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Abstract: Elevated ground water fluoride concentration and hydrochemical data are presented for groundwater 

samples, collected from different blocks of Birbhum district, West Bengal, India, belonging to different geological 

regions. Dubrajpur(unclassified gneiss), Rampurhat-1(Igneous). From Dubrajpur block total 31 samples including 

hotspring, dugwell and deeptubewell samples were collected during November, 2011 and from Rampurhat-1 block 

total 63 samples including shallow and deep tubewells were collected during February, 2011 for comparative  

assessment of the groundwater fluoride status and overall chemical quality and suitability for domestic and 

agricultural use. Other parameters analyzed for pH ,Total Dissolved Solid (TDS), Electrical Conductivity(EC), 

Sulphate(SO4
2-

), Nitrate(NO3
-
), phosphate(PO4

3-
), Fluoride(F

-
), Calcium(Ca

2+
), Magnesium(Mg

2+
), Sodium(Na

+
), 

Potassium(K
+
), Bicarbonate(HCO3

-
), carbonate(CO3

2-
), and Total Hardness(TH) using standard techniques. 

Obtained results show that among both Dubrajpur and Rampurhat-1 samples several parameters were found to 

be elevated. Sodium adsortion ratio (SAR) values were within the permissible limit in all the Dubrajpur samples 

but among Rampurhat-1 samples two were elevated (Asanjola and Madhabpur village). Rest of the samples were 

within the permissible limit. %Na and residual sodium carbonate (RSC) value were within the permissible limit 

among all the Dubrajpur samples but among the Rampurhat 1 samples %Na was found to be unsuitable (3 

samples) and doubtful (3 samples). RSC value was found to be above 1 among 3 Asanjola, 3 Narayanpur and 2 

Madhabpur village samples of Rampurhat-1. Birbhum district is a groundwater fluoride affected district and 

among several samples of both Dubrajpur and Rampurhat-1 block fluoride concentration was found to be 

elevated. Fluoride concentration seems to have a  positive relation to pH, sodium and carbonate whereas a negative 

relation to magnesium and calcium. The degree of weathering of the silicate minerals as indicated by the sodium 

acquired by the ground waters may have a decisive role in fluoride enrichment process. The overall obtained 

results of fluoride and other parameters reveal that Rampurhat-1 block is more worstly affected in comparison to 

Dubrajpur.  

Keywords: Ground water quality, Fluoride concentration, related parameters, Dubrajpur and Rampurhat 1 block, 

Birbhum district, West Bengal, India.  

1.   INTRODUCTION 

Groundwater is the main source of drinking water and irrigation in rural West Bengal thus is the main source of geogenic 

fluoride entering our body. An estimated 62 million people of India are chronically exposed to fluoride rich 

groundwater
[1]

. Generally groundwater fluoride is introduced through rock-water interaction in the aquifers. The process 

of dissolution of fluoride from the rocks and soils and its enrichmentn in the ground water depends on interplay of many 



                                                                                                                                                    ISSN 2348-1218 (print) 

International Journal of Interdisciplinary Research and Innovations     ISSN 2348-1226 (online) 
Vol. 6, Issue 4, pp: (73-86), Month: October - December 2018, Available at: www.researchpublish.com 

 

   Page | 74 
Research Publish Journals 

 

factors 
[2]

. The amount of fluoride occurring naturally in ground water is governed principally by climate, composition of 

the host rocks and hydrogeology. Areas with a semi-arid climate, crystalline rocks and alkaline soils are mainly 

affected
[3]

. Endemic fluorosis has been reported from the Birbhum district of West Bengal since 1996. The occurrence of 

high concentration of fluoride from an artesian well due to leaching of locally concentrated villiaumite (NaF) minerals has 

been reported
[4]

. Birbhum district, West Bengal is mainly a rural area based on agriculture thus groundwater quality is 

mainly influenced by lithology. The present study was carried out in several villages in the Dubrajpur and Rampurhat-I 

block of Birbhum district in West Bengal to study the hydrogeochemistry of the ground water.  

2.   STUDY AREA 

Location 

Dubrajpur is a rural area located at 23°49′N 87°23′E 23.81°N 87.38°E and has an area of 342.71 km
2
. It has an average 

elevation of 77 metres (252ft). The groundwater samples were collected from Elema (Chinpai), Bakreswar (Gohaliara) 

and Gopalnagar (LakshmiNarayanpur) villages. The Hotspring is located in Bakreswar.  Rampurhat I is also a rural area 

of Birbhum district, West Bengal, India. The co-ordinates are 24
0
04’14’’N  87

0
33’25’’E having an area of 178.81Km

2
. 

