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Abstract 
The aim of the present study is to establish a correlation between litchi leaves extracts and their activity against human 
pathogenic bacteria. For this fresh litchi leaves were collected and dried in shade, powdered and extracted successively 
with solvents of different polarity. Phytochemical investigation was performed using conventional natural products 
identification tests and antimicrobial screening was done for two Gram negative and three Gram positive bacterial 
strains. Antimicrobial test were performed by disc diffusion method. All the tests were performed in a triplicate. Presence 
of majority of phytoconstituents in acetone extract may be responsible for its prominent activity against all the pathogens.   
 

Keywords: Litchi chinensis, successive extraction, phytochemical investigation, and antimicrobial 
screening 
 
Introduction 
The wealth of India is stored in the enormous 
natural flora which has been gifted to her, endowed 
with a wide diversity of agro-climatic conditions. 
Thus, providing favorable condition for the growth 
for variety of medicinal and aromatic plants. Due to 
climatic diversity the chemical constituents in a 
same plant vary from region to region. In north 
India Uttarakhand is known for its climatic 
diversity, Dehradun is popular for its litchi 
production. Litchi belongs to the family 
sapindaceae. It is the plant native to South China 
but now exotic to other parts of the world. In India 
it is wildly cultivated for its high nutritive value. It 
is a rich source of vitamin C (Ahmad, 1956). The 
chemical composition of litchi reveals that it had 
the edible portion 74.5%, moisture 78.5%, citric 
acid 1.2%, ash 0.69% and sugar 13.57 % (Cabin, 
1954). Medicinally the fruit of litchi is tonic to 
heart, brain, and liver (Kritikar & Basu, 1998). The 
potential of cultivated plants as a source for new 
anti-microbial drug and botanical pesticides is still 
largely unexplored. This is also true in India and 
only a small percentage of plants of this region 
have been evaluated for antibacterial activity  

Author’s Address   
Department of Chemistry, Gurukul Kangri Vishwavidyalaya, 
Haridwar, India 
E-mail: rks.hdr@gmail.com 

(Varma, 1999). The present study is designed to 
explore the preliminary phytochemical and anti-
microbial screening of leaves extract of Litchi 
chinensis of Dehradun region and to establish a 
correlation between the phytoconstituents and their 
pharmacological activity.  

Material and Methods 
Collection of plant material: - Fresh leaves of 
Litchi chinensis were collected from “Bombay 
bagh” Dehradun in the month of April, and 
authenticated at Botanical Survey of India, (BSI), 
Dehradun with Acc. No. – 113638. The collected 
leaves were dried in shade, grinded in to powder 
and stored in polythene bags before use. 

Extraction of plant material: - 50 gm shade dried, 
grinded leaves of Litchi chinensis were extracted in 
a soxhlet sequentially in 700 ml of Petroleum ether 
(40-60° C) and acetone. The obtained extracts were 
concentrated at reduced pressure in a rotary vacuum 
evaporator.  

Preliminary phytochemical investigation: - 
Phytochemical analysis for major phytoconstituents 
of the obtained extracts was undertaken using 
standard qualitative methods (Harborne, 1984).  

Microorganism used: - Two gram negative and 
three gram positive human pathogenic bacterial 
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strains were used in the present study. The bacterial 
species used are Escherichia coli (ATCC 433), 
Bacillus cereus (ATCC 11778), Bacillus 
licheniformis (ATCC1483), Salmonella typhi 
(ATCC 733), and Staphylococcus aureus. All the 
stock cultures in pure form were collected from 
S.G.R.R.I.T.S department of Life Sciences, 
Dehradun.  

Culture media and inoculums: - Muller Hinton 
Agar and Agar Nutrient broth (Hi-Media Pvt. Ltd., 
Bombay, India) are used as culture for the test 
microorganism. Microbial cultures, freshly grown 
at 37°C were diluted in sterile normal saline 
solution and the turbidity of the suspension is 
adjusted equivalent to a 0.5 McFarland standard by 
adding more organisms, so as to obtain the cell 
suspension between 105 to108 CFU/ml. 

Preparation of Test extract: - Solvent free extracts 
obtained were dissolved in sterilized and filtered 
DMSO (filtered with whatman filter of pore size 
0.45 micron) to prepare a test solution of extract. 

Antibacterial screening: - The anti-bacterial 
activity was performed by standard protocol of 
Kirby- Bauer disc diffusion susceptibility methods  
(Bauer et al.,1966). The disc devoid of extract and 

 

presence of DMSO served as control. Tetracycline 
(30 µg/ disc) was used as standard. All the test 
processes were performed in a triplicate in laminar 
chamber. 

Results and Discussion 
 
Extractive yield: - Litchi chinensis leaves when 
subjected to sequential soxhlet extraction with 
petroleum ether and acetone and further their 
concentration yields the extracts with different 
yield and consistency. Table No. 1 represents the % 
yield w/w of the obtained extract.  

Preliminary Phytochemical Investigation: - The 
phytochemical screening test shows the presence of 
various bioactive secondary metabolites. Table No. 
2 represents the presence of various 
phytoconstituents in different extracts. 
Antimicrobial Screening: The antimicrobial 
activity showed significant reduction in bacterial 
growth in terms of zone of inhibition. The zone of 
inhibition was recorded and tabulated in Table No. 
3. Acetone extract exhibit the maximum inhibitory 
effect against all bacterial strain. Petroleum ether 
shows zone of inhibition aginst E. coli, B. 
licheniformis, and S. typhi only. 

 
 

Table 1: Percentage extractive values and physical characteristics of different extract of Litchi chinensis leaves. 

 
Table No. 2:- Phytoconstituents present in various concentrations in different extract of Litchi chinensis leaves. 

Phytoconstituents Extracts 
Petroleum ether Acetone 

Carbohydrates - - 
Alkaloids - +++ 

Amino Acids - - 
Steroids +++ + 

Terpenoids - ++ 
Protein - - 

Tannin & Phenols ++ ++ 
Flavonoids - +++ 

(+++) = high concentration, (++) = moderate concentration, (+) = low concentration, (-) = absent. 

Extracts Weight of 
sample (gm) 

Weight  of extract  
(gm) 

w/w % 
yield Colour Consistency 

Petroleum ether 50 1.526 3.052 Greenish  Waxy 
Acetone  50 2.726 5.452 Dark brown  Sticky 

Phytochemical investigation and antimicrobial screening 
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Table No. 3:- Antimicrobial screening of different extracts of Litchi chinensis leaf. All the values are mean 
zone of inhibition ± SD 

(+) = light zone of inhibition, (-) = no zone of inhibition 
 
Plate 1:- Graphical representation of zone of inhibition of different extract against the selected pathogens. 

