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INTRODUCTION

1.  INTRODUCTION

Water the Universal solvent, takes the first priority of life on our planet earth which serves as an unavoidable medium for the livelihood of the human beings, plants and animals.

Water is the fundamental substance for sustaining a high quality of life in an ecosystem (Shiklomanov, 2000). Water is the most precious and important natural resource on the earth and without it life cannot exist. It is used in day to day activities for drinking, bathing and washing, recreation, irrigation and industrial purposes. The availability of safe and reliable source of water is thus an essential pre-requisite for the establishment of a               stable community.

Water is essential to man, animals and plants and from the very beginning of human civilization, people have settled close to water sources, along rivers, besides lakes or near natural springs (Annadurai and Shanmugam, 2000).

Fresh water is limited. It forms only a small fraction, approximately 2.5 percent of earth’s water (Canter, 1987). Though limited the demand for freshwater is increasing day by day. In the last few decades there has been a tremendous increase in the demand for freshwater due to rapid growth of population and accelerated pace of industrialization (Kumar et al., 2007).

Safe drinking water is the basic need of the people. As the domestic water supply cannot meet the demand of the people, the ground water becomes the major source for drinking and other domestic uses. Due to ever increasing demand and inadequacy of available surface water the importance of ground water is increasing day by day (Das and Bhattacharya, 2007).

In places where surface water is not available, sufficient, convenient or feasible for consumption and ground water potential is suitable in quality and quantity, the consumption of ground water has gained importance. In addition the ground water source is less affected by drought and may be close to the point of use. As for contamination, it cannot be polluted easily as is the case with surface water because it is protected naturally and thus does not require much treatment and hence more reliable.  Most people are not aware of the importance of ground water because it is an invisible source and realizing its importance UN declared it the theme of World water day             in 1998 (Sagnak, 1991).


Ground water represents the largest reservoir of fresh water that is readily available to humans. Its value in terms of economic and human well being is incalculable (Mayur et al., 2009).

Ground water is an important source of water supply throughout the world. It is used for irrigation, industries and its domestic usage continues to increase where perennial surface water sources are absent. The quality of ground water is equally important because it makes the water suitable for various purposes. The chemical, physical and bacterial characteristics of ground water determine its usefulness for municipal, commercial, industrial, agricultural and domestic water supplies (Tatawat and Chandel, 2007).

In the past, if one water source failed, it would be replaced by another one. Clean surface and under ground water were in abundant supply. Now the picture is drastically changing, on one hand the water demand greatly increases due to growth of population, higher degree of urbanization, increasing industrialization and higher standards of living and on the other hand water quality deteriorates due to adoption of easy and economic disposal of untreated waste.

Man is in need of development in order to meet his basic essentials. All his efforts require a resource base and he uses air, water, soil and other resources. He imposes changes on natural ecosystems for his needs. But the increasing control of environment for his development profoundly alters the environment and creates disastrous consequences like environmental pollution. The increased air, land and water pollution is mainly due to waste coming from human beings, animals, industrial and agricultural fields (Reniprabha, 1997).

Improper waste disposal and unscientific anthropogenic practices over the years have adversely affected the surface and ground water quality. The major problem with the ground water is that once contaminated, it is difficult to restore its quality, because of complex dynamics involved in the ground water flow, which requires simultaneous solution of complicated geochemical and hydrological equations. Hence there is a need for and concern over the protection and management of ground water quality (Dash and Patra, 2007).

Ground water contamination due to human activities is a real and growing threat in many places in TamilNadu. The physicochemical quality of ground water was analysed in the Palar riverbed near Vellore, TamilNadu. The effluents from leather and small scale dyeing industries flowing                   into Palar river has altered the ground water quality of the river bed (Pranavam et al., 2011).

The quality of ground water was evaluated in and around Punnam area of Karur district, TamilNadu. The ground water samples showed quality deterioration due to the release of industrial effluent from textile industries present in the area (Raja and Venkatesan, 2010).

The ground water quality of Swaminathapuram, Dindigul district, TamilNadu was analysed by Thirumal and Sivakumar, (2003). Swaminathapuram one of the suburban areas, west of Dindigul district has many industries like paper and boards and bleaching factories and the surrounding area is engaged in agricultural activities. The healthy nature of under ground water is altered. The industrial pollutants associated with organic matter, industrial dissolved solids and other unwanted chemical caused serious ground water problems.

The bacterial quality of ground water was analysed in and around Madurai city, based on samples drawn from bore wells. Observations indicated that the bacteriological quality of bore well waters had crossed the upper limit prescribed by WHO. Pathogenic bacteria like Serratia rubbidden, Citrobacter freundii and Klebsiella subsprhinos cleomat were present in sites near Mennakshi Amman Temple and Teppakulam (Jayanthi and Kandhaswami, 2005).

An accurate and periodic assessment of water quality is necessary to shape a sound public policy and for the implementation of quality programmes. One of the most effective means of assessing the quality of available water in a region is to estimate the Water Quality Index (WQI), which may be broadly defined as a rating, reflecting the composite influence of a number of individual water quality parameters on the overall water quality (Dash et al., 2007).


In TamilNadu, Coimbatore is a fast growing industrial city, next to Chennai. Several new industries are coming up in Coimbatore and Coimbatore is known as the ‘Detroit of South India’ because of the mushrooming of engineering industries. It is also the education hub, due to the upcoming of several engineering collages in and around Coimbatore. Several IT companies have their offices in Coimbatore. This has resulted in the growth of commercial complexes and new residential areas. Due to rapid growth of population, industrialization and urbanization, their impact on environment requires immediate attention and hence the present study was undertaken with the following objectives:

1. To analyse the various water quality parameters of the ground water samples from selected areas in and around Coimbatore, such as physical, chemical and microbiological parameters.

2. To compare the ground water samples from different areas with respect to their physico chemical and microbiological parameters.

3. To assess their quality using available water quality standards.

REVIEW OF LITERATURE
2.  REVIEW OF LITERATURE


The literature pertaining to the present study on “Ground water quality assessment of selected areas in Coimbatore” was reviewed as follows.

2.1. SOURCES OF GROUND WATER POLLUTION

Thirumal and Sivakumar (2003) analysed the ground water quality of Swaminathapuram, Dindigul district, TamilNadu. Swaminathapuram one of the suburban areas, west of Dindigul district, has many industries like paper and boards and bleaching factory and the surrounding area is engaged in agricultural activities. The healthy nature of underground water is altered. The industrial pollutants associated with organic matter, inorganic dissolved solids and other unwanted chemicals have caused serious ground           water problems.


Jun et al. (2005) identified the source of nitrate contamination in ground water below an agricultural site, Jeungpyeong, Korea. Natural and fertilized soils were identified as nonpoint sources of nitrate contamination in this area, while septic and animal wastes were identified as small point sources. The seasonal changes in the relative impact of these sources on ground water contamination were related to such factors as source distribution, the aquifer confining condition, precipitation rate, infiltration capacity, recharge rate and the land use pattern.


Bolster et al. (2006) observed that the infiltration of faecal material into the subsurface can result in the contamination of soil and ground water by enteropathogenic microorganisms such as bacteria, viruses and protozoa. They have detected faecal contamination in nearly half of all the drinking water wells tested in the United States. Some of the most cited sources of faecal contamination of ground water supplies are agricultural activities including use of manure for crop fertilization, pasturing of livestock, animal feeding operations, wash water from animal housing, and leaky manure storage lagoons.

Benson et al., (2006), carried out a spatial analysis of land use impact on ground water nitrate concentrations, in North America. According to them the major sources of nitrate in the environment and subsequent contamination of natural waters include the use of nitrogen  based fertilizers, animal and human wastes, and to a lesser extent, industrial wastes, waste waters, and landfills. Although nitrate does occur naturally in the environment as a breakdown product of the decomposition of organic matter, this source contributes only very small amounts of nitrate to                ground water.

The chemical quality of ground water from 23 places covering the entire Ludhiana district of Punjab was analysed by Jain et al. (2007). The collected data were compared with various standards laid down by various agencies. The analysis showed that in general the quality of ground water is fresh except those areas in and around Ludhiana city where the ground water is polluted due to industrial effluents.

Ground water quality in coastal areas of Ramanathapuram district was assessed by Rajasekar and Soundarajan (2007).The results showed that well water samples upto 3 km distance were affected by sea water intrusion as evidenced by the cation and anion sequences in the order of Na+ > Mg+ > Ca2+ > K+  and Cl > So4 > HCo3 > Co3 respectively. The well water of               3 – 25 km is likely to be affected by sea water intrusion in due course. The high SAR, SSP and sodium ratio values indicated the unsuitability of well water for irrigation. Majority of well water has potential salinity to the extent that they cannot be used even for coarse textured soil. 


Study of ground water contamination due to municipal solid waste dumping in Guwahati city was carried out by Goswami and Sarma (2007). Rapid industrialization, urbanization and population growth have resulted in huge amount of solid waste generation in Guwahati city. Owing to infiltration of rain water, the solid waste leachate produced at the dumping site ultimately finds its way into the ground water causing contamination. The quality of ground water available within and near the municipal solid waste dumping yard was tested. The result obtained from analysis showed that the concentration of most of the analysed chemical parameters referring to the available ground water quality is beyond permissible limit.

Ground water quality evaluation in stone quarry area was done by Naik and Malini (2007). Stone quarrying is a small scale labour oriented industry which has provided jobs to many people but at the same time it has brought a host of environmental pollution problems in the vicinity.

Chiroma et al. (2007) analysed the environmental impact on the quality of water from hand dug wells in Yola Environs, Nigeria. The impact of environmental conditions on the quality of water from seven hand dug wells in Vinikilang, Shinko, Demsawo and Girei was studied. Monthly physical and chemical analyses were carried out on the well water samples. The results showed that the environment has direct impact on the quality of water and also the type of contamination of the well water samples. Water samples from the wells have higher levels of heavy metals Fe, Zn, Cu and Pb above the permissible limits of WHO specifications, except one whose Zn level was lower than the permissible limit.

