	[image: image20.png]



	International Journal of Latest Research in Science and Technology           ISSN (Online):2278-5299
Volume 2,Issue 2 :Page No.129-139, March - April 2013
https://www.mnkpublication.com/journal/ijlrst/index.php 


International Journal of Latest Research in Science and Technology.

A STUDY ON THE PHYSICOCHEMICAL CHARACTERSTIC OF WATER WITH SPECIAL EMPHAZIS ON FLUORIDE NEAR THE BANK OF NANCHILNADU PUTHANAR CHANNEL AND THOVALAI CHANNEL IN AGASTEESWARAM TALUK , KANYAKUMARI DISTRICT, INDIA

S. Kumaresan1, D. Anbuvel2, R. Jothibai Margret3, P. Sri Renganathan4 and S. Saravanan1
1Manonmaniam Sundaranar University, Tirunelveli - 627 012, TN, India
2Vivekananda College, Agasteeswaram, Kanyakumari District - 629701. TN, India

3Pope’s college, Sawyerpuram, Tuticorin, TN, India

4Government Arts and Science college, Mannargudi , TN, India

	Abstract - Fluoride content of the ground water from ten villages near the bank of Nanchilnadu puthanar channel and from eight villages near the bank of Thovalai channel were estimated by Ion Selective Electrode method. The continuous usage of water carrying high amount of fluoride may prove toxic to human, animal and plants. Excessive fluoride concentration has been reported in ground water of more than 20 developed and developing countries including India where 19 states are facing acute fluorosis problems. In view of this attempts were made to find out the fluoride content of ground water of Agasteeswaram Taluk in Kanykumari District. Ground water forms a major source of drinking water in urban as well as in rural area. More than 90% of the rural population uses ground water for domestic purpose. The quantity of fluoride in taking important in optimizing its dental carries – preventive role. In October 2011, 47 representative open well, bore well, hand pump and pond water samples from 18 villages of agasteeswaram taluk. The analytical results indicated considerable variations among the analyzed samples with respect to their chemical composition. The result show that fluoride content of these water varied from 0.13 to 2.77 mg /L in Nanchilnadu puthanar block and 0.40 to 2mg / L in Thovalai block of the tested water samples were having fluoride content more than 1.5mg / L and hence unsuitable for drinking purpose. Overall water quality was found unsatisfactory for drinking purpose without any prior treatment. As far as irrigation is concerned, our data show that none of the pond water, bore well and open well water have fluoride content above 10mg/L , which is the safe limit for all type of crop plants. Thus, most of the water tested in this investigation can safely be used for irrigation.
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 INTRODUCTION
    Fluoride is widely distributed element and a member of the halogen family. It is naturally found in the rocks, coal, clay and soil. In air it is found in the form of hydrofluoride gas [1,2]. The natural sources for fluoride in drinking water fluorite, apatite, rock phosphate and topaz. Fluoride may be significantly increased in water, air, food, soil, vegetation and mammals by industrial sources [3].
 Presence of various hazardous contaminants like fluoride, arsenic, nitrate, sulfate, pesticides , other heavy metals etc. in ground water has been reported from different parts of India [4]. In India fluoride is the major inorganic pollutant of natural origin found in ground water. Fluoride in minute quantity is an essential component for normal mineralization of bones and formation of dental enamel [5]. It is known to stimulate growth of many plant species [6], but its essentiality for plant growth has not yet been established.

  Excessive fluoride in take causes fluorosis, cancer, arthritis and other diseases [7]. It also affects human intelligence 
especially in children who are most susceptible to early fluoride toxicity [8]. Prolonged ingestion of high level of fluoride leads to corroded, pitted rusty brown teeth. The upper limit for clinically acceptable dental fluorosis is not well known, but the value of 0.05 – 0.07 mg/F/kg/day is generally accepted [9].
   According to World Health Organization (WHO 1984) the maximum permissible limit for fluoride concentration in drinking water is 1.5mg/L[10]. However, drinking water is considered to be safe for consumption, if the concentration does not exceed 1.0mg/L (Indian Standard 1996). For irrigation purpose fluoride is classified according to criteria given by Leone et al. Who proposed a 10mg/L limit for all type of plants [11]. This study was undertaken to assess the quality of underground water with special reference to fluoride contents of the Agasteeswaram Taluk, K.K.District.