 
 
Emergence of multi-drug resistance in human and 
animal pathogenic bacteria as well as undesirable 
side effects of certain antibiotics has triggered 
immense interest in the search for new 
antimicrobial drugs of plant origin. In the present 
study extracts from leaves of Litchi chinensis were 
tested against drug-resistant gram negative and 
gram positive bacteria. Table No. 1 shows that the 
acetone fraction contains a greater proportion by 
mass of the component compound. Phytochemical 
screening shows the presence of various bioactive 
secondary metabolites which are well known to 
have curative activity against several human 
pathogenic microorganisms and therefore could 
suggest the use traditionally for the treatment of 
various diseases (Usman and Osuji 2007). The 
literature revealed that the presence of polyphenolic 
compounds including condensed tannin and 
flavonoids in Litchi chinensis are responsible for its 
potential anti-cancer, anti-oxidant, (Wang et al. 
2006 & Jiang and Li 2007) and cardio-protective  

activity (Deng et al. 2010). Acetone extract is 
evidenced for the presence of Terpenoids which 
shows cytotoxic, (Xinya et al. 2010) anti-tumor, 
anti-inflammatory, anti-viral and anti- bacterial 
activity (Sashi and Sucharitra 1997). On correlating 
the results an inference can be drawn that presence 
of majority of phytoconstituents in acetone extract 
may be responsible for its prominent activity 
against all the pathogens. The active components 
usually interfere with growth and metabolism of 
microorganisms in a negative manner (Aboba and 
Etuwape 2001). The reason for the difference in 
sensitivity between the gram‐positive and 
gram‐negative bacteria could be ascribed to 
the morphological differences between them. 
Gram- negative pathogens have an outer 
phospholipidic membrane carrying the structural 
lipopolysccharide components. This makes the cell 
wall impermeable to lipophilic solutes, while porins 
constitute a selective barrier to hydrophilic solutes. 
The gram positive bacteria should be more 

Bacterial strain Zone of inhibition in mm. (Mean ± SD) 
Ref drug (T) Pet. ether Acetone 

Escherichia coli  14 ± 1.732 11.66 ± 2.08 14.0 ± 2.0  
Bacillus cereus  29.0 ± 1.00 - 23.66 ± 1.52  
Bacillus licheniformis  24.33 ± 2.08 + 26.33 ± 2.08 
Salmonella typhi  19.33 ± 7.09 12.0 ± 2.0 15.33 ± 3.05 
Staphylococcus aureus  25.33 ± 1.52  - 24.33 ± 3.78  

Escherichia coli Bacillus cereus Bacillus licheniformis      Salmonella typhii       Staphylococcus aureus 

Shukla et al. 
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susceptible having only an outer peptidoglycone 
layer which is not an effective permeability barrier 
(Nikaido and Vaara 1985). Phenolic content of 
plant extract possess antimicrobial activity (Acar et 
al. 2010) and highly oxidized phenols are more 
inhibitory because of phenolic toxicity to 
microorganisms (Ciocan and Bara 2010). The 
above mechanism also confirms that due to the 
presence of appreciable amount of Phenolic 
compounds in acetone extract, it shows potent 
antimicrobial activity but it is also evidenced that 
more hydrophilic phytoconstituents are present in 
acetone extract; due to which it shows more 
prominent antimicrobial activity against gram-
negative bacteria. Lastly further explorations on 
plant derived antimicrobials are needed, to 
determine the identity of that particular compound 
in this plant and also to determine their full 
spectrum. 
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Abstract 
Cassia fistula belongs to family leguminosae. It is a medium sized tree and its different parts are used in Ayurvedic 
medicine as well as in home remedies for common ailments. The plant is easily available in Haridwar region. The 
phytoconstituents of a same plant vary from region to region. In the present study bark of Cassia fistula is used. The 
material was collected (in Haridwar region, India), dried in shade; powdered and extracted successively with different 
solvents in an increasing order of polarity. Phytochemical investigation was performed using different identification tests. 
The different extracts were also screened for antimicrobial activity. For which both Gram positive and Gram negative 
bacterial strain were selected. Antimicrobial test was performed by agar well diffusion method. All the tests were 
performed in a triplicate. The different phytoconstituents present in the bark extract are responsible for such an 
appreciable activity against selected pathogens. 
 
Keywords: Cassia fistula, successive extraction, phytochemical investigation and antimicrobial screening 
 
Introduction 
Infectious disease caused by bacteria, viruses, fungi 
and parasites are still a major threat to public 
health, despite the tremendous progress in human 
medicine (Cosa et al. 2006). Cassia fistula L., 
Caesalpiniaceae (Leguminosae), a semi-wild Indian 
Labernum (also known as the Golden Shower), is 
distributed in various countries including Asia, 
South Africa, Mexico, China, West Indies, East 
Africa and Brazil. It is an ornamental tree with 
beautiful bunches of yellow flowers 
(Duraipandiyan and Ignacimuthu, 2007). As there 
are many climatic condition in India so as climatic 
condition varied, percentage of phytoconstituents 
also varied in same plant. Uttarakhand state of India 
is popular for its climatic diversity. A number of 
medicinal plants are cultivated in Uttarkhand 
region. Cassia fistula is one of the medicinally 
valued plant belonging to Caesalpiniaceae family 
habited also in Haridwar region. Cassia fistula is a 
moderate size deciduous tree, leaflets 8 to 12 pair, 
flowers yellow, long drooping racemes, pod 
cylindrical and pulpy, seeds light brown, hard shiny 
(Stephen). A rare study is done on the mature bark 
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mainly by the exhaustive and sequentially 
technique. Also no work is reported specially for 
Haridwar region. So, this work present the different 
phyto constituents extracted successively by 
different solvent on increasing order of polarity and 
their antimicrobial activity specially from Haridwar 
region .  

Material and Methods 
Plant Material:- Mature bark of Cassia fistula were 
collected from Haridwar locality in month of 
February 2011. The taxonomic identity of plant was 
confirmed by the Botanical Survey of India, (BSI), 
192 Kaulagarh road, Dehradun. Two set of plant 
herbarium is deposited in Botanical Survey of 
India, Northern regional centre, Dehradun (BSD) in 
which one set of authenticated voucher specimens 
Acc. No. – 113637 is received and deposit in the 
department of chemistry, Gurukul Kangri 
Vishwavidyalya, Haridwar, Uttarkhand. The mature 
bark was shade dried and grinded in to powder 
form in pestle mortar and stored in polybag until 
further uses.    

Extraction of plant material :- 200 g of crushed 
bark of Cassia fistula were extracted sequentially 
and successively with solvent in increasing order of 
polarity as petroleum ether (40-60°C ), Benzene, 
Acetone are concentrated at reduced pressure using 
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rotary vacuum evaporator. After concentration, 
solvent free extracts and were sealed in bottle and 
kept in refrigerator for phytochemical and anti-
microbial screening.  
Preliminary phytochemical screening:- The 
phytoconstituents  present in different extract were 
analysed by using standard qualitative method 
(Kokate et al. 2006 and Harborne, 1984).  