Effect of solid waste on the quality of underground water in Benin metropolis, Nigeria was examined by Omofonmwan and Eseigbe (2009). The study was bore out of the unregulated manner in which both domestic and industrial wastes are deposited in the streets, river courses, buried, burnt and discarded in refuse heaps. Solid waste commonly generated in Benin metropolis includes papers and cartons, food remnants, glass and bottles, plastic and polythene, tin and metals, ashes and dust, textile and rags, aluminium and other minerals.


Dutta and Pradhan (2009) analysed the ground water quality of areas adjacent to loco and carriage workshops, Ajmer, Rajasthan. At present complete maintenance work for diesel locomotives, coaches and wagons is carried in these workshops. The area around the workshops is also densely populated. Except some selected sites the ground water is grossly unsuitable for domestic purposes. Due to these activities the ground water quality is altered. The higher values indicate anthropogenic pressure on ground water.

Pranavam et al.  (2011) carried out a study on ground water pollution in the Palar river bed near Vellore, TamilNadu. Vellore is surrounded by many leather tanneries and small scale dyeing industries and their effluents are discharged into Palar river which has an adverse effect on the quality of the underground water. The physicochemical parameters like pH, temperature, total dissolved solids, electrical conductivity, chlorides, hardness and salinity of the samples collected from various sampling stations were studied and the study showed that the quality of the underground water is in deteriorating state. 

2.2. PHYSICOCHEMICAL CHARACTERISTICS OF GROUND WATER

Safiudin and Karim (2001) identified arsenic contamination of ground water in Bangaladesh. The study highlighted the causes and mechanisms of arsenic contamination in ground water and also the impact of arsenic contamination on human health. People in 59 out of 64 districts in an area of 126,134 km2 of Bangladesh showed signs of arsenic contamination. 

Ground water quality of a typical urban settlement-A case study of impact of town planning, was done by Saxena and Shrivastava (2003). It was noticed that due to lack of proper town planning, waste management and high population density the quality of aquifer system is deteriorating very fast. Chloride, hardness, nitrate, BOD, iron and bacteriological parameters exceeded the desirable limits of drinking water standards.    

Fluoride ion concentration in the ground water of Tiruchirapalli district, TamilNadu, was analysed by Ramachandramoorthy (2004). The minimum value of fluoride ion concentration was observed as 0.56 mg/l in Kottapattu and maximum value of 3.89 mg/l in Kodumbalur. 

 Significantly high correlation was found between electrical conductivity paired with other parameters such as total dissolved solids, chlorides, total alkalinity, sulphates and total hardness. The Water Quality Index (WQI) calculated using observed and predicted values of these parameters showed significant linear relationship with electrical conductivity. Thus an accurate measurement of electrical conductivity will help in the prediction of certain parameters, without actually measuring these parameters (Kalyanaraman and Geetha, 2005).

The chemical characteristics of the ground water in and around the Valapadi taluk of Salem district were studied to evaluate the suitability of water for domestic and irrigation uses. Twenty three ground water samples representing the shallow and deep quitter of the area were collected and analysed for pH, total dissolved solids, calcium, magnesium, sodium, potassium, sulphate and chlorides. It was observed that the quality of the ground water is suitable for domestic use with some exception. The observed high quantity of chlorides, sulphates and magnesium at some places require immediate attention and detailed study. The value of electrical conductivity and sodium adsorption ratio (SAR) indicated good to medium quality of water for irrigation (Gurugnana et al., 2007).

Tatawat and Chandel (2007) carried out a study to assess the quality of ground water of Jaipur city, for its suitability for domestic and irrigation purposes. A preliminary characterization carried out using the piper diagram showed that most of the ground water samples were in the field of mixed Ca++- Mg++- Cl- type of water. Data plotted on the US salinity diagram illustrated that most of the ground water samples were in the field of C3S1, which can be used for irrigation on almost all type of soil with little danger of exchangeable sodium.

Sharma and Jain (2007) made an attempt to assess the ground water quality of fifty villages of Sanganer Tehsil, Jaipur. Majority of samples did not comply with Indian as well as WHO standards for most of the water quality parameters. Overall water quality was found unsatisfactory as high fluoride and EC in drinking water manifest ill effects on human health. 


Das and Battacharya (2007) carried out a study to assess the status of ground water and its effects on public health around greater Guwahati, Assam. In these areas fluoride level is above the permissible limit.


Kumar et al. (2007) worked out the geochemical characterization of ground water on banks of Masi river, Hyderabad city, AP. Geo-chemical investigation reveals that the concentration of most of the ions are greater than the ISI recommended guideline values for drinking water.

Dash et al., (2007) worked out the water quality index (WQI) for ground water of rural areas around Angal – Talcher Industrial zone, Orissa. The quality rating of 20 physico – chemical and bacteriological parameters of water samples from 7 tube wells and 7 dug wells in the region were estimated. The WQI values for all the analysed samples were less than 80 throughout the period of investigation except for 3 dug wells in the rainy season and also after heavy down – pour in summer. The results indicated that the analysed water bodies are by and large moderately polluted and can be used only after proper treatment and disinfections.

Venkadasubramani and Meenambal (2007) made a detailed study on water quality by collecting samples from 20 bore wells of Pollachi taluk, Coimbatore district. A correlation analysis was carried out among the various parameters. Significant linear relationships among some water quality parameters were obtained, which can be used for rapid monitoring of water quality parameters.

Sohu et al. (2007) made an attempt to assess the ground water quality of fifty villages of Sngner Tehsil, Jaipur, mainly focusing on fluoride contamination and fluorosis. Physical health of villagers was studied through personal interview. The fluoride concentration in the ground water of these villages ranged from 0.4 to 6.4 mg/l. Overall water quality was found to be unsatisfactory for drinking purpose with out any prior treatment as high fluoride and EC in drinking water may manifest ill effect on human health.

Palanisami et al. (2007) assessed the ground water quality in an around Gopichettipalayam town, Erode district. They reported that the water quality parameters like pH, EC, Cl-, SO42-, TDS, Ca2+, Mg2+, hardness and fluoride were with in the maximum permissible limit prescribed by WHO and ICMR. Few samples were with lower DO values than the permissible level.


Tatawat and Chandel (2007) analysed the quality of ground water for its suitability for domestic and irrigation purposes in Jaipur city. The results showed that the ground water can be used for irrigation in almost all types of soil with little changes of exchangeable sodium.

A systematic physicochemical analysis of the ground water at 41 different locations in Panipat city, Haryana, has been taken up to evaluate its suitability for domestic purposes by Bishnoi and Malik (2008). For the analyzed water samples pH, EC, TDS, TA, TH, Na+, K+, Ca2+, HCO​3-, Cl-, SO2- and F- varied drastically. All samples had high concentration of dissolved salts and all the samples were hard to very hard. Fluoride was higher than permissible limits in most of the samples.


Physicochemical analysis of ground water in Angul – Talcher region of Orissa was carried out by Reza and Sing (2009). The impacts of industrial and mining activities on the ground water quality were assessed in terms of physicochemical parameters. The physicochemical parameters such as pH, electrical conductivity, TDS, total hardness, calcium hardness, magnesium hardness, calcium ion, magnesium ion, chloride and COD were analyzed. Drinking water quality of premonsoon season was better than post monsoon season. Few water samples were slightly alkaline along with high dissolved salts. 

Shah et al. (2009) carried out a study on the ground water quality of Dahegum Taluka, Gujarat. The study showed that the water quality of bore well is poor for drinking purpose as per water quality index. In 77.5% of the villages the water quality is quite good for irrigation and in 22.5% of the villages, it is poor for irrigation. The variance was found to be significant at 1% level of significance.

Chakrabarty et al. (2009) identified the presence of fluoride in the drinking water of Guwahati city of Kamrup district, Assam. The results indicated that the fluoride concentrations were above the permissible limit in most cases.

Chromium pollution in the ground water of an industrial area in and around Tumkur city, Karnataka was analysed by Radiesha et al. (2010). It was of paramount importance to look for and to evaluate the chromium level in the drinking water of the area and assess their status of potability in the light of the criteria laid by Bureau of Indian Standards (BIS). The analysis reveals that 57.5% of the samples are non-potable due to the presence of excess chromium and the results show that there is a definite correlation between the ill health faced by the residents of the area and ground water contamination.


Prasad et al. (2010) compared the ground water chemistry of Bapi and Sudarsanpura industrial area of Dausa district, Rajasthan. It is observed that high alkalinity leads to increase in the fluoride level. Presence of fluoride bearing minerals in the host rocks and their interaction with water is considered to be the main cause for fluoride in ground water. Most significant correlation was observed between TDS – TH, Ta – Cl, Ca2+ - SO42- and Mg2+ - Cl- pairs.


Logaswamy and Remia (2010) made a detailed study on the ground water quality of different places of Kavundampalayam Panchayath in Coimbatore district and reported that the ground water quality varied drastically at different sites. The higher values of certain chemical characters at certain sites indicate the non-suitability of the ground water for drinking.


An attempt was made by Koner (2010) to assess the chemistry of ground water in Howrah district, West Bengal, during pre-monsoon, monsoon and the post-monsoon seasons. Higher values in the pre-monsoon seasons and lower values in post-monsoon period were reported. Increase of COD values in the village tube well water indicated lack of proper sanitation in the study area.


Acharya and Mathi (2010) studied the fluoride contamination in ground water sources of Modasa Tehsil of Sabarkantha district, Gujarat. The high concentration of fluoride on the water resources in some locations such as Khambhaisar, Kolikkad and gal sundra areas are of great concern. Fluoride concentration was very high in Modasa. Fluoride was found in the range of 0.21 to 4.10 ppm with an average of 2.30 ppm.


 Occurrence of ground water arsenic concentration in rural areas of Nadia District, West Bengal was observed by Banergee and Gush (2010); Arsenic level detected was in the range of 82.0 to 231.0 mg/l.


Analysis of fluoride level in ground and surface water and survey of dental fluorosis was carried out in Ambala District of Haryana by Oberoi and Gupta (2010). The analysis showed a minimum fluoride level of 0.18 mg/l and maximum level of 0.80 mg/l in hand pump water of different villages and minimum fluoride concentration of 0.55 mg/l and maximum of 1.80 mg/l in tube well water for the year 2009.