The groundwater  samples were collected from Narayanpur, Asanjola, Madhabpur village of Narayanpur and Akhira, 

Chakaipur, Kusumba and Sandipur village of Kusumba panchayat. 

 

Fig 1: sketch of the study area within Birbhum district, West Bengal, showing the location of Dubrajpur and Rampurhat-1 

Block 

Population: 

As per 2001 census, Dubrajpur block had a total population of 158,968, out of which 81,346 were males and 77,622 were 

females. Density of population is 464/Km
2
. Tribal population numbered 8,358. Dubrajpur block registered a population 

growth of 17.07 % during the 1991-2001 decade. Decadal growth for Birbhum district was 17.88 %. Decadal growth in 

West Bengal was 17.84%.  Rampurhat I block had a total population of 159,148, out of which 81,292   were males and 

77,856 were females. Density of population is 890/Km
2
. Tribal population numbered 20,825. During 1991 – 2001 decade  

population growth rate was 18.48%. 

http://toolserver.org/~geohack/geohack.php?pagename=Dubrajpur_(community_development_block)&params=23.81_N_87.38_E_
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Climate: 

Dubrajpur and Rampurhat I blocks climatologically falls under the western semiarid belt of West Bengal. The summer is 

severe with an average temperature of 40
0
C. During the month of May temperature shoots upto 48

0
C. The average 

temperature is 10
0
C in winter, but temperature as low as 6

0 
C is also recorded. This area receives rainfall from mid June to 

September and sometimes upto October.  

Geology of the study area 

Dubrajpur block lies in the South western part of Birbhum district where crystalline metamorphic rocks of Archaean to 

Proterozoic age including amphibolite, hornblende schist, gabbro, granite gneiss and unclassified pegmatites forming the 

basement. The Gondwana supergroup overlying this basement, represented by thick piles of pelitic and psamitic 

sedimentary rocks containing coal seams belonging to Barakar, Barren measure, Raniganj and Dubrajpur Formations 

ranging from Permian to Jurassic in age.  In Dubrajpur block Potential aquifers occur within 140 mbgl and thickness of 

aquifer increases towards east. 

Rampurhat I block lies in the northwest part of Birbhum district.  Gondwana overlain by Rajmahal trap (Basalt) occuring 

in the north and north western part. Rest of the district in north and central part is occupied by Laterite and Lateritic soil. 

In Rampurhat I block Basaltic rock exposed in most of the western part.  

 

Fig 2: Geological Map of the study area 

3.   EXPERIMENTAL 

In Dubrajpur block groundwater samples were collected from, 4 Hot spring locations, 11 deeptubewells, and 16 dugwells 

following the standard guidelines 
[5], [6]

 during November, 2011 and were analysed for various chemical parameters as 

described by APHA 1995. The location datas were recorded using GPS covering all the dugwells and deeptubewells of 

the selected villages. There was no shallow tubewell in the study area of Dubrajpur. From Rampurhat I block 31 

deeptubewell and 32 shallow tubewell samples (total 63) were collected from Narayanpur, Asanjola, Madhabpur village 

under Narayanpur panchayat and Akhira, chakaipur, Kusumba and Sandipur village under Kusumba panchayat with GPS 

recording during February 2011. The sampling process was similar to Dubrajpur. The parameters include Temperature, 

pH, EC, Total hardness, TDS, cations like Ca
2+

,  Na
+
, K

+
, Mg

2+
 and anions like HCO3

-
, CO3

2-
, NO3

-
, PO4

3-
, SO4

2-
, Cl

-
. 

Temperature, pH was measured in field pH meter and Orion ion selective electrode. EC, fluoride, chloride and nitrate was 

measured in Orion ion selective electrode (Model Meter 1119000). Ca
2+

, Na
+
, K

+
 was measured using ELICO CL 361 

Flame Photometer. TDS was measured in SYSTRONICS–TDS meter (Type no. 308). HCO3
-
, CO3

2
was measured using 
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titrimetric method. phosphate was measured by stannous chloride method and sulphate by turbidimetric method. Hardness 

and magnesium was estimated by standard methods recommended by APHA, 1995. SAR (Sodium adsorption ratio), RSC 

(Residual sodium carbonate) and %Na of all groundwater samples (except hotspring samples, as these are not used for 

irrigation purposes) was calculated using standard formula recommended by
 [7],[8],[9]

 respectively.              

