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ABSTRACT
Ca-Mg-HCO3 is the major hydrochemical facies in the study area, with 

cation facies belonging to Ca-Na (95.84%) and Ca-Mg (4.16%) and the 
anion facies being Cl-SO4-HCO3 (100%). The concentration of alkaline earths 
exceeded that of alkalies (viz., Ca+Mg > Na+K) and concentration of weak 
acids exceeded that of strong acid elements (viz., HCO3 > Cl + SO4). Indirect 
base-exchange reaction was noticed in 95.8% of the samples, which involved 
ion exchange of Ca2+–Mg2+ in water with Na+–K+ in rocks. Permanent/non-
carbonate hardness was noticed in 95.84% of the samples due to higher total 
hardness values over total alkalinity. Radon activity in 87.5 % of the samples 
was higher than the EPA advised MCL value of 11.1 Bq/L. Due to higher 
water quality index (58.0 > WQI < to 137.8) in majority of the water samples, 
overall groundwater quality in the study area is categorized as unfit for human 
consumption, attributed to higher salinity, dissolved solids, hardness, etc. 
The groundwater samples are considered safe for irrigation purpose based 
on %Na and SAR values.

INTRODUCTION
As a resource, supply of groundwater is gaining increasing importance in the areas where surface waters are very scarce or 

absent and understanding characteristics is crucial for groundwater management [1]. Being a dynamic resource, groundwater is 
undergoing modifications both quantitatively (with a variety of pollutants generated from diverse sources (agricultural, industrial 
and domestic) and qualitatively. Although, the occurrence of groundwater is mainly associated with fracture and joint systems 
in an aquifer, evaluating groundwater quality in an area in terms of its chemical composition favors in gathering data on the 
environments through which the water is circulated by demonstrating key controlling factors. This can be used as a measure of 
its suitability for human and animal consumption, irrigation, and for industrial and other purposes besides their pollution status. 
Consequently, the groundwater quality is influenced by various natural processes like variation in climatic conditions, geological 
structure, composition of precipitation, residence time of water, aquifer materials and their interactions, and inputs from soil 
during percolation of water [2-4] besides intermixing among the different groundwater reservoirs along flow path in the subsurface. 
Anthropogenic inputs like concentrated sources of pollution such as industrial discharges, landfills and subsurface injection of 
chemicals and hazardous wastes are also considered as an obvious source of groundwater pollution [5]. Alternately, geochemical 
compositions of groundwater are regulated by several hydrogeochemical processes that the groundwater undergoes over space 
and time such as weathering of carbonates, evaporate and silicate minerals as well as ion exchange progressions [6,7]. The 
interaction of these factors result in leaching of surfacial salts to the water [8], resulting in the formation of various hydrochemical 
facies [9] and thus responsible for the seasonal and spatial variations in groundwater quality. 

In the fast growing city like Bangalore, the quality of water is getting vastly deteriorated due to increasing human activities, 
unscientific waste disposal, improper water management and carelessness towards environment, leading to scarcity of potable 
water affecting the human health. Hence, an attempt was made in the present study to examine the controlling factors of 
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hydrogeochemical processes by using various graphical methods and different hydrogeochemical ratios besides categorization of 
groundwater samples for utilitarian purposes. Further, radiation dose to public from ingestion of water-borne radon and inhalation 
of indoor radon are thought to be a higher threat than all other contaminants in water due to its carcinogenic effect. This is 
because radon is considered as the second leading cause of lung cancer next to smoking [10] contributing to almost 50% of 
the worldwide mean effective dose to the community [26] from natural means. Domestic water with elevated level of radon can 
make major contribution to the indoor radon exposure [11]. Hence, the present study is a pilot scale study that was carried out to 
calculate effective dose due to inhalation and ingestion of water-borne radon in order to demonstrate that the radiation dose from 
radon in drinking water is on average low relative to that from the inhalation of radon present in indoor air.

