolved in 100 mL
distilled water, to which 20 mL of 1.5-
diphenylcarbazide solution is added to give violet
color, concentrated Hydrochloric acid (2-4 drops) is
added, the solution becomes colorless, which is used
for the adsorption studies.

Nickel chloride (0.04049 g) is dissolved in 100 mL
distilled water, to which 0.01 gms of Zincon reagent
(0.02%) is added, to give violet color solution. This
solution is used for adsorption studies.

Zinc chloride (0.02150 g) is dissolved in 100 mL of
distilled water, to which 20 ml of 0.02% Zincon
reagent is added, which gives blue color. It is
directly used for adsorption studies.

Ferrous ammonium sulphate (0.07022 gms) is
dissolved in 100 mL distilled water which gives 100
ppm of iron solution. For this, 20% of ammonium
thiocyanate solution (30 mL) is added. The blood
red color of ion solution is used for adsorption
studies.

Adsorption isotherms

In order to determine the sorption potential of
adsorbent, the study of sorption isotherm is essential
in selecting an adsorbent for the removal of the
metals. The adsorption data was studied with the
Freundlich and Langmuir isotherms (Adamson,
1960).

Freundlich isotherm: log qe = log K + (1/n log Ce)

Langmuir isotherm: (Ce/qe) = (1/Qob) + (Ce/Qo).

where, qe is the amount of metal adsorbed per unit
mass of adsorbent at equilibrium (in mg/gm), K and
n are respectively the measures of sorption capacity
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Before and after adsorption of some heavy metals
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and intensity of adsorption, Ce is the  equilibrium
concentration of metals (in mg/L) and Q0 and b are
the Langmuir constants indicating  the sorption
capacity (in ng/gm) and energy of adsorption (in
gm/L) respectively from the slope and intercept.

Kinetics of the adsorption

The adsorption kinetics was found to be of first
order. The following equation proposed by Kannan
and Vanamudi (1991) was employed for adsorption
data:

K1 = (2.303/t) log (C0/Ct)

where, Co and Ct are concentrations of metals are
zero time and at time t (min). The values of log (C0/
Ct) were found to be linearly correlated with the
contact time for different metals.

Further, the essential characteristics of the
Langmuir isotherms can be described in terms of a
dimensionless constant, namely separation factor or
equilibrium parameter, RL which was defined by
(Weber and Chakravarti 1974) in the equation.
RL = 1/(1+bci), where, b is the Langmuir constant
and Ci is the initial concentration of metals (in ppm).
The value of the parameter, RL indicates- the nature
of the isothern as given below:

Table 1.

RL value Nature of isotherm

RL > 1 Unfavorable
0 < RL< 1 Linear
RL = 1 Favorable
RL= 0 Irreversible

The values of the above equations are given in the
Table 3.

Batch Experiment

Metal adsorption experiments were conducted in
batch mode with 50 ml stock solution. The variables
studied were adsorbent doses, concentration of
adsorbate, pH and contact time. The mixture were
observed for adsorption process, after keeping the
solutions for adsorption to take place.

RESULTS AND DISCUSSION

The effect of parameters like pH (Table 1), dose of
adsorbent (Graph-1), concentration (Graph-2) and
contact time (Graph-4) on the removal of metals in
aqueous media were investigated.

Effect of pH

pH is an important factor for metal solutions to form
a complex with reagents. The metals react with
reagents either in acidic, basic or in neutral media to
form a color complex. Results are shown in Table 1.

Note

In case of Mercury (II), the colorless solution is used
for adsorption process, which turns pink color after
adsorption. The violet complex of Hg (II) with the
1,5-Diphenyl carbazide will adsorb on the egg shell.
Effect of adsorbent dose

Five number of 50 mL samples of 100 ppm/L
metal solutions each were taken in beakers and 1-5
gms of Dose of adsorbent was added and studied
for adsorption, which indicates that, as dose of

Graph 1. Effect of Dose of adsorbent for all metals

Graph 2. Effect of concentration for all metals

Graph 3. Effect of concentration Vrs Dose of adsorbent
for all metals
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adsorbent increases adsorption increases, for all the
metal solutions. The results are shown in Graph 1.

Effect of concentrations

Constant doses of adsorbent (4.0 g) were separately
added to 50 mL samples with different
concentrations of metal solutions (20, 40, 60, 80 and
100 ppm) in 5 beakers at room temperature and
studied the adsorption process which indicates that,
as concentration increases the adsorption decreases
for all the metal solutions.

Note:

In case of Nickel and Iron, the 100 ppm solution was
further diluted and 10 ppm solution was used for
adsorption process. The results are shown in Graph-
2.

Effect of Dose Vrs Concentration

Five number of 50 mL samples of metal solutions

from 20-100 ppm and varying doses of adsorbents
from 4 gms to 10 gms were added in series. Then,
the solutions were kept for adsorption process to
take place. The results are shown in Graph-3 which
indicates that, the dose and the concentration of all
metals are co-related with each other.

Effect of Constact time

The effect of contact time with 4.0 gms adsorbent
dose in 50 mL of 50 ppm metal solutions were
investigated, the adsorption increased with increase
in time. However contact time for metal solutions
was an shown in Table 2 and Graph 4.

Effect of Temperature

All metal adsorption studies were carried out at
room  temperature.

CONCLUSION

Mercury (II) causes injury to the cerebellum and
cortex of the brain in human beings and it binds to
sulfhydryl groups in proteins like haemoglobin,
serum albumin, alkaline phosphatase and lactate
dehydrogenase. It also causes immate disease in
fish.

Calcium and Magnesium causes the hardness of
water and may lead to liver or kidney cirrohosis or
stone  formation. Copper causes thyrotoxicosis,
biliary cirrhosis and malignancy.

Chromium (VI) in soils is toxic to plants and
animals. Therefore, the variability in the oxidation
states of chromium in soils is of great environmental
concern.

Graph 4. Effect of Contact time

Table 1. Absorption of metals in different conditions.

pH Acidic condition Basic condition Without Adsorption in % age
(2-6) (8-10) adjusting pH

Metals Molybdenum, Calcium and Copper, 100
Chromium, Magnesium Nickel, 100
Aluminum, Cobalt, Cadmium Zirconium, 100
Mercury, Iron Zinc 100

Table 2. Absorption of metals in different periods.

