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Abstract

Groundwater is one of the most valuable natural resources in Peddavagu in Central Telangana (PCT). Most of the PCT region
population rely on groundwater for especially drinking purposes. For this reason a thirty-five groundwater samples were
collected, analysed various physico-chemical parameters including F~. The range of fluoride concentration 0.6-3.6 mg/L in
Zone-I and 1-3.5 mg/L in Zone-II. pH of groundwater is from 7.1 to 8.4 and 7.3 to 8.3 in Zone-I and Zone-II respectively.
Fluoride shows a significant correlation with pH, HCO;™, and Na*, which may leads to enhance the fluoride content in
groundwater. Insignificant relationship between F~ and NO;™ suggests no influence of anthropogenic sources for F~ content in
groundwater. The results of the relationship between Na*+K™ versus total cations (TZ*), Ca>*+Mg”* versus HCO; +S0,>~
describes silicate weathering is prevails in the groundwater chemistry. The dominance of the water types Nat-HCO;™>
Ca’*-Mg?*-HCO; > Ca**-Mg**-SO,*"Cl=>Na*-CI". Gibbs plot employed to differentiate the controlling mechanisms of
hydrochemistry, which showed that rock water interaction is the governing process. Na*-HCO,~, alkaline nature water and
rock water interaction can leads to elevate fluoride content into groundwater in the study region. Thereby, most of the region
people suffer with fluorosis problem, due to intake of higher fluoride content of drinking water. Therefore, the study region
population may avoid such untreated water for drinking and adopt a suitable method to reduce the fluorosis problem in future.
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Introduction

As we know that the groundwater is primary resource for
drinking, irrigation and other usages in all over the world.
Developing countries like India and China groundwater plays
crucial role, especially, in arid and semi-arid regions, where
inadequate of surface water, most of the region population
depends on groundwater for daily needs, particularly drinking
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purposes. Conversely, contamination of groundwater prevails
in such regions by rapid growth of population, usage of huge
agricultural fertilizers and pesticides, human unplanned
wastages, over exploitation of groundwater, increases indus-
tries in rural areas without a suitable plan, emit industries
polluted water, and deficiency of seasonal rains (Adimalla
and Venkatayogi 2018; Subba Rao et al. 2017). However,
there are two ions concentration in drinking water, severely
effects on human health and millions of people suffers in all
over the world which are fluoride and arsenic. Therefore,
it is one of the challenging deal with groundwater scien-
tists and researchers to identify the source of groundwater
contamination and protect the groundwater for future gen-
erations. However, excess fluoride content in groundwater
is one of the main problem that facing the arid and semi-
arid regions population. Mineral dissolution with F such as
fluorite (CaF,), muscovite [(KF),(Al,03)5(Si0,)s(H,0)],
biotite [K(Mg,Fe);AlSi;0,(F,], cryolite (NajAlFy), and
fluorapatite (Cas(PO,);F), rock water interaction and ion
exchange between F~ and OH™, are the most responsible
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for elevate the high fluoride in groundwater (Todd 1980;
Hem 1991; Adimalla and Venkatayogi 2017; Narsimha and
Sudarshan 2017b). Especially, arid and semi-arid climatic
regions have high evaporation, erratic rainfall and low rate
of rainfall, which cause to low rate of groundwater recharges
leads to prolonging rock water interaction may cause higher
fluoride content in groundwater. Vithanage and Bhattacharya
(2015) noticed that high evaporation leads to precipitation
of lower solubility minerals (CaCO3), which really reduce
the availability of calcium ions in groundwater and stimu-
late dissolution of fluorite minerals, which leads to enhance
the fluoride concentration in groundwater. The occurrence
of fluorosis has been reported in 28 countries of the world,
including France, Germany, India, China, USA, Holland,
Italy, Mexico, Italy, Holland, Spain, Switzerland, Japan,
Thailand, Pakistan, Bangladesh, Argentina, Morocco, Mid-
dle East countries, Japan, South African Countries, New
Zealand, Sri Lanka, West Indies, Spain, North and South
American countries, etc., where approximately more than
200 million people suffers with deadly disease “Fluoro-
sis” (Narsimha and Rajitha 2018; Narsimha and Sudarshan
2017a, 2018; Ayoob and Gupta 2006; David 2009; Kim et al.
2012; Li et al. 2014; Narsimha 2018; Karro and Uppin 2013).
Amazingly, 45 and 66 million people already under control of
with deadly disease of fluorosis in two developing countries
like China and India respectively (Narsimha and Sudarshan
2017a). High concentrations of fluoride in groundwater are
common in some of the semi-arid areas of Assam, Andhra
Pradesh, Bihar, Chhattisgarh, Gujarat, Haryana, Jharkhand,
Jammu and Kashmir, Karnataka, Kerala, Madhya Pradesh,
Maharashtra, Orissa, Punjab, Rajasthan, Tamil Nadu, Telan-
gana, West Bengal, Uttar Pradesh and New Delhi, states in
India reported elevated fluoride content in groundwater (Nar-
simha and Rajitha 2018). Reportedly, all districts are in under
high fluoride vulnerable zones in Telangana State (Adimalla
and Venkatayogi 2017; Narsimha and Rajitha 2018). The
most of the Telangana rural populace rely on groundwater
for drinking purposes, without taking any prior treatment,
which pushed them into fluorosis problem. However, a lim-
ited number of research work has been reported in Telangana,
especially on fluoride enrichment in groundwater:

e Adimalla and Venkatayogi (2017) studied and reported
elevated fluoride contamination in groundwater in
Medak, Siddipet, and Sangareddy districts and found
that the major source of F~ in groundwater can be attrib-
uted to the weathering and dissolution of fluoride bearing
miners.

e Narsimha and Sudarshan (2017a, 2017b) conducted an
investigation on contamination of fluoride in ground-
water and its effects on human health in Siddipet and
Basara, Telangana. They found that the water rock inter-
action, weathering of rocks, mineral dissolution, and geo-
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chemical environment is the main factor influencing the
genesis and migration of fluoride content in groundwater.

e Narsimha and Rajitha (2018) carried out extensive study
on spatial distribution and seasonal variation in fluoride
enrichment in groundwater and human health risk assess-
ment in Telangana, South India, and found high fluoride
content in groundwater in post monsoon season due to
vast evaporation, rock water interaction and alkaline
nature accelerate the fluoride concentration in ground-
water.