Location and Extent of the Study Area

Bangalore district is situated in the heart of the South-Deccan plateau in peninsular India to the South-Eastern corner of 
Karnataka State between the latitudinal parallels of 12o 39' N & 13o 18' N and longitudinal meridians of 77o 22' E & 77o 52'E at 
an average elevation of about 900 meters covering an area of about 2,191 sq.kms (Bangalore rural and urban districts). Among 
the four taluks (viz., Anekal, Bangalore North, South and East), Bangalore North taluk is having more or less a level plateau / flat 
topology with major portion lies between 839 to 962 m above MSL. The taluk is characterized by various geological formations 
belonging mainly to the Archean and Upper Proteozoic periods (Figure 1). Granites and Gneisses of peninsular gneissic group 
constitute major aquifers in the urban district of Bangalore. Laterites of Tertiary age occur as isolated patches capping crystalline 
rocks in Bangalore north taluk. Peninsular Gneisses rock groups being metamorphic rocks cover major portion of the taluk 
followed by small patches of Closepet granite and sargur/satyamangalam rock groups towards the south and north-west 
respectively. Ground water occurs in phreatic conditions or unconfined conditions in the weathered zone and under semi confined 
to confined conditions in fractured and jointed rock formations. The occurrence of ground water movement and recharge to 
aquifers are controlled by various factors like fracture pattern, degree of weathering, geomorphological setup and amount of 
rainfall received. Red loamy and sandy soils occur on hilly to undulating land slope on granite and gneissic terrain in the eastern 
and southern parts of Bangalore north while laterite soils can be seen in western parts of Bangalore North. The drainage pattern 
of the Bangalore North taluk is governed by the Granitic ridge running NNE to SSE almost to the middle of the taluk. Bangalore 
has no major rivers flowing in the district. The Arkavati River flows in the district for a small distance in Bangalore North taluk 
and the Dakshina Pinakini touches the borders of the district to the North-East of the Anekal taluk. The climate is classed as the 
seasonally dry tropical savanna climate with four seasons. The dry season with clear bright weather is from December to February 
with summer from March to May (Characterized by high temperatures), followed by the southwest monsoon season from June to 
September. October and November constitute the post-monsoon or retreating monsoon season. The main features of the climate 
of Bangalore are the agreeable range of temperatures, from the highest maximum of 330C in April to the lowest minimum of 140C 
in January. The mean monthly relative humidity is the lowest during the month of March at 44% and records highest between the 
months of June and October at 80 to 85%. The mean annual rainfall is 859.6 mm, with two rainy seasons, June to September 
and October to November, come one after the other but with opposite wind regimes, corresponding to the southwest (S-W) and 
northeast (N-E) monsoons; 54% of the total annual rainfall is being received during the S-W monsoon period. 

Figure 1. Location map of the study area.
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METHODOLOGY
A total of 24 groundwater samples (viz., boreholes) were collected from Bangalore north taluk in a 1 L pre-cleaned polyethylene 
bottles during pre-monsoon season of April 2012. The samples were taken at least 10 min after removal of water from the tube 
well/borehole by pumping in order to get a representative sample that has not been in the pipe for an extended period of time. 
The groundwater quality inventory survey involved comprehensive physico-chemical attributes like pH, electrical conductivity (EC), 
total dissolved solids (TDS), total alkalinity, total hardness (TH), dissolved oxygen (DO), and major ions (Ca2+, Mg2+, Na+, K+, Fe2+, 
F-, Cl–, HCO3

–, SO4
2–, NO3

–, PO4
3–). All the parameters were analyzed by employing APHA [12] recommended standard analytical 

procedures. Fifteen water quality parameters were considered for WQI calculation using equation given in Table 2.

Radon analysis and effective dose calculation

Radon concentration in the ground water samples was measured using RAD7 radon analyzer (Durridge Co., USA) with 
RAD H2O accessory attached employing closed loop aeration concept. Detailed information on the radon activity measurement 
techniques is given elsewhere [13,14]. The annual mean effective doses from ingestion and inhalation of water-borne radon were 
calculated using the parameters established in the UNSCEAR [26] report which is as follows:

( )/  * *=WIg RnWE mSv a C C EDC

( ) /  * * * *  =WIh RnW aWE mSv a C R F O DCF

Where EWIg is the effective dose for ingestion, EWIh is the effective dose for inhalation, CRnW is the radon concentration in 
water (kBq/m3 or Bq/L), CW is the weighted estimate of water consumption (60 L/a) and EDC is the effective dose coefficient for 
ingestion (3.5 nSv/Bq) respectively, RaW is the ratio of radon in air to the radon in water (10-4), F is the equilibrium factor between 
radon and its progenies (0.4), O is the average indoor occupancy time per individual (7,000 h/a) and DCF is the dose conversion 
factor for radon exposure [9 nSv/(Bq h/m3)].

RESULTS AND DISCUSSION
Tables 1 and 2 summarizes results of physico-chemical and irrigational quality parameters, water quality index, chloro-

alkaline indices, radon activity and the resultant effective dose. 

Table 1. Analytical Results of major element analyses of groundwater samples.

