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A survey was made in ninety villages during April 2010 to May 2010 on the water sources 

available now and in the past. From this survey, it was observed that the tanks and ponds 

remained filled in the past, but now in most of the villages they have become dry. Similarly, the 

well water level is also very less than in the past. In all the villages ponds, wells and rivers were 

used, as drinking water sources in the past, but now the borewell is the only water source used 

for drinking. In the past, ponds or rivers, which were near the villages, were full of water in all 

seasons but today most of the ponds are dry and have been disfigured. The amount of rainfall 

too has decreased. This survey clearly indicates that the water sources of Virudhunagar District 

have decreased rapidly. In some villages, the water bodies have vanished in the thin air, because 

of urbanization and industrialization, which are inferred as the main causes for water scarcity.

: Water resource, Drinking water.

                                                                                                                      

ABSTRACT

Key words 

INTRODUCTION

Water is aptly described as the “Mother of 

life”. It is the liquid-gold. 

Water is renewable natural resource of earth 

and is essential for all living organisms in the 

world. Water is not only the most important 

essential constituent of all animals, plants and 

other organisms but also the pivotal for the 

survivability of the mankind in the biosphere 

(Sharma 20005). Ground water accounts for 

more than 90% of water supply resources for 

many of the developing countries (Kolraja et al., 

1986). In the past, the water sources for 

agriculture, drinking etc., in Virudhunagar 

district were ponds, wells and rivers. Recently, 

frequent and indiscriminate exploitation and 

destruction of natural resources of water have 

largely disturbed the water Cycle (Kulkarni and 

Pawar 2006). 

Human activities that involve industrial and 

agricultural development, over use of fertilizers, 

inadequate management of land, urbanization, 

land use patterns have directly or indirectly 

degrade the natural resources of surface water as 

wells as ground water. The impact of quality and 

quantity of water resources has lead to the 

infertility of land. The impact of ground water 

and surface water is significantly increasing 

since two decades in India, because of 

uncertainty of surface water resources, 

population growth and industrial development 
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(Saboo, 2003). These have lead to the scarcity of 

drinking water. A large-scale mining and allied 

industrial activity in this district have resulted 

in vast degradation of the environment. The 

water bodies of this area are the greatest victims 

of such operations. Many, ponds and rivers were 

destroyed in Virudhunagar District.

METHODOLOGY
In Virudhunagar District, ninety villages 

were selected randomly for this survey. A survey 
was made during April 2010 to May 2010. 
Twenty five to forty people who are aged above 
fifty were selected in each village and asked 
questions from our prepared questionnaire.

RESULTS AND DISCUSSION

The survey results have been tabulated in 
Tables (1 – 4).

In the past, maximum ponds and tanks 

remained filled always, but now none of the 

ponds and tanks is so. Ponds in Achankulam, 

Viswanatham, Muthalipatti, S.Paraipatti and 

Puthur were filled in the past but there are dry 

and even in rainy season only 10% of its capacity 

has water. Anuppankulam and Amathur ponds 

are the two biggest ponds in the district and got 

filled once in two years. The water is used for 

agricultural, drinking and fish cultivation but 

now these ponds remain dry for the last fifteen 

years. In Ayyampatti the ponds remained filled 

once are, dry now - because of industrialization 

and urbanization, which block flow of water in 

to the ponds and also construction of houses in 

the catchments areas.

2

Table 1: Tanks and Ponds (Total Surveyed 90 Villages).

Table 2: Well water level (Total Surveyed 90 Villages).

Table 3: Drinking water sources (Total Surveyed 90 Villages).

Tanks & Ponds Filled Half Filled Low level Dried

Past 83 7 - -

Present - 9 13 68

Well water High Medium Low Dried

Past 85 5 - -

Present - 6 72 12

Drinking water Pond & Well Well River Bore well

Past 36 50 4 -

Present - - - 90

The well water level is very high in the past but 

now the level is medium. In Pusaripatti, the 

condition is worst with only 10% of the capacity 

In the past drinking water, sources in all villages 

were only ponds or well water but now bore well 

water alone is used for drinking because of the 

wells and ponds are dry and destroyed. 

of well water. The main reason is digging of more 

bore wells.

Natchiarpuram and Periyapottalpatti had ponds 

in the past, which were disfigured because of 

poor rainfall resulting in conversion of them in 

to housing plots

A Comparative Survey on Water Sources in...2 JANUARY-JUNE 2015



Many villages had water with good taste and 

used for drinking but now water become 

tasteless and not used for drinking. For example, 

Vishwanatham and Sivakasi town depend on 

water source of Vembakottai dam. The water 

b e c o m e  t a s t e l e s s  b e c a u s e  o f  t h e  

industrialization of this district. In Sivakasi and 

Mamsapuram, water has been contaminated by 

fluoride. This is also reported by Manimegalai 

and Muthulakshmi (2006).

3

Table 4: Nature of near by water bodies (Total Surveyed 90 Villages).

Water bodies Filled Dried Disfigured No water bodies

Past 56 - - 34

Present - 40 16 34

In Virudhunagar District two dams are 

present one is Anaikuttam dam built across the 

river Arjuna another one is Vembakottai dam 

built across the river Vaipar. The two dams 

remained always filled in all seasons but now the 

two dams are dry because of poor precipitation.

CONCLUSION

In general there is an increasing trend in the 

global temperature (global warming) which has 

caused climatic changes throughout the world 

and resulted in poor rainfall, which is the major 

cause for the depletion in the water sources. 

Further, the water bodies were depleted due to 

urbanization and industrialization. This has also 

resulted up water scarcity occurred in many 

villages have been well understood  This 

preliminary work has also highlighted the fact 

that the main sources of water had been 

disappeared slowly due to urbanization and 

industrialization resulting in water scarcity in 

Virudhunagar district.

REFERENCES

1. Kolaraja,V., Vrba,J. and Zwirnmann,K.H. 

1986. Control and management of 

agricultural impact on ground water. pp. 

197 – 228.

2. Kulkarni,M.K. and Pawar, N.J. 2006. 

Impact of urbanization on the quality of 

ground water in the Ramadi Basin, Pune. 

Indian.J.Environmental Protection, 26 (10): 

877 – 884.

3. Nimegalai,S. and Muthulakshmi,L. 2006. 

A survey on the levels of fluoride in ground 

water and prevalence of dental fluorosis in 

certain areas of Virudhunagar District. 

Indian. J. Environmental production. 26(6): 

546 – 549.

4. Saboo,H.K. 2003. Hydro chemistry of ground 

water of the area around Pallahara, Angul 

district, Orissa. J.Sci.Tec. 14 (15): 36 – 42.

5. S h a r m a , P. D . 2 0 0 5  E c o l o g y  a n d  

Environment. Rastogi publications Meerut. 

India. pp:65.

3SELVARAJ, K.  ET. AL  International Journal on Environmental Sciences 6 (1)



Water Pollution Assessment of Azamgarh 
Mandal of Ballia District, Uttar Pradesh, India

ASHOK KUMAR SRIVASTAVA
                                                                                                                      

Department of Chemistry, Faculty of Engineering and Technology
Veer Bahadur Singh Purvanchal University, Jaunpur- 222001,Uttar Pradesh, India

Received: 18 August 2014; Revision: 19 September 2014 Accepted: 10 October, 2014

ABSTRACT

Twelve samples from Azamgarh Mandal of Ballia district in Utter Pradesh were collected 

from the various locations of study area including bore well and hand pump water and analysed 

for pH, EC, TDS, turbidity, total hardness, fluoride, chloride, nitrate, nitrite, sulphate, phosphate, 

calcium, magnesium, sodium, potasium, iron, and dissolved oxygen. On average, in almost all 

the samples, one or the other chemical constituent was beyond the permissible limits. The study 

indicates the need for periodic monitoring of ground water in the study area as certain water 

sources under study were found unfit for drinking and agricultural purpose.

Key words : Ballia distric, Bore well water, Hand pump water, Minimum and Maximum limit, 

Deases. 

INTRODUCTION

Water is the one of the essential components for 

the sustenance of life on earth. Amoung the 

various sources of water, ground water is said to 

be the safest water for drinking and domestic 

purposes. The quality of ground water is 

influenced by the nature of the sub-surface as 

well as the environment, where recharge takes 

place. Water used for industries, agricultural and 

human needs, adds continuously contaminants 

to the ground water. The indiscriminate disposal 

of industrial and human activities maps the 

ground water susceptibility to pollution. It is 

reported that two third of all illness in India is 

related to water born diseases [1, 2]. Therefore an 

attempt has been make to study the quality of 

ground water in and around Ballia district.

Geology of the study area
Ballia district is the easternmost part of the Utter 

Pradesh state and border on Bihar state located 

approximately more than 450 km away from the 

capital of Utter Pradesh. It comprise an 

irregularity shaped trace extending westward 

from the confluence of the Ganga and Ghaghara 

.Presently this district earned disrepute for 

ground water contamination .The villages of this 

district can be known as different type of 

elements contaminated  water zone due to the 

number of pollutants present in river like Ganga , 

Ghaghara and atmosphere.

EXPERIMENTAL

Material and Method
Water sample collection
Water samples have been collected manually 

from all existing sources of drinking water in the 

study area and for present-investigation separate 

steps of samples were collected for chemical 

analysis from the different source (Table -1). The 
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bottle of sample collection have been thoroughly 

cleaned by rinsing with 6MHNO , to cleared by 3

repeated washing with double distilled water 

and they are further rinsed with sample water 

before collection. Physico-chemical analysis 

was done by standard procedure[3] the result 

were compared with WHO, ISI and USEPA  

standards [4].

Physical parameters like pH, EC, DO and TDS 

which are important to evaluate the suitability of 

waste water for irrigation and ground water for 

portability, were determined on site with the 

help of  the portable water analyser kit 

(CENTURY-CK-710). The chemical analysis was 
2+carried out-for calcium (Ca ), magnesium 

2+ - 2-(Mg ), chloride (Cl ), sulphate(SO ), carbonate 4

2- 2-(Co ), and bicarbonate (HCO ) by volumetric 3 3

-titration methods; while (F ) and Arsenic (As) by 
+spectrophotometric method, sodium (Na ) and 

+potassium (K ) by flame photometry.

Table 1 : (Sampling Locations)

Bore well water Hand pump water

S.No. Location S.No. Location

1 Maniyar 1 Kharid

2 Bashantpur 2 Rewati

3 Bhagipur 3 Fefna

4 Kharid 4 Maniyar

5 Aashana 5 Shikandarpur

6 Sharwar 6 Aashana

7 Bansdih 7 Bashantpur

8 Rewati 8 Bansdih

9 Rashara 9 Rashara

10 Fefna 10 Bhagipur

11 Nagra 11 Nagra

12 Shikandarpur 12 Sharwar

RESULTS AND DISCUSSION
The study of analytical data (Table 2 and 3) 

reveals that the study area is completely Arsenic 

and fluoride endemic area and other quality 

parameters are also exceeding tolerance limits.
PH governs the solvent prosperities of water and 

determines the extent and type of physical and 

chemical reactions likely to occur within a water 

system or between the water and surrounding 

rocks and soils . The pH of most natural water 

fails approximately within the range of 4 to 9 

depending upon the concentration of carbonate 

and bicarbonate ions present.
In present investigation .pH value vary from 7.16 

to 7.94 and from 6.48 to 8.02 in hand pump and 

bore well water respectively. The results 

indicate that, the ground water sources in the 

study area is alkaline in nature .This may be due 

to the presence of higher amount of carbonates 

and bicarbonates substance in the ground water 

and the pH value of all the samples are within the 

maximum permissible limit .
EC values in bore well and hand pump water in 

the study area are varied from 720.14. to 4216.14 

5ASHOK KUMAR SRIVASTAVA, ET. AL  International Journal on Agricultural Sciences 6 (1)



6

Table 2:  Physico-Chemical analysis of hand pump water

Table 3: Physico-Chemical analysis of bore well water

- - - 2- 2+ 2+ + 2+Sr. No. pH EC(µs) TDS Turbi- As F Cl No So Ca Mg Na Fe DO3 4

dity

1 7.18 1902 686.0 7 0.08 1.26 535.34 0.82 14.22 180.12 68.22 210.12 2.96 13.52

2 7.22 1820 1168.1 4 0.14 1.82 114.00 0.96 12.67 220.04 52.12 180.98 2.02 14.14

3 7.24 1684 1132 3 0.11 1.78 154.32 1.44 14.26 175.18 28.18 254.12 1.94 20.02

4 7.32 1428 716.8 5 0.18 2.34 400.02 1.82 18.12 98.82 19.76 202.14 2.78 11.96

5 7.46 1404 1558 1 0.16 2.42 115.24 2.02 21.38 100.12 52.16 305.62 2.06 12.45

6 7.72 1388 2856 6 0.22 1.54 234.12 1.98 34.52 104.36 100.02 268.44 1.68 19.06

7 7.94 1116 425.00 3 0.06 2.72 148.06 2.62 26.98 52.14 90.16 225.16 1.95 11.78

8 7.24 986 644.6 4 0.18 2.02 402.65 2.76 26.32 104.68 42.72 238.18 1.42 15.06

9 7.16 1004 1305.5 2 0.24 1.62 240.08 2.48 12.98 88.87 65.18 198.02 3.02 21.12

10 7.88 1108 716.8 5 0.28 1.58 220.44 2.36 21.68 144.68 70.26 202.54 2.24 14.08

11 7.66 1546 756.4 3 0.20 1.77 350.06 1.98 21.52 180.22 40.15 211.52 1.86 16.14

12 7.32 1498 515.24 6 0.16 2.38 185.02 2.18 25.32 198.96 58.11 199.96 1.12 20.00

Min. 7.16 986.00 425.00 1 0.06 1.26 114.00 0.82 12.67 52.14 19.76 180.98 1.12 11.78

Max. 7.94 1902.00 2856.00 7 0.28 2.72 535.34 2.76 34.52 220.04 100.02 305.62 2.96 21.12

- - - 2- 2+ 2+ + 2+Sr. No. pH EC(µs) TDS Turbi- As F Cl No So Ca Mg Na Fe DO3 4

dity

1 7.14 720.14 1015.24 4.12 0.09 2.55 120.00 0.88 32.19 585.15 130.15 258.00 1.52 15.42

2 6.48 2122.00 915.24 5.02 0.07 2.80 168.00 2.67 15.25 160.42 95.69 249.18 1.36 20.68

3 7.26 4216.14 498.00 3.98 0.26 2.71 152.00 3.18 34.57 489.00 69.50 262.14 1.42 24.18

4 7.08 1875.20 452.08 2.00 0.16 2.58 181.00 1.02 16.82 310.16 36.18 302.18 0.96 16.26

5 7.40 1200.00 1253.14 7.00 0.32 2.62 232.00 1.22 10.58 400.08 34.16 358.16 0.95 22.52

6 7.26 2487.00 725.06 6.14 0.20 2.52 245.00 1.44 11.22 415.16 58.12 374.20 0.58 26.18

7 7.86 2382.00 1108.98 4.00 0.18 1.89 216.00 1.96 38.52 312.15 14.78 400.00 0.65 21.16

8 7.88 3096.00 702.15 3.00 0.09 2.76 201.00 2.32 14.36 545.24 59.38 398.68 0.12 24.88

9 7.52 2212.00 450.62 5.00 0.19 1.68 135.00 3.36 10.56 450.24 50.12 402.16 0.29 23.82

10 7.72 1998.96 998.14 9.00 0.24 1.54 148.00 3.14 15.12 465.14 82.65 168.10 1.07 21.06

11 8.02 1075.00 1050.54 7.00 0.22 2.46 172.00 0.70 10.24 400.00 39.65 278.00 2.15 18.42

12 7.96 1112.12 1201.98 2.00 0.14 2.32 134.00 0.76 38.65 675.16 132.15 198.66 1.42 22.15

Min. 6.48 720.14 450.62 2.00 0.07 1.54 120.00 0.70 10.24 160.42 14.78 168.10 0.12 15.42

Max. 8.02 4216.14 1253.14 9.00 0.32 2.80 245.00 3.36 38.65 675.16 132.15 402.16 2.15 26.18

µs and 986.00 to 1902.00 µs respectively .EC has 

been found to be higher in deeper bore well 

water.

In many water samples of both hand pump and 

bore well water ,EC values were found exceeding 

the permissible limits (1450 µs).The higher 

values may be due to the rock soils and the 

presence of high dissolved solids in the study 

area used for all domestic and agricultural 

purposes and the EC values less then 2450µs is 

ideal.

The concentration of dissolved solids in water 

gives an idea about suitability of this water for 

various uses including that of portable water. It 

Water Pollution Assessment....6 JANUARY-JUNE 2015
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also indicates the salinity of water. Dissolved 

solids tend to increase with increasing pollution 

of water. Water containing 500mg/L is the 

desirable limit and  1450mg/L as the maximum 

permissible limit have been suggested for 

drinking water. In the present investigation ,the 

TDS value vary from 425.00 to 2856.00 and from 

450.62 to 1253.14 mg/L in the water from hand 

pumps and bore wells respectively in the study 

area.

The results of the total dissolved solids indicate 

that many samples of water from bore well and 

hand pump contain high dissolved solids. The 

TDS values in water samples 2, 3, 5, 6, and 9 from 

hand pump exceed the limit, where as the 

samples 3,4,7 and 9 from bore well water are 

within the limit.

In the present investigation, the turbidity value 

varies from 1 to 7 NTU and 2 to 9 NTU in hand 

pumps and bore wells water respectively in the 

study area. In hand pump water samples no 1,6 

and 12 and in bore well water samples 5,6 and 11 

are above the permissible limits.

Fluorine is a common element which exists in 

the form of fluorides in a number of minerals. 

Fluorides are used in the production of 

aluminium, bricks, tiles, ceramics, phosphate 

fertilizer and toothpaste. The high concentration 

of fluorides causes mottling of teeth, skeletal 

fluorisis, bending of vertebal column, 

deformation of knee joints and other bone 

disorders of the body and even causes paralysis.

Fluoride enters the environment through 

natural as well as anthropogenic sources .The 

main source of fluoride are minerals, rocks and 

sediments .The distribution of fluoride in 

ground water depends on number of factors, 

such as amount of soluble and insoluble fluorine 

in source rocks and rainfall. Fluorides are more 

common in groundwater than in surface water.

The maximum concentration of fluoride in any 

sample under study does not cross the limit of 

2.82 mg/L.The observation show that the results 

reveals that, the distribution of fluoride level in 

groundwater sources in all the regions in the 

study area is not uniform. The results also 

indicate that many water samples from bore 

wells and hand pumps water samples contain 

above the maximum permissible limit.

The concentration of chloride in all the samples 

in the study area ranges from 114.00 to 

535.34mg/L and from 120.00 to 245.00mg/L and 

sulphate ion concentration, ranges from 12.67 to 

34.52mg/L and 10.24 to 38.65mg/L in hand 

pump and bore well water samples respectively 

.High chloride contents are observed in hand 

pump water whereas in bore well water samples 
- 2—both Cl  and SO are within the permissible 4

limits. The higher concentration is usually 

indicative of polluted nature of water. The 

concentration of nitrate in all the samples ranges 

from 0.82 to 2.76 mg/L and from 0.70 to 3.36 

mg/L in hand pump and bore well water 

respectively. The results indicate that the nitrate 

concentration is within the permissible limit.

Calcium and magnesium are the most abundant 

ions in natural surface and ground water and exist 

mainly as bicarbonate and chloride. The levels of 

calcium and magnesium salt regulate the 

hardness of water bodies. In the present study 
2+,Ca  ranged from 52.14 to 220.04 mg/L and from 

160.42 to 675.16 mg/L in hand pump and bore 

well water respectively. The results indicates that 

the distribution of calcium is not uniform in all the 

samples of the study area. The concentration of 

calcium is exceeding the tolerance limit in the 

sample  2  of  hand  pump water  and  

1,3,4,5,6,7,8,9,10,11,and 12 of bore well water. 

This may be explaining from the contact of ground 

water with sedimentary rocks particularity 

calcite, dolomite, and gypsum. The concentration 

of magnesium varies from 14.78 to 132.15 mg/L in 

bore well and from 19.76 to 100.02 mg/L in hand 

pump water ,which are well within the excessive 

limit(150mg/L) specified by WHO. 

Sodium is commonly present in water and its 

7ASHOK KUMAR SRIVASTAVA, ET. AL  International Journal on Agricultural Sciences 6 (1)
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concentration in unpolluted water is less than 

that of calcium and magnesium. Ground water 

usually has higher sodium concentration and in 

surface water pollution greatly increases its 

concentration. The concentration of sodium 

ranges from 180.98 to 305.62 mg/L in hand pump 

and from 168.10 to 402.16 mg/L in bore well 

water in study area. In the present study, it is also 

observed that the concentration of iron varies 

from 1.12 to 2.96 mg/L and 0.12 to 2.15 mg/L in 

all samples.

DO reflects the water quality status of and 

physical and biological processes in water and 

show the metabolic balance .Levels of DO act as 

an indicator of status of the water body .The DO 

number average varied from 11.78 to 21.12 mg/L 

and from 15.42 to 26.18 mg/L in hand pump and 

bore well water respectively.

 CONCLUSIONS

The results of this study indicate that the quality 

of ground water varies from place to place 

.Higher values of certain parameters at certain 

bore well and hand pump water samples are not 

fit for drinking purpose as such.

The water quality index and the study of Na% 

through sodium absorption ratio indicate poor 

quality of water for drinking as well as 

agricultural purpose. Hence, proper care must be 

taken to avoid any contaminate ion of ground 

water and its quality be monitored thoroughly.
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ABSTRACT

Key words 

Rameswaram is an island situated at the south eastern end of the Indian Peninsula at the 
o oLatitude  of 9.2800 N and Longitude of 79.3000 E in Ramanathapuram District of Tamil Nadu. Sri 

Ramanathaswamy Temple is situated close to the sea (200 meter) on the Eastern side of the 

island. Twenty two divine wells are located within the Ramanathaswamy temple, Rameshwaram 

Island. The present investigation was carried out in the month of January 2014 as a pilot study. 

The water samples were analyzed for physico- chemical quality and bacteriological water quality 

of divine water and the results are compared with WHO standard. The present study revealed 

that there was increase in TDS, Electrical conductivity, Total hardness, Calcium, Magnesium, 

Sodium and Chloride in divine water and their level exceeded the WHO standard.  This may be 

attributed to over extraction of ground water for the pilgrims who visit usually 5000 to 10,000 

persons per day at weekends as well as lakhs of people visit during the festival day. Further, 

people who are living in the nearby area of temple are extracting water for their life and 

innumerable of lodges which are used for accommodation of devotees. The bacteriological results 

of holy water revealed that there was no bacterial contamination of water.  Therefore, the divine 

well water is considered to be as holy water. A future work is planned for the holy water 

management and prevention of contamination.

INTRODUCTION

Almost 70% of the water in India has become 

polluted due to the discharge of domestic sewage 

and industrial effluents into natural water 

source, such as rivers, streams as well as lakes 

(Sangu and Sharma, 1987).  About 95% of rural 

population living in India depends on ground 

water for domestic use. In our country 70% of the 

water is seriously polluted and 75% of illness 

and 80% of the child mortality is attributed to 

water pollution. The healthy nature of 
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underground water has also altered.  The 

industrial pollutants associated with organic 

matter, inorganic dissolved solids and other 

unwanted chemicals cause serious ground water 

problems. During the past decade, widespread 

reports of ground water contamination have 

increased public concern about drinking water 

quality (Sangara Gomathy et al., 2013). 

 Fresh water resource is becoming day-by-day at 
the faster rate of deterioration of the water 
quality is now a global problem. Discharge of 
toxic chemicals, over pumping of aquifer and 
contamination of water bodies with substance 
that promote algae growth are some of the today's 
major cause for water quality degradation. The 
problems of groundwater quality are much more 
acute in the areas which are densely populated, 
thickly industrialized and have shallow 
groundwater tables. The rapid growth of urban 
areas has further affected groundwater quality 
due to overexploitation of resources and 
improper waste disposal practices (Patil, et al., 
2010). Hence, there is always a need for and 
concern over the protection and management of 
groundwater quality. 

Tamil Nadu is a rain-fed state. It depends mainly 

on water stored in lakes, ponds and ground 

water.  Kings and rulers of the state with their 

long term vision created ponds and lakes to 

conserve water.  Temples were constructed with 

wells either inside or along the side.  These 

temples ponds served the purpose of storage as 

well as recharge of ground water.  The paucity of 

water in the State required all homes to be built 

facing the tank, necessary a square or a 

rectangular so that the water would run-off the 

slopping roofs in to the tank. There is several 

archeological evidence of the construction of 

tanks in ancient and historical India.

Temples are centers of worship for Hindu and 
Sikhs. Hindu temples in Tamil Nadu and other 
states of India have in their vicinity certain 

 ' 'ponds which are holy and called Temple ponds. 
Temple management imposes restrictions over 

now these have become the source for infectious 
disease. It is necessary to detect the quality of 
water and determine whether they meet the 
water quality standards (Umamaheshwari,, 
2010).

misuse of these holy ponds, therefore then 
remain comparatively clean (Sulaba and 
Prakasam, 2006). Temple devotees use this 
holywater for washing their limbs, sometimes 
they make a holy dip in to the water and people 
believe that it can wash all their sins away 
(Jacklin Jemi and Regini Balasingh, 2011). But 
now these have become the source for infectious 
disease. It is necessary to detect the quality of 
water and determine whether they meet the 
water quality standards (Umamaheshwari,, 
Temples are centers of worship for Hindu and 
Sikhs. Hindu temples in Tamil Nadu and other 
states of India have in their vicinity certain 
ponds which are holy and called 'Temple ponds'. 
Temple management imposes restrictions over 
misuse of these holy ponds, therefore they 
remain comparatively clean (Sulaba and 
Prakasam, 2006). Temple devotees use this 
holywater for washing their limbs, sometimes 
they make a holy dip in to the water and people 
believe that it can wash all their sins away 
(Jacklin Jemi and Regini Balasingh, 2011). But 

Fig. 1 : Ramanathaswamy Temple in 
Rameshwaram Island
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acres. The each well has distinct properties. All 
of these wells water have different taste, salinity 
and curative properties. The location of wells are 
shown in Fig. 2. Rameswaram is located at the 
south eastern end of the Indian Peninsula at 

o oLatitude 9.2800 N and Longitude of 79.300 E in 
Ramanathapuram District (Fig.1).  There is a 
Lord Siva temple called Ramanathaswamy 
Temple which is one of the major Lord Siva 
temples in India.  This temple is in the center of 
town, located adjacent to the sea, Bay of Bengal.  
There are 22 theerthams (divine wells) present 
inside the temple in which pilgrims traditionally 

bathe in before seeing the deities (Fig. 2). The 
holy water in the well is found to wash away 

In India, traditionally settlements are located in 
and around either shore areas or rivers or 

wells (22 numbers), which are located within the 
campus  o f  Ramana thaswamyTemple ,  
Rameshwaram Island, Ramanathapuram 
District, Tamil Nadu, India (Fig. 1).

MATERIALS 

Ramanathaswamy Temple has twenty two 
divine wells located within the temple premises. 
The temple has stretched over a vast area of 15 
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Fig. 2 : Location of sampling stations in Ramanathaswamy Temple in Rameshwaram 
Island



(EC), pH, Total Alkalinity (TA), Total Hardness 
(TH), Calcium (Ca), Magnesium (Mg), Sodium 
(Na), Potassium (K), Iron (Fe), Manganese (Mg), 
Free Ammonia (FA), Nitrate(NO ), Chloride (Cl), 3

Fluoride (F), Sulphate (SO ) and Phosphate (PO ) 4 4

and microbiological water quality parameters 
includes standard plate count (SPC), Total 
coliform (TC), Fecal coliform (FC) and Fecal 
streptococci (FS) as outlined in APHA (1998). 
The period of pilot study was in the month of 
January 2014.

RESULTS AND DISCUSSION

Ramanathaswamy Temple is an important 
pilgrimage site for the followers of Hinduism. All 
the divine wells are located with the premises of 

temple. Each well is distinct and located 
geographically different sites and the quality of 
water is found to be different. The overall depth 
of each well never exceeds 10 to 15 feet only. 
However, the holy water from each well is taken 
by bucket and sprayed over the people. The 
quantity of visitors varies from 5 to 10000 during 
week end and one lakh to several lakhs during 
festival days. There are several such festivals 
occurs during the calendar year. During the 
summer holidays, each day will exceed 20,000 
people. This human pressure may be one of the 
factors which change the variation in chemical 
quality of holy water. The physico-chemical 
water quality of the 22 theerthams or divine 
w e l l s  o f  R a m a n a t h a s w a m y  Te m p l e ,  
Rameswaram have been presented in Table 1.
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Table 1: Physico-chemical water quality of holy water of 22 divine wells of Ramanathaswamy 
Temple, Rameshwaram island, (January 2014).

Sta-
tions
Sta-
tions

Physical 
examination

Chemical examination (mg/L)

4Tur. TDS EC pH TA TH Ca Mg Na K Fe No3 Cl F SO

1 1 2870 4100 7.7 440 720 160 77 520 40 0 3 1030 0.8 55

2 2 3780 5400 7.5 330 490 100 58 900 45 0.2 4 1430 0.8 230

3 2 3920 5600 7.4 365 500 100 60 920 50 0.2 4 1500 0.8 215

4 2 4060 5800 7.9 350 520 108 60 940 60 0.2 4 1520 0.8 228

5 1 3780 5400 7.8 330 490 100 58 400 40 0 4 1420 0.6 228

6 1 560 800 8.1 165 180 40 19 110 12 0 2 125 0.4 20

7 1 3640 5200 7.7 325 430 96 48 880 36 0 4 1390 0.6 210

8 1 2450 3500 7.6 325 660 144 72 480 30 0 3 1050 0.6 65

9 2 2870 4100 7.6 435 760 160 86 520 36 0.2 4 1020 0.8 115

10 1 2030 2900 7.6 340 390 80 46 420 24 0 2 630 0.6 90

11 2 3570 5100 7.4 325 960 216 101 640 40 0.2 5 1410 0.8 180

12 2 3710 5300 7.5 330 1000 224 106 680 45 0.2 5 1450 0.8 235

13 1 2520 3600 7.6 365 680 160 67 440 35 0 5 930 0.6 90

14 2 3920 5600 7.6 365 700 80 120 820 60 0.2 5 1510 0.8 230

15 4 5810 8300 7.7 355 2440 280 418 680 84 0.4 6 2520 1.2 160

16 4 5600 8000 7.7 350 2420 280 413 660 80 0.4 7 2350 1.2 160

17 4 6650 9500 7.7 410 2820 256 523 880 86 0.4 9 2810 1.4 115

18 2 5740 8200 7.6 360 2460 264 432 640 84 0.2 10 2500 1.2 135

19 4 7000 10000 7.6 420 2860 352 475 1100 120 0.4 10 3850 1.2 115

20 2 6650 9500 7.7 415 2840 320 490 940 120 0.2 11 2580 1.2 240

21 2 3780 5400 7.5 355 1020 160 149 720 60 0 6 1490 0.8 120

22 2 7140 10200 7.6 410 2800 320 480 1100 130 0 11 2800 1.2 575

WHO 5 500 1300 6.5-8.5 200 200 75 30 - - 0.3 45 250 1 200
stan-
dard
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Physico-chemical water quality of divine water
The appearance of water was clear and 

colourless in all the stations. Further, the odours 

of water in all the stations were within the 

agreeable limit only. According to WHO (2012) 

the maximum permissible limit for drinking 

water is 10 NTU. The maximum turbidity value 

4 NTU was observed in station 15, 16, 17 and 19. 

The lowest value, 1 NTU was noted in station No 

1,5,6,7,8,10, and 13. The present study reveals 

that the turbidity of the 22 samples does not 

exceed the maximum limits of WHO (2012). 

There was not much variation in temperature of 

water also.

According to WHO (2012) maximum 

permissible limit of TDS for drinking water is 

2000mg/L. The TDS level varied from 560mg/L 

to 7140mg/L in 22 station of Ramanathaswamy 

Temple theertham. The lowest TDS was found in 

station 6. However, remaining all the stations, 

the TDS level exceeded the maximum limit of 

WHO standard. The electrical conductivity level 

in divine water varied from 800 to 10200 

µmho/cm. among the 22 stations. This result is 

similar to TDS of water obtained in both the 

stations, indicating that higher electrical 

conductivity in water showed higher TDS of 

water.
The present study reveals that the pH of the 

twenty two stations lies in the range between pH 
7.4 to pH 8.1, showing alkaline in nature. 
Therefore the samples are suitable for drinking 
as well as for ritualistic purpose. The Kodi 
theertham water (Station 22) kept in house for 
many months which never deteriorated in 
quality. Total alkalinity level ranged from 325 to 
440 mg/l among the 22 divine wells of 
Ramanathaswamy temple and exceeding the 
standard limit of 200 mg/l WHO (1984). The 
maximum value was 440 mg/L was recorded at 
station 1 which is located adjacent to sea (about 
200 meter distance).

The total hardness level varied from 180 
mg/L to 2860 mg/L among the 22 divine wells of 
Ramanathaswamy temple. According to WHO, 

the maximum permissible limits for total 
hardness in drinking water is 300mg/L.  The 
present study revealed that in all the stations, the 
hardness of water exceeding WHO standard 
except station No. 6. The maximum value 
observed was 2860 mg/L, at station 19 which is 
located adjacent to the sea.  Higher amount of 
total hardness was noted between the stations 15 
to 22 and the remaining stations showed lower 
range of total hardness.  The higher level of total 
hardness found in certain stations also showed 
higher range of TDS and electrical conductivity.

The calcium level varied between 40 to 352 
mg/L among the divine wells of the 
Ramanathaswamy temple. According to WHO 
(1999) maximum permissible limits for calcium 
in drinking water was 75mg/L.  The present 
study revealed that in all the stations of 
theertham water, the calcium level was 
exceeding the WHO standard except station 6. 
The maximum calcium value was 352 mg/L at 
station no 19, and the minimum calcium value 
was 40 mg/L at station 6.  

The magnesium level varied between 19 
mg/L to 523 mg/L among the divine wells of 
Ramanathaswamy temple. The acceptable limit 
of magnesium is 30 mg/L and the permissible 
limit of magnesium is100 mg/L. the maximum 
amount of magnesium (523mg/L) was noted at 
station 17 and minimum value was noted 
19mg/L, at station 6.  It may be stated that higher 
range of magnesium was noted between station 
15 to 22 and lower amount magnesium was 
noted in remaining stations. The similar pattern 
of variation was noted in calcium, hardness 
conductivity and TDS of Theertham water. It 
may be inferred that the stations 15 to 22 are 
located Eastern side of the temple which is closer 
to the sea. The over extraction of water may leads 
to changes in chemical quality of water due to 
sea water intrusion.

The sodium level in holy water ranged from 
110 to 1100 mg/l in all the 22 stations. The 
present study revealed that in all the stations the 
sodium level exceeds WHO standard except at 
station 6. The higher amount of sodium was 
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found at station 19 (1100mg/L) and lower amount 
of (110mg/L) sodium was found at station 6. The 
increase in sodium in divine water indicate that 
sea water intrusion takes place in the coastal 
groundwater aquifer.

Seawater contains about 400 ppm 
potassium. It tends to settle, and consequently 
ends up in sediment only. Rivers generally 
contains about 2-3 ppm potassium. This 
difference is mainly caused by a large potassium 
concentration in oceanic basalts.  Calcium rich 
granite contains up to 2.5% potassium. This 

+ element is mainly present as k (aq) ions in water.  
The maximum value (130 mg/L) potassium was 
noted at station 22, and minimum value of 
potassium (12mg/L) was noted at station 6 and in 
remaining stations, higher level of potassium 
was noted.

The acceptable limit of iron in water is 0.3 
mg/L, and the maximum value of iron 0.4 mg/L 
was noted in station no 15, 16, 17 and19.  A low 
amount of iron was noted at station 1, 5, 6, 7, 8, 
10, 13, 21 and 22. It is of interest to state that 
Manganese, Free ammonia and Nitrite chemicals 
were not found in all the stations of Theertham 
water. Therefore microorganisms cannot grow in 
this divine water, ultimately this water is used as 
holy water to get rid of sin of person.

The nitrate level was ranged from 2 to 11 mg/l 
in all the stations and it is found to be within the 
limit of WHO standard. The acceptable limit of 
nitrate is 45 mg/L. However, the nitrate values in 
all the stations were found to be within the limits 
of WHO. Hence the divine water is not having 
any microorganism and considered to be as holy 
water. 

The chloride level varied from 125 mg/L to 
3850 mg/L and it exceeded the WHO standard in 
all stations except station 6.  The higher level of 
chloride was noted from station 15 to 22 and 
remaining station showed lower range of 
chloride. It may be stated that over extraction of 
water for holy bathing must be responsible for 
such increase in TDS, hardness, conductivity, 
calcium and chloride in all the waters of divine 

well. However, according to Singanan and Rao, 
(1996) the holy water was contaminated with 
inorganic pollutant. The fluoride level varied 
from 0.6 to 1.4 mg/l among all the 22 stations. The 
acceptable limit of fluoride in water is 1.0 mg/L 
and permissible limit is 1.5 mg/L.  The fluoride 
level in the water of all the station never 
exceeded the permissible limit of WHO. 

The range of sulphate varied from 20 to 575 
mg/l. The acceptable limit is 200 mg/L and 
permissible limit is 400 mg/L. Higher amount of 
sulphate was noted at station I to 5 and lower 
amount of sulphate was noted between16 to 21.  
The maximum value is sulphate 575 mg/L in 
station no 22, and minimum value of sulphate 
was 20mg/L in station no 6.  The phosphate, 
Ammonia and Nitrite were absent in all the 
stations of Ramanathaswamy Temple. This is 
also another important factor for the absence of 
microorganism in holy water. The earlier studies 
on the status of holy water of Ramanathaswamy 
Temple, (Sivashankar and Ramachandra-
moorthy, 2009) concluded that there was 
relationship between Calcium, Chloride and 
TDS. Further, the water was very hard nature. In 
the present study also obtained similar type of 
relationship among Calcium, Chloride and TDS.

Four water samples were selected randomly 
from the stations (No. 1, 5, 10 and 15) and 
analyzed for bacterial contamination of water.  
The Standard plate count, Total coli form, Fecal 
coli form and Fecal streptococci were totally 
absent in all the stations. The result revealed that 
there was no bacterial contamination of water.  
Hence, the water is found to be holy water.

CONCLUSION

The holy water available in 22 divine wells 
a re  loca ted  wi th in  the  premises  o f  
Ramanathaswamy Temple were free from 
bacter ia l  contaminat ion,  hence i t  i s  
scientifically holy water. The increase in TDS, 
Electrical conductivity, Calcium, Magnesium, 
Sodium, Chloride in holy is due to over 
extraction of water for the catering the need of 
lakhs of pilgrim who takes holy bath and carry 
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kodi theertham water to their house to perform 
pooja in their houses which may be the causative 
factor for increasing the concentration of various 
ions in water. In this context, it may be stated 
that everyone who visits the temple purchase the 
Kodi theertham water (1 litre water) from the 
Temple premises. Therefore, an integrated 
Temple water management and careful use of 
water for holy spray on their head is suggested 
without affecting the values of Hindu people.
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ABSTRACT

Key words 

An analytical study has been carried out to assess the water quality index of River Bhatsa in 

Thane district of Maharashtra state. Water samples from two sampling stations were collected 

during the monsoon season from June 2013 to October 2013 and analysed for physico-chemical 

parameters like pH, electrical conductivity, total hardness, total dissolved solids, alkalinity, 

dissolved oxygen, biological oxygen demand, chemical oxygen demand and total suspended 

solids. Each parameter was compared with the standard desirable limit of that parameter in river 

water as prescribed by WHO/ICMR. Water quality index was then calculated based on these 

parameters by utilising weighed arithmetic mean method. It was found that both the sampling 

stations on river Bhatsa had poor water quality index.

INTRODUCTION

Bhatsa river is a very important tributary of 

Ulhas river system which flows through the 

Thane district of Maharashtra state. It supplies 

water to the neighbouring metropolitan city 

Mumbai. Bhatsa river originates near Kasara and 

flows through Shahapur and Khadavli areas  of 

Thane district, after confluence with Kalu  river 

it merges with Ulhas river near Kalyan 

taluka.Ulhas river is a west flowing river which 

finally flows into Arabian sea. Various physico-

chemical characteristics are necessary in 

drinking water but if they exceed their limits it 
1,2may becomes unsafe for use . The objective of 

the study is to study the physical chemical 

parameters like pH, electrical conductivity, total 

hardness, total dissolved solids, alkalinity 

,dissolved oxygen, biological oxygen demand, 

chemical oxygen demand and total suspended 

solids of Bhatsa river waters  and then calculate 

the water quality index based on these 

parameters .Water quality index is popular 

method and a valid tool to express water quality. 

It provides a single number that expresses 
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overall water quality at a certain location and 

time based on several water quality parameters. 

The concept of Water quality index was  first 

introduced in Germany in 1848. This water 

quality index is an index originally proposed by 

Horton (1965),it is also called as the arithmetic 

water quality index .Latter on many researchers 

used this concept ,which is basically weighed 
3,4,5arithmetic mean method .

MATERIALS AND METHODS

STUDY AREA DESCRIPTION

First sampling station was at Shahapur, near 

METHODOLOGY 
 

The water samples were made as grab samples 

from the Bhatsa river at two different points in 

the monsoon season from June 2013 to October 

2013. The samples were collected in sterilised 

polyethylene cans of one-litre capacity and 

analyzed as per the standard method for various 

chemical constituents.. All reagents were of 

analytical grade and solutions were made of 

distilled water. Various water quality parameters 

like colour ,temperature pH, total Dissolved 

Solids, electrical conductivity, Total Alkalinity, 

Total suspended Solids, Total Hardness, 

Dissolved oxygen, Biochemical Oxygen Demand 

and, Chemical Oxygen Demand were 

Liberty oil mill, Shahapur is one of the largest 

taluka of Thane district, it is surrounded by the 

Sayadri ranges, Bhatsa river flows throughout 

the year, various activities like washing utensils 

and cloths, bathing of animals takes place near 

the site. The river receives drainage water, 

sewage water and  during rainy season it also 

receives runoff water from nearby agricultural 

fields. Second sampling  station was at Khadavli 

near Matoshree vrudhashram, surrounding area 

is semi rural but it is favourite spot for picnic 

goers similar activities were  witnessed at this 

sampling station also. 

determined using standard analytical methods 
6,7(APHA, 1992; Trivedi & Goel, 1984) ; The 

instruments used were calibrated before use for 

observing readings. The repeated measurements 

were made to ensure precision and accuracy. For 

calculating Water quality index nine important 

parameters were taken into consideration WQI 

was calculated using drinking water standards 

recommended by WHO(World Heal th 

Organisation)/ ICMR, (Indian Council of medical 
8,9,10research) .