Metals Adsorption
period in hrs

Molybdenum and Cobalt 48-72 hrs
Chromium, Copper, Aluminum,
Zirconium and Cadmium 48 hrs
Nickel, Mercury, Zinc, Calcium and
Magnesium 24 hrs
Iron 5-8 hrs

Table 3. Correlation co-efficients in different factors

Parameters Co-relation coefficient
value for all metals

Effect of adsorbent dose 0.9847
Effect of Concentration -1.0
Effect of contact time 0.97206
Co-relation of dose of adsorbent and 0.9722
concentration of metal solution
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Cadmium is regarded as the most serious
contaminant of the modern age. Regarding its
potential toxicity for soil organisms and soil
microbial processes Duxbury (1985) classified
Cadmium as an element of intermediate toxicity. It
causes itai italic, also called ouch ouch disease (a
painful disease of bones and joints). Lead causes
anemia, headache, loss of muscle power and bluish
line around the gum.

Zirconium is one of the radio nuclides involved in
atmospheric testing of nuclear weapons. It is among
the long lived radio nuclide that is produced and
will continue to produce increased cancer risk for
decades and centuries to come. Zirconium tends to
accumulate slightly more in the skeleton, than in
tissue, while aquatic plants have a rapid uptake of
soluble Zirconium.

Nickel (II) is one of the harmful elements (Hajjin,
1991) but equally Nickel is also essential for
mammals as micronutrient and occurs in many
biological systems. At very high concentrations,
Nickel is very toxic including carcinogenic process.
Nickel is a relatively non-toxic element at lower
level but at higher amounts may cause changes in
muscle, brain, liver and kidney. It can also cause
cancer, (Datar et al., 1990).

Zinc is relatively active in biochemical processes
and is known to be involved in several biological
and chemical interactions with several elements
present in soil. Excessive Zinc in soil may cause
damage to plants and at lower pH, the yield is
reduced.

Aluminium is one of the elements most available
in soil. Aluminum is not an essential element for
mammals. There is considerable concern throughout
the world, over the levels of aluminium found in
drinking water sources (raw water) and treated
drinking water. Aluminium is also a suspected
causative agent for neurological disorders, such as
Alzheimer’s disease (Srinivasan et al. 1999).

Excess amount of iron (more than 10 ppm) causes
rapid increase in respiration, pulse rate and
coagulation of blood vessels (Garg 2003). More iron
concentration in water causes staining on clothes,
utensils and other materials.

Hence, to remove these heavy metals, cost free
adsorbents like egg shell is developed as the

alternate route for other removal techniques.
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ABSTRACT

The local people have the right to live in their environment, but not at the cost of destroying
natural resources. Forest planning should take account of the demands of the local people in terms
of social needs and forest resources. In particular, opportunities for income-generating activities
should be offered to rural people. Ecotourism implementations in suitable forest villages may be
the best income-generating activities that are also ecological. Such ecotourism projects should aim
for direct and indirect improvement of income levels and living standards of the local people.
Reduction of pressures on the natural resources, protection of the ecological balance, cooperation
among regions and countries, and acceleration of information and experience exchange between
rural and urban people can be ensured by ecotourism project in forests villages. Ecotourism can
thus enhance the opportunities for better management of natural resources while providing a
satisfying experience for the visitor. It stands to reason that there are many differences between the
developing world and the developed world when it comes to issues of sustainability and
sustainable community development. The physical environment, economy, and social make up of
these two regions of the world are very different and therefore are subject to different problems,
requiring individual methods of approach and research Ecotourism creates an impact on natural
ecosystems but more importantly, it offers a way to promote conservation in ecologically fragile
regions ;benefit the economies of local communities ;provide the public with a nature-based
education experience.

KEY WORDS : Sustainable Eco-Tourism, Environmental management

INTRODUCTION

Many of eco- tourism planning are in a way that will
damage the environmental sustainability.
Sustainable eco-tourism  planning is to help the
preserves to survive without altering eco-tourists
basic mission and unique status in the global
environmental scheme.

What is ecotourism?

So for example, in a true ecotourism project, a nature
reserve allows a small number of tourists to visit its
rare animals and uses the money that is generated to
continue with important conservation work. The
local people have jobs in the nature reserve as
guides and wardens, but also have a voice in how
the project develops. Tourists stay in local houses
with local people, not in specially built hotels. So

they experience the local culture and do not take
precious energy and water away from the local
population. They travel on foot, by boat, bicycle or
elephant so that there is no pollution. And they have
a special experience that they will remember all of
their lives. Here is another definition of ecotourism:

“A form of tourism inspired primarily by the
natural history of an area, including its indigenous
cultures.

The ecotourist visits relatively undeveloped areas
in the spirit of appreciation, participation and
sensitivity.

The ecotourist practices a non-consumptive use
of wildlife and natural resources and contributes to
the visited area through labour or financial means
aimed at directly benefiting the conservation of the
site and the economic well-being of the local
residents.
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The visit should strengthen the ecotourist’s
appreciation and dedication to conservation issues
in general, and to the specific needs of the locale.

Ecotourism also implies a managed approach by
the host country or region which commits itself to
establishing and maintaining the sites with the
participation of local residents, marketing them
appropriately, enforcing regulations, and using the
proceeds of the enterprise to fund the area’s land
management as well as community development.”
Ziffer, K., 1989: 6.

This type of tourism can only involve small
numbers of people so it can be expensive. But we
can apply the principles of ecotourism wherever we
go for  holiday. Just remember these basic rules.

• Be prepared. Learn about the place that you’re
going to visit. Find out about its culture and
history. Learn a little of the native language, at
least basics like ‘Please’, ‘Thank you’, and ‘Good
Morning’. Think of your holiday as an
opportunity to learn something.

• Have respect for local culture. Wear clothes that
will not offend people. Always ask permission
before you take a photograph. Remember that
you are a visitor.

• Don’t waste resources. If the area doesn’t have
much water, don’t take two showers every day.