Sl. No Longitude
(DMS)

Latitude
(DMS)

pH Temp. EC TDS TH CaH TA F r e e 
CO2

Cations Anions

Ca2+ Mg2+ Na+ K+ Fe2+ HCO3
- Cl- SO4

2- NO3
- F- PO4

3-

Unit of expression ---- 0C μS/cm mg/L mg/L mg/L
BIS (2012) acceptable 
Standards limits

6 . 5 -
8.5

----- 2000* 500 200 ---- 200 ----- 75 30 100* 10* 0.3 ----- 250 200 45 1.0 0.3*

1 77.497 12.964 8.1 29.5 1175 729 777.5 452.5 380 12.6 181.0 79.3 91.0 106.6 0.26 463.6 99.9 39.9 47.0 0.5 0.9
2 77.498 12.964 7.5 28.0 1288 799 681.2 455.0 420 26.8 182.0 55.2 76.0 101.3 0.31 512.4 79.5 35.6 46.8 0.7 1.2

3 77.499 12.965 8.4 27.5 1048 650 814.8 477.5 484 30.0 191.0 82.3 88.3 96.5 0.34 590.5 107.2 29.1 45.2 0.5 1.8

4 77.498 12.951 8.9 29.1 1020 633 646.8 477.5 524 31.8 191.0 41.3 86.3 25.8 0.36 639.3 139.5 21.2 36.8 0.4 1.5

5 77.495 12.961 9.1 28.2 996 618 526.0 462.5 360 28.2 185.0 15.5 55.1 81.3 0.4 439.2 91.2 21.5 37.0 0.9 1.6

6 77.495 12.952 9.3 29.1 1018 632 627.6 507.5 448 14.5 203.0 29.3 88.6 28.3 0.39 546.6 71.9 19.5 36.0 0.8 0.8

7 77.491 12.951 9.5 30.0 1102 683 514.3 397.5 332 13.8 159.0 28.5 68.2 61.2 0.35 405.0 151.9 25.6 35.0 0.2 0.5

8 77.492 12.965 9.8 30.3 1203 746 530.9 337.5 316 9.5 135.0 47.2 80.6 100.2 0.41 385.5 150.2 28.6 36.0 0.3 1.5

9 77.491 12.962 7.2 31.0 1345 834 542.6 372.5 510 10.8 149.0 41.5 53.1 20.1 0.41 622.2 148.3 31.6 33.2 0.9 2.1

10 77.491 12.962 9.0 30.9 1269 787 456.3 335.0 502 22.5 134.0 29.6 59.2 26.5 0.35 612.5 97.2 34.2 42.9 0.7 2.2

11 77.493 12.963 9.8 30.5 1270 788 619.8 430.0 438 17.3 172.0 46.3 61.2 32.5 0.31 534.4 93.3 54.2 35.0 0.6 0.3

12 77.493 12.960 8.1 31.0 1200 744 649.3 505.0 440 11.8 202.0 35.2 55.2 39.4 0.34 536.8 71.5 43.8 36.9 0.6 0.8

13 77.572 13.007 8.6 31.0 862 535 495.9 375.0 392 14.3 150.0 29.5 96.3 53.2 0.13 478.3 30.9 26.5 39.2 1.0 0.5

14 77.573 13.011 8.6 30.8 571 354 486.0 368.0 382 15.8 147.2 28.8 52.3 52.3 0.16 466.0 40.35 21.2 26.5 0.7 1.3

15 77.573 13.006 8.9 31.0 546 338 459.9 356.3 401 22.0 142.5 25.3 67.5 58.9 0.14 489.2 50.1 23.5 29.4 0.5 0.9

16 77.578 13.008 8.5 29.9 355 220 453.3 345.5 408 21.3 138.2 26.3 82.5 56.2 0.24 497.8 29.1 26.5 33.4 0.9 0.5

17 77.576 13.009 7.5 30.5 488 303 475.4 356.5 390 28.2 142.6 29.0 62.3 60.2 0.21 475.8 72.1 27.5 39.3 0.9 0.3

18 77.577 13.009 8.5 30.6 834 517 471.6 365.0 402 11.3 146.0 26.0 72.1 64.2 0.21 490.4 62.5 24.4 34.5 0.3 0.2

19 77.576 13.013 8.0 30.7 392 243 461.8 345.0 421 10.5 138.0 28.5 78.3 63.9 0.23 513.6 73.1 38.3 29.8 0.2 0.1

20 77.575 13.014 7.3 30.8 626 388 479.4 370.0 441 30.1 148.0 26.7 83.5 71.3 0.28 538.0 82.5 28.3 37.6 1.2 0.8