Weighted arithmetic water quality index method 

classified the water quality according to the 

degree of purity by using the most commonly 

measured water quality variables. The method 
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Fig: 1 Sampling station1 at Shahapur Fig: 2 Sampling station2 at Khadavli
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has been widely used by the various scientists 

and the calculation of WQI was made by using 

the following equation: 

WQI=∑ Wn qn/∑ Wn 1

The quality rating scale (qi) for each parameter is 

calculated by using this expression:

qi=100[(Vi-Vo)/(Si-Vo)]

Where,

Vi  is estimated concentration of ith parameter in 

the analysed water

Vo is the ideal value of this parameter in pure 

water

Vo = 0 (except pH =7.0 and DO = 14.6 mg/l)

Si  is recommended standard value of ith 

parameter

The unit weight (Wi) for each water quality 

parameter is calculated by using the following 

formula:

Wi=K/Si

K = proportionality constant and can also be 

calculated by using the following equation:

K=1/∑(1/Si)

18

11Table 1: Water Quality Rating as per Weight Arithmetic Water Quality Index Method  

Table 2: Drinking water standards recommending agencies, reciprocal of standard values and unit 
12,13,14,weight .

Water quality index level Water quality status Grading

0-25 Excellent water quality A

26-50 Good water quality B

51-75 Poor water quality C

76-100 Very poor water quality D

>100 Unsuitable for drinking E

Sr  Parameter Standards Recommending Reciprocal of Unit weightWn

No. agencies  standard values

1 pH 6.5-8.5 WHO 0.1176 0.185

2 Electrical conductivity 300 WHO 0.0033 0.0052

3 Total Dissolved solids 500 WHO 0.002 0.0031

4 Total hardness 300 ICMR 0.0033 0.0052

5 Alkalinity 120 ICMR 0.0083 0.013

6 Total Suspended solids 500 WHO 0.002 0.0031

7 Dissolved Oxygen 5 WHO 0.2 0.3142

8 Biological Oxygen Demand 5 ICMR 0.2 0.3142

9 Chemical Oxygen Demand 10 WHO 0.1 0.157

K=1.57

18 BANERJEE SHIVANI, ET. AL International Journal on Environmental Sciences 6 (1)



RESULTS

Table 3: Showing average values of various parameters of Bhatsa river water 

Sr Parameter Units Sampling Sampling 
No. station-1 station-2

1 Colour Light brown Light brown

02 Temperature Celcius 28.2 27.9

3 pH - 7.3 7.4

4 Electrical conductivity µmhos/cm 146 147

5 Total Dissolved solids mg/L 98 100

6 Total hardness mg/L 47 55

7 Alkalinity mg/L 44 43

8 Total Suspended solids mg/L 68 88

9 Dissolved Oxygen mg/L 6.9 6.9

10 Biological Oxygen Demand mg/L 3.9 3.4

11 Chemical Oxygen Demand mg/L 6.2 5.6

Table : 4 Calculation of WQI  of Bhatsa river water at sampling station -1

Sr  Parameter Observed Standard S Unit weight Quality W  qn n n

No. values value W rating qn n

1 pH 7.3 6.5-8.5 0.185 20.0 3.7

2 Electrical conductivity 146 300 0.0052 48.67 0.253

3 Total Dissolved solids 98 500 0.0031 19.6 0.061

4 Total hardness 47 300 0.0052 15.67 0.081

5 Alkalinity 44 120 0.013 36.67 0.477

6 Total Suspended solids 68 500 0.0031 13.60 0.0422

7 Dissolved Oxygen 6.9 5 0.3142 80.0 25.1

8 Biological Oxygen Demand 3.9 5 0.3142 78.0 24.51

9 Chemical Oxygen Demand 6.2 10 0.157 62.0 9.73

S W = 1.0 S q = S W q  n n n n=

374.21 63.95
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Table : 5 Calculation of WQI  of Bhatsa river water at sampling station-2

Sr  Parameter Observed Standard Unit weight Quality W  qn n

No. values value S W rating qn n n

1 pH 7.4 6.5-8.5 0.185 26.67 4.93

2 Electrical conductivity 147 300 0.0052 49.0 0.255

3 Total Dissolved solids 100 500 0.0031 20.0 0.062

4 Total hardness 55 300 0.0052 18.33 0.095

5 Alkalinity 43 120 0.013 35.83 0.465

6 Total Suspended solids 88 500 0.0031 17.6 0.055

7 Dissolved Oxygen 6.9 5 0.3142 80.0 25.14

8 Biological Oxygen Demand 3.4 5 0.3142 68.0 21.37

9 Chemical Oxygen Demand 5.6 10 0.157 56.0 8.79

S W = S q = S W  q  n n n n=

1.0 371.43 61.162

From equation    as ∑ W = 1.0-1 n

1.Water Quality Index of sampling station1is ∑ 

W  q  63.95n n=

2. Water Quality Index of sampling station2is ∑ 

W  q 61.16n n=

DISCUSSION

The water quality index of the two sites on the 

two sites of river Bhatsa were found by 

considering nine important parameters, among 

the various physicochemical parameters pH is a 

very important factor, the average values of site 1 

and 2were 7.4 and 7.4 respectively. Electrical 

conductivity was observed in sampling station 

1and 2 were146 µmhos/cm and 147 µmhos/cm 

respectively, values were well within the values 

recommended by WHO. Total dissolved solids 

and Total suspended solids   values were also 

within the limit given by WHO. Total Hardness 

of sampling station 1 was found to be 45 mg/L 

and at sampling station 2 the value  was 55mg/L , 

Alkalinity of water is a measure of its capacity to 

neutralize acids. Alkalinity of drinking water 

has not been reported to be harmful but 

generally 100 mg/L is desirable for drinking 

water .It was found that the alkalinity of water at 

the points 1 and 2 were 44 mg/L  and 43 mg/L 

respectively.  Dissolved oxygen is one of the 

most important parameter in assessing water 

quality and reflects the physical and biological  

processes prevailing in the water and is essential 

to all forms of aquatic life. DO levels average 

values were 6.9 mg/L at both sampling stations. 

Biological oxygen demand has been used as a 

measure of the amount of organic materialism in 

an aquatic solution which support the growth of 

microorganism , BOD values were 3.9 mg/L and 

3.4 mg/L respectively. Chemical Oxygen 

Demand  average values were 6.2 mg/L and 5.6 

m g / L ,  s i m i l a r  s t u d i e s  o n  v a r i o u s  

physicochemical parameters of rivers were 
15,16carried out by many Indian researchers .On 

calculation of water quality index using the 

observed values from Bhatsa river waters ,it was 

found that WQI at Shahapur sampling station 

was  63.95 and at Khadavli 
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sampling station the value was 61.162. 

Considering the Table:1,it can be noted that the 

water at both sampling station of Bhatsa river is 

of poor quality .

CONCLUSION

In  the present study it can be concluded that 

river water quality at the sampling stations of 

Shahapur and Khadavli of river Bhatsa were of 

poor quality, water from these stations on river 

Bhatsa can only be potable after proper filtration 

and disinfection  processes. Sustained efforts 

must be undertaken to save rivers from pollution 

as they are valuable and crucial resource, for 

supporting life on earth.
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ABSTRACT

The precise inverse relationship between the energy sources like blood glucose, liver glycogen was 

noticed in heat(32°C) and cold (20°C)  adapted fish Catla catla. During heat adaptation i.e. slow 

temperature change from 20°C to 32°C at the rate of 1°C/60hrs there is a steep increase the blood 

glucose level with a concomitant decrease in the liver glycogen, suggested that the blood glucose is 

derived from the hepatic glycogenolysis to meet the higher energy demand during heat adaptation. On 

the other hand during cold adaptation i.e. slow temperature change from 32°C to 20°C at the rate of 

1°C/60 hrs reverse trend is observed .In that, there is a steep decrease in blood glucose and a gradual 

increase in the liver glycogen were observed, indicating the restoration of liver glycogen during cold 

adaptation. The muscle glycogen (both red & white) also registered the significant changes during 

thermal adaptation and thermal stress. The reaching of the control  values was observed in these 

parameters in both heat & cold adapted fishes. Where as in the temperature stressed fish both heat & 

cold which are subjected to an abrupt temperature change from 20°C to 32°C and 32°C to 20°C 

respectively, at the rate of 1°C/hr. These parameters, namely blood glucose, liver glycogen & muscle 

glycogen did not reach the control values. These studies indicates that , an abrupt temperature change 

act as a stressor to Catla catla .On the other hand a very slow temperature change (1°C/60 hrs) resulted 

in the process of adaptation.

Keywords: Catla catla, blood glucose, liver glycogen, temp. Adaptation and  temp stress.  
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INTRODUCTION

Carbohydrates are the most readily utilized and 
the first to be affected by the impact of 
environmental change. Carbohydrates are 
stored in the liver as glycogen, a polysaccharide 
built of glucose units. When required, the 
glycogen is broken down and transported as 
glucose, and thus glucose is found in the blood. 
Generally blood glucose level has been reported 
as a reliable and sensitive indicator of 
environmental stress in fishes (Silbergeld, 

1974). Extensive work has been done on blood 
glucose, liver and muscle glycogen in fishes with 
reference to salinity and temperature (Dean and 
Goodnight, 1964; Pickford et al., 1969; 
Umminger, 1971 a, b, c; Basha Mohideen and 
Parvatheswara Rao, 1971, 1972). Umminger 
(1975) showed that blood glucose is considered 
to be the good indicator of environmental 
variations.. The blood glucose level indicates 
most striking alterations in response to the 
change in environmental factors (Umminger, 
1975). Mesa –Matthew- et al., (2002) has 
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reported transient increase in plasma 
concentration of glucose during thermal-stress 
in Chinook salmon.   

Maintenance of glycogen reserves is one of 

the most important features of the normal 

metabolism (Mong and Polond, 1981). 

Alterations in liver glycogen under situation of 

stress have been reported and a significant 

depletion in tissue glycogen is said to reflect a 

state of strenuous activity on the part of the fish 

(Tewari et al., 1987; Vijayaram et al., 1989). 

Studies of similar nature have shown significant 

decrease in the level of muscle glycogen which is 

said to reflect a state of strenuous activity on the 

part of the fish (Black. 1955; Miller et al., 1959; 

Black et al., 1960, 1961, 1962;Basha Mohideen 

and Parvatheswara Rao, 1971,1972,1973). In the 

pacific Killifish, Fundulus heteroclitus, 

glycogen phosphorylase activity is increased at 

lower temperature and this was accompanied by 

decrease in hepatic glycogen level, suggesting 

increased hepatic glycogenolysis at low 

temperatures (Umminger, 1970b, 1975).

Thus, there is a great deal of work and 

voluminous data in carbohydrate metabolism 

are available during environmental-adaptation 

in general. But highly inadequate information on 

carbohydrate metabolism is available on 

temperature-stress and temperature-adaptation 

in fishes.  Hence an attempt is made to study 

carbohydrate metabolism involving blood 

glucose. Liver glycogen and muscle glycogen 

contents during abrupt and slow changes in the 

environmental temperature (both towards heat 
o o oi.e., from 20 C to 32 C and towards cold i.e., 32 C 

oto 20 C to differentiate the temperature-stress 

phenomena from temperature-adaptation 

processes.
 

MATERIAL AND METHODS
 

The major carp Catla catla weighing 10±1 

gm were collected from the Local government 

Fisheries department, and stored in large glass 

aquaria in the laboratory at room temperature 

(27ºC±0.5ºC) and exposed to natural photo 

period. Only male members of the fish Catla 

catla is used throughout the experimentation in 

order to avoid the effect of sex. A gentle overflow 

of water was continuosly maintained 

throughaquria to keep up the water renewal.The 

fishes werefed daily.The fishes were adapted for 

period of two weeks to the laboratory condition.
       

Energy sources
Blood glucose and Liver glycogen
Blood glucose and liver glycogen were estimated 

o oin 20 C and 32 C adapted fishes (controls) as well 

as the stressed (heat and cold) and adapted (heat 

and cold) fishes.
 

Blood glucose
Method
Blood was collected from the fish Catla catla 

individually into microbeakers by incision, 

using 3% sodium oxalate solution as an 

anticoagulant. Prior to the collection of blood 

samples, the micro beakers were rinsed with this 

anticoagulant solution and then dried, so that a 

thin dry film of the anticoagulant would be 

sticking to the inner surface of these micro 

beakers. From the collected blood sample, 0.1 ml 

of the blood is drawn with a fine 1 ml tuberculine 

microsyrings and the glucose content in the 

blood samples was determined by the method 

described by Mandel, Kemp and Myers (1954) 

and the glucose content is expressed as mg of 

glucose per 100 ml of the blood.

Liver glycogen
oThe liver was dissected out from the 20 C 

oand 32 C adapted control fishes as well as the 

experimental fishes which are subjected to 

temperature-stress (heat-stress and cold-stress) 

and to temperature adaptation (heat and cold). 

The glycogen content in the liver was estimated 

by the colorimetric method as described by 

Kemp, Kitsvan and Heijninger (1954). The 

glycogen values are expressed as mg of 

glycogen/gm wet weight.
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Muscle glycogen (Red and White)
    The red muscle glycogen and white muscle 

oglycogen were estimated separately in 20 C and 
o32 C adapted fishes (controls) as well as the 

stressed (heat and cold) and adapted (heat and 

cold) fishes.

Red muscle from the anterior dorsal region of 

the trunk and white muscle from the lateral side 

were dissected out from the fish and the 

glycogen content estimated by the colorimeter 

method described by Kemp and Heijninger 

(1954) as mentioned in the liver glycogen 

e s t i m a t i o n .  S i n c e  m u s c l e  g l y c o g e n  

concentration in fish is known to vary in the 

different regions of the body from the head end 

to the tail end (Amano et al., 1943; Fraser et al., 

1966), care was taken to pick the muscle tissue 

samples from the same regions of the body in all 

the fishes selected for glycogen (both red and 

white) estimation. The muscle glycogen content 

was expressed in mg of glycogen/gm wet weight 

of the tissue.

These 20ºC and 32ºc adapted fishes were 

readapted separately in the following pattern: 

(1)   The 20ºC adapted fishes were re-adapted to 

a slow temperature change at the rate of 

1ºC/60hrs from a temperature range of 20ºC 

to 32ºC for a period of 35 days (heat-

adaptation). 

(2)   The 20ºC adapted fishes were re-adapted to 

an abrupt temperature change at the rate of 

1ºC/hrs from a temperature range of 20ºC to 

32ºC for a period of 35 days (heat-stress). 

(3)   The 32ºC adapted fishes were re-adapted to 

a slow temperature change at the rate of 

1ºC/60hrs from a temperature range of 32ºC 

to 20ºC for a period of 35 days (cold-

adaptation) 

(4)   The 32ºC adapted fishes were re-adapted to 

an abrupt temperature change at the rate of 

1ºC/hrs from a temperature range of 32ºC to 

20ºC for a period of 35 days (cold-stress). 

RESULTS AND DISCUSSION

Energy sources-Blood glucose and liver 
glycogen

Results
In the (Fig. 17), level of blood glucose is 

increased with concomitant decrease in the liver 
glycogen in the fishes subjected to heat-
adaptation, whereas the level of liver glycogen 
increased with decrease of blood glucose in the 
case of cold-adaptation (Fig. 20). Reaching of the 
control values of 20°C and 32°C adapted fishes 
respectively is observed in both the cases with a 
greater recovery in the case of heat-adaptation 
(Figs. 17 and 20; Tables 12, 14, 13 and 15). In 
contrast to this, in the case of fishes subjected to 
stress condition, reaching of the control values 
could not be seen in both heat-stressed and cold-
stressed fishes even after exposing them to a 
period of 35 days (Figs. 16 and 19; Tables 12, 14, 
13, and 15). However, the temperature-stressed 
fishes established the new levels of the blood 
glucose and liver glycogen content and the 
continuous stress operating on the fish resulted 
in the "stress-adaptation". Thus the rate of 
hepatic glycogenolysis.The is operating at a 
higher level in the adapted fishes as compared to 
stressed ones, and hence, there is a significant 
percent decrease of liver glycogen content and 
corresponding percent increase in blood glucose 
level in heat-adaptation and significant decrease 
of blood glucose level and corresponding 
percent increase in the liver glycogen content 
was noticed during cold-adaptation. However, 
relatively percent recovery in blood glucose and 
liver glycogen was found to be higher in the case 
of heat-adaptation than in the cold-adaptation 
(Tables 19A; 19B 19C; 19D).

Muscle glycogen (Red and White)

RESULTS

      In the (Fig 21) level of white muscle glycogen 

is increased with a concomitant decrease in the 

red muscle glycogen in the fish subjected to heat-

adaptation. Whereas the level of white muscle 

glycogen is decreased with a concomitant 
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increase in the red muscle glycogen in the case of 

cold-adaptation (Fig 24). Reaching of the control 

values of 20°C and 32°C adapted fishes 

respectively is observed in both the cases with a 

greater recovery in the case of heat-adaptation 

(Tables 16, 18, 17 and 19). In contrast to this, in 

the case of fishes subjected to stress condition, 

reaching of the control values could not be seen 

in both heat-stressed and cold-stressed fishes 

even after exposing them to a period of 35 days 

(Figs. 22 and 25; Tables 16, 18 17 and 19).  

However, the temperature-stressed fishes 

established the new levels of the red and white 

muscle glycogen content and the continuous 

stress operating on the fish resulted in the 

"stress-adaptation". Thus the rate of hepatic 

glycogenolysis is operating at a higher level in 

the adapted fishes as compared to stressed ones. 

The percent recovery in white muscle glycogen 

was found to be higher in the case of heat-

adaptation than in the cold-adaptation whereas 

the percent recovery in red muscle glycogen was 

found to be higher in the case of cold-adaptation 

than in the heat-adaptation (Tables 19A, 19B, 

19C and 19D).
 

DISCUSSION

Te m p e r a t u r e  a s  a n  i m p o r t a n t   

environmental factor comes under a typical 

example of the loading stress, and so it involves 

several active processes and hence involves 

energy expenditure. As carbohydrate is the 

predominant source of metabolic energy 

production, such changes in carbohydrate 

metabolism that would meet the changing 

energy demands, may be expected in animals 

subjected to stress. However, such studies in 

fishes, adapted to thermal-stress, are very few 

(Nace and Schuh, 1961; Hochachka and Hayes 

1962; Dean and Goodnight, 1964; Umminger, 

1969b; 1970 a, b; Catlett and Millich, 1976; 

Vattonev et al., 1983) and their results indicated 

the changes in carbohydrate metabolism during 

thermal-adaptation of fishes. It has been 

reported that, blood glucose level in several 

fishes varies in proportion to their level of 

activity and hence to their level of metabolism 

with low levels of blood glucose (Gray and Hall, 

1930; Mc Cay, 1931; Vem berg and Gray, 1953; 

Fakuda, 1958).

Accordingly, in the present experimental fish 

Catla catla blood glucose utilization is much 

higher during adaptation to higher temperature 

from 20°C to 32°C (Tables 12 and 14) suggesting 

that, carbohydrate metabolism is stepping -up in 

this fish during warm adaptation from cold. 

Further, in Catla catla dietary carbohydrate 

could not have been the source of blood glucose, 

since the fishes have been starved for a day 

preceding these estimations. Therefore, hepatic 

glycogenolysis may have been the source for 

blood glucose, and it is evident that, increase in 

the blood glucose level on adaptation to higher 

temperature, i.e from 20°C to 32°C is 

accompanied by a decrease in the liver glycogen 

level. Hence it is clear that, in the fish, Catla 

catla, the hepatic glycogenolysis is the source for 

blood glucose with an inverse relationship 

between the two. The increase in metabolic 

utilization of blood glucose, possibly to meet the 

energy demands during adaptation to higher 

temperature is understandable. A probable 

reverse trend is observed when the fish, Catla 

catla adapted to lower temperature from 32°C to 

20°C with a considerable increase in the liver 

glycogen level and a decrease in the level of 

blood glucose of the fish during the process of 

adaptation to lower temperature from 32°C to 

20°C, maintenance of energy requirements will 

be considerably lowered. Hence, there is low 

level of blood glucose in Catla catla.

In the present investigation, in Catla catla 

subjected to a slow temperature change from 

cold to heat (i.e. from 20°C to 32°C) with a slow 

temperature change at the rate of 1°C/60 hrs, 
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there is a gradual stepping-up of blood glucose 

levels with an inverse stepping-down of liver 

glycogen,muscle glycogen (red and white) level 

(Figs. 17 and 23 Tables 12, 16, 14 and 18). 

However, the values, in these carbohydrate 

metabolites, namely blood glucose and liver 

glycogen, muscle glycogen (red and white) 

reached the original levels of their control 

medium (i,e., 32°C temperature adapted fish) 

and a fairly good amount of recovery is recorded 

in both the cases i,e (92.91%) of recovery in 

blood glucose and (92.64%) recovery in the liver 

glycogen, (34.84%) recovery in red muscle 

glycogen and (87.38%) recovery in white muscle 

glycogen. In case of cold-adaptation, when the 

fish, Catla catla subjected to slow temperature 

change from 32°C to 20°C at the rate of 1°C/60 

hrs, there is a considerable stepping-up of liver 

glycogen, muscle glycogen (red and white) 

concentration with an inverse stepping-down in 

the levels of blood glucose. (Tables 13, 17 15 and 

19, Fig 20 and 26) and reaching to the controls 

20°C temperature adapted fishes, was observed 

within a span of 35 days. Also there is a fairly 

good amount of recovery in these parameters 

with reference to controls of 20°C temperature 

adapted fishes i.e. (81.86%) recovery in the case 

of blood glucose and (80.35%) in the case of liver 

glycogen (95.45%) recovery in the case of red 

muscle glycogen and (27.20%) recovery in the 

case of white muscle glycogen. However, recent 

findings in this regard indicate that in fishes 

adapted to cold temperature maintenance 

energy requirements are considerably lowered 

(Hochachka and somero, 1973), and this seems 

to be accomplished essentially through lowering 

the electrolyte levels in the body fluids and 

thereby reduce the blood-medium osmotic 

gradient during adaptation to colder 

temperature (Umminger, 1971 a, b, c).  So, the 

decrease in blood glucose utilization in the 

present experimental fish, Catla catla adapted to 

cold-temperature, reflecting the stepping-down 

of carbohydrate metabolism in this fish during 

adaptation to the cold temperature may be 

considered a part of lowering of maintainable 

energy requirements during adaptation to cold.

In the case of stress phenomenon, when the 

fish is subjected to heat- stress from 20°C to 32°C 

with an abrupt temperature change at the rate of 

l°C/hr, the blood glucose level steeply increased 

and suddenly declined with an inverse steep 

decline and sudden rise in liver glycogen. These 

sharp initial variations are followed by many 

fluctuations in blood glucose and liver glycogen, 

muscle glycogen (red and white) during the time 

course study (Figs. 16 and 22). Similar types of 

fluctuations were observed in the case of cold-

stressed fishes (Figs. 19 and 25). When they were 

subjected to an abrupt temperature change from 

32°C to 20°C at the rate of l°C/hr, and in both 

parameters, namely liver glycogen and blood 

glucose, during the time course, in these 

temperature -stressed (heat and cold) fishes, 

neither the blood glucose, nor the liver glycogen 

showed indication of reaching the control values 

i,e., 32°C to 20°C temperature adapted control 

fishes. The continuous effect of stress on the fish 

resulted at the end of 35 days, in a phase of 

stress-adaptation, with relatively much lower 

levels of recovery (63.66%) in blood glucose and 

(43.57%) recovery in liver glycogen (16.66%) 

recovery in red muscle glycogen and (58.37%) 

recovery in white muscle glycogen in the case of 

heat-stress; and (20.07%) recovery In blood 

glucose and (55.77% ) recovery in the liver 

glycogen (78.03%) recovery in red muscle 

glycogen and (26.400%) recovery in white 

muscle glycogen in the case of cold-stress with 

correspondingly low level of percent change i.e., 

(76.60%) for blood glucose and (-34.82%) for 

liver glycogen (-8.33) for red muscle, (3.20%) for 

white muscle in the case of heat-stress, and (-

35.13%) for blood glucose and (-33.85%) for liver 

glycogen (56.06%) for red muscle, (-1.80%) for 

white muscle in the case of cold-stress has been 

observed ( Tables 12, 13, 14, 15, 16, 17, 18 and 

19).Transient increase in plasma concentration 
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of cortisol, glucose and lactate during thermal 

stress in Juvenile fall Chinook Salmon (Mesa – 

Mathew et. al., 2002)  Increase of lactate: 

pyruvate ratio indicates a situation of stress 

caused by an abrupt temperature change 

(Braune and Gronow, 1975), Thus lactate: 

pyruvate ratio, blood glucose and liver glycogen 

levels are found to be good indicators for stress 

situation in the case of fishes. Thus, it appears 

hepatic glycogenolysis.The might have taken 

place at the normal level to meet the minimum 

energy demands during the process of heat-

adaptation, with-a reverse cold-adaptation. But, 

conversely, the process is blocked significantly 

in the temperature-stressed fishes (heat or cold) 

because of the physiological load, as revealed 

with relatively low level of recovery in these 

carbohydrate parameters during the situation of 

stress (heat-stress and cold-stress). Similarly, the 

energy nucleotides like; ATP'ADP, AMP and 

energy charge could not be recovered in Idus 

idus stressed fishes (Basha Mohideen and 

Kunnemann, 1979). However, carps responded 

differently from Idus idus (Grigo, 1975a), in that, 

an adaptation temperature of 35°C to which the 

fishes could only be transferred by raising the 

ambient temperature slowly, did not cause 

hyperglycemia (an indicator for the situation of 

stress). This might have resulted from extensive 

physiological load leading to a permanent stress, 

ultimately in stress-adaptation, adaptation 

resulted due to stress. After stress, glycogen 

breaks down within seconds in the muscle and 

within minutes in the liver and this is usually 

followed by a prompt recovery in the liver, 

although the picture may be somewhat variable ( 

Love, 1970; plisetskaya, 1975; Narasimhan and 

Sundararaj, 1971; Miles et al.,., , 1974; Wardle, 

1978). Campbell – Kevin et. al., (1999) observed 

elevated basal metabolic rate and  in relatively 

high body temperature. On the whole all the 

alterations in metabolism may be considered a 

part of the "metabolic re-organization" leading to 

ce l lu lar  res t ructur ing  and increased 

biosynthetic activity such as the biosynthesis on 

fatty acids and proteins including enzyme 

proteins, suggested to take place in fishes 

subjected to thermal-stress and thermal-

adaptation (Hochachka, 1969; Hochachka and 

Somero,  1973) .  Thus in the present 

investigation, the carbohydrate metabolism is 

stepped-up/stepped-down during heat-

adaptation and cold-adaptation respectively and 

the same is impaired and inhibited in the 

situation of stress as seen in this fish Catla .
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ABSTRACT

Coastal and marine ecosystems are among the most biologically and economically productive 

system in the world which form a source of livelihood of millions of people in the coastal 

community. Apart from molluscans are source of protein rich food for mankind, shells have had 

an important impact on modern human life. Hence, it was proposed to study the gastropods and 

bivalves of molluscan organism from Marina Beach to Mamallapuram in the coastal area of 

Chennai, Tamil Nadu. The present study revealed that a total number of 82 species were 

identified and out of which, 42 species of gastropods and 36 species of bivalves were identified. 

The species richness study at four different stations of Chennai coast revealed that Nelankarai 

has the maximum diversity of bivalves wheras, Mamallapuram exhibited the maximum number 

of gastropods and least number of species were noted in the Kovalam. The conservation of 

molluscan organism is suggested.

Key words : Molluscan diversity – Species richness of Bivalves and Gastropods – Chennai coast 

biodiversity – Conservation of Molluscs.

INTRODUCTION

Coastal environment plays a vital role in 

Nation's economy by virtue of the resources, 

productive habitats and rich biodiversity. India 

has a coastline of about 7,500 kms. Tamil Nadu is 

endowed with one of the largest and richest 

fisheries in India. The Tamil Nadu coast is 

straight and narrow without much indentation 

except at Vedaranyam. Fringing and patch reefs 

are present near Rameswaram and Gulf of 

Mannar, Pitchavaram, Vedaranyam and Point 

Calimere have well developed mangroove 

systems. The other landforms of the Tamil Nadu 

coast are rock outcrops of Kanyakumari, 

mudflats, beaches, coastal dunes and strand 

features. Soil deposition is observed at Point 

Calimere, Nagapattinam, South Madras, etc., 

wh i l e  e ros ion  i s  r epor t ed  a t  Ovar i  

Paravarnattam, Mahabalipuram and North 

Madras near Ennore.  Coastal ecosystems have 
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key inbuilt features. The ecosystems involving 

in primary and secondary production, sustain 

the flora and fauna, shore sediments and organic 

carbon, essential to the maintenance of food 

chains. The coastal ecosystem provides foods 

such as fish, oil, gas, minerals and protects the 

coastal area (natural defense against storms and 

tidal waves, recreation and transportation). The 

coastal ecosystems provides habitat to 

genetically, ecologically and economically 

valuable biological organisms. The range of 

distribution of molluscan is extensive, as it 

covers inshore, offshore, intertidal and 

deepwater areas in sea, estuaries, backwater, 

fresh water and terrestrial habitats. 

     Apart from the well known utility of molluscs 

as a source of protein rich food for mankind, 

shells have had an important impact on modern 

human life. A number of gastropods and 

bivalves are used for making "bathi-stand, 

ashtrays, key chains, lockets for jewellery, milk 

feeders for babies, replica of monuments and 

mansions, portraits of saints and a variety of 

toys. The tusk shells are used for making 

window and door Curtains. Narendran 2006, 

emphasized the importance of 8 kinds of 

taxonomic publications. A catalogue consists of 

an up to date list of names of a particular taxa 

with detailed informations. It may also only a list 

of valid names and synonyms with year of 

publication. 

The catalogue and check lists are extremely 

useful to know how many species or the genera 

reported earlier from an area. The study will 

provide a substantive basis to the planners to 

have a re-look at the invertebrate faunal 

resources of Tamil Nadu coast. These 

ecosystems have been under constant threat due 

to lack of knowledge of the benefits derived from 

these ecosystems and a more importantly lack of 

holistic approaches in the implementation of 

developmental projects. A review of literature 

showed that some researchers attempted the 

Marine shells of Madras and Bombay (Crichton 

1940)  subsequently, more related to gastropod 

was investigated by Subramaniyam et al.,1949, 

Gideon et al., 1961, Rajagopal 1964, Cherian 

1968, Satyanarayana Rao & Sundaram 1972, 

Subba Rao et al., 1983, 1992 & 1995. There after, 

much importance on Molluscan shell was not 

attempted.Though the study of molluscs began 

nearly 200 years ago. Studies on the Indian 

Molluscs were scattered and scanty. Therefore, 

an attempt has been made to study the diversity 

of Mollusca in Marina, Neelangrai, Kovalam and 

Mamallapuram area of Chennai coast of Tamil 

Nadu. 

Objectives: 1. To make a clear list of species 

reported from Chennai coast of Tamil Nadu. 2. To 

revalidate the old names with the latest scientific 

name. 3. To make consolidate list with 

suggestions for conservation.

MATERIALS AND METHODS

The fishing harbour and sandy beaches viz, 

M a r i n a ,  N e e l a n g a r a i ,  Ko v a l a m  a n d  

Mamallapuram (near by Pattipulam area) 

beaches located along the Chennai coast (Fig. 1) 

were regularly visited weekly, for 3 months 

period (October to December, 2013) Gastropods 

and bivalves were collected from the fishing nets 

and washed ashore in shoreline. The fleshy 

remains of the snails and hermit crabs were 

removed. After this, the shells were washed in 

water and with dilute hydrochloric acid to 

remove the hard outer coat and to reveal the 

natural colours. Collected specimens were 

preserved in 90% ethyl alcohol. The shells thus 

processed have been identified. With the 

available keys and comparing with the collection 

of species available at Zoological Survey of 

India, Chennai.  The Collected species were 

tabulated and described with reference to 

biodiversity based on Vaught's classification.

RESULTS

Among the Molluscs, the class bivalvia are 
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selectively rich and dominate in the total 

collection made from all the locations of 

Chennai coast.  The ecosystem provides an ideal 

niche for the animals due to less water motion, 

soft substratum and less stress from the 

predatory organisms, as compared to other 

environments. Ecological conditions like tidal 

amplitude, salinity and temperature are 

favourable for the bivalves to live feed and 

multiply in the Bay of Bengal.

A total of 82 species of molluscs were 

collected and identified and given in the Table-1 

& 2. The detailed taxonomical classification with 

photograph of all the 82 molluscs has been 

described elsewhere (Radhakrishnan, 2014). 

Out of 82 Molluscs, 46 species were gastropods 

while 36 bivalves were identified from the study 

area. Among bivalves, a total of 36 species under 

18 families, 28 genera of Bivalves are reported in 

this present study along the coast of Chennai viz. 

Mar ina ,  Neee l anga ra i ,  Kova lam and  

Mamallapuram. Maximum number of 10 species 

under 6 genera are belongs to the family 

Veneridae, of which the Genus Sunetta is 

reported with a maximum number of 4 species 

each of Genus Mactra of family Mactridae. 

Maximum five species under single genera is 

observed from the genus Donax of family 

Donacidae. Family Arcidae with two genus of 

Barbatia and Anadara. Pectinidae with 

Mimachlamys and Amusium Carditidae with 

Cardite and Fulvia, Tellinidae with Tellina and 

Gastrona, Veneridae with Pelecyora and 

Abranda .Family Mytilidae, Ostreidae, 

Anomidae, Placunidae, Mesodestinade, 

Pharidae and Psammobidae are represented 

with single genus of single species. The Genus 

Cucullaea, Mimachlamys, Spondylus, Cardites 

and Tellina do have their representative species 

of two each in numbers. The shell characters 

such as shape, spiral length & shape, mouth 

opening, opercula shape, umbilicus shape and 

size, colour and ornamentation, Columella and 

siphonal canal of the shell are used mainly for 

the identification of gastropods.

Among the gastropods, a total of 42 species 
under 19 family and 23 genera are reported 
herewith from the study area of Marina, 
Neeelangarai, Kovalam and Mamallapuram. The 
Maximum number of 12 species under 6 genera 
are belongs to the family Muricidae. The family 
Turritellidae with two genera is reported with 5 
species. Family Nassaridae having  distribution 
of two genera of Nassarius and Bullia as 
Nassarius stolatus, Bullia vittata, Bullia 
tranquebarica and Bullia melanoides. Family 
Bursidae with two genera of Bursa and 
Bufornaria comprising five species are recorded. 
Families of Calliostomatidae, Cypraeidae, 
Tonnidae, Cassidae, Personidae Melongenidae, 
Volutidae, Turridae and Clavatulidae are 
recorded with single genus of single species.  
Ranellidae, Ficidae, Babyloniidae, Harpidae and 
Conidae are recorded with two species each 
under one genera. Family Buccinidae and 
Fasciolariidae are reported with 3 species as 
Cantharus spiralis, Cantharus tranquebaricus, 
Cantharus undosa and Fusinus nicobaricus, 
Fusinus colus Fusinus forceps under single genus 
of Cantharus and Fusinus respectively. 

The species richness of each station was 
calculated and it was compared among the 
different stations of Chennai coast. It was 
inferred that among the four stations, 
Neelangarai has maximum species richness (48) 
in terms of gastropods 25 and Bivalves 23 
species. Mamallapuram recorded with a total of 
40 species, of which Gastropoda 27 and Bivalves 
13. From Marina beach a total of 36 species (23 
Gastropods and 13 Bivalves were recorded and 
the least number of species (35) are recorded 
from Kovalam (Gastropoda 17 and 18 bivalves).  
The maximum number of Gastropods were 
reported in Mamallapuram and the maximum 
number of bivalves in Neelangarai respectively 
where there was not much pollution and the 
least number of representative samples 
(Gastropoda 27 and Bivalve 18) were recorded 
from Kovalam, such variation may be due to 
various environmental factors, prevailing in the 
coastal area of Chennai and also due to impact of 
Tsunami.
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Table 1: List of Gastropods recorded at Marina, Neelangarai, Kovalam and Mamallapuram of 
Chennai coasts (Oct. to Dec. 2013).

Sl. No Species Name Station I Station II Station III Station IV 
Marina Neelangarai Kovalam Mamallapuram

1 Babylonia spirata + + + +

2 Babylonia zeylinica + + + +

3 Bullia vittata + - - -

4 Bufornia crumena - + - +

5 Bufornia  echinea + - + +

6 Bufornia  lamarckii + - - -

7 Bufornia  marginails - + - -

8 Bufornia rana + + + -

9 Cantharus spiralis + + - +

10 Calliostom tranquebaricum - + - +

11 Cantharus tranuebaricus + + - -

12 Cantharus undosa + - - -

13 Chicocoreus rimasus + + - +

14 Chicoreus banski + - + -

15 Chicoreus brunneus - - + +

16 Chicoreus verginius - + - +

17 Colliostoma tranquebarica + - - -

18 Conus capetaneus + + - +

19 Conus inscriptus + - - -

20 Distorsia reticulate - + + -

21 Tonna dolium - + - +

22 Ficus ficoides - + - +

23 Ficus variegate - - + +

24 Fusinus colus + - - -

25 Fusinus forceps - - - +

26 Fusinus nicobaricus - + + +

27 Harpa davidis - - + +

28 Harpa majaor + - + +

29 Lophiotoma indica + + - -

30 Melo melo - - + +

31 Murex carbonierei + + - +

32 Murex trapa - + + +

33 Oliva olive + + - -

34 Volegalea cochilidium + _ + -

35 Purpura percica + + - -

36 Rapana rapiformis - + + +

37 Turricula javana - - - +

38 Turritella attennuata + + + +

39 Turritella bisulcata - + - +

40 Turritella columnaris + - - +

41 Turritella duplicate - + - +

42 Volema pyrum - + - +

Total No. of species 23 25 17 27

DISCUSSION
Investigation on the biodiversity of Molluscs 

will help in finding out the level of exploitation 
and depletion of the resource when compared 
with the earlier data. Hence this attempt was 
made to compile the information on the Malaco-
faunal resource of Marina, Neelangarai, Kovalam 

and Mamallpuram area of Chennai coast.  This 
study revealed that total number of 82 species of   
Mollusca   (Gastropoda 46 and Bivalves 36) were 
recorded along the coast.  The diversity of 
species at various stations, varied significantly 
(Table 3).  During the study period, 28 % 
gastropod species and 19 % bivalve were 

35
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Table 2: List of Bivalves recorded at Marina, Neelangarai, Kovalam and Mamallapuram of Chennai 
coasts (Oct. to Dec. 2013).

Sl. No Bivalve Species Station I Station II Station III Station IV 
Marina Neelangarai Kovalam Mamallapuram

1 Anadara antiquata + + + +

2 Amusium  pleuronectes - + - -

3 Anoma achaeus - + + +

4 Asaphis violascens - - + -

5 Barbatia Lacerata - + - -

6 Cardetes bicolor + + - -

7 Cardita antiquate - + - +

8 Chlamys sentoria + - - -

9 Crassostrea virginica + + + -

10 Cucullaea labiata  - + + -

11 Donax (latona) cuneatus + + + +

12 Donax  compressus + - + -

13 Donax Hecuba  scortum + + + +

14 Donax(latona)  faba + + + +

15 Dosinia bruguieri - - + -

16 Dosinia prostrata - - + -

17 Gafrarium divaricatum - + - -

18 Gastrana polygana - - - +

19 Laevicardium australis + + + -

20 Limopsis indica - - - +

21 Mactra luzonica + + - -

22 Mactra mera - + + +

23 Marcia pinguis + - - -

24 Meretrix casta - + - -

25 Paphies  glabrata - - + -

26 Strigila denestriata - + - -

27 Perna viridis - + + -

28 Placuna placenta - - - +

29 Siliqva radiata - + - -

30 Spondylus hysrix - - - +

31 Spondylus zonlis Chenu - - - +

32 Sunetta  solanderi - - + -

33 Sunetta meroe - + - -

34 Sunetta scripta + + + -

35 Tellina  cancellata + - + -

36 Tellina  apalina hucuba - + - -

Total No. of species 13 23 18 12
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recorded from Mamallapuram .The lowest of 
20% percentage Gastropods  recorded from 
Kovalam and the maximum number Bivalaves is 
being obtained from Neelangarai (Table 3). There 
was a considerable difference exists in terms of 
size within the species and the percentage of 
animals recorded. Higher species diversity 
found in a locality may be due to the presence of 
higher number of different species. The present 
study revealed that all recorded molluscs are 
indigenous species and have greater commercial 
value and biodiversity importance. Species like 
Babylonia spirata and Turritella attennuata are 
reported all the places under study. Murex trapa, 

Bufornia echineta, Fusinus nicobaricus, 
Cantharus spiralis and Volegalea cochilidium 
are recorded from in three locations only as 
common species. The total number and type of 
animal available may probably be due the 
influence of localized habitat and ecological 
condition prevailed in the particular area. 

          According to Marine Biological Station, 
Zoological Survey of India, Chennai, the fauna 
of Chennai coast (from Ennore Port to 
Thiruvanmiyur) revealed the occurrence of a 
total of 1270 species belonging to 820 genera 
including all the invertebrate and vertebrate 

Table 3: Percentage of the diversity of Gastropod and Bivalve in different locations of Chennai.

 Fig. 1: Location of sampling stations in the coastal area of Chennai.

Stations Study Area Gastrapods Bivalves % of animal 
diversity

I Marina 25 21 9

II Neelangarai 27 33 58

III Kovalam 20 27 10

IV Mamallapuram 28 19 23
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groups. Among the various faunal groups 
recorded from the Chennai Coast, molluscs 
occur with 273species belonging to 144 genera. 
They also recorded 47 species of molluscs 
(Gastropods 26 and Bivalves 21) from four 
stations of Chennai coast and observed kasimedu 
has maximum species richness. Whereas in the 
present study of Chennai coast revealed a total 
number of 82 species and the species richness 
was observed at Neelangarai of maximum 48 
species. More intensive, regular and vigorous 
collection may throw some light on the diversity 
species.

While comparing the present study with the 
earlier reports, the total number of species and 
species diversity seems to be decreased inview of 
various environmental factors such as 
anthropogenic activities, over exploitation, of 
species, the spread of alien species and the 
impact of agricultural, domestic and industrial 
waste, climatic changes, sea level raises, 
Tsunamic etc., have impact on marine 
ecosystem.