SAR = Na
+
/{(Ca

2+
 +Mg

2+
) ÷2}

1/2
       

 [10]
 

% Na= (Na
+
) ×100/(Ca

2+
 + Mg

2+
 + Na

+
 + k

+
) 

RSC= ( HCO3
- 
 +  CO3

2-
 )  -  (Ca

2+
  +  Mg

2+
 ) 

All the ionic concentrations are expressed in epm. 

Correlation coefficients, mean and standard deviation  of the chemical parameters were analysed statistically.  

A piper trilinear diagram has been prepared for the study of hydrogeochemical facies.  

4.   RESULT AND DISCUSSION 

The results of the physicochemical analysis of the groundwater samples of Dubrajpur, Rampurhat I are given in Table 12 

and 13 respectively. In Table 1 and 2 the minimum and maximum concentration of  major ions of the groundwater 

samples of Dubrajpur and Rampurhat I along with statistical summary and official safe limits for drinking water are 

given. The classification of water samples based on electrical conductivity recommended by WHO is given in Table 3, 

classification based on Total dissolved solid is given in Table 4. The classification of water samples on the basis of Total 

Hardness 
[11]

 is given in Table 5 and 6. List of samples having elevated parameters are given in Table 7. Classification of 

the groundwater samples based on % Na  are given in Table 8, 9 and the list of Rampurhat I samples with elevated %Na, 

RSC and SAR values are given in Table 9.1. Statistical correlation coefficient of major ions of Dujrajpur, and Rampurhat 

I block groundwater samples (excluding the hotspring samples) are described in Table 10, 11. Table 1, 2, 12 and 13 shows 

that the physicochemical quality of groundwater varies noticeably among rural habitations of both the blocks. Several 

samples of both blocks exhibit elevated fluoride levels which was absent in Rampurhat II and Bolpur block
 [12], [13].

  

TABLE 1: STATISTICAL SUMMARY OF WATER SAMPLES OF DIFFERENT SOURCES OF DUBRAJPUR WITH 

OFFICIAL ACCEPTIBLE LIMITS 

 

EC values are expressed in µS/cm, Temperature in 
0
C. Rest of the parameters are expreesed in mg/l. 

TABLE 2: STATISTICAL SUMMARY OF WATER SAMPLES OF DIFFERENT SOURCES OF RAMPURHAT-I 

IONS RAMPURHAT- I SAMPLES(mg/l) max.acceptable limits(WHO) 

 MIN MAX mean Std.deviation  

Na
+
 12.3 209.75 42.28 39.25 20 

K
+
 0 2.8 1.25 0.776 20 
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Ca
2+

 10 184.75 87.4 41.09 75 

Mg
2+

 0.92 20.6 8.44 4.31 50 

CO3
2-

 0 84 4.746 15.89 350 

HCO3
2-

 172 442 293.5 57.5 384 

SO4
2-

 0.22 129.7 12.25 19.88 400 

NO3
-
 0 18.97 6.32 4.41 10 

PO4
3-

 0.01 5.89 1.127 1.69 5 

F
-
 0.081 20.9 1.5 4.712 1.5 

Cl
-
 0.81 252 50.46 58.97 250 

EC 516 2341 988.5 471.06 300 

TH 15 630 240.95 134.29 500 

TDS 268 1171 493.98 240.05 1000 

pH 6.42 10.1 7.31 0.719 6.5-8.5 

Temp. 24.5 27.1 25.458 0.94  

EC  values are expressed in µS/cm, Temperature in 
0
C. Rest of  the parameters are expressed in mg/l 

pH 

In Dubrajpur samples the pH value ranged from 7.01 to 8.04 in hotspring samples indicating its alkaline nature, elevated  

pH may be due to plagioclase feldspar releasing sodium and calcium. In dugwell samples pH ranged from 5.65 to 7.21 

and in deeptubewell samples it ranged between 6.66 to 7.61 (Table 1). According to WHO standard 25%  dugwell 

samples  are acidic (less than 6.5). In Rampurhat I samples the pH value was ranging from 6.42 to 10.1 indicating its 

highly alkaline nature in several samples and pH was found to be elevated in all fluoride contaminated samples. In 4 

deeptubewell samples pH was above maximum permissible limit of 8.5 (Table 2). 