21 77.573 13.014 6.9 31.2 432 367 436.3 316.3 432 29.7 126.5 29.3 50.9 75.4 0.24 527.0 74.6 42.9 40.2 1.3 0.7

22 77.572 13.007 6.4 31.0 512 317 477.1 323.0 402 16.5 129.2 37.6 52.6 82.3 0.24 490.5 26.5 31.2 21.2 0.2 0.5

23 77.572 13.007 7.4 29.6 603 374 477.3 312.5 392 26.8 125.0 40.2 74.2 50.9 0.14 478.3 29.5 33.2 10.5 0.4 1.2
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24 77.576 13.007 8.2 29.0 808 501 402.4 315.5 361 17.4 126.2 21.2 58.0 62.3 0.19 440.4 26.5 31.9 15.6 0.5 1.0

Mean 8.3 30.1 873.5 545.8 540.1 389.9 415.8 389.9 156.0 36.7 70.6 61.3 0.3 507.2 79.1 30.8 34.4 0.6 1.0

Min. 6.4 27.5 355.0 220.0 402.4 312.5 316.0 312.5 125.0 15.5 50.9 20.1 0.1 385.5 26.5 19.5 10.5 0.2 0.1

Max. 9.8 31.2 1345.0 834.0 814.8 507.5 524.0 507.5 203.0 82.3 96.3 106.6 0.4 639.3 151.9 54.2 47.0 1.3 2.2

*As per BIS (1998) standard limits

Table 2. Results of Radon activity and their effective doses, Irrigational quality parameters for groundwater samples.

Sl.
No.

Radon- 
222
(222Rn)

Annual effective dose Chloroalkaline indices (CAI) SAR % Na WQI 
n

i i 
i 1

w q
=

= ∑
Ingestion 
(EWIg)

Inhalation 
(EWIh)

Total 
effective 
dose

CAI-1=
(Cl -Na+ 
K) / Cl

CAI-2=(Cl – Na + K) /
(SO4+HCO3+CO3+NO3) 2 2

Na

(Ca  Mg ) / 2

+

+ +
=

+ 2 2

100 x Na
Na Ca  Mg K

+

+ + + +=
+ + +

Unit of 
expression

Bq/L mSv/a ----------- ------- % ----

1 13.7 0.0029 0.035 0.037 -1.372 -0.421 1.42 17.8 101.5
2 18.52 0.0039 0.047 0.051 -1.629 -0.369 1.27 16.9 114.5
3 15.58 0.0033 0.039 0.043 -1.086 -0.298 1.35 17.0 118.7
4 14.8 0.0031 0.037 0.040 -0.121 -0.042 1.48 21.6 107.0
5 14.3 0.0030 0.036 0.039 -0.739 -0.231 1.05 16.0 137.8
6 15.06 0.0032 0.038 0.041 -1.256 -0.256 1.54 22.5 123.7
7 17.3 0.0037 0.044 0.047 -0.057 -0.032 1.31 20.0 108.0
8 18.9 0.0040 0.048 0.052 -0.432 -0.244 1.52 21.0 133.2
9 9.5 0.0020 0.024 0.026 0.325 0.119 0.99 16.9 124.4
10 11.8 0.0025 0.030 0.032 -0.186 -0.045 1.21 20.8 109.9
11 8.3 0.0018 0.021 0.023 -0.327 -0.082 1.07 16.8 101.3
12 1.5 0.0003 0.004 0.004 -0.690 -0.135 0.94 14.7 106.9
13 11.6 0.0024 0.029 0.032 -5.365 -0.518 1.88 27.1 70.3
14 25.3 0.0053 0.064 0.069 -2.173 -0.291 1.03 17.1 70.5
15 42.9 0.0091 0.108 0.117 -2.143 -0.337 1.37 21.5 63.7
16 59.3 0.0125 0.149 0.162 -5.121 -0.455 1.69 25.5 93.7
17 381.2 0.0805 0.961 1.041 -1.089 -0.246 1.24 19.7 86.3
18 133.7 0.0282 0.337 0.365 -1.710 -0.331 1.44 22.1 76.3
19 179.4 0.0379 0.452 0.490 -1.444 -0.307 1.59 23.9 78.3
20 217.6 0.0460 0.548 0.594 -1.344 -0.312 1.66 24.2 111.1
21 252.2 0.0533 0.636 0.689 -0.968 -0.200 1.06 17.2 103.9
22 271.4 0.0573 0.684 0.741 -4.875 -0.404 1.05 16.4 81.7
23 110.6 0.0234 0.279 0.302 -4.442 -0.425 1.48 22.9 58.0
24 109.6 0.0231 0.276 0.299 -4.505 -0.414 1.26 20.7 74.1
Mean 81.4 0.0172 0.205 0.222 -1.781 -0.262 1.33 20.0 98.1
Min. 1.50 0.0003 0.004 0.004 -5.365 -0.518 0.94 14.7 58.0
Max. 381.2 0.0805 0.961 1.041 0.325 0.119 1.88 27.1 137.8