CONCLUSION

The present study revealed that decline in 
bivalves and gastropods of molluscan organism 
due various anthropogenic activies and 
environmental factors including Tsunami. 
Conservation measure must be adopted to save 
molluscs for future generation

REFERENCE

1. Cheriyan, P.V. 1968. A collection of 
Molluscs from the Cochin Harbour area. 
Proc. Symp. on Molluscs, Mar. biol. Ass. 

India, part 1: 121-136.

2. Crichton, M.D. 1940. Marine shells of 

Madras. J. Bombay nat. Hist. Soc., 42(2) : 
323-341, pls 1-4.

3. Gideon, P.W., Menon, P.K.B., Rao, S.R.V. 

and Jose, K.V., 1961. On The marine fauna 
of Gulf    of Kutchh: A Preliminary Survey. 

J. Bombay nat. Hist. Soc., 54(3) : 690-706. 

4. Narendran, T. C. 2006. An introduction to 
Taxonomy: 1-80.

5. Rajagopal, A.S., 1964. Two new species of 
marine borers of genus Nausitora 
(Mollusca:   Teredinidae) from West 
Bengal, India.  J. Bombay nat. Hist. Soc., 

16(1) : 108-118.

6. Satyanarayana Rao, K. and Sundaram, 

K.S. 1972. Ecology of intertidal molluscs 
of Gulf of Mannar and Palk Bay. Proc. 

Indian Nat. Sci. Acad., 38B (5&6) : 462-474.

7. Subba Rao, N.V., Dey, A. and Barua, S. 
1983. Studies on the malacofauna of 
Muriganga estuary, Sunderbans, West 

Bengal. Bull. Zool. Surv. India, 5(1) : 47-56.

8. Subba Rao, N.V., Dey, A. and Barua, S. 
1992. Estuarine and marine molluscs of 
West Bengal  : State Fauna series, 3: Fauna 
of West Bengal (pt-9) : 129-268.

9. Subba Rao, N.V., Dey, A.and Barua, S. 
1995. Molluscs of Hughli Matla Estuary. 

Estuarine ecosystems series, 2 : 41 -91.   

10. Subrahmanyam, T.V., Karandikar, K.R. 

and Murthi, N.N. 1949. The Marine 
Pelecypoda of Bombay. J. Univ. Bombay, 

17(5) : 50 – 67. 

38 RAJAN S.,  ET. AL  International Journal on Environmental Sciences 6 (1)



Effect of Dichlorovas on Energy Budget
of the Silkworm, Bombyx Mori 

*N.S. HALLIKHED ,**G. MD. AMEEN AND ***MD. BASHAMOHIDEEN 

 
      *Department of Zoology, H.K.E.S Sree Veerendra Patil Degree College

Sadashivanagar, Bangaluru-560 080, Karnataka
**Crescent B.Ed College, Anantapur-Crescent B.Ed College, Anantapur-515001, Andhra Pradesh

***Apex Professional University, Pasighat-791102, Arunachal Pradesh

ABSTRACT

Different parameters of energy budget of silkworm, Bombyx mori. (PM x NB D ) treated with 4 2

dichlorovas (Nuvon) were studied on sixth day of V instra at different ambient temperatures. It is 

found that the different parameter of energy budget like food intake, food defaecated and food 

assimilated are inhibited by the lethal dose and moderately increased by sublethal dose at higher 

temperature 28°C...Therefore, sublethal dose behaves like stimulants lethal dose as repellants at 

higher temperature 28°C.

Keywords: Dichlorovas, Energy budget, Bombyx mori.

Received: 28 August 2014; Revision: 15 September 2014; Accepted: 10 October 2014

INTRODUCTION

The silkworm, Bombyx mori is a highly 

specialized phytophagous insect as it feeds 

mainly on the mulberry leaves. Energy budget 

involves the various nutritional parameters such 

as food ingestion, faecas defaecated and food 

assimilated. Studies on consumption, digestion 

and utilization of food in insects are 

f u n d a m e n t a l  i m p o r t a n c e  o f  p r o p e r  

understandings of nutrition of insects 

(Waldbauer, 1968).  Food consumption and 

utilization of silkworm is known by Periaswamy, 

et.al.,(1984), Naik and Delvi(1988).But, the 

studies of insecticidal effect on the energy 

budgets of silkworm larvae highly conspicuous 

by their absence. One of the most widely used 

organophosphorous insecticides on different 

plants including mulberry is dichlorovas, an 

o rganophosphorous  insec t i c ide .  The  

organophosphorous insecticides are highly 

soluble in water and are relatively less persistent 

in the environment than the organochloride 

(Duke and Dumas, 1974). 

Temperature is one of the most important 

environmental factors with a tremendous 

influence on the metabolism, activity and 

distribution of animals (Precht et.al., 1973) .Food 

consumption in insects influenced by number of 

exogenous and endogenous factors(Scriber and 

Slansky,1981,Bernays and Simpson 1982),in 

fishes (Bashamohideen and Hallikhed 

N . S . 2 0 1 1 ) .  A m o n g  v a r i o u s  f a c t o r s  

environmental factors, temperature plays vital 

role especially in tropical countries like India. 

Various workers have studied the effect of 

temperature on food utilization budgets. 

(Reynolds and Nottingham, 1985; Radha 

Krishna 1989).But the studies of insecticidal 
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effect are highly conspicuous by their absence. 

Therefore, an attempt is made in this 

investigation to study the effect of dichlorovas 

on energy budget in of V instra silkworm larvae 

at different ambient temperatures like Optimum 

(24°C), lower (20°C), and higher temperature 

(28°C).

MATERIALS AND METHODS

The larvae of the cross breed silkworm, 

(PMxNB D  were used as test insects in the 4 2)

present investigation .The larvae were obtained 

from the government grainage, Anantapur. Two 

large groups (200 larvae) were maintained for 

control and treatment separately. Commercial 

grade dichlorovas (Nuvon, Ciba - Geigy) was 

diluted in acetone as there was no significant 

effect on silkworm larvae when treated with 

acetone. Therefore, acetone is least toxic over the 

other solvents as also suggested by Burchfield 

et.al. (1952). 1.3 ml of (76%) dichlorovas was 

dissolved in 2 ml of acetone and was made up to 

1000 ml with distilled water to prepare the stock 

solution of 1000 ppm. A batch of 50 larvae was 

taken and 0.5 ml of 10 different concentrations of 

dichlorovas ranging 0.10 to 0.55 ppm topically 

applied by micro pipette and mortality rate was 

observed. Then, the LD  Values were 50

determined by the method described by Finney 

(1971). One fifth of the LD  Values were taken as 50

sublethal doses for further studies. 

The test individuals were separately reared 

in three groups. Each group consists of 50 larvae. 

As the silkworm larvae feed continuously; fresh 

leaves were offered for four times in a day to 

satisfy the appetite of the larvae. The amount of 

daily food intake was measured by standard 

g r a v i m e t r i c  m e t h o d  d e s c r i b e d  b y  

Waldbauer,(1968) and Delvi and Pandian 

(1972).The food provided and the defaecated by 

the silkworms were weighed in single pan 

balance to an accuracy of 0.0001 mg.

The food intake was determined by 

substracting the dry weight of uneaten food from 

dry weight of the food provided (Waldbauer, 

1968).

The faeces were daily separated at 6 AM from 

the uneaten food before offering the first feeding.

Dry food assimilated by the test individuals 

was calculated by substracting the dry weight of 

the faeces produced from the dry food 

consumed. Experiment was carried out from IV 

moult till the spinning. The statistical analysis of 

the data was carried out as per the methods 

suggested by Fischer and Yates (1963).

RESULTS AND DISCUSSION

The LD  Values at higher, optimum and lower 50

temperatures for V instar were found to be 0.25, 

0.29, and 0.43 µg/ mg body weight respectively. 

This indicates that, at higher temperature the 

dichlorovas was found to be more toxic than at 

lower temperature in silkworm larvae. The data 

on food intake, faeces defaecated and food 

assimilated (mg/g.net weight) of the silkworm is 

presented in Table -1. Compared to controls the 

food intake and food assimilated are decreased 

by 56.66% and 89.79% by lethal dose and 

increased by 6.87% and 41.66% respectively by 

sublethal dose at higher temperature. Whereas 

food defaecated is decreased by 29.47% and 

22.22% by both lethal and sublethal dose 

respectively at higher temperature. 

The silkworm, Bombyx mori is a highly 

specialized phytophagous insect as it feeds 

mainly on the mulberry leaves. Studies on 

consumption, digestion and utilization of food 

in insects are fundamental importance of proper 

understandings of nutrition of insects 

(Waldbaur, 1968).  The sublethal doses increase 

the food intake because they enhance the 

digestibility by increasing in the rate of enzyme 

secretion. This is the reason for the decrease of 

faeces defaecation.On the other hand Pant 

Ethel.,(1962) have suggested that the lethal dose 

of the  insecticide,hexachlorobenzene when fed 

to P.ricini resulted  in inhibition of Ach C 

40
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activity. The inhibited esterase may induce the 

toxicity which probably results the lack of 

appetite in silkworm. This may be the reason for 

the decrease food intake by sublethal doses of 

dichlorovas.

The sublethal doses of dichlorovas 

enhanced the assimilation of food. This is 

probably due to the better consumption of food 

in the silkworm as also suggested by Shyamala 

and Bhat (1955) with reference to the 

Chloromycetin toxicity and Naik with reference 

to the permerthrin toxicity.

41

Table 1: Effect of dichlorovas on Cocoon characters of PM x NB D  4 2

race of silk worm, Bombyx mori exposed to different ambient temperatures

DOSE PARAMETER LOW 
TEMPERATURE TEMPERATURE TEMPERATURE

20°C 24°C 28°C

CONTROL Food intake 3120.9 3980.4 4260.5
±878.64 ±913.70 ±943.36

Faeces defaecated 1460.64 1725 2340
±148.74 ±163.48 ±612.83

Food assimilated 1660.7 2255.4 1920.5
±137.73 ±136.56 ±197.56

LETHAL Food intake 1986.5 2135 1846.25
±174.86 ± 542.18 ±168.37 
P< 0.05 P< 0.001 P< 0.001

(36.34%“!) (46.34%“!) (56.66%“!)

Faeces defaecated 1120.6 1206.9 1650
±146.26 ±121.41 ±174.30 
P< 0.05 P< 0.001 P< 0.05

(23.25%“!) (33.03%“!) (29.47%“!)

Food assimilated 865.93 928.1 196.05
±117.73 ±112.71 ±80.28 
P< 0.001 P< 0.001 P<0.001

(47.85%“!) (58.84%“!) (89.79%“!)

SUBLETHAL Food intake 3580.2 4220 4540.6
±892.41 ±943.61 ±961.36 
P<0.05 P< 0.01 P< 0.05 

(14.71%“!) (6.02%“!) (6.57%“!)

Faeces defaecated 1240.5 1455.66 1820
±115.29 ±151.16 ±140.57 
P<0.05 P< 0.05 P< 0.05 

(15.04%“!) (50.61%“!) (22.22%“!)

Food assimilated 2339.7 2764.34 2720.6
±146.31 ±173.81 ±483.86 
P<0.001 P< 0.001 P< 0.001 

(27.93%“!) (22.02%“!) (42.97%“!)

OPTIMUM HIGH

Values are expressed in grams
Each value is a mean of six estimations

Percentage increase / decrease relative to controls is given in parenthesis.

_+ Standard Deviation                                             Level of Significant (<0.05)
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ABSTRACT

Key words : Industrial pollutant-ground water Quality-Microbiological water Quality- 

Chlorination - Rain water Harvesting -Water Quality Management.

Ground water is ultimately, most suitable freshwater resource with nearly balanced 

concentration of the salts for human consumption. Over burden of the population pressure, un 

planned Urbanization,  un restricted  exploration policies, and dumping of the polluted  water in 

appropriate  place  enhance  the  infiltration  of  harmful  compounds to the  groundwater. 

Therefore  an attempt  has  been  made  to  study  the  groundwater  quality  of  Industrial  area  

of  Ambattur, Chennai which is 17m above the mean sea level.  The study period was between 

the December 2012 to 2013. Two  sampling stations were  located  in  Ambattur  Station I 

(Thiruvallur Nagar) nearer  to Industrialized area and  another  Station II (Indira Nagar) away 

from the  Industry but it is closer to Ambattur lake. In the present study, Physical, Chemical and 

microbiological groundwater quality was investigated The present study revealed that Total 

dissolved solids Electrical conductivity, Total alkalinity, Chloride, Calcium, Magnesium, Nitrate 

in  ground water of Thiruvalluvar Nagar exceeded the WHO standard and the water is  not fit  for 

drinking  purpose.  However,  in  Indira  Nagar (Station II) all the parameters were found to be 

within the  desirable  limit,  but  the  bacterial  quality of water  in both the stations were 

exceeded  the  WHO standard,  thus  it  is not safe to drink. The chlorination of water and 

reverse osmosis method is suggested with better water quality management.

INTRODUCTION

Human well being in many places is being 

seriously affected by changes in the global water 

cycle caused largely by human pressures. 

Availability, scarcity and demand of water are 

the factors to be considered for water quality 

management. Water is a foundation of life. 

Today, many regions of the world are already 

water stressed due to population and economic 

growth. If present trends continue, 1.8 billion 

people will be living in countries or regions with 

absolute water scarcity by 2025 and two thirds of 

the world population could be subject to water 

stress. In fact, 2.5 billion people (36% of the 

world population) live in these regions and more 

than 20% of the world population is already in 

risky because of water scarcity. Today, nearly 1 

billion people in the developing world don't 

have access to it. And still today, all around the 

world far too many people spend their entire day 

searching for water During the early Era, apart 
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from drinking purpose water was usually used 

for general usage such as agriculture, washing 

clothes, bathing, etc but with the passage of time, 

the use of water get increased and human being 

started using in different fields such as 

Industries, Preparation of food stuffs, 

Medicines, Steam Engines, Vehicles, and Paper 

industries etc which resulted in water shortages 

in the present scenario.

Further, saltwater encroachment is 

associated with over drafting of aquifers or 

natural leaching from deposits which are natural 

sources of ground water pollution. Most  

concern over ground water contamination can 

be related to waste disposal which include, 

private sewage disposal systems, land disposal 

of solid waste, municipal wastewater, 

wastewater impoundments, land spreading of 

sludge, brine disposal from the petroleum 

industry, mine wastes, deep-well disposal of 

liquid wastes, animal feedlot wastes, radioactive 

wastes etc. Based on the importance of ground 

water pollution and health aspects, it is 

proposed to study the impact of industrial 

pollution on the groundwater quality of 

Ambattur, the industrial area of Chennai. In this 

context, number of researchers have attempted 

g r o u n d  w a t e r  q u a l i t y  o f  A m b a t t u r  

(Saravanakumar et al., 2011 and Annapoorani et 

al., 2013, Ponniah Raj et al., 2013, and 

Loganathan et al., 2011). However, there was not 

much detailed study on the impact of industrial 

pollution on ground water of Ambattur, and now 

this area is fast growing area of Chennai. 

Considering the importance of industrial area of 

Ambattur and the impact of pollution due to 

u r b a n i z a t i o n ,  i n d u s t r i a l i z a t i o n ,  t h e  

groundwater quality of Ambattur was 

investigated in the present study.

METHODOLOGY
Ambattur is a town in Thiruvallur district, 

and it is a part of Chennai corporation (2011) 

extending the total area of 45sq. Km and 

population of 4.7 lakhs. It lies  on  geographical  

co-ordinates  of  13.0983 N  in  latitude  and  

80.1622 E  longitude. Most of the factories are 

situated in the northern part particularly Manali, 

Ennore, Ambattur & Thiruvottiyur. There are 

more than the 1400 factories located in 

Metropolitan Chennai. Metro Water is supplied 

by the Corporation for the people of Ambattur 

and during summer, people have to depend upon 

ground water for their need. In Olden days, 

Ambattur was a village with  large extents of  

agriculture  farm  lands  irrigated  by  sprawling 

Ambattur  Lake and the Chithu  Oragadam lake, 

17 metre above the mean sea level. The  upkeep 

of the Ambattur  lake  is  plagued  by problems 

such as dumping of garbage, water  mining and 

construction  of  buildings  and  the Chithu 

Oragadam lake suffer due to pollution  by  

sewage. Further the local body generates nearly 

250 tons of garbage daily which also accounts for 

groundwater pollution.

The present investigation was carried out 

from December (2012) to May (2013). The 

ground water samples were collected from two 

locations of the Ambattur, Thiruvallur Nagar 

(which is located closer to Industrial area, 

(Station-I-Open well; Depth 60 feet) and Indira 

Nagar [Station-II Bore well-Depth 150 feet)] 

which is located closer to Ambattur lake (Fig.1). 

Water   Samples were brought to the laboratory 

immediately under cold conditions and 

analysed as per the procedures described by 

APHA (1998). Samples analysed were for 

Physico- chemical water quality and 

Microbiological quality. It includes Total 

dissolved solids (mg/l), Electrical conductivity 

(micro µ/cm), pH, Total alkalinity (mg/l), Total 

hardness (mg/l), Calcium (mg/l), Magnesium 

(mg/l). Sodium (mg/l), Potassium (mg/l), Iron 

(mg/l), Manganese (mg/l), Ammonia (mg/l) 

Nitrite (mg/l), Nitrate (mg/l), Chloride (mg/l), 

Flouride (mg/l), Sulphate (mg/l) and Phosphate 

(mg/l). Water samples were also analyzed for 

Standard plate count/ml, (SPC) Total coliform 

/100ml (TC), Fecal coliform/100ml (FC) and 

Fecal streptococci/100ml (FS). 
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RESULTS AND DISCUSSION

The results of physico-chemical and 

microbiological groundwater quality samples 

were presented in Table 1 and compared with 

drinking water standard WHO (2012).  The 

ground water samples of both the stations were 

appeared to be  clear, colourless  and turbidity 

are found to be within the limits of WHO in both 

the Stations of Thiruvallur Nagar (Station-I) and 

Indira Nagar (Station-II)  of  Ambattur, Chennai.

Tabel 1: Physico-Chemical and Micro-biological Ground water quality of Thiruvallur Nagar (station-1) 

& Indra Nagar (station-II) of Ambattur Chennai (Dec. 2012 - May 2013).

Fig– 1 : Study Area (Location of sampling stations) 
Source: www.google maps.com
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PHYSICO-CHEMICAL WATER QUALITY
The TDS level  varied  from 1205mg/l  to 

1491mg/l in the ground water of Thiruvallur 

Nagar(Station-I), and in  Indira Nagar (Station-

II),  the TDS  level  varied  from  160mg/l  to  244 

mg/l in  the  present  study. Higher level of TDS 

was noted in Station-I than at Station 

II..However, the level of TDS in the Indira Nagar 

was within the limit of WHO. Excess  of  TDS  

level  in  water  leads  to  undesirable in taste, 

gastrointestinal  irritation, corrosion  or  

incrustation. According to Central Pollution 

Control Board (CPCB, 2007) the TDS level varied 

from 340mg/l to494mg/l in premonsoon and in 

post monsoon 326mg/l to 4410mg/l in 

Coimbatore, Tamil Nadu. When compared the 

TDS level of Thiruvallur Nagar and Indira Nagar 

of Ambattur, with the TDS level of Agra, Meerut, 

Coimbatore, Chennai, Lucknow, Ludhiana and 

Madurai, the present result of TDS level found to 

be low and in some locations in each station, the 

TDS level exceeded WHO limit (CPCB report, 

(2007). Saravanakumar and Ranjithkumar 

(2011), reported that, the TDS level of 450-

890mg/l in the groundwater of Ambattur. 

Loganathan et al (2011) reported TDS level in 

Chennai, in the range of 1093-1488mg/l (zone I) 

and in zone II, 815-1015mg/l during monsoon. 

Ponniah Raju et al (2012) reported the TDS in 

North Madras during pre monsoon (512-

5760mg/l) and in post monsoon (768-8320 mg/l). 

When compared the above reports of TDS level, 

in the present study, Station-I the TDS level 

exceeded the permissible limit of WHO and 

water is not suitable for drinking purpose, 

whereas, station –II was within the WHO limit. 

The electrical conductivity (EC) was varied from 

1617 to 2130 µmho/cm in the ground water of 

Thiruvallur Nagar, and it exceeded the 

permissible limit of WHO.  In Indira Nagar, the 

EC varied from 229 to 348 µmho/cm and EC was 

within the limit of WHO standard. Higher 

amount of EC in ground water was noted in 

Station-I than Station –II of Ambattur. When 

compared the Electrical conductivity level of 

Thiruvallur Nagar and Indira Nagar of Ambattur, 

with the results of Meerut, Coimbatore, Chennai, 

Lucknow and Agra, the present EC level is found 

to be low (CPCB report, 2007). Although in 

Thiruvallur Nagar, the EC is exceeded the 

permissible limit of WHO standard in all the 

months of study period. EC is shown to be high 

in summer because of high temperature, the 

level of electrolytes increased in the open well. 

Saravanakumar et al., (2011) reported the level 

of EC from 750 to 900 µmho/cm in the industrial 

area of Ambattur. Whereas in the present study, 

higher level of EC was noted at station I which is 

closer to industrial area indicating that 

industrial effluent influencing the EC of 

groundwater.

The pH in the groundwater varied from 6.39 to 

7.75 in both the stations. In the present study, the 

level of pH was comparatively low when 

compared with that of observation of 

Krishnakumar et al., (2014). Saravanakumar et 

al., (2011) reported the pH was ranged from 7.0 

to 8.5 in the industrial area of groundwater of 

Ambattur and pH was within the permissible 

limit of WHO standard. Excess  of  pH  level  in  

the  water  affects  the  mucous  membrane, 

bitter taste and corrosion.

The total alkalinity level varied from 96mg/l to 

264mg/l in Station -I and 25mg/l to 100mg/l in 

Station –II in the groundwater of Ambattur. 

Higher amount of total alkalinity was noted in 

Station-I and exceeded the desirable limit of 

WHO, Whereas at Station-II it was within the 

limit of WHO. Excess of total alkalinity in water 

influences the boiled rice to turn yellowish in 

color. When compared the total alkalinity level 

of  Thiruvallur Nagar and Indira Nagar of 

Ambattur area with the results of Agra, Meerut, 

Coimbatore, Vijayawada, Ludhiana, Chennai 

and Madurai of CPCB report, (2007), the present 

total alkalinity  level was found to be low and in 

each stations in some months the total alkalinity 

level exceeded WHO standard.

The total hardness level was found to vary from 
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290mg/l to580mg/l in Station-I and in Indira 

Nagar (Station-II) it varied from 55mg/l 

to108mg/l in the groundwater of Ambattur. The 

total alkalinity level exceeded the permissible 

limit of WHO standard in Station-I whereas in 

Station-II the total hardness was within the limit 

of WHO. It may be stated that higher amount of 

alkalinity was noted at Station –I and it was 

found to be hard water whereas at Station–II it 

was free from hardness.  Higher levels of 

hardness were observed in summer seasons 

only. When compared the Total hardness level of 

Thiruvallur Nagar and Indira Nagar (Ambattur) 

with the results of Agra, Meerut, Ludhiana, 

Coimbatore and Madurai of CPCB report, (2007),  

the present total hardness found to be low. 

According to Saravanakumar and Ranjithkumar 

(2011), total hardness varied from 220-310in the 

ground water samples of  Ambattur, Chennai. 

Ravichandran (2009) reported the level of total 

hardness as 3000mg/l in Ambattur area Chennai. 

However, in the present study, low amount of 

Total hardness was investigated.  

Calcium level varied from 64mg/l to180mg/l 

in Station-I and exceeded the permissible limit 

of WHO and 15mg/l to27mg/l in Station-II in the 

groundwater of Ambattur. The calcium was 

within the desirable limit. Excess  of  Calcium  

in  water  causes  encrustation  and  adverse  

effect  on  domestic  use. When compared the 

Calcium level of groundwater of Thiruvallur 

Nagar and Indira Nagar of Ambattur with the 

results of Agra, Meerut, Lucknow, Chennai, 

Ludhiana and Coimbatore of CPCB report, 

(2007), the present calcium level was found to be 

low.

Magnesium level in ground water was varied 

from 5mg/l to 46mg/l at Station-I and exceeded 

the permissible limit of WHO. However, the 

Magnesium level varied from 4mg/l to10mg/l at 

Station-II and the Magnesium was within the 

permissible limit of WHO standard. Excess  of  

Magnesium  in water  leads  to  incrustation and 

adverse  effect  on  domestic  use. When 

compared the Magnesium level of Thiruvallur 

Nagar (Station-I) and Indira Nagar of Ambattur 

area with the results of  groundwater of Agra, 

Luck now, Chennai, Coimbatore, Ludhiana, 

Madurai  and  Meerut of CPCB report, (2007), the 

present magnesium level of groundwater of 

Ambattur is found to be low.

The sodium level in ground water was 

varied from 120mg/l to270mg/l in station I and 

exceeded the permissible limit of WHO 

standard. In Indira Nagar, it varied from 16mg/l 

to 130mg/l and the Sodium was within the limit 

of WHO. CPCB report, (2007) investigated the 

sodium level in the groundwater of Coimbatore, 

Tamil Nadu and the level was exceeded the 

WHO. In Chennai, sodium in groundwater was 

highly exceeded the permissible limit of WHO 

standard in few locations. Therefore it is inferred 

that the excess sodium in groundwater of station 

I may be attributed to the industrial effluent 

which is possibly contaminating the aquifer 

(Kumaresan and Riyazuddin 2006).

Potassium level varied in the ground water from 

10mg/l to 20mg/l in Station-I and in station II it 

varied from 1mg/l to 2mg/l. The Potassium level 

exceeded the permissible limit of WHO standard 

in Thiruvallur Nagar. Whereas  in  Indira  Nagar,  

the  Potassium  was within  the  permissible  

limit  of  WHO. The  main  source  of  potassium  

in  ground water  include  rain water, weathering  

of  potassium silicate  minerals, use  of  potash  

fertilizers  and use  of  surface  water  for  

irrigation. CPCB report, (2007) investigated the 

Potassium level in the ground water of Chennai, 

Tamil Nadu and the potassium level exceeded in 

several locations. In the present study, the 

maximum potassium (20mg/l) was noted at 

Thiruvallur Nagar and it is of Public health 

concern. The increased level of potassium in the 

ground water of station I may be attributed to 

industrial effluent contamination in the ground 

water aquifer.  

The Iron content in the ground water varied from 

0.1mg /l- 0.24mg/l in Thiruvallur Nagar and in 

Station-II, the iron concentration varied 
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from0.05mg/l to 0.08mg/l. In both the locations, 

the iron was within the permissible limit of 

WHO. The Ammonia in ground water varied 

from 0.01mg/l to 0.20mg/l in station I and II. 

There were not much variations in both the 

Stations. Similar level of nitrite was noted in 

both the stations of ground water.

The Nitrate level varied from 49mg/l to 

54mg/l at Station-I and in Station-II, the Nitrate 

was varied from 17mg/l to 26mg/l in ground 

water of Ambattur. In Thiruvallur Nagar, the 

Nitrate level was exceeded the permissible limit 

of WHO standard   in almost all the months. 

Whereas in Indira Nagar the Nitrate was within 

the permissible  limit. Excess levels of Nitrate in 

drinking water may cause serious illness and 

methaemoglobinaemia. Boiling  water  will not 

solve  this  problem, as  boiling  will  increasing  

the  concentration  of nitrates. CPCB (2007) 

reported that the Nitrate level in ground water in 

Agra, U.P was exceeded the limit of WHO. 

According to CPCB (2009) report the nitrate level 

was exceeded in Agra, Meerut and Coimbatore. 

Similar exceeding level of Nitrate was noted in 

the present study in ground water of Ambattur 

which may be due to industrial contamination as 

well as by fertilizer runoff.

Chloride level in Thiruvallur Nagar 

groundwater varied from 270mg/l to 390mg/l 

and in Indira Nagar, the Chloride level varied 

from 16mg/l to 38mg/l. The Chloride in 

groundwater exceeded the permissible limit of 

WHO in most of the months of Thiruvallur 

Nagar. Whereas, in the Indira Nagar, the 

Chloride was within the WHO limit. If  the  

chloride  exceeds  the  limit, it  affects  the  taste  

of   the  water  and  also  increases  corrosion. 

The increase in chloride in ground water showed 

an increase in TDS, EC and Hardness of ground 

water of Ambattur was noted, thus establishing 

the relationship between chloride, TDS, E.C and 

Hardness of water.

The Fluoride in the ground water level varied 

from0.4mg/l to 0.61mg/l and 0.4mg/l to 0.41mg/l 

in Thiruvallur Nagar and Indira Nagar 

respectively. In both the locations, the Flouride 

was within the permissible limit of WHO 

standard. Excess of fluoride in water, cause 

dental and skeletal fluorosis, yellowing of teeth, 

damaged joints and bone deformities etc,. 

The sulphate level in ground water varied 

from 133mg/l to 252mg/l in Thiruvallur Nagar 

and in Indira Nagar the sulphate varied from 7 

mg/l to 22mg/l.In ThiruvallurNagar, the sulphate 

exceeded the permissible limit of WHO standard 

whereas in the IndiraNagar, sulphate was within 

the  limit. Excess of sulphate in the water affects   

taste, and corrosion. When compared the 

sulphate level of Thiruvallur Nagar and Indira 

Nagar ofAmbattur with the results of Agra, 

Coimbatore, Chennai and Madurai, (CBCB, 

Report, 2007) the sulphate level ground water 

found to be low in the present study. The 

phosphate level varied from 0.1mg/l to 0.13mg/l 

in Thiruvallur Nagar and in Indira Nagar it varied 

from 0.01mg/l to 0.5mg/l. In both the Stations, the 

phosphate was also within the permissible limit 

of WHO standard.

MICROBIOLOGICAL QUALITY
In  the  present  study,  the  ground  water   

was  analysed  for bacterial contamination such 

as SPC,TC,FC and FS and presented  in Table-I. 

According to WHO standard, Bacteria should   

be virtually absent in water for drinking 

purpose. But in the present study, higher 

magnitudes of bacteria of all the four types were 

found in both the Stations in all months of study 

period. Hence this ground water is not fit for 

drinking. It is suggested that people must follow 

the chlorination of water and boiling of water for 

drinking   purpose otherwise outbreak of water 

borne diseases will takes place.   

CONCLUSION

The present investigation on ground water 

quality of Ambattur revealed that the station-I 

which is located closer to Industry was found to 

be more contaminated whereas the station-II is 
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not contaminated. Bacteriological water quality 

revealed that higher magnitude of bacterial 

population was found in both the stations and 

exceeded the WHO standards. Chlorination of 

water and Reverse osmosis (RO) method are 

suggested for treatment of water. Conservation 

and restoration of water bodies including 

Temple tanks in urban areas are suggested for the  

recharge of  ground water 
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ABSTRACT

Key words : Litter, Forest, tropics, shifting agriculture, grassland.

Data sets on the dynamics of plant litter in soil surface of various types of terrestrial 

ecosystem such as forests, 'jhum' fallows and grassland in Meghalaya and Arunachal Pradesh 

have been synthesized and discovered. The relative input of N and P through litter fall in these 

ecosystems has been contrasted by considering the litter input and its turnover rates. In addition, 

contribution of aboveground components of vegetation to forest-floor detritus has been compared 

between tropical and subtropical conditions.

INTRODUCTION

Above-ground litter production has been 

extensively studied since it was considered to be 

the dominant pathway joining the living 

biological component to the organic matter 

decomposition cycle (Bray and Gorhan 1964, 

Meentemeyer et al. 1982). The accumulation of 

litter may affect the environment and the plant 

structure and dynamics in many different ways. 

Vogt et al. (1986) have synthesized and analysed 

the available data on organic matter accumulation 

through the above-ground as well as below-

ground litter (fine roots) on a global scale. 

Meghalaya, a unique place in India, has both 

tropical (<1000m asl) and subtropical (> 1200-

2000m asl) climatic conditions (Champion and 

Seth 1968). Also, it is known to receive maximum 

rainfall, especially Cherrapunji, the wettest place 

getting more than 10,000 mm annual rainfall. 

Arunachal Pradesh, the land of rising sun, located 

on the far-eastern region of the country also 

known for its rich biological and cultural diversity 

(Ramakrishnan et al. 2009). In the region, the 

primary broadleaved forests present as relict 

“sacred  groves” in this region have been 

disturbed by the local people either by clear-

cutting of the forest stand for shifting agriculture 

('jhum' cultivation) or by selective felling of trees 

for their  timber and fuel wood requirement 

(Arunachalam 1998). The distributed forest 

stands are then left for natural recovery, the 

duration of which may vary between 5 and 20 

years depending on the availability of land and 

population pressures (Arunachalam et al. 2002). 

Investigations on litter dynamics have been 

carr ied  out  in  the  “sacred  groves” ,  

distributed/degraded forests and grasslands, by 

many workers and we, in this paper, have 

synthesized and analysed the available data with 
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respect to production and nutrient return through 

litter in these ecosystems considering 

representative ecosystem from Meghalaya and 

Arunachal Pradesh in northeast India.

LITTER PRODUCTION
Mean climatic and litter fall data for the 

forests, 'jhum' fallows and grasslands are 

presented in Tables 1 and 2. The total annual 

production of litter showed a significant positive 

relationship (P< 0.05) with the increase in 

altitude (r=0.978) and minimum climatic ratio 

(r=0.980) in the “sacred groves” (Figure 1). 

However, there was no such relationship with 

reference to degraded ecosystem. Also, there was a 

linear increase in the trend with altitude and 

rainfall. In the subtropical region, litter 

production was maximum under Osbeckia type 
-1(5100 kg ha )   of 1313 m elevation 

(Ramakrishnan and Ram 1988) and Arundinella 
-1type (5050 kg ha )  of 1900 m elevation (Uma 

Shankar et al. 1993), while, Ischaemum type had 

significantly lower (P<0.01) values than the 

Osbeckia type.

The values of litter production for the 

successional communities fall within the 

published range of many of the mature and 

secondary tropical and subtropical forests (Bray 

and Gorham 1964, Vogt et.al. 1986). Mature 

forests (“Sacred grooves”) recorded maximum 

production values and the least by 1-yr old 'jhum' 

fallow, in the present data synthesis. The litter fall 

in the sacred grove of Cherrapunji is high 

(Khiewtam, 1986) with substantial fall occurring 

during the monsoon season which would help in 

better light penetration to the forest floor, 

particularly during this predominantly cloudy 

period of the year. The annual production of 11, 
-1783 kg ha  in this climax forest is comparable to 

mountain forests in Columbia (Jenny et al. 1949), 

lowland rain forest in Ghana (Nye 1961) or 

Panama (Hains and Foster 1977). The fall is 

comparable with another subtropical humid 

climax forest in upper Shillong, at an altitude of 

1900 m asl (Boojh and Ramakrishnan 1982). 

However, it is also very close to the values for a 20-

yr old fallow at lower elevation of Meghalaya 

(Toky and Ramakrishnan 1983a). This is in 

contrast with similar aged stands at higher 

altitudes, whereas lower temperature conditions 

and highly acidic and nutrient poor soils affect 

biomass production and consequently litter fall 

(Mishra and Ramakrishnan 1983). In many cases, 

'jhum' fallows (5-10 years) had higher rates than 

that of the regenerating forest stands (5-20 years). 

The relatively higher values of litter production in 

secondary successional communities in the 
-1present study as compared to 5513 kg ha  for a 50-

yr old one in Lailand at 296 m asl (Singh and 

Ramakrishnan 1982) is due to the fast developing 

vegetation during the early successional stages 

and subsequent rapid turnover of biomass. Fast 

developing vegetation in younger fallows 

contributes often entire individuals to litter 

production resulting in an over-shoot of litter 

production and this over-shoot is responsible for 

the higher production in these communities.

Leaf litter was the major fraction in all types of 

ecosystem and it constituted 50-100% of the total 

litter production. Normally, 40% of the total litter 

is reported to accumulate in the drier period of 

February-March; in other months leaf drop is 

relatively low (Ramakrishnan 1992) except for the 

50-yr old forest of the region, where it occurred 

during the monsoon period also. Litter fall in the 

grasslands was minimal during rainy season, 

increased during dry winter attaining peak in 

February (spring) and maximum contribution of 

litter was through grasses (52-72% of the total). 

Litter Dynamics in Forest Ecosystems.....52 JANUARY-JUNE 2015



5953

TURNOVER AND MEAN RESIDENCE TIME 

(MRT) OF LITTER FALL MASS
Turnover of litter, calculated as the ratio of 

annual production to mean annual biomass, 

showed a definite trend with the type of the 

ecosystem (Table 2). Litter turnover was 

positively correlated with altitude for forests and 

grasslands, however, 'jhum' fallows, due to an 

over-shoot in the turnover rate in the 1-yr old 

fallow, did not show a significant relationship. 

Higher turnover rates for litter in the upper 

elevations than in the lower elevations of 

Meghalaya could be due to increase rainfall and 

h u m i d i t y  p r e v a i l i n g  i n  t h e  r e g i o n  

(Ramakrishnan 1992). Compared to the litter 

turnover in the forests (0.76-3.0) of sub tropical 

region, the tropical forest had lower turnover of 

0.3-0.4 only. In case of the 'jhum' fallows the 

turnover of litter was more in the tropics (0.3-

0.4), followed by the fallows of the sub-tropics 

(0.9-2.0). Grasslands of lower (100 m asl) and 

upper elevations (1900 m asl) had similar 

turnover values for litter, while the grassland of 

Cherrapunji (1313 m asl) showed significantly 

higher values (6.5-7.1). mean residence time 

(years) of organic matter in the three major types 

of ecosystem, calculated as per the formula given 

by Vogt et al. (1986) is given in Table 2. It should 

be kept in mind that none of these estimates of 

organic matter turnover time in the forest floor 

Table 1: Location and mean climatic data of ecosystem types in Meghalaya and Arunachal Pradesh

Ecosystem type State Attitude Temperature (p C) Mean Minium
(m asl) Min. Mon. Max. mon annual climatic

Mean Mean precipition- ratio*
tion

Moist deciduous M 100 2 38 2220 1110.00

Semi-evergreen M 296 12 35 2200 183.33

Wet-evergreen AP 510 10 32 4640.32 464.03

Agroforestry AP 126 12 37 3058.46 254.87

Subtropical Forests

Evergreen M 1313 6 24 10372 1728.67

Wet-hill M 1500 3 23 3788 1262.67

Pine M 1500 5 20 2500 500.00

Humid M 1900 4 25 2500 625.00

Pine AP 1700 5 15 1108.00 221.60

‘Jhum’ fallows

Tropical moist M 100 12 32 2200 169.23

Wet-evergreen AP 460 9 36 4640.32 515.59

Subtropical M 1500 8 24 1893 242.25

Grasslands 

Tropical M 100 14 30 2871 205.07

Subtropical M 1313 8 22 10372 1728.66

Subtropical humid M 1900 6 24 3268 408.50

*data calculated as the ratio between precipitation and minimum monthly mean temperature. 
M-Meghalaya, AP-Arunachal Pradesh.
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included root or moss production. There was 

great variation in mean residence time (MRT) of 

litter fall mass in the forest floor individuals 

stands irrespective of their location. Between the 

ecosystem types, the disturbed/ regeneration 

forests and some grassland has a significantly 

longer MRT when compared to that of mature 

forest, 'jhum' fallows and other grasslands. 

Generally, there was a gradual decline in the 

MRT of litter fall mass in the soil surface from 

younger to older age of different ecosystems. The 

lowest MRT values occurred in the grasslands of 

Cherrapunji/' jhum' fallows where an annual 

litter fall input decomposed in less than 1 year. 

The most deciduous forests of Meghalaya had an 

annual litter fall remain on the soil surface for 2-

3 years and is in comparison to the conclusion of 

Swift et al. (1979) and Vogt et al. (1986).

-1 -1 -1Table 2: Standing crop of litter (SCL, kg ha ), litterfall (kg ha yr ), litter turnover (T), mean residence 
-1time (MRT in year) and N and P input (kg ha ) invarious terrestrial ecosystem of Meghalaya and 

Arunachal Pradesh 

Ecosystem type Location Age SCL Litter T MRT N P input N:P
(Yr) fall input

Tropical forests 

Moist deciduous M 5 3182 949 0.3 3.4 165 6 27.5

-do- M 15-20 5096 2042 0.4 2.5 383 13 30.4

Wet-evergreen AP - 22279 15309 0.7 1.5 553 20 27.6

Agroforestry AP 15 546 1424 2.6 0.4 5.8 0.5 11.8

Subtropical forests 

Semievergreen M 50 6400 5513 0.9 1.2 414 25 16.4

Evergreen M 50-100 - 7732 - - 933 179 5.2

-do- M >100 - 11783 - - 1513 310 4.9

Wet-hill M 5* 654 2140 2.2 0.5 317 115 2.8

-do- M 15-20 1069 3250 3.0 0.3 454 170 2.7

Pine M 7 - 6663 - - 182 27 6.8

-do- M 15 - 8090 - - 231 33 6.9

-do- M 22 - 8984 - - 277 38 7.2

-do- AP 25 1452 3082 2.1 0.5 23.4 1.3 17.85

Humid M 7* 1390 1060 0.8 1.3 20 1 18.8

-do- M 13 2121 2035 1.0 1.0 52 2 22.6

-do- M 16 1856 1786 1.0 1.0 64 4 15.5

-do- M >100 - 8960 - - - - -

‘Jhum’ fallows

Tropical moist M 1 4640 1177 0.3 3.9 13 13 21.9

-do- M 5 3200 4843 1.5 0.7 42 42 19.1

...contd. from previous page
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-do- M 10 3440 7076 2.1 0.5 62 62 16.3

-do- M 15 2680 7685 2.9 0.4 67 67 16.5

-do- M 20 2190 9698 4.4 0.2 83 83 16.2

Wet-evergreen AP 5-6 2487 2003 0.8 1.2 78 78 39.2

Subtropical M 1 114 833 7.3 0.1 7 7 11.9

-do- M 3 155 2051 1.3 0.1 18 18 12.9

-do- M 6 541 4971 0.9 01 38 38 12.0

-do- M 10 2660 5369 2.0 0.5 40 40 11.5

-do- M 15 3170 6138 2.0 0.5 45 45 17.9

Grasslands

Tropical M - 1030 4330 4.2 0.2 7 7 8.2

Subtropical M - 1290 5050 3.9 0.3 10 10 19.7

Subtropical humid

Osbeckia type M - 720 5100 7.1 0.1 5 5 1.3

Arundinella type M - 500 3250 6.5 0.02 1 1 2.7

Ischaemum type M - 400 2810 7.0 0.02 0.4 0.4 2.0

Ergostiella type M - 330 2150 6.5 0.02 2 2 1.4

...contd. from previous page

N AND P INPUTS THROUGH LITTER FALL
Litter fall -N and –P content by ecosystem 

type are given in Table 2. There was no 

relationship between litter fall and amounts of N 

and or P returned to the forest floor. This may be 

a consequence of the small data set available. In 

general, greater the litter fall, greater the return 

of N and P to the forest floor. In case of forests, 

there was a positive correlation between N and P, 

however, there was no such relationship in case 

of 'jhum' fallows as well as grasslands. Forest 

commodities located at Cherrapunji have 

returned maximum N & P to the forest through 

litter fall, followed by 50-yr old forest of Lailad. 

