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ABSTRACT

The present paper intends to assess the groundwater quality of Meral —Nagaruntari-Bhawanathpur area in Garhwa district of Jharkhand where
higher fluoride concentration has been reported. The area is underlain by metamorphic rocks (Granite and Granitoid gneisses) of Precambrian age
in association with sedimentary rocks (limestone, sandstone and shale) in which fluoride occurs as accessory minerals. Altogether 25
representative water samples from dug wells and bore wells were collected in pre- and post- monsoon periods and were analysed for major cations
and anions in addition to other parameters.

On and average, the concentration of all the major cations and anions in the groundwater of the area increases in the pre-monsoon period as
compared to that in post-monsoon except K ‘and SO,”. Plotting of data on Piper Trilinear diagram indicates that alkaline earth (Ca’+Mg’) exceeds
alkalies (Na'+K") in both pre- and post-monsoon periods.

Further, carbonate hardness (secondary salinity) exceeds 50% in the majority samples during post-monsoon. According to USSL classification the
quality of water samples belongs to C,S, and C,S, in both pre- and post- monsoon periods indicating low sodium hazard but medium to high salinity
hazard. Plot of analytical data on Wilcox's (1995) diagram using Electrical Conductivity versus Sodium percentage shows that the water samples
are of excellent to good and good to permissible quality which are suitable for irrigation purpose. Fluoride concentration is above the permissible
limit in two places in Bhawanathpur during pre-monsoon whereas during post-monsoon concentration is found beyond the permissible limit in

Meral, Nagaruntari, Bhawanathpur and Garhwa areas.
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INTRODUCTION

Meral (Lat-24°11'37”N, Long-083'41'02”E), Nagaruntari (Lat-
24°17'24"N, Long-083°30'17”E) and Bhawanathpur (Lat-24"22'25"N,
Long-083°33'57"E) blocks of Garhwa district comprising the study
area located in the north-western part of the Jharkhand state (Fig.1)
suffer due to high concentration of fluoride in groundwater The area of
Garhwa district primarily comprises metamorphic rocks (granite and
granitoid gneisses) of Precambrian age associated with limestone of
lower Vindhyan age. The present study carried out in part of Garhwa
district aims at evaluation of groundwater quality in terms of drinking
and irrigation suitability. Fluoride is the anionic form of the most
electronegative element fluorine occurring in the study area, the
content of which exceeds the permissible limit at several places,
especially in post-monsoon period (Neeta atal 2015, Sinha at al 2008).
Excessive fluoride concentration beyond the permissible limit causes
various health hazards. According to WHO (1993) the permissible
limit of F is 0.5-1.5 mg/l in drinking water whereas Safe limit of
fluoride in potable water is considered between 1.0 and 1.5 mg/l
(IS10500:2012). Less than 1.0 mg/l of fluoride concentration causes
dental caries, while higher concentration results in dental fluorosis.
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Figure 1b (Different blocks of Garhwa District)

MATERIALAND METHODS

Representative water samples were collected from dug wells and bore
wells of Meral, Nagaruntari, Bhawanathpur and Garhwa Sadar blocks
of the district during pre-monsoon (April-May) and post-monsoon
(Oct-Nov) periods. The samples were collected in narrow mouthed
pre-cleaned acid washed polyethylene bottles and brought to the
laboratory for physico-chemical analysis. Samples were analyzed
using their standard testing methods such as zirconyl alizarine and ION
METER method.

The major cations Ca™ Mg’ ,Na',K" and anions F,Hco,,Co,” CI',So,”
were analyzed in addition to EC and pH . EC and pH values were
measured in the field using portable conductivity and pH meter
respectively. Major anions (F,Hco,,Co,” Cl,S0,”) and cations
(Ca” Mg” Na' K") were measured by Ion-Chromatograph. All the
concentrations are expressed in mg/l except pH and EC. EC is
expressed in micro mho/cm at 25°C. Table-1 and Table-2 show the
result of analytical data of groundwater of the study area during pre-
and post- monsoon periods.