Remember the phrase “Leave nothing behind you
except footprints and take nothing away except.

• photographs.” Take as much care of the places
that you visit as you take of your own home. ·
Don’t buy souvenirs made from endangered
animals or plants.

• Walk or use other non-polluting forms of
transport whenever you can.

• Be flexible and keep a sense of hum our when
things go wrong.

• Stay in local hotels and eat in local restaurants.
Buy local products whenever possible and pay a
fair price for what we buy.

There are lots of names for these new forms of
tourism: responsible tourism, alternative tourism,
sustainable tourism, nature tourism, adventure
tourism, educational tourism and more. Ecotourism
probably involves a little of all of them. Ecotourism,
which encompasses a range of activities including
scientific tours, student internships, trips for nature
lovers, bird-watching trips, and filming expeditions,
is a relatively new phenomenon. Everyone has a
different definition but most people agree that
ecotourism must:
(a) conserve the wildlife and culture of the area.

(b) benefit the local people and involve the local
community

(c) be sustainable, that is make a profit without
destroying natural resources

(d) provide an experience that tourists want to pay
for.

Choose our holiday carefully. Don’t be afraid to
ask the holiday company about what they do that is
‘eco’. Remember that ‘eco’ is very fashionable today
and a lot of holidays that are advertised as
ecotourism are not much better than traditional
tourism.

Key factors required for successful sustainable
ecotourism

a. forging strong inter ministerial co-operation
between the ministries of planning and
investment, science technology and
environment, tourism, education and training,
agriculture and rural development, and

b. being committed to management that facilitates
and ensures input from all stakeholders: tour
operators, protected area managers,
government, NGOs, local communities etc;

• Establish a national Sustainable (Eco) Tourism
Task force to develop a National Ecotourism or
Nature Tourism Strategy; 

• Create an environment conducive to the
establishment of a private sector Ecotourism
Association, independent Ecotourism
Commission and Community Ecotourism
Association; 

• Intervene in the market eg: fees to protected
areas, limits on numbers, regulations and Codes
of Conduct for the industry (developed with the
industry); 

• Consider each natural area individually (eco
and env impacts of tourism, what the area has to
offer, local community needs and interaction
with the environment, local infrastructure etc); 

• Focus on the local and regional level - it is easier
for nature tourism/ecotourism to be developed
successfully at these levels; 

• Start small and go slow; 
• Believe that small is beautiful and quality is

paramount; 
• Invest in awareness raising, education and

training for tourists, tour operators, local guides,
protected area managers, local communities,
local authorities; 

• Aim to maximise local benefits for conservation
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and economic development; 
• Aim to maximise local participation and

involvement at all levels; 
• Aim to maximise use of local products,

materials; 
• Aim to focus on recycling, waste management,

alternative technologies and fuels. Manuals
have been produced that provide practical
information on such topics, we have a few and
will be getting more; 

• Constantly monitor and evaluate and develop a
feedback mechanism for modifying growth and
minimising impacts and setting limits. 

Thus following suggestion can help us for
sustainable ecotourism

(a) Enhance international cooperation, foreign
direct investment and partnerships with both
private and public sectors, at all levels;

(b) Develop programmes, including education
and training programmes, that encourage people to
participate in eco-tourism, enable indigenous and
local communities to develope and benefit from eco-
tourism, and enhance stakeholder cooperation in
tourism development and heritage preservation, in
order to improve the protection of the environment,
natural resources and cultural heritage;

(c) Provide technical assistance to developing
countries and countries with economies in transition
to support sustainable tourism business
development and investment and tourism
awareness programmes, to improve domestic
tourism, and to stimulate entrepreneurial
development;

(d) Assist host communities in managing visits to
their tourism attractions for their maximum benefit,
while ensuring the least negative impacts on and
risks for their traditions, culture and environment,
with the support of the World Tourism Organization
and other relevant organizations;

(e) Promote the diversification of economic
activities, including through the facilitation of access
to markets and commercial information, and
participation of emerging local enterprises,
especially small and medium-sized enterprises.

Support efforts to attain sustainable tourism that
contributes to social, economic and infrastructure
development through the following measures:

(a) Implementing projects at the local, national
and sub regional levels, with specific emphasis on
marketing tourism products, such as adventure
tourism, eco-tourism and cultural tourism;

(b) Establishing and supporting national and

cross-border conservation areas to promote
ecosystem conservation according to the ecosystem
approach, and to promote sustainable tourism;

(c) Respecting local traditions and cultures and
promoting the use of indigenous knowledge in
natural resource management and eco-tourism;

(d) Assisting host communities in managing their
tourism projects for maximum benefit, while
limiting negative impact on their traditions, culture
and environment;

(e) Support the conservation of  biological
diversity, the sustainable use of its components and
the fair and equitable sharing of the benefits arising
out of the utilization of genetic resources, in
accordance with commitments that countries have
under biodiversity-related agreements to which they
are parties, including such agreements as the
Convention on Biological Diversity and the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora, as well as regional
biodiversity agreements.

CONCLUSION

Tourism has proved to be an engine of growth in
many economies in the word. It provides for the
generation of income, wealth and employment, and
helps in the sustainable development of remote
areas.  Although beginning to be understood for its
potentials to provide for development in the world,
tourism still remains a sector that needs serious
attention.

Tourism has proved to have negative impacts as
well as the positive ones .It is criticized for
contamination indigenous culture. This takes the
form of  changing values resulting in social  a ladies
like drug  addiction, child prostitution, etc. A far
more widespread negative impact is caused by mass
tourism in environmentally fragile areas like
mountains, hills, deserts and coastal regions. Due to
heavy tourist traffic in some area, the cultural and
environmental assets of the community are under
threat. Although this phenomenon is not
widespread, there is a need to take note of the
possible negative influences of tourism so that
timely preservation action can  be taken and
irreparable loss avoided. The movement towards
sustainable ecotourism is at once a threat and an
opportunity to create more sustainable tourism: by
diverting tourist traffic to ensure the carrying
capacity of any destination is not exceeded:; by
planning for regeneration of natural resources; and
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by generating awareness in the host community
whereby they are prepared and formed to deal with
the negative impact of mass tourism.