Antimicrobial study 
Used bacterial strain: - Four bacterial strain were 
used in this work in which two were gram negative 
and two were gram positive human pathogenic 
bacterial strains. The test microorganisms used for 
present work are Escherichia coli (ATCC 433), 
Bacillus cereus (ATCC 11778), Bacillus 
licheniformis (ATCC 1483) and Salmonella typhi 
(ATCC 733). All the stock cultures in pure form 
were collected from S.G.R.R.I.T.S department of 
Life Sciences, Dehradun. All the bacterial strain 
were identified by standard methods. 
Bacterial culture media and inoculums: - Muller 
Hinton Agar (Hi-Media Pvt. Ltd., Bombay, India) 
is used to grow the culture of these test bacteria’s. 
30 g of Muller Hinton Agar was weighed out and 
dissolved in 800ml of distilled water in a conical 
flask and pH of the solution is maintained in 
between 4.5 to 5.5. This flask is kept in autoclave at  
121°C for 15 minute. Muller Hinton Agar was 
poured on sterilized four petriplates and spreaded 
out. All these process were carried out in a laminar  

air flow. All the plates were kept in B.O.D. 
incubator at 37°C for culture growth for 24 hours. 
Culture is diluted in sterile normal saline solution 
and the turbidity of the suspension is adjusted 
equivalent to a 0.5 McFarland standard by adding 
more bacterial strain, so as to obtain the cell 
suspension between 105 to108 CFU/ml. 
Preparation of test extract for microbial 
screening: - The solvent free extract of Cassia 
fistula bark is dissolved in 0.5 ml of sterilized and 
filtered DMSO (filtered with whatman filter of pore 
size 0.45 micron) to prepare a test solution of 
extract of desired concentration for microbial 
screening. 
Antimicrobial assay: - The determination of 
antibacterial screening of different extract of Cassia 
fistula bark is carried out by agar well diffusion 
technique (Adeniyi et al.1996). Ofloxacin drug is 
used to as a standard drug.  

Results and Discussion 
Yield of different extracts:- After complete 
extraction the extract is concentrated which gave 
yield and consistency of different extract. Table No. 
1 shows the % yield (w/w) of different extract of 
bark of Cassia fistula. The percentage yield is in 
small amount in Petroleum extract i.e. small 
concentrations of phytoconstituents are present in 
petroleum ether extract. In the same way 
appreciable amount of phytoconstituents are present 
in acetone extract which shows higher value. 
 

Table No. 1:- The percentage yield, colour and physical state of concentrated different extract of Cassia 
fistula bark. 

 

Preliminary Phytochemical Screening: - The 
preliminary phytochemical investigation is carried 
out by their different test or specific test in each 
extract of Cassia fistula bark which show the 
bioactive secondary metabolic constituent as in 
Table no. 2. Acetone extract gave excellent result 
of different phytoconstituents while petroleum ether  

 

and benzene extract show comparatively moderate 
result. Steroid, carbohydrate, proteins, phenolic 
compound and tannin, cardiac glycosides are 
present in appreciable amount in acetone 
extract.Inulin are present in all extract while 
aleurone grains, amino acid, flavanol glycosides, 
gums and mucilage, naphthoquinones are absent. 

Extracts Weight of 
sample (gm) 

Weight  of 
extract  (gm) 

w/w % 
yield Colour Consistency 

Petroleum ether 200 0.9 0.45 Yellowish Waxy 

Benzene 200 1.1 0.55 Yellowish Waxy 
Acetone  200 13.2 6.6 Reddish  brown Crystalline 
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Antimicrobial Screening 
In this study microbial screening was also 
performed by the different extract of Cassia fistula 
bark against selected microorganism in which two 
Gram negative and two Gram positive human 
pathogenic microorganism were used to test its 
resistance activity.The screening performs excellent 
results against these bacterial strains.The zone of 
inhibition justify that this plant exhibited 
antimicrobial activity. The activity in terms of zone  

 
of inhibition is noted from petriplates and are 
presented in Table No. 3. The acetone extract 
exhibits the maximum zone of inhibition against 
Bacillus cereus.  
Petroleum ether and Benzene extracts are weekly 
effective against bacterial strain. Fig No. 1 shows 
graphical representation of zone of inhibition of 
different extract of Cassia fistula bark against the 
selected human pathogens.  

 
Table No. : - 2 The phytochemical tests are performed for the Petroleum ether, Benzene and Acetone extract.  

Phytoconstituents and  Test performed Extracts 
Petroleum   
    ether 

Benzene Acetone 

1. Aleurone grains - - - 
2. Alkaloids 

 
Mayer’s Test - - - 

Wagner’s Test - - - 

Hager’s Test + + + 

Tannic acid Test + + ++ 

3. Carbohydrate 
 

Molisch’s Test + + + 

Fehling’s Test - + +++ 

Benedict’s Test - - +++ 

Selivanoff’s Test - - - 

4. Glycosides  
 

Anthraquinone 

glycosides  

Borntrager’s  Test - - - 

Test for Hydroxy-
anthraquinones 

- - + 

Cardiac glycosides Keller-Killiani Test - - - 

Legal’s Test - - +++ 

Baljet’s Test - - _ 

Saponin glycosides Froth formation Test - - + 

Flavanol glycosides Mg and HCl reduction - - - 

5. Inulin  + + ++ 

Shukla et al. 
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(s)  = Steroids, (+++) = Appreciable amount, (++) = Moderate amount, (-) = Absence  
 
Table No. 3:- Antimicrobial investigation of different extract of Cassia fistula bark against selected 
microorganism. All the values are mean zone of inhibition ± SD 
 

Bacterial strain 
Zone of inhibition in mm. (Mean ± SD) 

Std. drug (Of) Petroleum ether Benzene Acetone 

Escherichia coli 12 ± 1.00 - 11.16 ±1.04 22.66 ± 1.52 

Bacillus cereus 26  ± 1.00 11.5  ± 1.32 20.3 ± 1.52 26.16 ± 0.76 

Bacillus licheniformis 39.33  ± 1.15 11.66  ± 1.52 19.66 ± 1.52 22.16 ± 1.25 

Salmonella typhi 24.66  ± 1.52 14.66  ± 2.51 - 20.16 ± 1.75 

(-) = no zone of inhibition, Std. drug (Of) = Standard control drug Ofloxacin 

6. Protein Heat Test - - - 

Biuret Test - - + 

Xanthoproteic Test - - +++ 

7. Amino Acid Ninhydrin Test - - - 

8. Steroids and    
Triterpenoids 

Salkowski Test - - +++(s) 

9. Fixed oils and Fats Spot Test + + - 

Saponification Test - - - 

10. Flavonoids Shinoda Test - - ++ 

Alkaline reagent Test - - ++ 

Zinc hydrochloride Test - - - 

11. Phenolic compounds 
and Tannins 

Lead Acetate Test - - +++ 

Ferric chloride Test - - +++ 

Test for Catechin - - - 

Test for Chlorogenic acid - - - 

12. Gums and Mucilage  - - - 

13. Naphthoquinone Juglone Test - - - 

Dam-Karrer Test - - - 

Preliminary investigation and antimicrobial screening 
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A number of allopathic drugs are used to prevent 
the infection against human and animal pathogenic 
bacteria which are also having their side effects. 
The demand of herbal medicine shows that plant 
medicines are the part of human life which have no 
side effects. As Indian rural population are 
completely depending upon herbal medicine for 
their primary health care. The world health 
organization estimates that plant extract or their 

active constituents are used as folk medicine in 
traditional therapies of 80% of the world 
population. Over the years, the World Health 
Organization advocated that countries should 
interact with traditional medicine with a view to 
identifying and exploiting aspects that provide safe 
and effective remedies for ailments of both 
microbial and non-microbial origins (World Health  
Organization, 1978).  