Compared to the 7- and 15-30-yr old regrowths 

Burnihat, the corresponding regrowths of 

Shillong that accumulated greater amounts of N 

and P in the forest floor (Singh 1990), however, a 

7-yr old pine stand at Shilong accumulated these 

nutrients similar to that of the 7-yr old regrowth 

of Burnihat. Generally, the N and P return 

through litter was increasing with the increase in 

the age of the forest and 'jhum' fallow. Grasslands 

of Upper Shillong (1900 m asl) accumulated 

greater N and P, which was followed by the 

grasslands of Burnihat (100 m asl) and that in 

Cherrapunji (1313 m asl). 

The return of N and P through litter fall was 

in the order of N>P in all the cases irrespective of 

the type of ecosystems. Similar conditions have 

been observed by several workers in India (e.g. 

Rout and Gupta 1990) as well as in other parts of 

the World (e.g. Vogt et al. 1986). Mostly, the leaf 

litter contributed more than 60% of the total N 

and P return to the forest floor and this is 

comparable to many studies on litter dynamics 

(e.g. Facelli and Pickett 1991). In the 1-yr old 

fallow of Burnihat, 1-15-yr old fallows of 

Shillong and also grasslands, nutrient return 

-necessary data not available
*Pine dominated regrowths.
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was exclusively through leaf litter. In the 5-yr old 

fallow of Burnihat, the contribution by twigs of 

dicots was maximum (18% of the total) and in 

the 20-yr old fallow, 94% of the nutrient return 

was through leaf fall, however, in case of forests, 

the woody litter contributed 20-30% to the total 

nutrient return.

N:P ratio of the nutrient return through litter was 

2.67-30.37:1 for forests; 11.5-21.97:1 for 'jhum' 

fallows and 1.32-19.61:1 for grasslands. 

Generally, the N:P ratio was greater in the 

tropical area of Meghalaya, irrespective of the 

type of the ecosystem (Table 2). This could be 

due to slower turnover of litter biomass and 

nutrients in the tropics than in the subtropics 

where the decomposition rate of litter is higher. 

If one were to assume that there was a relatively 

constant N and P demand by microbes for every 

unit of organic matter decomposed (Alexander 

1977), then tropical and subtropical forests 

return and above-ground litter whose 

decomposability was less than that of other 

forest types like in temperate conditions, due to 

low P levels (Vogt et al. 1986). An N:P ratio of 

10:1 has been suggested as a ratio at which 

microbial decomposition readily occurs 

(Alexander 1977), which was similar to the N:P 

ratio of litter fall in most of the forests, 'jhum' 

fellows and grasslands of tropical region. 

Nutrients concentrations were higher in litter 

fall than in the forest floor mass (Ramakrishnan 

1992), suggesting N and P was not immobilized 

in the forest floor, but was quickly re-circulated 

into the above-ground tree biomass. Stark and 

Jordan (1978) showed that greater than 99% of 

the radioactive-P applied to the surface organic 

root mats in Amazonian rain forests was taken 

up by the living roots. This suggested that root 

mats in those forests took up dissolved nutrients 

more efficiently than microbes and or leaching 

loss below the rooting depths. It appeared that in 

most of the forest types, 'jhum' fallows and 

grasslands, P availability had less effect on litter 

production than did N availability. However, P 

may be significant in modifying the magnitude 

of litter fall mass within specific forest types 

such as in tropical forest characterized by low 

soil P availability. For instance, Vitousek (1984) 

hypothesized that P availability limited litter fall 

mass in some tropical forests. In moist and wet 

lowland tropical forests, the amount of fine litter 

fall was positively correlated with P, but not N 

concentration in litter fall. In the present 

synthesis also, there seems to be a close 

relationship between the return of N and P with 

that of litter fall, but insignificant. 

In northeast India, mature climax forests have 

been converted into seral vegetation types like 

'jhum' fallow, grassland etc., by which the 

primary vegetation is represented as relict 

“sacred groves” maintained by local tribes 

societies, for cultural and religious reasons 

(Ramakrishnan 1992). Litter is an important 

biological factor affecting community 

organization and dynamics far beyond its 

commonly recognized role as a transitory bank 

of nutrients. Litter, can alter the physical and 

chemical environment, and therefore, the 

demography of various population (Facelli and 

Pickett 1991). The response of different 

populations to these environmental changes, 

together with the effect of the changes in the 

performance of other population, may play an 

important role in shaping the community 

structure of these degraded ecosystem. Altitudes 

and climatic factors had marked effect on the 

litter production and accumulation in mature 

forests, 'jhum' fallows and grassland. Forest type 

and species composition had a significant effect 

on the litter fall pattern. Of the total litter fall, 

leaf litter contributed more than 60-80% to the N 

and P return to the forest floor. Litter turnover 

usually was faster in the subtropics, irrespective 

of the types of the ecosystem. MRT for organic 

matter in the forest floor was more in the tropical 

ecosystems than in the subtropics. Comparing 

the organic matter and nutrient circulation 

between different types of ecosystem, only 

above-ground litter fall data may not give a clear 

picture of actual cycling rates. However, it can be 
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obtained if we have data for annual fine roots 

turnover and above-ground litter fall mass, so 

that total detrital inputs were presented. The 

present synthesis of data on litter dynamics in 

different terrestrial ecosystems of Meghalaya 

and Arunachal Pradesh, may give an insight to 

other workers in India as well as abroad , about 

the fate of litter in the soil surface, as this area is 

one of the wettest part of the country.
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ABSTRACT

Water is most useful, an abundant and a universal solvent in the world. It is also called as 

“Natural Gold”. Water occupies unique position in industry. For evaluating suitability of water for 

drinking and irrigation the most important criteria is quality of water. Last few years it is feared 

that pollution from industries were found very high and alarming for human health and aquatic 

life. In industrial area big industry have recover their product, but small scale industries 

maintained their acidic effluent by circulating lime. Present study of research work deals 

analysis of main important properties of physicochemical properties of some industrial waste 

water effluent collected from Badlapur industrial area of Mumbai. The overall detail analysis 

result highly polluted water effluent discharge nearby Waldhuni River. If this existing situatio n 

is neglected will cause damage surrounding population and aquatic environment.

Key words : Industrial effluent, Waste water, Physicochemical properties, Badlapur Industrial 

belt.

INTRODUCTION

Water is nature's most wonderful, 

productive and growing economy in united 

state. The molecular formula of water is H O 2

have molecular weight 18.01 g/mol and density 
3is 999.99 kg/m .  The quality of water is vital 

concern for mankind science it is directly linked 

with human welfare. Many essential elements 

for the existence of human beings, animals and 

plants water related to be the greatest 

importance. It is essential for survival of any 
1)forms of life.  It also occupies unique position in 

industries. The earth is celestial bodies and 

constitute 97% is salty water, 2% is frozen in 

glacier polar ice caps.Actully only 1% part of 

world water usable. Our adult body contain 42 

liter of water. In human being water help to 
2)regulate pH in body . Water is directly affect the 

production of many goods and services, various 

economic sectors are agriculture, tourism, 

fishing etc. In human blood contain 83% of 

water transport oxygen, carbondioxide 

,nutrients and more form cell to cell.

The word of pollution, derived from the 
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Lattin word pollutionem (meaning to defile or 

make dirty) is act of polluting environment. To 

attain rapid economic development and thereby 

to improve the standard of living and the quality 

of life, today man has, on many occasions, 

produced vast and disruptive changes on natural 

resources. The multidirectional human activity 

has resulted in environmental pollution. It is 

increasing with rapid urbanization and 

industrialization. The word of polluted water as 

water that does not meet even minimum 

standards for any function and purposes for 

which it would be suitable for natural state. 
3Today there is growing concern about pollution . 

Water is used directly by man for providing food 

and drink, for personal and domestic hygiene, 

recreation, agriculture and industry. The 

principle of sources of water pollution is 

domestic sewage, agriculture and industrial 

effluent. Release of huge quantities of municipal 

and domestic water by drain into rivers and 

canal cause several undesirable effect e.g. spread 

of water born diseases like cholera, typhoid, 

hookworm infection. Fertilizers, fungicides, 

insecticides are washed down into waterways as 

runoff from agriculture land thus polluting the 

rivers and lakes. These chemicals have been 

effective in controlling diseases and pest affect 
4crop and livestock . However contribute water 

and air pollution and have adverse effect on fish, 

wildlife and on human beings also. The most 

visible effect of oil pollution is the large scale 

killing of sea birds. The oil is penetrates the 

feathers of birds, displacing the air which is 

normally trapped in the feathers. Due to oil 

pollution birds become colder and susceptible to 
5disease . Owning to industrialization on one 

hand and exploding population on the other, the 

demands of water supply have been increasing 

tremendously. Therefore considerable part of 

limited quantity of water is polluted by 

industrial waste. The means of water born 

diseases and epidemics still threatens the well 

being population, particularly underdeveloped 
6and developing area.

It is reported that more than 70 millions of 

organic chemicals are synthesized every year in 

the world. The product of plastic and textile 

industries contain polyvinyl chloride are burnt 

soil and emits highly toxic gases like SO NO and 2, 2 

hydrochloric acid fumes. The paper making 

process utilize large amount of water as well as 

natural raw material used for process are 

vegetables,rice,cellulose,husk fiber and also 
7-10waste paper.  The paper industries discharge 

dark brown colour effluent due to preserve fatty 

acid, tannins, resins, sulpher and sulpher 
11compounds . This dark colour effluent consist 

mercaptan and pentachlorophenol exhibit 

interference the photosynthesis. In 2012, it was 

estimated that, there was approximately 165 

million tons of plastic pollution in world's 

oceans. Plastic pollution has form potential to 

poison animals, which can affect adversely on 
12human food supplies . Textile industries are 

complex in nature. The waste water is highly 

alkaline, high concentration of TDS, alkality, 

BOD and COD colour of effluent can cause 
13significant aesthetic problem .

Purpose of research work

Now a day waste management strategies adopted 

in India has failed to keep pace with the 

industrial growth. Previous data on water 

pollution along the creeks and rivers points out 

the need of systematic and regular monitoring 

pollution level for further improvement in the 

industrial waste treatment method. Due to 

increasing tremendous industrial pollution in 

India has prompted us to carry systematic and 

detail study of physicochemical properties of 

industrial waste water effluent from Badlapur 

Industrial belt of Mumbai

Study Area

The study was carried at the Badlapur area which 

is one of the most rapidally developing zones and 

may be heavily polluted Industrial belt of 

Study on Physico-chemical.....60 JANUARY-JUNE 2015
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Mumbai. Badlapur M.I.D.C.are situated on the 

Kalyan-Badlapur highway. Residential area is 

occupied in Badlapur M.I.D.C.like Shirgaon, 

Mankavali, and Kharivali.

The industrial area spread over 107 hectares 

of land consisting about 384 large and medium 

scale industries like steel processing unit, 

engineering plant, textile, dyes, pharma, paper, 

plastic industries. The study area i.e Badlapur 

M.I.D.C.length is 4.39 km.Although there is a 

heavy industrialization, at present there is only 

one common effluent treatment plant (CETP). 

The main water sources for industrial 

consumption is Maharashtra Industrial 

Development Corporation. The effluent 

discharge, treated and untreated amounts to 
38000m /day. This created health hazards for local 

population.

Climate Condition

The Badlapur M.I.D.C. weather is sultry and 

humid. Rainfall average records 180mm to 

200mm.The place experiences the onset of the 

monsoon in the month of June and experiences 

monsoon till end of September. The average 

annual temperature recorded varies from 27.1 to 

38 degrees. The total humidity in Badlapur 

M.I.D.C.75%.

Industrial Effluent sampling and preservation-

Graph of Badlapur M.I.D.C. Graph showing seasonal 
variation in Badlapur MIDC

Photograph showing discharge 
effluent in Waldhuni River
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Sampling of Industrial effluent
The industrial waste water effluent samples 

were collected twice in month in morning and 

afternoon session from different industries like 

paper, dyes and textile industries of Badlapur 

M.I.D.C.The samples were collected every 

alternate month end from June 2013 to July 

2014.The sampling was done in two shifts 

between 8 a.m. to 10 a.m., afternoon shift 

between 2.00 p.m.to 4.00 p.m.Polythene bottles 

of 2.0 L were used to collect water samples. The 

bottles were thoroughly cleaned with 

hydrochloric acid, washed with tape water to 

render free of acid, washed with distilled water. 

Then sample bottle were Stoppard and sealed 

with paraffin wax. 

 Photograph showing collection of sites of industrial effluent and common CETP plant  

Table: 1 Seasonal Variation of physico-chemical properties in Badlapur M.I.D.C.

Year 2013
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Year 2014

 Temperature  34.2  27.5  27.9  30.5  30.0  33.1  33.4  36.2  33.1 33.9 

 pH  7.9  7.3  7.5  7.9  7.65 8.3  8.5  8.9  8.4  8.52

 TDS  2789  2498  2532  2743  2640.5  2576 3423  2721  2895  11615

 EC  4162  3728 3895  4094  3969  3844 5266  4061  4453 17624

 DO 5.7  5.1  6.1  5.9  5.7  3.2  2.9  1.2  5.9  3.3

 Temperature  28.2  23.7  25.1  29.1  26.5  27.1  28 28.6  26.9  27.6

 pH 7.3  7.5  6.5  6.8 7.0  7.3  6.8  7.1  5.9  6.7

 TDS  8967  7643 7786  9765  8540.2  9132  11451  11756  17010 49349

 EC 13381  11407  11620  14574  12745  13629  17091  17546  25388 73655

 DO  2.5  2.1  2.4  3.1  2.5  1.5  1.2 0.8  0.3  0.9

 Temperature  31.2  28.5  29.1  30.2 29.7  29.2  30.2  34.3  30.1  30.9

 pH  8.4  7.9  8.2  8.6  8.2  8.5  8.7  9.5 9.1  8.9

 TDS  987 865  1011  1022  971.2  1121  1128  1034  1051  1083

 EC  1473  1291  1508  1525  1449  1673  1683  1543  1568  1616

 DO  3.8 3.9  4.1  3.4  3.8 2.6  2.7  0.5 2.3  2.0
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Research Methodology
Methods of industrial waste water analysis were 

used as prescribed by APHA (American 

Publication Health Association).Water sample 

were collected during pre-monsoon season 2013 

from outlet of three industrie (paper, textile, 

plastic). The analysis of the following physic-

chemical  parameter  was carr ied out  

Te m p e r a t u r e ( M e r c u r y - f i l l e d  C e l s i u s  
0thermometer 0.1 C) pH(Digital pH meter, 

HANNA instrument), Total Dissolved Solid 

(TDS-mg/L, HANNA), Electric Conductivity 

(EC-uS/cm), Dissolved Oxygen (DO-mg/L,DO 

meter, Model: DO-5509).

 RESULT AND DISCUSSION

The detail experimental data on physic-

chemical properties of water samples collected 

from different industries of Badlapur Industrial 

estate of Mumbai is presented in Tables1.If 

situation may occure, in which large amount of 

heat is applied to a body of water that its 

temperature increases above the level to which 
14plants, animals in it cannot adopt . Due to the 

mixing of effluent from different units the 

thermal reaction may occure so it is necessary to 

measure temperature. The main source of  

thermal pollution are industrial cooling system, 

which withdraw water from a stream or lake and 

river to cool certain types of  electric generating 

plant and industry and then return the water in 

its original source at much higher temperature. 

When temperature increases microbial activity 

and also forms barrier to fish migration. High 

temperature solubility of dissolved oxygen 

decreases. Mostly fish and other aquatic animals 

approximately doubling the respiration for 
010 c.summer season river temperature become 

074.5 F are seriously affect the reproduction of a 
15species . In the present study, the yearly average 

temperature of industrial effluents varies 
0between maximum of 37.8 c for the effluents 

0from paper industries and minimum 26.3 c for 

the effluents collected from textile industries.

The pH scale, which ranges from 0 to 14 

measures concentration of hydrogen and 

hydroxyl ion and describe the degree of acidity 

and alkality. When bicarbonate ion and carbon 

dioxide dissolved in water are mainly responsible 

for regulation of pH in rivers and lakes. When pH 

is low i.e. below 4.5 Aluminum ion is attached to 

minerals in soil can be released in river. At that 

condition large amount of fish kill by stimulating 

excessive mucous formation on the surface of 
16gill . While at high pH i.e.9.6 may also increase 

toxicity of ammonia is ten times more than natural 

pH. In this way, the quality of natural water 

changes number of ways and has seriously 

affected aquatic life in mine areas. Alkali also 

cause damage to rivers and lakes by altering pH 

values resulting natural buffer system disturb. 

When alkali wastes increases the pH values even 

up  to  12 ,  des t roy ing  bac te r i a l  and  

microorganisms. Aquatic life and fish also 

affected by rise in pH. The desirable pH range for 
17drinking water purpose by ISI is 6.5 to 8.5 . 

Insoluble matter in suspension is one the 

common forms of pollution. The waste water 

from the textile industries contain high 

dissolved solid concentrations, high fibrous 

materials, grease loading, inorganic salts, toxic 

heavy metals. Suspended matter is objectionable 

as it interferes with the self purification of 

streams by reducing photosynthetic activity. In 

areas where winter shows are heavy and use of 

salt for deicing is correspondingly large, chloride 

and sodium in drinking water have risen 
18alarmingly. The average value of TDS from 

textile, plastic and paper industries are 

14000,6076 and 2736 respectively.TDS range 

200m/L is normally accepted as per guideline 

suggested by WHO. Electric conductivity (EC) is 

become high when concentration of acids, base 

and salts will be higher. The study value of 

electric conductivity in drinking water as 

recommended by WHO is 500 umho/cm. 

Oxygen comprises approx 21% total gas in 

atmosphere; it is much less in water. Amount of 
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oxygen depends upon temperature. Lower 

salinity more oxygen dissolved. Many lakes and, 

ponds anoxic at the bottom layer in summer 

because decomposition process depleting 

oxygen, amount of dissolved oxygen determines 

number of types of organism living in water. 

Decay of organic matter, caused by either 

chemical process or untreated sewage or dead 

vegetation can reduce dissolved oxygen. This 

cause common fish kill specially in season, 

when warm water holds less oxygen 

(10).Dissolved oxygen (DO) range 2 to5 mg/L in 
19water is normally accepted by WHO.

CONCLUSION

While discussing the various aspects of 

pollution control it is important to investigate 

the pollution potential of various wastes that 

would be produced by various unit operations in 

plant. Once the information regarding the 

effluent load is obtained, methods to control the 

quality and quantity of wastes should be 

adopted within the plant itself. Pretreatment of 

effluent is essential before it reaches the effluent 

treatment plant(ETP).Proper design and 

installation of CETP s very important followed 

by proper maintenance for better functioning of 

the CETP in Badlapur M.I.D.C.Vedio films on 

various aspects of environment and its 

management, etc. should prepared and shown 

regularly in schools, colleges, universities, 

community centers and public forms
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ABSTRACT

Soil resource characterization of Nagenahalli micro-watershed was carried out using SOI 

toposheet (57 G/ ll) in conjunction with field survey and ancillary data for their properties and 

classification. Surface soil texture ranged from loamy sand to sandy loam. Bulk density of 
-3pedons of upper horizon ranged from 1.50 to 1.66 Mg m . The surface soils are acidic , pH 

ranged from 4.70 to 5.96 and EC from 0.02 to 0.07 dS /m. Soils are low in organic carbon i.e., 
-1ranging from 0.22 to 0.43 % and CEC 0.90 to 4.60 c mol kg  at surface layer. The exchangeable 

bases like Ca, Mg, K and Na in surface soil ranged from 0.36 to 6.12, 0.17 to 1.27, 0.06 to 0.40 
-1and 0.09 to 0.34 c mol kg  respectively. The OC, EC, CEC and exchangeable bases did not follow 

a regular trend with depth. Five soil series were tentatively identified and mapped as soil series 

association into 15 mapping units. Most of the soils in the study area were free from major 

constraints and suitable for major adopted crops of the region.

Key words : Mapping units, Soil characterization, Soil classification, Soil series.

INTRODUCTION

In the recent past, the ill-effects of land use on the 

environment and environmental sustainability of 

agricultural production systems have become an 

issue of concern. The problems of declining soil 

fertility, stagnant yield level and unfettered soil 

erosion are associated with intensive agriculture 

where overexploitation of natural resources and 

scarcity of inputs like chemical fertilizers denote 

intensive agriculture. The depleting resources of 

soil under cultivation and the alarming rate of 

degradation warrants the use of scientific methods 

to maintain the soil productivity. Increased 

emphasis  is  therefore  being  laid  on 

characterization, accurate mapping of soils and 

developing the rational and scientific criteria for 

land evaluation (Rossiter, 1996) and interpretation 

of soils for sustainable development. Detailed soil 

survey is essential to assess the potential and 

constraints of a given land parcel for agricultural 

purposes. In this context a detailed soil survey of 

Nagenahalli micro-watershed was undertaken to 

characterise and classify the soils and to take 

ameliorative measures for improving their 

productivity and generate sustainable land use 

plans.

MATERIALS AND METHODS

The village Nagenahalli forms part of 

Doddaballapur taluk, Bangalore rural district, 

representing eastren dry zone of Karnataka. The 

micro-watershed was delineated using 1:12,500 
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(Scale) cadastral map as a base map and SOI 

toposheet (57 G/ ll) to cover the whole village. 

Google Earth image and satellite imagery of the 

watershed were used in conjunction with SOI 

toposheet to map the existing land use/land 
״ ° ° cover. The village is located 13 2220.66  N to 13

״ ° ״ ° 2220.2  N latitude and 77 3255.30  E to 77
3327.7״  E longitude covering an area of 225.2 ha. 

It comes besides the Ghati-Subhramanya high 

way which runs from Doddaballapur town, at 

the elevation range of 911 to 930 m above MSL. 

Geologically, the area is dominated by Archaean 

granites and gniesses on upland and colluvium 

on convex lower sectors. Small patches are there 

with basic rocks in granitic landscape itself. 

climate of the study area is semi arid monsoon 

type. Rainfall is about 826.2 mm (IMD 2001). 

Rain fall received mainly from South West 

Monsoon and North- East also contributes to 

some extent. The rainy days extends from July to 

mid October and maximum rainfall received in 

the month of mid September followed by 

October . The five driest months are November 

to middle of April. Mean annual temperature of 

area is 23.8 °C. Mean annual soil temperature is 

24.8°C, mean annual summer soil temperature is 
o26.1 C. Potential evapotranspiration ranged 

from 98.4 to 164.7 mm,  area qualifies for 

isohyperthermic soil temperature regime and 

Udic soil moisture regime. Five transects were 

drawn along the direction of slope at different 

locations in the watershed. Soil profiles were 

excavated at close intervals on the transect 

wherever changes were observed in external 

land features like break in slope, erosion, gravel, 

stoniness etc. Site and soil characteristics were 

recorded on standard Performa as per guidelines 

given in USDA Soil Survey Manual. Soil 

samples were collected horizon wise and were 

processed and analyzed for soil separates, pH, 

EC, organic carbon, BD, CEC, exchangeable 

cations and for available nutrients using 

methods outlined by Black (1965) and Jackson 

(1973).
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Fig 1: Location map of the study area in Doddaballapur taluk, Bangalore Rural District.
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RESULTS AND DISCUSSION

Morphological properties
Soil colour of pedon 1, 2, 3 varied from dark 

brown (7.5 YR 3/4) to yellowish red (5YR 4/6) . 

Base saturation of these three pedons was more 

than other  two pedons. This might be due to 

removal of bases and selective accumulation of 

sesquioxides rather slow here compared to 

pedon 4 and 5. In pedon 4 and 5 the colour varied 

from red (2.5 YR 4/6) to dark red colour (2.5 YR 

3.6) . This was due to leaching of bases leaving 

sesquioxides and further oxidation might be the 

reason for development of red to dark red colour. 

Natarajan (2002) in his study concluded 

laterisation process in uplands of  Bangalore 

plateau is due to moist soil horizons throughout 

the year. The structure of all the pedons varied 

from weak, medium subangular blocky to strong 

medium sub angular blocky. The dominant 

structure recorded was moderate medium sub-

angular blocky. Poor surface structure was 

observed in pedons 2, 3, 4 and 5 except in pedon -

1 due to moderate erosion and removal of top 

soil. Consistency of soil varied from slightly 

hard, friable, non sticky in surface horizon to 

very hard, very friable to very sticky in 

subsurface horizons of all the pedons. Clay 

content of the soil might had played a major role 

in this kind of consistency. Soil pores were 

medium to coarse in surface and fine to very fine 

in subsurface horizons, as the silt and sand 

content were more in surface soils where as the 

concentration of fine particles like clay will 

increase with depth due to clay illuviation. Iron 

nodules were recorded from 80 cm depth 

onwards in all the pedons except pedon 4 due to 

the laterization, prevailing in these areas. 

Whereas quartz pebbles were observed in pedon 

4 unlike iron nodules observed in lateritic areas 

due to weathering of granites and assortment of 

quatz gravel by flowing water (Table 1).

5968

Table 1: Morphological characteristics of pedons.

Depth (cm) Horizon Colour Srtructure Rock Clay cutans Mottles
fragments

Pedon-1

0-12 Ap 7.5 YR 5/4 2Fsbk - - -

12-27 Bt1 5YR 3/4 2Msbk - Ttn p -

27-48 Bt2 5YR 4/6 2Msbk - Ttk p -

48-59 Bt3 5YR 4/6 2Msbk 35-40 Ttk p fl f

59-81 Bt4C 7.5 YR 5/6 2Csbk 25-30 Ttk p fl f

81-125 Bt5C 5 YR 4/6 2Csbk 25-30 Ttn p fl f

125-150+ Bt6C 5 YR 4/6 2Csbk - Ttn p fl f

Pedon-2

0-14 A1 7.5 YR 5/4 1Fsbk - - -

14-37 Bt1 5YR 4/4 2Msbk - Ttk c -

37-56 Bt2 5YR 4/4 3Msbk - Ttk p -

56-80 Bt3 7.5 YR 4/4 2Csbk - Ttk p -

80-120 Bt4 7.5 YR 4/4 2Csbk - - fl f

120-150+ Bt5 5YR 4/6 3Msbk - Ttk c
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Physical characteristics
It was observed that the bulk density decreased 

with depth in all the pedons except in pedon-2.  

Pedon-1 and pedon-3 were located in very gently 

sloping uplands. Pedon-4 and pedon-5 were 

located in nearly level uplands, where as pedon -

2 was located in the gently sloping upland with 

moderate slopes. Due to the severity of erosion, 

most of the soil material was removed leaving 

only the compact layer below. Among the five 

pedons studied podon 2 showed higher BD with 

depth. Lower bulk density observed in surface 

horizons of pedon-1, 4 and pedon-5 due to 

continuous cultivation. Pedon-4 recorded 
-3highest bulk density 1.72 mg m  in the 

subsurface might be due to the presence of gravel 

layer. Mehtha et al. (2005) observed similar 

results where they concluded that the 

cultivation reduced the bulk density compared 

to natural land, owing to improved aeration and 

better aggregation assisted by high organic 

carbon content. The pedons had loamy sand to 

sandy loam surface soil texture. Clay illuviation 

was observed in all the profiles. Clay content 

increased with depth, 36 to 48.50 per cent in the 

control section.

Chemical characteristics
The status of the organic carbon in soil ranged 

from 0.07 to 0.43 per cent, organic carbon 

content is low in all the pedons. Surface 

horizons recorded the high values and its values 

decreased with depth in all the pedons as 

described by (Pal et al. 1985). Soil pH varied from 

very strongly acid to moderately alkaline (4.57 to 

6.94). The pH was increasing with depth in all 
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Pedon-3

0-13 Ap 7.5 YR 4/4 1Fsbk - - -

13-41 Bt1 5 YR 4/6 2Msbk - - -

41-66 Bt2 7.5 YR 4/4 2Msbk - - -

66-104 CB1 7.5 YR 4/4 2Csbk - - fl f

104-133 CB2 10 YR 5/6 2Csbk - - fl f

133-150+ CB3 10YR 5/4 2Csbk - - fl f

Pedon-4

0-13 Ap 2.5 YR 4/6 1Fsbk - Ttn p -

13-29 Bt1 2.5 YR 4/6 2Msbk - Ttn p -

29-48 Bt2 2.5 YR 4/4 3Msbk - Ttn p -

48-96 Bt3C1 2.5 YR4/6 2Msbk 60 Ttn p -

96-125 Bt4C2 2.5 YR 4/6 2Msbk 35 Ttn p -

+125-150 Bt5C3 2.5 YR 4/6 3Msbk - Ttn p -

Pedon-5

0-16 Ap 5 YR 5/6 1Fsbk - -

16-44 Bt1 2.5 YR 4/4 2Msbk - Ttn p -

44-70 Bt2 2.5 YR 4/6 3Msbk - Ttn p -

70-122 Bt3 2.5 YR 4/6 3Msbk - Ttn p fl f

122-150+ Bt4 2.5 YR 4/6 2Msbk - Ttk p fl f
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Table 2: Physical characteristics of pedons.

Depth (cm) Horizon Sand (mm) Silt (mm) Clay (mm) Texture BD AWC
-3 -3(USDA) Mg m (mm m )

Pedon-1

0-12 Ap 86.5 3.5 10 ls 1.5 120

12-27 Bt1 72.5 1.5 26 scl 1.46 150

27-48 Bt2 72 2 26 scl 1.65 150

48-59 Bt3 54.05 5.5 44.4 sc 1.4 110

59-81 Bt4C 48 3.5 48.5 vgsc 1.5 50

81-125 Bt5C 49 2.5 48.5 gsc 1.34 70

125-150+ Bt6C 45.5 7 47.5 gc 1.27 90

Pedon-2

0-14 A1 85 3 11 ls 1.66 120

14-37 Bt1 85 4 7 ls 1.69 120

37-56 Bt2 56.5 2 41.5 sc 1.66 110

56-80 Bt3 57.5 2.5 40 sc 1.66 110

80-120 Bt4 54.5 5 40.5 sc 1.67 110

120-150+ Bt5 54.5 3.5 42 sc 1.67 110

Pedon-3

0-13 Ap 85.5 1.5 13 ls 1.62 120

13-41 Bt1 83.5 16 13.5 sl 1.63 120

41-66 Bt2 76.5 4.5 19 sl 1.71 120

66-104 CB1 69 7 24 scl 1.52 150

104-133 CB2 58 13.5 28.5 scl 1.45 150

133-150+ CB3 55 4.5 40.5 sc 1.65 110

Pedon-4

0-13 Ap 83 2 15 sl 1.6 150

13-29 Bt1 61.5 1 37.5 sc 1.6 110

29-48 Bt2 51 7.5 41.5 sc 1.6 110

48-96 Bt3C1 59.5 4.5 36 gsc 1.6 50

96-125 Bt4C2 56.5 9.5 34 gscl 1.58 100

125-150+ Bt5C3 46.5 11 42.5 sc 1.5 110

Pedon-5

0-16 Ap 79 2.5 18.5 sl 1.6 150

16-44 Bt1 60.5 1.5 38 sc 1.3 110

44-70 Bt2 49.5 4 46.5 sc 1.2 110

70-122 Bt3 46.5 6.5 47 sc 1.3 110

122-150+ Bt4 43.5 9 47.5 c 1.3 140
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the pedons. Similar result was recorded by Walia 

and Rao (1997) in red soil. It might be attributed 

to intense leaching of bases throughout the 

profile. Lower pH (4.7)  in the surface was 

recorded in the pedon-2, heavy leaching of bases 

in the gentle slope might have contributed for 

the low pH in the pedon. Pedon-4 and pedon-5 

located in nearly level land recorded higher pH 

than the pedons located in slopes. Electrical 

conductivity values of pedons ranged from 0.01 
-1to 0.09 dSm . Electrical conductivity of all the 

pedons were very less. Pedon-1 (0.07 dS/m) and 

pedon-4 (0.06 dS/m) recorded slightly higher EC 

at the surface. Both the pedons were under 

cultivation addition of fertilizers and manures 

might have added more electrolytes. Pedon-2 

recorded lower EC (0.01 to 0.03 dS/m) which is 

gently sloping with ratoon eucalyptus 

plantation. Pedon-3 which is on very gently 

sloping upland recorded slightly higher EC 

values than pedon-2, might be due to slope and 

fallow land with natural vegetation like grasses 

might have constituted bases through profuse 

root growth and addition of organic matter. 

Cation exchange capacity varied between the 

pedons and also between the horizons in each 

pedon. In pedon-1 CEC varied from 3.2 to 6.1 

1cmol (p+) kg , dominance of 1:1 type Kaolinitic 

clay might be the reason for low CEC in these 

soils (Rajan, 2008). Pedon-2 recorded the lower 
1most CEC (4.10 to 5.60 cmol (P+) kg ). This 

might be due to moderate erosion with rapid run 

off, which affected the removal of clay and silt 

and organic matter (Sitanggang et al. 2006) 

Pedon-3 which is under natural vegetation 

showed maximum variation (0.90 to 8.30 c mol 
1(P+) kg ) in the CEC value. Pedon-4 and Pedon- 5 

recorded CEC with minimum variation (6.30 to 
113.10 and 9.00 to 12.70 c mol (P+) kg ) between 

the subsurface horizon. The low CEC (3.70 and 
14.60 c mol (P+) kg )  in the surface horizon was 

due to leaching of soil especially of bases, clay 

and silt to subsurface horizons and illuviation of 

kaolinite dominated clay to lower layers and 

accumulation of sesquioxides. Organic carbon, 

pH, BD, EC and CEC of pedons did not follow a 

regular trend with depth. Sum of exchangeable 

bases (Ca, Mg, K and Na) at surface layer ranged 

from 0.36 to 6.12, 0.17 to 1.27, 0.06 to 0.4 and 

0.09 to 0.34 c mol kg-1 respectively. Values at 

other depths did not follow a regular trend (Table 

3). The results are in conformity with the several 

such studies undertaken earlier (Hegde et al. 

2008).
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Table 3: Chemical characteristics of pedons.

Depth
(cm)

Horizon PH
(1:2.5))

EC
-1dSm

OC
%

Ca Mg Na

1cmol (+) kg

K Total CEC Base
satura-
tion %

Pedon-1

0-12 Ap 5.96 0.07 0.39 1.5 0.5 0.27 0.12 2.39 3.2 75

12-27 Bt1 5.3 50.09 0.36 2.6 0.42 0.11 0.11 3.24 6.1 53

27-48 Bt2 5.86 0.09 0.29 1.18 0.56 0.19 0.06 1.99 3.7 54

48-59 Bt3 6.27 0.09 0.25 1.25 0.6 0.34 0.09 2.28 5 46

59-81 Bt4C 6.51 0.03 0.14 1.4 0.7 0.24 0.14 2.48 5.1 49

81-125 Bt5C 6.51 0.04 0.07 1.81 0.69 0.26 0.16 2.92 4.7 62

125-150+ Bt6C 6.89 0.03 0.07 1.92 0.41 0.17 0.12 2.62 4.3 61

Pedon-2

0-14 A1 4.7 0.02 0.43 2.5 0.42 0.13 0.09 2.69 4.1 66

14-37 Bt1 5.6 0.02 0.36 2.48 0.69 0.15 0.11 3.43 5.6 61

37-56 Bt2 5.8 0.02 0.32 1.91 0.63 0.18 0.13 2.85 4.8 59
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Soil fertility characteristics
The available nitrogen status was low in almost 

all the pedons. It ranged from 62.70 to 627.20 

kg/ha. Pedon-1 recorded highest nitrogen range 

(94.00 to 627.20 kg/ha) and highest (627.20 kg/ha 

) was recorded in the surface horizon as the land 

is under cultivation. Application of fertilizers 

and manures might have increased the N-

content. Pedon-2 recorded the minimum 

variation in its nitrogen content. It was 125. 4 

kg/ha in surface horizons and increased to 

186.86 kg/ha in Bt4 horizon. Through this area 

was affected by erosion, following of 

conservation practices (Eucalytus plantations) 

in the recent years was resulted in growth of 

grasses and other vegetation and increased the 

level of organic matter accumulation (Rajan, 

2008). pedon-3 recorded highest 156.80 kg/ha 

nitrogen in the surface due to the increased level 

of organic matter accumulation by natural 

vegetation and nitrogen content increased with 

depth. Pedon-4 located in the ploughed land 

recorded the nitrogen content in the range of 

62.7 to 282 kg/ha. Pedon-5 showed increasing 

trend with depth. The land is not under 

cultivation at present through it was cultivated 

earlier, leaving the land as fallow for many years 

led to the leaching of nitrogen from surface to the 

lower layers (Rajan, 2008). Available 

phosphorus varied from 2.6 to 76.9 kg/ha in 

surface horizons. Pedon-1 recorded high 

available P (65.64 kg/ha) the value was 

decreasing with depth. The land is under 

intensive cultivation with maize and ragi crops. 

Further fertilizers and manures were added 

every year during cultivation. This might be the 

reason for the accumulation of available 

phosphorus in the surface horizon. Similar trend 
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0-13 Ap 5.42 0.03 0.36 0.52 0.18 0.09 0.07 0.86 0.9 96

56-80 Bt3 6.51 0.01 0.25 1.25 0.21 0.18 0.15 1.79 4.8 64

80-120 Bt4 6.77 0.03 0.29 1.25 0.17 0.16 0.14 1.72 4.8 61

120-150+ Bt5 6.73 0.02 0.03 2.82 0.82 0.14 0.1 3.38 4.6 59

Pedon-3

0-13 Ap 5.42 0.03 0.36 0.52 0.18 0.09 0.07 0.86 0.9 96

13-41 Bt1 5.42 0.02 0.32 0.36 0.21 0.09 0.08 0.74 1.4 53

41-66 Bt2 6.32 0.09 0.25 2.25 1.27 0.09 0.11 2.72 4.2 65

66-104 CB1 6.64 0.06 0.07 1.86 0.31 0.1 0.13 2.4 3 80

104-133 CB2 6.64 0.05 0.04 3.21 1.01 0.13 0.22 4.57 6.8 67

133-150+ CB3 6.92 0.07 0.01 4.25 0.97 0.2 0.4 5.82 8.3 70

Pedon-4

0-13 Ap 4.77 0.06 0.27 2.08 1.04 0.14 0.16 3.41 4.6 74

13-29 Bt1 5.67 0.04 0.24 2.28 1.04 0.16 0.08 3.56 6.3 56

29-48 Bt2 5.97 0.04 0.26 4.37 1.04 0.17 0.09 5.67 11.9 48

48-96 Bt3C1 6.82 0.02 0.14 6.12 0.59 0.19 0.1 6.98 13.1 53

96-125 Bt4C2 6.94 0.01 0.03 3.27 0.87 0.18 0.09 4.41 8.2 54

125-150+ Bt5C3 6.94 0.02 0.01 2.45 0.76 0.2 0.08 3.49 8.1 57

Pedon-5

0-16 Ap 4.57 0.02 0.29 0.43 0.76 0.17 0.18 1.45 3.7 39

16-44 Bt1 5.37 0.02 0.25 5.37 1.14 0.16 0.2 6.76 12.7 53

44-70 Bt2 6.59 0.02 0.12 3.75 1.18 0.27 0.16 5.31 9.2 58

70-122 Bt3 6.8 0.03 0.04 5.91 1.17 0.28 0.19 7.47 10.4 72

122-150+ Bt4 6.8 0.07 0.01 4.57 1 0.3 0.11 5.98 9 66
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was observed in Pedon-4, but the content of 

available phosphorus was less compared to 

pedon-1. Low amount of available phosphorus 

was observed in pedon-2, pedon-3 and pedon-5, 

which are not under cultivation during the 

current year. The available potassium of pedons 

ranged from 73.2 to 427.4 kg/ha. The available 

potassium values are higher in surface horizons 

of pedon-1 (133.72 kg/ha) and pedon-4 (165.90 

kg/ha) might be due the intensive root growth 

supplemented with potassic fertilizers. Pedon-2, 

pedon-3 and pedon-5 showed increased 

potassium content with depth may be due to 

leaching and accumulation from surface to 

lower layers under uncultivated situation. The 

DTPA extractable copper, iron and manganese 

were found to be supplemented in higher range. 

Similar result was observed by Bhaskar et al. 

(2004) in hill slopes of Narang-Kongripara 

watershed of Meghalaya. In Pedon-1 surface 

horizon recorded the highest zinc content of 2.6 

(mg kg-1) and it reaches to low range of 0.12 (mg 

kg-1) in subsurface horizons. Similarly pedon-4 

recorded marginal levels (0.54 and 0.50 mg kg-1) 

of zinc in first two horizons and decreased to low 

with depths. All other pedons recorded the 

lower zinc content found below the critical 

limits. Concentration of micronutrients 

decreased with depth. Similar results were 

recorded by Kannan and Mathan (1994) in Tamil 

Nadu soils and Rajkumar (1994) in Karnataka 

soils (Table 4).
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Table 4: Fertility characteristics of pedons

Depth
(cm)

Horizon Major available nutrients 
(kg ha-1)

N Cu Fe Mn ZnP O2 5 K O2

Micronurients
(mg kg-1)

Pedon-1

0-12 Ap 627.2 65.64 133.72 1.22 18.8 10.2 2.6

12-27 Bt1 595.84 28.72 170.01 1.6 23 30.8 0.56

27-48 Bt2 125.44 18.5 144.48 2.8 22.2 10.2 0.62

48-59 Bt3 156.8 22.5 104.16 0.92 12.4 4.96 0.44

59-81 Bt4C 268.8 30.8 73.24 0.5 5.4 4.86 0.14

81-125 Bt5C 188.16 38.5 122.97 0.4 1 3.38 0.12

125-150+ Bt6C 94.08 23.08 127.68 0.16 1.8 2.56 0.8

Pedon-2

0-14 A1 125.44 22.05 102.14 0.82 22.66 18.2 0.3

14-37 Bt1 125.44 4.62 123.64 0.8 18.04 11.2 0.38

37-56 Bt2 25.08 3.6 142.5 0.7 16.8 10.8 0.12

56-80 Bt3 25.08 15.39 162.62 0.4 8.2 8.2 0.16

80-120 Bt4 186.86 15.39 151.9 0.54 7.8 7 0.34

120-150+ Bt5 125.44 20.52 108.19 0.5 7.6 2.2 0.3

Pedon-3

0-13 Ap 156.8 29.5 129.7 0.56 12.2 12.42 0.26

13-41 Bt1 62.72 17.44 86.01 0.42 15 18.5 0.22

41-66 Bt2 125.44 25.9 77.95 0.52 20.2 32 0.18

66-104 CB1 94.08 12.05 144.5 0.4 19.8 34,20 0.32

contd. in next page...
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Soil classification
Based on morphological and chemical 

characteristics, the soils were classified and 

presented in Table 5. The soils of Nagenahalli 

watershed were classified up to family level as 

per USDA Soil taxonomy (Soil Survey Staff, 

1996) similar to the studies conducted by Goyal 

et al. (1999) based on the morphological, 

physical and chemical properties of soils. All the 

pedons were classified under order Alfisols as 

they possessed argillic horizon and base 

saturation percentage more than 35 percent. 