e Sudarshan et al. (2014, 2016) also found semi-arid cli-
mate conditions, erratic seasonal rains, increased water
rock interaction leads to dissolution of F~ into groundwa-
ter in Karimnagar and Warangal districts in Telanagana.

e Brindha et al. (2011) investigations revealed that the
weathering of rocks and leaching of fluoride bearing
minerals are the major sources which contributes to ele-
vated concentration of fluoride in groundwater of Nal-
gonda district, Telangana.

e Reddy et al. (2010) performed a hydrogeochemical char-
acterization fluoride rich groundwater of Wailpalli wast-
ershed in Nalgonda district, Telangana and found that the
arid to semi-arid climate, low precipitation factors, high
rate of evapotranspiration and F~ rich minerals are instru-
mental in enrichment of fluoride content in groundwater.

e Sujatha (2003) investigated on fluoride levels in the
groundwater of the south-eastern part of Ranga Reddy
district, Telangana, who has found that the relative abun-
dance of fluoride bearing minerals, phosphatic fertilizers
and the presence of fluor-apatite, which is leached into
groundwater and also high fluoride groundwater associ-
ated with high HCO,~ and low Ca**.

The above research workers reported that the abundance
in fluoride bearing minerals in host rock are the principle
source for enrichment of fluoride in groundwater. However,
the world Health Organization (WHO) has set 0.5-1.5 mg/L
as the minimum and maximum limits for fluoride in drink-
ing water (WHO 2011). Fluoride in small amount is very
essential component for normal mineralization of bones and
formation of dental enamel, but excessive intake of F~ can
cause dental and skeletal fluorosis, especially in arid and
semi-arid regions of the world (Adimalla and Venkatayogi
2017; Li et al. 2016; Narsimha and Sudarshan 2013; Sudha-
kar and Narsimha 2013). Fluorine is the most electronega-
tive element in the periodic table, and the content of fluorine
in the lithosphere varies between 100 and 1500 g/ton. The
majority of fluorine found in nature is present in various
rocks, soils, waters, plants, other living organisms, slags, and
fluxes (Reddy et al. 2010). Prevalence of fluorosis disease
is rampant among majority of rural habitations of the Siddi-
pet and Karimnagar regions, where groundwater is the only
source for drinking purposes. Hence, the present study aims
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to understand the correlation between fluoride and other
chemical indices, hydrogeochemistry of fluoride occurrence
and its distribution in the study region. The output of the
study give a benchmark to local scholars and decision mak-
ers for sustainable groundwater development and protection.

Hydrogeology of the region

The Peddavagu is located in parts of Siddipet and Karim-
nagar districts, Telangana, South India (Fig. 1). It covers an
area of 195 Km?, falling in the Survey of India toposheet
E44H4. The mean seasonal rainfall distribution is 792 mm in
southwest monsoon (June—September), 101 mm in northeast
monsoon (October—December) (CGWB 2013). The study
area experiences semiarid climatic conditions with average
temperature of 22 °C in winter to 45 °C in summer. The
Peddavagu flows from south to northern side, which suggests
southern side is hilly area and northern area is slope region
(Fig. 1). The PCT area geologically under hard rock cov-
ering area with granite and gneisses are predominant. The
occurrence and movement of the groundwater is a conse-
quence of a finite combination of topographical, climatologi-
cal, hydrological, geological, and structural and pedagogical
factors, which together form integrated dynamic system. The
Groundwater occurs under unconfined conditions in weath-
ered zone and under semi confined conditions in the frac-
tures and fissures. The shallow aquifers tapping the weath-
ered zone have very limited yields in the non-command

Fig.1 Location map of ground-
water samples in Peddavagu
surrounding villages in the
Central Telangana (PCT), South
India
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areas and limited to moderate yields in the command areas
(CGWB 2013).

Materials and methods

Thirty-five groundwater samples were collected in Ped-
davagu region, Central Telangana (PCT), South India
(Fig. 1), in one litre polyethylene bottles and stored at
10 °C. All containers used for sampling were washed with
10% nitric acid solution followed by double distilled water.
Immediately after sampling, pH and electrical conductiv-
ity (EC) were measured in the field with using pH/EC/TDS
meter (Hanna HI9811-5). Total dissolved solids (TDS) were
calculated from EC multiplied by 0.64 (Hem 1991). Total
hardness (TH) bicarbonate (HCO;™), chloride (C17), sul-
phate (SO42'), fluoride (F™), Nitrate (NO; ™), calcium (Ca®),
magnesium (Mg>"), sodium (Na*) and potassium (K*) were
analysed with using standard methods (APHA 1999) and
detailed procedure is presented in Table 1, and flow chart
also is depicted in Fig. 2. For analytical accuracy between
the concentrations of total cations (TZ") and the concentra-
tions of total anions (TZ™) expressed in milliequivalent per
liter (meq/L) of the each sample, ionic balance error (IB
E=YTZ*-YTZ x100/YTZ* + Y TZ") was computed
and observed to be within the acceptable limit of + 10%
(Domenico and Schwartz 1990).
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Table 1 Instrumental, titrimetric and calculation methods were used for chemical analysis of groundwater samples from PCT region, South India

Parameters Characteristics Analytical method Reagents Unit References
General pH pH/EC/TDS meter pH4,7and 9.2 - APHA (1999)
Electrical conductivity pH/EC/TDS meter Potassium chloride uS/cm  APHA (1999)
Total dissolved solids (TDS) Calculation EC X (0.55-0.75) mg/L Hem (1991)
Total hardness (as CaCO3) EDTA titrimetric EDTA, ammonia buffer and Eriochrome mg/L  APHA (1999)
Black-T (EBT) indicator
Major cations ~ Calcium (as Ca”*) EDTA titrimetric EDTA, sodium hydroxide and murexide mg/L  APHA (1999)
Magnesium (as Mg?*) Calculation MgH=TH-CaH; Mg=MgH X Eq. Wtof Mg mg/L APHA (1999)
X normality of EDTA
Sodium (as Na™) Flame photometric Sodium chloride (NaCl) and KC1 mg/L.  APHA (1999)
Potassium (as K*) Flame photometric NaCl and KCl mg/L  APHA (1999)
Major anions  Bicarbonates (HCO;™) Titrimetric Hydrosulfuric acid (H,SO,) phenolphthalein mg/L.  APHA (1995)
and methyl orange
Chloride (C17) Titrimetric Silver nitrate (AgNO;), potassium chromate  mg/L.  APHA (1999)
Sulphates (SO,>7) UV visible spectrophotometer ~ HCI, ethyl alcohol, NaCl, barium chloride, mg/L  APHA (1999)
sodium sulphate
Nitrate (NO;7) UV visible spectrophotometer Potassium nitrate (KNOj3), Phenol disulponic mg/L.  APHA (1999)
acid, ammonia
Fluoride (F7) ISE (Ion selective electrode; TISAB III and NaF mg/L  APHA (1999)