Table 1 Major Ions (mg/l) Concentrations Of Groundwater Of
Garhwa District.(pre-monsoon)
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Table 2 Major Ion (mg/l) Concentrations Of Groundwater Of
Garhwa District (post-monsoon)

[T [ L T s ca My ke K WD, O 2 F a0,
1 L W a1 me s Il s o&l
2 oeal TR T T O T T
i [T EETIT I T T O R T BTN
“ fre 1 WM Je6 M AR 17 e 1 H2 e 1F M oW
[ frer Tep EF G4 &M M % & 3 e ME 10 &1 bk
. Mg, 12 7 M 5T 5 T T T R
¥ Pamseed O M A MY W &F W 3 B it LY A
(] Feomaiad T8 MM M2 1M W W R 1 B4 X% 08 B s
" [ TR dam LR a il Wi 3d TR ' r
w Eemnsial, 717 M3 1M a0 Me ms B 1 m ETT I TR T T
Bl Sewesbew. T4 BiE GE AW SE 88 W 3 W L% LTI ]
u Bawarstbons,  LEE 31 (T ay ¥ 1 18 aw (L T [FE
1 meesEtes. 1M 1T0 T M2 KOS SR MG i M4 08 12 LMD
M Seewaties, T M8 102 4@ M 134 B 2 R T TR TR
B Dewesabes. 761 M ME M MAE IS5 W 31 M4 WA B9 IRE QEm
" by TaR Ak 4 NTE 443 T 7 B ke 14 aBs Ll
o o T4 1B A G E 2T B 5 M B 3 T kAR
" [ L T T R T TR
" b O I ¥ TOOM 4 44 ETA 10 418 QSN
L Lmbus (L E A (b aE e e a0 ERE
H ] T X 84 WG MIs JE N 1 Be 1M 0F Ml LT

Dt
B Cigamers 705 108 427 6N MO4 2D 65 4 T TI  AT
B Sbwmawev  TH 1085 89 SR KME 423 E | ] TR TR Tt
Chislamars 745 308 3 TM BLE MY W 8 2 WA A7 ELe o
e I I T B PR T T

Lt

3.RESULTS AND DISCUSSION

The logarithm of the reciprocal of the hydrogen ion concentration (pH)
in the pre-monsoon water samples varies from 6.86 to 7.91 with an
average of 7.58 and in the post- monsoon water samples it varies from
6.68 to 7.86 with an average of 7.33 indicating its alkaline nature. As
per ISI (2012) standards, all the samples in the pre-and post- monsoon
seasons are within the recommended limits (6.5 to 8.5) for human
consumption. The specific conductance values are found in the range
of 611-1832 micro mho/cm at 25°C with an average of 1073.48 micro
mho/cm at 25°C in the pre-monsoon period and in the range of 412-
1730 micro mho/cm at 25°C with an average of about 891.32 micro
mho/ cm at 25°C in the post-monsoon period. The total dissolved solids
were computed from electrical conductivity (Hem 1985). The
concentration of total dissolved solids ranges from 311.3 to 1173 mg/I
with an average of 693.2 mg/I in the pre monsoon samples and 286 to
1120 mg/l with an average of 605.36 mg/l in the post monsoon
samples. Higher concentrations of calcium are found to be in the
central and Southeastern parts of the basin in the pre-monsoon season
whereas calcium ion concentration is more than the permissible limit
of 75 mg/l for drinking water in the sample
no.2,3,6,8,9,10,13,15,16,19,20,21,22 and 23 in the post monsoon
period. During pre-monsoon period magnesium concentration is
within the permissible limit in the northern part of the study area. Mg
content ranges from 9.7 to 47 mg/l and 9.7 to 56.8 mg/l in the pre and
post monsoon seasons respectively. Sodium concentration varies from
42.63 to 116.62 mg/l and 10 to 188 mg/l in both pre- and post-
monsoon seasons respectively. Potassium content ranges from 0.7 to
119.23 mg/l and 1 to 12 mg/l in pre- and post- monsoon seasons
respectively.

Bicarbonate ion varies from 39.8 to 120.2 mg/l and 154 to 410 mg/l in
pre- and post- monsoon seasons respectively. During pre- and post-
monsoon periods, higher concentration of HCO, occur in the north-
western part of the study area.