Under order Alfisols, pedon-1 and pedon-2 were 

classified under suborder Ustalfs. Since 

moisture regime was Ustic and great group 

Kandiustalfs because of presence of Kandic 

horizon and do not have more than 20 percent 

clay decrease with increasing depth. The 

presence of illuvial clay and its significant 

increase from the surface horizon to the illuvial  

horizon qualifies the subsurface horizon to be 

designated as an argillic horizon. The cation 

exchange capacity of the major part of the argillic 
+ -1horizon is less than 16 cmol (p ) kg  clay and 

clay distribution almost remains constant with 

depth in the argillic horizon. From these 

properties pedon-1 and pedon-2 are classified as 

a fine, Kaolinitic, Isohyperthermic, Typic 

Kandiustalf (Na-series) had gravel layer at 59 cm 

depth and there is no gravel  layer in Nb-Series. 

Pedon-3 is identified as Nc-series, which is 

classified under order Aflisols and suborder 

Ustalfs. This pedon belongs to the great group 

Haplustalfs which is having a hue of 7.5 YR and 

value of 3 or more. CEC per kg clay of the pedon 

is further <24 and grouped under the subgroup 

Kanhaplic Haplustalfs. The soils have fine loamy 

texture with less clay content and no coarse 

fragments. The clay distribution in the soil is 

such that the percentage of clay decreases by 

more than 20 per cent along with clay, small 

quantities of mica also recorded in the 

mineralogy. Form these properties pedon-3 is 

classified as fineloamy, mixed isohyperthermic, 

Kanhaplic Haplustalfs. Pedon-4 identified as 

Nd-series which classified under order Alfisol 

and Suborder Ustalfs. The pedon has an argillic 

horizon of significantly higher percentage of 
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contd. from previous page

104-133 CB2 188.16 5.4 238.56 0.28 12.2 16.6 0.1

133-150+ CB3 156.8 5.4 427.39 0.24 9.4 13.4 0.18

Pedon-4

0-13 Ap 156.8 76.94 165.9 0.6 21 29 0.54

13-29 Bt1 62.72 9.23 87.36 0.9 16.4 46.8 0.5

29-48 Bt2 94.08 5.4 90.72 0.72 9 16.7 0.28

48-96 Bt3C1 282.24 12.8 102.14 0.28 8 6.12 0.04

96-125 Bt4C2 219.52 4.61 98.11 0.36 7.2 12.3 0.3

125-150+ Bt5C3 188.16 23.08 86.7 0.4 7.6 12.42 0.28

Pedon-5

0-16 Ap 94.08 192.36 98.11 1.02 18.6 25.2 0.34

16-44 Bt1 62.72 6.41 114.91 1.28 10.2 34.4 0.24

44-70 Bt2 156.8 6.41 114.24 1.04 7 15.6 0.24

70-122 Bt3 62.72 2.6 116.92 0.64 6.8 17 0.42

122-150+ Bt4 156.8 2.6 118.27 0.7 6 18.5 0.33
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clay showing the evidence of clay illuviation. A 

very gravel particle size class throughout one or 

more subsurface horizons and a clay increase of 

20 percent or more within a vertical distance of 

2.5 cm, makes the soil to group under great group 

Paleustalfs and subgroup Ultic Palaeustalfs as 

the agrillic horizon with a base saturation of less 

than 75 percent. The soils of Nd series are very 

deep, red, and very gravelly and fine textured. 

Gravelly layer starts after 40 cm depth.  The soils 

of pedon-5 are very deep fine texture has mixed 

clay mineralogy. Classified under order Alfisol, 

suborder Ustalfs having higher percentage of 

clay and a clay increase of 20 percent or more 

within a vertical distance of 2.5cm renders the  

soil to group under great group Paleustalfs and 

subgroup Kandic Paleustalfs that is paleustalfs 
-1that have a CEC of less than 24 c mol (P+) kg  

clay. Based on the above properties the soils of 

Ne-series have been classified as, fine, mixed, 

and Isohyperthermic Kandic Paleustalfs.
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ABSTRACT

Anabas testudineus were exposed to an environment containing various concentration of 

pesticide. The effects of the pesticide (chlorpyrifos 50% + cypermethrine 5% EC) on the liver 

and kidney of an air breathing teleost Anabas testudineus were investigated in microscope. The 

experiment was set up to determine the 48-96 hours sub-lethal concentration of commercial 

pesticide named carbine (chlopyrifos 50% + cypermethrin 5% EC).

The study revealed several histopathological changes in liver and kidney. There are several 

changes in liver like Nuclear hypertrophy, cytoplasmic vaculation. Glycogen depletion etc. In 

Kidneys degenerative changes such as necrosis of tubular and hematopoietic cells were the major 

histopathological effects.

Key words: Cypermethrin 5% EC, Chlopyrifos 50%, Anabas testudineus, Histopathological 

changes, liver, Kidney.

INTRODUCTION

Pesticides are major causes of concern for 

aquatic environment because of the toxicity, 

persistency and tendency to accumulate in the 

organism. Now a days various agrochemicals are 

widely used for better crop production. In recent 

years pesticides are very useful in agriculture 

and forestry but simultaneously they cause the 

gradual degradation of the aquatic ecosystem 

(Konar,1975, Basak and Konar,1976-1977). As a 

greater part of environment, the aquatic 

ecosystem is also facing the danger of shrinking 

genetic base and biodiversity.

Higher concentration of pesticides reduces the 

life-span, growth and reproduction of fish 

(Mckim.et al. 1975), causes many visible effects 

on fish (Johnson,1968). The continuous effects 

of pesticides has damaged important organs like 

liver stomach, intestine, kidney, ovary and testis 

etc. In order to protect the aquatic ecosystem, we 

shall have to use other means of pest control in 

crop forming, such as integrated pest 

management, less toxic pesticides at lowest 

possible dose need to be recommended, 

Organophosphorus pesticides vary in their 

toxicity to different species. Very limited work 

has been done on the histopathological effect of 

pesticides on fishes. This study determines the 

median lethal concentration (LC 50) values and 
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behavioral impacts of  the pesticides 

(Cypermethrin 5% EC+Chlorpyrifos 50%) on 

the systemic organ of Anabas testudineus.

Chlorpyrifos is commercial pesticide available 

in Market, It is crystalline organophasphate, 

Introduced in 1956 by Dow chemical company. 

(IUPAC Name : O.O. – diethyl 0-3, 5, 6 – 

trichioropyridine – 2 ye phosphorothioate).

Chlorpyrifos is normally supplied as a 23.5% or 

50% or liquid concentration. The recommended 

concentration for spary pin point application is 

0.5% and for wide areas application 0.03 – 0.12% 

mix is recommended (US).

Chloropyrifos is moderately toxic to human and 

chronic exposure has been linked to 

neurological effects, developmental disorders, 

and autoimmune disorders. In agriculture, it 

remains "one of the most widely used 

organophosphate insecticides" according to the 

united states Environmental protection Agency 

(EPA).

Cypermethrin, (Rs) – 2 – cyano – 3 phenoxy 

beniyl (IRS) – 4s, trans – 3 (2,2 dichlorovinyl) -2, 

2- dimethyl cyclopropane carborylat, belong to 

type II Pyrethroid and possess 2-cynogroup. Its 

degradation products are 3-(2,3 dichlorovinyl) -

2, 2-dimethithyle cyclopropane carboxylic acid 

(4s + trans isomer) and 3- phenoxy benzoic acid 

it is photostable and possesses high insecticidal 

activity. Cypermethrin 5% EC and Chlorpyrifos 

50% is widely used against pests all over the 

world to increase the production of food grains 

and other agricultural – products (Usmani and 

Knowles 2001) and there is increased risk of food 

being contaminated with the insecticide, which 

may harm humans, domesticated animals and 

aquatic fishes and animals.

Cypermethrin produces drastic effects on both 

the invertebrates (Gowlan et al 2002) and 

vertebrates (Das and Mukherjee 2003). For 

example in amphibians, it induces apoptosis in 

the telencephalon of Physalamus biligonigerus 

tadpoles (A nura, Leptodactylidae) (Izaguirre et 

al 2000). In Fishes, cypermethrin inhibits 

trypsin, lipase and carboxipetidase secretion.

Cypermethrin is known to cause decrease in 

glycogen, pyruvate and lactate dehydrogenase 

and phosphorylase activity and increase in 

lactate, Phosphorylase and aldolase activity 

(Reddy and Vellamma, 1991 a). Sheela and 

Muniandi (1992) noticed decreases in protein, 

RNA and glycogen in muscles and liver of fish 

following cypermethrin treatment. Das and 

Mukherjee (2003) observed cypermethrin 

induced changes in DNA, RNA, LDH, SDH and 

ATPase of Muscle, liver, brain and Kidney of 

Indian majour crop, Labeo rohita. The objective of 

th is  research  work  i s  to  s tudy  the  

“histopathological, histochemical changes in the 

combined toxicity of both the classes of pesticides 

i.e chlorpyrifos 50% + cypermethrin 5% EC, in 

the liver and Kidney of Anabas testudineus.

MATERIAL AND METHODS

Test fishes collected from partially polluted and 

unpolluted fresh water area of Muzaffarpur 

District of North Bihar was brought to laboratory 

in Plastic container, without disturbance and 

injury, Healthy and non infectious living 

specimens of Anabas testudineus of Uniform size 

(7.5 cm ± 11cm) and weight (13 ± 47gm) were 

collected. They were acclimatized to the 

laboratory condition. These were disinfected by 

subjecting them to a bath of 0.1 % Aqueous 

potassium per magnate (KMnO4) solution for 

12-15 min to remove any dermal infection and 

fishes were transferred to a large tank known as 

control tank having adequate amount of water 

for surviving fishes for 15-20 days.

During the period of acclimatization fishes were 

feed alternatively different type of food, bread, 

piece of soya bean, piece of snail and liver of 

chicken and sometime Parle – G biscuits also.

The average Physiochemical conditions were 

maintained during this period. Water of the tank 
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was renewed every day or alternate to minimize 

contamination as well as subjected to a gut 

evacuation period before the experiment.

In present study pesticides used as a toxicant, 

the stock solution of chlorpyrifos 50% and 

cypermethrin 5% EC was prepared according to 

the method prescribed in the standard method 

(APHA – AWWA, WFF, 1998) for experimental 

purpose. It is filtered first through cotton cloth 

and later through filter paper. The filtrate was a 

saturated solution of mixture of chlorpyrifos 

50% + cypermethrin 5% EC, and sub-dilute 

solution were prepared from this stock solution.

EXPERIMENTAL SETUP
Fishes were transffered from holding tank 

(control tank) to Experimental bucket after the 

acclimatization and gut evacuation period. 

Clean, acid washed plastic bucket with a 

capacity of 10 (ten) litre of water were used for 

bioassay studies, control and experimental 

system setup.

For the estimation of LC50 values, the static test 

method, (Doudo roff, 1951) was adopted in the 

present study. Observations were taken at 24 hrs, 

48 hrs, 72 hrs and 96 hrs. LC50 value was 

estimated at 0.2 ppm at 48 hrs sub lethal 

concentration.

HISTOPATHOLOGICAL EXMINATION
After 48 hrs of exposure, the liver and kidney 

exposed to sublethal concentration and 

controlled fishes were dissected out and 

preserved in 10% Neutral buffer formalin and 

Bouin’s (aquous). They are processed for 

histological examination adopting the standard 

method (Gurv 1959) such as fixation 

dehydration embedding sectioning.

NBF is used as a fixative and the tissues were 

dehydrated by treating them in various grades of 

alcohal ranging from 30% to 100%, The tissues 

were embedded in parffin wax and were cut at 5-

6 mm (micrometre) thickness using the 

microtome. The sections were statined with 

Harris haematoxyline and eosin (H & E). The 

stained or permanent slides were examined with 

the help of compound microscope and 

microphotographs were taken.

OBSERVATION 
HISTOPATHOLOGICAL STUDIES OF 

NORMAL LIVER
The Normal liver of the Anabas testudineus 

consists of liver lobule as basic unit. The lobules 

is constructed around a central vein. Radiating 

out from the central vein and hepatic cells are 

arranged in the form of plates called hepatic cell 

plates. Hepatic arterioles are also present at the 

periphery of the lobule. (fig. 1).

Fig. 1: Normal liver showing portal vein (PV), 
hepatic cell (H), central vein (CV), liver lobule 
(L) and hepatic architecture is well showing.
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LIVER EXPOSED TO PESTICIDE
Pesticide treated liver showed significant 

histopathological changes and the damages were 

apparent as the exposure prolonged. Hyperplasia 

and Hypertrophy of hepatic cells were the most 

notable feature in treated fishes. Size of each cell  

increased abnormally i.e. cell proliferation; 

hepatic necrosis (HN) and rupture of epithelium is 

very well noted in (fig. 2), Treated liver shows 

altered hepatic architecture (LHA) and also 

cytoplasmic degeneration / alteration.

Kidney tissue exposed to sub lethal concentration 
at 48 hrs – 96 hrs showed necrosis, degeneration of 
kidney tubules and pyknosis having hemorrhagic 
areas. Degeneration of kidney tubules and 
hematopoietic cells, necrosis, pyknosis and 
hemorrhage were seen after 48 hrs of dose at 0.2 

Fig. 2: Treated liver showing hepatic necrosis 
(HN) and rupture of epithelium can be very well 
noted and altered hepatic architecture (LHA) 
and also showing cytoplasmic degeneration.

Fig. 3: In control treatment, kidney tubules (KT) 
and hematopoietic cells (HC) were normal and 
systematically arranged.

HISTOPATHLOLOGICAL STUDIES OF KIDNEY
Kidney tubules and hematopoietic cell were 
normal and systematically arranged in the control 
treatment of Anabas testudineus. (in Fig 3).
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ppm. (in Fig 4) Similar effect have also been 
observed by Rahman et. al (2002). at the doge 3.75 

and surrounding haematopoitic cells, nuclear 

changes, Pyknosis and Karyorrhexis of Kidney 

tissues when coho salmon was exposed to 100 

ppm Amitrole for 144 hrs.

Thus it can be concluded that liver and kidney of 

the fish-Anabas testudineus undergo severe 

histopathological alteration when exposed to the 

sub-lethal concentration of the pesticide, 

carbine (chlorpyrifos 50% + cypermethrin 5% 

EC.).

It Ultimately produced a Negative impact on 

population and may face danger of extinction.
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ABSTRACT

The present investigation was carried out during 2013 – 2014 at College of Horticulture, 

Rajendranagar, Hyderabad. The osmotic dehydration is that the water diffuses from dilute 

solution to concentrated solution (hypertonic solution) through a semi-permeable membrane 

until concentration equilibrium is reached. Maximum effect on the moisture loss 25.43%, weight 

loss 13.96%, solid gain 11.36%, were observed when karonda slices were pre treated with 

5%NaCl for 3 hours (T ). It was also observed that an increase in duration of osmosis and 6

solution concentration increased weight loss, moisture loss and solid gain in slices of karonda. 

The drying ratio of osmotically dehydrated slices ranged from 5.63:1-5.21:1. Osmotically 

dehydrated karonda slices treated with 5%NaCl for 3 hours (T ) resulted in highest yield and 6

lowest drying ratio.

Key words : Dehydrated yield, Karonda, Salt, Moisture loss, Weight loss, Dehydrated yield.

INTRODUCTION

Carissa carandas Linn. belonging to the family 

Apocynaceae commonly known as “Karaunda” 

in India. (Imran, et al., 2012). Karonda is 

indigenous to India. It is found wild in Bihar, 

West Bengal and South India and in commercial 

plantations in the Varanasi district of Uttar 

Pradesh (Banik, et al., 2012). Carissa species is of 

much socio-economic importance in the tribal 

area of Gujarat, Maharashtra, Rajasthan, and 

Madhya Pradesh. Karonda is a small to big 

evergreen shrub usually 2-4 m tall.The stem is 

rich in white latex and the branches contain 

sharp spines. Flowers are white in colour, 

measuring 3-5 cm in diameter. The fruit is a 

berry, formed in clusters of 3-10 fruits. The fruit 

is globose to broad ovoid in shape. Seed 3-5 per 

fruit, blackish brown, flat and eleptical light in 

weight. Flowering starts in the month of January-

February and fruits mature in May-June. Fruits 

are generally harvested at immature stage for 

vegetable purpose, fully ripen fruits are 

consumed fresh or processed (Malik, et al., 

2010).The unripe fruits for the preparation of 

pickles and chutney, while ripe fruits are 

utilized in preparation of curries, puddings and 

jellies. The fruits have also been ascribed to 

possess  ca rd io tonic ,  an t iconvulsant ,  

anthelmintic, antiviral and nematicidal activity. 

Karonda is highly drought tolerant plant, and 

thrives well in wide range of soils including 
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waste lands and problematic soils. It can be 

grown as bio-fence by making beautiful juvenile 

hedge due to the presence of axillary spines 

hence it can be a very good bio-fence (Sharma 

and Banyal, 2010).

The main cause of perishability of fruits and 

vegetables are their high water content. To 

increase the shelf life of these fruits and 

vegetables many methods or combination of 

methods had been tried. Osmotic dehydration is 

one of the best and suitable method to increase 

the shelf life of fruits and vegetables. This 

process is preferred over others due to their 

vitamins and minerals, color, flavor and taste 

retention property (Ashok kumar yadv and Satya 

vir singh, 2014).

Osmotic treatment is a procedure that involves 

immersing a solid food in a hypertonic aqueous 

solution. It leads to the loss of water and a solute 

shift from the solution into the food. Osmotic 

solute transfer from the solution into the product 

goes hand in hand with water change from the 

product into the osmotic solution (Kowalska, 

and Lenart, 2001). Osmotic dehydration, which 

is effective even at ambient temperature and 

preserves the color, flavor and texture of food 

from heat and used as a pretreatment to improve 

nutritional, sensorial and functional properties 

of food.

MATERIALS AND METHODS

The materials used during the present 

investigation on osmotic dehydration of karonda 

is white pink blush. The experiment was 

conducted at the Processing Laboratory 

department of fruit science at Dr. Y.S.R. 

Horticultural University, college of Horticulture 

Rajendranagar, Hyderabad. Matured karonda 

fruits were procured from local fruit market, 

Hyderabad. Fresh fruits with uniform size and 

shape free from transportation injuries, bruises, 

insect damages and diseases were selected for 

making the nutritious osmotically dehydrated 

slices. Karonda slices of 1 kg each were dipped in 

2% and 5%NaCl solution in the ratio of 1:3 fruit 

to solution and allowed to continue osmosis for 

1,2 and 3 hours at room temperature (20-30⁰C). 

During the process of osmosis, water flows out of 

the fruit pieces to the solution and fraction of 

solute moves into the fruit slices. At the end of 

the treatment for a particular osmotic duration, 

the fruit slices were taken out of the osmotic 

solution and were rinsed quickly with water in 

order to remove the NaCl coating adhering to the 

surface of the slices. These osmosed karonda 

slices were weighed to know the extent of water 

removal from the slices by osmosis. The data 

from study was subjected to analysis in a 

Completely Randomized Design (CRD) with 

Factorial concept.

TREATMENTS

T₁D₁ : Dipping in 2% NaCl  for 1 hour 

T₂D₂ : Dipping in 2% NaCl for 2 hours    

T₃D₃ : Dipping in 2% NaCl  for 3 hours

T₄D₄ : Dipping in 5% NaCl  for 1 hour

T₅D₅ : Dipping in 5% NaCl  for 2 hours

T₆D₆ : Dipping in 5% NaCl  for 3 hours

T₇D₇ : Control (Dip in 0.1% KMS + 0.1% 

SB for 10 min)

From T₁ to T₆ all treatments contain 0.1% KMS 

+ 0.1% SB+ 0.3% Citric acid but Control contain 

only 0.1% KMS + 0.1% SB. 

The following characteristics of fresh and osmo-

air dehydrated karonda fruits were recorded 

during experimentation.

         Initial moisture – moisture at time  
 Moisture loss (%) = ---------------------- x  100

Initial moisture      
          

Initial weight – weight at time 
 Weight loss (%) = ----------------------  x   100

Initial weight                                                                                                       
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Solid gain (%) = Moisture loss (%)–weight loss (%) 

Weight of dehydrated slices
Dehydrated Yield (%)   = ----------------- x 100            

Weight of fresh slices 

Weight of fresh slices
Dehydration ratio = ----------------------------- 

Weight of dehydrated slices 

MOISTURE LOSS (%): Significant differences 

were observed in the NaCl concentrations and 

duration of dipping times. Data in Table.1and 

fig.1 showed that interaction between 

concentration of  NaCl and duration of dipping 

significantly affected moisture loss of karonda 

slices after osmosis. Among the interactions, the 

maximum moisture loss (25.43%) due to 

osmosis was observed in treatment T  (5%NaCl 6

RESULTS AND DISCUSSION

for 3 hours), while lowest moisture loss (9.54%) 

was observed in treatment T  (2%NaCl for 1 1

hour). It was observed that control slices had not 

given any moisture loss because slices dipped in 

water for 10 minutes. The rate of moisture loss in 

the osmotic dehydration directly related to the 

concentration of the solution. (Cruz, and 

Menegalli, 2004) reported that the low molecular 

weight of sodium chloride causes decrease in 

water activity that results in a high water 

removal due to the increase in driving force. 

Sodium chloride increases the driving force for 

dehydration owing to its water activity lowering 

capacity and its low molecular weight allows a 

higher rate of penetration in the material 

reported by (Azoubel, and Murr, 2004) in Cherry 

tomato. The highest water loss was accompanied 

by the highest salt gain reported by (Manafi, et 

al., 2010) in apricot. 
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Fig. 3: Effect of different treatments on solid gain (%) in dehydrated 
karonda slices.

Fig 2: Effect of different treatments on weight loss (%) in dehydrated    
karonda slices.

WEIGHT LOSS (%): Different osmotic 

treatments significantly affected on weight loss 

in osmotically treated  karonda slices. There was 

a significant difference found in NaCl 

concentrations and dipping times (Table 1 and 

Fig 2). The interaction between NaCl 

concentration and duration of dipping was 

found to be significantly vary. In interactions 

between  NaCl concentrations and duration of 

dipping times, the highest weight loss (13.96%) 

was observed in treatment T , whereas lowest 6

(8.25%) was observed in slices treated with 2% 

NaCl for 1 hour (T ). It was observed that control 1

slices had not given weight loss because slices 

dipped in water for 10 minutes.  It was observed 

that the osmotic pre-treatments also resulted in 

shrinkage in the size of karonda slices. The 

weight loss in the osmotic dehydration directly 

related to the concentration of the solution. The 

increase in solution concentration resulted 
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gradual increase in rate of both water loss and 

solute gain, consequently the weight reduction. 

(Nazni, and Karuna Tharuna, 2011) reported 

that the weight loss related with temperature, 

processing time, salt concentration and solution 

to sample ratio. Presence of salt prevented the 

formation of crust barrier and led to higher rate 

of water removal and solute uptake, probably 

due to an increase in osmotic pressure gradient 

and consequent increase in porosity and 

shrinkage of tissues that allowed higher rate of 

water removal and weight reduction than solute 

uptake reported by Kaur and Singh, (2013).  

SOLID GAIN (%): Increased concentration of 

solution increased the solid gain. The maximum 

sol id gain was observed in 5%NaCl 

concentration and at 3 hours of dipping time it 

was maximum. Significant differences were 

observed in the NaCl concentrations and 

duration of dipping times. The interaction 

between NaCl concentration and duration of 

dipping was found to be significantly vary (Table 

1 and Fig 3). Significantly higher (11.36 %) solid 

gain was observed in slices treated with 5% NaCl 

for 3 hours (T₆), while it was lowest (2.05%) in 

the treatment T . It was observed that control 1

slices had not given solid gain because slices 

dipped in water for 10 minutes An increase in 

duration of osmosis and solution concentration 

resulted in the increase in solid gain. The solid 

content in the sample increases due to a 

continued contact with the salt solution reported 

by (Sereno, et al., 2001). Solid gain increased due 

to higher osmotic solution concentration and 

temperatures reported by (Cruz, and Menegalli, 

2004) in aubergine. Several other reports 

(Revaskar, et al., 2007) also showed that increase 

in concentration of salt increased amount of 

solid gain. Higher temperatures cause more 

migration of natural solids into osmotic media 

and higher concentrations cause more solid 

gain. Manafi et al. (2010) reported that the low 

concentration and low viscosity in the osmotic 

media the natural solids of the fruit can easily 

come in to the osmotic solution and be replaced 

with salt.

DEHYDRATED YIELD (%) :  Significant 

difference in NaCl concentrations and duration 

of dipping was observed (Table 2 and Fig 4). The 

highest  yield was found in 5%NaCl 

concentration. Among the durations, 3 hours of 

dipping it was recorded maximum. The 

interaction between NaCl concentration and 

duration of dipping was found to be significantly 
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Dehydrated Yield (%) Dehydration Ratio 

Table 2: Effect of different osmotic treatments on dehydrated yield(%)and dehydration ratio in 
osmosed slices of  karonda



vary. Significantly highest yield (20.81%) was 

observed in pretreatment with 5% NaCl for 3 

hours (T ), while lowest yield (10.58%) was 6

observed in control (T ). The increased in yield 7

of osmotic dehydrated karonda slices 

conformity with the findings of (Thippanna 

2005) who has been reported three fold increases 

in drier load and process yield due to increase in 

the solid gain and the volume reduction of the 

osmo-dehydrated products.  

DEHYDRATION RATIO: A signif icant 

difference was found between the dipping times, 

the maximum dehydration ratio was found in 1 

hour of dipping time but no significant 

difference found in  NaCl concentrations and 

their interaction between concentrations and 

dipping times (Table 2 and Fig 5) . Among the 

interactions maximum drying ratio of 7.33:1 was 

observed in case of control (T ). The drying ratio 7

was minimum (5.21:1) in sample prepared with 

(T ).The drying rate was better in concentrated 6

solution due to the increased osmotic pressure in 
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the NaCl solution at higher concentrations, 

which increased the driving force available for 

water transport. These results are in conformity 

with the findings of (Thippanna 2005) in case of 

banana. 
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ABSTRACT

Environmental pollution has become a global problem in recent years. Water sources are 

getting polluted due to various activities. Lakes receive heavy flux of domestic sewage, 

agricultural waste, industrial waste due to rapid increase in urbanization and industrialization. 

Hence regular monitoring of water was carried out during the period March 2013 To February 

2014. The physico–chemical parameters studied were pH, conductivity , alkalinity, salinity, 

hardness, chemical oxygen demand(COD), dissolved oxygen (DO), biological oxygen demand  

and heavy metals like Cu, Hg, As and Fe. The results showed  high values of B.O.D.  and very 

low level of dissolved oxygen.  Variations were observed in the  concentration of heavy metals 

during pre-monsoon and post monsoon season. Therefore seasonal monitoring and assessment is 

carried out   and pollution level of each  water sample  was compared with the guidelines as 

prescribed  by  standard methods and WHO.

Key words : Lakes, water pollution Toxic heavy metal, AAS, pH, TDS, DO  waste, Thane, 

Maharashtra.

INTRODUCTION

Pollution of water is the biggest threat in today's 

world. Most of the lakes situated right next to the 

roads  receive heavy flux of  agricultural waste,  

domestic sewage, industrial waste thus 

deteriorating water quality. Traces of heavy 

metals are found in water samples of various 

lakes. Presence of these metals is a indication of 

pollution. The lakes have a complex and fragile 

ecosystem, as they do not have  self-cleaning  

ability. Studies on water of vasai creek 

,Maharashtra, reveals that presence of heavy 

metal like fe and pb reduce soil fertility  

(Lokhande and kelkar,1999). Various pollutants 

entering the ecosystem may be bio-degradable 

and non-biodegradable and increase the level of 

BOD and COD which depletes the dissolved 

oxygen in water. Hence regular monitoring of  

water quality is the mandatory in developing 

countries like India, because of urbanization and 

industrial developments are moving towards 

coastal area. The inshore areas usually get 

disturbed with more critical water pollution 
1,2problems than offshore .
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Hence this study is carried out  to assess  the 

quality of water in lake water samples from six 

different lakes. Estimation of the physico-

chemical parameters and heavy metal content 

was analysed during the period of March 2013 to 

February 2014.

Objective of the study-To assess and monitor the 

existing condition of water body by assessing the 

monthly variations of physico-chemical 

parameters and heavy metal content.

MATERIAL AND METHODS

STUDY AREA
Thane district lies in the Northern part of 

Maharashtra in India. The city lies to the North 

Eastern side of Mumbai on the western coast of 

Maharashtra. Its total area is 127 square 

kilometer.   There are around 36 lakes as per 

record of TMC. Also it has large industrial area 

consisting of Wagle estate, Trans thane  creek 

area known as Thane Belapur  road, 

Ghodbunder road. 

Table 1 : For physico-chemical study, six- different sampling stations  (lakes) were selected.

Selected sampling stations Locations AREA

Ambe Ghosle Lake Uthalsar Ward Commitee 0.227 hector

Kalwa Talav Kalwa Ward office 0.2416  hectare

Brahmala Talav Uthalsar Ward Commitee 0.5173 hectare

Shivaji Talao Balkum Area o.2247 hectare

Masunda  Lake Jambli Market Area 2.00 hectare

Upvan Talao Vartak Nagar Ward Office 6 hectare

Table 2: Standard methods and Permissible limits of various parameters. 

pH pH meter (APHA,1995 pp65) 7.0-8.5

conductivity Conductometer and Conductivity Cell 300 micromhos/cm

3Total Hardness EDTA Titrimetric method 200 mg/l AS CaCO
(APHA, 1995 pp36-38)

3Alkalinity as caco Titrimetric method 200 mg/l (strong)
(APHA, 1995 p26-27)

Dissolved oxygen (DO) (mg/l) Winklers Azide method >4.0-6.0

Chemical oxygen demand Open Reflux method <4.0
(COD) (mg/l) (APHA, 1995 pp13-14)

Biochemical oxygen demand  Winklers method (APHA, 1995 pp3-5) Above 10 + 
(BOD) (mg/l) very polluted

Total dissolved solid EC-TDS analyser Evaporation method 500 mg/l

Heavy Metal Analysis ICP-AAS Technique

Statistical Analysis Pearson correlation Coefficient
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RESULTS AND DISCUSSION

The results of physico-chemical analysis 

obtained are reported in the table no. 3. Each 

reported value is the average of one year.

 PH
pH values range from 6.68 to 7.31. The pH values 

decreases during monsoon3. The lower values 

were due to high turbidity. It enhances microbial 

activity, causing excessive production of CO2 

and reduced pH1. Lower value of pH does not 

cause any harmful effects9. The study shows 

that the average pH range is  6.44 to 7.94 (Table 

no 3) which are within the permissible limit. 

Electrical conductivity
Electrical conductance is a good measure of 

dissolved solids4. It makes water hard due to 

dissolution of calcium and magnesium in 

water6. The permissible limit is 300 

micromhos/cm10. In present study the 

conductivity vary from 432 to 872 which is 

much above the permissible limits.

All the parameters are expressed in mg/L except 

specific conductance which is in micromhos /cm.

Total Dissolved Solids
High range of TDS indicates more suspended or 

dissolved solid matter present in water, which 

decreases the water quality and may cause 

serious health problems.

The water containing 500 mg/l TDS is the 

desirable limit for drinking water6. Minimum 

value of TDS was observed in Upvan lake (250  

mg/L) and the maximum was observed in Shivaji 

lake( 612mg/L ) (Table no 3).

Total hardness
The highest hardness value in summer season 

are mainly attributed to rising temperature 

thereby increasing the solubility of Ca and Mg 

Map Showing the Location of Lakes of Thane City
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salts5,6. The permissible limit prescribed is 300 

mg/l11. Minimum value of hardness was 

observed in Masunda lake (52 mg/L) and the 

maximum was observed in Shivaji lake(136 

mg/L ) (Table no 3).

Salinity
The salinity of lake water samples  varied from 0. 

103 mg/l to  0.644 mg/l (Table no 3).

Total alkalinity
Alkalinity value below 50 mg/l indicates low 

photosynthetic rate12. Alkalinity values of 

water samples varied from 140 mg/l to 244  mg/l 

indicating that water is alkaline. (Table no 3).

Dissolved Oxygen
The minimum dissolved oxygen limit for fish 

growth is 4.0 mg/l5. The lower level of dissolved 

oxygen during monsoon may be due to reduction 

in the photosynthetic activity11. Higher organic 

Correlation Analysis
Correlation analysis shows that pH positively 

correlates with electrical conductance, 

dissolved oxygen, total alkalinity and salinity. 

matter13 indicates low level of DO. In the 

present study the lower value of DO in Brahma , 

Kalwa, and  Masunda lake  indicated large 

amount of pollutants present in the water. In the 

present study  the average DO content varied 

between 1.2 mg/l to 8.4 mg/l. (Table no .3).

Chemical Oxygen Demand
Maximum value of COD was observed in 

Masunda lake (72  mg/L) and the minimum was 

observed in Ambeghosle lake (33 mg/L) 

(Table no 3).

Biological Oxygen Demand
In the present study high BOD values indicate 

presence of large number of organic matter 

indicating high level of water pollution.

The BOD of Kalwa lake is 47 mg/l (maximum)  

and 18 mg/l(minimum) for Brahmala lake which 

is above the permissible limits. (Table no. 3).

And it negatively correlates with total dissolved 

solid, hardness, BOD and COD. (TableNo. 4).

Table 3 : Physico-chemical analysis of water samples collected from different lakes.

Sampling Colour pH Conductance TDS DO BOD COD TH Total alkalinity
stations salinity

Ambeghosle colourless 7.50 480 450 8.4 25 33 112 140 0.103

Brahmala Light 7.94 834 450 3.5 18 55 96 200 0.165
green

Shivaji Light 6.89 872 612 7.4 37 54 136 244 0.644
Talao green

Masunda Green 6.44 522 500 1.2 35 72 52 140 0.338

Kalva Light Green 7.39 645 420 3.5 47 52 77 180 0.103

Upvan Colourless 7.43 432 250 6.8 33 49 88 168 0.160
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Table 4: Correlation matrix of physico-chemical parameters of water samples.

pH Conductance TDS DO BOD COD TH Total salinity
alkalinity

pH 1         

Conductance 0.143219 1        

TDS -0.18488 0.775258 1       

DO 0.289553 -0.07811 0.171648 1      

BOD -0.50948 -0.09574 0.011851 -0.16544 1     

COD -0.61577 0.204019 -0.00234 -0.83267 0.249488 1    

TH 0.281837 0.495133 0.629236 0.822399 -0.22714 -0.59343 1   

Alkalinity 0.107176 0.874902 0.636392 0.214396 0.096703 0.076003 0.6566 1 

salinity -0.62606 0.54111 0.672272 0.100094 0.203732 0.4066 0.429946 0.6477251

Table 5: Result of heavy metal during pre-monsoon period  of six different water samples.

Para- Units WHO NDWQS Result
meters

Samples

1 2 3 4 5 6

Cu     mg/l      0.5 0.5 0.015 0.067 0.016 o.018 0.016 0.011

Hg      mg/l  0.001 o.oo1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

As     mg/l  0.05 0.05 <0.01 <0.01 <0.01 0.011 <0.01 <0.01

Fe     mg/l     0.1 0.1 0.142 0.061 0.012 0.126 0.025 0.019
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Heavy metal analysis

COPPER
Copper is an essential inorganic element for 

living organisms. Copper concentration 

increases through extensive use of fungicides, 

insecticides and discharge of wastes from 

metallurgical and ceramic industries. In the 

present study the average concentration of Cu  in 

pre-monsoon season  varied  from 0.011 mg/l to 

0.067 mg/l whereas in post monsoon season it 

varied from 0.104 mg/l to 0.267 mg/l showing 

seasonal variation. (Table no. 5 and 6).

 Mercury
Mercury is toxin and has no known function in 

human physiology. Concentration observed of 

Hg was higher than the  permissible limits i.e. 

0.001 mg/l). (Table no. 5 and 6).

Arsenic
Poisoning due to arsenic has become a 

worldwide public health concern. Arsenic 

poisoning through water can cause liver and 

nervous system damage, vascular diseases and 

skin cancer. The arsenic concentration was 

observed to be 0.011 mg/l (maximum) which is 

within the permissible limits as per the standard.

Iron
Iron is an essential element but high doses of 

iron are toxic. In the present study the average 

concentration of fe in pre-monsoon season  

varied from 0.012 mg/l to 0.142 mg/l whereas in 

post monsoon season it varied from 0.125 mg/l to 

0.346 mg/l showing seasonal variation. (Table 

no. 5 and 6).
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Table 6: Result of heavy metal during post monsoon period  of six different water samples.

Fig. 1: Variations in pH and Dissolved Oxygen of water samples collected from s1 to s6 sampling 
stations during the Period of March 2013 to February 2014.

Fig. 2: Variations in TA, TDS and Electrical Conductance of water samples collected from s1 to s6 
sampling stations during the Period of March 2013 to February 2014.

Graphic Presentation

Para- Units WHO NDWQS Result
meters

Samples

1 2 3 4 5 6

Cu     mg/l      0.5 0.5 0.125 o.267 0.106 o.104 0.116 0.121

Hg      mg/l  0.001 o.oo1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

As     mg/l  0.05 0.05 <0.01 <0.01 <0.01 0.011 <0.01 <0.01

Fe     mg/l     0.1 0.1 0.245 0.346 0.125 0.326 0.125 0.419
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Fig. 3: Variations in  concentration of Cu during pre-monsoon and post-monsoon season of water 
samples collected from s1 to s6 sampling stations from the Period of March 2013 to February 2014.

Fig. 4: Variations in  concentration of Fe during pre-monsoon and post-monsoon season of water 
samples collected from s1 to s6 sampling stations from the Period of March 2013 to February 2014.

CONCLUSION

Physico- chemical analysis showed high values 

of  BOD, COD and Conductivity which is  above 

the permissible limits as per the Indian Standard 

Institution. Variations were observed in 

concentration of metal Cu and Fe  during pre 

mosoon and post-monsoon season. Hence water 

quality should be assessed and improved.
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ABSTRACT

The Climate Change (CC) of today is not a normal and regular planetary change in our 

evolution. It's not created by natural forces but by 'man' himself. By affecting changes in the 

atmospheric layers human beings are bringing changes much faster than what would have 

otherwise happened in more than thousands of years. This paper may identify areas of concerns 

and how international negotiations, treaties, restorative actions in international regulations are 

likely to reverse the button of Climate change advancing with high speed. 

Climate change related losses are a combination of  disaster related destructions of lives and 

property, loss of infrastructure, cost of rebuilding and rehabilitation, reinventing methods of 

production and research investments into green technology. This is too big a sum to be procured 

for from anywhere.  Moreover, the gestation period to return to the original status may be very 

long, and lastly even if best efforts are made the return maybe impossible due to lives, 

ecosystems and knowledge lost altogether irretrievably. The work also attempts to examine the 

political hurdles, trust deficit and lack of leadership qualities as factors hindering and hampering 

the adoption of climate change obligations.

Nations can only ward off this scary future by cooperating, collaborating and understanding each 

other's requirements as it is in a family and show magnanimity in balancing developmental 

challenges to Climate change warnings. But it is ironical that the issues of scarcity of resources, 

carrying capacity of earth and concerns for inter and intra-generational equity and justice are locked 

up in the closet for creating more luxuries and waste around the world. The work would converge 

on the role that India has been playing in making the world move towards achieving Climate 

change related policy obligations and the constraints and challenges encountered in doing so. 

Keywords: political hurdles, trust deficit, lack of leadership qualities, climate change obligations.

INTRODUCTION

 'Climate Change' is one reality which all human 

beings have accepted since the origin of life on 

the planet. The whole evolutionary history of 

mankind has advanced with the changes which 

occur in weather conditions, tectonic plate 

movements and atmosphere. Big species 

disappear, lakes and rivers dry out, and earth 

subsidence leads to disappearance of low lying 

areas and creation of new mountain ranges. Most 

valuable ecosystems collapse and new 

ecosystems emerge with greater sturdiness. 

Such a planetary history of the planet earth does 

not call for any siren call to be alerted with the 

climate change which draws our concern with a 

quiver. 
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The Climate Change (CC) of today is not a normal 

and regular planetary change in our evolution. 

It's not created by natural forces but by 'man' 

himself. Thus by affecting changes in the 

atmospheric layers human beings are bringing 

changes much faster than what would have 

otherwise happened in more than thousands of 

years. This gives no chance for the nature to gasp 

for space resulting into 'not evolution and 

adaptation' but 'disappearance and extinction' of 

life forms. This may not even wait for our lives to 

happen therefore we are witnessing Climate 

change disasters within our lives itself. 

This suggests that nations can only ward off this 
scary future by cooperating, collaborating and 
understanding each other's requirements as it is 
in a family and show magnanimity in balancing 
developmental challenges to Climate change 
w a r n i n g s .  H o w e v e r  i t  i s  s e e n  t h a t  
notwithstanding the grave future which haunts 
the policy makers, governments continue to 
indulge into notorious outdated balance of 
power politics with United States at the fulcrum. 
Developed, developing and transitional 
countries are consolidating into groups to 
capture the maximum power to destroy 
environmental resources. It is ironical that the 
issues of scarcity of resources, carrying capacity 
of earth and concerns for inter and intra-
generational equity and justice are locked up in 
the closet for creating more luxuries and waste 
around the world. The focus of this work is to 
understand the nature and necessity of 
implementing certain Climate change 
agreements and to find out the obligations which 
developed and developing world are expected to 
undertake in implementing them. The work 
would converge on the role that India has been 
playing in making the world move towards 
achieving Climate change related policy 
obligations and the constraints and challenges 
encountered in doing so. 