pH of the groundwater samples from Bangalore north taluk varied from 6.4 to 9.8, majority of the samples falling in alkaline 
category. It was found that 4.17% and 41.67% of the samples respectively showed pH value below and above BIS standard limit 
of 6.5-8.5 (Table 1). The temperature of the samples was in the range of 27.5 to 31.20C. The electrical conductivity and total 
dissolved solids respectively ranged from 355 to 1345 μS/cm and 220 to 834 mg/L. Conductivity was below the BIS standard of 
2000 μS/cm [15] in all the samples while 62.5% samples showed higher total dissolved solids above the BIS desirable limit of 500 
mg/L [16]. The total hardness value varied from 402.4 to 814.8 mg/L and all the groundwater samples are categorized as very 
hard water (viz., TH> 300 mg/L) [17]. It was also found that 70.83% of samples had their hardness value above the BIS desirable 
limit of 300 mg/L and 29.17% of the samples above the BIS permissible limit of 600 mg/L. Total Alkalinity of the water samples 
ranging from 316 to 524 mg/L was under permissible limit of 600 mg/L (Table 1). Also, 95.84 % of groundwater samples showed 
higher total hardness over total alkalinity values indicating that water is characterized by non-carbonated / permanent hardness. 
Calcium hardness value ranged from 312.5 to 507.5 mg/L, with a mean value of 389.9 mg/L.

Among the alkaline earth metals, the concentration of calcium and magnesium ranged from 125.0 to 203 mg/L and 15.5 to 
82.3 mg/L respectively. It was found that 91.66% of samples had calcium values above the desirable limit of 75 mg/L and 8.34% 
samples above the permissible limit of 200 mg/L. In contrast, 58.34% of samples showed magnesium concentration below the 
limit of 30 mg/L and 41.66% samples below the permissible limit of 100 mg/L. Among alkalies, sodium concentration ranged 
from 50.9 to 96.3 mg/L and potassium concentration varying from 20.1 to 106.6 mg/L. It was observed that sodium content 
was well below the desirable limit of 100 mg/L but, potassium was above the limit of 10 mg/L in all the samples. Ferrous iron 
concentration ranged from 0.13 to 0.41 mg/L and it was found that the iron content was above the desirable limit of 0.3 mg/L 
in 45.84% of samples (Table 1).

Among anions, the bicarbonate was the dominant ion, with its concentration in the range of 385.5 to 513.6 mg/L. Chloride 
content ranging from 26.5 to 151.9 mg/L was well below the desirable limit of 250 mg/L. Sulphate concentration ranging from 
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19.5 to 54.2 mg/L was well below the desirable limit of 200 mg/L. Fluoride concentration varied from 0.2 to 1.3 mg/L and was 
above the desirable limit of 1.0 mg/L in 8.34% of the samples. Phosphate concentration ranging from 0.1 to 2.2 mg/L was above 
the limit of 0.3 mg/L in 91.66% of samples. Nitrate content was in the range of 10.5 to 47.0 mg/L and only 12.5% of the samples 
showed higher nitrate content above the limit of 45 mg/L.

Hydrochemical Facies

Piper trilinear diagram [18] was plotted using meq/L concentration of major cations (Ca2+,Mg2+, Na+, K+) and anions (HCO3
-, 

SO4
2- and Cl-) revealed that major water type prevailed in the study area was Ca-Mg-HCO3 with calcium (Ca2+) and bicarbonate 

(HCO3
−) being the dominant cation and anion. It is also very distinct from the Figure 2 that the alkaline earths exceeded the 

alkalies concentration (viz., Ca+Mg>Na+K) and weak acids exceeded the strong acid elements concentration (viz., HCO3>Cl + 
SO4). Further, major cation facies was Ca-Na (95.84 %) followed by Ca-Mg (4.16%) while the major anion facies was found to be 
Cl-SO4-HCO3 (100%). In the present study, Chloroalkaline indices 1 and 2 [19] values varied from (-5.365) to 0.325 and (-0.518) to 
0.119 respectively (Table 2), with 95.84% of the samples showing negative values for both indices. This reflect the dominance 
of indirect base exchange reaction (viz., chloro-alkaline disequilibrium or reverse ion exchange) involving cation exchange of Na+ 
and K+ in the aquifer substrate against Mg2+ and Ca2+ in the groundwater [20,21]. 