 
Fig. no.: - 1 Graphical representation of extracts against selected bacterial strains 

 
 
In the present study the Cassia fistula bark against 
acetone extract showed excellent zone of inhibition 
for tested bacteria. The microbial activity of the 
Cassia fistula was due to the presence of various 
secondary metabolites (Nayan, 2011). Table No. 2 
shows that  a number of secondary metabolites are 
present in acetone extract as carbohydrate, cardiac 
glycosides, Inulin, protein, steroids, flavonoids, 
phenolic compounds and tannins which are 
responsible for their microbial activity. In recent 
years there has been a resurgence of scientific 
interest in the use of medicinal plants for the 
development of new phannacotherapeutic agents 
against different species of microorganisms 
including the resistance organisms (Hatano, 1999 
and Palombo, 2002). Natural products of higher 
plants may give a new source of antimicrobial 
agents with possibly novel mechanisms of action 
(Runyoro, 2006 and Shahidi, 2004). Plants are rich 
in a wide variety of secondary metabolites such as 
tannins, terpenoids, alkaloids, flavonoids, 
glycosides etc, which have been found in vitro to  

 
have antimicrobial properties (Dahanukar, 2000 
and Cowan, 1999).The above study confirms that a 
number of phytoconstituents in appreciable amount 
are present in acetone extract which may be 
responsible for their antimicrobial activity. Most of 
the phytoconstituents are hydrophilic in promising 
extract. Finally further researches on plant derived 
antimicrobials are needed so as to determine the 
identity of that particular compound in this plant by 
different technique and also to determine their full 
spectrum.  
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Abstract 
Physico-chemical and microbial characteristics of water of Mansi Ganga at Goverdhan (District Mathura) were studied 

during July 2009 to June 2010. Three sites of the reservoir were selected for sampling. The water was found to be severely 

polluted. The parameters like pH, BOD, COD and ammonical contents were found to be very high but the microbial 

population and DO was far below the expected. 
 

 

Keywords:Pollution, Pollutants, D.O., B.O.D., C.O.D., Fecal coliform, Effluents, Ammonical contents. 

 

Introduction 
Water is a prime necessity of life. It is used for a 

number of purposes like drinking, bathing, cooking 

and disposal of waste and sewage. Due to 

increasing population,industrialization,urbanization 

and other developmental activities most of our 

water bodies such as ponds,lakes, sarovars, rivers 

and streams have become polluted. Today every 

water body receives high amount of effluents, 

sewage and domestic wastes. These pollutants 

cause degradation of water quality.Mansi Ganga at 

Goverdhan (Mathura) is a holiest reservoir of 

‘BrijKshetra’. It has great religious importance. So, 

it is visited every year by millions of pilgrims from 

every corner of world and performs various 

religious activities like ‘Snan’, Dhyan, ‘Parikrima’, 

‘Achmana’, ‘Darshan’, ‘Pooja’, ‘Archana’ etc. 

These religious activities make the water of Mansi 

Ganga polluted. Furthermore, the domestic and 

industrial effluent from the town is also being 

drained into it and makes it severely polluted. 

Materials and Method  

The water sampling was done in the first week of 

each month in glass bottle with capacity 300 ml. 

The physico-chemical characters of the water were 

determined on the spot, with the help of ‘Portable 

water detection kit’ (Model no. CK-710, Manu. by 

‘Century Instruments Pvt. Ltd., Chandigarh). 
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The temperature was measured on the spot by using 

temperature sensitive electrodes of the portable kit. 

Other parameters were determined in the 

laboratory. For the estimation of microbial 

population, the ‘Most Probable Number’ (MPN) 

technique was used. The results were compared 

with standard permitting parameters (APHA, 1992; 

WHO, 1984). The correlation between physico-

chemical and microbial population was also 

determined by using Karl Pearson’s coefficient of 

correlation method. 

Results and Discussion   
Temperature is one of the most important physical 

factors which regulate the natural processes in the 

environment. It was found in accordance with the 

seasonal changes. It ranged between 14.2-33.0
o
C. It 

was higher in May, June and July and lower during 

winter months.Turbidity is one of the common 

ways to measure the extent of pollution. It is 

generally caused by untreated and un-decomposed 

organic matter, sewage and industrial waste. It was 

very high in November, December and June 

because of the AghoiAshtami, Deepawali and 

BhaiyaDooj festivals when there is a mass 

gathering in the town and millions of pilgrims take 

bath in the Mansi Ganga. It ranged between 124 

NTU to 191 NTU. pH is an important valuable 

indicator, which shows the acidic or alkaline nature 

of water. The water of Mansi Ganga was found 

slightly alkaline. It ranged between 7.5 – 8.7. 

Itshowed positive correlation with all the 

parameters except the D.O.(Dakshini and 
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Soni,1979; Khan and Khan, 1985; Singh et al., 

1988). 

Dissolved Oxygen          

Oxygen is the important factor that supports the 

aquatic life. It is equally essential for the 

decomposition of chemical waste and dead matter. 

D.O. showed highly fluctuating trend. It was 

maximum in winter but lower in summer. It ranged 

between 1.80-11.90 mg/l. 

 

Table1: Physico- chemical parameters of Mansi Ganga 

P
a

ra
m

et
er

s 

Rains Winters Summers 

Max Min Avg 

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

 Temp. 31.0 30.5 27.7 27.3 24.9 19.5 14.2 17.4 22.3 28.0 30.2 33.0 33.0 14.2 25.50 

 Turbidity 124 151 152 178 191 155 139 151 145 161 149 161 191.0 124.0 154.75 

 pH 8.3 7.8 7.9 7.9 8.4 8.5 8.5 8.6 8.0 7.5 8.5 8.7 8.7 7.5 8.22 

 D.O. 1.8 2.5 4.9 4.0 2.1 4.5 8.6 8.9 7.7 11.9 8.6 1.8 11.9 1.8 5.61 

 B.O.D. 55.0 35.5 34.5 45.5 68.1 35.0 17.2 14.3 28.0 19.2 24.1 52.2 68.1 14.3 35.72 

 C.O.D. 72.3 44.3 27.9 51.0 62.1 37.9 21.4 16.0 33.3 15.4 17.9 48.8 72.3 15.4 37.36 

 

Ammonia 
2.33 1.41 0.91 2.31 3.11 2.74 3.42 3.33 1.90 1.45 2.84 2.01 3.4 0.9 2.31 

All parameters are in mg/l except pH, Temp (
o
C), and Turbidity (NTU) 

BOD is the direct measure of the extent of pollution 

in the water body. It is the amount of O2 required by 

living aquatic organisms for their physiological 

process and also for bio-degradation. It was found 

very high in summer and comparatively low in 

winter. It ranged between 14.30 – 68.10 mg/l.It is 

the amount of oxygen required for the 

decomposition of chemical waste. A high value of 

COD shows a higher accumulation of organic waste 

in the river. It was found high during summer and 

low during winter. It was maximum (72.30 mg/l) in 

the month of June and July (Singh and Gupta, 

2003; Shankar et al., 1986). Organic nitrogenous 

matter is destroyed by microbial activity with the 

production of ammonia. Higher concentration of 

ammonia shows a high degree of sewage pollution. 