Electrical conductivity 

For drinking water 300 µS/cm is the permissible limit for EC and it was found to be elevated in all the hotspring samples, 

81.25% dugwell and 91% deeptubewell samples (Table 1, 7) in Dubrajpur block. The results are given in Table 12. 

Among Rampurhat I groundwater samples Electrical conductivity was above 300 µS/cm in all the samples (100%), as 

shown in Table 2 and 13. 

TABLE 3: CLASSIFICATION OF ALL GROUNDWATER SAMPLES BASED ON ELECTRICAL CONDUCTIVITY(WHO) 

FOR AGRICULTURAL PURPOSES 

EC (µS/cm) Classification No. of Dubrajpur sample  No. of Rampurhat 1 sample 

< 1500 Permissible 27(238.5- 1489 µS/cm) 55(516- 1389 µS/cm) 

1500-3000 Not permissible 4(1855-2520 µS/cm) 8( 1521- 2520 µS/cm) 

>3000 Hazardous  nil nil 

Total sample  31 63 

Classification of groundwater samples of Dubrajpur block for agricultural purposes based on Electrical conductivity 

(Table 3) shows that among total 31 samples 4 samples (DW3, DW16, DTW5 and DTW6) are not permissible. All the 

rest samples are within permissible limit. Among Rampurhat I samples 12.7% samples were not permissible for irrigation 

as EC was found to be ranging between 1521 to 2520 µS/cm.  

TDS 

Total dissolved solid was found to be elevated above 500mg/l, the maximum desirable limit for drinking water in 50% 

dugwell and 36.36% deeptubewell samples. The classification of groundwater of the study area based on TDS is given in 

Table 4, which shows among 31 samples of Dubrajpur 2 (DTW 5 and DTW6) fall under brackish water category (Table 7 

and 12). Both the samples belongs to Gopalnagar Lakshmi.Narayanpur. Rest 29 samples belong to fresh water category.  

Classification of groundwater samples of Rampurhat I block based on TDS showed that 7.94% samples fall under 

brackish category and rest of the samples were belonging to fresh water category (Table 4). Majority of the elevated TDS 

samples were belonging from Chakaipur village. 
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TABLE 4: CLASSIFICATION OF  GROUNDWATER  BASED ON TOTAL DISSOLVED SOLID [14] 

TDS(mg/l) Classification No. of Dubrajpur sample  No. of Rampurhat 1 sample 

<1000 Fresh water 29( 120- 985 mg/l) 58( 259- 885 mg/l) 

1000-10,000 Brackish 2(1033 -1260 mg/l 5(1006- 1260 mg/l) 

10,000-100,000 Saline Nil Nil 

>100,000 brine nil Nil 

Total   31 63 

Fluoride  

Among all the Dubrajpur samples, fluoride was found to be elevated in 1 dugwell sample (DW1) located in Bakreshwar 

(Table 12). Fluoride was found to be elevated (above 1.5mg/l) in 100% hotspring samples and 54.54% deeptubewell 

samples (Table 12). The range is given in Table 1. Among the Rampurhat I samples high concentration of fluoride was 

observed in 4 deeptubewell samples (Asanjola DTW16, Asanjola DTW21, Madhabpur DTW23, Madhabpur DTW24) 

where fluoride concentration ranged between 16 mg/l to 20.9mg/l as showed in Table 13. Among the Narayanpur village 

samples 1 deeptubewell (NT8, primary school) and 1 shallowtubewell sample (Nt7) show elevated fluoride concentration, 

1.3mg/l. Rest of the samples were within permissible limit. The overall fluoride concentration was found to be higher in 

Narayanpur, Asanjola and Madhabpur in comparison to Akhira, Chakaipur, Kusumba and Sandipur.   

Total Hardness 

Among Dubrajpur samples Hardness was found to be low in hotspring samples. Hardness above 500mg/l was found in 

1dugwell (DW3) sample of Mukherjipara, Bakreshwar (Table 12) and 2 deeptubewell samples of Gopalnagar habitation, 

LakshmiNarayanpur (Table7). The classification of Dubrajpur groundwater samples based on hardness 
[11]

 is given in 

Table 5 which shows that 100% hotspring samples and 14.81% groundwater samples (dugwell and deeptubewell) fall 

under soft category. 33.34% groundwater samples were moderately hard. 22.23% samples were hard and 29.63% samples 

were found to be very hard.  Among Rampurhat I samples the range of TH was 15 to 630 mg/l and it was found to be 

elevated above 500mg/l in 7.937% samples. TH was elevated above permissible limit(500mg/l) in all the Chakaipur 

samples and 1 Narayanpur sample(NT14). The classification of the collected samples based on hardness
[11]

 is given in 

Table 6 which shows that among total 63 samples of Rampurhat I, 6.35% was soft, 12.7% moderate hard, 58.73% fall 

under hard category and 20.635% was very hard water samples. 