As in most cases, a middle path is the most
creative way to maximize the sustainable economic
potential of tourism, while at the same time
minimizing the negative social influence and threats
to the  environment. Only ecotourism where the
tourism, the service providers, the host community
and authorities are well informed and prepared to
homes tourism as an engine of growth can yield
sustainable results.

Ecotourism, in partnership with research, has the
potential to significantly affect nature conservation
in many positive ways. The question of
sustainability remains unanswered because many
sites with nature-based tourism are relatively new
and the long-term impacts have yet to be measured.
The challenges of removing trash from remote
wilderness lodges, of bringing in electricity with
low-impact electric wires, or of minimizing the
introduction of exotic species require the test of time
to determine their success.

In the not-too-distant future, our wilderness areas
will be small islands of biodiversity amidst seas of
domesticated landscape. As the planet’s sustainable
natural, relatively unaltered ecosystems become
increasingly rare, ecotourism allows more people to
see isolated populations of wildlife, while benefiting
local economies. Ecotourism has an impact on
natural ecosystems, but oreimportantly, it offers a
way to promote conservation in ecologically fragile
regions.
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ABSTRACT

Increasing the green cover through gardening and green belts reduce the urban heat, conserve
energy, clean urban air, and absorb carbon dioxide from the atmosphere and improve overall
environmental quality (Roseland, 1998). The study area of this research is Osho garden located in
the north east side of the Pune city and this landscaped garden has been developed from a
degraded stream ecosystem. Observations were done on the availability of natural elements
including trees, palms, shrubs, climbers, groundcovers, annual and perennials with consideration
of the plants architecture, their  growth habitat and their flowering time. This garden was selected
to study the various components adapted to restore in order to enhance overall improvement in
area. Regular visits were undertaken to record the various inputs used for restoration. Data were
also collected to note the type of the manmade elements incorporated in the garden design. Some
important one are Gate, arch and pergola, walks, paths, stepping stones, fence, seat, bridge, green
house, fountain, lake, and etc. Studies on the artificial elements of the garden shows that roads,
paths, bridges and passages were built in order to use the maximum benefits by visitors.

KEY WORDS : Restored, Ecosystem, Floristic Community

environmental quality (Roseland, 1998). It also
provides habitats for wildlife (Li et al., 2005)
Moreover Preserving biodiversity especially those
species which would be most under threat is an
important goal in the urban environment,
particularly in highly urbanized areas where little
natural habitat remains along  (Alvey, 2006).

So Protecting the environment with landscaping
through definite use of design with certain aesthetic
and utilitarian functions by arranging trees, shrubs,
climbers, and various other groups of plants
together with buildings, walks, drives, gardens and
natural features for the use of Humanity with
ornamental or practical use or both is necessary
(Bhattacharjee, 2004).

MATERIALS AND METHODS

The study area is Osho garden located in the north
east side of the Pune city and this landscaped

Corresponding author : E-mail: mmmirsanjari@malayeru.ac.ir; mitra57_n@yahoo.com

INTRODUCTION

Lack of proper planning in rapidly growing urban
areas lead to degradation of urban and pre-urban
areas and that can adversely affect ecosystems as
well as human health (Tzoulas et al. 2007).
Increasing load of liquid and solid waste and
improper disposal methods have resulted in to
deterioration of river water quality in growing
centers like Pune. (Bhattacharjee, 2004). Overflow of
waste in to streams Changes in stream ecosystems
due to changes in the hydrology and
geomorphology characters (Paul and Meyer, 2001).

Stability in urban environment is important from
recreational, aesthetic, functional and circulation
points of view (Roychowdhury and Misra, 2001).

Increasing the green cover through gardening
and green belts reduce the urban heat, conserve
energy, clean urban air and absorb carbon dioxide
from the atmosphere and improve overall
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garden has been developed from a degraded stream
ecosystem. (Fig. 1).

This garden was selected to study the various
components adapted to restore in order to enhance
overall improvement in area. Regular visits were
undertaken to record the various inputs used for
restoration.

Observations were done on the availability of
natural elements including trees, palms, shrubs,
climbers, groundcovers, annual and perennials with
consideration of the plants architecture, their 
growth habitat and their flowering time. (Bor and
Raizada, 1954; Randhawa, 1961; Jindal, 1982;
Randhawa and Mukhopadyay, 1986; Brookes, 1998;
Misra and Roychowdhury, 2001; Kirsten, 2001;
Grahn and Stigsdotter,2003; Bhattacharjee, 2004;
Konijnendijk et al., 2005 ; Alvey, 2006; Forrest, 2006).

Studies on colour scheme of the plants has been
carried out including flowering time of the species to
show availability of the different colour patterns
along the seasons of the year.

Data were also collected to note the type of the
manmade elements incorporated in the garden
design .Some important one are Gate, arch and
pergola, walks, paths, stepping stones, fence, seat,
bridge, green house, fountain, lake, and etc. (Wilson,
1985; Booth, 1989; Brookes, 1991; Francis and Hester,
1992; Harris, et al., 1996; Williams, 2007).

RESULTS

Studies show that several methods used for

purifying and restoring waste water flow in the
streams such as removals of solid materials ,natural
aeration, and diversity flow by creating slow and
fast flow and planting species for phytoremediation
(Bucksteeg, 1987; Moshe, 1972; Kadlec and Knight,
1995; Lazarova, 2004; Crites, et al. 2006; Vallentin,
2006; Shilton, 2006).

Therefore, the water pollution was eliminated
and purified water made to flow through miniature
waterfalls, fountains and streams in the gardens.
Also restored waste water was then used for
landscape. The flow of fresh water and its sound
along the garden a source of calmness and causes
soothing effect. This place became a tourist center
and a cool place for meditation and relaxation.