Thermo Orion)

1
1
I
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Geo-statistical modeling analysis calculated using the geo-statistical software “Statistical

Package for Social Science”.
One of the Geo-statistical method is called “Geographi-
cal Information System” (GIS) is a useful tool to create a
different types geochemical maps and also it is very con- Results and discussion
venient tool to study the spatial distribution of ground-
water quality (Sajil Kumar 2017; Seyedmohammadi  General groundwater chemistry
et al. 2016). Spatial distribution and location maps were
created using the kriging method in GIS 9.2 software.  The detailed physico-chemical parameters of analysed
Minimum, maximum, mean and standard deviation were ~ groundwater samples and their comparison with the
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prescribed specification of WHO (2011) are presented in
Tables 2 and 3. At Peddavagu in central Telangana (PCT),
the pH values of groundwater samples were between 7.1 and
8.4, and 7.3 to 8.3 the mean values were 7.91 and 7.72, in
Zone-I and Zone-II respectively (Tables 2, 3), all ground-
water samples were within the prescribed limit 6.5 to 8.5
(Table 3), indicating neutral to slightly alkaline water in
both zones. It is also noticed that the high fluoride ground-
water samples were within the range 7.6-8.4, indicating
that the high fluoride groundwater is frequently alkaline
water (Fig. 4a). The electrical conductivity (EC) mean
values of Zone-I and Zone-II are 914.22 and 1309.84 uS/

cm (Tables 2, 3). Total dissolved solids (TDS) varies from
236 to 1942 mg/L and 273 to 3726 mg/L, with mean of
914.22 and 1309.84 mg/L in Zone-I and Zone-II respec-
tively (Tables 2, 3). 8 and 36% of groundwater samples were
exceeding maximum permissible limit 1500 mg/L, which
are not suitable for drinking purposes (Table 3). However,
Freeze and Cherry (1979) categorised water on the basis of
TDS concentration into four groups which are represented
as fresh (TDS < 1000 mg/L), brackish (> 1000 mg/L), saline
(> 10,000 mg/L) and brine (100,000 mg/L). Based on this
classification surface water and groundwater fall in fresh
category in about 4 and 17 samples only and remaining

Table 2 Hydrogeochemical parameters of individual groundwater samples in PCT region, South India

Sample ID X Y pH EC TDS TH Ca*? Mg*? Nat K* HCO3 CI NOy SO,7% F
PVZW-1  79.0856 18.0892 7.36 1886 1207 90 150 11 89 16 310 178 98 214 0.75
PVZW-2  79.0473 18.1148 750 1525 976 243 130 22 92 15 354 130 87 180 0.84
PVZW-3  79.0535 18.0992 7.93 2952 1889 258 50 39 150 24 220 126 74 52 1.8
PVZW-4  79.0645 18.0954 798 599 383 138 60 15 50 4 220 47 45 89 2
PVZW-5  79.0643 18.0757 796 369 236 115 120 12 12 5 268 14 56 110 1.1
PVZW-6  79.0294 18.0765 7.80 1510 966 160 75 45 60 5 214 28 35 220 1.9
PVZW-7  79.0319 18.0627 810 1440 922 560 55 65 235 5 610 192 65 241 3.6
PVZW-8  79.0416 18.0684 7.80 1700 1088 225 28 50 120 7 214 160 45 273 2.4
PVZW-9  79.0362 18.0563 820 1530 979 155 95 34 140 7 275 185 120 143 2.8
PVZW-10  79.0907 18.0679 810 1380 883 170 55 23 200 5 450 28 75 178 3.1
PVZW-11  79.0694 18.0662 7.10 860 550 253 120 35 65 5 232 53 28 229 0.6
PVZW-12  79.0896 18.0541 820 1160 742 210 60 35 120 4 214 323 74 170 2.8
PVZW-13  79.0937 18.0360 840 430 275 120 45 24 190 12 530 302 110 173 3.1
PVZW-14  79.0683 18.0479 790 1500 960 160 130 25 95 4 183 263 50 230 1.6
PVZW-15  79.0710 18.0222 8.12 1640 1050 280 100 35 56 3 214 188 25 150 1.9
PVZW-16  79.0648 18.0233 7.81 1340 858 270 75 28 120 3 195 128 35 120 2.1
PVZW-17  79.0408 18.0386 820 1350 864 240 120 85 160 7 317 71 28 138 2.5
PVZW-18  79.0355 18.0253 810 1070 685 160 35 45 210 4 580 46 44 185 3.5
PVZW-19  79.0675 18.1205 7.60 3034 1942 268 81 16 149 8 430 267 99 87 2
PVZW-20  79.0241 18.1104 800 1780 1139 210 65 27 180 4 530 337 53 210 3.1
PVZW-21  79.0277 18.1540 8.03 943 604 185 18 34 178 7 531 59 24 140 32
PVZ-22 79.0886  18.1991 7.35 1304 834 153 95 18 89 4 150 112 28 34 1.4
PVZ23 79.0899 182233 7.30 426 273 85 120 12 37 3 146 37 17 26 15
PVZ-24 79.0710 182250 7.31 1402 897 270 130 30 65 8 210 153 37 71 1.1
PVZ-25 79.0572 182274 7.90 2030 1299 175 42 55 100 1 244 53 75 170 1.9
PVZ-26 79.0797 18.1534 810 1070 685 120 56 28 120 7 195 21 45 280 2.1
PVZ-27 79.0926  18.1567 7.89 2280 1459 111 55 32 121 5 305 85 25 246 2.5
PVZ-28 79.1100 182031 830 1100 704 312 35 25 210 3 647 25 55 170 3.5
PVZ-29 79.0953 182105 7.70 2624 1679 175 80 38 120 5 200 357 110 98 1.5
PVZ-30 79.0975 18.1777 775 582 373 135 147 18 41 9 287 71 76 150 1
PVZ-31 79.0923 182004 7.64 5822 3726 298 70 24 180 9 665 150 110 142 2.7
PVZ-32 79.0572 182012 7.63 2952 1889 375 80 16 107 6 336 270 48 132 1.9
PVZ-33 79.0559 18.1807 7.63 3034 1942 218 95 41 118 10 262 380 52 185 1.3
PVZ-34 79.0799  18.1702 7.44 2624 1679 205 110 25 1290 7 403 265 24 112 1.4
PVZ-35 79.0278  18.1437 7.98 1402 897 305 60 43 150 5 397 9% 84 120 2.1