Chloride concentration ranges from 70.9 to 602.65 mg/l and 4.9 to
279.8 mg/l in the groundwater samples during pre- and post- monsoon
seasons respectively. Low chloride occurs in north-western part of the
study area, during post monsoon season, while high chloride values are
presentinsampleno.2,13,20,21,22,23,24 &25.

Fluoride content ranges from 0.4 to 3.1 mg/l and from 0.4 to 2.5 mg/I
during pre and post monsoon periods respectively. Fluoride

contamination in drinking water is a public health problem in many
areas around the world and excess contamination (> 1.5 mg/l) may
cause dental, skeletal or non-skeletal fluorosis along with secondary
neurological complications. About 96% of fluoride in the human body
is found in bones and teeth. Fluorine is essential for the normal
mineralization of bones and formation of dental enamel. Tooth enamel
is principally made up of hydroxyapatite (87%) which is crystalline
calcium phosphate. Fluoride which is more stable than hydroxyapatite
replaces the hydroxide ions from hydroxyapatite to form fluoroapatite.
The local population of the area at many places of Meral and
Bhawanathpur have been affected by dental fluorosis.

The overall ionic concentration of groundwater in the study area is
more due to rock-water interaction during the pre-monsoon season. It
is controlled by contamination from extraneous sources. The
concentration of these ions are less during post- monsoon period as a
result of dilution.

Plot of the groundwater samples in Piper's Trilinear diagram (piper
1944) of pre- monsoon data falls in the field 1 and 4 suggesting alkaline
earth (Ca’+Mg’) exceeds alkalies (Na'+K") and strong acids (SO,”
+CI+F) exceed weak acids (CO,"+HCO,) respectively. Samples of
post- monsoon data fall in field 1,3 and 4. Plot in field 3 (more than
50%) indicates that weak acids exceed strong acids (Fig.2a & 2b).
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Figure 2 Piper trilinear showing chemical characters of ground
water (a) Pre- Monsoon and (b) Post- Monsoon

Table 3 The Quality Of Groundwater Based On Piper Trilinear
Diagram

Various segments  Characteristics of corresponding each small

of the diamond part of diamond field

Shaped field

1 Alkaline earth (Ca®*+Mg™) exceeds alkalies
(Na“+K’)

2 Alkalies exceeds alkaline earths

3 Weak acids (CO,*+HCO,) exceeds strong
acids (SO +Cl+F)

R Strong acids exceeds weak acids

S Carbonate hardness (secondary salinity)
exceeds 50%

6 Non-Carbonate hardness  (secondary
salinity) exceeds S0%

7 Non-Carbonate alkali (Primary alkalinity)
exceeds S0%

8 Carbonate alkali (Primary alkalinity) exceeds
S0%

9 None of the cation or anions pairs exceeds
50%

Hydrochemical facies of groundwater is classified following Back
(1961) in the present study area. Almost all the samples of pre- and
post- monsoon periods fall in the field of Calcium-Sodium facies. For
anion facies all the plots of pre- monsoon data fall in Chloride-
Sulphate-Bicarbonate facies, while plots of post-monsoon data fall in
Chloride-Sulphate-Bicarbonate (36%), Bicarbonate-Chloride-
Sulphate (44%) and Bicarbonate (20%) Facies fields (Fig.3).
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Fig 3:- Facies Mapping of Groundwater of the Study Area

Groundwater can be classified based on distribution of the total
dissolved solids following ICMR (1975), Wilcox (1955) and WHO
(1993) such as up to 1500 mg/I (permissible for domestic use) 1500 to
3000 mg/l (useful for irrigation) and >3000 mg/l (unsuitable for
domestic, industrial and irrigation purposes) Hundred percent of the
pre- and post- monsoon samples are within permissible limits for
domestic, industrial and agricultural uses.