2.  Study Area:
   Survey and characterization of underground drinking water and irrigation of water in some villages of Agasteeswaram Taluk Red and alluvial soil are found at Agasteeswaram Taluk. The soil pH is between 4.5 to 8.0.

    The climate of the Taluk is on the whole dry, hot in summer and cold in winter. The year divided in to three seasons. The North – East monsoon, between October and December. The South – West monsoon between June to September. The summer season between March and May. The temperature data indicate higher and lower temperature prevailed during monsoon period. The average maximum temperature during May is 35.930C. The average minimum temperature recorded is 23.850C during January. The annual mean minimum and maximum temperature are 23.78 and 33.950C respectively. The annual average rainfall is the 1465 mm with a maximum of around 247 mm in October and a minimum 24 mm in February.

3.  MATERIALS AND METHODS

3.1  Collection of Water Samples:

   Ground water samples were collected from 10 villages near the bank Nanchilnadu Puthanar channel and 8 villages near the bank of Thovalai channel in Agastheeswaram Taluk (Fig.1). From each villages three water samples were collected in the month of October 2011. The sources of drinking water and irrigation in these villages were open well, bore well, hand pump and Pond water. The samples were collected in thoroughly cleaned plastics bottles, properly labeled and brought to the laboratory for further chemical analysis.

3.2  Sample Analysis:

    Water samples were analyzed using standard methods [12]. The pH measurement of the water samples were carried out using a pH meter of systronics make. EC was measured by conductivity meter of systronics make. TDS was determined by proportional electric conductivity. Alkanitiy was determined by volumetric method using sulfuric acid as titrant and phenolphthalein and methyl orange as indicators. Calcium, Magnesium and total hardness were determined titrimetrically using EDTA (Complexometric) method. Sodium and Potassium present in water samples were measured using a flame photometer (Systronics). Chloride was measured by titration with silver nitrate (Mohr’s method). Sulphate was determined by Nephelometric method using barium chloride. Nitrate was determined in the ultra violet range using uv-vis spectrophotometer. Phosphate was estimated by stannous fluoride method in the form of molybdenum. Fluoride was determined in water using an optimum buffer system with Fluoride Ion selective Electrode (BN 9609). 
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Figure.1  Study area and sample collection sites along the study area
3.3  Reagents and Glassware:
  All reagents used in this work were of analytical grade. To prepare all the reagents and calibration standards double distilled water was used. All glassware were soaked in nitric acid for 24 hrs, rinsed with distilled water before use.

4.  RESULT AND DISCUSSION
  The findings of the present investigation are summarized in Table 1 and Table 2 were also made with WHO during water standards [13].
4.1  Electrical Conductivity
  The Electrical Conductivity of the water is the sum of ionic conductance of all ionic constituents. The most desirable limit of Electrical Conductivity in drinking water is prescribed as 1500µ mhos/cm (WHO 2004). In the present study the Electrical Conductivity of values of the samples were found to be 116 to 3469 and 135 to 2219 µ mhos/cm (Table 1 & 2). It shows that some of the samples were above the permissible limits. Higher EC in the study area indicates the enrichment of salts in the ground water. When EC increases concentration of fluoride increases. The high EC changes the soil structure permeability and aeration which ultimately affect plant growth and crop yield considerably. Such adverse effects are called salinity hazard.

According to the classification made by United States Salinity Laboratory, ground water of the study are is classified into four classes as presented in Table 3. In our study area, 5 (18.51%) in Nanchilnadu puthanar channel and 1 (5%) in Thovalai channel samples were low saline, 4 (14.81%) in NP Channel and 6 (30%) in Thovalai channel samples were medium saline, 17 (62.96%) in NP channel and 13 (65%) in Thovalai channel sample were high salinity. 1(3.7%) in NP channel and Nil (0%) in Thovalai channel samples were very high salinity according to EC values.
4.2  pH:
  pH is an indicate of acidity or basicity of a water. The main use pH in water analysis is for detecting abnormal water. The limit of pH value for drinking water is specified as 6.52 to 8.50 (WHO 2004; ISI 1993). The pH value of most of ground water samples in the study area ranges from 7.32 to 8.45 (Table 1&2) which accounted for higher concentration of fluoride. It is found to be well within permissible limits. 