PVZW Peddavagu Zone-I groundwater samples, PVZ Peddavagu Zone-II groundwater samples

@ Springer



846

Modeling Earth Systems and Environment (2018) 4:841-852

Table 3 Statistical analysis of the hydrochemical characteristics of groundwater samples obtained from the PCT, South India

Parameters  pH EC TDS TH Ca** Mg* Nat K* HCO;~ CI” NO,~ SO.> F
uS/cm mg/L mg/L mg/L  mg/L mg/L mg/L. mg/L mg/L mg/L. mg/L mg/L
Minimum 7.1 369 236 90 18 11 12 3 183 14.2 24 52 0.6
73> 426 273 85 35 12 37 1 146 21 17 26 1
Maximum  8.4% 3034 1942 560 150 85 235 24 610 337 120 273 3.6
8.3° 5822 3726 375 147 55 210 10 665 380 110 280 35
Mean 791* 142847 91422 21276 7939 3355 127.19 733 337.64 148.74 60.48 168.19 222
7.72°  2046.63  1309.84 209.68 83.93 2896 113.36 9.36 317.56  148.16  56.14 136.15 1.85
STDEV 0.32% 138040 883.45 88.97 3385 11.98 3555 14.48 157.08  121.66  30.67 7536 0.74
0.31°  669.54 428.51 97.46 37.64 17.80 49.27 5.27 137.77  103.66  29.26  57.26 0.91
MDL 6.5% - 500 100 75 50 - - - 200 - 200 0.6
MPL 8.5 1500 500 200 150 200 12 - 600 45 400 1.5
% SEMPL ~ -* - 8 4 - - 13 4 - - 50 - 67
=P - 36 - - - 7 - - - 43 - 50

STDEV Standard deviation, MDL maximum desirable limit, MPL maximum permissible limit, %SEMPL percentage of samples exceeds the

maximum permissible limit
4Zone-I

5Zone-11

are in brackish category (Fetter 1990; Table 4). About
69% and 50% of groundwater samples from the Zone-
I and Zone-II are within < 1000 mg/L (fresh) water and
remaining groundwater are above > 1000 mg/L, which are
considered as brackish water (Table 4). The TH in Zone-I
and Zone-II groundwater ranges from 90 to 560 mg/L and
85 to 375 mg/L, with mean of 212.76 and 209.84 mg/L
respectively (Tables 2, 3). Only one groundwater sample are
exceeding maximum permissible limit 500 mg/L, prescribed
by WHO (2011) (Tables 2, 3).

Groundwater major ion chemistry

The general dominance of cations were in the order
of Na*t>Ca**>Mg**>K™, while dominance of anions
were in order of HCO;~>S0,*> >CI">NO; >F~ and
HCO; >Cl">S0,*">NO; >F" in Zone-I and Zone-II
respectively. The dominant cation Na* concentration in the
groundwater of the study area ranges from 12 to 235 mg/L,
with mean of 127.19 mg/L, 37 to 210 mg/L, with mean of
113.36 mg/L, in Zone-I and Zone-II respectively (Tables 2,
3). However, 13 and 7% of groundwater samples above the
prescribed limits 200 mg/L (Table 3). Ca?" and Mg?* are
within the prescribed limits 200 and 150 mg/L, respec-
tively in the study region (Table 3). The concentration of
potassium in Zone-I ranges from 3 to 24 mg/L, while in
Zone-1II 1 to 10 mg/L (Tables 2, 3). The mean concentra-
tion of HCO;™ 337.64 mg/L in Zone-I and 317.56 mg/L in
Zone-II in the study region (Table 2). However, HCO;~ was
the dominant anion over C1~, SO42_, NO;  and F. C1” and
SO,*~ concentrations were with the prescribed limits 600
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and 400 mg/L respectively (Table 3). Nitrate enters in the
water system either by surface runoff or by leaching through
soil surface via percolating water, animal wastes, and anthro-
pogenically as a by-product of agriculture and human wastes
(Narsimha and Sudarshan 2013; Garwood and Ryden 1986;
Saravanan et al. 2018; Wagh et al. 2017). Elevated nitrate
concentrations in drinking water may be harmful to human
health, especially for infant babies causing ‘‘blue baby
syndrome” known as methemoglobinemia (Coinly 1945).
NO;™ concentration in groundwater in the study region
ranges from 24 to 120 mg/L and 17 to 110 mg/L, with mean
of 60.48 mg/L and 56.14 mg/L in Zone-I and Zone-II respec-
tively (Tables 2, 3). 2.6 times in Zone-I and 2.4 times in
Zone-II higher than the WHO maximum recommended limit
of 45 mg/L (Table 3), therefore which is unsafe for drinking
purposes.

Distribution of fluoride and its mobilization
processes

A limit of fluoride concentration in drinking water is very
essential element for human health (0.5-1.5 mg/L; WHO
2011), but it exceeds the limit, it become a very danger-
ous to health. The fluoride concentration in the study region
groundwater was found in Zone-II higher than the Zone-I;
ranges from 0.6 to 3.6 mg/L, 0.8 to 3.5 mg/L, with mean of
2.22 and 1.81 mg/L respectively (Tables 2, 3). However, 81
and 50% of the groundwater samples were found to exceed
the world health organization (WHO 2011) prescribed limit
of 1.5 mg/L in Zone-II and I respectively (Table 3), which
may cause fluorosis in the study region. Overall, 2.4 times
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higher than the maximum acceptable limit (1.5 mg/L) of
fluoride content in the PCT groundwater. Moreover, to
understand the spatial variation of fluoride concentration in
groundwater sources, sampling sites with the corresponding
fluoride concentrations (represented with different colours
for two concentration groups; <1.5 and > 1.5 mg/L) were
mapped using GIS 9.2 software (Fig. 3). The spatial patterns
of fluoride distribution is depicted in Fig. 3, and comparison
of fluoride concentration in the groundwater samples from
paired close and away from the Peddavagu (PV). The fluo-
ride concentration increased with the distance from PV and
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Fig. 3 Distribution of fluoride concentration in the Peddavagu sur-
rounding villages in Central Telangana, South India

Table 4 TDS classification in groundwater in PCT, South India

reached its maximum level 3.6 mg/L. It is clearly understood
that the near the PV (shallow) groundwater samples con-
tained low content of fluoride than the away the PV (deep)
groundwater.