Figure 2. Piper trilinear diagram.

The ratio of (Ca2+ + Mg2+) / T-cations being greater than 0.5 (Table 3) clearly showed the contribution of alkaline earth metals 
to total cationic concentrations. This fact is further supported by the low (Na+ + K+) / T-cations ratio, being less than 0.5 (Table 
3). The (Ca2+ + Mg2+) versus total cations plot (Figure 3) shows that the concentration of (Ca2+ + Mg2+) mostly falls near 1:1 line, 
indicating contribution of the carbonate weathering being the major source of dissolved ions [21]. Further, low (Na+ + K+) / T-cations 
ruled out the contribution of cations via silicate weathering. The scatter plot of (Na+ + K+) versus total cations (Figure 3) shows 
that all samples fall below 1:1 line with low equivalent ratio, which indicates that there is very small contribution from silicate 
weathering [22]. The Further, the effects of ion exchange was evaluated using Na+ / (Na++Cl-) diagram against total dissolved solids 
[23], in which majority of the samples fall in the ion exchange field (Figure 4).

Table 3. Inter ionic relationship between the observed solutes in the groundwater samples.

Ionic ratio Range
(Ca2+ + Mg2+) / T-cations 0.636 – 0.794
(Na+ + K+) / T-cations 0.206 – 0.364
(HCO3 + SO4

2-) / T-anions 0.589 – 0.895
Cl- / T-anions 0.076 – 0.361
Cl- / HCO3 0.054 - 0.390

The ratio of (HCO3
- + SO4

2-) / T-anions ranged from 0.589 – 0.895 (Table 3) and this value being less than 1 depicted the 
effect of the rain on the water/rock interaction with deficit of HCO3

- and SO4
2- [24].Otherwise, excess bicarbonate and sulfate ionic 

concentration could have been noticed in the groundwater samples. Further, Cl-/T-anions ratio ranged from 0.076 – 0.361 (Table
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Figure 3. a) Scatter diagram of (Ca2++ Mg2+) and (Na+ + K+) versus sum of cations (TZ+). b) Scatter diagram between HCO3
- and (Cl- + SO4

2-) 
versus sum of anions (TZ-).
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3) and is less than 1 in all the groundwater samples. But, higher ionic ratio of (HCO3
-+SO4

2-) / T-anions over the ratio of Cl-/T-anions 
(Figure 3) rule out the fact that lack of rain and the decomposition of organic matter by bacterial organisms in the soil would 
provide the appropriate CO2 to the rock-water interaction [24]. All the groundwater samples showed Cl−/HCO3 − ratios lower than 
0.5 illustrating that the groundwater was unaffected or freshwater and hence not affected by salinization.

Suitability of groundwater

Water quality index ranged from 58.0 to 137.8 (Table 2) illustrating that all the samples were either moderate to severely 
pollute. It can be inferred that none of the samples fall under excellent to good category. Among 24 groundwater samples, 20.83% 
of the samples, each falling under poor (58.0>WQI<74.1) and very poor (76.3>WQI<93.7) category can only be used for drinking 
after conventional treatment and disinfection. Further, water quality at 58.34% of the sampling stations (101.3>WQI<137.8) 
are categorized as unfit for consumption (Table 4), which could be used for aquaculture, industrial and irrigation purposes. 
Alternately, the groundwater samples can be suitably used for irrigation purpose as they belong to safe and excellent category 
(Table 4) based on percent sodium (14.7>% Na<27.1) and SAR (0.94>SAR<1.88) values (Table 2).

Table 4. Classification of Groundwater in the study area.

Ground water Quality Range (No. of samples; %) 
1) Water Quality index
Excellent 0-25 -----
Good 26-50 ----
Moderately polluted (poor) 51-75 58.0 - 74.1 (5; 20.83)
Severely polluted (very poor) 76-100 76.3 - 93.7 (5; 20.83)
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Unfit for consumption > 100 101.3-137.8 (14; 58.34)
2) Na % (Eaton, 1950)
Safe < 60  14.7-27.1 (24; 100)
Unsafe > 60  ----
3) S.A.R. (Richards, 1954)
Excellent (S1) 0-10  0.94-1.88 (24; 100)
Good (S2) 10 18  ----
Fair (S3) 18-26  ----
Poor (S4) > 26  ----

Correlation Matrix 

Correlation coefficient is commonly used to establish the relationship between independent and dependent variables. The 
correlation matrix of 17 parameters, for the 24 samples in the study area is given in Table 5. 