2.3. MICROBIOLOGICAL CHARACTERISTICS OF GROUND WATER


The existence of a sub population of small sized bacteria (filtrable bacteria) that fails to be trapped on conventional 0.45 μm – pore size membrane filters during routine bacteriological water quality analyses were detected in the ground water supplies of USA (Lillis and Bissonett, 2001).


Microbiological analysis of ground water of Sri Padmavani Mahila University campus, Madurai was observed by Radha (2003) for the detection of coliform bacteria and it was confirmed that all samples were free from E.coli.

Chhabra and Saxena (2003) studied the coliform contamination of ground water in desert city, Bikaner, Rajasthan. It was recorded to range from 5 to 247.25/ 100 ml in different zones. No marked correlation of MPN was noted with season and source of water supply. It was positively correlated with the pH of water and number of patients of water –borne diseases.

Distribution of E.coli in ground water of Anekal Taluk, Banglore urban district was studied by Ragavendra and Shekar (2004).Water samples from sources such as hand pumps, mini water supply and pipeline water supply were analysed. In Kasaba hobli of Anekal taluk about 18.58 percent of hand pumps, 40 percent of pipeline water supply sources showed excess of E.coli than the limits prescribed for drinking water. In Sarjapura hobli, pipeline water supply sources also showed excess of E.coli. The Anekal taluk as a whole showed a maximum of 56.6 percent of mini water supply sources and a minimum of 21 percent of hand pump sources being affected by E.coli. The results of E.coli density and salinity of the water samples showed strong negative correlation with their distribution, conforming that the E.coli are more sensitive to salt content present in water.

The bacterial quality of ground water was analysed in and around Madurai city in TamilNadu, based on samples drawn from bore wells. Observations indicated that the bacteriological quality of bore well waters had crossed the upper limit prescribed by WHO. Pathogenic bacteria like Serratia rubbidden, Citrobacter freundii and Klebsiella subsprhinos cleomat were present in sites near Meenakshi Amman temple and Teppakulam (Jayanthi and Kandhaswami, 2005). 

The infiltration of faecal material into subsurface can result in the contamination of soil and ground water by enteropathogenic microorganisms such as bacteria, viruses and protozoa (Bolster et al., 2006).  They have detected faecal contamination in nearly half of all the drinking water wells tested in the United States. Some of the most cited sources of faecal contamination of ground water supplies are agricultural activities including use of manure for crop fertilization, pasturing of livestock, animal feeding operations, wash water from animal housing and leaky manure storage lagoons.

Chiroma et al. (2007) studied the impact of environmental conditions on the quality of water from hand dug well in Nigeria. Wells close to abattoir, pit latrine, domestic refuse dumps, stagnant water and drainage showed higher amount of coliform bacteria.


A study was undertaken by Dash and Patra (2007) to assess the bacteriological quality of ground and surface water in rural areas around Angul – Talcher, industrial zone of Orissa. 252 samples from ponds, dug wells and tube wells spread over seven locations around the industrial zone were analysed bimonthly from July 2001 to May 2003. The study revealed the poor microbial quality of pond water and the samples were found to be unfit even for bathing purpose. In terms of coliform counts the tube well were found to be safer sources than dug wells. All dug well and 30 % of tube well waters were found to be unfit for human consumption, whereas  70 % of the tube well waters were found to provide safe drinking water during winter and summer. 

Physicochemical and microbiological analysis of underground water in V.V. Nagar and nearby paces of Anand District, Gujarat was carried out by Mishra and Bhatt (2008). Six water samples were subjected to physico-chemical analysis like pH, TDS, hardness, conductivity, Dissolved oxygen and chemical oxygen demand. The MPN count resulted from the bacteriological study of these samples has given the information regarding the suitability of the water for drinking and other domestic applications. The results are analyzed comparatively and conclusions regarding the suitability of the use of such waters are made.

Patel et al. (2010) evaluated the ground water quality of Banaskantha district, Gujarat. The major problems about ground water usage are depletion of ground water due to overdraft, salinization and pollution due to agricultural and other anthropogenic activities. DO, BOD, COD, pH, conductivity, TDS, nitrate, nitrite, chromium, sodium, potassium and fluoride etc. The microbial parameters analyzed were MPN of coliforms for the presence of coliforms and standard plate count.

MATERIALS  AND  METHODS

3. MATERIALS  AND  METHODS


For the present study, the ground water samples were collected from three selected areas in and around Coimbatore city, RS Puram, Podanur (Fig. 1) and Poochiyur (Fig. 2).

3.1. STUDY AREA

RS Puram (Rathina Sabapathi Puram)


It is a residential cum commercial area in Coimbatore. It is a well planned colony promoted by the Coimbatore Municipality in 1950’s for housing. D.B. Road (Divan Bahadur Road) is the main central road that connects all the other streets and it has all types of shops and eateries              (Fig. 3). It has a nice temple complex which has temples to Sri Ganesh, Siva, Hanuman, Murugan and others. In recent years it has become too commercial and has lost its charm steadily from late 80’s.

Podanur 


It is a town 6 km south east of the city of Coimbatore. Its history goes backs to the creation of major railway station and colony during British rule. The station has lost its importance after the major railway stations were built at Coimbatore and Palakkad. However, it is still a significant junction and a few trains that do not go to Coimbatore, stop at Podanur (Fig. 4). The town is now becoming an important suburb of Coimbatore. Other towns surrounding Podanur are Kurichi and Vellalore.

Poochiyur


Poochiyur is in the north, about 18 km from Coimbatore city. It is a small rural community surrounded by agricultural fields and poultry farms (Fig. 5 and Fig. 6).
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Fig. 1 - MAP OF COIMBATORE CITY SHOWING RS PURAM AND PODANUR
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Fig. 2 – Map of Coimbatore showing Poochiyur
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Fig. 3 – DB ROAD IN RS PURAM
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Fig. 4 – PODANUR RAILWAY STATION
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fig. 5 -  AGRICULTURAL FIELDS IN POOCHIYUR
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Fig. 6 -  POULTRY FARM IN POOCHIYUR

3.2. COLLECTION OF WATER SAMPLES


The water samples were collected from bore wells located in the three selected areas (Fig. 7, 8 and 9). For the analysis of physico chemical parameters the samples were collected in clean plastic containers of 5 litre capacity. For DO estimation sampling was done in clean reagent bottles of 250 ml capacity and fixed immediately after collection. For bacteriological analysis sterile bottles of 150 ml capacity were used (Fig. 10).

3.3. ANALYSIS OF WATER SAMPLES


The physicochemical and microbiological parameters of water samples were analysed. The physicochemical properties were analysed using standard techniques (APHA, 1992).

3.3.1. PHYSICAL PARAMETERS
Colour

The colour of the sample was visually observed.

Odour

The odour of the sample was noted by directly smelling the sample.

Turbidity


The turbidity was estimated by Jackson candle method and was presented as number of Jackson turbidity units.

Temperature

Temperature was measured at the sampling station itself, using mercury filled centigrade thermometer (0º C to 50º C). The readings were made by dipping the thermometer in water for 2 minutes before constant readings were obtained.

Total Suspended Solids


Suspended solids of the sample were estimated by centrifugation method. 50 ml of the sample was centrifuged and after centrifugation the residue was 
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Fig. 7 – Ground water sample collection from bore well in RS Puram
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Fig. 8 – Ground water sample collection from bore well in Podanur
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Fig. 9 – Ground water sample collection from bore well in Poochiyur
[image: image12.jpg]E




Fig. 10 – PLASTIC CONTAINER AND REAGENT BOTTLES USED IN THE COLLECTION OF GROUND WATER SAMPLES

washed with distilled water, recentrifuged and the suspended solids in the centrifuge tube was transferred to a pre weighed silica dish and dried at 105º C. The increase in weight was equal to the amount of suspended solids. The suspended solids present in the sample were calculated by using the formula.





      Final wt. – Initial wt. of the crucible  

Total suspended solids in mg/l = ___________________________________________ X 1000






          Volume of the sample

Total Dissolved Solids


50 ml of the sample was taken in a preweighed silica crucible and the sample was evaporated to dryness using a water bath. After complete evaporation the final weight of the crucible was taken. The total dissolved solids present in the sample was calculated by using the following formula

                                                  Final wt. – Initial wt. of the crucible

Total dissolved solids in mg/l = ___________________________________________ X 1000






           Volume of the sample

Total Solids


By adding the weight of suspended solids and dissolved solids the amount of total solids was obtained.

3.3.2. CHEMICAL PARAMETERS

pH


A direct reading pH meter was used. The pH meter was first standardized using buffer solutions of pH 7.0 and pH 9.2. The electrodes were rinsed in distilled water and immersed in the water samples and readings were noted in the digital display.

Estimation of Alkalinity


Phenolphthalein alkalinity was estimated by titration method against 0.02N Sulphuric acid, using phenolphthalein as indicator.


After findings phenolphthalein alkalinity, methyl orange alkalinity (total alkalinity) was estimated by continuing the same titration, using methyl orange as indicator.

Calculation




      ml of 0.02N H2SO4 for total alkalinity end point 






X 50 X 0.02 X 1000

Total alkalinity as CaCO3(mg/l) = _____________________________________________ 





           ml sample taken for titration

Estimation of Total Hardness


Total hardness of the sample was estimated by EDTA titrimetric method.

Reagents

Buffer solution 


16.9 g of ammonium chloride was dissolved in 143 ml of ammonium hydroxide. 1.179 g of disodium salt of EDTA and 780 mg of magnesium sulphate were added and made upto 250 ml with distilled water.

Inhibitor


4.5g  of hydroxylamine hydrochloride in 100ml of 95% ethanol.

Standard EDTA titrant (0.02 N )


 3.723g Disodiumethylene diamine tetraacetate dihydrate was dissolved in 1 litre of water. It was standardized against standard calcium solution. 1.0ml of 0.02N EDTA ( 1.0 mg of CaCO3.

Eriochrome Black– T indicator


 0.5 g of the dye was mixed with 100g of Sodium chloride to obtain a dry powder mixture. 

Procedure

1. 50 ml of water sample was taken in a conical flask and 2ml of buffer solution and 1ml of the inhibitor were added.  