A positive correlation between pH and F~ (2 =5987) was
seen in this study and shown in Fig. 4a, reveals alkaline
nature water more favourable for enhance the F~ in ground-
water. It is also found that the F~ is an increase trend with
Na* (?=6772) and HCO,~ (*=5715; Fig. 4b, c), indicates
the major influential factor is alkaline nature of water is one
of the source of enrichment of F~ in groundwater. Conse-
quently, alkaline nature water is favourable for F~ dissolu-
tion (Narsimha and Sudarshan 2017a), and Li et al. (2016)
obtained similar results in and around Hua County, China. A
number of researcher have been reported similar conclusions
or results by Adimalla and Venkatayogi (2017), Narsimha
and Sudarshan (2017a, 2017b, 2018), Narsimha and Rajitha
(2018). In general low concentration of Ca>* also a signifi-
cant source of the F~ concentration in groundwater (Table 2;
Narsimha and Sudarshan 2017b). There is no significant
correlation between NO;~ and F~, which instigates that no
involvement of anthropogenic source has been occurred in
enrichment of F~ in the study region (Fig. 4d). Moreover,
to identify the source of the contribution of primary rock
forming minerals like silicate and carbonates weathering
process more influence the groundwater quality. If TZ*
(total cations) and HCO;~+S0,*~ dominants than Na*+K*
and Ca’*+Mg”* respectively, that indicates silicate weather-
ing is dominant or predominant process in the groundwater
(Narsimha and Sudarshan 2017a, b; Stallard and Edmond
1983; Narsimha and Rajitha 2018). As shown in Fig. 5a,
b, Ca®*+Mg** versus HCO*~+S0,>~ and Na™+K™ versus
TZ", indicates that the major number of groundwater sam-
ples plunge below the equiline 1:1 (y =x), which divulges
of silicate weathering is the major geochemical process in
the study region. However, a few points (Fig. 5a) plot above
the equiline and some of the along the equiline, which sug-
gests both silicate and carbonate weathering is in prevail
in the geochemical process. Moreover, Na™+K* shows a

Water type TDS concentration % Of groundwater in % Of groundwater in References
(mg/L) Zone-1 Zone-II
Fresh <1000 69 50 Freeze and Cherry (1979)
Brackish > 1000 21 50
Saline > 10,000 - -
Brine 100,000 - -
Desirable for drinking <500 14 14 Davis and De Wiest (1966)
Permissible for drinking 500-1000 36 57
Useful for irrigation 1000-3000 43 29
Unfit for drinking and irrigation > 3000 7 -

@ Springer



848

Modeling Earth Systems and Environment (2018) 4:841-852

(@ 1 -

® Zone-1

® Zone-II

700 720 740 760 780 800 820 840 8.0
pH

(b) 4
35 o °

3{ eZonell!
251 | ®Zonel | R2=0.6772
! 1

(¢) 4

100 200 300 400 500 600 700

d) 4

35 e o ®

25 o °
B 2 e o 8 ® o
[ ]
15 - ° o °

0.5 A

NO3-

Fig.4 Relationships between major elements a F~ versus pH, b F~
versus Na*t, ¢ F~ versus HCO;™ and d F~ versus NO,

@ Springer

(a) 16 -

=
=
L

Ca? +Mg?* (meq/L)
=
o N > (=) @ o N

o
N
'y
o
®
]
IS
=

(b) 12 -
_______ 1
i ©® Zone-II ! y=x °
10 1 | @Zonel |
I e e e e -
=
R
é ] © ]
. 61 J
Y (1 J o o
+ Y ® ®
B 4 ° ® oo
Z. [ J
. ° °® [ _J
2 4 o ° @ L4
[ J
[ J
0 T T ) T T
5 7 9 11 13 15
TZ (meq/L)
(©) 124 "0 Zonenm .
1
® Zonel |
10 A E -0 " : ¢
| — Linear (Zone-II) ! R2=%6286 [ ]
—~ ! 1
= 1 Linear (Zone-I) ,
8 [ ]
> [P i A OO Re=0.5797
5} (] [ )
é . ) [ [ ) °
< % ® o0 o
% 4 °® e ® s
Z ° o
2 ° ° %
[ ]
0 T T T !
0 1 2 3 4
F-(mg/L)

Fig.5 Scatters plots of a Ca?"+Mg>* versus HCO;~+S0,2~ con-
centrations, b Na* +K* versus TZ" (total cation) concentrations, and
¢ Nat+K* versus F~

significant correlation with F~ (r2 =6286; Fig. 5¢), reveals
that the ion exchange process accelerate in fluoride bearing
minerals, which may cause to elevate F~ content in ground-
water and explained in Egs. (2, 3).

Rock dominance (RD) mechanism
in the groundwater

In order to evaluate the source of dissolved chemical constitu-
ents, such as precipitation dominance (PD), rock dominance
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(RD) and evaporation dominance (ED), Gibbs diagrams
were performed in the study region (Gibbs 1970). The Gibbs
used two ratios to estimate the PD, RD and ED, which are
CI7/(CI+HCO; ™) and Na*+K*/(Na™+Ca**+K*) as a func-
tion of TDS in all groundwater samples were plotted and
depicted in Fig. 6a, b. Figure 6a, b, indicates that all ground-
water samples were in the rock dominance (RD) zone, sug-
gests that the weathering of rock and its accessory minerals
dissolution which are presented in the host rock is the main
controlling factor of groundwater chemistry, leads to enhance
of fluoride and other chemical constituents in the ground-
water. It was culminated that the Ca®*, Mg®*, Na*, HCO;™,
CI™ and TDS ions in groundwater are derived from the rock
water interaction, i.e., weathering of minerals and accessory
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Fig.6 Gibbs plots a, b showing that rock dominance (rock—water
interaction) controls the hydrochemistry of groundwater in PCT
region, South India

minerals present in the parent rocks in the study region. How-
ever, Adimalla and Venkatayogi 2017 found weathering of
rocks (rock dominance) is the main cause to higher F~ con-
tent in the groundwater of Medak, Telangana, India. Nar-
simha and Sudarshan 2017a have identified rock dominance
is the principal cause for elevated F~ content in the ground-
water in the Siddipet, Telangana State, India. Moreover,
rock-water interaction or weathering of rocks (RD) gener-
ally govern the groundwater chemistry (Narsimha and Sudar-
shan 2017b; Adimalla and Venkatayogi 2018; Ehteshami
et al. 2016; Narsimha and Rajitha 2018). Faten et al. (2016)
also noticed that the weathering rocks or (RD) is the prin-
cipal mechanism of controlling the groundwater chemistry
in Northeastern, Tunisia. Thomas et al. (2016) conducted a
groundwater quality study in Ghana and found rock water
interaction process includes the chemical weathering of rocks
are majorly influence the groundwater chemistry.