4.3  TDS:
  Total dissolved solid concentration of ground water varied from 77 to 2324 mg/l (Table 1 & 2). According to WHO’s specification TDS upto 500mg/l is the highest desirable and upto 1500mg/l is maximum persmiisable. In this study area indicating that most of the ground water samples lie with in the maximum permissible limit. According to Davis and De Wist (1966) (Table 4) classification of ground water based on TDS, 44.4% in NP Channel and 45% in Thovalai channel of the total ground water samples are desirable for drinking water (TDS < 500mg/l) 29.62% in NP and 50% in Thovalai channel permissible for drinking and 25.92% (NP channel),  5%  (Thovalai Channel) is suitable for irrigation purposes high concentration of TDS in the ground water sample is due to leeching of salts from soil and also domestic sewage may pass into the ground water which may lead to increase in TDS values.
[image: image2.png]T E S I I P R B 0 R B R R
o 3
Budhy. BW | 1800 | 815 | 1510 380 342 68 | 30 [185| 3 [65( 20 | 20 | 05 | 165
1| Grama o s
» W 254 838 168 72 80 21 7 71 2 |40 4 [09 ] 064
o
oW [0 [ 73] &% [ 10 | % [0 [ B[ @ [9]§[0 [ 1§03 0%
3
o | Rama [ BV w00 (535 w5 [ 20 [ Tes [0 2 [T B[ 10|27 05 [ 17
Buam 5
IV B I B 3 - O B I R W RN
5
P[5 (75| 10 | 37 [ 3% [ 6| % (1|6 [ € [T [ = 02| 16
skar s o
DO S - B i S B I I B Rl EN I X
Biioe 1 )
: I T T - B O B P R R RN
)
oW [ e S| B [ W6 | 1§ [ [ e[| [ 7|0z T
4 | Bota 0
Vs [BW | 160 [§20] $0 | 20 | 2 3T 171 [ 76 [ 12 [ 5 04 [066
7 2
Adas | BF | 100 | 75 [ 1m0 | 30 | 32 [ @ [0 [mo[ 6§ [/ [ [0z 17
o 3
5 2 v
s [ BW | I [ €35 [ 705 | 37 [ 370 | 56 | 3T 9% (€ [T w0 | 7[00 | T8
0
oV [0 |75 | em [0 [ m (W[ [ W[ § 5[ B[ B [05] 10
Radma. 0
o | Nabha [BW 900 [ &3 [ ®0 [ 3% [ 3 [ @ [ 17|17 [ 35| 2 [02] 0503
Buthon, o
P I I B B B A O B O T RN
o
oV [ S0 |76 BT [ W0 | W0 (W[ B[ %[9]7[®[® 0] 13
5 | Manm )
Gowr [BW [ 6B €| 47 | I [ W@ [ W[ W[ & [0 5 [05] 13
3
B U IV B T 0 B e B A ISV I
o 3
o | Neloo [BW [ 5960 | 535 | 353 | @7 | w0 [ 17| %5 |00 0| 116 [T [ 05| 16
: 0 )
T B P B B B I B B ISV R i
3
Co B N T O T AV 0 B B T B R
3
Bt g
o | e | Y| [T W[ | me [ (w7 (%2 [05] 10
PoIPW | 188 [s13| 102 | 68 | 30 |11 3 [17 |1 [ 3 [18] § [06] 019
s
[0 [ 75 | 50 | 30 [ 3 (& | ® (] 26T [ B [05] 16
3 3
1| Angar [BW | 986 [ 52 [ T | % | 30 [ [ W [B2[5 [ 7 [ [ 04[ 13
0 | Kaam 1] )
I B VI B T I O B O T





BW: Bore Well
HP: Hand Pump
OW: Open Well
PW: Pond Water
Table No:1  Physicochemical characteristics of water quality in selected villages near the bank of Nanchilnadu puthanar channel
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Table 3: Classification of Ground water according to Electrical Conductance (Salinity hazard)
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Table 4 Classiﬁcation of groundwater based on TDS (Davis and De Wiest 1966)
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4.4  Total Alkalinity:

   The total alkalinity is varied from 32 to 632 mg/l. (Table 1&2) Ground water of study area lies with in the maximum area prescribed by WHO.  The total alkalinity increase with increase of fluoride concentration due to the release of hydroxyl and bicarbonate ions simultaneously during the leeching and dissolution process of fluoride bearing minerals in the ground water (Karthikeyan et al south India 2000) the solubility of CaF2 increases with increase in total alkalinity in the ground water (14,15) .
4.5 Total Hardness:

   Total Hardness is varying from 39 to 680 mg/l (Table 1&2) ground water of the almost study area lies within the maximum permissible prescribed by WHO. Sawyer and Mc Carty (1967) classified ground water , based on TH as ground water with TH<75, 75-150, 150-300 & >300 mg/l designated as soft , moderately hard , hard & Very hard respectively.
   According to the above classification, 18.52% in Nanchilnadu puthanar (channel) and 5% in Thovalai (channel) of the total ground water samples are soft; 29.6% & 35% belongs to moderately hard; 29.63% & 45% belong to hard and remaining 22.2% and 15% ground water samples are very hard.  The analytical result indicates the water in the study area is soft to vary hard. The hardness of water is due to presence of alkaline earth such as Ca & Mg. (Table 5)

The hardness of water is not depending upon by a single substance but variety of dissolved polyvalent metallic ions, predominantly Ca & Mg ions.

4.6  Calcium & Magnesium:

  Calcium & Magnesium are the most abundant elements in the natural surface and grouns water and exist mainly as bicarbonate and to a lesser degree in the form of sulphate ans chloride ca2+ concentration are ranging from 10 to 192mg/l in NP Channel and 18 to 152 mg/l in Thovalai channel. The desirable limit of calcium concentration for drinking water in specified as 75 mg/l (ISI 1993) which shows few ground water samples fall beyond the permissible limit.
  The maximum permissible limit of Mg2+ concentration of drinking water is specified as 100 mg/l (ISI 1993) and 150 mg/l (WHO 2004). All the samples were within permissible limit. The positive relation of Fluoride with Ca and Mg due to high solubility of fluoride of the ions.(16) 

Table 5 Sawyer and McCarty’s Classiﬁcation of groundwater based on Total Hardness
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4.7  Sodium and Potassium:
  Sodium ranks sixth among the elements in order of abundance and is present in most of natural waters the concentration of sodium varies from 6 to 410 (Table 1&2). The maximum permissible limit of sodium in 200 mg/l and it reveals that few samples are exceeding the permissible limit of WHO and ISI.
  Generally the increase of Sodium in water is favourable for the increase of fluoride Ion. When the (deep) cycling water contact with surrounding rocks the high soluble elements, fluoride and sodium in the rock dissolve in water quickly. Even some insoluble fluoride mineral can release some fluoride under the effect of hot alkaline water. Since NaF has a high solubility, it can contribute to the aggregation of fluoride in water. Hence concentration of Na helps increasing the concentration of fluoride[17]. In the present study, Sodium ranges 6 to 410 mg/l which affected the concentration of fluoride considerably.
   Potassium is a naturally occurring elements; however its concentration remains quite lower compared with Ca, Mg and Na. The maximum permissible limit of potassium in the drinking water is 12 mg/l . Magnesium values were from 5 to 50 mg/l (Table 1&2), and it was found that few samples are beyond the permissible limit of WHO.
4.8  Chloride:

    Most of the water samples in these villages the chloride concentration is below the maximum ISI permissible limit of drinking water, i.e 250 ppm. The values of chloride ranges from 18 to 640 mg/l. some of the samples contain chloride above the permissible limit (250ppm) The maximum concentration is found in the Nalloor Bore well water (640 mg/l). The high concentration of ground water may be from diverse sources such as weathering, leaching of sedimentary rocks and soils, domestic waste discharge.