Also the land was enriched by removing few
layers of the soil and replaces it by fertile soil in
order to plant variety of the plants. Other activities
include disconnecting misuse of the land and stops
adding anymore waste materials. (Cairney, 1995;
Crites et al. 2000; Testa, 1997)

The layout and design of the garden are in a
Japanese style and very close to the nature with
enrolling roads and hillocks (Fig. 2). This garden
designed by waterfalls, fountains, Rocks, stones,
exquisite Buddha statue and wooden bridges. (Fig
3). The ups and downs of the earth planted with a
variety of trees, shrubs, groundcovers, palms and
bamboos planted together and not pruned any
shrubs or trees. (Table 1)

In addition artificial and man made elements
such as Bridges, Rocks, stone, statues, Water bodies

Table 1. Presence and the quality of the natural components in the garden

Natural elements Availability of the plants In the garden

Trees, palm and bamboo Good  plantation of trees,  bamboos and palms
Shrubs mass plantation of shrubs are seen over lawn areas
Climbers/creepers Not seen
seasonal Not seen
Lawns Mostly the whole area covered by lawn
Ground covers Huge variety of ground covers are planted
Ferns, Cacti, cycas Some verities are planted

Table 2. Presence of the artificial components in the garden
 

Artificial elements Availability in the garden

Water bodies and fountain Streams and lakes are made in large numbers
Rock/stone garden is beautifully decorated by many rocks and stones
Bridge available
arches, pergola and fence Not seen
Statues, temple Osho and Buddha statues are there
Green house available
children corner Not available
Seat, bench Provided in large numbers
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Table 3. Availability of the Species in the Osho Garden and their function 

Species habit Planted along  
 
Delonix regia Raf. spreading crown  tree 9-12 m tall Provide Shade at some corners of the garden
‘’Gul mohar’’
 
Spathodea campanulata  Beauv. upright tree .7-25 m tall For Ornamental flowering purpose over the
“fountain tree” lawn area
 
Samanea saman  Merril. Spreading crown tree Provide Shade at some corners  of the garden
‘’Rain tree‘’ up to 180' tall
 
Callistemon lanceolatus   Sweet. willow/cascading Weeping Grown as a specimen tree for its ornamental
‘’Bottlebrush’’ shaped  crown .3-7 m tall foliage and  flowering effect
 
Phoenix dactylifera tall palm with slender trunk Grown as a accent plant for ornamental
‘’Date palm’’ having loose crown shaft purpose in middle of the garden
 
Caryota
urens Linn. overhead canopy with tall Grown as a specimen tree for its ornamental
 ”Fishtail” trunk. 80 to 90 ft tall foliage
 
Roystone elata  O.F.Cook. crown Shaft unarmed tall For ornamental purposes planted in middle
‘’Bottle palm’’ palm .Up to 85 ft tall of the lawn area
 
Cocos nucifera single trunk topped by crown Grown as a specimen tree for its ornamental
‘’coconut’                                        shaft of pinnately compound shape
 
Chrysalidocarpus lutescens open vase shape clustering For ornamental propose on  the lawn area 
H.Wendi. crown shrub .20 to 30 ft tall

and fountain add extreme beauty to the
environment of the garden (Table 2)

Different types of plants according to their
architecture and habit growth represents different
functional and ornamental values in the garden.
(Table 3 and 4)

Shadows of tress on the sides of the park fall only
on the rest places for meditation concealed from
each other, so that the calm of one person doesn’t
encroach on the silence of another. (Fig. 4) and there
are retreats for those who want to sit and stare some
of the common trees planted in this garden are:
Delonix regia (Gul mohar), Spathodea campanulata
(Fountain tree), Samanea saman (Rain tree) and
Callistemon lanceolatus (Bottlebrush).

Flowering and foliage types of Shrubs in a form
of mass plantation done over the lawn areas such as:
Bougainvillea Glabra (Bougainvillea), Pentas carnea
(Star Cluster), Ficus benjamina (Weeping Fig), Hibiscus
rosa-sinensis (Chinese hibiscus), Plumbago capensi
(Plumbago).

Many variety of the palm trees planted in middle
of the vast lawn area in the garden they bring
ornamental effect to the garden by their beautiful
crown and foliage shape including: Phoenix
dactylifera (Date palm), Caryota urens (fishtail),
Roystone elata (Bottle palm), Cocos nucifera (Coconut),

Chrysalidocarpus lutescens (Areca palm) Ravenalla
madagascarensis(Travelers palm), Cycas revolute
(cycas palm).

Along the pathways large areas are covered by
ground cover plants. They completely carpet the
ground such as: Wedelia trilobata (Wedelia),
Syngonium podophyllum (White butterfly), Pilea
cadierei (Aluminum Plant).

Large area covered by lawns and mass plantation
of Bamboos done over lawn area and along the
streams.

Colour scheme table shows that there is a
perpetual colour scheme pattern year around
including red, orange, white, pink, yellow and blue
and these colour feature gives clourful and
ornamental effect to the garden. (Table 5).

DISCUSSION

Human pressure threatens many species and
ecosystems, so conservation efforts necessarily
prioritize saving them. Osho Park is a tangible
example of how humanity’s even through it may
have been seriously damaged, can be revitalized.
The most beauty in this project was a join team
worked almost from many intellectuals of different
nationalities, so through consultation and various
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Table 4. Availability of the Species in the Osho Garden and their function

Species habit Planted along

Bougainvillea glabra Choisy. Climbing, spreading Used as a shrub in mass
”Bougainvillea” horizontally or hanging plantation

Downward shrub. 1-12 m tall

Pentas carnea Benth. Erect, straggling bushy shrub Used in mass plantation
”Star Cluster” up to 24 in tall

Ficus benjamina Linn. Cascading growth habit and Pruned and use as a specimen plant
”Weeping Fig” form a dense spreading

Canopy shrub. up to 30 m tall

Hibiscus rosa-sinensis Linn. Large upright or broad and Used in mass plantation in borders
 ”Chinese hibiscus” spreading shrub. reach up to

30 ft tall

Plumbago capensi Linn. mounding shrub with long Mass plantation along pathways and
“Plumbago” arching stems.1-2 m tall borders

Wedelia trilobata Linn. dense mat of leaves speared Used as a ground cover, Cover
”Wedelia” widely .up to 10 in tall the ground and hilly areas along

the pathways

Syngonium podophyllum perennial vine.18-24 in tall Used as a ground cover, Cover
Schott. the ground and hilly areas along
“White butterfly the pathways

Pilea cadierei Spreading to erect perennial Used as a ground cover, Cover
Gagnep. & Guillaum herb. up to 12 in tall the ground and hilly areas
along”Aluminum Plant” the pathways          

Bamboo variegated Woody plant Can be Grown in mass plantation over
“Bamboo” ”clumping” and “running” lawn area and along the streams

Furcraea gigantean Vent. Wide strap-like leaves atop a Grown as a specimen plant in middle
”False Agave” single trunk. Grow up to 1 m tall of lawn area for ornamental purpose 

suggestions and method a very sound and proper
planning was chalked out. The power of consulta-
tion in even minor matters creates miracles and
naturally the best result evolves from the team work
especially involving spirituality with economy.