3.1 PERCENTAGE OF SODIUM

In all natural waters, percent of sodium content is a parameter to assess
its suitability for agricultural purposes (Wilcox 1948). Sodium
combining with carbonate can lead to the formation of alkaline soils,
While, sodium combining with chloride forms saline soils. Both these
soils do not help growth of plants. A maximum of 60% sodium in
groundwater is allowed for agricultural purposes. Plot of sodium Vs
Specific Conductance on the Wilcox diagram shows that almost all the
samples in the pre- and post- monsoon seasons fall in excellent to good
and good to permissible categories. (Fig.4)
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Figure 4 Wilcox (1955) diagram of groundwater of the study area
based on EC and % Na

3.2 SODIUM ABSORPTION RATIO (SAR)

Sodium concentration in groundwater is important as increase of
sodium concentration in water affects the soil properties reducing
permeability, Kelly (1951) and Tijani (1994). The process leading to
the cation exchange reactions in soil may be studied from sodium
absorptionratio (SAR) (U. S. Salinity laboratory, 1954)

SAR isexpressedas: -
SAR=SAR=Na+Ca"+Mg++/2

Where the concentration are expressed in meq/1
Classification of water with reference to SAR (Herman Bouwer, 1978)

is presented in Table 4. All the samples of water of pre and post
monsoon seasons fall under no problems category.

Table 4 Classification Of Sodium Absorption Ratio In Ground
water

SAR Water quality Post-morsoon Pre-monsoon
(0o, of samples) (mo. of sampies)

o6 No prodiem k) *

(2] Increasing problem 0 0

» Savere peoblemns 0 0

U.S. Salinity Laboratory diagram based on Sodium Absorption Ratio
(SAR) Vs Specific Conductance Values, the two most significant
parameters of Sodium and Salinity hazards indicate usability for
agricultural purposes.

Sixteen categories are demarcated in the diagram in terms of salinity
hazards as low (C,), medium (C,), high (C,), very high (C,) and also in
terms of sodium hazards as low (S,), medium (S,), high (S,) very high
(S

SAR ranges from 0.78 to 2.32 and 0.254 to 2.533 during pre and post
monsoon periods. About 30% and 70% of the groundwater samples
fall within C,S, C,S, in pre-monsoon season respectively and 40% and
60% of the groundwater samples fall within C,S, C,S, respectively in
postmonsoon season.(Fig.5)
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Figure 5: U.S. Salinity diagram for classification of irrigation
water after Richards (1954)

4. CONCLUSIONS

The groundwater in the investigated area shows limited seasonal
variations in quality. In the pre-monsoon water samples pH ranges
from 6.86 to 7.91 and in the post-monsoon water samples pH ranges
from 6.68 to 7.86 indicating the alkaline nature. As per ISI (2012)
standards all the samples of the study area during pre- and post-
monsoon seasons are within the recommended limits (6.5 to 8.5) for
human consumption. The average specific conductance values are
found about 1073.48 micro mho/cm at 25°C in the pre-monsoon period
and about 891.32 micro mho/cm at 25°C in the post-monsoon period.
The average concentration of total dissolved solids ranges from 677.21
mg/l in the pre-monsoon samples and 609.36 mg/1 in the post-monsoon
samples. During pre-monsoon period Magnesium (Mg) concentration
is normal in the northern part of study area while its concentration is
beyond the permissible limit of 30 mg/1 in Nagaruntari, Bhawanathpur
and Garhwa. Sodium (Na) concentration varies from 42.63 to 116.62
mg/l (average 80.29 mg/l) and 10.0 to 188.0 mg/I (average 65.88 mg/1)
in pre- and post- monsoon seasons respectively. Potassium (K)
contents range from 0.7-119.23 mg/l and 1 to 12 mg/! in pre- and post-
monsoon seasons respectively within the permissible limit of 1 to 7
mg/l in the post- monsoon while its concentration is beyond the
permissible limit in the pre monsoon period.

Bicarbonate ion varies from 39.8 to 120.2 mg/l and 154-410 mg/I in
pre- & post- monsoon seasons respectively. During pre- & post-
monsoon period high Hco, is found in the north western part of the
study region. Chloride concentration ranges from 70.9-602.65 mg/1
and 4.9-279.8 mg/I in the groundwater samples during pre- and post-
monsoon seasons respectively.

Groundwater can be classified based on distribution of the total
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dissolved solids following ICMR (1975) WILCOX (1955) and WHO
(1993) such as upto 1500 mg/1 (permissible for domestic use) 1500-
3000 mg/l (useful for irrigation) &>3000 mg/l (unsuitable for
domestic industrial & irrigation purposes)

Percentage of sodium and Sodium Absorption Ratio (SAR) has also
been calculated during pre- and post- monsoon seasons respectively.
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