4.9  Sulphate:
  Sulphate is are of the major anion occurring in natural waters. The upper limit for sulphate concentration for drinking water is 150mg/l (ISI 1993). The values of sulphate ranged from 4 to 51 mg/l (Table 1&2). All the samples fall within desirable limit. These values were well within the limit prescribed by WHO. The concentration of Phosphate varies from 0.10 to 0.90 and 0.23 to 0.90 mg/L. These values were within the limit. The present research investigation report of Fluoride values ranges between 0.13 and 2.77 mg/L. and 0.40 to 1.89 mg/L in some of the villages of Nanchilnadu Puthanar channel and Thovalai channel respectively above the permissible limits of WHO.
4.10  Nitrate:
[image: image20.png]  Nitrate values were from 1 to 12 mg/l (Table 1&2) These were within the permissible limits of drinking water standard. Nitrate ion may be leaching to the water sources from fertilizers used.
4.11  Phosphate: 
   The concentration of phosphate varies from 0.10 to 2.40 mg/l. The phosphate ion in the water samples negatively related in the Fluoride. This may be due to absence of fluorapatite minerals. The phosphate ion in the water samples due to anthropogenic activities mainly input of fertilizers applied to agriculture land decomposition of organic matter. Table.6 indicates the range of limit of water quality parameter along the study area compare with WHO and Indian standard.
    The bar diagram and Pie distribution of samples of different fluoride concentrations is shown in the Figure.2 & 3 note that fluoride concentration in 29.62% of the samples is less than 0.5mg/l and 37.03% of the samples are higher than the maximum permissible limit in NP Channel & 30% of the samples are higher than the maximum permissible limit in Thovalai Channel.
   The present research investigate report of fluoride value ranges between 0.13 to 2.75 mg/l in some of the villages of NP channel & thovalai channel above the permission limits of WHO The fluoride rich waters are characterized by high concentration of Na+ and low concentration of Ca2+ and Mg2+. Low Ca2+ results from the intense certain exchange reaction between Ca2+ and Na+15. Fluoride content also varied from one well to another in the same villages. 
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Table.6 indicates the range of limit of water quality parameter along the study area compare with WHO and Indian standard.
This variation can be attributed to the irregular distribution of fluoride bearing minerals in the soil, which are the main source of Fluoride in water [18,19]. It is evident from the analysis data: it is obvious that the fluoride concentration is more than the limits for drinking purpose. Fluoride content of 1mg/L in drinking water has no biological side effects [20]. Studies in these areas revealed that fluoride level is more than the permissible (1.5mg/L) in the drinking water consumed for a period of 5 to 10 years caused dental fluorosis for human being especially for children and pregnant woman. Therefore drinking water is sufficient to produce severe form of dental and mild form of skeletal fluorosis consumed for a period of 15 to 20 years [21].This is a result of the destruction metabolic calcium and Phosphorus inhibition of active enzymatic process in the human body, just the function of endocrine system is interrupted lead to flourosis[22]. 
   Our study shows that 37.03% of water samples from same villages situated near the bank of NP channel (table 1) and 30% of water from villages situated near the bank of Thovalai channel (table 2) have fluoride concentration more than 1.5 mg/L and hence unsuitable for drinking purpose cause flourosis if used for drinking, so there is a need for the further investigation on the extend of flourosis in these villages of Agasteeswaram Taluk, Kanyakumari District.
  A safe limit 10 mg/L of fluoride has been proposed for all type of crop plants by Leon et al (1948)[23]. The present investigation showed that none of the water samples have found to cross this limits and hence suitable for irrigation purpose. However continuous application of such waters having toxic concentration of fluoride is likely to affect adversely the crop growth[24,25].  Figure.4 to 7 shows the Physicochemical characteristics of Hand Pump, Bore well, pond water and open well in selected villages at N.P.channel and Thovalai channel, in Kanyakumari district.
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Figure.2 shows the fluoride concentration level along the study area
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Figure.3 shows the percentage of water sample near the bank of  NP Channel and Thoalai Channel
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[image: image14.jpg]Physicochemical characteristics Flow chart of Pond Water in selected villages at N.P.Channel
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[image: image15.jpg]Physicochemical characteristics Flow chart of Open Well in selected villages at N.P.Channel
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[image: image16.jpg]Physicochemical characteristics Flow chart of Hand Pump in selected villages at Thovalai Channel
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[image: image17.jpg]Physicochemical characteristics Flow chart of Open Wellin selected villages at Thovalai Channel
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[image: image19.jpg]Physicochemical characteristics Flow chart of Pond Water in selected villages at Thovalai Channel
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CONCLUSIONS
 From the results and discussion presented it can be concluded that most of the water samples collected from some of the villages of Agasteeswaram Taluk, show a high concentration of fluoride in the ground water. Hence it is not suitable for consumption. Without any prior treatment high fluoride consumption leads to the fluorosis. Hence , possibilities of reducing the high fluoride content of ground water by defluoridisation process/dilution with the surface water is one very simple technique, but addition of Ca2+ Ion to solution in contact with fluoride when experimented in distilled water cause appreciable decrease in fluoride concentration.
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Figure.4 Physicochemical characteristics of Hand pump and Bore well along the N.P. Channel











Figure.5 Physicochemical characteristics of Pond water and open well along the N.P. Channel








Figure.6 Physicochemical characteristics of Hand pump and Open well along the Thovalai channel











Figure.7 Physicochemical characteristics of Bore well and Pond water along the Thovalai Channel
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