2. After adding a pinch of Eriochrome Black– T indicator it  was titrated against standard EDTA, till the wine red colour changed into blue. The volume of EDTA used was noted. 

Calculation


        




ml EDTA titant ( 1 ( 1000
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Total Hardness as CaCO3 (mg/l ) =    

                                                           Volume of sample taken in ml

Estimation of Calcium Hardness

Reagents 

1N sodium hydroxide: 


40 g sodium hydroxide was dissolved in 1 litre of distilled water.

Murexide indicator (Ammonium prupurate)


200 mg of the dye was ground with 100 g of sodium chloride.

0.02 N standard EDTA titrant:



3.723 g EDTA disodium salt was dissolved in 1000 ml of distilled water in a volumetric flask.

Procedure

1. 50 ml of water sample was taken in a conical flask and 2 ml of sodium hydroxide was added and pH was adjusted to 12 -13.

2. 0.1 – 0.2 g of the indicator was added and titrated against standard EDTA titrant.

3. The colour change from pink to purple indicated the end point.
Calculation






                  ml. EDTA titrant X 1 X 1000


Calcium as CaCO3 (mg/l) =    ________________________________________






ml. sample taken for titration

Estimation of magnesium hardness 

Calculation


Magnesium as CaCO3 (mg/l) = Total hardness – Calcium hardness.
Estimation of Carbondioxide

Reagents

Phenolphthalein indicator solution


500 mg of phenolphthalein was dissolved in 50 ml of ethyl alcohol   and 50 ml of distilled water was added.

0.02 N standard sodium hydroxide solution

1N NaOH was prepared by dissolving 40 g of NaOH in 1 litre of CO2 free distilled water. 20 ml of 1N NaOH was diluted to 1000 ml.

Procedure 

1. 100 ml of sample was taken in a conical flask and few drops of phenolphthalein indicator was added. 

2. The solution was colourless and it was titrated against 0.02 N NaOH. (If the colour turns pink free CO2 is absent).

3. End point was the appearance of pale pink colour.

Calculation 






ml. alkali used X 1000


Carbondioxide (mg/l) = _________________________________






   ml. sample taken

Dissolved oxygen


Dissolved oxygen of the water sample was estimated by Winkler’s method.

Estimation of Biochemical Oxygen Demand (BOD)

Reagents

Phosphate buffer solution


33.4g disodium hydrogen phosphate, 8.5g potassium dihydrogen phosphate, 21.75 g dipotassium hydrogen phosphate, 1.7 g ammonium chloride in 1000 ml of distilled water in a volumetric flask and pH was adjusted to 7.2.

Dilution Water


Double distilled water taken in a glass container was aerated for half an hour using an aerator. 1 ml of phosphate buffer, 1 ml of MgSO4 (22.5 g/l) 1 ml of CaCl2 (27.5 g/l) and 1 ml of FeCl3 (0.25 g/l) were added.

Chemicals needed for DO estimation

Procedure

1. Water sample was diluted (measured dilution) with dilution water (Dilution is not necessary for unpolluted waters and seeding is unnecessary for surface waters).

2. Water sample was taken in two BOD bottles. D.O content (D1) of one bottle was analysed and the other was incubated in BOD incubator at 20º C for 5 days.

3. Two other bottles were filled with dilution water D.O content was analysed immediately in one bottle and the other was incubated.

4. D.O was analysed in the incubated water sample (D2) and dilution water after 5 days of incubation.

Calculation



              (D1 - D2 – BC ) x 100


BOD  (mg/l) = __________________________________________




      Percentage dilution of sample

           


BC – Blank Correction

Estimation of Chemical Oxygen Demand (COD)

Reagents

0.25 N Potassium dichromate


12.259 g of potassium dichromate in 1000 ml of distilled water.

0.1 N Ferrous ammonium sulphate (FAS)


39.2 g of ferrous ammonium sulphate and 20 ml of conc. H2SO4 in 1000 ml of distilled water. The solution was standardised with 0.25N potassium dichromate solutions.

Ferroin indicator


1.485 g phenanthroline and 0.695 g ferrous sulphate dissolved in 100 ml distilled water.

Procedure

1. 10 ml of sample was taken in a COD flask and 30 ml of conc. H2SO4 and 10 ml of 0.25 N potassium dichromate were added.

2. The content was refluxed for two hours in a hot plate at 60º C, cooled, diluted with distilled water and made upto 140 ml.

3. Two to three drops of ferroin indicator was added and titrated against 0.1 N FAS.

4. The colour change from blue green to reddish brown was the end point. The entire procedure was repeated for blank.


COD of the sample was calculated using the formula.




    V X Normality of FAS X 8 X 1000


COD (mg/l) =  __________________________________________





Volume of the sample


Estimation of Chlorides 

The amount of chlorides was estimated by argentometric method.

Reagents

Potassium chromate indicator


25 g of potassium chromate was dissolved in 100 ml of distilled water. Silver nitrate solution was added till a definite precipitate was formed. After 12 hours the solution was filtered and diluted to 500 ml with distilled water.

0.0282 N silver nitrate solution


4.791 g of AgNO3 in 1000 ml of distilled water. The solution was standardised against 0.0282 N sodium chloride.

0.0282 N sodium chloride


1.648 mg of sodium chloride in 1000 ml of distilled water.

Procedure

1. 100 ml of sample was taken and pH was adjusted between 7.0 and 8.0.

2. 50 ml of this sample was taken and 1 ml of potassium chromate was added.

3. The sample was titrated against standard AgNO3 solution taken in a burette until a brick red precipitate was formed and the volume used was noted.

Calculation



    


 V X N of AgNO3 X 35.45 X 1000


Chlorides (mg/l) =          ____________________________________________





                 Volume of the sample


Estimation of sulphates


Gravimetric method was used for the estimation of sulphate.

Reagents 

Methyl red indicator


50 mg methyl red indicator in 50 ml distilled water.

Barium chloride solution


100 g of barium chloride was dissolved in 1000 ml of distilled water and was filtered through Whatmann N0.1 filter paper.

Silver nitrate solution


0.5 ml conc. HNO3 and 8.5 ml AgNO3 in 500 ml distilled water.

Hydrochloric acid (50%)


Hydrochloric acid and distilled water in 1:1 ratio.

Procedure
1. To 100 ml of sample in an Erlenmeyer flask, 2-3 drops of methyl red indicator was added.

2. pH was adjusted to about 4.5 to 5.0 by adding Hydrochloric acid until the colour was changed form red to orange. 2 ml of HCl was added in excess.

3. The solution was boiled and warm barium chloride was added slowly until the precipitation was completed. The solution was heated in water bath for 2 hours and filtered through Whatman No. 42 filter paper.

4. The precipitate was washed with warm distilled water until the filtrate showed no traces of chloride. It was tested by adding AgNO3 solution. Absence of white turbidity on addition of AgNO3 indicated the absence of chlorides.

5. The filter paper with precipitate was dried in an oven at 105º C for an hour, and weighed.

Calculation





Wt. of precipitate in mg. X 0.4116


Sulphate (mg/l) = ______________________________________________ X 1000




        Volume of sample taken


Estimation of Phosphates


The amount of phosphate was estimated by stannous chloride method.

Reagents

Phenolphthalein indicator solution


500 mg of phenolphthalein was dissolved in 50 ml of ethyl alcohol and 50 ml of distilled water was added.

Sulphuric acid – nitric acid solution


     75 ml Conc. H2SO4 was added to about 150 ml. distilled water and cooled. 1 ml conc. HNO3 was added and diluted to 250 ml with distilled water.

Ammonium molybdate solution 

        2.5 g ammonium molybdate was dissolved in about 200 ml. distilled water.280 ml conc. H2SO4 was added to 400 ml distilled water and cooled. Molybdate solution was added to the diluted acid and dilute to 1000 ml.

Stannous chloride solution


2.5 g fresh stannous chloride was dissolved in 100 ml glycerol and heated in a water bath.

Phosphate stock solution


439 mg potassium dihydrogen phosphate was dissolved in distilled water and made up to 1000 ml in a volumetric flask. Two drops of toluene was added as a preservative.

Phosphate standard solution


10 ml phosphate stock solution was pipetted into a 1000ml volumetric flask and made up to the mark with distilled water and should be prepared freshly.1.0 ml ≡ 1 mg P

Procedure

1. 100 ml of the sample was taken in a Nessler tube and 1 drop of phenolphthalein indicator was adeed. The pink colour developed was destroyed by adding one or two drops of Sulphuric – nitric acid solution.

2. Phosphate working solution was pipetted in to a series of 100 ml Nessler tubes covering the range up to 20 µg P and made up to 100 ml with distilled water. A Nessler tube containing 100 ml distilled water was kept as a blank.

3. To the blank, standards and sample 4 ml ammonium molybdate solution and 0.5 ml stannous chloride solution were added.

4. Between 10 – 12 minutes the colour developed was measured at 690nm against the reagent blank using a spectrophotometer.

5.  A calibration curve was prepared and amount of phosphate equivalent to the observed optical density was calculated and the result was expressed as mg phosphate per litre of sample.

Estimation of Fluorides

Reagents

Alizarin red solution (Solution A)

0.7 g alizarin red in 100 ml distilled water.

Zirconyl acid solution(Solution B)

0.45 g zirconyl chloride in 100 ml distilled water.

Sulphuric acid solution (Solution C)

70 ml conc. H2SO4 in 700 ml of distilled water.

Acid zirconium-alizarin solution


Solution A was poured into solution B, solution C was added, made upto 1000 ml, stored in dark and used after 24 hours.

Fluoride stock solution


221.0 mg anhydrous sodium fluoride in 1000 ml distilled water.

Fluoride standard solution


100 ml stock solution diluted to 1000 ml with distilled water.

Procedure

1. 50 ml of the sample was taken in a 50 ml Nessler tube.

2. 1.0, 2.0, 4.0, 6.0, 8.0,10.0, 12.0 ml of the standard fluoride solution were taken in 50 ml Nessler tubes and the volume was made upto 50 ml with distilled water.

3. 50 ml of distilled water was taken as blank.