TABLE 5: CLASSIFICATION OF DUBRAJPUR WATER BASED ON HARDNESS BY SAWYER & MC CARTHY 

HARDNESS AS WATER CLASS 

(CaCO3 in mg/l) 

HOTSPRING   SAMPLES GROUNDWATER    SAMPLES 

0-75 Soft   4 samples  4 samples 

75-150 Moderate hard   0  samples 

 

 9 samples ( 75 – 145mg/l) 

150-300 Hard   0 samples 

 

 6 samples (167.7 - 269.91mg/l) 

   >300 Very hard    0 samples  8 samples ( 350 – 796 mg/l) 

TABLE 6: CLASSIFICATION OF RAMPURHAT-I WATER BASED ON HARDNESS BY SAWYER & MC CARTHY 

HARDNESS AS WATER CLASS  CaCO3(mg/l0 RAMPURHAT I SAMPLES 

0-75 Soft   4 samples (15 – 70mg/l) 

75-150 Moderate hard   8 samples ( 105 – 150mg/l) 

150-300 Hard 37 samples (152 – 290mg/l) 

   >300 Very hard  13 samples (325 – 630mg/l) 

Sulphate 

No sample in Dubrajpur and Rampurhat I study area showed elevated sulphate. The obtained results are given in Table 12 

and 13.  
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Phosphate 

Phosphate concentration in all samples of Dubrajpur study area were within permissible limit (Table 12 and 13).  

The permissible limit for PO4
3-

 is 5mg/l(WHO) and among Rampurhat I samples it was found to be elevated in 7.936% 

(NT8, Nt6,  MAT26, MAT27, MAT28) samples belonging to Narayanpur and Madhabpur village. 

Magnesium 

No sample in the study area showed elevated magnesium content. The obtained results are given in Table 12 and 13. 

Chloride 

Among Dubrajpur samples Chloride concentration above 250mg/l (permissible limit) was observed in 12.5% dugwell and 

18.18% deeptubewell samples (Table1 and 12). No hotspring sample showed elevated Cl
-
.  

Chloride concentration above permissible limit was only observed in 2 deeptubewell samples of Rampurhat I block. Both 

the samples belongs to Chakaipur village. 

TABLE 7: GROUNDWATER SAMPLES OF THE STUDY AREA EXCEEDING THE DESIRABLE LIMITS PRESCRIBED 

BY WHO FOR DOMESTIC PURPOSES 

Water quality 

parameters 

WHO 1997, 

desirable limits 

No. of Dubrajpur 

samples exceeding 

desirable limits 

No. of Rampurhat I samples 

exceeding desirable limits 

Undesirable 

effects 

pH 6.5-8.5 2samples below 6.5 4samples above 8.5 

AsanT16,AsanT21,MadhabT2

3, MadhabT24 

Taste 

EC(µS/cm) 300 4H, 13D, 10DTW All samples  

TDS(mg/l) 500 8D, 4DTW 9DTW, 8STW Gastrointestinal 

irritation 

TH(mg/l) 500 1D, 2DTW 3DTW, 2STW  

Na
+
(mg/l) 20 4H, 6D, 3DTW 25DTW, 29STW  

K
+
( mg/l) 20 8D, 1DTW Nil Bitter taste 

Ca
2+

( mg/l) 75 8D, 10DTW 18DTW, 17STW Scale formation 

Mg
2+

(mg/l) 50 Nil Nil  

CO3
2-

(mg/l) 350 Nil Nil  

HCO3
-
(mg/l) 384 2D, 1DTW 4DTW, 1STW  

SO4
-2

 (mg/l) 400 Nil Nil Laxative effects 

NO3
-
 (mg/l) 10 9D, 8DTW 5DTW, 8STW Blue baby 

PO4
3-

 (mg/l) 5 Nil 4DTW, 1STW  

F
-
 (mg/l) 1.5 4H, 1D, 6DTW 4DTW Fluorosis 

Cl
-
 (mg/l) 250 2D, 2DTW 2DTW Salty taste 

H=hotspring sample, D=dugwell sample, DTW=deeptubewell sample, STW=shallowtubewell 