The values of ammonia exhibited tremendous 

fluctuations. It ranged between 0.91 – 3.42 mg/l. 

Ammonia represents the negative trend with the 

dissolved oxygen. This is due to the fact that 

ammonia production takes place from non-oxidised 

accumulated garbage (Sharma et al., 1983; 

Shekhar, 1985).  

Total Coliforms and Fecal Coliforms  

Coliforms are Gram negative bacteria, which are 

lactose fermenting, rod shaped and usually inhabit 

the gastro-intestinal tract. The Coliforms which are 

present in the fecal waste are called the Fecal 

Coliforms. Fecal and Non-fecal Coliforms are 

together called Total Coliforms. A high number of 

coliforms indicate a high degree of 

sewagepollution.The highest population of total 

Coliforms was 93546units/L and thelowest was 

12532 units/L. The highest population of Fecal 

coliforms was 84524 unit/L and lowest was 29745 

units/L. Presence of large population indicates a 

very high degree of fecal pollution. These values 

Physico-chemical and microbial aspects of Mansi Ganga water 
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are very high and indicate high pollution in the 

river. The population of Coliforms exhibited the 

positive trends with temperature, turbidity, BOD, 

COD and ammonia but no significant relationship 

was observed with pH. The reason for the high 

degree of positive relation with temperature is quite 

obvious. The temperature causes the accumulation 

of waste by enhancing the evaporation of water, 

which promotes the growth of coliforms. The 

Coliforms represent a strong negative relation with 

dissolved oxygen probably because, the absence of 

oxygen leaves the waste untreated which is again 

favorable for the bacterial growth (Aranzoet al., 

1998; Doctor et al., 1998; Kumaresan and 

Bhagwati, 1996; Manianet al., 1989).  

 

Table1: Physico- chemical parameters of Mansi Ganga 

M
ic

ro
-

o
rg

a
n

is
m

 

Rains Winters Summers 

Max Min Avg 

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Total 

coliforms  
14121 86265 69524 63125 93546 12532 53265 60121 49213 55214 74556 90102 93546 12532 60132 

Fecal 
coliforms 

84524 61254 44564 40125 61254 83589 32789 41587 29745 33546 54912 59451 84524 29745 52278 

Euglena 

  
133 121 131 139 141 131 131 117 152 109 95 106 152.0 95.0 125.5 

Paramecium 

  
69 89 121 153 132 99 152 105 141 133 114 83 153.0 69.0 115.9 

Ulothrix 

  
291 267 274 233 254 298 222 264 271 261 291 307 307.0 222.0 269.4 

Euglena is solitary and free living fresh water 

flagellate. Its body is elongated, tapering and 

provided with long flagella. The population of 

euglena was found to be ranging between 95 

units/L and 152 units/L. The organism exhibited 

positive relationship with DO. The negative relation 

was observed with BOD, COD and Ammonia. With 

pH and hardness no significant relationship could 

be observed. Paramecium is a ciliated 

protozoan. Its population highest was 153 units/L 

and lowest was 69 units/L. Its population was high 

when there was less pollution in river. It showed a 

strong positive relationship with DO. But a 

negative trend was noticed with BOD, COD, 

ammonia and turbidity.Ulothrix is a filamentous 

alga. Broadly the population was as higher as 307 

units/L and as lower as 222 units/L.Ulothrix 

represented a positive relationship with BOD, 

COD, ammonia and turbidity and no significant 

relationship with temperature and pH. 

Summary and Conclusion – 
From the above observations it has been concluded 

that the water of Mansi Ganga is grossly polluted. 

The use of water may cause skin diseases and 

gastro-intestinal problems. Remedial measures are 

required immediately to sustain the good quality of 

water and to save the life of livestock. 
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Abstract 
In this study the fresh water snail (Bellamyabengalensis) one of the most abundant gastropod of river Godavari, was 

investigated to determine the histopathological effects of detergent “Tide” on the foot and mantle under laboratory 

conditions. The exposure of the snails to sub-lethal concentrations of the detergents resulted in prevalence of 

desquamation of the epithelial cells, changes in the number of mucocytes, disruption of glandular cells and atrophy of the 

columnar muscle fibres in the foot and mantle tissues of snails. The results are discussed, particularly in comparison to 

those of other aquatic organisms. 

 

Keywords:Bellamya bengalensis, detergent tide, foot, histopathological alterations, mantle

Introduction 
The detergent components are subject to variable 

effects based on habitat characteristics and other 

modifying factors. The histopathological studies are 

indicative of the pollution induced stress, it is 

gradually gaining popularity among toxicologists 

(Hinton et al. 1973). Exposure to moderate 

concentrations of detergent can produce 

recognizable effects. Those are morphological 

changes, inhibiting effects and behavioural 

changes. Besides the above, histomorphological 

change is considered to be an useful bio-assay tool 

in toxicity studies, as its application demands a high 

degree of competence and skill to make correct 

diagnosis (Warner 1967). Detergent toxicity studies 

on gastropod molluscs are comparatively very 

inadequate when compared to the fishes. 

Pathological disturbances in aquatic organisms like 

fishes due to detergent toxicity were well 

documented by Chellan et al. (2003). Structural 

changes caused by detergent may occur at any level 

of the biological organizations literally from 

molecule to mammals (Glaister 1986). Due to the 
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of detergents important organs like kidney, liver, 

gill, digestive system and nervous system are 

damaged. The effect of the cationic surfactant 

lauryl trimethyl ammonium chloride (C12-TMAC) 

was investigated on growth, reproduction, 

cellulolytic enzyme activity, and larval colonization 

of Asiatic clams, Corbicula fluminea (Belanger et 

al., 1993). Lymnae aperegra is highly sensitive to 

the anionic surfactants, sodium lauryl sulfate (SLS) 

with a 96 hrs LC50 of 0.54mg/L (Jose and Oliva 

1987).The effects of heavy metals, insecticides and 

pesticides on the snails are extensive than 

detergents. Panwar et al. (1982) studied the toxicity 

of some chlorinated hydrocarbon and 

organophosphorous insecticide was investigated in 

Viviparus bengalensis. Pathological and 

biochemical disturbances of pesticide toxicity in 

Vivipara bengalensis is well documentedby Muley 

and Mane (1990). The present study is devoted to 

evaluate the toxicological effects of detergents on 

Bellamya bengalensis.  