4. 1.0 ml of acid zirconium-alizarin solution was added to standards, blank and the sample, well mixed and incubated for 20 minutes at room temperature.

5. The reading was taken in a calorimeter at 540 nm wavelength.

6. A standard curve was prepared by plotting fluoride concentrations of standard solutions of the X-axis and optical density on the Y-axis.

7. Fluoride content of sample was found out by matching its absorbance with the standard curve and the result was expressed in mg/l.

Estimation of Nitrates

Reagents

Nitrate stock solution


722 mg potassium nitrate was dissolved in distilled water and made up to 1000 ml in a volumetric flask.

Nitrate standard solution


100 ml nitrate stock solution was pipetted in to a 1000 ml volumetric flask and made up to the mark with distilled water.

Brucine – Sulphanilic acid solution


1 g brucine sulphate and 100 mg sulphanilic acid was dissolved in   70 ml hot distilled water 3 ml conc. HCl was added cooled and diluted to 100 ml with distilled water. 

Sulphuric acid solution


500 ml conc. H2SO4 was added to 75 ml distilled water and cooled to room temperature.

Procedure

1. 0.5,  1.0,  1.5,  2.0,  2.5,  3.0,  3.5,  4.0,  4.5  and 5.0 ml of nitrate standard solution were taken in a series of 50 ml beakers and diluted to 5 ml with distilled water.

2. A beaker containing 5 ml of distilled water was used as a blank.

3. 2 ml of the sample was taken in a 50 ml beaker and diluted to 5 ml with distilled water. 1 ml of brucine sulphanilic acid solution was added to the blank, standards and sample are mixed well.

4. 10 ml of Sulphuric acid solution was taken in a second series of 50 ml beakers. The contents of the first series of beakers were poured in to each of the second series of beakers and mixed well. Beakers were kept in the dark for 10 minutes.

5. 10 ml of distilled water was added to all the beakers. Beakers were allowed to cool for 20 – 30 minutes. The colour development was read in a colorimeter against 510 nm. Using the calibration curve the mg. equivalent of nitrate nitrogen in the sample was found out.

Calculation





          mg. Nitrate X 1000



Nitrate (mg/l) =   ____________________________________________




ml. sample taken for estimation

 Estimation of Nitrites

 Reagents

EDTA solution


500 mg disodium ethylene diaminetetracetate dehydrate was   dissolved in distilled water and made up to 100 ml.

Sulphanilic acid solution


600 mg sulphanilic acid was dissolved in 70 ml hot distilled water. The solution was cooled and 20 ml Conc. HCl was added and made up to 100 ml with distilled water. 

α – naphthylamine hydrochloride solution


1 ml conc. HCl was added to 50 ml of distilled water in a beaker. 600 mg α – naphthylamine hydrochloride was dissolved in it. The solution was diluted to 100 ml with distilled water.

2M sodium acetate buffer solution

Nitrite stock solution


493 mg sodium nitrite was dissolved in distilled water and made up to 1000 ml in a volumetric flask.

Nitrite intermediate solution

   10 ml stock nitrite solution was pipetted out and made up to 100 ml.

Nitrite working solution


5 ml nitrite intermediate solution was pipetted out in to a 100 ml. volumetric flask and made up to the mark.

Procedure

1. 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 and 5.0 ml of nitrite working solution were taken  in 50 ml Nessler tubes and made up to the mark with distilled water. Another Nessler tube with 5ml distilled water was kept as blank.

2. 50 ml of the clear sample was transferred in to a Nessler tube. 1 ml EDTA solution was added and stirred well.

3. 1.0 ml sulphanilic acid was added to blank, standards and sample and mixed thoroughly. After 10 minutes 1.0 ml α – naphthylamine hydrochloride solution and 1.0 ml sodium acetate buffer solution were added and mixed thoroughly.

4. After 10 minutes, the test samples were measured using a spectrophotometer at 520 nm. Using the calibration curve the µg equivalent of nitrite nitrogen in the sample was found out.

          The result was expressed as mg nitrite nitrogen per litre of sample.

Estimation of iron


The amount of iron present in the sample was estimated by phenanthroline method.

Procedure

1. 50 ml of sample and working standards were taken in 125 ml Erlenmeyer flasks and 2 ml conc. HCl, 1 ml NH2OH HCl (10%) were added and boiled.

2. The solution was transferred to 100 ml volumetric flask.

3. 10 ml of ammonium acetate buffer (250g C2H3O2 NH4 and 700 ml glacial CH3COOH in 1 litre) and 2 ml of phenanthroline (100 mg/100 ml distilled water) were added.

4. The absorbance at 510 nm against the reagent blank was noted after 10-15 minutes.

Estimation of nickel 

The amount of nickel was estimated by dimethyl glyoxime method

Reagents

Nickel stock solution

447.9 mg Nickel sulfate (NiSO4.6H2O) was dissolved in distilled water and the volume was made upto 1000 ml. in volumetric water           (1.00 ml = 100(g Ni).

Nickel working solution

10.0 ml of nickel stock solution was pipetted into a 100 ml volumetric  flask  and  made  upto  the  mark  with  distilled  water (1.00 ml = 10 (g Ni).

0.5N Hydrochloric acid 


50ml conc. HCl was diluted to 1000 ml with distilled water

Sodium citrate solution

125g sodium citrate was dissolved in 500 ml distilled water.

0.05 N Iodine solution
       20g potassium iodide, was dissolved in 5 ml. distilled water. 6.4 g iodine was dissolved in this solution, and the solution was diluted       to 1000 ml.

Dimethyl glyoxime solution 


1g dimethyl glyoxime was dissolved in 100 ml of concentrated ammonia solution.100 ml distilled water was added and filtered if necessary.

Additional reagents for the removal of interferences

Dilute ammonia solution - 10 ml. concentrated ammonia solution was diluted to 500ml with distilled water. 

Chloroform
Procedure

1) Appropriate volumes of nickel working solution covering the range up to 100 (g was taken in a series of 50ml Nessler tubes. 50 ml Nessler tube with distilled water was kept as the blank.

2) A suitable aliquot of the neutralised (acid digested sample containing not more than 100 (g nickel) was taken in a 50ml Nessler tube.

3) To the blank, standards and sample 20 ml of 0.5 N. HCl was added.

4) Then following reagents were added in order with mixing after each addition:


 (i) 10 ml. sodium citrate solution


 (ii) 2 ml. iodine solution,    and


 (iii) 4 ml. dimethyl glyoxime solution

5) The volume in all the flasks were made upto 50 ml. with distilled water and allowed to stand for 20 minutes. 

6) Optical density was measured in a spectrophotometer at 470 nm against the reagent blank. A calibration curve was prepared and the microgram of nickel equivalent to the observed optical density was determined. 


The result was expressed as mg nickel per litre of the sample. 

Oil and Grease

Procedure

1. 500 ml of well mixed sample was taken in a beaker and 5 ml of magnesium sulphate solution was added. Small amounts of milk of lime were added with continuous stirring until flocculation occurs.

2. The precipitate was dissolved in dilute hydrochloric acid and transferred to the separating funnel. The beaker was washed with 50 ml of petroleum ether and poured into the separating funnel.

3. The aqueous layer was transferred to another separating funnel and again extracted with 50 ml of petroleum ether.

4. Two ether extracts were taken in a 200 ml beaker 2 g of anhydrous sodium sulphate was added. The beaker was covered with a watch glass and the contents were mixed at frequent intervals for about 30 minutes.

5. The contents were filtered into an evaporating dish using Whatmann No. 42 filter paper containing sodium sulphate in its cone, moistened with the solvent. The beaker was washed with two 20 ml portions of petroleum ether and filtered through the same filter paper.

6. Petroleum ether was evaporated by keeping it on a water bath. The dish was weighed. The difference in weight corresponded to the amount of oil and grease present in the aliquot of the sample. 

3.4. MICROBIOLOGICAL PARAMETERS

3.4.1. Detection of coliform bacteria


The three basic tests to detect coliform bacteria in water are presumptive, confirmed, and completed tests. The tests are performed sequentially on each sample under analysis. They detect the presence of coliform bacteria (indicators of fecal contamination), the gram-negative, non-spore-forming bacilli that ferment lactose with the production of acid and gas that is detectable following a 24-hour incubation period at 37º C.

Presumptive Test

Determination of the Most Probable Number of   Coliform Bacteria

Purposes
1. To determine the presence of coliform bacteria in a water sample.

2. To obtain some index as to the possible number of organisms present in the sample under analysis.

Principle


The presumptive test is specific for detection of coliform bacteria. Measured aliquots of the water to be tested are added to a lactose fermentation broth containing an inverted gas vial. Because these bacteria are capable of using lactose as a carbon source (the other enteric organisms are not), their detection is facilitated by use of this medium. In addition to lactose, the medium also contains a surface-tension depressant the bile salt, which suppresses the growth of organisms other than coliform bacteria.


Tubes of this lactose medium are inoculated with 10-ml, 1-ml and 0.1-ml aliquots of the water sample. The series consists of at least three groups, each composed of three tubes of the specified medium. The tubes in each group are then inoculated with the designated volume of the water sample as described under “Procedure”. The greater the number of tubes per group, the greater the sensitivity of the test. Development of gas in any of the tubes is presumptive evidence of the presence of coliform bacteria in the sample. The presumptive test also enables the microbiologist to obtain some idea of the number of coliform organisms present by means of the most probable number test (MPN). The MPN is estimated by determining the number of tubes in each group that show gas following the incubation period (Table - 1).

Procedure


Three separate series of test tubes each consisting of three groups and a total of nine tubes per series were kept in a test tube rack. Each test tube was labeled indicating the water source and the volume of the sample inoculated. This set up was presented in the given table.

	Series1: RS Puram
	3 tubes of LB2X – 10 ml

3 tubes of LB1X – 1 ml

3 tubes of LB1X – 0.1 ml

	Series 2: Podanur
	3 tubes of LB2X – 10 ml

3 tubes of LB1X – 1 ml

3 tubes of LB1X – 0.1 ml

	Series 3: Poochiyur
	3 tubes of LB2X – 10 ml

3 tubes of LB1X – 1 ml

3 tubes of LB1X – 0.1 ml



LB2X – double strength lactose fermentation broth.