The project reclaimed and converted both sides of
Nallah park area, an erstwhile barren, ecologically
degraded, 12-acre plot of swampland in to an
aesthetically landscaped Japanese style garden. It
also improved the living conditions for the slum
dwellers in the area

Therefore Biological diversity provides imme-
diate benefits to the society such as recreation and
tourism. Biodiversity conservation serves as an
insurance policy for the future.

The observations on plants diversity shows that
different kinds of plants with different architecture,
forms including trees, palms, shrubs, climbers,
groundcovers, annual and perennials are planted
together over a large lawn area in a wild and infor-

mal type of plantation which is very close to the
nature. They bring beauty and perpetual colour
scheme pattern year around.

Studies on the artificial elements of the garden
shows that roads, paths, bridges and passages were
built in order to use the maximum benefits by
visitors they didn’t chance the ups and downs of the
area so most of the area has kept its original figures
and the aim was to keep the landscape as it was only
add to its beauty and make it usable also different
kinds of water bodies including fountains, streams
and lakes designing with Rocks, stone and bridges
were built in order to give ornamental and natural
effect to the garden.

The planners decided to provide a mixture of
philosophy and the nature with the help of modern
technology in order to create a suitable environment
for the growth and nurture of the soul trough
spirituality
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Table 5. Colour scheme table of the Osho Garden
 

Winter Summer Rainy season (Mon soon )
(October _February) (March _ May) (Jun _ September) 

Callistemon lanceolatus Delonix regia Spathodea campanulata
Red (tree) scarlet or orange-red(tree) orange/scarlet(tree)

Bougainvillea glabra Callistemon lanceolatus Samanea saman
Many colours (shrub) Red(tree) pinkish - green(tree)

Pentas carnea(shrub) Bougainvillea glabra Bougainvillea glabra
red, pink, lilac or white Many colours (shrub) Many colours (shrub) 

Hibiscus rosa-sinensis (shrub) Pentas carnea (shrub) Pentas carnea(shrub)
white, pink, orange, red, yellow red, pink, lilac or white red, pink, lilac or white

Plumbago capensi Hibiscus rosa-sinensis (shrub) Hibiscus rosa-sinensis (shrub)
Pale blue or white (shrub) white, pink, orange, red, yellow white, pink, orange, red, yellow

Hamelia patens Plumbago capensi Plumbago capensi
orange or scarlet (Shrub) Pale blue or white (shrub) Pale blue or white (shrub)

Wedelia trilobata Wedelia trilobata
Yellow (ground cover) Yellow (ground cover)

Hamelia patens Hamelia patens
orange or scarlet (Shrub) orange or scarlet (Shrub)
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CHEMICAL COMPOSITION OF SEWAGE AND TUBE WELL WATER
IN PERI URBAN AREA OF VADODARA
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ABSTRACT

A survey was undertaken in sewage irrigated area of peri urban nearby Vadodara city to assess
chemical composition of sewage water and its suitability for irrigation purpose. The sewage and
tube well water samples were analysed for different parameters of water quality viz. COD, BOD,
pH, salinity and sodicity and also trace and heavy metals content. The overall quality of sewage
and tube well water was poor for irrigation purpose due to high BOD, COD as well as total
contents of heavy metals present in order of: Pb > Co > Ni > Cr > Cd. The quality of tube well
water was not satisfactory due to sodicity hazards.

KEY WORDS: Sewage, BOD, COD, Heavy metals, Sodicity hazards

INTRODUCTION

Due to rapid industrialization and increasing
population, large quantities of water resources are
being diverted to these sectors. To meet demand for
irrigation water, there is rely on use of contaminated
wastewater or ground water. The quality of the
sewage water varies widely based on per capita
water consumption, industrial population, habits of
different community etc.. Many researchers pointed
out that sewage water could be a very good source
of irrigation for many crops.

In general, sewage water contains appreciable
amount of major and micronutrients and besides
contains heavy metals in variable amounts (Narwal
et al., 1990; Kausal et al, 1993 and Brar et al., 2000).
Keeping this view, a survey was carried out to know
the quality of sewage water for irrigation purpose
on agricultural land.

MATERIALS AND METHODS

A survey was carried out in peri urban areas of
Vadodara district of which about 5000 hectares of
land particularly of Vadodara and Padara talukas is
irrigated with treated and untreated wastewater for
more than last 3 decades. The tube well water
samples were also collected from adjoining area. The
water samples were collected in plastic bottle after

rinsing three to four times and 2-3 drops of toluene
were added to the samples to prevent the microbial
growth. The sewage and tube well water samples
were analysed for COD, BOD, pH, salinity and
sodicity as per the methods given in APHA (1998)
and micronutrients (Fe, Mn, Zn and Cu) and heavy
metals (Pb, Cd, Co, Cr and Ni) contents were
assessed after wet digestion with 1: 2 mixture of
HClO4 and HNO3 using AAS instrument (PE 3110).

RESULTS AND DISCUSSION

Quality of sewage and tube well water
(groundwater) was assessed by analyzing different
parameters viz., pH, EC, SAR, RSC, BOD, COD,
cations, anions- and total content Fe, Mn, Zn, Cu,
Cd. Co, Cr, Ni, Pb and results presented in Tables 1
to 4.