Carbonate 

CO3
-2

 concentration in all the Dujrajpur samples were within permissible limit (Table1 and 12). CO3
-2

 was mainly found 

to be present in those samples having elevated concentration of Fluoride.  CO3
-2

 concentration in all the Rampurhat I 

samples were within permissible limit (Table2 and 13). CO3
-2

 was  found to be present in those samples having elevated 

concentration of fluoride.  

Bicarbonate 

Among Dubrajpurpur samples HCO3
-
 was found to be elevated in 12.5% dugwell and 9.09% deeptubewell samples (Table 

7). It was found to be within permissible limit in all hotspring samples (Table 4, 12). Among Rampurhat I samples HCO3
-
 

was found to be above permissible limit of 384mg/l in 7.93% samples (Akhira t4, T19, T22, T25, T26). 
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Nitrate 

Among Dubrajpur samples NO3
-
 was elevated (above 10mg/l) in 56.25% dugwell and 72.73% deeptubewell samples 

which is may be due to agricultural activities. NO3
-
 was within permissible limit in all hotspring samples.  Among 

Rampurhat I samples NO3
-
 was elevated above 10mg/l in 20.635% samples with respect to total number of samples. 

Calcium 

Among Dubrajpur samples Ca
2+

 was found to be elevated above 75mg/l in 91% deeptubewell and 50% dugwell samples 

and 0% hotspring samples (Table7).  Among Rampurhat I samples calcium was found to be elevated in 58.06% 

deeptubewell samples and 53.125% shallow tubewell samples, i.e, 55.56% of the total samples. The calcium 

concentration was found to be lowest among the fluoride elevated samples of same habitations which indicates that 

fluoride concentration is negatively correlated with calcium. Perhaps fluoride binds with calcium through ion exchange.  

Sodium 

Among Dubrajpur samples Na
+
 was found to be elevated in all the hotspring samples (Table 12). In 27.273% 

deeptubewell and 37.5% dugwell samples sodium was above the desirable limit, 20mg/l (Table7).  Among Rampurhat I 

samples Na
+
 was found to be maximum elevated in all the fluoride elevated samples. In 80.645% deeptubewell and 

90.625% shallowtubewell samples (85.714% of total samples) sodium concentration was above 20mg/l. Perhaps fluoride 

tends to bind with Na
+  

to form NaF having greater solubility. 

Potassium 

Among Dubrajpur samples Elevated potassium above desirable limit was observed in 50% dugwell and 9.09% 

deeptubewell samples. Elevated potassium is likely due to silicate minerals, orthoclase, microcline, hornblende, muscovite 

and biotite in metamorphic rocks and evaporate deposits. K
+
 was within permissible limit in all hotspring samples.  

Potassium concentration in all samples of Rampurhat I study area was within permissible limit. 

RSC (Residual Sodium Carbonate) 

However HCO3
- 
was found to be elevated above the permissible limit (384mg/l) in 2 dugwell and 1 deeptubewell samples 

but the RSC value was found to be less than 0.1meq/l indicating no bicarbonate hazard in the study area of Dubrajpur.  

Classification of Rampurhat I samples based on residual sodium carbonate showed that among total 63 samples, 9.523% 

samples were unsuitable as RSC value was found to be above 2.5meq/l and 2 samples (NT8 and NT5) were found to be 

doubtful. Rest of the samples were good. The list of the samples of Rampurhat I showing elevated RSC are listed in Table 

9.1. The overall result indicates bicarbonate hazard in some habitation like Narayanpur, Madhabpur and Asanjola .  

SAR (Sodium Adsorption Ratio) 

Among Dubrajpur samples the range of SAR (sodium adsorption ratio) in dugwells was found to be between 0.217 to 

2.14. In deeptubewell samples this range was found to be between 0.443 to 2.595, i.e, much below the permissible limit of 

10. Only DW15 showed 2.14 and DTW9 showed 2.595. SAR value in rest of the samples were less than 1. 

Among the Rampurhat I samples Asanjola T16 (14.003) and Madhabpur T24 (10.69) showed maximum SAR which is 

above the permissible limit of 10, indicating sodium hazard. Among the rest samples showing SAR value above 1 are 

listed in Table 9.1 

% Na 

% Na of the Dubrajpur samples are given in Table 8, which shows that all the samples are within permissible range. Only 

1 deeptubewell sample is permissible i.e, 44.23% (DTW9 of Chinpai elema habitation) and only 1 dugwell sample is 

good, 22.964%( DW15 of Elema, Majhpara habitation). All the rest samples are excellent. 