Hydrogeochemical facies and evaluation

The Piper diagram has mostly been used for to identify the
groundwater types and its influential factors that involve in
the groundwater chemistry (Piper 1944). Piper diagram
consists of three distinct fields including right one is cation
(Ca**, Mg**, Na*, K*) triangular, left one is anions (CI-,
SO42_, HCO;™, CI") triangular and top one is a diamond
shaped field (Fig. 7). Two triangular diagrams explicate the
dominance of cation and anions individual percentage, and
each point projected into the diamond shaped field, along a
line parallel to upper margin of the field, where elucidates
overall characteristic of the groundwater chemistry. Moreo-
ver, diamond field classified into four class, which are
Ca’**-Mg>*-HCO;", Ca’*-Mg**-S0,>~-CI~, Na*-CI~ and

A: Magnesium Dominant 100 1: Ca-Mg-HCO3
B: Calcium Dominant 0\ o 2: Ca-Mg-SO4-Cl1
C: Sodium Dominant % ® 2 3: Na-Cl
D: No Dominant v x  4:Na-HCO3
E: Sulphate Dominant O Z.
£ ® 2
F: Chloride Dominant x
G: Bicarbonate Dominan6
0 100
&2
\9 S
0
100
C a2+ cr
CATIONS ANIONS

Fig.7 Chemical facies of the groundwater of the PCT region, South

India (after Piper 1944)
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Na™-HCO;~ (Fig. 7). 38 and 23% of groundwater samples
were in field of Na*™-HCO;~ and Ca’*-Mg**-HCO,~ water
types respectively. The order of the water types Nat-HCO; >
Ca’*-Mg?*-HCO;™> Ca’*-Mg?*-S0,>~CI™>Na*-Cl", which
were dominated hydrochemical facies in the study region.
Sodium bicarbonate type of groundwater is found to favour
fluoride dissolution (Handa 1975). Similar results were found
in the Siddipet, Basara and Medak regions in Telangana, India,
where fluoride high with sodium bicarbonate water (Adimalla
and Venkatayogi 2017, 2018; Narsimha and Sudarshan 2017a,
b). In addition, fluoride was positive correlations with Na**
and HCO;~, which was described above and that was the
one of main reason for higher F~ content in the groundwa-
ter (Fig. 4b, c). The fluoride concentration increases through
groundwater interaction with granitic rocks and its accessary
minerals dissolution, resulting in Na*-HCO,~ water types.
However, it is an exceptional result that fluoride concentration
are high in granitic rocks groundwater with chemical composi-
tions affected by mineral dissolution.

Occurrence of fluoride in groundwater

It has been noticed in the world average fluoride concentra-
tion in granitic rocks as 810 mg/kg, 1440 and 910 mg/kg in
Nalgonda and Hyderabad granitic rocks respectively Tel-
angana State, and also in China it is found 1043.28 mg/kg
(Adimalla and Venkatayogi 2017; He et al. 2013; Wedepohl
1969). Geochemical data analysis of the granitic rocks of the
area (Chin et al. 1995) has revealed that the granitic rocks
were genetically related to the fluorite mineralization and the
contents of fluorine in the fluorite-related granitic rocks ranged
between 400 and 1800 mg/kg. However, the presence of apa-
tite and biotite has been reported in the study area (Adimalla
and Venkatayogi 2017). Precambrian rocks such as granite,
granite gneisses, biotite rich grey granites were occupied in the
study region. It is believed that granitic rocks contain a relative
abundance of F~ rich minerals such fluorite, apatite, amphi-
bole, muscovite, biotite, which may leaching into groundwa-
ter through weathering and mineral dissolution processes and
rock water interaction, can constitute a major source of F~ in
groundwater. The possible chemical reactions shown below:

CaF, + 2HCO;™ = CaCO; + 2F + H,0 + CO, (1)

For the Eq. (1) shows dissolution of fluorite in ground-
water with high HCO;™ content.
Muscovite:

KAl [AlSi;0,0|F, + 20H™ = KA [AlSi;0,,|[OHI, + 2F~
(2)

Biotite:
KMg; [A1Si;0,(|F, + 20H™ = KMg|[AlSi;O,|[OH], + 2F~
3)

@ Springer

The study region groundwater is in alkaline nature
(Table 2) with high HCO;~ and Na* shows a signifi-
cant correlation with F~ (Fig. 4b, c), this may cause for
ion exchange (OH™ can replace the exchangeable F7) of
fluoride bearing minerals: muscovite Eq. (2) and biotite
Eq. (3), thereby increasing the F~ content in groundwater.

Conclusions

In the study region majorly occupied by hard rocks terrain
and the chemical composition of the groundwater in the PCT
region is dominantly Na*™-HCO,~ and Ca**-Mg**-HCO,".
According to TDS above 50% of groundwater under fresh
water category and TH about 99% of groundwater samples
were within the prescribed limits. Ca®*, Mg?*, C1~ and
SO,* ions were within the WHO limits for drinking pur-
poses, while Na* and NO;™ concentration were 13 and 50%
of groundwater samples exceeds the prescribed limits 200
and 45 mg/L respectively. pH of groundwater is in slightly
increased in alkaline nature. The alkaline nature water trig-
gered fluoride enrichment in the groundwater, it is basically
depend upon local geology and hydrogeochemical environ-
ment and climate conditions. The higher fluoride content
in groundwater are mostly weathering of host rocks and its
mineral dissolutions, in particularly dissolution of fluoride
bearing minerals like apatite, biotate and muscovite. Fur-
ther, silicate weathering also accelerate the fluoride bearing
minerals dissolutions, lead to elevated fluoride content in
groundwater. It is interesting to note that the spatial distri-
bution of fluoride concentration in the study area, along the
Peddavgu water contain low fluoride concentrations, while
away from the Peddavagu water contain higher fluoride con-
centration in the groundwater.