LB1X – single strength lactose fermentation broth.


Water samples were mixed by shaking thoroughly.


 10 ml aliquots of water sample were transferred to the three tubes labeled LB2X – 10 ml. 1 ml aliquots of water sample were transferred to the three tubes labeled LB1X – ml 0.1 ml aliquots of  water sample  were  transferred  to  the  three tubes labeled LBX – 0.1 ml. All the tubes were incubated for 48 hours at 37º C.

Confirmed test 
Purpose


 To confirm the presence of coliform bacteria in a water sample for which the presumptive test was positive.

Principle


The presence of a positive or doubtful presumptive test immediately suggests that the water sample is nonpotable. Confirmation of these results in necessary, since positive presumptive tests may be the result of organisms of non coliform origin that are not recognized as indicators of fecal pollution.

The confirmed test requires that selective and differential media such as eosin-methylene blue (EMB) or endo agar be streaked from a positive lactose broth tube obtained from the presumptive test. Eosin-methylene blue contains the dye methylene blue, which inhibits the growth of gram-positive organisms. In the presence of an acid environment, EMB forms a complex that precipitates out on the coliform colonies, producing dark centers and a green metallic sheen. This reaction is characteristic for Escherichia coli, the major indicator of fecal pollution. Endo agar is a nutrient medium containing the dye fuchsin, which is present in the decolorized state. In the presence of acid produced by the coliform bacteria, fuchsin forms a dark pink complex that turns the E. coli colonies and the surrounding medium pink. 

Procedure


The covers of three EMB plates were labelled with the source of the water sample (RS Puram, Podanur and Poochiyur). The surface of each EMB plate was streaked using a positive 24 hour lactose broth culture from the presumptive test obtained for the corresponding water sample. The three plate cultures were incubated in an inverted position for 24 hours at 37º C.

Table - 1

MPN Determination from Multiple -Tube Test

	Number of Tubes Giving Positive Reaction out of
	MPN Index per 100 ml

	3 of 10 ml Each
	3 of 1 ml Each
	3 of 0.1 Each
	

	0

0

1

1

1

1

1

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

3

3
	0

1

0

0

1

1

2

0

0

1

1

2

2

0

0

0

1

1

1

2

2

2

3

3

3
	1

0

0

1

0

1

0

0

1

0

1

0

1

0

1

2

0

1

2

0

1

2

0

1

2
	3

3

4

7

7

11

11

9

14

15

20

21

28

23

39

64

43

75

120

93

150

210

240

460

1100


Completed test

Purpose


To confirm the presence of coliform bacteria in a water sample, or, if necessary, to confirm a suspicious but doubtful result of the previous test.

Principle


The completed test is the final analysis of the water sample. It is used to examine the coliform colonies that appeared on the EMB or endo agar plates used in the confirmed test. An isolated colony is picked from the confirmatory test plate and inoculated into a tube of lactose broth and streaked on a nutrient agar slant to perform a Gram stain. Following inoculation and incubation, tubes showing acid and gas in the lactose broth and the presence of Gram-negative bacilli on microscopic examination lead to further confirmation of the presence of E.coli  and they are indicative of a positive completed test.

Procedure


One lactose broth tube and one nutrient agar slant were inoculated with the same isolated E.coli colony obtained from the EMB agar medium. Similarly another set up was inoculated with the same isolated E.coli colonies obtained from the EMB agar medium of the corresponding water sample. The tubes and agar slants of the three water samples were incubated for 24 hours at 37º C.

3.4.2. Enumeration of bacterial populations by plate count technique


1 ml of the water sample was taken in a 250 ml conical flask containing 100 ml of sterilized distilled water to give a 1:100 dilution. It was then diluted till the original sample was diluted to 10-8 times   (10-3,  10-4,           10-5, 10-6, 10-7, 10-8). From the appropriate dilutions 1 ml of the sample was transferred to sterile petriplates and three petriplates were used for each dilution. 20 ml of nutrient agar medium melted and cooled to 45º C was added to each petriplate the contents were mixed by rotating gently to distribute the cells through out the medium. The plates were allowed to solidify and were incubated in inverted position for 24 hour at 37º C. The colony forming units (CFU) per ml of water sample was calculated.

                            No. of colonies (Average of three replicates) 

CFU / ml. of 

 water sample = ____________________________________________________ X Dilution factor 




  
Sample volume

3.4.3. Isolation and identification of bacterial colonies


The bacterial colonies were isolated by serial dilution technique. 1 ml of the sample was serially diluted and different dilutions were plated on nutrient agar and incubated at 37º C for 24 hours. The well grown colonies were picked up and stored in nutrient agar slants  at  4º C. The purified bacterial cultures were identified based on Gram staining and use of selective medium–EMB agar medium and starch agar medium.

3.4.4. Enumeration of fungal populations by plate count technique


1 ml of the water sample was taken in a 250 ml conical flask containing 100 ml of sterilized distilled water to give a 1:100 dilution. It was then diluted till the original sample was diluted to 10-8 times  (10-3,  10-4,          10-5,  10-6,  10-7,  10-8). From the appropriate dilutions 1 ml of the sample was transferred to sterile petriplates and three petriplates were used for each dilution. 20 ml of rose bengal chloramphenicol agar medium melted and cooled to 45º C was added to each petriplate and the contents were mixed by rotating gently to distribute the cells through out the medium. The plates were allowed to solidify and were incubated at room temperature for 5 days. The colony forming unit (CFU) per ml of water sample was calculated 



   No. of colonies (Average of three replicates)

CFU / ml. of 

water sample = _________________________________________________ X Dilution factor 




 Sample volume

3.4.5. Isolation and identification of fungal colonies


The fungal colonies were isolated by serial dilution technique. 1 ml of the sample was serially diluted and different dilutions were plated on rose bengal chloramphenicol agar medium and incubated at 28º C for 5 days. The well-grown colonies were picked up and stored in rose bengal chloramphenicol agar slants at 4º C. The purified fungal colonies were identified based on Lactophenol cotton blue staining.

RESULTS AND DISCUSSION

4.   RESULTS AND DISCUSSION


Coimbatore is a rapidly growing city with constantly increasing population and industrial activities. Many residential colonies are springing up in and around the city. The municipal corporation and town panchayats of Coimbatore are constantly trying to find new sources of water in addition to the existing ones to cope up with the increasing industrial and domestic demands. People are forced to rely on ground water for drinking and other domestic purposes. There is an established fact that underground water is free from impurities and xenobiotic compounds which can harm its quality. But many recent studies on ground water quality reveal that the quality of ground water is deteriorating day by day.


In places where surface water is not available, sufficient, convenient or feasible for consumption, ground water consumption has gained greater importance. In addition ground water sources are less affected by drought, close to the point of use and cannot be polluted easily compared with surface water (Sagnak, 1991). However studies indicate that the ground water is not absolutely free from pollution. Due to rapid growth of population, industrialization and urbanization, there have been intense human activities and interference into nature leading to an overexploitation of and severe pollution stress on natural water bodies. Improper waste disposal and unscientific anthropogenic practices over the years have adversely affected the surface and ground water quality (Dash et al., 2007).


Ground water pollution is a modification of the physical, chemical and biological properties of ground water and so its use can be restricted or prevented. In other words, it is the degrading of water quality for any usage.


  Hence an attempt was made to study the quality of ground water in and around Coimbatore city.

4.1. PHYSICOCHEMICAL PARAMETERS OF WATER SAMPLES


The physical and chemical parameters of water samples from RS Puram, Podanur and Poochiyur were presented in table 2 and 3.

4.1.1.  PHYSICAL PARAMETERS

RS PURAM


The ground water sample collected from the area was colourless and odourless. The temperature noted at the sampling site at the time of collection was found to be 29º C.


The turbidity of the water was found to be 4 NTU. Total solids (TS) estimated amounted to 2020 mg/L. Total suspended solids (TSS) contributed 320 mg/L and total dissolved solids (TDS) contributed 1700 mg/L.

PODANUR


The ground water sample from the area was colourless and odourless. The temperature observed was 28ºC. The turbidity of the water was found to be 5 NTU. TSS, TDS and TS were estimated to be 530 mg/L, 1900 mg/L and 2430 mg/L respectively.

POOCHIYUR


The water sample collected from the area was colourless and odourless. The temperature observed was 26º C.


The turbidity of the water was found to be 2 NTU. The Total Suspended Solids (TSS) was found to be 210 mg/L and total dissolved solids (TDS) was found to be 1100 mg/L. The Total solids (TS) estimated amounted to 1310 mg/L. 

Table – 2

Comparison of physical parameters of ground water samples 

	S. No
	Parameters
	RS Puram
	Podanur
	Poochiyur

	1
	Colour
	Colourless
	Colourless
	Colourless

	2
	Odour
	Odourless
	Odourless
	Odourless

	3
	Turbidity
	4NTU
	5 NTU
	2 NTU

	4
	Temperature
	29º C
	28º C
	26º C

	5
	Total suspended Solids
	320
	530
	210

	6
	Total dissolved solids
	1700
	1900
	1100

	7
	Total solids
	2020
	2430
	1310


      All the values except turbidity (NTU) and temperature (ºC) are in mg/ L.

4.1.2.  CHEMICAL PARAMETERS

RS  PURAM 


The pH noted was 8.5. The alkalinity observed was 112 mg/L. Total hardness estimated was 1460 mg/L. Calcium and magnesium hardness were found to be 970 mg/L and 490 mg/L respectively.


Dissolved oxygen content and carbon dioxide content noted were 1 mg/L and 10 mg/L respectively.

The amount of chlorides, sulphates and phosphates were 709 mg/L, 432 mg/L and 3 mg/L respectively. The fluoride level was observed to be 0.2mg/L. The amounts of nitrate nitrogen, nitrite nitrogen were 3 mg/L, 0.12 mg/L respectively.


Only two heavy metals iron and nickel were analysed in the present study. The water samples recorded the absence of iron and nickel concentration was found to be 0.05 mg/L. The water sample showed the absence of oil and grease.

PODANUR


The pH recorded was 8.0 and the alkalinity of the sample was 125 mg/L. Calcium, magnesium and total hardness were found to be 236 mg/L, 434 mg/L and 670 mg/L respectively.