Quality parameters

The results presented in Table 1 indicated that both
sewage and tube well water were alkaline. The pH
of sewage water ranged from 7.88 to 9.00, whereas
that of tube well water from 7.92 to 8.56. Electrical
conductivity (EC) of SW ranged from 1.25 to 1.71
dSm-1 (mean of 1.47 dSm-1) and in case of TW, it
varied from 1.50 to 2.60 dS m-1 with a mean of 2.09
dSm-1. The total soluble salts concentration was
within safe limit (USLS, 1954).

1,2Present address: Micronutrient Project (ICAR), Anand Agricultural University, Anand
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The Biological Oxygen Demand (BOD) and
Chemical Oxygen Demand (COD) of sewage water
samples were assessed to know the biological and
chemical load in the water. The BOD and COD
ranged from 104 to 128 and 110 to 396 mg L-1 with
mean value of 118 and 245 mg L-1, respectively
(Table 1). The BOD and COD were above
permissible limit (30 and 100 mg L-1) as prescribed
for effluent discharged into inland surface water
(Environment Protection Rule (EPR), 1993).

The Sodium Adsorption Ratio (SAR) values
ranged from 3.2 to 6.0 in sewage and 3.7 to 5.4 in
tube well water with mean values of 4.1 and 4.9,

respectively (Table 1). These SAR values were above
the critical limit (3.0) for irrigation purpose (Indian
Standard – 1982). The average concentration of K+ in
SW and TW was 4.0 and 3.7 me L-1, respectively. The
mean Residual sodium carbonate (RSC) of SW and
TW was recorded as 1.6 and 1.3 mmol L-1,
respectively.

Carbonate and bicarbonate contents were
predominant in tube well water. Among the cations,
the concentration of Na+ tended to be the highest
followed by Ca+2, Mg+2 and K+ in both the waters
(Table 2). The concentration of Cl- (8.9 me L-1) was
lower in sewage water as compared to tube well

Table 1. Quality parameters of sewage and tube well water

Location pH EC SAR RSC COD BOD
(dS m-1) (mmol L-1) (mg L-1) (mg L-1)

Sewage water (SW)
Vadsar (2)* 8.2-8.3(8.2)** 1.4-1.6(1.5) 3.7-6.0(4.9) 0.5-2.9(1.7) 384 104
Talsat (1) 8.2 1.3 4.8 2.6 179 112
Chapad (2) 7.9-8.0(7.9) 1.3-1.7(1.5) 3.7-4.7(4.0) 0.4-2.0(1.2) 396 124
Karali (1) 9.00 1.26 3.4 1.1 - -
Chansad (1) 8.54 1.49 3.8 2.2 110 120
Khalipur(1) 8.41 1.65 3.2 1.3 158 128
Overall (8)RangeMean 7.9-9.0(8.3) 1.3-1.7(1.5) 3.2-6.0(4.1) 0.4-2.9(1.6) 110-396(245) 104-128(118)
Tube well water (TW)
Chapad (3) 8.2-8.3(8.3) 1.5-2.6(2.1) 3.7-5.2(4.7) 1.8-2.1(1.9) – –
Chansad (1) 8.1 2.2 4.8 0.6 – –
Beel (1) 7.9 2.0 5.4 0.4 – –
Darapura (1) 8.0 2.1 5.2 1.6 – –
Karali (1) 8.6 1.9 4.9 1.1 – –
Overall (7)RangeMean 7.9-8.6(8.2) 1.5-2.6(2.1) 3.7-5.4(4.9) 0.4-2.1(1.3) – –

Figure in bracket indicates * number of samples and ** mean value

Table 2. Cations and anions concentration in sewage and tube well water

Location CO3
-2 HCO3

- Cl- Ca2++Mg2+ Na+ K+

me L-1

Sewage water (SW)
Vadsar(2)* 2.3-3.4(2.9)** 3.5-4.2(3.9) 8.4-9.8(9.1) 4.0-6.0(5.0) 6.4-8.5(7.5) 3.7-4.0(3.9)
Talsat(1) 2.5 3.3 7.6 3.2 6.1 3.8
Chapad(2) 3.4-4.0(3.7) 2.5-3.3(2.9) 8.9-10.0(9.5) 4.5-6.3(5.4) 6.5-6.5(6.5) 2.9-4.8(3.9)
Karali(1) 2.0 3.7 7.2 4.6 5.2 3.3
Chansad (1) 3.3 3.9 9.0 5.0 6.0 4.3
Khalipur(1) 3.2 4.5 10.2 6.4 5.8 4.8
Overall (8)RangeMean 2.0-4.0(3.0) 2.5-4.5(3.6) 7.2-10.2(8.9) 3.2-6.4(5.0) 5.2-8.5(6.4) 2.9-4.8(4.0)
Tube well water (TW)
Chapad(3) 3.1-5.3(4.5) 4.2-7.1(5.4) 8.3-14.0(11.9) 5.2-10.6(8.0) 6.0-12.0(9.5) 3.4-4.0(3.6)
Chansad (1) 4.6 5.3 12.9 9.2 10.3 2.9
Beel(1) 4.0 3.0 13.6 6.6 9.9 3.8
Darapura (1) 5.1 3.9 13.4 7.4 10.1 4.8
Karali(1) 4.0 4.0 11.8 6.9 9.1 3.7
Overall (7)RangeMean 3.1-5.3(4.4) 3.0-7.1(4.6) 8.3-14.0(12.5) 5.2-10.6(7.7) 6.0-12.0(9.7) 2.9-4.8(3.7)

Figure in bracket indicates * number of samples and ** mean value



CHEMICAL COMPOSITION OF SEWAGE AND TUBE WELL WATER IN PERI URBAN AREA 129

water (12.5 me L-1). All the observed concentrations
were within the tolerable limit (4-10 mg L-1) for
agricultural use (Indian Standards (IS), 1982).

Trace elements

The mean values of total Fe, Mn, Zn and Cu in
sewage water were 3.47, 0.91, 0.44 and 0.06 mg L-1,
while in case of tube well water these values were
1.12, 0.10, 0.25 and 0.02 mg L-1, respectively (Table 3).