Acknowledgements The first author (Narsimha Adimalla) gratefully
acknowledges the Department of Science and Technology (DST) New
Delhi, for financial assistance in the form of Young Scientists Project
(Start-Up Research Grant; SR/FTP/ES-13/2013). The authors wish to
thank the editor and anonymous reviewers for their valuable sugges-
tions and comments which improved the quality of the paper.

References

Adimalla N, Venkatayogi S (2017) Mechanism of fluoride enrichment
in groundwater of hard rock aquifers in Medak, Telangana State,
South India. Environ Earth Sci 76:45. https://doi.org/10.1007/
$12665-016-6362-2

Adimalla N, Venkatayogi S (2018) Geochemical characterization
and evaluation of groundwater suitability for domestic and agri-
cultural utility in semi-arid region of Basara, Telangana State,
South India. App Water Sci 8(1). https://doi.org/10.1007/s1320
1-018-0682-1


https://doi.org/10.1007/s12665-016-6362-2
https://doi.org/10.1007/s12665-016-6362-2
https://doi.org/10.1007/s13201-018-0682-1
https://doi.org/10.1007/s13201-018-0682-1

Modeling Earth Systems and Environment (2018) 4:841-852

851

Apambire WB, Boyle DR, Michel FA (1997) Geochemistry, genesis,
and health implications of fluoriferous groundwaters in the upper
regions of Ghana. Environ Geol 33:13-24

APHA (1999) Standard methods for estimation of water and waste
water, 19th edn. American Public Health Association, Washing-
ton, DC

Ayoob S, Gupta AK (2006) Fluoride in drinking water: a review
on the status and stress effects. Crit Rev Environ Sci Technol
36(6):433-487

Brindha K, Rajesh R, Murugan R, Elango L (2011) Fluoride con-
tamination in groundwater in parts of Nalgonda District, Andhra
Pradesh, India. Environ Monit Assess 172:481-492. https://doi.
org/10.1007/s10661-010-1348-0

CGWB (2013) Groundwater Brochure, Karimnagar district, Telangana,
India. Central Ground Water Board, Ministry of Water resources,
Government of India

Chin HI, Chon HT, Min KW (1995) Geochemical data analysis of the
granitic rocks potentially related to fluorite mineralization in the
Geumsan district. Econ Environ Geol 28:369-379

Coinly HH (1945) Cyanosis in infants caused by nitrates in well water.
J Am Med Assoc 129:112

David LO (2009) Fluoride and environmental health: a review. Rev
Environ Sci Biotechnol 8:59-79. https://doi.org/10.1007/s1115
7-008-9136-9

Davis SN, De Wiest RIM (1966) Hydrogeology. Wiley, New York

Domenico PA, Schwartz FW (1990) Physical and chemical hydrogeol-
ogy. Wiley, New York, p 824

Ehteshami M, Salari M, Zaresefat M (2016) Sustainable develop-
ment analyses to evaluate groundwater quality and quantity
management. Model Earth Syst Environ 2:133. doi.https://doi.
org/10.1007/s40808-016-0196-5

Faten H, Azouzi R, Charef A Be dir M (2016) Assessment of ground-
water quality for irrigation and drinking purposes and identifica-
tion of hydrogeochemical mechanisms evolution in Northeastern,
Tunisia. Environ Earth Sci 75:746. https://doi.org/10.1007/s1266
5-016-5441-8

Fetter CW (1990) Applied hydrogeology. CBS Publishers and Distribu-
tors, New Delhi

Freeze RA, Cherry JA (1979) Groundwater. Prentice-Hall, Englewood
Cliffs

Garwood EA, Ryden JC (1986) Nitrate loss through leaching and sur-
face runoff from grassland: effects of water supply, soil type and
management. In: Van der Meer HG, Ryden JC, Ennik GC (eds)
Nitrogen fluxes in intensive grassland systems. Martinus Nijhoff
Dordrecht, pp 99-113

Gibbs RJ (1970) Mechanisms controlling world water chemistry. Sci-
ence 17:1088-1090

Handa BK (1975) Geochemistry and genesis of fluoride containing
groundwaters in India. Groundwater 13:275-281

He X, Ma T, Wang Y, Shan H, Deng Y (2013) Hydrogeochemistry
of high fluoride groundwater in shallow aquifers, Hangjinhougqi,
Hetao Plain. J Geochem Explor 135:63-70

Hem JD (1991) Study and interpretation of the chemical characteris-
tics of natural water; U.S. Geological Survey Water Supply Paper
2254. Scientific Publishers, Jodhpur, p 264

Karro E, Uppin M (2013) The occurrence and hydrochemistry of
fluoride and boron in carbonate aquifer system, central and
western Estonia. Environ Monit Assess 185:3735-3748

Kim SH, Kim K, Ko KS, Kim Y, Lee KS (2012) Co-contamination of
arsenic and fluoride in the groundwater of unconsolidated aqui-
fers under reducing environments. Chemosphere 87:851-856

Li P, Qian H, Wu J, Chen J, Zhang Y, Zhang H (2014) Occurrence
and hydrogeochemistry of fluoride in alluvial aquifer of Weihe
River, China. Environ Earth Sci 71:3133-3145

Li P, Jianhua Wu, Qian H (2016) Hydrochemical appraisal of
groundwater quality for drinking and irrigation purposes and

the major influencing factors: a case study in and around Hua
County, China. Arab J Geosci 9:15. https://doi.org/10.1007/
s12517-015-2059-1

Narsimha A (2018) Elevated fluoride concentration levels in rural
villages of Siddipet, Telangana State, South India. Data Brief
16:693-699. https://doi.org/10.1016/j.dib.2017.11.088

Narsimha A, Rajitha S (2018) Spatial distribution and seasonal vari-
ation in fluoride enrichment in groundwater and its associated
human health risk assessment in Telangana State, South India.
Hum Ecol Risk Assess: Int J. https://doi.org/10.1080/10807
039.2018.1438176

Narsimha A, Sudarshan V (2013) Hydrogeochemistry of groundwater
in Basara area, Adilabad District, Andhra Pradesh, India. J Appl
Geochem 15(2):224-237

Narsimha A, Sudarshan V (2017a) Assessment of fluoride contami-
nation in groundwater from Basara, Adilabad District, Telan-
gana State, India. Appl Water Sci 7:2717-2725. https://doi.
org/10.1007/s13201-016-0489-x

Narsimha A, Sudarshan V (2017b) Contamination of fluoride in
groundwater and its effect on human health: a case study in hard
rock aquifers of Siddipet, Telangana State, India. Appl Water Sci
7:2501-2512. https://doi.org/10.1007/s13201-016-0441-0