Global POLITICS of Climate Change
Climate change in the beginning was not at all an 

issue for great powers of the world. For them it 

was a global problem which required global 

solutions. Later as the time passed the countries 

got divided into three different camps. EU 

supported great reduction in GHG emissions. US 

and other developed powers adopted much 

cautious approach. Whereas, India, china and 

Brazil believed that any action related to climate 

change should be the responsibility of the 

developed world. The result was that both 1992 

and 1997 negotiations on climate change and 

ghg emissions were rendered ineffective. Great 

powers from 2005 onwards started collaborating 

more closely by convening closed meetings. The 

effect of which was visible at Copenhagen 

Accord.  HOWEVER, the case has again become 

the same as it was 20 years ago. The great powers 

are deeply divided in three different camps. First 

one is represented by Japan, US, Canada and 

New Zeeland (JUSCANZ). 

All through, US has always been reluctant to 

take any serious and sincere step for emission 

reduction. US finds it having great dependence 

on cheap sources of energy. It is more suspicious 

of science and has nominal willingness to bow 

down to international order and economic 

regulations.  

The dismissive attitude of US resulted in failure 

of adopting any international viable mechanism 

to offset impact of climate change on all 

important occasions; be it  Rio conference of 

1992, Kyoto of 1997 and Copenhagen of 2009. 

Canada, due to its economic relations with US, 

chose to stand with America. Japan also due to 

its high economic efficiency and energy demand 

did not pay much attention in this regard. 

Second party is represented by EU. EU has 

always been consistently voicing its concern for 

ghg emission reduction. There is no dependence 

on cheap energy in EU. Third camp is 

represented by India, China and Brazil. 

Although there are differences of opinions 

within this group on the question of climate 

change politics. Yet as far as the core issue is 

concerned all are on the same table. The subtext 

of their argument is that the problem of climate 
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change has been given by developed world. 

Therefore, any policy for its resolution should 

come from the developed world itself. 

Developing world has to develop its economy. 

Therefore, any reduction in GHG emissions 

followed by a policy and plan on climate change 

should be financed by developed world so as to 

increase the economic efficiency of the 

developing countries like china, India and 

Brazil. Thus we see that to some extent 

developing world's stand is in sink with EU's 

stand so far as the question of cuts in emissions is 

concerned.  

Kyoto Protocol (1997) is an integral part of united 

nation framework on climate change [UNFCC]. Its 

aim is to set certain targets to reduce emition of 

green house gases. It's an international agreement 

to secure commitments of international 

community on climate change mitigation. The 

treaty recognized that developed countries were 

more responsible in harming the environment and 

thereby climate change than the developing 

countries. It agrees with the principle of common 

but differentiated responsibilities. The case for 

150 years of industrial revolution and exploitation 

of climate and environment clearly tells us that 

developed world should bear more responsibility 

to seek reduction of green house gases. The 

protocol was taken up for adoption on 11th 

December 1997, and it came into effect in 2005.  

The very first commitment period came into force 

in 2008 and ended in 2012.

The Kyoto Protocol devised some mechanisms to 

monitor the implementation of its targets. 

Firstly, there should be trading of international 

emissions. Secondly, there should be a clean 

development mechanism for the same. And 

lastly, all this should take place on the basis of 

joint implementation. The biggest intended 

benefit of these mechanisms was that they were 

to promote green investment in the economies, 

which would help countries to achieve their 

targets in environment friendly and cost 

effective manners. 

The Copenhagen accord of 2009 was a failure 

due to its rotten nature. It has many challenges 

related to legal and procedural issue and 

especially with regard to operationalisation.  

Because when it was presented for endorsement, 

it was rejected by some small but significant 

countries like Cuba, Bolivia, Sudan, Nicaragua, 

Venezuela and Tuvalu. Though it is clear that the 

accord was much talked about in its aftermath; 

but the biggest disagreement which it brought to 

the surface is that it did not abide by the Bali 

action plan. Which gave some agreed outcomes 

to be observed. Which clearly mandated among 

its other recommendations that an ad hock 

working group be set up within two years which 

would prepare a road map for further 

negotiations.  

The turning point in climate change negotiations 

came in Durban conference, (2011) where 

governments across the world agreed to prepare 

a blueprint to create universal law for climate 

change governance for the period after 2020. The 

aim of the plan is to create a mechanism which 

would bring stability in the GHG emissions and 

secure the right of all humans to sustainable 

development. The challenge before us is to 

control the rise in temperature beyond two 

percent of pre industrialization level. Because if 

it crosses the point of two degree boundary line, 

it will result into catastrophic consequences. 

The road map of Durban negotiations included, 

first, the continuation of second commitment 

period of Kyoto Protocol. Second, launching of a 

new platform to set targets for ghg emissions and 

laying down legal mechanism by 2015 for the 

period after 2020. Third, to conclude all existing 

negotiations within 2012 and bring more 

transparency in national targets of ghg 

emissions. Fourth, to have a global review of the 

challenges of climate change. Whether the two 

degree target can be brought down to 1.5 degree. 

The decision should be reached by studying best 

scientific data and research available on subject.  

Later the Doha conference (2012) brought some 

amendments in Kyoto Protocol and set new 
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targets for annex I countries for second 

commitment period starting from 2013 to 2020.  

In the first commitment period around 37 

industrialised along with European community 

gave their commitments for reduction in GHG 

emission by an average of 5 percent of 1990 level. 

In second commitment period starting from 

2013 the parties have given their commitments 

to reduce ghg emissions by 18 percent against 

1990 levels. But many countries which were part 

of first commitment period are no longer there in 

second commitment period.  Here it is very 

essential for us to understand the concept of 

“loss and damage”, if we want to understand the 

financial commitment on the part of developed 

world. The term “loss and damage” was used for 

the first time in international negotiations on 

climate change by small island nations and low 

developed countries in 2010 in Cancun. It means 

that the concept of historical responsibility 

should be the cornerstone of any negotiations on 

climate change, and developed countries should 

compensate the developing countries for the 

damages caused by them.  

Developed world earlier committed to reduce on 

ghg emission and pay 100 billion dollars 

annually to the developing countries upto 2020 

for climate change mitigation and adaptation. 

However, recently held cop 19 at Warsaw clearly 

shows that developed world is not ready to fulfil 

its commitment on both counts, neither 

reducing ghg emissions nor funding 100 billion 

dollars annually by 2020. America, Canada and 

European countries want 100 billion dollar fund 

to be given through private route. For which they 

say that India and other developing countries 

should create the atmosphere for private 

investment thereby opening up the economy for 

the benefits of developed world's economies and 

Trans national companies. The result of all this 

was that 800 NGOs from across the world, G77 

and China group of 134 countries staged a walk 

out of the Warsaw conference. Developing 

country like India cannot afford to reduce ghg 

emissions while US and EU push their industrial 

agenda in the guise of climate change mitigation.  

Rio conference (2012)of UNFCC on climate 
change and sustainable development was one of 
the biggest conferences. The conference was 
attended by around forty thousand delegates from 
various government, NGOs and civil society 
groups. However, the conference turned out to be 
another talk shop and killed the enthusiasm and 
fervour of all stakeholders as the issues were same 
and no progressive agreement was agreed upon. 
This Rio conference could not have even a little 
impact when we compare it to the Rio conference 
of 1992. Because the concepts like sustainable 
development, poverty reduction, were very new at 
that time and helped to connect the link between 
climate, sustainable development, and poverty 
and environment protection with consumption 
patterns. They could not withstand the problem of 
heating atmosphere and hot planet which began 
to be apparent in the social and economic crisis of 
many countries.

If we fast forward by 20 years, we realize that the 

same problems are still there. Same issues are 

being raised. Green economy has not been able 

to find a place in world economic structure. 

Moreover, the divide between North and South 

is increasing day by day. It has become 

increasingly difficult to build up consensus 

between the two. Developed countries are not 

ready to take up the responsibility of climate 

change related problems, they don't have 

problem of poverty. They don't want to cut down 

on carbon emissions, because doing so will harm 

their domestic economies. Whereas, developing 

country like India is constantly faced with the 

problems of rising poverty, high emissions 

levels, and increasing population.  Both North 

and South want to pass the buck on each other 

and shy away from taking up the responsibility. 

All this fails to build a consensus and climate 

change policies are becoming dead letters. 

However, politics of groups will have a greater 

impact on the forth coming negotiations  of 

climate change. 
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Another question which seeks our attention is 

whether Climate change policies have any 

impact on the current trade regime of WTO? If 

yes, how far policies of climate change are 

consistent with international agreements of 

WTO? Why the dispute settlement mechanism 

of WTO should not incorporate the principle of 

'common but differentiated responsibilities' 

CBDR to effectively correlate and resolve the 

problems of trade, environmental degradation 

and climate mitigation? The assumption that 

more and more trade will benefit environmental 

protection has now come to be criticised by 

many activists and academicians. More of trade 

and economic activities have resulted in the 

marginalisation of environmental and 

healthcare concerns. Trade agreements under 

WTO have resulted in the lowering of 

environmental standards in many countries. 

This has led to the inaction of governments to 

take legislative steps to correct the anomalies of 

environmental laws. The factor which needs to 

be examined is how there can be coherence 

between climate change policies and WTO 

monitored international trade?  

DISCOURSE ON CLIMATE CHANGE AND 

INDIA 
According to fourth assessment report of IPCC, 

both human and natural drivers have played 

their part in changing and affecting the 

composition of climate. The concentration of 

carbon dioxide, nitrous oxide and methane has 

quantitatively increased at a global scale since 

1750. Now it has crossed the boundary of pre 

industrial era as far as emitions are concerned. 

The increase in the concentration of carbon 

oxide is because of the use of fossil fuels and 

changes in the land use. Whereas, with regard to 

nitrous oxide and methane, the primary factor is 

agriculture. The carbon emition during pre 

industrial times was 280 ppm, but in 2005 it has 

reached to 379 ppm. The concentration of 

emition is so much so that it has become all time 

high in the last650 thousand years.  The Arctic 

has witnessed the increase in temperature in the 

region laden with permafrost, by 3 degree 

Celsius since 1980s. There has been a reduction 

of around seven percent area which used to 

remain covered with seasonal snowfall in 

N o r t h e r n  H e m i s p h e r e  s i n c e  1 9 0 0 .  

Simultaneously, tropical cyclones have become 

more intense. The average increase in the 

temperature has doubled in case of Arctic when 

we compare it to global rate of increase in the last 

100 years. The observational analysis suggests 

that the amount of precipitation has increased 

between 1900 and 2005 in eastern parts of north 

and South America, north Europe, north and 

central Asia. Similarly, many regions across the 

world like the Mediterranean, Sahara, Southern 

Africa and some regions of southern Asia have 

witnessed drying on a massive scale. There is a 

perceptible change in precipitation and 

evaporation over the oceans due to freshening of 

water in mid and high latitude areas on the one 

hand and increased salinity in low latitude 

waters on the other. 

IPCC analysis points out that mid latitude 

westerly winds have become stronger since 

1960s in both Northern and Southern 

Hemispheres. Droughts over tropical and 

subtropical regions have become more frequent 

since 1970s. These droughts are more intense 

and longer. Intense drying coupled with high 

temperatures and reduction of precipitation has 

played its part in changes and frequency of 

droughts. Hot days, hot nights and heat waves 

have become more frequent. Whereas, Cold 

days, cold nights and snowfall are not very 

frequent, if we observe the changes in the 

patterns of climate in the last fifty years.  

Indian argument that developing world should 

not spend any money on repulsing the effects of 

climate change is constantly losing ground in the 

era of calculative figures being witnessed on 

rapid climatic changes and heightened political 

pressure being built up by America and other 

western nations. And it is very likely that US will 

prioritise climate change in its foreign policy. 
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Which may pressurize India both internally and 

externally to show its contribution. Though the 

government of India has come up with a plan. 

But the plan lacks strategy and well thought out 

policy on the issue. It does not specify as to how 

the warming effects of climate would be tackled 

and how various sectors of the economy can be 

saved from the damaging effects. Thus 

controlling and reducing ghg emissions is in the 

best interest of India. By doing so, India can save 

several million tons of carbon dioxide from 

being released in the atmosphere by 2030.  

According to Tonnesson (2007) climate change 

has the capacity to unite the whole world 

politically. In order to do this both US and 

developing countries of Asia like India and 

China need to work in tendom to collaborate and 

cooperate in technological innovations. In Asia 

specially India and china can do this. This 

would give them political advantage also. For 

this they would have to bypass so called polluted 

stage of development. This does not mean that 

they should seek no development. They should 

collaborate in developing clean mechanism of 

clean technology so that development can be 

achieved without harming the forces of ecology 

and climate.  They need to understand science 

and technology coupled with other things like 

energy security, political instability in Middle 

East and west Asia.  

India has to play a very constructive role in 

mitigating the problem of global warming 

induced by climate change. When it comes to 

assessing the emission of ghg in the atmosphere, 

the rich  should be held the most responsible for 

this. They contribute the most to ghg emissions. 

Whereas, for poor earning bread and butter is the 

daily activity. Therefore, in any scheme of things 

on climate change the rich should be taxed the 

most. Indian poor should be subsidized on this. 

For this we need to encourage rich to change 

their consumer patterns so that per capita 

emission of the rich can be reduced. We also 

need to factor in the role of monsoon in Indian 

climatic system. To bring stability in Indian 

economy monsoon plays a very prominent role. 

We often fail in developing an effective  disaster 

cum drought repulsive plan. If problems of 

climate change and global warming are not given 

much attention, Indian economy would be 

marred by many daunting difficulties and the 

implications can be very terrifying. Climate 

change has given India an opportunity to 

redesign its linkages between energy, technology 

and distribution of resources in a spirit of 

sustainability. Though humans have created 

number of nations, but after all, we all have to 

live on a single planet and we all belong to the 

Earth.  

The argument that India will have to spend 

exorbitantly to mitigate the problems of climate 

change thereby raising the cost of mitigation too 

high is no longer sustainable. If India plans an 

organized vision to reduce carbon emissions, it 

will greatly provide unthinkable results of 

reduction. For example, reforms in power sector 

can greatly enhance our efficiency in reducing 

emissions. Reforms in coal operated power 

plants will further boost our confidence for 

developing clean mechanisms. Adoption of 

advanced technology in power sector by the 

Delhi government specially in delivery of power 

and metering and commercial relaxations in 

distribution, has led to the saving of losses in low 

voltage consumption. This in turn resulted in 

reduction of emissions from 50 to 20 percent in 

low voltage power  distribution. Similarly, if the 

plan and methods adopted by Delhi are 

replicated all over India, the country can save a 

great deal of emissions and 250 MT of CO2 

emissions can be saved by 2017. India can also 

seek its engagement with international 

endeavours of advance local grid management 

system. This would further provide technical 

competence to fight the impacts of emissions. 

When we analyse the relationship between 

energy and climate change, onething becomes 

quite clear that due to hard constraint on the 

resource side it will be very difficult for India to 
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sustain itself on the basis of fuel energy. To seek 

energy security, India imports coal, petrol and 

natural gase from different countries. The real 

challenge before India in coming times would be 

to adjust its demands in accordance with the 

supplies. Much bigger challenge than this would 

be to spend them in accordance with the space 

available to India to burn these fuels in a manner 

so that the goal of reducing emissions is also not 

lost. If trust between India and other developing 

countries on the one hand and developed world 

on the other is to be attained then it is very 

essential that certain measures are given due 

place in any and all international negotiations 

for climate change. They should be equitable. 

They should be open and transparent. They 

should have timelines for growth. They should  

be cost effective and should reward those who 

innovate. Finally, the measures to be adopted 

should promote sustainable development.  The 

option before developing world would be to stop 

its development and push millions into extreme 

poverty. For developed world the option to 

reduce carbon emissions would be changing the 

lavish lifestyle. So which of the two options is 

more plausible?  

Climate and weather related disasters have 
increased economic losses to a large extent 
though the trend varies from region to region. 
Global disasters occurred due to weather and 
climate phenomenon of last fifty years clearly 
point out that the damage affected monetarily 
both directly and indirectly the economic assets 
and infrastructures. The losses always varied 
from few billion dollars to 200 billion US dollars 
between 1980 and 2010, 2005 being the most 
damaging year due to natural calamity of 
Hurricane Katrina. Whereas, the fact of the 
matter is that the loss does not include lost 
human lives, the loss of cultural heritage and the 
devastation of ecosystem services.  Part of the 
reason is that the losses of this kind are very 
difficult to be monetized. Likewise, fatality and 
economic losses when measured in gdp value, 
are very high for developing nations. If we 
analyse the loss of human lives from natural 

disasters between the period 1970 and 2008, it 
becomes amply clear that 95 percent loss of 
human life occurred in developing countries.  
The largest burden has been born by the middle 
income countries who were rapidly expanding 
their base of assets creation. If we take the period 
between 2001 and 2006, the losses in terms of 
gdp come up to 1 percent of total gdp in middle 
income countries. For low income countries the 
loss is 0.3 percent and for high income countries 
it is 0.1 percent GDP. . The more people and 
economic assets are exposed to disasters prone 
areas, the more damage has been caused by 
climate and weather related disasters.  

Role and Participation of India in Climate 

change Politics:
India faced hurdles and challenges as a nation 
trying to prevent climate change from 
preventing its developmental speed which only 
picked up in the late 1990s , and coincided with 
the global demands for climate change related 
cut downs. United States  and Australia have 
been difficult to handle in Climate change 
negotiations. With the change in leadership in 
2007 Australia could sign Kyoto Protocol but US  
stayed away till only recently. Their  main 
objection was the exemptions granted to India 
and China.

India is described as a rich country with many 
millions of poor people. The contradictions are 
very clear when the socio economic conditions 
of her clearly tell us that most of its people live in 
rural areas depending on climate sensitive 
sectors like fisheries, industries and agriculture. 

As its economy is growing at a rapid pace, so 

naturally the demand for goods, services and 

more energy resources is also growing at a rapid 

pace. However, all this has resulted in a large 

shortfall of resources. 'India has the largest 

number of poor in the world. About 45 percent of 

her children are malnourished while her 

number of billionaires exceeds that of Japan'. 

India has achieved remarkable results in space 

and nuclear technology. It has also progressed in 

information technology and software 
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development. Nonetheless, the government data 

tell us that 60 percent population of India lacks 

access to electricity. The motto of its climate 

change policy is to promote sustainable 

development and eradicate poverty.  

India released its national action plan on climate 

change in June 2008. It focuses upon the ways and 

means to devise mechanisms for achieving 

development and mitigation and climate change 

adaptation. NAPCC has 8 missions to achieve the 

goals of climate change mitigation. The deadline 

to achieve these missions is 2017. They are:

First, the national solar mission; second, the 

national mission for enhanced energy efficiency; 

third,  the national mission on sustainable 

habitats; fourth,  the national water mission; 

fifth,  the national mission for sustaining the 

Himalayan ecosystem; sixth,  the national 

mission for a green India; seventh,  the national 

mission for sustainable agriculture; eighth,  the 

national mission on strategic knowledge for 

climate change.  

As far as the body of climate change policy in 

India is concerned it can safely be said that the 

body is constantly growing at a level greater than 

ever before. However, the efforts are not clear 

and consistent which can be put to use to direct 

climate change policies. Navroz Dubash and 

others in their work (2013) argue that if climate 

change policies are to be made effective in India 

then the methodology of co-benefit approach 

should be adopted to formulate climate policies. 

The approach of multi criteria analysis to make 

choices between environment, growth, 

inclusion and climate change policies is clearly 

lacking. The effort should be to adopt the very 

approach of multi criteria analysis. The question 

also arises as to how can all this be 

implemented? The challenge is how policies on 

energy should be given a good focus and at the 

same time we also have the challenge of adopting 

an approach which can address adaptation 

related problems. There is a clear cut 

requirement of a structured tool and institution 

which could help in taking informed decisions 

on climate change.  

Climate change does not have a uniform or 

homogeneous understanding. It is divided on 

the line of nation, civil society, epistemic 

communities, business groups etc. Similarly, 

these different groups persue climate change in  

different ways. For some,  it is global 

environmental problem. For others, it is local 

social issue. Some view climate change as an 

impediment to economic development. Others 

consider it as an opportunity to pursue or initiate 

efforts towards green growth. These  views 

depend upon their conception of climate 

change. India being a developing country, has 

twin crucial goals of economic development and 

poverty eradication. 'India will be the 3rd largest 

emitter of greenhouse gases by 2015 if she 

continues to pursue her present ambitious 

industrial development and overall economic 

advancement'

India at both domestic level on the one hand and 

international level on the other has been the 

subject of fast and furious debate in last few 

years. It has already gone on to institutionalise 

the national action plan on climate change with 

8 missions at hand. Which has begun to result in 

acceptance by many states and each state is now 

coming up with its own action plan on climate 

change. They are taking into consideration as to 

how deve lopmenta l  po l ic ies  can  be  

mainstreamed with mitigation and adaptation. 

But the problem is that all these approaches and 

efforts lack clarity and consistency in the 

policies being adopted for climate change. 

Another issue which seeks our attention is that 

whether India really should go for co-benefits 

approach in mitigating its climate policy related 

problems? Firstly, India is not historically 

responsible for the problems of climate change, 

therefore, the imposition of any cap on GHG 

emissions on India would hamper its 

development. Therefore, India needs to look for 

an approach and method which is ethically 
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correct and can be consistent with its goals of 

development. 

Sunita Narain (2010) argues that the question is 
not about toxicity in the atmosphere. The 
question is how would it be possible for the 
world community to reduce carbon emissions? 
It's good that we all are talking about it. But is it 
really possible to cut down emissions? Because 
the simple problem is that we release gases so as 
to grow our economy. So the solution can be to 
reinvent prospects of growth without polluting 
the ecosystem. But the fact which needs to be 
emphasised is that the failure to adopt any 
mechanism to resolve some of the problems 
utterly lie with the politics of international 
negotiations. The politics of climate change has 
been noisy and nasty. Always renders the real 
agenda to be forgotten It is not difficult to find 
reasons for this tug of war. In fact, developed 
world despite being legally bound, does not 
know as to how it can cut down emissions 
without costing their economic growth. If every 
citizen of India is given per capita entitlement of 
energy consumption, it would bring equality in 
attaining the real goal of welfare and 
development. But for this,  rich should be 
compelled to pay to those poor who do not 
excessively access energy and emit. This would 
not only help in achieving equal distribution of 
resources, but it would also mitigate global 
warming.  

The principle of common but differentiated 

responsibilities  should be the first point of 

discussion for any policy on climate change. 

However, there are differences of opinions 

between both North and south with regard to 

sharing the capacities and responsibilities for 

the same. If we look at the period between 1970 

and 2009 (where it is said that industrialised 

countries have been less responsible for 

emissions), India has emitted cumulatively only 

3.3 percent GHGs whereas, it is 24 percent for 

USA and 13 percent for China. Presently annual 

emissions of India are world's 4 percent. Which 

places India among five highest emitters of the 

world. However, this can be factually correct but 

that doesn't mean that India is responsible, 

because while assessing this, past contributions 

are not taken into consideration. But this does 

not mean that India should move on like this 

without paying any regard to climate change and 

its problems. India needs to re-examine its case 

for sustainable development in such a manner 

that could help in eradicating poverty and 

improving standard of life for its poor. 'Inter 

governmental panel on climate change' argues 

that by 2050 global emissions need to come 

down to half of the current levels. So being one of 

the largest developing countries in the world, 

India should play a constructive role.  

India's stand remains consistent on the issue of 
climate change at international negotiating 
forum despite mounting international pressure 
and concerns at home. This owes to India's  
national goal of economic development. India's 
firm stance on climate change is reflected in its 
National Environmental Policy 2006. 

India argues that developed countries have the 
historical responsibility towards climate change 
efforts. India can not compromise on its 
developmental embarkment. India argues that 
even it reduces 9.7% greenhouse gase emission 
by 2026, it would cost her $2.5 trillion. 
Henceforth, it is not possible to divert such a 
huge economic amount from welfare goals. 
Therefore, India stands for adherence to 
principle of common but differentiated 
responsibility and principle of equitable per 
capita entitlement to global environmental 
resources and equitable emission entitlement.  

Within the politics of climate change, there is a 
very distinct relationship between climate 
change and poverty. Agriculture is the only 
means of livelihood for India's poor. It is now 
being argued that absence of any effective policy 
on climate change and alternative means of 
livelihood coupled with increasing poverty, may 
result in more changes in the physical geography 
thereby triggering more changes in the climate. 
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Rising levels of temperatures, increasing 
intensity of rainfall and constant occurrence of 
floods and droughts extremely affect the rural 
population of India. Kosi flood of 2008 clearly 
pointed out that most of the cultivable land 
became non cultivable and many lost their 
source of employment. Though the state was 
able to help the flood victims with immediate 
requirements but it failed to resettle and 
rehabilitate the rural people according to newly 
changed physical geography. According to IPCC 
reports 4 to 10 percent of net production of cereal 
cultivation may get lost by 2100 in south Asian 
countries. Which will bring more poverty for the 
people engaged in agricultural activities. Thus 
there is a one to one correspondence in crop 
production, poverty and climate change. The 
coming of warmer climate will bring more 
extremities in the climate. India has witnessed 
the frequency of high rainfall between 1951 and 
2000. The moderate rainfall became les 
apparent. But India still lacks an effective 
climate policy covering agriculture and poverty 
as its important constituents.  

India advocates that the action on climate 

change should be based on science. Therefore, 

its scientist community is engaged in exploring 

the link between greenhouse gas emission and 

climate change. India is also the strong advocate 

of Clean Technology Acquisition Fund. This is 

because unless and until the issue of relaxing the 

intellectual property right regime and 

prohibitive cost of clean technology is discussed 

and debated, the transfer of technology dealing 

with decarbonisation is not possible from 

developed countries to developing countries.  

India also undertakes commitment towards the 

issue of climate change.  India emits 1.2 metric 

tons greenhouse gase whereas, OECD countries 

releases 13.2 metric tons greenhouse gas. India 

argues that if OECD countries can reduce its 

emission to 2 metric ton then it would commit 

not to accede its present emission level. It also 

signifies India 's shift from historical 

responsibility.  India continues to engage in 

bilateral and multilateral partnerships with 

developed countries over the issue of climate 

change.  

Whatever, little obligation India has for climate 

change, was accepted by it for the first time in 

2009 copen Hagen accord in terms of voluntary 

reducing CO2 emissions.  Therefore, Presently, 

India is not bound by too many obligations for 

climate change under any international 

convention. However, this is not likely to be so in 

coming times. Therefore, we need to invest in 

renewable energy, wasteland and aforestation. It 

will not only help us in removing CO2 from the 

atmosphere, but it would also make India a 

responsible player in international politics of 

climate change.  Climate change politics is 

marred by many challenges. Scientific 

explorations everyday come up with new 

findings negating the already existing policies 

and understanding. How can a democratic 

society formulate a consensus based on long 

term planning, intervention of public policy and 

a fair balance between state and market 

institutions? Social and economic price of 

climate change will be very huge. The challenge 

before us is to make sure that the policies are not 

disadvantageous to the poor sections of the 

society, and western world gets ready to bear 

economic and political cost and fulfil the 

obligations of climate change agenda.   

So far as the question of adaptation strategies is 

concerned, it is argued  by many scholars that it 

is very essential to show to the local people the 

relevance of adaptation on the one hand; and on 

the other, it needs to be associated with decision 

making process. It would not be in the fitness of 

things to expect that there should be a special 

policy to deal with climate change when already 

there are many in place like: coastal 

management, drought planning and early 

warning system. Smit and Benhin cited in 

'Climate Change Studies in Indian Agriculture' 

by k s kavi kumar (2007) argue that now the time 

has come when climate change should be 

brought to the mainstream. For which it is 

mandatory for analysts to pay attention to those 
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issues of climate change which very much 

matter to the communities. Which should 

involve their management strategies and coping 

skills that they have adopted at local levels. And 

all this should be compared with the existing 

policies on climate change. While framing new 

policies of adjustment, it should be kept in mind 

that climate policies should not be different from 

developmental policies at local levels. This does 

not mean that there should be no research on 

climate change. The concern is that both should 

complement each other.  

Nicholas Stern in his report 'review on the 

economics of climate change' cited in 'The Case 

for a Proactive Indian and Chinese Approach to 

Climate Change and Energy Security' by Stein 

Tonneson (2007) argued that in order to mitigate 

the problem of climate change world needs to 

spend at least 1 gdp of the global economy. To 

achieve anything productive, three important 

steps are required to be taken. First, adoption of 

green and low carbon technology. Secondly, 

support for innovation. And third, educating the 

individuals as to what can be achieved by them 

in this regard.  Otherwise, a time will come when 

we will have lost 20 gdp  of the world's economy 

to the impacts of climate change. Which would 

deeply ruin the world economy. The catastrophe  

of climate change would be bigger than the last 

two world wars and economic depression of 

20th century put together.  

Climate change politics: challenges before India 
Climate change politics is giving very tough 

challenges to India. Stand adopted by India 

seems quite contradictory. On the one hand 

India wants to avoid any constraints which may 

come in the way of its development. On the other 

hand it also wants to acquire leadership 

positions in international negotiations on issues 

like climate change and other economic issues.  

The only plausible option seems right for India is 

that either India should stick to climate change 

as one issue in isolation to other international 

issues; or it should seek grand bargain on all the 

international issues be it climate change or any 

other issue like security council reforms, world 

bank and IMF related financial  sector reforms or 

WTO negotiations. However, the question before 

us is that what would happen if world 

community fails to take any effective step to 

reduce GHG emissions to offset the impacts of 

climate change? Does the international 

community have any other alternative plan if it 

really happens? Equally contested terrain is that 

of geo engineering (by-product of genetically 

engineered plants). This technology is claimed 

to be effective in depositing sulphur dioxide in 

stratosphere thereby making way for CO2 to go 

out. Now the question is should India support 

this technology regime? Or it should encourage 

the developed and industrialized countries to 

take steps for cuts in emissions?  Another 

contention between developed and developing 

world is that how should the finances be sought 

for adaptation and mitigation. Developed world 

wants finance to come from private sector. 

Whereas, developing world believes that they 

should come from public sector.  

There are many scholars and international 

agencies which are seeking the intervention of 

UN Security Council to seek diplomatic 

solutions of the problems of climate change. 20 

years have passed since UN framework 

convention on climate change has come into 

place. Yet there has been no substantial progress 

at the level of climate change negotiations. 

Climate change is not only an issue related to 

ecology and environment.  The argument is that 

climate change should be considered as a 

security issue by UN Security Council.  Because 

climate change has the potential to disturb 

international peace and security. UN Security 

Council has a wide base of operations in the 

world. It can seek compliance of countries to 

climate change obligations and treaties. On the 

flip side it is argued that UN Security Council is 

also bound by some limitations, beyond which it 

would have no power or say in the matter. The 

biggest limitation is the instrument of veto 
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power to the five permanent members. To fulfil 

their political and strategic aims P5 would 

continue to use veto card. The fair and just 

regime to seek compliance would be left to 

become a political tool of P5 and Security 

Council.  

US has come up with a new policy on climate 

change in the month of June 2013. Though the 

policy claims to have its foundation on the 

principle of humanism and human welfare; but 

in actual sense the reality is quite opposite. US is 

asking India and other developing countries to 

reduce ghg emissions and give support to this 

policy. In reference to Uttarakhand recent 

devastation US advocated that India should pay 

heed to Mother Nature. This can only be 

achieved if India allows investment in 

innovation and development of clean 

technology. Now this is a very dangerous 

development for India and other developing 

countries. Because while preaching for 

innovation and clean technology US is very 

categorically preaching for doing away with the 

concept of equity (which has always been the 

basis of any policy of developing countries in 

climate change negotiations). Simply put, it's a 

ploy for US to pressurize developing countries to 

further open up their markets to US 

multinational corporations. On what basis US is 

asking developing world to cut back on 

emissions, when it itself has not shown any 

results for the same? American companies are 

heavily subsidized. Once they enter Indian 

market with relaxed FDI norms, it would be a 

cake walk for them to prosper themselves here.  

Similarly, America is pushing hard Indian 

government to import hydro fluorocarbons 

HFCS from US under Montreal protocol. Hydro 

fluorocarbons are refrigerant gases. Indian stand 

is very much clear on this. India wants to trade 

HFCS under UNFCC, because united nation 

framework on climate change recognizes the 

principle of 'common but differentiated 

responsibility'. Where India can also have some 

relaxation for its IPR regime and make the 

principle of equity work.  Whereas, Montreal 

protocol does not speak about the principle of 

common but differentiated responsibility. One 

fails to understand as to why India being a 

sovereign nation should import HFCS (clean and 

green technology gases) under Montreal 

protocol  where it would not have the benefit of 

equity and CBDR? But the reality is that both US 

and Indian government have set up a joint 

mechanism to discuss the issue. US already is 

using these refrigerants for its industrial 

enterprises. Now it wants India and other 

developing countries to open  up their markets 

for the same. However, onething should be very 

clear that it would be very difficult for India to 

get US agreed to trade HFCS through UNFCC 

platform. For US economy Montreal IS the best 

possible device for such a treaty. And like all 

other times it is very likely that it will again 

clinch the deal in its favour, which should not 

happen.  

CONCLUSION
Global climate change negotiations are 

becoming increasingly contested and difficult in 

this fast moving world of profit maximization. 

World of globalization has posed both challenges 

as well as prosperity. China and India opened up 

their economies and benefited a lot through 

international economy. At the same time more of 

manufacturing and industrialization is 

threatening their climate security. When climate 

stands threatened, then poverty and mass 

hunger emerge as the obvious consequences. For 

there is a direct relationship between poverty 

and environment. Production in agriculture and 

allied activities depends to a much extent on the 

climate sensitive crops.  

India being a member of international 

community cannot remain aloof from meeting 

the climate change obligations. In view of 

adverse consequences, developed world can 

sustain itself on the strength of its technological 

innovations. But a country like India, whose 42 
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percent children are malnourished and living on 

the verge of starvation and death,  millennium 

development goals are far from being met, 

climate change mitigation is an inevitable 

condition. On the other hand, India needs to be 

mindful of the fact that it always has to lobby for 

the strict adherence of principles of common but 

differentiated responsibility , equity and green 

climate fund. Here the role of brics is going to be 

of immense significance at a level greater than 

ever before.  
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ABSTRACT

Gills are vital structure for fish, since they are the main site for gaseous exchange as well as 

partially responsible for osmoregulation, acid-base balance, excretion and taste. Any chemicals 

on the water may alter the histology of gill of fishes, therefore a useful model on environmental 

impact and ecotoxicology studies. In order to investigate the effects of Barauni  oil pollutants on 

the gill of fish, samples of Puntias sophore  were exposed to both lethal and sub-lethal 

concentrations. In lethal concentrations  (2500-5000 ppm), the gill rakers destroyed, epithelial 

lining scattered, curling of secondary lamellae, buldging of blood channels were investigated. In 

sub-lethal concentrations (500 to 1500 ppm), secondary lamellae were fused together after 15 

days of exposure. Accumulation of mucous film was noticed over the gill during lethal and sub-

lethal concentrations.

Keywords: Barauni  oil pollutants, Puntius-sophore, gill, primary lamellae, secondary lamellae, 

mucous secretion.

INTRODUCTION

The teleost gills plays an important role in 

maintaining of whole animal ionic homeostasis 

in both fresh water and sea water environment 

(Evans, 1993). The rapid increase in both human 

population and the number of industries have 

resulted in large amount of industrial effluents 

and wastes being discharged into the water 

bodies. Owing to their direct and continuous 

contact with the environment the fish gill organ 

for respiratory gas exchange, osmoregulation, 

excretion of nitrogenous waste products and 

acid-base regulation are directly affected by 

contaminants (Bhagwant and Hahee, 2002). Fish 

gills play vital roles, since they are the main site 

of gaseous exchanges (Hughes, 1966, Hughes 

1982), osmoregulation (Gonzales & Mc Donald, 

1992); (Flik & Verbost 1993); (Romao et al; 2001), 

acid base balance (Epstein et al; 1980), (Evan et 

al 1982), (Mc Donald et al; 1991), (Goss et al; 

1992), excretion of nitrogenous compounds 

(Goldstein 1982), (Sayer & Davenport – 1987) 

and taste (Hughes, 1982; Rios and Fanta, 1998).

Many water pollutants are known to affect 

bronchial structure and increase mucous 

secretion by the gills (Mallatt 1985) for a 

statistical review of the literature up to that year 

on how fish gill structure is affected by physical 

and chemical irritants in the water environment. 

Organic pesticides (Davis & Wedemeyer 1971, 

Rao & Rao 1981, Mallatt 1995, Evan, 1987, 

Laurent & Perry, 1991; Nowak, 1992; Wendelaar 
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Bonga  and Lock, 1992), detergents (Schimid 

and Mann, 1961, Abel, 1976, Bolis & Rankin 

1980), acids (Daye & Garside 1980, Mc Donald, 

1983; Kawall 1993), Salts (Hossler 1980; 

Luvizotto 1994; Fanta et al; 1995), industrial 

waste (Mitz and Giesy, 1985; Stocker et al; 1985; 

Lindesjoo and Thulin, 1994), ammonia (Smart, 

1976; Arillo et al. 1979;  Soderberg et al 1984) 

and heavy metals (Skidmore, 1970, Mathiessen 

and Brafield, 1973; Lock and Van Overbeeke, 

1981; Oransaye and Brafield, 1984; Oliveira 

Ribeiro et al. (1994), can change the gill and alter 

the activity of ATPase-Na-K, in that way, altering 

the normal flow of ions.

Therefore, the fish gills can be used as model for 

studies on environmental impact (Mckim and 

Erickson, 1991). Laurent and Perry (1991) 

consider the morphogenic changes in gills, as a 

consequence of environmental changes, as 

adapt ive  a t tempts  in  cover ing some 

physiological functions'.  Fishes have been 

found to be good indicators of trace metal 

contamination in aquatic systems (Moiseenko 

et.al 2008). In addition fish gills are the first 

organs that come in contact with environmental 

pollutants and are sensitive  indicators for 

indentifying the effects of water toxicants on fish 

organisms (Heier et al.2009). Histological 

changes in gills are recognized is a valid and fast 

method to determine  the damage caused in the 

f i sh  by  the  exposure   t o  d i f f e ren t  

pollutants(Arellano et al 1999).

The histopathological examination of the gill of 

P. sophore exposed to lethal and sub-lethal 

concentrations of Crude oil effluent show 

detrimental effects, the severity of which 

depends upon the concentration and exposure 

period. The gills are particularly more 

susceptible to aquatic contaminants while 

providing oxygen requirement to meet the 

metabolic activity of the fish (Fry, 1957). The 

effect of pollutant on the gills reflect an acute 

inflammatory reaction. The increasing use of 

toxicants cause histopathological changes in 

liver, kidney, gill, pancreas & gonads etc. of the 

fishes (Konar 1969, Johnson 1968, Kumar and 

Pant 1981, Haider and Upadhyay 1985 have 

stated that the changes produced by various 

pollutants look alike but their harmful effect on 

different genera of the fish is not of the same 

magnitude. Crude oil effluent causes loss of 

epithelial cells of gills, fusion of adjacent 

lamellae, damage to the gill rakers and buldging 

of blood vessels particularly at the secondary 

lamellar tips in P. sophore. This is followed by 

alternations in the chemical constituents of the 

secretions of mucous cells. The number of 

mucous cell as well as its secretion deteriorate 

during chronic exposure of crude oil pollutant 

indicating loss of mucopolysacharides in P. 

sophore, Munshi & Singh (1968)  stated that 

mucous secretion helps in the maintenance of 

the respiratory activity of the gill in fishes. The 

normal functioning of mucous cell is influenced 

by pathogenic and environmental agents (Falk et 

al; 1963).

MATERIAL AND METHODS

Crude oil was obtained from the Barauni (Bihar) 

oil refinery, where it is pumped from 

Naharkatiya (Assam) oil spills through an 

underground pipe line. A quantitative analysis 

of its different fractions was done in the 

laboratory of the oil refinery   (Table 1). 

Specimens of P. sophore were reared in the 

laboratory. The fishes were acclimatized to 

laboratory conditions for one week prior to the 

experiment. The water of the maintenance 

aquaria contained 6.8±0.3 ppm Do, 3.0±0.1 

ppm free CO2 & pH = 7.8±0.2 and temperature 
021±2 C. Selected healthy fishes were fed on 

alternate days but not at least  12 hrs prior to the 

experiment. Fishes were graded according to 

their size.

Both sub lethal and lethal concentrations of 

Crude oil Pollutant (500-5000 ppm) were 
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prepared in glass jars of 30 liter capacity. 10 

healthy fishes of almost uniform size were 

exposed to each concentration of the pollutant. 

A concurrent container was set up along with the 

experimental jar for control measures. The test 

solution was renewed after 24 hrs of exposure. 

The physical conditions of the test solution was 

measured every time before its renewal.

Two fishes from each concentration (500-

5000ppm) along with the control were taken out 

at varying periods (4,18,24,31,360 & 720 hrs) of 

exposure and their gills were removed. Small 

pieces from all the gills arches were fixed in 10% 

buffered formalin and decalcified in 10% formic 

acid separately. After routine dehydration 

paraffin blocks were prepared and sections were 

cut at 7 μm thickness. Sections were stained with 

haemotoxylene and eosine (Culling et al 1985) 

(dissolved in 70% alcohol) and mount in Canada 

balsam (Humason 1972). The tissue samples 

were investigated by Microscope.

RESULTS

Morphology of control gill
The gill structure of P. sophore (Bloch) is similar 

115

Table 1: Analysis of Naharkatiya (Assam) crude oil (analyzed at the laboratory of the Barauni Oil 

refinery (Bihar).

Sl. No. Components of crude Unit Results

1. Oil %V 51

2 Aromatics  %V 30

(a) Benzene, toluene, trimethyl. benzene
(b) Naphthalene and alkyl derivatives:1-Methyl 
Naphthalene,2-Methyl Naphthalene, Dimethyl and 
tri methyl naphthalene 

(c) Benzo(a)pyrene

(d) Hexadecane

3 Phenolic compounds %V 5

4 Grease %W 15

5 Carbon residue %W 1.8

6 Sulphur compounds %W 0.25

7 Sediment %W 0.001

8 Cynides Mg1' Traces

9 Water Contains %W 0.8

to that of other fresh water teleosts. (The fish 

possesses 4 pair of functional gill arches and 2 

rows of primary lamellae. (Fig – 1). The primary 

lamellae (PL) has two rows of secondary 

lamellae (SL) including the interlamelllar 

region. They were lined by a smooth squamous 

Fig 1: Photograph of T.S 
of a gill filament of the 
control group showing 
normal appearance of 
p r i m a r y  ( P )  a n d  
secondary lamellae (S). 
H&E*650
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Fig 4: Photograph of T.S of 
a gill filament  showing 
curling of S. lamellae 
( 4 0 0 0  p p m - 4  h r s . )  
H&E*650.