Table 3. Total contents of trace elements in sewage and tube well water samples

Location Total content (mg L-1)
Fe Mn Zn Cu

Sewage water (SW)
Vadsar(2)* 2.22-3.05(2.64)** 0.29-0.33(0.31) 0.20-0.56(0.38) 0.03-0.04(0.04)
Talsat(1) 4.18 0.19 0.17 0.03
Chapad(2) 1.31-3.73(2.52) 0.24-2.14(1.19) 0.28-0.42(0.35) 0.03-0.07(0.05)
Karali(1) 6.18 0.92 0.61 0.09
Chansad(1) 2.15 1.88 0.71 0.11
Khalipur(1) 4.91 1.31 0.55 0.10
Overall (8)RangeMean 1.31-6.18(3.47) 0.19-2.14(0.91) 0.17-0.71(0.44) 0.03-0.11(0.06)
Tube well water (TW)
Chapad(3) 0.98-1.37(1.18) 0.07-0.13(0.11) 0.14-0.19(0.17) 0.01-0.03(0.02)
Chansad(1) 0.84 0.13 0.21 0.02
Beel(1) 1.00 0.09 0.13 0.01
Darapura(1) 1.29 0.12 0.26 0.04
Karali(1) 1.15 0.07 0.66 0.03
Overall (7)RangeMean 0.84-1.37(1.12) 0.07-0.13(0.10) 0.13-0.66(0.25) 0.01-0.04(0.02)

Figure in bracket indicate * number of samples and ** mean value

As per irrigation standards by FAO (1985), the
permissible limit of Fe, Mn, Zn and Cu was 5.0, 0.2,
2.0 and 0.2 mg L-1, respectively. Comparing these
limits with observed values, it was noticed that only
total Mn concentration in sewage water was above
the permissible limit (0.2 mg L-1) for irrigation
purpose. Tube well water also found to contain
fewer amounts of trace metals in comparison to
sewage water. Overall chemical analysis revealed

Table 4. Total contents of heavy metals in sewage and tube well water samples

Location Total content (mg L-1)
Cd Co Cr Ni Pb

Sewage water (SW)
Vadsar (2)* 0.021-0.024 0.072-0.149 0.063-0.065 0.085-0.090 0.176-0.255

(0.023) (0.111) (0.064) (0.088) (0.216)
Talsat (1) 0.023 0.092 0.043 0.084 0.123
Chapad (2) 0.023-0.030 0.136-0.144 0.040-0.050 0.056-0.143 0.217-0.269

(0.027) (0.140) (0.045) (0.100) (0.243)
Karali (1) 0.029 0.245 0.102 0.165 0.657
Chansad (1) 0.041 0.284 0.056 0.254 0.344
Khalipur (1) 0.038 0.251 0.075 0.204 0.556
Overall (8) Range Mean 0.021-0.041 0.072-0.284 0.040-0.102 0.056-0.254 0.123-0.657

(0.029) (0.172) (0.062) (0.135) (0.325)
Tube well water (TW)
Chapad(3) 0.017-0.020 0.033-0.071 0.014-0.036 0.034-0.061 0.16-0.139

(0.019) (0.057) (0.027) (0.044) (0.063)
Chansad(1) 0.027 0.148 0.022 0.095 0.119
Beel(1) 0.018 0.076 0.013 0.060 0.061
Darapura(1) 0.015 0.065 0.009 0.070 0.150
Karali(1) 0.027 0.101 0.025 0.070 0.139
Overall (7)RangeMean 0.015-0.027 0.033-0.148 0.003-0.036 0.034-0.095 0.016-0.150

(0.020) (0.080) (0.017) (0.061) (0.094)

Figure in bracket indicates * number of samples and ** mean value
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that sewage water had higher plant nutrients than
tube well water.

Heavy metals

In sewage water, the concentration of total Pb varied
from 0.123 to 0.657 with a mean of 0.325 mg L-1. The
maximum concentration of Pb (0.657 mg L-1) was
observed in Karali that was above the critical limit
(0.1 µg L-1) (WHO, 1989) (Table 4), while in tube well
water it ranged from 0.016 to 0.150 with a mean of
0.094 mg L-1. The average concentration of Co, Ni, Cr
and Cd were 0.172, 0.135, 0.062 and 0.029 mg L-1,
respectively in sewage water. In case of tube well
water, concentrations of all the heavy metals were
found in traces only.  The total heavy metal content
of sewage water followed order: Pb > Co > Ni > Cr
> Cd.

In general, the overall composition of sewage
water samples collected from different locations was
categorized under suitability class C3S1, whereas the
tube well water quality fall under C3S2 class (Table
5). Thus, quality of both the irrigation waters was
medium to poor due to salinity / sodicity hazards.

The tube well water contained more of CO3
-2 and

HCO3
- of Na and hence sodicity hazard was

comparatively higher than sewage water. However,
looking to the total content of different metals, the

values of metals were quite higher in sewage water
as compared to tube well water. The maximum
concentration of Pb (0.657 mg L-1) was observed in
Karali which was below the critical limit (0.1 µg L-1)
(WHO, 1989). Further, the concentration of metals
like Co and Mn were found above the permissible
limits (Table 5). The total heavy metal content of
sewage water followed order: Pb > Co > Ni > Cr >
Cd. The similar observations have also been made
by several workers (Chitdeshwari, 2003; Brar et al.,
2000 and Som et al., 1994).

Therefore, the quality of sewage water was
inferior to that of tube well water with respect to
heavy metals and needs proper treatment before its
use for irrigation purpose in agriculture.
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Table 5. Overall composition of sewage and tube well
water

Parameter Sewage Tube well Critical
water water limit

COD (mg L-1) 245 — 100
BOD (mg L-1) 118 — 30
EC ( dS m-1) 1.5 2.1 -
SAR 4.1 4.9 3.0
Suitability Class C3S1 C3S2 -
RSC (mmol L-1) 1.60 1.30 1.25
Total content of metals (mg L-1)
Fe 3.5 1.12 5.00
Mn 0.91 0.10 0.20
Zn 0.44 0.25 2.00
Cu 0.06 0.02 0.20
Cd 0.03 0.02 0.10
Co 0.17 0.08 0.05
Cr 0.06 0.02 0.10
Ni 0.14 0.06 0.20
Pb 0.33 0.09 5.00
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