Classification of  Rampurhat I samples based on %Na given in Table 9 shows that among total 63 samples 46.0317%  are 

excellent, 41.27% samples fall under good category, 3.1746% are permissible, 4.762% samples are doubtful and 4.762% 

samples are unsuitable for irrigation purposes. All the samples showing elevated fluoride exhibit maximum % Na. The list 

of the samples of Rampurhat I showing elevated %Na is given in Table 9.1 

 



                                                                                                                                                    ISSN 2348-1218 (print) 

International Journal of Interdisciplinary Research and Innovations     ISSN 2348-1226 (online) 
Vol. 6, Issue 4, pp: (73-86), Month: October - December 2018, Available at: www.researchpublish.com 

 

   Page | 81 
Research Publish Journals 

 

TABLE 8: IRRIGATION QUALITY OF DUBRAJPUR GROUNDWATER BASED ON  % Na 

% Na CLASSIFICATION NO. OF DUGWELL SAMPLES NO. OF DEEPTUBEWELL SAMPLES 

< 20 Excellent 15 10 

20 - 40 Good 1(22.96%) 0 

40 - 60 Permissible 0 1(44.23%) 

60 - 80 Doubtful 0 0 

> 80 Unsuitable 0 0 

TABLE 9:  IRRIGATION QUALITY OF RAMPURHAT I  GROUNDWATER BASED ON  % Na 

% Na CLASSIFICATION NO. OF RAMPURHAT I SAMPLES 

< 20 Excellent 29  

20 - 40 Good 26(8 DTW, 18 STW)  

40 - 60 Permissible 2(1 DTW, 1 STW) 

60 - 80 Doubtful 3 (3 DTW) 

> 80 Unsuitable 3 (3DTW) 

TABLE 9.1: LIST OF RAMPURHAT I SAMPLES SHOWING ELEVATED %Na, RSC AND SAR 

SAMPLE NUMBER % Na  RSC( meq/l) SAR 

N T4 20.834 < 1 < 1 

N T5 64.856 1.522 3.0245 

N T6 21.644 < 1 < 1 

N T8 48.602 1.914 < 1 

N T9 25.17 < 1 < 1 

N T10 37.166 < 1 < 1 

N T14 16.257 < 1 < 1 

Asanjola T16 92.243 4.497 14.003 

Asanjola T17 64.262 3.103 3.765 

Asanjola T19 20.79 < 1 < 1 

Asanjola T20 20.975 < 1 < 1 

Asanjola T21 84.46 3.0675 9.034 

Asanjola T22 27.365 < 1 < 1 

Madhabpur T23 71.502 2.74 5.8 

Madhabpur T24 85.8 5.447 10.69 

Madhabpur T26 16.402 < 1 < 1 

Chakaipur T1 24.505 < 1 < 1 

Chakaipur T2 21.447 < 1 < 1 

N t1 24.13 < 1 < 1 

N t2 22.16 < 1 < 1 

N t3 22.47 < 1 < 1 

N t5 18.147 < 1 < 1 

N t7 56.477 2.644 2.992 

N t8 32.73 0.842 < 1 

N t9 34.33 0.913 < 1 

N t10 24.026 < 1 < 1 

N t11 24.438 < 1 < 1 

N t12 23.083 < 1 < 1 

N t13 19.802 < 1 < 1 

N t14 38.276 < 1 < 1 

Asanjola t15 20 < 1 < 1 
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Akhira t2 17.54 < 1 < 1 

Chakaipur t6 19.6 < 1 < 1 

Kusumba t9 20.48 < 1 < 1 

Kusumba t10 24.853 < 1 < 1 

Sandipur t12 23.733 < 1 < 1 

Sandipur t14 29.63 < 1 1.2002 

Sandipur t15 28 < 1 < 1 

Sandipur t16 25.25 < 1 < 1 

Sandipur t17 25.065 < 1 < 1 

 N=Narayanpur village, T= deeptubewell, t= shallow tubewell 

Ground water with a base exchange reaction  in which the alkaline earths have been exchanged for Na
+
 ions ( HCO3

-
 >  

Ca
2+

 + Mg
2+

) may be referred to as base-exchanged-softened water, and those in which the Na
+
 ions have been exchanged  

for the alkaline earths (Ca
2+

 + Mg
2+

 > HCO3
-
) may be referred to as base-exchanged-hardened water 

[15]
. In the study area  

of Dubrajpur , in all the samples Ca
2+

 + Mg
2+

 > HCO3
-
 that means base-exchanged-hardened water.  