Table 5. Correlation matrix of different chemical constituents of groundwater (n=24).

  pH Temp. EC TDS TH CaH TA Ca Mg Na K Fe HCO3 Cl SO4 NO3 F PO4 Radon
pH 1                                    
Temp. -0.19 1                                  
EC 0.42 -0.3 1                                
TDS 0.39 -0.29 1 1                              
TH 0.16 -0.57 0.6 0.6 1                            
CaH 0.33 -0.53 0.57 0.56 0.83 1                          
TA -0.19 0 0.22 0.24 0.3 0.3 1                        
Ca 0.33 -0.53 0.57 0.56 0.83 1 0.3 1                      
Mg -0.06 -0.42 0.44 0.44 0.84 0.39 0.21 0.39 1                    
Na 0.25 -0.35 0.07 0.04 0.42 0.3 0.04 0.3 0.4 1                  
K -0.2 -0.37 -0.1 -0.09 0.24 -0.04 -0.53 -0.04 0.43 0.21 1                
Fe 0.32 -0.32 0.7 0.7 0.45 0.54 0.3 0.54 0.22 -0.01 -0.08 1              
HCO3 -0.19 0 0.22 0.24 0.3 0.3 1 0.3 0.21 0.04 -0.53 0.3 1            
Cl 0.35 -0.15 0.65 0.66 0.42 0.36 0.21 0.36 0.34 0.09 -0.02 0.79 0.21 1          
SO4 -0.19 0.22 0.21 0.25 0.19 -0.02 0.13 -0.02 0.33 -0.24 0.04 0.02 0.13 0.02 1        
NO3 0.19 -0.18 0.45 0.47 0.56 0.53 0.28 0.53 0.41 0.32 0.23 0.46 0.28 0.5 0.11 1      
F -0.25 0.13 -0.13 -0.08 -0.14 0.01 0.24 0.01 -0.23 -0.08 -0.13 0 0.24 -0.13 0.01 0.35 1    
PO4 0.09 -0.33 0.51 0.51 0.25 0.15 0.39 0.15 0.27 -0.11 -0.09 0.49 0.39 0.43 -0.19 0.14 0.1 1  
Radon -0.65 0.33 -0.69 -0.67 -0.48 -0.52 -0.12 -0.52 -0.28 -0.24 0.18 -0.4 -0.12 -0.34 0.06 -0.22 0.16 -0.48 1
  24 sample size                                
  ± .404  critical value .05 (two-tail)                              
  ± .515  critical value .01 (two-tail)                              

The high correlation between EC and TDS reflects the interdependency of these measurements as general measures of 
the amount of total dissolved solutes. The correlation between EC and TDS (r=1.00) is due to the fact that conductivity depends 
on total dissolved solids. There existed positive correlation between EC and dissolved ions in water as revealed by the relation 
between EC and Fe (r=0.70), EC and Cl (r=0.65), EC-Ca (r=0.57), EC-PO4 (r=0.51), EC-NO3 (r=0.45), EC-Mg (r=0.44), EC-HCO3 
(r=0.22) and EC-SO4 (r=0.21). Total dissolved solids showed similar trend by displaying positive relation with Fe (r=0.70), Ca 
(r=0.56), Mg (r=0.44), Cl (r=0.66), HCO3 (r=0.24), SO4 (r=0.25), NO3 (r=0.47) and PO4 (r=0.51).

The fact that hardness in water is caused primarily by the presence of cations such as calcium and magnesium and anions 
such as carbonate, bicarbonate, chloride, and sulfate is supported by positive and strong relationship between TH and CaH 
(r=0.83), TH and Ca (r=0.83) and TH and Mg (r=0.84), TH and HCO3 (r=0.30), TH and Cl (r=0.42) and TH and SO4 (r=0.19), Ca 
and Cl (r=0.36), Ca-HCO3

- (r=0.30), Mg and SO4 (r=0.33), Mg and HCO3 (r=0.21), Mg and Cl (r=0.34) and Ca and Mg (r=0.39). The 
correlation between TA and HCO3 (r=1.00) and TA and Ca (r=0.30) and TA and Mg (r=0.21) is due to the fact that total alkalinity 
is caused primarily due to the presence of carbonates and bicarbonates in water. 

Influence of saline water was ruled out because of very low, but positive correlation between Na- Cl (r=0.09). The relation 
between Ca-HCO3 (r=0.30) and Ca-Na (r=0.30) may represent contributions from silicate and carbonate weathering while the 
positive correlation between Mg-SO4

 (r=0.33) may represent gypsum dissolution. The correlation between K-NO3 (r=0.23) may 
represent poor sanitation conditions including application of fertilizer.