Narsimha A, Sudarshan V (2018) Drinking water pollution with respec-
tive of fluoride in the semi-arid region of Basara, Nirmal district,
Telangana State, India. Data in Brief 16:752-757. https://doi.
org/10.1016/j.dib.2017.11.087

Piper AM (1944) A graphical procedure in the geochemical interpre-
tation of water analysis. Trans Am Geophys Union 25:914-923

Reddy AGS, Reddy DV, Rao PN, Prasad KMd (2010) Hydrogeo-
chemical characterization of fluoride rich groundwater of Wail-
palli watershed, Nalgonda District, Andhra Pradesh, India. Envi-
ron Monit Assess 171:561-577. https://doi.org/10.1007/s1066
1-009-1300-3

Sajil Kumar PJ (2017) Geostatistical modeling of fluoride enrichment
and nitrate contamination in the groundwater of Lower Bhavani
Basin in Tamil Nadu, India. Model Earth Syst Environ 3:1. https
://doi.org/10.1007/s40808-016-0260-1

Saravanan K, Srinivasamoorthy K, Gopinath S et al (2018) Geochemi-
cal evolution of groundwater along flow path in Upper Vellar sub
basin, Tamilnadu, India: an integrated approach using hydrochem-
istry, modeling and statistical techniques. Model Earth Syst Envi-
ron. https://doi.org/10.1007/s40808-017-0400-2

Seyedmohammadi J, Esmaeelnejad L, Shabanpour M (2016) Spatial
variation modelling of groundwater electrical conductivity using
geostatistics and GIS. Model Earth Syst Environ 2(4):169

Stallard RE, Edmond JM (1983) Geochemistry of Amazon River: the
influence of the geology and weathering environment on the dis-
solved load. J Geophys Res 88:9671-9688

Subba Rao N, Marghade D, Dinakar A, Chandana I, Sunitha B, Ravin-
dra B, Balaji T (2017) Geochemical characteristics and control-
ling factors of chemical composition of groundwater in a part of
Guntur district, Andhra Pradesh, India. Environ Earth Sci 76:747.
https://doi.org/10.1007/s12665-017-7093-8

Sudarshan V, Geeta S, Narsimha A, Shankar S, Ravi Kumar A (2014)
Fluoride distribution in the groundwater of Narsampet Area,
Warangal District, Andhra Pradesh, India. Int J Earth Sci Eng
7(1):203-212

Sudarshan V, Srinivas B, Shankar S, Narsimha A, Ravi Kumar A, Gee-
tha S, Ashok K (2016) Fluoride distribution in the groundwater
of Gangadhara area, Karimnagar district, Telangana, India. Int J
Earth Sci Eng 9(2):572-577

Sudhakar A, Narsimha A (2013) Suitability and assessment of ground-
water for irrigation purpose: a case study of Kushaiguda area,
Ranga Reddy district, Andhra Pradesh, India. Adv Appl Sci Res
4(6):75-81

@ Springer


https://doi.org/10.1007/s10661-010-1348-0
https://doi.org/10.1007/s10661-010-1348-0
https://doi.org/10.1007/s11157-008-9136-9
https://doi.org/10.1007/s11157-008-9136-9
https://doi.org/10.1007/s40808-016-0196-5
https://doi.org/10.1007/s40808-016-0196-5
https://doi.org/10.1007/s12665-016-5441-8
https://doi.org/10.1007/s12665-016-5441-8
https://doi.org/10.1007/s12517-015-2059-1
https://doi.org/10.1007/s12517-015-2059-1
https://doi.org/10.1016/j.dib.2017.11.088
https://doi.org/10.1080/10807039.2018.1438176
https://doi.org/10.1080/10807039.2018.1438176
https://doi.org/10.1007/s13201-016-0489-x
https://doi.org/10.1007/s13201-016-0489-x
https://doi.org/10.1007/s13201-016-0441-0
https://doi.org/10.1016/j.dib.2017.11.087
https://doi.org/10.1016/j.dib.2017.11.087
https://doi.org/10.1007/s10661-009-1300-3
https://doi.org/10.1007/s10661-009-1300-3
https://doi.org/10.1007/s40808-016-0260-1
https://doi.org/10.1007/s40808-016-0260-1
https://doi.org/10.1007/s40808-017-0400-2
https://doi.org/10.1007/s12665-017-7093-8

852

Modeling Earth Systems and Environment (2018) 4:841-852

Sujatha D (2003) Fluoride levels in the groundwater of the southeast-
ern part of Ranga Reddy district, Andhra Pradesh, India. Environ
Geol 44(5):587-591. https://doi.org/10.1007/s00254-003-0795-0

Thomas KB, Opoku F, Acquaah SO Akoto O (2016) Groundwater
quality assessment using statistical approach and water quality
index in Ejisu-Juaben Municipality, Ghana. Environ Earth Sci
75:489. https://doi.org/10.1007/s12665-015-5105-0

Todd DK (1980) Groundwater hydrology. Wiley Publications, New
York

Vithanage M, Bhattacharya P (2015) Fluoride in the environment:
Sources, distribution and defluoridation. Environ Chem Lett
13:131-147

@ Springer

Wagh VM, Panaskar DB, Muley AA (2017) Estimation of nitrate con-
centration in groundwater of Kadava river basin-Nashik district,
Mabharashtra, India by using artificial neural network model.
Model Earth Syst Environ 3:36. https://doi.org/10.1007/s4080
8-017-0290-3

Wedepohl KH (1969) Handbook of geochemistry, vol II-1. Springer,
Berlin

WHO (2011) Guidelines for drinking water quality. World Health
Organization, Geneva


https://doi.org/10.1007/s00254-003-0795-0
https://doi.org/10.1007/s12665-015-5105-0
https://doi.org/10.1007/s40808-017-0290-3
https://doi.org/10.1007/s40808-017-0290-3

	Evaluation of groundwater quality, Peddavagu in Central Telangana (PCT), South India: an insight of controlling factors of fluoride enrichment
	Abstract
	Introduction
	Hydrogeology of the region

	Materials and methods
	Geo-statistical modeling analysis

	Results and discussion
	General groundwater chemistry
	Groundwater major ion chemistry
	Distribution of fluoride and its mobilization processes
	Rock dominance (RD) mechanism in the groundwater
	Hydrogeochemical facies and evaluation
	Occurrence of fluoride in groundwater

	Conclusions
	Acknowledgements 
	References