TABLE 10: CORRELATION COEFFICIENTS OF THE CHEMICAL PARAMETERS OF GROUND WATER SAMPLES 

(DUGWELLS AND DEEPTUBEWELLS) OF DUBRAJPUR BLOCK 

 

Among the Rampurhat I groundwater samples 34% samples were base-exchanged-softened water (HCO3
-
 >  Ca

2+
 + Mg

2+
) 

and the rest samples were base-exchanged-hardened water (Ca
2+

 + Mg
2+

 > HCO3
-
). This base-exchanged-softened water 

samples were observed in Narayanpur, Asanjola, Madhabpur, Akhira, Kusumba and Sandipur villages of the study area. 

TABLE 11: CORRELATION COEFFICIENTS OF THE CHEMICAL PARAMETERS OF GROUND WATER SAMPLES 

(DUGWELLS AND DEEPTUBEWELLS) OF RAMPURHAT I BLOCK 
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HYDROCHEMICAL FACIES 

The piper diagrams showing the hydrogeochemical facies of groundwater of Dubrajpur, Rampurhat I, blocks are given as 

Fig.3 and 4 respectively. 

 

Fig 3: Piper diagram showing the hydrogeochemical facies of Dubrajpur block (H= hotspring sample; DTW=deeptubewell; 

D=dugwell samples 

Fig 3 shows that in Dubrajpur block, the groundwater (dugwell and deeptubewell) is mixed type. The Hotspring samples 

are HCO3+ CO3 type. 

 

Fig 4: Piper diagram showing the hydrogeochemical facies of Rampurhat I block   (T=deeptubewell; t=shallowtubewell 

samples) 
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Fig 4 shows that in Rampurhat I block the fluoride elevated samples are HCO3+ CO3 type. Other samples (F
-
 within 

permissible limit) are SO4+ Cl type. 

The chief sources of fluoride ion in the natural waters are fluorite, fluoroapatite as well as fluoride replacing hydroxyl in 

the ferromagnesium silicates. However, the degree of weathering and the amount of leachable fluoride in a terrain is more 

important in deciding the fluoride content of waters rather than the mere presence of fluoride bearing minerals in rocks or 

soils 
[16]

. High fluoride and low Calcium in water may be due to prior precipitation of CaCO3 from water with limited 

incorporation of F- in CaCO3 structure. During the process of chemical weathering, sodium is released into the ground 

Water which might have replaced by calcium in cation exchange reactions. With increasing concentration of sodium the 

solubility of fluorite in water also increases 
[17]

. In acidic medium, fluoride is absorbed in clay whereas high pH, alkalinity 

(CO3
-2

) favours the leaching of fluoride from the rocks. Thus, the availability of fluoride in leachable state in soil is more 

important in deciding the fluoride in water rather than presence of fluoride bearing minerals. 

In overall the obtained result indicates that not only fluoride several other parameters are elevated in both the study as per 

the standard guidelines
 [18], [19]

.  

TABLE 12:  WATER QUALITY PARAMETERS OF DUBRAJPUR BLOCK, BIRBHUM 

 

GB= Gohaliara, Bakreshwar;   MB=Mukherjipara, Bakreswar;  CE=Chinpai, Elema;  ME=Majhpara, Elema;  BLn= 

Belbuni, Lakshminarayanpur; GLn= Gopalnagar, LN pur   : DW=Dugwell sample; DTW= Deeptubewell sample; HS= 

Hotspring sample 
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TABLE 13: WATER QUALITY PARAMETERS OF RAMPURHAT-I BLOCK, BIRBHUM 

 

 

DTW= deeptubewell samples: STW= shallowtubewell samples; AS=Asanjola; CH= Chakaipur; K= Kusumba; S= 

Sandipur; AKH=Akhira; N= Narayanpur; MA= Madhabpur. 
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