 

Material and Methods 
B.bengalensis were collected from river Godavari 

and divided into 5 groups of 10 individuals. One 

group consisted of control snails while the other 

four groups were exposed to 96 hrs LC50 

concentration of detergents. The concentration of 

detergents which caused 50% mortality to test 
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organisms during a specified time expressed in 

terms of LC50. The lethal concentrations were 

calculated by using probit analysis. For histological 

and histochemical studies both the control group 

and those of experimental groups that survived at 

the end of 96 hrs exposure were fixed in Susa, 

dehydrated in alcohol grades and were embedded in 

paraffin wax.  The animals were cut at 6 - 8µ and 

take serial sections of the animal and stained with 

Heidenhain’s Azan.  

 

Result and Discussion 
Results were expressed in LC50 values for 96hrs. 

The LC50 values obtained have shown that the 

detergent Tide has affected the mantle and foot of 

B.bengalensis when compared with their respective 

controls (Fig. 1 to 4). The foot considered to be the 

strongest part of the animal is also not spared by the 

detergents.The normal foot in control experimental 

snail consists of dorsal and ventral ciliated 

columnar epithelium, epidermal mucocytes, 

mucous gland cells, muscle fibres and connective 

tissue. The epithelium of the foot directly in contact 

with the polluted water shows desquamation at 

different concentrations of detergent. The foot 

shows severe damage at highest concentrations and 

congestion was severe at 213.7, 263, 316.2 mg. 

Disruption of muscle fibres and desquamation of 

epithelial layers can be seen at 69.18 mg (96 hrs). 

The glandular cells were affected after 96 hrs 

exposure different parts of foot were affected 

severely i.e damaged connective tissue, shrunken 

epidermal cells, broken basement membrane and 

faintly stained degenerated cells.The mantle is a 

thin surface which lines the shell and forms the roof 

of the body cavity. The normal mantle consists of 

outer and inner columnar epithelial layers, muscle 

fibres, connective tissue, aggregates of glandular 

cells and epithelial mucocytes. These cells are 

damaged after exposure to acute toxicity of 

detergent (Tide).The mantle edge being directly in 

contact with the polluted waters accumulated 

considerable amounts of surfactants in their cells 

and produce toxic effects like hypertrophy of the 

epithelial cells with vacuolation and disorganization 

of cell walls leading to necrosis. After 96 hrs 

exposure the tissue of mantle showed the 

desquamation of epithelial cells, atrophy of muscle 

fibres, necrosis and disruption of shell glands. 

Pollution is the chief wrecker of the declining of 

molluscan population. At the banks of the rivers, 

lakes, canals and streams washer men are active. 

Much of the detergent thus let into the water make 

a study of the sub-lethal effects on Bellamya 

bengalensis.The present study has shown several 

degeneration changes in the histological structure 

of the mantle and foot of B. bengalensis exposed to 

96 hrs LC50 of the detergents. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Sagittal section of foot (Azan) Normal     

  PGC - Pedal Gland Cells  

              VC- Vacuolated Cells  

                 CT - Connective Tissue 

                 EM - Epithelial Mucocytes 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 96 hrs of foot showing  

               (A) Desquamation of epithelial cells  

                (B) Broken basement membrane 

                (C) Shrunken pedal gland cells 
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In the present study it is interesting to note that 

histopathological changes induced by detergent are 

more intense. But there is no information on the 

histopathological effects of detergents on the 

tissues of molluscans. Similar degenerative changes 

were shown in the histological structure of the 

mantle and foot of B.dissimilis exposed pesticides 

(Jonnalagadda and Rao, 1996). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3  Sagittal section of mantle (Azan) Normal  

            DE- Dorsal Epithelium 

            VE - Ventral Epithelium  

            MF - Muscle Fibres 

            CT - Connective Tissue  

            EM - epithelial mucocytes 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 96 hours mantle showing  

                        (A) Epithelial mucocytes appeared empty  

                               with collapsed cell walls  

                        (B) Desquamation of epithelial cells 

                        (C) Atrophy of muscle fibres 

Otludil et al. (2004) observed similar 

histopathological changes like desqumation of the 

epithelial cells, change in the number of mucocytes 

and atrophy of the columnar muscle fibres were 

observed in the foot and mantle of great ramshorn 

snail Planorbarius corneus treated with endosulfan. 

Vijayakumar (2010) reported the similar 

histopathological alterations exposed with 

paraquaton Lymnae aluteola. Gupta et al. (2006) 

reported the damage in the mantle of the present 

snail Viviparus bengalensis was exposed to sub 

lethal concentrations of pentachlorophenol and 

sodium pentachlorophenate resulting in the 

formation of intercellular spaces, the shrinkage and 

elongation of epithelial cells, enlargement of nuclei, 

shrinkage of the basement membrane and loss of 

shape of polygonal cells of connective tissue. 
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Abstract 
During the last few decades there has been an increasing demand for monitoring water quality of many rivers by regular 

measurements of various water quality variables. River Yamuna in Uttarakhand requires the same qualitative and 

quantitative aspects of monitoring for predicting the steady state water quality conditions. In the present work various 

physico chemical parameters i.e. , Temperature, transparency,  velocity, turbidity, conductivity, TS, TDS, TSS, pH, total 

alkalinity, total hardness, calcium, magnesium, chloride, free CO2, DO, BOD, COD, phosphate, nitrate, sodium and 

potassium  were analyzed for various seasons; Summer, Monsoon, Winter, for the period (April, 2011-March, 2012) in 

surface water of river Yamuna. Our results showed that TS, TDS and TSS were maximum in monsoon and temperature 

and Dissolved Oxygen was found to be maximum in winter. Velocity was found to be maximum in monsoon followed by 

summer and winter. The observations implied that the physico- chemical conditions of River Yamuna was good in all the 

three seasons however change in seasonal conditions had a great effect on hydrological parameters. 

 

 

Keywords: Correlation, physico-chemical, seasonal, River Yamuna 

 

Introduction 
Rivers are the most important freshwater resource 

for man. Social, economic and political 

development has been largely related to the 

availability and distribution of freshwaters 

contained in riverine systems. Water quality 

problems have intensified through the ages in 

response to the increased growth and concentration 

of populations and industrial centres (Arora and 

Mehra, 2003). Water quality parameters provides 

current information about the concentration of 

various solutes at a given place and time Khanna 

and Singh (2000). These parameters provide the 

basis for judging the suitability of water for its 

designated uses and to improve existing conditions. 

The Yamuna sometimes called Jamuna or Jumna is 

the largest tributaryriver of the Ganges (Ganga) in 

northern India. It is perennial in nature as it 

receives all the three types of water inputs i.e., 

snowmelt runoff, rainfall runoff and groundwater 

(Mane et al. 2005). However, the three components 

vary in space and time. The extent of human 

activities that influence the environment  
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particularly the freshwater has increased 

dramatically during the past few decades 

(Kulshrestha and Sharma, 2006); Khannaet al. 