The concentration of dissolved oxygen and carbondioxide were 1.3 mg/L and 12 mg/L respectively. BOD and COD were 110 mg/L and 125 mg/L respectively. 


The chlorides, sulphates and phosphates were 1418 mg/L, 404 mg/L and 4 mg/L respectively. The sample contained 0.1 mg/L of fluorides. Nitrate and nitrite nitrogen recorded were 5 mg/L, 0.15 mg/L respectively.


The water sample was free from iron and nickel concentration observed was 0.06 mg/L. The water sample was free from oil and grease.

Table – 3

Comparison of chemical parameters of ground water samples 

	S. No
	Parameters
	RS Puram
	Podanur
	Poochiyur

	1
	pH
	8.5
	8
	8

	2
	Alkalinity 
	140
	125
	116

	3
	Total hardness
	1460
	670
	640

	4
	Calcium hardness
	970
	236
	366

	5
	Magnesium hardness
	490
	434
	374

	6
	Dissolved oxygen (DO)
	1.0
	1.3
	2.5

	7
	Co2
	10
	12
	8

	8
	BOD
	95
	110
	60

	9
	COD
	103
	125
	90

	10
	Chlorides 
	709
	1418
	567

	11
	Sulphates
	432
	404
	318

	12
	Phosphates
	3
	4
	2

	13
	Fluorides
	0.2
	0.1
	0

	14
	Nitrate nitrogen
	3
	5
	2

	15
	Nitrite nitrogen
	0.12
	0.15
	0.09

	16
	Iron
	-
	-
	-

	17
	Nickel
	0.05
	0.06
	0.02

	18
	Oil and grease
	-
	-
	-



All the values except pH are in mg/l

POOCHIYUR


The pH of the sample was found to be 8 and the alkalinity was              116 mg/L. Calcium, magnesium and total hardness estimated were            366 mg/L, 374 mg/L and 640 mg/L respectively. 

The amount of dissolved oxygen and carbondioxide were 2.5 mg/L, and 8 mg/L respectively. BOD of the sample was 60 mg/L and COD of the sample was 90 mg/L.

The concentration of chlorides, sulphates and phosphates were 567 mg/L, 318 mg/L and 2 mg/L respectively. The sample contained no fluorides. The nitrate nitrogen and nitrite nitrogen concentration recorded were 2 mg/L and 0.09 mg/L respectively. 

The sample had no iron and nickel concentration was 0.02 mg/L. It was free from oil and grease.

4.2. COMPARISON WITH WATER QUALITY PARAMETERS

The various physicochemical parameters analysed for the water samples were compared with water quality standards. For comparison the table presenting the classification of water quality in Indian context was used (Table - 4).

Physical parameters


The water of good quality should be clear, transparent with unobjectionable odour and should have a TDS value of not more than 500 mg/L. The water samples analysed in the present study were colourless and odourless but had high amounts of TDS, exceeding 1000 mg/L.

Chemical parameters


Most of the chemical parameters of the water samples such as pH, hardness, DO, BOD, chlorides and sulphates exceeded the acceptable limit given for natural water and among these parameters hardness, DO and BOD were in the range given for heavily polluted water.

Table - 4

A general classification of water quality In Indian context

	Classification
	C
	C2
	C3
	C4
	C5

	Parameters
	Excellent
	Acceptable
	Slightly polluted
	Polluted
	Heavily polluted

	Class index (Score)
	1
	2
	4
	8
	16

	pH
	6.5-7.5
	6.0-6.5 & 7.5-8.0
	5.0-6.0 & 8.0-9.0
	4.5-5 &     9-9.5
	<4.5 & >9.5

	DO (min) mg/l
	7-9
	6-7 & 9-10
	4-6 & 10-12
	2-4 &12-14
	<2 & >14

	BOD (5,20ºC) mg/l
	1.5
	3
	6
	12
	24

	Cl (mg/l)
	150
	250
	600
	800
	1000

	TDS
	500
	500-1000
	1000-1500
	1500-2100
	2100-3000

	Hardness CaCO3 (mg/l)
	0-75
	75-150
	150-300
	300-500
	500-2000

	As (Max) (mg/l)
	<0.01
	0.01
	0.05
	0.1
	0.1-1.3

	Fl (mg/l)
	0.6-1.2
	1.2-1.5
	1.5-2.5
	2.0-6.0
	0.1-1.3

	SO4
	150
	250
	400
	400-1000
	1000-2000

	Total coliform
	50
	500
	5000
	5000-10000
	10000-15000

	NO3
	20
	45
	50
	100
	200

	Color
	10
	150
	300
	600
	1200

	Turbidity
	0-5
	5-10
	10-100
	100-250
	250-500


(Reference : EC, WHO, Tehran and IS standards)

4.3. CHARACTERISATION OF GROUND WATER


The ground water samples from the sampling site at RS Puram showed most of the chemical parameters in the range exceeding the acceptable limit given for natural water. The water samples from Podanur also revealed the same picture except for pH which was in the acceptable range, but yet it touched the upper permissible limit. In Poochiyur the level of chlorides and sulphates are comparatively less than that of Podanur and RS Puram. 


Thus the ground water in the three selected areas of Coimbatore are almost equally polluted and show only minor differences between them. The key polluting parameters of the investigated ground water samples include pH, alkalinity, TDS, total hardness, DO, BOD, chlorides and sulphates and moderately high amounts of chlorides and sulphates (Fig. 11).

pH and alkalinity


The pH of water is an important indicator of its quality (Hem, 1991). pH indicates instantaneously the acidic or alkaline condition of a water sample and thus it alters the taste of water. The low and high hydrogen ion concentration in the water bodies can be natural as well as anthropogenic (Beamish and Harvey, 1972). Higher pH reduces the germicidal potential of chlorine and induces the formation of toxic dichloromethanes (Trivedy             and Goel, 1986).  Prasad et al. (1985) attributed higher value of total alkalinity to polluted condition of water. pH is one of the most important parameter that shows acid – base neutralization and water softening (John and Revathy, 2009)

Total dissolved solids


Total dissolved solids (TDS) is a measure of the combined content of all inorganic and organic substances contained in a liquid in a molecular, ionized or micro granular suspended form (Parmar and Parmar, 2010). TDS indicates the salinity behaviour of ground water (Dutta and Pradhan, 2009).

The first effect of organic pollution is an immediate rise in the concentration of various solids. The pollution has a direct relationship with the dissolved solids (Verma et al., 1977 and Prasad and Saxena, 1980).


The total dissolved solids in water represented by the weight                      of residue left when a water sample has been evaporated to dryness is useful in deciding the mineral matter content of the water (Tatawat and             Chandel, 2007). 

Hardness


The total hardness of water is the sum total of the concentration of alkaline earth metals such as calcium and magnesium in it (John and Revathy, 2009). The hardness is the soap destroying power of water. The carbonate hardness is the temporary hardness and is mainly due to the presence of bicarbonates of calcium and magnesium. The non carbonate hardness is the permanent hardness and is due to the presence of sulphates, chlorides and nitrates of calcium and magnesium.


Hardness is an important criterion for determining the usability of water for domestic, drinking and industrial supplies. Water hardness is primarily due to the result of interaction between water and the geological formations (Anyino, 1983).  The hardness of water is due to the presence of alkaline earths such as Ca, Mg. However iron, strontium, barium, manganese and aluminum also contribute to hardness (Brown et al., 1970).



The hardness of water is not a pollution parameter but indicates water quality, mainly in terms of Ca2+ and Mg2+, expressed as CaCO3.



Hard water can prevent entry of heavy metals from the pipes to water as they form a thin layer or scales (WHO, 1984).

DO content


Dissolved oxygen present in drinking water adds taste and it is a highly fluctuating factor in water (Mishra and Bhatt, 2008). High values of dissolved oxygen indicate that the rate of oxygen replenishment in water is greater than oxygen utilization (Mahesh et al., 2004). 

The measurement of DO indicates immediately the purity of water or waste water. Depleted dissolved oxygen content is more significant in metal pollution (Khillare and Showane, 1990). Low DO confirms pollution due to addition of wastes (Trivedy et al., 1990).


Low DO content due to decomposition of organic matter was reported by Das and Verma, 1993. Depletion of dissolved oxygen content indicates the presence of considerable amount of biodegradable organic matter in water (Sharma et al., 2009).

BOD and COD

BOD and COD are indices of pollution. High COD interferes with oxygen transfer to the soil, thus affecting plant growth (Adekulne et al., 2007)   

BOD is an essential parameter and is highly useful in assessing the nature and quantity of dissolved organics. BOD test is the only best test available for assessing organic pollution.


Higher BOD values in sewage polluted water bodies may be probably due to higher organic load and higher growth of total microorganisms. The high values of BOD and COD reveal that the water is polluted considerably (Roshan et al., 1992).


According to Chapekar and Mantre (1980) BOD is mainly exerted by the dead, decaying and decomposable material of plants and animals. More than 100 mg/L of COD indicate that the water is being replaced by waste waters.
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Fig 11. COMPARISON OF POLLUTING PARAMETERS OF GROUND WATER SAMPLES 

Chlorides


Higher concentration of chloride in water is often found                         in conjunction with higher sodium concentration (Ravisankar and Poongothai, 2008). 


Chlorides in excess (> 250mg/l) imparts a salty taste to water and people who are not accustomed to high chloride can be subjected to laxative effects. 

High chloride content in natural water appears to be mainly due to sewage discharge and their principal sources are drains rich in animal refuse. According to Kenwood (1920), Thresh et al. (1944) and Ganapathi (1962) the high chloride content of the water was due to pollution by animals. Trivedi (1978) reported that even moderate level of chlorides causes sufficient water pollution and higher concentration indicates pollution due to sewage as well as industrial wastes. 

Sulphates


Sulphates occur naturally in water as a result of leaching from gypsum and other common minerals. Discharge of industrial wastes and domestic sewage tend to increase its concentration (Patil and Patil, 2009).  

High concentration of sulphate increase salinity in soil. If the concentration in water is above 1000 ppm the water is called corrosive water (Saynak, 1991).