Fig 5: Photograph of T.S of 
a gill filament  showing 
hyperplasia of epithelial 
cells (->)and curling of S. 
lamellae (S).(4000ppm-
24hrs)  H&E*650.

epithelium. Respiratory lamellae had a thin 

epithelium, sustained by pillar cells that 

surround blood spaces.

Histopathology
Histopathology provides a rapid method to 

detect effects of irritants in various organs 

(Johnson et al. 1993). The exposure of fish to 

chemical contaminants likely to induce a 

number of lesions in different organs (Poleksic et 

al; 1994) is a suitable organ for histological 

examination in order to determine the effect of 

pollution. Gill covers more than 60% surface 

area of the fish and its external location renders 

it the most vulnerable target organs for the 

pollutants (Roberts 1989). 

Acute and chronic changes in the gill tissue were 

observed in both lethal and sub-lethal 

concentrations. In lethal concentration 

(5000ppm), the gill rakers were destroyed after 

18 hrs of exposure (Fig-2). The secondary 

lamellae were swollen and its epithelial lining 

were broken down (Fig-3). In other lethal 

concentration 4000ppm, the secondary lamellae 

were curled within 4 hrs of exposure (fig 4). After 

24 hrs of exposure the space between adjacent 

secondary lamellae were filled up with 

dislocated cells & its epithelial coverage was 

destroyed and the pillar cells were arranged 

serially (fig-5). Accumulation of mucous film 

was noticed over the gills. In 3000 & 2500 ppm 

concentration some secondary lamellae were 

fused but few were remained unaffected after 24 

hrs of exposure (fig-6). In 2000 ppm, building of 

blood channels of secondary lamellae were seen 

after 7 days of exposure (Fig-7). In 1500 ppm, the 

dorsal secondary lamellae were fused 

completely after 15 days of exposure, but ventral 

were remained unaffected. Vacuolization  of 

epithelial cells on both primary and secondary 

lamellae was apparent. Mucous cells were 

looked enlarged at the gill head region. After one 

month of exposure in 500 ppm, the secondary 

lamellae were appeared thicker & somewhat 

fused and curled. Toxicant alter the normal 

functioning of mucous gland. In sub-lethal 

concentration (500ppm) only the size of the 

mucous cell is reduced but not the number.
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Fig 2:  Photograph of T.S 
o f  a  g i l l  f i l a m e n t    
showing dilated primary 
lamellae and ruptured 
gill rakers(5000 ppm-18 
hrs .) .H&E*650

Fig 3: Photograph of T.S of 
a gill filament  showing 
hyperplasia of epithelium 
cells and broken down of 
epithelium lining (5000 
ppm-18 hrs.) .H&E*650.

Effects of Crude Oil Pollutants.....116 JANUARY-JUNE 2015



DISCUSSION

Gills of the fishes are highly susceptible to water 

soluble toxicants. Regular ventilation of the gills 

in polluted water inevitably leads to change in 

gill structure and function. Toxic substances can 

injure gills, thus reducing the oxygen 

consumption and disrupting the osmoregulatory 

function of aquatic organisms (Saravana Bhavan 

and Geraldine, 2002). Consequently, injury to 

gill epithelium is a common response observed 

in fish exposed to a variety of contaminants. The 

severity of damage to the gills depends on the 

concentration of the toxicants and the period of 

exposure(Oliveira et al; 1994. Mahajan & Singh 

(1973) in H. fossilis induced by detergent, Verma 

et al; (1975) in C. batrachus by lindane and 

Kumar & Pant (1981) had observed damage in the 

surface epithelium of secondary lamellae. They 

all supported the view present in P. Sophore. 

They  have also reported similar degenerative 

changes in respiratory epithelium of fish 

exposed to aquatic pollutants and metals. These 

pathological changes in gill might have been 

resulted into a shift from aerobic to anaerobic 

path way in tissues under stream of pollutants. 

Muller et al. (1991) concluded that as a result of 

lamellar fusion, the lamellar surface area may be 

reduced by as 75%. This would impair ion 

uptake and oxygen delivery to the tissues. The 

injuries to the gills of P. sophore is mainly  due to 

surface irritation and an offensive odour rather 

than its absorption of pollutants through the 

gills. In Mallatt  review (1985), epithelium 

detachment was the most common gill change 

that occurred in fresh water fish rather than in 

sea-water fish. Skidmore and Tovell (1972) 

stated that curling of secondary lamellae take 

place due to reduction in the blood hydrostatic 

pressure within the pillar cell systems. The basis 

for such a contention seems to be loss of blood 

from the non marginal spaces of secondary 

lamella. The lifting of epithelial layer of the gill 

surface is caused due to curling of secondary 

lamellae. Since the distance from water to blood 

across the raised epithelium is increased, the 

diffusion of gases would be impaired. Fugare et 

al; (2004) observed the magnitude of the hazards 

of environmental pollution was taken place by 

heavy metal salts which damage gill structure 

and reduce respiratory and thereby comprising 

energy generation system. Hameed (2005) also 

found fusion of secondary lamellae in copper 

exposed gill of M. gulio. (Machado and Fanta, 

2003) also observed the same result in M. 

roosevelti exposed to organ phosphorous,  

(Palonisamy et al; 2011) also observed fusion of 

secondary gill lamellae, congestion of blood 

sinuses and desquamation of the epithelial cells 

in M. cavasius exposed to nickel.

Moe (1955) stated that mucous plays an 

important role in transport mechanism besides 

its lubrication and defense nature. The nature & 

quantity of mucous respond to a variety of 

environmental and pathogenic agents. Mucous 

secretion & its deposition on the gill surface can 

also inhibit further penetration of the pollutant 

into the gill tissue Singh (1977), Carpenter 

(1930), Wong et al (1977) and Rao et al; (1983). 
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Fig 6 .   Photograph of T.S 
of a gill filament  showing 
oedema ,proliferation 
and hyper trophy o f  
chloride cells (------>) 
necrosis of eosinophilic 
epithelial cells (-->)
( 3 0 0 0 p p m - 2 4  h r s ) .  
H&E*650

Fig 7 .   Photograph of T.S 
of a gill filament  showing 
deformed pillar system 
with  lymphocytes and 
buldg ing  o f   b lood  
channels of S. lamellae 
( 2 0 0 0  p p m - 7 d a y s ) .  
H&E*650
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Mucous secretion and its deposition on the gill 

surface can also inhibit further penetration of 

the toxicant in to the tissue (Neuhold & Sigler 

(1960) and Singh (1977), Carpenter (1930), Rao   

et al. 1983. Mucous secretion at the gill surface 

forming thick coat cover as a protective device 

checking further penetration of the toxicant in 

the fish via gills (Solagni & Oversheet 1982).  

Heavy metal salts are known to induce mucous 

depletion. Cyanide & Ammonia are known to 

cause quick action on mucous cell secretion and 

cell damage (Smart 1976). The decrease in 

mucopolysacharides contents of mucous cell of 

P. sophore seems to be caused due to excess 

discharge of mucous particularly in lethal 

concentrations. This view is also supported by 

Singh (1977) in food fish exposed to heavy metal 

and Shrivastava & Shrivastava (1984) in C. 

gachua exposed to malthion & chlordane. Baker 

(1969) also supported the view. However, it 

should be noted that most of the authors 

performed their experiments on severe 

histological alternations under laboratory 

conditions (Camrgo & Marteinez  2007, LIU et. 

al., 2010, Velcheva et al 2010 a,b. Hyperplasia in 

gill epithelium of fresh water fish species 

induced by trace metals  reported by Figueire-

do-Fernandes et al 2007). Mohammed 2009, we 

also observe hyper activity of the mucous cells in 

P. sophore. Increase in the number of mucous 

cells  would cause and intense mucous secretion 

and thickening in mucous layer .

Degenerative change in the fish gill epithelium 

were also reported in the work of Hassan (2011). 

Hyperplasic alternation  in the gill epithelium 

were predominant because the adaptive  and 

protective mechanism had worked towards 

forcing cell division in instead of cell death 

(Georgieva  et. al. 2014). DO is inversely 

proportional to Temperature. Reduced DO will 

elict physiological regulatory mechanisms 

involved the maintenance of oxygen gradient 

from water to tissue which is essential to 

maintain the metabolic aerobic pathways 

(Adeogun,  2012). Heavy metals may enter an 

aquatic ecosystem from different natural and 

anthropogenic sources including industrial or 

domestic sewage , storm runoff, leaching from 

landdrills, shipping and harbor activities and 

atmospheric deposits (Rajesh Kumar, 2011).  

Increase of turbidity may be due to  disposal of 

domestic and industrial influence in the drain 

(Osman, 2010).

Since the gills are the reparatory osmo regulatory  

organs of the fish, the histopathological changes 

of the gills might impair the respiratory function 

of gill by reducing respiratory surface area 

resulted to hypoxia. respiratory failure problems 

(Alazemi  et al 1996, Yasser, et al 2011) and this 

body affects the physiology and may lead to 

death of fish (Mohamed 2003), Abdel Monein, 

2012 also reported curling of S. Lamellae in gill 

of O. niloticus).

CONCLUSION

On the one hand, the histological alternation 

prove that serious negative disturbances  to the 

cell metabolic are ongoing on the other hand 

these alternation could also allow fish to activate 

their defensive and adaptive mechanisms which 

might help them to survive in contaminated 

environment.

More above, the adaptive mechanisms are  

associated with building some protective barrior 

in fish gills  which would hamper the transport 

of waterborne  toxicants in to organism, the 

changes can be used as successful biomarker in 

field assessment  and monitoring programs on 

fresh water ecosystems on contaminated with 

industrial effluents.

  REFERENCES 

1. Abel, P.D. (1976) Toxic action of several 

lethal concentrations of an anionic 

detergent on the gills of brown trout (Salmo 

trutta) J. Fish Biol. 9, 441-446.

118

Effects of Crude Oil Pollutants.....118 JANUARY-JUNE 2015



2. Abdel-Moneim, A.M., M.A. Al-Kahtani and 

O.M. Elmenshawy, 2012. Histopathological 

biomarkers in gi l ls  and l iver  of  

Oreochromis niloticus from polluted 

wetland environments, Saudi Arabia 

Chemosphere, 88: 1028-1035.

3. Adeogun, A.O., 2012. Impact of industrial 

effluent on water quality and gill pathology 

of Clarias gariepinus from Alaro stream, 

Ibadan, Southwest, Nigeria. European 

Journal of Scientific Research, 76(1): 83-94.

4. Alazemi, B.M., J.W. Lewis and E.B. 

Andrews, 1996 Gill damage in the 

freshwater fish Gnathonemus ptersii 

(Family: Mormyridae) exposed to selected 

pollutants: an ultra structural study. 

Environmental Technology, 17(3): 225-238.

5. Arillo, A. Margocco, C and Melodia, F. 

(1979). The gill sialic acid content as an 

idex of environmental stress in rainbow 

trout (Salmo gairdneri) Richardson. J.Fish 

Biol. 15, 405-410.

6. Arellano, J.M., V. Storch, C. Sarasquete 

1999. Histological changes and   copper 

accumulation in liver and gills of the 

Senegales sole, Solea senegalensis. – 

Ecotoxicology and Environmental Safety, 

44: 62-72.

7. Baker, J.T.P. 1969, Histological and 

electron-microscopical observation copper 

poisoning in the Winter flounder (P. 

americrnus). J fish Res. Bd. Can. 26 : 2785-

2793.

8. Bhagwant, and Hahee,  K.B. (2002). 

Pathogenic Gill lesions in two Edible fish 

species, from the Bay of Poudred. Or. 

Mauritius. Western Indian Ocean. J. Nar. 

Sci. 1: 35-42.

9. Bolis, L. and Rankin, J.C. (1980), 

Interactions between vascular actions of 

detergent and cate cholamines in perfused 

gills of European eel, Anguilla and brown 

trout, Salmotrutta L.J. Fish. Biol 16 : 61-73.

10. Carpenter, K.E. (1930). Further researches 

on the action of metallic salts on fishes. J. 

Exp. Zool. 56,  407-422.

11. Camargo M.M.P, C.B.R. Martinez. (2007). 

Histopathology of gill kidney and liver of a 

Neotropical fish caged in an urban 

stream.–Neotropical Ichthyology , 5 : 

327–336.

12. Culling, C.F., Allison, R.T. and Barr, W.T. 

(1985). Cellular pathology technique. 

London. Butterworth.

13. Davis, P.W. and Wedemeyer, G.A. (1971), 

Na+ K+ activated ATPase inhibition in 

rainbow trout a site for organ chlorine 

pesticide toxicity. Comp. Biochem. Physiol. 

40B,  823-827.

14. Daye, P.G. and Garside, E.T. (1980). 

Structural alternations in embryos and 

alevins of the Atlantic salmon, Salmo salar 

L, induced by continuous or short term 

exposure to acidic levels of pH. Can  J. Zool. 

58,  27-43. 

15. Epstein, F. H., Silva, P. and Kormanik, G. 

(1980), Role of Na-K- ATP as in chloride cell 

function. Am. J. Physiol. 238, 246-250.

16. Evans, D.H. (1987), The fish gill : site of 

action and model for toxic effects of 

environmental pollutants. Environmental 

Health Perspectives, 71, 47-58. 

17. Evans, D.H. (1993). Osmatic and ionic 

regulation in : The physiology of fishes, 

edited by  D.H. Evans, Boca Raton, F.L. CRC, 

PP 315-341.

18. Evans, D.H. Claiborne, J.B. Farmer, L: 

Mallery, C. and Krasny, E.J. (1982), Fish gill 

ionic transport: methods and models. Biol. 

Bull. 163, 108-130.

19. Falk, H.L., Kotin,  P. and Rowlette, W. 1963. 

The response of mucous secreting 

epithelium and mucous to irritants. In  

“Whipple  A.E. (ed.) Mucus secretion”. Ann. 

N.Y. Acad. Sci. 106: 583-608.

119

119KANTI KUMARI ET. AL.International Journal on Environmental Sciences 6 (1)



20. Fanta, E., Lucchiari, P.H. and Bacila, M. 

(1989). The effect of  environmental oxygen 

and Carbon-dioxide levels on the tissue 

oxygenation and the behaviors' of Antarctic 

fish. Comp. Biochem. Physiol. 93A, 810-831. 

21. Fanta, E. (1995), Influence of the 

background color on the behavior of the fish 

Oreochromis niloticus (cichlidae). Arg. 

Biol. Technol, 38, 1237-1251.

22. Fanta, E., Luvizotto, M.F. and Meyer A.P. 

(1995), Gill structure of the Antarctic fishes 

Notothenic (Gobionotothen) gibberifrons 

and Trematomus newnesi (Nototheniidae) 

stressed by saline changes and some 

behavioral consequences. Antarctic Record 

(Nankyoku Shiryo), 39: (1), 25-31.

23. Figueiredo-Fernandes   A., J.V. Ferreira-

Cardoso ,  S .  Garc ia -Santos  S .M.      

Monteiro, J. Carrola, P. Matos, A. 

F o n t a i n h a s  F e r n a n d e .  2 0 0 7 .  

Histopathological changes in liver and gill 

epithelium of Nile tilapia, Oreochromis 

niloticus, exposed to waterborne copper. – 

Pesquisa Veterinária Brasileira,27: 103-109                                                                               

24. Flik, G. and Verbost, P.M. (1993). Calcium 

transport in fish and gill and intestine. J. 

Exp. Biol, 184, 17-29. 

25. Fry, F. E.J. 1957. The aquatic respiration of 

fish in :- The physiology of Fishes, (Edited 

by Brown, M.E.), Vol. I: 1-63. Academic 

Press London and New York. 

26. Fugare, S.H.,  Deshmukh, N.P. , Waykar, 

B.B. and Pardeshi, B.K. (2004). Acute 

toxicity of chlorides of zinc, copper and 

mercury to fresh water bivalves Parrysia 

cylindrica (Anndale and Prashad). Nat. 

Environ. and Pollut. Tech. Volume 32: 147-

150.

27. Georgieva,  E.Velchava I.,Yancheva 

V.,Stoyanova S. (2014). Trace metal effects 

on gill epithelium of common carp, 

Cyprinus carpio L.(cyprinidae). Acta Zool 

bulg, 66(2), 277-282.

28. Goldstein, L (1982). Gill nitrogen excretion. 

In-Gills Cambridge University Press pp 

193-206.

29. Gonzales, R.J. and Mc Donald, D.G. (1992). 

The relationship between Oxygen 

consumption and ion loss in a fresh water 

fish. J. Exp Biol, 163, 317-332. 

30. Goss, G.G., Perry, S.F., Wood, C.M. and 

Laurent, P. (1992). Mechanisms of ion and 

acid – base regulation at the gills of fresh 

water fish. Journal of Experimental Zoology, 

263, 143-159. 

31. Hassan, B., 2011.  The Effect of Copper and 

cadmium consumption of the Juvenile 

common carp, Cyprinus carpio (L.). – 

Mesopotamian. Journal of Marine Science 

26(1): 25-34.

32. Haider, S., and Upadhyay, N. (1985). Effect 

of commercial formulation of 4 organ 

phosphorous insecticides on the ovaries of 

a fresh water teleost Mystus-vittatus 

(Bloch). A histological and histochemical  

Study. J. Environ. Sci. Health. B. 20 (3): 321-

340.

33. Hameed, S.V. S.A. Mulhu Kumarvel K. 

Wahabkhan M.M. and Uday Kumar, N. 

(2005). Toxic effects of copper on 

hepatopancreas of fresh water Mussel, 

Lamelli, marginalis. J. Ectotoxicol. Environ. 

Monit 15 (4): 365-370.

34. Heier L.S.,  I.B. Lien, A.E. Strømseng, M. 

Ljønes, B.O.  Rosseland,   K.E Tollefsen, B. 

Salbu 2009. Speciation of lead copper, zinc 

and antimony in water draining a shooting 

range - time dependant metal accumulation 

and biomarker responses in brown trout 

(Salmo trutta L.). – Science of the Total 

Environment, 407: 4047-4055..

35. Hossler, F.E. (1980), Gill arch of the mullet, 
Mugil cephalous III Rate of response to 

salinity change Am. J. Physiol. 238, 160-164.

36. Hughes, G.M. (1966). Species variation in 

gas exchange. 59: (6), 494-500. 

120

Effects of Crude Oil Pollutants.....120 JANUARY-JUNE 2015



37. Humason, G.L. (1972). Animal tissue 
technique III (Ed) W.H. Freeman and Co. 
San. Francisco, U.S.A. 

38. Johnson, D.W. (1968) Pesticides in fishes – 
A review of Selected literature. Trans Am. 

Fish, Soci. 97:  398-424.

39. Johnson,L.L., Stehr C.M. Olson O.p., 

Myers, M.S. Pierce S.M., Wigrcn, C.A., Mc 

Cain, B.B. and Varanasi, U. (1993). 
Chemical contaminants and hepatic lesions 
in winter flounder (Pleuronectes American 
US) from the northeast coast of the United 

States, Environ. Sci. Technol. 27. 2759-71.

40. Kawall, H.G. (1993), Efeitos de agues em 
Gymnocorymbus ternetzy (Boulenger, 
1895). Pisces: Characidae MSc Thesis, 
Universidad Federal do Parana, Curitiba, 
Brazil. 

41. Konar, S.K. (1969). Histopathological 
effects of insecticides, heptachlor and 
nicotine on the gills of a cat fish, 

Heteropneustes fossilis Jap., J. Ichthyol, 15 

(4): 156-159.

42. Kumar, S., and Pant, S.C. (1981) 
Histopathological effects of acute toxic 
levels of copper and zinc on gills, liver and 
kidney of Puntius  conchonius (Ham). Ind. 

Exp. Biol. 19: 191-194.

43. Laurent, P. and Perry, S.F. (1991) 
Environmental effects on fish gill 

morphology. Physiological zoology.  64: 4-25.

44. Lindesjoo, E. and Thulin, J. (1994). 

Histopathology of skin and gills of fish in 

pulp mill effluents. Dis. Aquat, Org. 18, 81-

93. 

45. Liu X.JZ ,   Luo, B.X. Xiong, X. Liu, Y.H. 

Zhao, G.F. Hu, G.J. LV 2010. Effect of 

waterborne copper exposure on growth, 

hepatic enzymatic activities and histology 

in Synechogobius hasta. – Ecotoxicology 

and Environmental Safety, 73:1286–1291.

46. Lock, R.A.C. and Van Overbeeke, A.P. 

(1981). Effects of mercuric chloride and 

methyl mercuric chloride on mucus 

secretion in rainbow trout (Salmo-

gairdneri) Richardson. Comp. Biochem 

Physiol. ,  69C, 67-73.

47. Luvizotto, M.F. (1994), Efeito do diferentes 

salinidades sobre as celulas de chloreto e as 

celulas secretoras do epithelio branquial do 

peixe antartico Nototheniops nudifons 

(Lonnberg, 1905). Msc Thesis Universidad 

Federal do Parana, Curitiba, Brasil.

48. Mahajan, C.L. and Singh J.J. (1973). Water 

pollution in relation to biology of fishes Part 

2 : histopathological changes induced by 

synthetic detergents in the gills of 

Heteropneustes fossilis (Bloch). Proo, 

Symp. On Environ. Pollut., 18-25.

49. Mallatt, J. (1985), Fish gill structural 

changes induced by toxicants and other 

irritants : a statistical review. Can. J. Fish. 

Aquat, Sci. 42,630-648.

50. Matthiessen,  P. and Brafield, A.E., (1973). 

The effects of dissolved zinc on the gills of 

the stickleback (Gasterosteus aculeatus) L. 

J. Fish Biol. 5, 607-613.

51. Mc. Donald, D.G., Cavdek. V, and Ellis, R. 

(1991). Gill design in fresh water fishes: 

interrelationships among gas exchange, ion 

regulation and acid-base regulation. 

Physiological zoology 64:(1), 103-123.

52. Mc. Kim., J.M. and Erickson, R.J. (1991), 

E n v i r o n m e n t a l  i m p a c t s  o n  t h e  

physiological mechanisms controlling 

xenobiotic transfer across fish gills, 

Physiological Zoology, 64: (1), 39-67.

53. Mitz, S.V. and Geisy, J.P. (1985). Sewage 
effluent biomonitoring. I. survival, growth, 
and histopathological effects in channel cat 
fish. Ecotoxicology and Environmental 

Safety, 10, 22-39.

54. Moe, H. (1955). On goblet cells, especially 
of the intestines of some mammalian 
species. Int. Rev. Cytol. 4: 291-334.

121

121KANTI KUMARI ET. AL.International Journal on Environmental Sciences 6 (1)



55. Mohamed, F.A.S., 2003. Histopathological 
studies on some organs of Oreochromis 
niloticus, Tilapia zillii and Synodontis 
schall from El-Salam canal, Egypt. Egyptian 
Journal of Aquatic Biology and Fisheries, 

7(3): 99-138.

56. Moiseenko T.I., Gashkina N.A., Sharova 

Yu.N. ,  Kudryavtseva  L .P  2008.     
Ecotoxicological assessment of water 
quality and ecosystem health: A case   
study of the Volga River. – Ecotoxicology and 

Environmental Safety, 71: 837-850.

57. Mohamed, F.A.S. 2009. Histopathological 
Studies on Tilapia zillii and Solea vulgaris 
from Lake Qarun  , Egypt. – World  Journal of 
Fish and  Marine Science: 1 (1), 29-39.

58. Muller, M.E, Sanchez, D.A. Bergman, H.L., 

Mc. Donald., D.G., Rhem, R.G., Wood, C.M. 
(1991). Nature and time course of 
acclimation to aluminum in juvenile brook 
trout (Salvelinus fontinalis) II gill histology 

Can. J. Fish Aquat. Sci. 48, 2016-2027.

59. Munshi, J.S.D. and Singh B.N. 1968.  A 
study of gill epithelium of certain fresh 
water teleostan fishes with special 
reference to air breathing fishes. Ind. J. 

Zool., 3: 91-107.

60. Machado, M.R. and Edith Fanta (2003). 
Effects of the organ phosphorous Methyl 
Parathion on the Branchial Epithelium of a 
Fresh –Water fish Metynnis roosevelti. 

61. Nowak, B. (1992), Histological changes in 

gills induced by residues of endosulfan. 

Aquatic Toxicology, 23, 65-84.

62. Oliveira Ribeiro.  C.A. Tureati, N.M. 

Carvalho, C.S; Cardoso, R. and Fanta, E. 

(1994). – Efeito toxico do Hgcl2 na estrutura 

dos areos branquiais de Trichomycterus 

brasiliensis (Pisces, Siluroidei). Ann. II  

Symposia Sobre Meio Ambiente, Univ. 

Salgado de Oliveira, Niteroi, Brazil.

63. Oronsaye, J. A .O.  and Brafield, A.E. 

(1984), The effect of dissolved cadmium on 

the  chloride cells of the gills of the Stickle 

back, Gasterosteus aculeatus L. J. Fish. Biol. 

25;253-258.

64. Osman, A.G.M., R.M. Al-Awadhi, A.S.A. 

Harabawy and U.M. Mahmoud, 2010. 

Evaluation of the use of protein 

electrophoresis of the African Catfish 

Clarias gariepinus (Burchell, 1822) for 

b iomoni tor ing  aquat ic  po l lu t ion .  

Environmental Research Journal 4(3): 235-

243. 

65. Palanisamy, P., Sasikala G, Mallikaraj, D., 

Bhuvaneshawari N., and Natrajan  G.M. 

(2011). Histopathological lesions in gill of 

Air – breathing  cat fish (Mystus-cavasius) 

exposed to of Electroplating industrial 

effluent nickel. Int. Journal of Applied 

Biology, Pharmaceutical Technology, 2 (2), 

Pp. 150-155/

66. Poleksic, V., Mitrovic-Tutundzic, V. (1994). 

Fish ill as monitor of Sub lethal and chronic 

effects of pollutants on fresh – water fish. In: 

R. Muller and R: Lioyd (Eds), Oxford, U,K. 

FAO Fishing News Book, 339-352.

67. Rajeshkumar, S. and N. Munuswamy, 

2011. Impact of metals on histopathology 

and expression of HSP 70 in different 

tissues of Milk fish (Chanos chanos) of 

Kaattuppalli Island, South East Coast, India 

Chemosphere, 83: 415-421. 

68. Rankin J.C. Stagg, R.M. and Bolis, L. 
(1982), Effects of pollutants on gills. In Gills 
–Cambridge University Press PP 207-220.

69. Rao, K.S.P. and Rao, K.V.R. (1981), Lipid 
derivatives in the tissues of the freshwater 
teleports, Saurotherodum mossambicus 
(alias Tilapia mossambica) Peters – effect of 
methyl parathion. Proc. Indian Natn. Sci. 
Acad. 47 B: (1), 53-57.

70. Rao, J.K.  Makhu, Ch, and Murty V.S.R. 
(1983). Histopathology of malthion on gills 
of  a fresh water teleost .  Tilapia 
mossambica. (Peters). J. Environ Biol. 4 
(1):9-13.

123

Effects of Crude Oil Pollutants.....122 JANUARY-JUNE 2015



71. Rios, F.S.  and Fanta, E. (1998). Morphology 
of gill rackers and their ecological function 
in feeding of the Antarctic fish Notothenia 
neglecta. Nybein. Antarctic Record 
(Nankyoku Shisya). 42, 131-150.

72. Romao, S., Freire, C.A. and Fanta,  E. 
(2001). Ionic regulshan and Na, K. ATP ase 
activity in gills and kidney of the 
aglomerular Antarctic fish Notothenia 
neglect upon exposure to sea-water 
dilution. Journ. Fish Biol, 55.

73. Robert, R. J. (1989). Fish Pathology , 
82A:543-547. 

86. Sarvan Bhavan, P. and Geraldine, P. (2002) 
Histopathology of the hepatopancreas and 
gill of the prown Macrobrachium 
malcolmsonii exposed to enkosulfan. 
Aquat. Toxicol. 50.  331-339.

74. Sayer,  M.D.J. and Davenport. J. (1987). 
The relative importance of gills to ammonia 
and urea excretin in five sea-water and one 
fresh water teleost  species. J. fish. Biol. 31. 
561-570.

75. Schimid, O.J. and Mann, H (1961). Action 
of a detergent (dodecythenzenesulphonate) 
on the gills of the trout. Nature. 192-675.

76. Singh, S.R. 1977. Effect of water pollutants 
on the respiratory, biology of a food fish of 
Bihar. Ph. D. Thesis. Bihar University 
Muzaffarpur.

77. Skidmore, J.F. (1970). Respiration and 
osmoregulstion in rainbow trout with gills 
damaged by zinc sulphate. J. Exp. Biol. 52, 
481-494.

78. Skidmore, J.F. and Tovell  P.W.A. (1972). 
Toxic effects of  zinc sulphte on the gils of 
rainbow. trout. Water Res. (6): 217-230.

79. Smart,  G. (1976) the effect of ammonia 
exposure on gill structure of the rainbow trout 
(Salmo-gairdneri) J. Fish Biol. 8:471-475.

80. Soderberg, R.W., Mc Gee, M.V. and Boyd, 
C.E.  (1984). Histology of cultured Channel 
catfish, Ictalurus punctatus (Rafinesque), J. 
Fish Biol. 24, 683-690. 

81. Solangi, M.A. and Overstreet, R.M. (1982). 
Histopathologiral changes on two estuarine 
fishes, Meriab berryllino (Cope) and 
Trinectes maculatus exposed to crude oil 
and its water soluble Gactions. J. Fish Dis. 5: 
13-25.

82. Srivastava, J. and Srivastava, A.K. (1984). 
Histopathology of the gills of Channa 
g a c h u a  e x p o s e d  t o  s u b - l e t h a l  
concentrations of Malthion  and 
chorodane. In : Effects of pestcides on 
aquatic Fauna (ed) S.K. Kulshrestha, V. 
Kumar and M.C. Bhatnagar. The academy of 
Environmental Biology, India, Muzaffarpur 
:37-44.

83. Stoker, P.W. Larsen,  J.R. Booth, G.M. and 
Lee, M.L. (1985) Pathology of gill and liver 
tissues from two genera of fishes exposed to 
two coal- derived materials, J. Fish Biol. 27, 
31-46.

84. Velcheva I., A. Arnaudov, E. Georgieva 
2010a. Influence of Zinc on gill morphology 
of Gibelio carp (Carassius gibelio). – 
Ecologia Balkanica, 2: 19-23.

85. Verma, S.R., Gupta, S.P. and Tyagi, M.P. 
1975. Studies on the toxicity of Lindane on 
Colisa fasciatus Gegenbaurs Morph. Tahrb 
Leipzig, 121: 538-540.

86. Wendelaar Bonga, S.E. and Lock, R.A.C. 
(1992), Toxicants and Osmoregulation in 
fish . Netherlands Journal of Zoology, 42: (2-
3), 478-493. 

87. Yasser, A. Gh. and M.D. Naser, 2011. 
Impact of pollutants on fish collected from 
different parts of Shatt Al-Arab River: a 
histopathological study Environmental 
Monitoring and Assessment, 181: 175-182.

122

123KANTI KUMARI ET. AL.International Journal on Environmental Sciences 6 (1)



Salinity-induced Metabolite Change in the 
Leaves of Catharanthus roseus (L). G. Don

SHABNAM AKHTAR, JAVED AHMAD AND ALTAF AHMAD*
                                                                                                                      

Molecular Ecology Laboratory, Department of Botany,
Hamdard University, New Delhi 110062, India 

Received: 25 April, 2014; Revision: 07 May 2014 Accepted: 25 May, 2014

ABSTRACT

Catharanthus roseus (L). G Don is a source of wide spectrum of terpenoid indole alkaloids 

(TIAs). All TIAs are produced through a combinatorial process of TIAs synthesis pathway. 

Abiotic and biotic stresses affect the synthesis of these TIAs in plants. In the present study, 

analysis of various biochemical parameters and metabolites accumulation in the leaves of C. 

roseus was carried out under salinity stress. Three-month-old plants were treated with different 

NaCl concentrations for 10 days and leaves were sampled at 1, 5 and 10 days after treatment 

(DAT). While the chlorophyll contents were reduced under salinity, total carbohydrate, total free 

amino acid and proline contents increased significantly at 5 and 10 DAT. HPLC analysis of 

important TIAs revealed that the percent contents of vindoline, vincristine, catharanthine, 

secologanin and tryptophan increased with the increase in the days of treatments. No change 

was observed in the content of tryptamine. The content of vinblastine decreased at 5 and 10 

DAT. The percent content of ajmalicine increased at 1 and 5 DAT and decreased thereafter. These 

findings may be useful for understanding the differential change in the metabolite profile at 

different steps of TIA pathway in C. roseus.

Keywords: Catharanthus roseus; Terpene Indole Alkaloids (TIAs); Salinity stress; biochemical 

parameters; Metabolites; HPLC.

monomeric anti arrhythmic ajmalicine and 

serpentine in roots. The plant also possesses 

hypoglycaemic properties in all of its parts and 

its leaves infusion is used to treat menorrhagia 

(Jaleel et al. 2006). Due to these important 

m e d i c i n a l  p r o p e r t i e s  t h e  p l a n t  i s  

pharmacologically important and is extensively 

studied. 

In C. roseus, coupling of precursors of Indole 

pathway and iridoid pathway form the building 

block for the biosynthesis of terpene indole 

alkaloids (TIAs), where one unit of tryptamine 

(product of shikimate pathway) condensed with 

one unit of secologanin (derived from iridoid 

INTRODUCTION

Catharanthus roseus (L.) G. Don., commonly 

known as Madagascar periwinkle is a perennial 

tropical plant which belongs to the family 

Apocynaceae. The species has been cultivated 

widely for herbal medicines and as an 

ornamental plant. C. roseus is only a plant where 

a wide range of complex secondary metabolites 

are produced. Out of known 200 important 

compounds, 130 are terpene indole alkaloids 

(TIAs) which are produced in underground and 

aerial parts of the plant (Van der Heijden et al. 

2004). Plant produced dimeric anticancerous 

vincristine and vinblastine in aerial parts, 
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pathway) to form strictosidine by the enzyme 

strictosidine synthase (STR) (Roepke et al. 

2010). Strictosidine in the presence of enzyme 

Strictosidine-â-D glucosidase (SGD) and other 

few enzymes result in the formation of 

ajmalicine, catharanthine and tabersonine. 

Further, tabersonine is converted into 16-

methoxy tabersonine through many enzymatic 

transformations which is then transported to 

mesophyll/idioblast/laticifer cells of leaves to 

form vindoline (Murata and Luca 2005). The 

dimeric anticancerous compounds are formed 

by the dimerization of vindoline and 

catharanthine and reduced to form a naturally 

occurring compound anhydrovinblastine to 

form dimeric vinblastine and vincristine at the 

end (Sottomayor et al. 2004). 

Accumulation of secondary metabolites in 

medicinal plants occurs in response to various 

stresses. These secondary metabolites protect 

the plants from the adverse environmental 

conditions. Regulation of TIAs biosynthesis in 

the presence of low light-affected alkaloids in 

the leaves of C. roseus seedlings (Tang et al. 

2007). Salinity stress affect morphological 

parameters, decreased chlorophyll content and 

increased ajmalicine content in Vinca rosea, as 

compared to the control (Jaleel et al. 2008). The 

exposure of UV light on C. roseus seedlings 

decreased chlorophyll content and increased the 

content of vindoline, vinblastine and 

catharanthine in relation with the gene 

expression (Ying et al. 2011). Modification in the 

chemical compositions, essential oils 

production and induction in the level of 

secondary metabolites of medicinal plants has 

been reported earlier in several medicinal plants 

under salt stress. Alkaloids like reserpine in 

Rauvolfia tetraphylla (Anitha and Kumari 2006) 

and vincristine in C. roseus (Misra and Gupta 

2006) was increased with increase in 

concentration of salt treatment. Similarly 

phenolic acid concentration in Achillea 

fragratissima (Abd el-Azim and Ahmed 2009) 

and Nigella sativa (Bourgou et al. 2010) was also 

increased. These findings showed the 

ameliorative effect of salt stress on chemical 

constituents of various medicinal plants.

Salt induced changes in the content of vincristine, 

vinblastine, catharanthine and vindoline in C. 

roseus seedlings (Wang et al. 2008), ajmalicine in 

roots (Jaleel et al. 2008) and vincristine in shoot 

system (Osman et al. 2008) was carried out earlier. 

However, no study on the change in the 

metabolites of TIA pathway of field grown C. 

roseus under salt stress was carried out so far. 

Present investigation has been done to analyze the 

change in the level of various metabolites and 

precursor of TIA pathway of C. roseus under salt 

stress in filed grown plants. This may be proven 

helpful in increasing the production of a 

particular compound of TIA biosynthetic 

pathway through metabolic engineering.

MATERIALS AND METHODS

Plant material and experimental design
Authenticated seeds of Catharanthus roseus (L.) 
G. Don. var. Nirmal procured from Central 
Institute of Medicinal and Aromatic Plants, 
Lucknow, India. Experiments were conducted at 
the Herbal Garden and Medico-Botany 
Laboratory, Department of Botany, Hamdard 
University, New Delhi. Before sowing seeds, 
seeds surface were sterilized in 0.2% HgCl2 
solution for 5 min (with frequent shaking) and 
thoroughly washed with tap water. Two-months-
old C. roseus var. Nirmal plantlets were 
transferred in 15 pots (3 plants per pot) filled 
with soil containing clay and pertile in the ratio 
of 3:1 having pH, 7.2; EC, 1.65 ds m1"1. The pots 
were placed under natural light and temperature 
conditions during the growth season with an 
average day/night temperature of 22/16 ± 2 °C. 
Experiment was conducted in triplicate in 
which 3 months old plants are irrigated with five 
levels of NaCl solution as 0 (Control), 25 mM, 50 
mM, 75 mM and 100 mM for each set. Leaf 
samples were collected on 1 day after treatment 
(DAT), 5 DAT and 10 DAT for biochemical and 
phytochemical analysis. 
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Alkaloid extraction of dried leaf samples of C. 

roseus was carried out by using the method of 

Singh et al. (2000) with slight modifications. We 

used methanol in place of ethanol for the 

extraction of alkaloid. 5.0 g of powdered leaf was 

extracted thrice with methanol (3 × 30 ml, 12 h 

each time) at room temperature. The alcohol 

extract was filtered and concentrated under 

vaccum to 10 ml. 10 ml water was added and 

then acidified with 10 ml 3% HCl. Hexane 

washing was done thrice with 30 ml of hexane 

each time. The aqueous portion was basified 

with ammonia to pH 8.5 and extracted using 

chloroform (3 × 30 ml). Chloroform extract was 

further washed with water and concentrated in 

vacuum oven. The residue was re-dissolved in 

10 ml methanol.

Analysis of metabolites of TIA pathway 
Analysis of metabolites (Tryptophan, 
Tryptamine, Secologanin, Ajmalicine,  
Catharanthine, Vindoline, Vincristine and 
Vinblastine) of TIA pathway was a carried out by 
HPLC system consisted Waters (Waters, Milford, 
MA, USA) equipped with a 600E system 
controller, a 996 photodiode array detector  and 
2707 autosampler (Waters). The system was 
controlled by Empower 2 software (Europa 
Science, Ltd., Cambridge, UK) for monitoring 
and analysis of results. A C18 RP-column 
(Millipore, 250×4.6 mm, particle size 5 µm) was 
used for chromatographic separation. Column 

temperature was set at 35 °C. Injection volume 
was taken 10 µL. Two different mobile phases 
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Table 1: Salinity-induced changes in the chlorophyll contents (mg g-1 FW) in the leaves of C. roseus at 
various days of treatments.

b a a ab abc a b a aControl 0.75±0.05 0.97±0.07 0.85±0.03 0.25±0.03 0.2±0.01 0.30±0.03 1.01±0.02 1.16±0.03 1.16±0 .04

bc cde cde def def a c cd c25 mM  0.70 ± 0.09 0.65 ±0.02 0.60±0.1 0.16±0.01 0.14±0.01 0.34 ±0.00 0.87±0.11 0.79±0.03 0.83±0.08

cde cde cde def cde def cd c cd50 mM  0.61±0.01 0.61±0.0 0.57±0.03 0.16±0.01 0.19±0.03 0.16±0.01 0.78±0.02 0.82±0.03 0.74±0.04

bcd cde def ab def c c cd75 mM  0.65±0.01 0.63±0.01 0.62 ±0.01 0.16± 0.01 0.24 ±0.00 0.16±0.00 0.82 ±0.01 0.86±0.02 0.78±0.00cde

de e de f ef ef d d d100 mM 0.54± 0.02 0.51±0.03 0.54 ±0.05 0.12±0.00 0.13 ± 0.01 0.13±0.00 0.67±0.00 0.65±0.02 0.67±0.00

NaCl
Treatment

Chlorophyll a
(Mean ± SD) 

1 DAT 1 DAT 1 DAT5 DAT 5 DAT 5 DAT10 DAT 10 DAT 10 DAT

Chlorophyll b
(Mean ± SD) 

Total Chlorophyll
(Mean ± SD)

Values are means ± SD (n= 3). Mean with different letters are significantly different at 5% level. 



Biochemical analysis

Estimation of chlorophyll contents
Chlorophyll a, b and total chlorophyll contents 

were estimated in fresh leaf samples by using 

dimethyl sulfoxide (DMSO) (Hiscox and 

Israelstam 1979). 100 mg of the chopped leaf 

material was taken in vials containing 5 ml 

DMSO in triplicates. For complete leaching of 

pigments these vials were then kept in an oven at 

65 °C for 1 h. Thereafter, the volume of DMSO 

was made up to 10 ml and the chlorophyll 

content was measured immediately. The 

absorbance of DMSO containing pigments were 

read by UV-Vis spectrophotometer (Lambda BIO 

20, Perkin Elmer, Germany) at 645 and 663 nm. 

Chlorophyll a, Chlorophyll b, and total 

chlorophyll contents were calculated from 

optical densities by using equations given by 

Arnon (1949), and expressed in mg g-1 FW.