(2006). The scale of socio-economic activities, 

urbanizations, industrial operations and agricultural 

production has a widespread impact on water 

resources (Kurbatova, 2005). As a result, very 

complex inter-relationships between socio-

economic factors and natural hydrological and 

ecological conditions have developed. A 

considerable work on Physico-chemical parameters 

has been done by many eminent limnologists in 

India and abroad (Mathivananet al. 2007; Kannan 

and Job 1980; Ismael and Dorgham 2003; Khannaet 

al. 2007, 2010; Valecha and Bhatnagar 1988; 

Epstein 1972). The present study was designed to 

monitor seasonal variation in water quality 

parameter to investigate limiting factors, which 

could adversely affect the plants and animals, 

including fish production in this important river. 

Study area 
Dehradun or Doon Valley is the capital city of the 

State of Uttarakhand in North India. It is 

surrounded by the Himalayas in the north, Shivalik 

Hills in the south, the River Ganges in the east and 

the River Yamuna in the west. It is located between 
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29 ° 58 'and 31 ° 2' 30 "north latitude and 77 ° 34 

'45" and 78 ° 18' 30 "east longitude. The River 

Yamuna originates from the Yamunotri Glacier at a 

height 6,387 mtrs., on the south western slopes of 

Banderpooch peak (38
0
 59’ N 78

0
27’E) in the 

Mussoorie range of lower Himalayas at an 

elevation of about 6320 meter above mean sea level 

in Uttarkashi district of Uttaranchal. It travels a 

total length of 1,376 kilometers (855 mi) and has a 

drainage system of 366,223 km
2
, 40.2% of the 

entire Ganges Basin, before merging with the 

Ganges at TriveniSangam, Allahabad, the site for 

the KumbhaMela every twelve years. 

 

Material and Methods 
The present study was conducted on River Yamuna 

covering a stretch of approximately 20 km from 

upstream (S1) at Kalsi to downstream (S2) at 

Dakpathar. The study was carried out for a time 

period of one year from April 2011-March 2012 on 

monthly basis. Seasonal relation was later found to 

know the effect of different environmental 

conditions on river water. Water samples were 

collected every month early in the morning in 

sterilized sampling bottles and were analysed for 

twenty two important physical and chemical 

parameters. Few physico-chemical parameters like 

Temperature (
0
C), transparency (cm), velocity 

(m/s), pH, free CO2 (mg/l), and dissolved Oxygen 

(mg/l) were performed on spot and other 

parameters like turbidity (JTU), electric 

conductivity (µmho/cm), total Solids (mg/l), TDS 

(mg/l), TSS (mg/l), total alkalinity (mg/l), total 

hardness (mg/l), calcium (mg/l), magnesium (mg/l), 

chloride (mg/l), BOD (mg/l), COD (mg/l), 

phosphate (mg/l), nitrate (mg/l), sodium (mg/l) and 

potassium (mg/l) were analysed in laboratory by 

following the methodology of APHA (1998); 

Khanna and Bhutiani (2004); Trivedi, and Goel 

(1986); Wetzel and Likens  (1991). Temperature, 

transparency, velocity was measured by using 

Celsius thermometer (0–110 
0
C), Secchi disc and 

flow meter. turbidity, conductivity and pH were 

measured by using Jackson turbidity meter, 

Conductivity meter and digital pH meter. Total 

solids TDS, TSS were measured by volumetric 

analysis. total alkalinity, total hardness, calcium, 

magnesium, chloride, free CO2, DO BOD and COD 

were analysed by titration method. Phosphate and 

nitrate were analysed by using UV-VIS 

Spectrophotometer and sodium and potassium by 

Flame photometer. 

 

Results and Discussion 
The physico-Chemical parameter (Avg.± SD) 

values obtained in different seasons of River 

Yamuna are given in table 1. From the results the 

temperature showed a great variation in all the three 

seasons and was recorded maximum in summer 

(20.0±1.82) and followed by monsoon (19.5±1.29) 

minimum in winter (15.75±1.25). The variation in 

the water temperature may be due to different 

timing of collection and influence of season 

(Parashar, et al., 2006). Same study was made by 

Khanna et al. (2011) in river Ganga at Haridwar. 

Velocity was recorded highest in monsoon 

followed by summer and minimum in winter. But 

the main source to this river is precipitation that it 

receives and has a great velocity in its flow during 

monsoons. The pH of water is important because 

many biological activities can occur only within a 

narrow range. Thus, any variation beyond an 

acceptable range could be fatal to a particular 

organism. Zafer and Sultana (2007) reported pH of 

7.6 and 7.55 respectively for monsoon season. In 

present study the pH recorded in monsoon was 

(8.2±0.08 at S2 and 8.05±0.05 at S1) and (8.25 ± 

0.12 at S1 and 8.4±0.08 at S2) in summer. 

Turbidity is a major problem in the river water of 

all states. The turbidity value (660.0 ± 421.9 at 

S1and (701.25±439.1 at S2) was found higher 

during monsoon season. The transparency was 

found maximum in summer (167.5 ± 255.03 at S1 

and 141.2±206.0 at S2) and was found lowest 

monsoon period.TDS and TSS were found 

maximum in monsoon and minimum in winter and 

showed a wide variation in all the three seasons. 

Khannaet al. (2003) in Ganga water showed wide 

variation in TDS in different months on different 

sites. Total solids cause ecological imbalance in the 

aquatic ecosystem by mechanical abrasive action. 

Higher values of total solids may cause 

deterioration of the surviving conditions of aquatic 

organisms. Same conditions were shown by 

Khannaet al. (2001).Alkalinity of water is a 

measure of weak acid present in it and of the cation 

balanced against them.Alkalinity plays an 

important role in controlling enzyme activities. 
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Table 1 showing average seasonal variation in physico-chemical parameters in river Yamuna for the year 

April 2011 to March 2012 

 
Parameters Summer Monsoon Winter 

S1 S2 S1 S2 S1 S2 

Temperature (o C) 18.7 ± 1.70 20.0±1.82 19.2± 0.95 19.5±1.29 15.75±1.25 16.0±0.81 

Transparency (cm) 29.8 ± 18.47 39.57±22.53 5.55± 4.03 5.80±4.03 22.32±4.17 42.47±12.62 

Velocity (m/s) 1.38 ± 0.16 1.67±0.17 2.28 ± 0.64 2.73±0.14 1.15±0.07 1.61±0.11 

Turbidity  (JTU) 167.5 ± 255.03 141.2±206.0 660.0 ± 421.9 701.25±439.1 28.87±5.00 32.50±6.45 

Conductivity 

(µmhocm-1) 

0.224± 0.03 0.169±0.03 0.183±0.008 0.214±0.02 0.179±0.006 0.16±0.01 

T.S (mg/l) 400.0 ± 141.4 575.0±170.7 825.0±170.7 950.0±251.6 300.0±81.64 350.0±129.0 

TDS (mg/l) 225.0± 125.8 300.0±81.64 400.0±141.42 450.0±100.0 175.0±95.74 200.0±81.64 