Thus the physico chemical analysis of the ground water carried out in the present investigation reveals that the ground water is getting contaminated due to the improper disposal of sewage and industrial effluents.

4.4. MICROBIAL PARAMETERS


The ground water sample from the selected areas namely RS Puram, Podanur and Poochiyur gave positive results for bacterial and fungal contamination. They also showed positive results for the presence of coliform bacteria.   

4.4.1. Detection of coliform bacteria


The MPN for the coliform bacteria for the three water samples were found to be 1100/100ml, 460/100ml and 150/100ml respectively (Table 1).

4.4.2. Enumeration of bacterial population and their identification


The number of colony forming units per ml of the samples from RS Puram, Podanur and Poochiyur were found to be 15 X 106, 7X 106 and                        4 X 106 respectively. The major bacterial colonies isolated and identified were Escherichia coli, Enterobacter aerogenes and Pseudomonas sp.

Description of the bacterial colonies

Escherichia coli


E. coli colonies are small and have a metallic sheen. When the coliform colonies develop on EMB plates, the cells in the centre run out of oxygen and begin to ferment lactose and excrete large quantities of acid. The acid makes eosin to bind covalently to methylene blue and forms a dark purple complex in the colony. If enough acid is excreted, the dye complex precipitates on the surface of the colony and the surrounding medium and forms a green metallic sheen (Fig 12-a).

Enterobacter aerogenes


E. aerogenes does not produce much acid, while fermenting lactose and these bacteria do not accumulate enough of the eosin – methylene blue complex to create the green metallic sheen. Typical E. aerogenes colonies are large, pinkish in colour (with dark centers) and mucoid in texture (Fig. 12b).
Pseudomonas

Pseudomonas is a Gram negative, aerobic, rod shaped bacterium with unipolar motility and an opportunistic human pathogen. It secretes a variety of pigments including pyocyanin (blue – green). It belongs to the class Gamma proteobacteria (Fig. 12c).
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Fig. 12a - Escherichia  coli on EMB agar plate
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Fig. 12b - Enterobacter aerogenes on EMB agar plate
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Fig. 12c - Pseudomonas sp. on cetrimide agar plate


Pseudomonas is often preliminarily identified by its fluorescent appearance and grape like odour in vitro. Definitive clinical identification often includes identifying the production of both pyocyanin and fluorescein as well as its ability to grow at 42º C. It is capable of growth in diesel and jet fuel. It creates dark yellowish mats, sometimes improperly called “algae” because of their appearance.


Although classified as an aerobic organism P. aeruginosa is considered by many as a facultative anaerobe as it is well adapted to proliferate in conditions of partial or total oxygen depletion. This organism can achieve anaerobic growth with nitrates as a terminal electron acceptor and in its absence it is also able to ferment arginine by substrate level phosphorylation. Adaptation to microaerobic or anaerobic environment is essential for certain life styles of P. aeruginosa, such as lung infection in cystic fibrosis patients where thick layers of alginate, surrounding bacterial mucoid cells can limit the diffusion of oxygen. 
4.4.3. Enumeration of fungal population and their identification


The number of colony forming units per ml of the sample was estimated to be 4 X 102 for RS Puram and 3 X 102 for both Podanur and Poochiyur. Major fungal colonies isolated were Rhizopus sp., Aspergillus flavus and Aspergillus fumigatus.

Description of the fungal colonies

Aspergillus flavus

1. It is a common mold in the environment.

2. Colonies on Rose Bengal agar are yellow – green in colour.

3. It is predeominately a saprophyte and grows on dead plant and animal tissue in the soil.

4. It grows by producing thread like branching filaments known as hyphae.

5. It produces a distinctive conidiophore composed of a long stalk supporting an inflated vesicle.

6. Conidiogenous cells on the vesicle produce the conidia.

7. A network of hyphae known as the mycelium secretes enzymes that break down complex food source.

8. They produce conidiospores (asexual spores)

9. The food molecules are absorbed by the mycelium to fuel additional fungal growth.

10.  Many strains produce significant quantities of aflatoxin which is an acutely toxic and carcinogenic compound (Fig. 13a)

Aspergillus fumigatus

1. It belongs to the class Eurotiomycetes.

2. It grows as a grey-green in culture.

3. It is a saprotroph and wide spread in nature.

4. Colonies of the fungus produce from conidiophores.

5. The spores are ubiquitous in the atmosphere.

6. It can grow on certain building materials and can produce genotoxic, cytotoxic substances and mycotoxic (Fig. 13b).

Rhizopus sp.

1. It belongs to the class zygomycetes

2. Well developed, richly branched and rapidly growing mycelium

3. Hyphae are coenocytic (containing many nuclei, no septa present)

4. Septation occurs only during unfavourable conditions and in special parts of mycelium.

5. Two types of mycelia present, submerged mycelia in substratum and the aerial mycelia. The aerial mycelia form stolon ie. the arcing filaments

6. Rhizoids arise from the nodes and later implanted into substratum.

7. Sporangiophores also arise aerially from the nodes either singly or in groups of two, three or more.

8. At the tip of sporangiophores, spherical sporangia are borne enclosing the hemispherical columella.

9. At maturity sporangia are black in colour and bear numerous spores.

10. Spores are round or oval, angular, colourless to bluish or brownish. Spores longitudinally striated.

11. Zygospores are naked and formed on the stolen

12. The species are R.nigricans, R.arrhizus, R.oligosporus etc. (Fig. 13c).

The study reflected the poor microbial quality of the investigated ground water samples. All the three ground water samples were contaminated with bacteria and fungi. Infiltration of fecal material into ground water is the cause of contamination.


Similar studies on ground water quality assessment have revealed the bacterial contamination of ground water samples. Chhabra and Saxena (2003) reported coliforms in the ground water samples of Rajasthan and the count ranged from 5 to 247.25 per 100ml in different zones. 


Ragavendra and Sekar (2004) showed the presence of coliforms in the ground water supplies of an urban area in Bangalore and E.coli  occurred in excess of what is prescribed for drinking water. Contamination of tube well water in Orissa was detected by Dash and Patra (2007) and 30% of tube well water was found to be unsafe for human consumption in terms of coliform counts.
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	Fig. 13a – Aspergillus  flavus
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	Fig. 13b – Aspergillus  fumigatus
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	Fig. 13c – Rhizopus sp.





Presence of pathogenic bacteria like Serratia rabbidden, Citrobacter freundii and Klebsiella subsphrphinos cleomat in bore well water in sites near Meenakshi Amman Temple, Madurai was reported to cross the upper limit given by WHO (Jayanthi and Kandhaswami, 2005).


The occurrence of filterable bacteria in the ground water supplies of USA was detected during routine bacteriological water quality analyses by (Lills and Bissonett, 2001).

Ground water contamination by enteropathogenic microorganisms such as bacteria, viruses and protozoa was revealed by the investigation carried out by Bolster et al. (2006) and they reported faecal infiltration as the course of contamination of ground water. Faecal contamination of ground water was also reported by Chiroma et al. (2007) and they showed that wells close to abattoir, pit latrine, domestic refuse dumps, stagnant water and drainage showed higher amount of coliforms.

 Thus the study has revealed the quality deterioration of ground water in terms of physical, chemical and microbiological characterisation in areas in and around Coimbatore city.

SUMMARY  AND CONCLUSION

5.  SUMMARY  AND CONCLUSION


In the present study, an attempt was made to assess the quality of ground water in and around Coimbatore city.

· Ground water quality assessment was carried out in three selected areas, RS Puram, Podanur and Poochiyur. 

· RS Puram is a residential cum commercial area in Coimbatore city. It is a well planned residential area but in recent years it has become too commercial.

· Podanur is an important suburb of Coimbatore, 6 km south east of Coimbatore city. It is known for its railway junction built during British rule.

· Poochiyur, in the north about 18km from Coimbatore city is a small rural community surrounded by agricultural fields and poultry farms.

· Water samples were collected from bore wells located in the three areas.

· The water samples were analysed for the various physicochemical and microbial parameters.

· The physiochemical parameters were analysed using the standard methods (APHA, 1992).


· The physical parameters analysed were colour, odour, turbidity, temperature, total suspended solids, total dissolved solids and total solids.

· The chemical parameters analysed were pH, alkalinity, total hardness, DO, BOD, COD, chlorides, sulphates, phosphates, fluorides, nitrate nitrogen, nitrite nitrogen, iron, nickel, oil  and grease.

· The microbiological analysis such as detection of coliform bacteria, MPN count, enumeration of bacterial and fungal populations and their identification were carried out.

· Detection of coliform bacteria was done by using the three basic tests – presumptive, confirmed and completed test.

· The number of colony forming units of bacteria and fungi were estimated using plate count technique.

· The bacterial and fungal strains were isolated and identified using plate count method.

· The water samples were colourless, odourless but had high amounts of total dissolved solids, exceeding 1000 mg/L.

· Most of the chemical parameters of the water samples such as pH, hardness, DO, BOD, chlorides, sulphates exceeded the acceptable limit given for natural water and among these parameters hardness, DO and BOD were in the range given for heavily polluted water.

· The ground water of the tested areas was assessed as polluted. It is alkaline, very hard with low DO, high TDS, high BOD and moderately high amounts of chlorides and sulphates.

· The samples were almost equally polluted with respect to physico chemical parameters.

· The tested ground water samples gave positive results for both bacterial and fungal contamination. They also showed positive results for the presence of coliform bacter.

· The MPN for coliform bacteria for the three samples were found to be 1100/100ml, 460/100ml and 150/100ml respectively.

· The number of colony forming bacterial units per ml of sample from RS Puram, Podanur and Poochiyur were found to 15 X 106, 7 X 106 and 4 X 106 respectively.

· The major bacterial colonies isolated and identified were, E. coli, Enterobacter aerogenes and Pseudomonas sp.

· The number of colony forming fungal units per ml of the sample was estimated to be 4 X 102 for RS Puram and 3 X 102 for both Podanur and Poochiyur.

· The major fungal colonies isolated were Aspergillus flavus, Aspergillus fumigatus and Rhizopus sp. 

The present study has revealed the quality deterioration of ground water in areas in and around Coimbatore city.
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