The positive correlation was also observed between Fe and Cl (r=0.79), Fe and NO3 (r=0.46), Fe and PO4 (r=0.49), Fe and 
HCO3 (r=0.30), K and NO3 (r=0.23), Na and NO3 (r=0.32), Mg and NO3 (r=0.41), Na and K (r=0.21), Mg and PO4 (r=0.27), Ca and 
NO3 (r=0.53), Ca and PO4 (r=0.15), Cl- and HCO3 (r=0.21), Cl and Na (r=0.09), Na and HCO3

- (r=0.04), TA and Cl (r=0.21), TA and 
NO3 (r=0.28), TA and PO4 (r=0.39), TA and F (r=0.24), TA and SO4 (r=0.13), TA and Fe (r=0.30), Na and TDS (r=0.04) and Na and 
EC (r=0.07). Although many of the above relations indicate that they most likely derive from the same source of water, some 
relations were found to be insignificant due to low correlation coefficients. Further, the increase of one element will or might have 
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increased the concentration of the other and synergistic behavior amongst the dissolved ions in water or even might have derived 
from anthropogenic sources besides natural sources.

Weathering of HCO3, Ca, Mg, Na, K, H4SiO4 and leaching of ions like Cl, SO4 enhances the Uranium concentration in 
groundwater [25], which in turn is responsible for elevated concentration of radon. This fact hold good to the present study to some 
extent due to establishment of positive correlation between Rn and temperature (r=0.33), Rn and K (r=0.18), Rn and F (r=0.16) 
and Rn and SO4 (r=0.06) illustrating that radon flux from rocks / soil to groundwater depends upon temperature besides impact 
of weathering and leaching processes. Correlation between radon and other physico-chemical parameters was less significant as 
the correlation coefficient was moderate to highly negative. 

Radon Activity and Mean Annual Effective Doses

The radon activity in groundwater samples ranged from 1.5 to 381.2 Bq/L (Table 2), with 87.5% of the samples showing 
radon activity above the EPA (1999) proposed maximum contaminant level (MCL) of 11.1 Bq/L L (300 pCi/L or 11.1 kBq/m3). 
Further, the mean annual effective doses for ingestion (stomach), inhalation (lungs) and whole body (ingestion + inhalation) from 
drinking water were computed to be 0.017 ± 0.022 (range: 0.0003 to 0.0805), 0.205 ± 0.265 (range: 0.004 to 0.961) and 0.222 
± 0.287 (range: 0.004 to 1.041) mSv/a respectively. These mean values are well below the WHO reference level of 0.1 mSv/a of 
WHO and hence do not pose any health problem. Further, the mean annual effective doses due to ingestion (0.017 mSv/a) and 
inhalation (0.205 mSv/a) of water-borne radon in the present study are higher than the UNSCEAR (26) proposed mean annual 
effective doses due to ingestion (0.002 mSv/a) and inhalation (0.025 mSv/a).

CONCLUSION
Hydrochemical facies in the study area belong to Ca-Mg-HCO3, with cation facies belonging to Ca-Na (95.84%) and Ca-Mg 

(4.16%); while the anion facies was found to be Cl-SO4-HCO3 (100%). The alkaline earths exceeded the alkalies concentration 
(viz., Ca+Mg>Na+K) and weak acids exceeded the strong acid elements concentration (viz., HCO3>Cl+SO4). The groundwater 
samples are categorized as very hard with 95.84% of the samples showing permanent or non-carbonate hardness. Due to higher 
water quality index in majority of the water samples, overall groundwater quality in the study area is categorized as unfit for 
human consumption, attributed to higher salinity, dissolved solids, hardness, etc. But, the groundwater samples are considered 
safe for irrigation purpose based on %Na and SAR values. Negative chloroalkaline indices in 95.8% of the samples revealed that 
the groundwater chemistry is influenced by water–rock interaction and aquifer material mineralogy (viz., ion exchange between 
Ca2+–Mg2+ in water and Na+–K+ in rocks). There existed positive correlation between EC and other dissolved ions, revealing 
they most likely derive from the same source of water, although some inter-ionic relations were found to be insignificant due to 
low correlation coefficients. Further, the radiation dose from radon in drinking water is on average low relative to that from the 
inhalation of water-borne radon present in indoor air. Proper mitigation measures like increasing indoor ventilation by means of 
open windows, air-to-air heat exchangers, filters, fans, etc., should be promoted for removal of radon from indoor air. 
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