TSS (mg/l) 175.0 ± 50.0 275.0±150.0 425.0±95.74 500.0±200.0 125.0±50.0 150.0±57.73 

pH 8.25 ± 0.12 8.4±0.08 8.05±0.05 8.2±0.08 8.12±0.09 8.07±0.09 

Total alkalinity (mg/l) 181.0± 5.88 141.7±16.60 186.75±8.13 145.0±6.48 159.5±6.85 150.5±4.65 

Total Hardness (mg/l) 81.50 ± 2.88 70.75±3.94 97.75±8.34 88.50±2.64 94.75±21.10 86.5±7.93 

Calcium (mg/l) 44.57 ± 1.65 34.49±5.45 45.00±5.18 35.67±7.13 47.37±6.11 38.22±3.44 

Magnesium (mg/l) 9.00± 0.49 8.84±2.10 12.86±0.79 12.88±1.15 11.55±3.68 11.77±1.49 

Chloride (mg/l) 29.23 ± 2.58 35.29±5.65 33.63±2.80 38.16±5.17 26.67±2.48 35.06±1.97 

Free CO2  (mg/l) 1.39 ± 0.09 1.39±0.06 1.56±0.04 1.74±0.21 1.32±0.11 1.44±0.08 

D.O (mg/l) 10.51 ± 0.67 10.44±0.18 10.20±0.66 10.30±0.32 11.96±0.32 10.87±0.50 

B.O.D (mg/l) 2.85 ± 0.28 2.74±0.14 3.14±0.12 2.89±0.10 2.63±0.30 2.51±0.19 

C.O.D (mg/l) 5.18 ± 0.78 4.98±0.80 5.74±0.37 5.46±0.48 4.52±0.29 4.47±0.17 

Phosphates (mg/l) 0.57 ± 0.05 0.52±0.03 0.59±0.06 0.63±0.07 0.51±0.05 0.49±0.04 

Nitrates (mg/l) 0.59 ± 0.09 0.50±0.04 0.49±0.05 0.55±0.01 0.46±0.07 0.49±0.02 

Sodium (mg/l) 0.27 ± 0.06 0.37±0.02 0.30±0.06 0.34±0.03 0.35±0.07 0.27±0.04 

Potassium (mg/l) 0.42 ± 0.06 0.36±0.04 0.34±0.05 0.34±0.02 0.31±0.03 0.42±0.04 

 

 
Fig1 Showing average seasonal variation in Temp., Fig3 Showing average seasonal variation in TS, TDS  

Transparency and velocity inriver Yamuna    and TSS   in river Yamuna 

 

 

Fig2 Showing average seasonal variation in Turbidity, Fig4 Showing average seasonal variation in pH, Total  

Conductivity, total Alkalinity andChloride in river Hardness, Calcium and   Magnesium   in river 

Yamuna Yamuna 
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Fig 5 Showing average seasonal variation in FreeCO2,  

DO, BOD and COD in river Yamuna 
 

 

 

Fig 6 Showing average seasonal variation inhosphate, 

Nitrate, Sodium and Potassium in river yamuna 
 

Maximum and minimum values of alkalinity in 

different seasons were found in the present study. 

Venkateswarlu (1969) attributed that there is an 

indication to suggest that alkalinity concentration is 

affected directly by rainfall. Similar effect has been 

noticed in the present investigation immediately 

often the onset of rains. The total alkalinity was 

found highest in monsoon (186.75±8.13 at S1 and 

145.0±6.48 at S2) and minimum in winter. Bhatt et 

al. (1999) observed that the hardness of river 

increases in the polluted waters by the deposition of 

calcium and magnesium salts. Since the study area 

is free from industrial pollution, the hardness was 

observed fairly within the limits, which might be 

due calcium and magnesium salts coming from the 

mountain area. Total hardness was maximum in 

monsoon followed by winter summer. Calcium and 

magnesium are important contributors of water 

hardness. In present study both calcium and 

magnesium were found within the permissible 

limits. Chloride concentration in water indicates 

presence of organic waste particularly of animal 

origin (Thresh et al., 1949). In the present studythe 

concentration of chloride varied greatly in all the 

seasons. It was found highest in monsoon 

(38.16±5.17) and lowest in winter 

(26.67±2.48).Dissolved oxygen data are valuable in 

determining the water quality criteria of an aquatic 

system. In the system where the rates of respiration 

and organic decomposition are high, the DO values 

usually remain lower than those of the systems 

where the rate of photosynthesis is high. 

Temperature also plays an important role in 

determining DO in an aquatic body. The DO 

recorded in present study was maximum in winter 

(11.96±0.32) and minimum in monsoon 

(10.20±0.66) indicating goo water quality and 

effect of seasonal change. This trend was also 

observed by Khanna and Bhutiani, (2003) in river 

Ganga at Haridwar.  BOD has been used as a 

measure of the amount of organic materials in an 

aquatic solution which support the growth of 

microorganisms (Ciaccio, 1971). BOD determines 

the strength or polluting power of sewage, effluents 

and other polluted waters and provides data on the 

pollution load in natural waters. Higher values of 

BOD indicate a higher consumption of oxygen and 

a higher pollution load. In present study BOD 

(3.14±0.12) was found highest in monsoon and 

lowest (2.63±0.30) in winter. COD determines the 

amount of oxygen required for chemical oxidation 

of organic matter using a strong chemical oxidant, 

such as potassium dichromate under reflux 

conditions. The minimum COD values were found 

in winter (4.52±0.29 at S1 and 4.47±0.17 at S2) 

whereas minimum COD values were found in 

monsoon (5.74±0.37 at S1 and 5.46±0.48 at S2). 

Similar pattern was reported by Khanna and Chugh, 

(2004). Phosphate determination is useful in 

measuring the water quality since it is an important 

plant nutrient and may play a role of a limiting 

factor among all other essential plant nutrients 

(Dugan 1972) whereas Nitrate represents the end 

product of oxidation of nitrogenous matters and its 

concentration may depend on the nitrification and 

denitrification activities of micro-organisms (Sinha, 

et al., 2000). Phosphate, Nitrate, Calcium and 

Magnesium showed a slight variation in all the 

seasons and were found within permissible limits. 

In the present study all the three seasons had a great 

effect on the concentration of various physical and 
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chemical factors and showed a positive relation 

with the change in seasons. 

 

Conclusion 
The present study revealed that the physico-

chemical conditions of river Yamuna were fairly 

good in all the seasons, however the slight 

variations were observed in river water in the 

monsoon season due to run-off of organic matter 

into river from foothills and river basin. The 

concentrations of various nutrients and other water 

quality parameters undergo seasonal changes and 

the values showed a slight variation in all the 

seasons. The problem of pollution was not serious 

in the water but the management efforts should be 

made for the conservation of River Yamuna in 

Doon Valley other wise it will turn into the state 

that would affect its physico-chemical status that 

may not be fit for human consumption as well as 

the growth and survival of aquatic life present in it. 
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