Estimation of total carbohydrate content
Total carbohydrate content was estimated by 

using anthrone sulfuric acid reagent in aqueous 

solution (Hedge and Hofreiter 1962). Glucose is 

used as a standard. For extracting total 

carbohydrates, 100 mg leaf tissue powder was 

hydrolyzed by boiling it in distilled water in a 

water bath for 2 h. The extracts were then 

allowed to cool and filtered. About 0.5 ml of the 

extract was then mixed with 4.5 ml of anthrone 

reagent (0.2 g anthrone, 8 ml absolute ethyl 

alcohol, 30 ml distilled water and 100 ml 

sulfuric acid). The mixture was boiled in a water 

bath for 8 min and then allowed to cool rapidly. 

After cooling, the absorbance of the solution was 

measured at 630 nm against the blank in a UV-Vis 

spectrophotometer (Lambda BIO 20, Perkin 

Elmer, Germany) and the total carbohydrate 

content (expressed as mg g-1 FW) was calculated 

through the standard curve.

Estimation of proline content
Proline content of leaves was determined by 

using ninhydrin (Bates et al. 1973). A known 

fresh weight (100 mg) of leaves was 

homogenized in 10 ml of aqueous 3% 

sulfosalicylic acid for over-night. The 

homogenate was then centrifuged at 10,000 rpm 

for 10 min. 2 ml of the supernatant was mixed 

with 2 ml of fresh acid ninhydrin solution and 2 

ml of glacial acetic acid for reaction in a test tube, 

and incubated for 1 h at 100 °C. The reaction was 

terminated by putting the test tubes in an ice 

bath, and then the mixture was extracted with 4 

ml toluene. The extract was placed for vortexing 

vigorously for 20 s. The fraction of 

chromophore-containing toluene was aspirated 

from the aqueous phase, and its absorbance was 

determined at 520 nm wavelength by using UV-

Vis spectrophotometer (Lambda BIO 20, Perkin 

Elmer, Germany). L- proline was also processed 

in the same manner for preparing standard curve 

and used for estimating proline content as nmol 

g-1 FW.

Estimation of total free amino acid content
Total free amino acid content was estimated by 

using ninhydrin (Lee and Takakashi 1966) and 

the standard curve was prepared from glycine. 

100 mg leaves was dipped in 5 ml ethanol for 

overnight, then grounded by using mortar and 

pestle and centrifuged at 5500 rpm for 10 min at 

4 °C. Alcohol was allowed to evaporate by 

incubating the test tubes containing the 

supernatant at 100 °C for 1 h in water bath. The 

pellet so obtained was dissolved in 10 ml of 0.5 

M citrate buffer (pH 5.6). From this aliquot, 0.5 

ml was mixed with 1.2 ml of 55% glycerol and 

0.5 ml of 1.0% ninhydrin solution. The mixture 

was then boiled for 20 min and after the 

appearance of blue color the volume was made 

up to 6 ml. Absorbance was recorded at 570 nm 

wavelength on UV-Vis spectrophotometer 

(Lambda BIO 20, Perkin Elmer, Germany).  It was 

expressed as ì mol g-1 FW.

Estimation of Terpene Indole Alkaloid (TIA) 

contents 

Alkaloids extraction
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per cent increase in the carbohydrate content 

was 2%, 3%, 4.8% and 12.4% with 25 mM, 50 

mM, 75 mM and 100 mM NaCl at 5 DAT. 

Similarly, at 10 DAT the content increased to 7% 

in 25 mM, 13 % in 50 mM, 14.7% in 75 mM and 

21% in 100 mM salt treatments.

Proline content
Proline content of C. roseus leaves increased 

with increased salt stress (Table 2). There was 

marked increase up to 29 % as compared to 

control plants at 10 DAT. At 1 and 5 DAT, proline 

content was first decreased about 2.5% and 11%, 

respectively upto 50 mM salt treatments and 

then slightly increased to 0.7% in 1 DAT sample 

and 28% in 5 DAT sample of 100 mM salt 

treatment. 

Total free amino acid content
Total free amino acid content in the samples 

collected at 1 DAT decreased slightly with 

increasing concentration of salt treatments and 

highly reduced upto 16% in 100 mM salt treated 

samples (Table 2). But at 5 DAT and 10 DAT, the 

content increased with increase in the levels of 

salt treatments. It was increased up to 69% in the 

100 mM treated samples of 10 DAT. 

Metabolites of TIA pathways 
Irrespective of treatment, the content of 

vindoline (0.033%) was maximum, followed by 

catharanthine (0.0055%). Content of Ajmalicine 

was found minimum (0.00007%) (Table 3). 

C. roseus TIAs originate when one unit of indole 

tryptamine is condensed with secologanin of 

iridoidal pathway. This coupling form the first 

TIA 3 (á) S-strictosidine by the enzyme 

strictosidine synthase (STR, EC 4.3.3.2) from 

which other TIAs are formed. Salt stress 

treatments caused changes in the metabolites of 

TIA pathway. These changes in the metabolites 

levels were also affected by duration of 

treatments. 

In indole pathway, tryptophan is decarboxylsed 

by tryptophan decarboxylase (TDC) to form 

tryptamine. Irrespective of treatments, the 

tryptophan content was the highest at 10 DAT in 

the control plants (Table 3). Salt treatment 

affected the content of tryptophan in the leaves 

of C. roseus. The content of tryptophan varies 

from 0.00012 % (control) to 0.00025% (100 mM 

NaCl). Salt treatment increased the tryptophan 

content by 2-fold in the leaves at 5 DAT, when 
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-1Table 2: Salinity-induced changes in the contents of soluble sugar (mg g  FW), proline (nmol g-1 FW) 
and soluble amino acid (µmol g-1 FW) contents in the leaves of C. roseus at various days of 
treatments.

e cde cd c c c fg ef fgControl 1.28± 0.13 1.37 ±0.05 1.42±0.06 17.5±0.50 18.2±0.8 18.3 ±0.52 16.0±0.18 16.9±0.87 15.8 ±0.1

ef de bc c c c fg de25 mM  1.22 ± 0.08 1.34 ± 0.04 1.53±0.03 17.1±0.14 16.8 ±1.3 17.2 ±1.10 15.7±0.11 18.2±0.43 17.7±0.34de

ef cd ab c c b fg c c50 mM  1.23 ± 0.05 1.41 ± 0.03 1.6 ± 0.02 17. ±0.25 16.2 ±1.6 20.9±0.20 15.7 ±0.35 19.0 ±0.26 20.4 ±0.46

f cd ab c b a g b b75 mM  1.16 ± 0.06 1.44 ± 0.08 1.63±0.03 17.5±0.23 21.0 ±0.9 23.5 ±0.22 15.1 ±0.18 20.2 ±0.26 22.1±0.75

de bc a c a a h a a100  mM 1.33 ± 0.04 1.54 ± 0.03 1.72±0.02 17.6±0.35 23.4 ±1.0 23.7 ±0.46 13.3±0.35 21.7 ±0.53 26.9±0.06

NaCl
Treatment

Soluble sugar content
(Mean ± SD)

1 DAT 1 DAT 1 DAT5 DAT 5 DAT 5 DAT10 DAT 10 DAT 10 DAT

Proline content
(Mean ± SD)

Soluble amino acid content
(Mean ± SD)

Values are means ± SD (n= 3). Mean with different letters are significantly different at 5% level. 
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compared to control. In 1 and 10 DAT, there was 

no significant change was observed by salt 

treatments over control (Fig. 1A). 
The content of precursor tryptamine in the 

leaves of C. roseus was higher than the content of 

tryptophan. Salt treatment did not cause any 

change in the level of tryptamine (Fig.1B). Leaf 

sample treated with 75 mM NaCl of 5 DAT show 

highest increased content of tryptamine 

(0.00054%) as compared to the control sample 

(0.00043%). 

Secologanin content in the leaves of C. roseus 

did not show any change at 1 DAT samples up to 
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Table 3: Salinity-induced changes in the percent contents of Vindoline, Catharanthine, Vincrisrine, 
Vinblastine, Ajmalicine, Secologanin, Tryptophan and Tryptamine in the leaves of C. roseus plant at 
various days of treatments.

Vindoline 0.0396 0.0336 0.0487

Catharanthine 0.00557 0.00603 0.00585

Vincristine 0.00018 0.00026 0.00024

Vinblastine 0.00042 0.00021 0.00024

Ajmalicine 0.00007 0.000079 0.00014

Secologanin 0.00067 0.00045 0.00065

Tryprophan 0.00019 0.00012 0.0003

Tryptamine 0.00032 0.00043 0.00043

1 DAT 5 DAT

Percent content (%) of metabolites of TIA pathway in the leaves of control plant 

10 DAT

50 mM NaCl treatment, and then showed 

significant increase in the leaf samples treated 

with 75 mM and 100 mM NaCl (Fig. 1C). The 

content of secologanin in control sample was 

0.00067%, which increased and reached to 

0.0015% and 0.002% by 75mM and 100 mM 

NaCl, respectively. Content of secologanin is 

increased by 2-folds at 5 DAT and 10 DAT with 

uniform pattern with respect to increased 

concentrations of salt doses. 

Strictosidine in the presence of enzyme 

S t r i c t o s i d i n e - â - D  g l u c o s i d a s e  ( S G D )  

synthesized ajmalicine, tabersonine and 

catharanthine. Among them, ajmalicine is 

medicinally important component of roots and 

rest two are important precursors of other TIAs. 

Percent content of ajmalicine was minimum in 

control plants in comparison to other 

metabolites (Table 3). At 1 and 5 DAT, content of 

ajmalicine in control leaves samples are same 

(0.00007%) while at 10 DAT it increased by 2-

folds (0.00014%) (Fig.  1D). Slight increase in its 

percent content is observed in leaves samples of 

1 DAT along with the increase in concentration 

of salt stress. At 5 DAT, highest ajmalicine 

content was observed in 50 mM NaCl treated 

plants, which reached at 0.00026% and then in 

100 mM NaCl treatment where the content of 

ajmalicine was 0.00023%. At 10 DAT, per cent 

content of ajmalicine showed noticeable 

decrease. This decrease was not influenced by 

level of salt treatment, the percent content of 

ajmalicine ranged from 0.00005% to 0.00006%.  

In samples collected at 1 and 5 DAT, content of 

catharanthine increased from 0.0055% and 
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Fig. 1: Salinity-induced changes in the percent contents of Tryptophan (A), Tryptamine (B), 
Secologanin (C), Ajmalicine (D), Catharanthine (E), Vindoline (F), Vinblastine (G) and Vincrisrine 
(H)  in the leaves of C. roseus plant at 1, 5 and 10 DAT. The values are mean of three independent 
replicates (n=3). Vertical bars indicate SE. Columns marked with different letters differ significantly 
at P<0.05.
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0.0060% (control) and reached upto 0.01% at 

100 mM NaCl treatment in both the samplings. 

In 10 DAT slight increase under salt stress in 

catharanthine content is noticed which was not 

significant (Fig 1E).

Vindoline biosynthesis is initiated by precursor 

tabersonine which undergoes several steps in 

the presence of six different enzymes to give the 

final product vindoline. Vindoline is itself an 

important TIA and a very important precursor of 

vincristine and vinblastine. Under salt stress, 

content of vindoline increased in all the three 

samplings with significant changes observed in 

samples of 5 DAT (Fig 1F). At 1 DAT, percent 

content did not show any change upto 50 mM 

NaCl treatment but it increased upto 0.056% and 

0.063% in 75 mM and 100 mM NaCl treatments, 

respectively when compared to its control 

(0.0396%). At 5 DAT, significant increase in 

vindoline percent content was observed in 50 

mM (0.079%), 75 mM (0.08%) and 100 mM 

(0.095%) NaCl treated samples. In samples 

collected at 10 DAT, slight increase was seen in 

the percent contents of vindoline with respect to 

NaCl concentrations. It increased to 30% in 100 

mM salt treatment when compared with its 

control.     

Coupling of vindoline and catharanthine form 

important anticancerous agent vinblastine by 

using enzyme anhydrovinblastine synthase 

(AVBLS). Vinblastine percent content was 

affected by duration as well as level of salt 

treatments (Fig. 1G). At 1 DAT, percent content of 

vinblastine was 0.00042%, 0.00038%, 

0.00023%, 0.00036% and 0.00051% in control, 

25 mM, 50 mM, 75 mM and 100 mM salt 

treatments, respectively. Percent content of 

vinblastine in control samples at 5 and 10 DAT 

reduced to 0.00021% and 0.00024% respectively 

as compared to 1 DAT control sample (Table 3). 

Percent content in salt treated samples ranged 

from 0.00018% to 0.00011% and 0.00026% to 

0.0001% at 5 DAT and 10 DAT, respectively.

Another most important anticancerous agent, 

vincristine is formed from vinblastine. The 

percent content of vincristine under salinity 

increased in all the samplings (Fig. 1H). At 

different concentrations of salt treatments, the 

percent contents were 0.00018% (control), 

0.00013% (25 mM), 0.00012% (50 mM), 

0.0004% (75 mM) and 0.00089% (100 mM) at 1 

DAT. At 5 DAT and 10 DAT significant increases 

were observed at 100 mM NaCl treated plants 

with 0.0019% and 0.0018% content ,  

respectively as compared to their controls.
DISCUSSION

Salinity stress affects plant growth and the 

production of secondary metabolites. Under salt 

stress, medicinal plants start producing higher 

concentration of several secondary metabolites 

than those plants which are cultivated under 

normal conditions. However, the growth of plant 

is negatively affected by salt stress as observed in 

many plants. In the present study, growth 

response of C. roseus to salt stress was measured 

in terms of biochemical parameters, viz 

chlorophyll, proline, total carbohydtrate and 

total amino acid contents. Salinity stress led to a 

remarkable decrease in the chl a, b, and total chl 

contents (Table 1). Similar findings were 

reported by Koocheki et al. (2008) in Thymus 

vulgaris, Zataria multiflora and Ziziphora 

clinopodioides and Osman et al. (2008) in C. 

roseus. This is due to enzymatic degradation of 

chlorophyll (Xu et al. 2000) and membrane 

deterioration (Ashraf and Bhatti 2000). On the 

other side, total carbohydrate, proline and total 

free amino acid contents significantly increased 

with increasing level of salt treatments at 5 DAT 

and 10 DAT (Table 2). Total carbohydrate content 

accumulation in plants may enhance the ability 

of plant to salt tolerance and contributed more 

for osmotic adjustment (Watanabe et al. 2000). 

Total carbohydrate increased with increased 

level of salt stress was also observed in Populus 

euphratica in vitro by Watanabe et al. (2000) and 

in Citrus rootstocks by Rashad et al. (2011). Salt 
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stress induced protein hydrolysis and 

disturbances in protein synthesis resulted in 

increased free amino acid and proline 

accumulation (Irigoyen et al. 1992) which help 

in reducing osmotic potential and toxic ion 

uptake (Hare et al. 1998). Under salt stress, 

increased proline accumulation was found in 

Achillea fragrantissima (Abd EL- Azim and 

Ahmed 2009), Catharanthus roseus (Osman et 

al. 2008) and several other plants. Free amino 

acids increased in cultivars of canola and faba 

beans plants (Khattab 2007; Taie et al. 2013).
Various abiotic stresses alter the secondary 

metabolite metabolism in C. roseus. UV 

exposure to C. roseus seedlings increased 

vindoline, vinblastine and catharanthine 

contents (Ying et al. 2011). Vincristine decreased 

under the treatment of nitrogenous fertilizer in 

fresh and dry shoot tips (Ziba et al. 2011). 

Ajmalicine, serpentine and tryptamine 

accumulation increased with relative higher 

sucrose levels in C. roseus cell cultures 

(Merillon et al. 1986). Previously several studies 

show that the salt stress increased secondary 

metabolites individually, vincristine in leaves 

and shoot systems (Misra and Gupta 2006; 

Osman et al. 2008), ajmalicine in roots (Jaleel et 

al. 2008). 

Change in the percent contents of a bioactive 

amine tryptophan and a precursor tryptamine of 

indole pathway was reported in C. roseus leaves 

under salt treatment in this study for the first 

time. At 5 DAT percent content of tryptophan 

increased by 2-folds (Fig. 1A). Rise in tryptophan 

accumulation was also reported in rice leaves 

when they undergo senescence (Kang et al. 

2009). Tryptamine content did not show any 

significant change with increase in the level of 

salt treatments (Fig. 1B). However, it slightly 

increased by 11% at 5 DAT in 75 mM NaCl. In 

contrast, in a study is documented that the 

tryptamine content is increased in high 

concentrations of sucrose in C. roseus cell 

culture (Merillon et al. 1984). Enzyme 

tryptophan decarboxylase (TDC) is responsible 

for the decarboxylation of tryptophan into 

tryptamine. Correlation between the activity of 

TDC and increment of tryptamine is well studied 

earlier (Merillon et al. 1986). Study on 

germinating seedlings of C. roseus also proved 

that the induction of TDC activity was not 

affected by light (Balsevich et al. 1986). Results 

in the present study indicated the normal 

functioning of TDC activity without affecting by 

salt stress may be a cause of not changing in 

percent content of tryptamine. Secologanin is a 

final product of iridoidal pathway, which 

undergoes condensation with tryptamine to 

perform a first committed step in the 

biosynthesis of TIAs. The step is catalyzed by 

strictosidine synthase (STR) to form a universal 

precursor of TIAs, strictosidine (Stockigt and 

Ruppert 1999). The present study showed 

increased percent content of secologanin under 

different level of salinity stress and number of 

days of treatment, which was not previously 

studied (Fig. 1C). Phytoplasma infected C. 

roseus leaves increased TIA metabolites like 

secologanin, vindoline and loganic acid (Choi et 

al. 2004) and increased glucose concentration 

also result in increasing secologanin content in 

C. roseus cell suspension culture (Contin et al. 

1998). Results of previous studies suggested that 

the gene encoding protein STR may be over 

expressed under stress conditions induced the 

increased biosynthesis of secologanin. Gene str, 

encoding STR protein, is induced in cell 

suspension cultures of C. roseus by fungal 

elicitation (Roewer et al. 1992) and artimisinic 

acid elicitation (Wen et al. 2012) are also 

evidenced in this support. However in C. roseus 

plants, roots show higher expression of genes tdc 

and str than stems and leaves (Pasquali et al. 

1992). Strictosidine form unstable aglycon and 

cathenamine by means of deglucosylation 

reaction catalysed by enzyme strictosidine-â-D-

glucosidase (SGD). Cathenamine opens three 

routes for different TIAs formation, through first 

route ajmalicine and serpentine formation 

occured by the enzyme cathenamine reductase 

(CR). Second route form alstonine and the third 
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route form catharanthine and tabersonine by 

means of reversible conversion to 4, 21-

dehydrogeissoschizine. In the biosynthesis of 

catharanthine, involvement of any enzyme or 

gene has not been identified so far (El-Sayed and 

Verpoorte 2007). Vice versa, pathway describing 

the biosynthesis of vindoline from tabersonine is 

well established. Ajmalicine is a medicinally 

important TIA for blood circulatory diseases and 

is mainly present in roots of C. roseus plants but 

in this study, it is observed in leaves in minimum 

amount. Under salt stress percent content of 

ajmalicine is also increased at 5 and 10 DAT 

significantly (Fig. 1D). Content of catharanthine 

is also increased in leaves up to 45% and 40% at 

1 DAT and 5 DAT, respectively (Fig. 1E). 

Enhanced production of catharanthine and 

ajmalicine are also evidenced by using 

combined elicitor treatment of an Aspergillium 

niger mycelium and tetramethyl ammonium 

bromide, combination of malate and sodium 

alginate and methyl jasmonate in C. roseus cell 

culture and hairy roots (Zhao et al. 2001a; Ruiz-

May et al. 2009). Canel et al. (1998) observed 

increase in ajmalicine content in transgenic cell 

suspension culture of C. roseus by over-

expression of str gene. So it is suggested that the 

salt stress may affect the activities of enzymes 

STR, SGD, CR or all, as the contents ajmalicine 

and catharanthine are produced from 

strictosidine, by using these enzymes. 

Biosynthesis of important chemical precursor 

vindoline occurs by the transformation of 

tabersonine by a sequence of six steps (De Luca 

et al. 1986). These reactions are catalyzed by 

enzymes Tabersonine 16 hydroxylase (T16H), O-

methyltransferase (OMT), N-methyltransferase 

(NMT), desacetoxy-4-hydroxylase (D4H) and 

deacytylvindoline-4-O-acetyltransferase (DAT), 

respectively (Balsevich et al. 1986). Enzymes of 

tabersonine biosynthetic pathway are found in 

all the parts of plant but last 5 steps of vindoline 

biosynthesis is only restricted to the aerial parts 

(De Luca et al. 1986). Among all the metabolites 

vindoline is present in highest amount as 

compared to other TIAs which slightly increased 

with increase in days of salt treatments and 

concentration (Table 3). Under salt stress, 

vindoline percent content increased with 

respect to the level of salt treatment, 

significantly at 5 DAT (Fig. 1F). Similar results 

were reported in response to several abiotic 

stresses like artemisinic acid elicitation, light 

exposure, methyl jasmonate elicitation 

treatment, UV-B radiation exposure of C. roseus 

culture suspension (Zhao et al. 2001b; He et al. 

2011). Enzymatic study on extracts from young 

leaves and seedlings of 50 different flowering 

cultivars of C. roseus showed that the lower 

vindoline cultivar has reduced (10-folds) 

activity of T16H (Magnotta et al. 2006). In C. 

roseus cell suspension culture, lacking of 

vindoline accumulation showed its correlation 

with the lack of expression of enzymatic 

activities of N-methyltransferase (NMT) and 

deacytylvindoline-4-O-acetyltransferase (DAT). 

Previous studies indicated that the involvement 

of genes for the enzymatic activities of T16H and 

16OMT play a major role in the biosynthesis of 

vindoline than that of last three enzymes NMT, 

D4H and DAT activities in C. roseus plants under 

salinity stress condition. Coupling of vindoline 

a n d  c a t h a r a n t h i n e  f o r m  á - 3 ’ ,  4 ’ -  

anhydrovinblastine, which is catalyzed by the 

b a s i c  p e r o x i d a s e - l i k e  e n z y m e  

anhydrovinblastine synthase (AVLBS) and 

further converted to vinblastine and vincristine 

(Tang et al. 2007). Under stress conditions, class 

III peroxidases are released in large amount for 

involving in plants defense mechanism (Siegel 

et al. 1993). In this study, vinblastine percent 

content in control plants is highest which 

reduced to half with increase in number of days, 

irrespective of treatment (Table 3). Under salt 

stress, vinblastine content reduced with respect 

to the increasing level of salt treatment (Fig. 1G). 

On the other hand, percent content of vincristine 

significantly increased with increasing level of 

salinity significantly at 5 DAT and 10 DAT (Fig. 

1H). Similar results of increased content of 

vincristine were also observed in the dry leaf 

133

133SHABNAM AKHTAR ET AL.,International Journal on Environmental Sciences 6 (1)



samples collected from plants grown under salt 

stress (Misra and Gupta 2006). Contents of 

vincristine, vinblastine and their precursor 

catharanthine increased as compared to their 

control when treated with 50 mM NaCl in C. 

roseus seedlings and in shoots treated with 150 

mM NaCl for 2 months (Osman et al. 2008) and 

chromium stress in plant material (Rai et al. 

2014). These results indicate that the formation 

and increase in the content vincristine from 

vinblastine may depend on the amount of 

production of peroxidases that mediated 

dimerization reaction by AVLBS, age of plant 

and the amount of content of vindoline and 

catharanthine for their coupling. This study 

provides information for understanding the 

effect of different levels of salinity on the 

production of important TIAs and their 

precursors in C. roseus plant. Further studies 

need to be carried out for determination of the 

expression pattern of genes associated with the 

activities of enzymes responsible of their 

formation.

CONCLUSION

Present investigation provides information that 

NaCl treatment affects the overall secondary 

metabolism in TIA pathway in C. roseus plant. 

Medicinally important metabolites and their 

precursors are differentially adjusted in relation 

to the salt stress which can help us in 

understanding synthesis and accumulation of 

TIAs. Increasing demand of vincristine and 

vinblastine but their low availability, increases 

the need of better understanding the TIA 

biosynthetic pathway at regulatory as well as 

structural levels. This analysis of wide range of 

precursors and TIAs, instead of analyzing final 

product is designed by keeping this in mind that 

the production of secondary metabolites 

through the TIA pathway work as a whole set of 

interconnected network. In this study, 

interesting changes in the percent content of 

important precursors and metabolites are 

observed with increasing level of salt treatment 

and number of days of treatment. This could be 

happened due to the changes in the expression 

levels of the genes associated with the enzymes 

responsible for their biosynthesis. Future 

research required to study the genomic and 

proteomic approaches for determining the 

regulatory networks and identifying genes 

operating in the biosynthesis of TIAs under salt 

stress.
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ABSTRACT

The present investigation explains the physiological and biochemical response of parag rass 
6+(Brachiaria mutica Forssk. Stapf) to increased doses of hexavalent chromium (Cr )  and  chelate 

+6assisted  Cr  under in vivo condition. Plant lets of paragrass were transplanted in poly bags and 

grown for  10 days in uncontaminated  5 kg  garden soil. After 10 days the plantlets were grown 
+6 +6for 60 days supplemented with different concentrations of Cr , and chelate-assisted Cr  

+6 +6containing Cr -EDTA(Ethylene Diamine Tetra Acetic Acid)  and Cr - CA (Citri Acid)   
+6respectively.  60 days plants grown with Cr -EDTA visibly  showed improved  growth. The plant 

mass, leaf pigment  and  protein    status exhibited  more or less  increased higher values with 
+6 +6Cr -EDTA and Cr -CA  treatments as  compared to control.  One of the most important 

+6observations was that paragrass successfully tolerate to grow at  high toxic concentration of Cr  
+6(even up to 300 mg of Cr /kg of soil). This observation will cite evidence with thriving 

potentiality for the plant  that  can  be exploited in  future  for  phytoremediation  experiments 

and  field application. The  plants with minor  stimulation in growth behaviour   was observed 

due to supplementation of chelating agents  like EDTA and CA. An increase in  proline content 
+6was noticed with the application of highest doses of  Cr  (300mg/kg of soil) as compared to  less 

values by chelator's application.  The result  suggests  the positive roles of chelators in tackling 

phytotoxic implications of Cr at high concentrations.                                                                                        

+6Keywords: Cr   phytotoxicity  assessment, Physiological and Biochemical lesions.

toxic effects of chromium-contaminated soil on 

plants and other organisms. One common 

approach, the shifting of polluted soil to 

landf i l l s ,  i s  expens ive  and imposes  

environmental risks and health hazards of its 

own. Sources of new native hyperaccumulator 

plants for use at contaminated sites are needed 

and constitute a key goal of ongoing 

phytoremediation research programs. Such new 

plants are needed to enhance the attractiveness 

of phytoremediation as an effective, affordable, 

INTRODUCTION

Chromium is an important toxic environmental 

pollutant. Chromium pollution results largely 

from industrial activities, but other natural and 

anthropogenic sources also contribute to the 

problem. Plants that are exposed to 

environmental contamination by chromium are 

affected in diverse ways, including a tendency to 

suffer metabolic stress. There has been a long 

history of attempts to successfully mitigate the 
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+6 -1with selected concentrations of Cr  (10 mg Kg , 
-1 -1 -150 mg Kg , 100 mg Kg , 200 mg Kg  and 300 mg 

-1 +6 -1 -1Kg ), Cr -EDTA (10 mg Kg , 50 mg Kg , 100 mg 
-1 -1 -1 6-Kg , 200 mg Kg  and 300 mg Kg )  and Cr+  CA 

-1 -1 -1 -1(10 mg Kg , 50 mg Kg ,100 mg Kg , 200 mg Kg  
-1and 300 mg Kg ). The plant lets were grown up to 

60 days  and harvested for growth and 

biochemical analysis. Different growth 

parameters of the plantlets were  studied with  

reference  to the applications of different 
+6concentrations of Cr  treatments alone and in 

+6combinations of  Chelate based Cr   using EDTA 

and CA.

Toxicological analyses: The toxicological effects 
+6of Cr  were expressed in terms of % 

phytotoxicity, and tolerance index (TI), which 

were calculated by the methods described by 

Iqbal and  Rahmati (1992), Labra et al.(2006) and 

Datta et al. ( 2011).

Analysis of Biochemical Parameters: Analysis 

of pigment chlorophyll content was conducted  

by extracting pigments  from  leaves of the same 

age (3rd nodal position) from 60 days grown 

paragrass plantlets (Arnon et al, 1949,Patra and 

Mishra, 1979, , Pora, 2002)    Protein and Proline 

estimation was done as done previously(Patra 

and Mishra, 1979, Bates et al., 1973).

Statistical analysis: The experiments were 

conducted in triplicates and the data presented 

in the figures and tables are mean ± SEM 

(Standard Error of Mean) of three replicates.

RESULTS AND DISCUSSION

+6Impairment  growth responses to Cr  stresses 

:The growth parameter studies of 60  days-old 

para grass plants using different  concentration 
+6gradients of  Cr   (without/with chelating agents  

like EDTA and CA) showed significant 

deterioration in growth with increasing supply 
+6of Cr  (Table 1, Plate 1, Plate 2 and Plate 3). 

and eco-friendly. Phytodetoxification is an in 

situ process, which involves detoxification of 

heavy metals through plant-based chelation, 

reduction, and oxidation mechanisms. (Panda 

and Patra, 1997; Mohanty and Patra, 2011, 2012, 

Mohanty et al. 2014). Several plant species and 

algae have been used in the reduction of 

chromium (VI) to Cr (V), and eventually to Cr 

(III). Several vegetable crops andwetland plant 

species are also used for remediation. 

Metal chelators like EDTA, DTPA, EDDHA, 

organic acids (carboxylic acids, salicylic acids, 

maleic acid Citri acid etc.), and glycine are also 

useful for heavy metal remediation (Salt et al. 

1998, Mohanty and  Patra, 2011, 2012, Mohanty 

et al., 2014). In addition, we address different 

phytoremediation processes that are being 

studied for use worldwide, in contaminated 

regions, to address and mitigate Cr pollution.  

Para grass (Brachiaria mutica) is highly tolerant 

to saline or sodic soil conditions.Therefore, this 

grass can be used for soil reclamation, which can 

also  survive under water logged condition.  In 

this paper, we describe the impact of  chromium 

contamination and the toxic impacts of  

hexavalent chromium on plant growth and 

metabolism. Phytotoxicity assessment, 

physiological responses and tolerance potential 

of paragrass (Brachiaria mutica Forssk. Stapf)  

grown in  chromium and chelate-assisted-

chromium contaminated soil have been 

investigated.

MATERIALS AND METHODS

Plant  material  and  Growth:  Paragrass 

(Brachiaria mutica (Forssk. Stapf)  plantlets   

samples were collected from Fodder Research 

Institute, Balianta, Cuttack, Odisha  and  grown 

on poly bags containing soil and green manure 

(3:1). Threee plant lets of  uniform height (30 

cms each) were transplanted in  each poly bags 

containing 5kg garden soil and after 10 days of 

plant growth, the plantlets  were supplemented 

140
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reduced as compared to control. Similar results 

have been reported by several other workers in 

other plants (Bonnet et al. 1991, Zayed and Terry 

2003). The deleterious effect was more 

pronounced in root and shoot biomass of 60  

days grown  plants 

Root and shoot length of paragrass were 

s i gn i f i can t ly  inc reased  in  sub - tox ic  
+6concentrations of Cr (10 and 50 ppm)   in 

comparison to control after 60  days of growth. 
+6The effect of Cr   on  shoot and root was found 

+6 highly toxic at 300 ppm   of Cr  as the length of 

the  shoots and roots have been significantly 

141

6+Plate 1: Photograph showing comparative growth of paragrass grown at different concentrations of Cr  
[Leftto right: Control, Cr(10), Cr(50), Cr(100), Cr(200), Cr(300)].  

Treatment Root length Shoot length Root fr.wt Shoot fr.wt Root Dry wt. Shoot Dry wt. Root/shoot 
(cm) (cm) (gm) (gm) (gm) (gm) dry wt (gm)

+6Cr
Control 19.48±0.534 100.38±0.394 16.54±0.593 49.79±0.795 3.74±0.163 18.57±0.320 0.201
10 ppm 20.3±0.596 114.15±0.453 10.91±0.512 45.71±0.517 2.80±0.127 14.47±0.285 0.194
50 ppm 21.09±0.850 111±0.523 11.63±0.411 38.56±0.565 2.54±0.158 10.87±0.232 0.233
100 ppm 17.56±0.461 100±0.539 11.68±0.65 30.37±0.543 1.98±0.076 10.73±0.351 0.184
200 ppm 15.30±0.519 90±0.610 9.91±0.411 28.33±0.611 2.63±0.122 8.62±0.491 0.306
300 ppm 12.28±0.472 85±0.788 9.38±0.452 25.33±0.627 3.30±0.392 9.21±0.278 0.358

+6-Cr EDTA
Control 19.48±0.537 100.59±0.879 17.44±0.274 49.26±0.435 3.74±0.163 18.57±0.320 0.201
10 ppm 22.51±0.790 111.41±0.749 14.79±0.254 48.62±0.488 3.25±0.150 15.10±0.281 0.215
50 ppm 14.61±0.609 108.37±0.728 11.55±0.551 43.46±0.672 1.94±0.022 13.13±0.343 0.148
100 ppm 15.42±0.691 105.26±0.687 13.84±0.428 41.55±0.542 2.68±0.103 14.31±0.385 0.181
200 ppm 11.98±0.245 95.403±0.702 8.64±0.628 27.83±0.645 2.40±0.124 8.76±0.229 0.274
300 ppm 10.67±0.447 90.373±0.424 5.78±0.625 20.58±0.545 2.39±0.141 10.44±0.118 0.228

+6-Cr  CA
Control 19.48±0.537 100.59±0.879 17.44±0.274 49.62±0.435 3.74±0.163 18.57 ±0.320 0.199
10 ppm 18.18±0.428 90.11±1.00 10.51±0.482 34.60±0.513 2.53±0.038 12.72±0.126 0.199
50 ppm 18.44±0.497 94.40±0.433 14.34±0.672 45.14±0.258 1.93±0.025 11.64±0.241 0.166
100 ppm 14.77±0.398 92.27±0.810 11.45±0.557 57.75±0.619 2.47±0.106 15.56±0.176 0.159
200 ppm 12.51±0.599 84.22±0.421 13.29±0.623 35.97±0.306 3.17±0.057 11.28±0.074 0.281
300 ppm 11.37±0.795 79.11±0.541 10.15±0.618 31.24±0.179 2.33±0.095 9.23±0.057 0.252

+6 +6 +6Table 1 : Effect of Cr ,  Cr - EDTA and Cr - CA treatments  on  growth related changes of Paragrass.
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+6concentrations of Cr  showed a declining trend 
+6with increasing concentration of Cr  (Table 2). 

Hexavalent chromium affects plant growth and 

metabolism by decreasing nutrient uptake and 

photosynthetic abilities (Bonet et al. 1991, 

Barcelo et al. 1985, 1986).

+6supplemented with Cr  (300ppm). Root  growth  

inhibition is a primary toxic effects  of  heavy 

metals and  this  parameter is an ideal  index  to  

measure  the  degree  of  tolerance (Wong and 

Bradshaw, 1982). The difference in the tolerance 

index of roots and shoots  towards different 
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6+Plate 2: Photograph showing comparative growth of paragrass  at different concentrations of Cr -  
EDTA [Left to right: Control, Cr-EDTA(10), Cr-EDTA(50), Cr-EDTA(100), Cr-EDTA(200), Cr-
EDTA(300)]. 

6+Plate 3: Photograph showing comparative growth of paragrass  at different  concentrations of Cr - CA 
[Left to right: Control, Cr -CA(10), Cr-CA(50), Cr-CA100), Cr-CA(200), Cr-CA(300)
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Treatment % Survival % phytotoxicity % phytotoxicity Root tolerance shoot tolerance Plant tolerance 
after 30 to root to shoot index index index

days growth 
of plantlets

+6Cr
Control 100 0 0 100 100 100
10 ppm 100 0 0 104 113.70 112.16
50 ppm 100 0 0 108 110.78 110.37
100 ppm 88 9.88 0.094 90 99.90 98.31
200 ppm 77 21.45 9.790 78.54 90.20 88.31
300 ppm 44 36.94 15.02 63.05 84.97 81.41

+6Cr -EDTA
Control 100 0 0 100 100 100
10 ppm 100 0 0 115 110.75 111.13
50 ppm 88 24.61 0 75 107.73 102.42
100 ppm 77 20.83 0 79.16 104.42 100.50
200 ppm 66 38.51 5.15 61.48 94.84 89.42
300 ppm 33 45.22 10.15 54.77 89.84 84.18

+6Cr - CA
Control 100 0 0 100 100 100
10 ppm 100 6.68 10.14 93.31 89.58 90.18
50 ppm 88 5.63 6.15 94.66 93.84 93.18
100 ppm 77 24.17 8.26 75.82 91.73 89.15
200 ppm 77 35.80 16.27 64.19 83072 80.55
300 ppm 33 41.63 21.35 58.36 78.64 75.35

-1 -1Treatment Chlorophyll ( mg,g fr.wt.-1) Protein( mg ,g fr.wt. ) Proline ( µg, g fr.wt. )

+6 Cr
Control 0.7511±0.289 25.333±0.620 18.830±0.593
10 ppm 0.6928±0.005 28.123±0.437 20.243±0.209
50 ppm 0.680±0.012 27.013±0.383 12.544±0.592
100 ppm 0.881±0.008 24.896±0.504 13.656±0.777
200 ppm 0.598±0.009 20.262±0.478 26.298±0.717
300 ppm 0.454±0.018 10.446±310 27.810±0.605

+6Cr -EDTA 
Control 0.7511±0.289 25.33±0.620 18.830±0.593
10 ppm 0.9036±0.052 23.630±0.413 7.740±0.520
50 ppm 0.8206±0.031 23.206±0.190 9.090±0.542
100 ppm 0.7994±0.001 22.666±0.480 7.812±0.321
200 ppm 0.7854±0.009 21.663±0.525 9.926±0.485
300 ppm 0.7005±0.027 18.460±0.621 5.254±0.318

+6Cr -CA
Control 0.7551±0.289 25.333±0.620 18.830±0.593
10 ppm 0.5939±0.004 26.270±0.728 18.042±0.483
50 ppm 0.995±0.002 28.290±0.438 11.503±0.587
100 ppm 0.6352±0.009 27.250±0.607 10.692±0.403
200 ppm 0.6165±0.006 24.760±0.334 11.334±0.485
300 ppm 0.5546±0.006 23.490±0.709 11.561±0.508

+6Table 2 : Toxicological interpretation  of  60 days old Paragrass plants  grown in Cr  contaminated 
soil.

+6 +6 +6Table 3 : Effect of Cr , Cr - EDTA and  Cr - CA treatments  on chlorophyll, protein and  proline 
contents of leaves of 60 days grown Paragrass.
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reduction in chlorophyll content was observed 
+6with increased Cr  stress revealing the tolerant 

nature of the plant. Very little increase in total 

chlorophyll content was observed at 100ppm 
+6Cr  treatment but increase in total chlorophyll 

+6content was observed at 10 and 50 ppm Cr -
+6EDTA, and Cr -CA teatments. Increasing 

concentrations of Cr+6 shows increase in 

proline accumulation after 60 days growth in 

treatment soils (Table 3).Proline content is the 

only amino acid that accumulates to a greater 

extent in the leaves of plants under stress. But 
+6 +6increase concentrations of Cr - EDTA and Cr -

CA shows decrease in proline accumulation 

after 60 days growth in treatment soils (Table 3)

Proline  accumulation  is  an  important  

parameter  to recognize  the  stress  impact  on  

plants (Mohanty and Patra, 2011). Proline 

accumulation may also help in non-enzymic free 

radical detoxification. The overall investigation 
+6shows that Cr  at higher concentration had 

deletorious effects on growth parameters and 

boichemical lessions. These deleterious effect of 
+6Cr  due to chlorophyll and protein biosynthesis 

(Table 3).The investigation also indicates 

variable proline biosynthesis and accumulation 

activities. However, the chelate assisted Cr 
+6 +6tretmement (Cr - EDTA and  Cr -CA) were 

ameloirative to retard proline biosynthesis in 

response to Cr toxicity stress. 

CONCLUSIONS

The present study indicates that the massive 

fibrous root system of paragrass could be helpful 

for undertaking the  on  going study to establish 

the dose dependent stress impacts of Cr 

application on growth and metabolisim of 

graminaceious plants. Future phytoremediation 

strategies will be carried out for de-
+6contamiantion of Cr  from polluted soil.This 

study will further suggests the measures for the 

farmers who grow crops at the contaminated 

sites.

Reduction of growth parameters was scored at 
+6higher concentrations of Cr  tested.  However, 

+6at low concentration of Cr  (10ppm) the damage 

was not fatal. A consistent growth inhibition was 

observed in 200ppm and with the highest 

inhibition occurring at 300ppm. A significant 

decrease in root length was observed when 

paragrass plants were supplemented with higher 
+6concentrations of  Cr  (100 ppm, 200 ppm and 

300 ppm). Shoot length of paragrass treated with 
+6different concentrations of Cr  and chelete 

assisted Cr showed significant differences. Root 

fresh weight values of samples treated with 
+6 +6200ppm and 300ppm of  Cr , Cr -EDTA, and 

+6Cr -CA significantly decreased in comparison 

to control and other treatments. 

Toxicological Analysis: The % phytotoxicity to 

roots and shoot of 60 days grown paragrass 
+6under different Cr  treatments showed an 

+ 6increasing trend with increasing Cr  

concent ra t ion (Tab le  2 ) .  The  h ighes t  

phytotoxicity values of  root (36.94%) and shoot 

(15.02%%) was found in plants supplied with 
+6300 ppm of Cr .  However, the toxicity values  

increases further with combined applications of 

Cr-EDTA and Cr- CA. Results from the tolerance 

studies showed that  root, shoot and plant TI  
+6decreased with increasing Cr  supply for all 

types of  treatment. Shoot tolerance has been 

found better as compared to root tolerance 

which may be due to direct contamination of 

chromium at the rhizosperic atmosphere. The 

survival of plants were analysed for 30 days old 

plants which indicates better survival with 
+6supply of Cr  only as compared to combined 

+6applications of Cr  with chelator.. However, 

once the plants survived with  chelators, the 

growth conditions improved. 

+6Toxic effects of Cr   and  Biochemical Lesions: 

A significant deterioration in chlorophyll 

content of paragrass leaves were observed after 

60 days  of treatment (Table 3). Negligible 
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