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Abstract: Water is the most essential resource for
mankind. As most surface water bodies are polluted by
anthropogenic activities groundwater remains a safe
option for various uses for people. Ground water is a
scarce resource in most part of Odisha as 80 percent of its
area consists of hard rocks. As the study area is drought
prone most people depend on groundwater for drinking
and agriculture. Hence, constant monitoring and
assessment of water resource of this area is necessary.
With this purpose the present study area Hial, a part of
Bolangir district of Odisha, India is chosen. They were
analyzed for physical parameters such as pH, EC, TDS
and chemical parameters such as Ca, Mg, Na, K, CI,
HCOs3, COs, SO4. Suitability of groundwater for drinking
and irrigation was evaluated following various
classification schemes and water quality standards. Most
ground water samples are of Mg-HCO?® and Ca-HCO?®
type. From Richard’s salinity diagram it is observed that
most of the samples are plotted in C3-S1 field indicating
low Sodium Adsorption Ratio and high salinity hazard.
Fluoride contamination is found in most of the water
samples.

Keywords:- Groundwater, Post monsoon, Contamination ,
Bolangir , Odisha, India.

. INTRODUCTION

Water is most precious natural resource. Most part of this
resource is saline in nature and is confined to the ocean,
leaving only 2.8% as fresh water. Out of this about 2.2% is
available as surface water and 0.6% as ground water. Ground
water is one of the earth’s most widely distributed resources
and is increasingly catering to the need of the domestic,
industrial and agricultural sectors. Ground water is located in
the pore space of soil and rock. The value of ground water as a
resource lies in the fact that it is dependable even during the
period of scarcity and drought, widely distributed and can be
put into use with ease and speed. Surface water and
groundwater are closely interconnected. The occurrence and
availability of groundwater is governed by the interactions of
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numerous environmental  factors especially climate,
topography, vegetation, soil and geology of an area. However,
considering its use for drinking and agriculture its quality
assessment is essential. With this purpose the present study
was carried out in Hial area of Bolangir district of Odisha.

1. LOCATION AND HYDROGEOLOGICAL
SETTING

The study area belongs from 82° 47> 30” to 82° 56’ longitude
and 20° 24’ to 20° 30” latitude and belong to Bolangir district
of Odisha. The area consists of khondalites, granite gneisses,
calc-sillicate rocks, anorthosites and quartzites. They all
belong to Eastern Ghat Super Group. Water occurs 5 to 10
meters below the ground level in most part of the area. Most
people of the area depend on agriculture for their livelihood.
As surface water source is limited people use ground water
both for drinking and agriculture .

. MATERIALS AND METHODS
A. Sample Collection

Thirty water samples were collected from tube wells of the
area during post monsoon period of 2010 (Fig.1).Air tight
rectified polythene bottles were used to collect the samples.
Sample bottles were thoroughly washed with ground water
collected at the spot. Bottles were completely filled with water
without air gaps and were sealed.

B. Measurement of Physical Parameters

The pH and electrical conductance were measured on the spot
by using pH meter and conductivity meter respectively.

C. Measurement of Chemical Parameters

Ca and Mg were determined by titration method using
standard EDTA . Chloride was determined by silver nitrate
solution . Phenolphthalein Alkalinity and total Alkalinity is
determined by titrating the samples against HCI solution using
phenolphthalein indicator and methyl orange indicator
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Carbonate and bicarbonate in the samples were determined
from alkalinity. Sulphate was determined gravimetrically by
precipitating BaSO4 from BaCl,. Na and K were determined
by flame photometer. Total hardness of the water was
determined by complex metric titration with EDTA. EDTA
acts as a completing reagent, which forms soluble complexes
with metal ions like Ca*™ and Mg**.

D. Analysis by Selective Electrode Method

Fluoride is measured by ion selective electrode method.

V.

A. Water Quality Study

RESULT AND DISCUSSION

The water quality study reveals that pH of the water varies
from 7.28-8.35, EC ranges from 441.6-898.5 pumho/cm, total
dissolved solids(TDS) values range from 282.62 to 575.04
mg/l, total alkalinity(TA) values range from 161.5-403.7
mg/l, total hardness(TH) values range from 60.02 to 453.2

mg/l.

B. Analytical Study

Analytical study of water samples reveals that calcium varies
from 7.2 to 172 mg/l, magnesium varies from 2.44 to 75.2
mg/l, sodium varies from 8.4 to 162 mg/l, potassium varies
from 0.2 to 11.4 mg/l, chloride values range from 7.54 to
138.6 mg/l, carbonate values range from 0 to 33.6 mg/l,
bicarbonate values range from 200.1 to 507.5 mg/l, sulphate
values range from 0 to 70 mg/l, fluoride values range from
0.25 t0 2.80 mg/l (Table-1).

C. Hydrochemistry of Groundwater
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The hydrochemistry of groundwater is evaluated by plotting
the captions and anions in percent of total Meg/l, in Piper’s
Trainer diagram (Piper, 1944, 1953), Facies mapping
approach (Back, 1961).

It was found that Ca?* and Mg?* are dominant among captions
and HCO3? is dominant among anions in the collected water
samples of the study area in both pre monsoon and post
monsoon period.

The hydro chemical variation and distribution of fancies of
groundwater throughout the study area are as follows:

4 samples are of calcium-magnesium fancies, 7 samples are of
sodium-calcium facies, 19 samples(70%) are of calcium-
sodium facies. As per anion facies, 4 samples are of
bicarbonate facies, 10 samples are of chloride-sulphate-
bicarbonate facies and 16samples(55%) are of bicarbonate-
chloride-sulphate facies.

D. Ground Water Quality

Ground water quality is evaluated to know the suitability of
groundwater for drinking ,agricultural uses.

E. Drinking Water Quality

The drinking water quality of the area can be evaluated by
comparing with Indian Standard Specification for drinking
water (BIS-1991).In pre monsoon, 63 percent of samples
exceeds the Highest Desirable Limit(HDL) for TDS, 36
percent samples exceeds the HDL for total hardness, 83
percent samples exceeds the HDL for total alkalinity, 46
percent exceeds the HDL for fluoride. 50 percent samples are
not suitable for drinking.(Table:1)

Quality BIS-1991 Number of samples % of samples Exceeding
parameter Highest Desirable Limit | Maximum Permissible exceeding HDL HDL
(HDL) Limit(MPL)
pH 6.5-8.5 No relaxation Nil
TDS 500 2000 7 23
TH 300 600 8 25
TA 200 600 25 83
Ca*? 75 200 2 7
Mg*? 30 100 13 43
CI 250 1000 Nil Nil
5042 200 400 Nil Nil
F 1 15 16 53
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Table 1: Water Quality of Post Monsoon Samples.
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All values are in mg/l except pH

23 percent of samples exceed the Highest Desirable Limit
(HDL) for TDS, 25 percent samples exceeds the HDL for total
hardness, 83 percent samples exceeds the HDL for total
alkalinity, 53 percent exceeds the HDL for fluoride. 50 percent
samples are not suitable for drinking.(Table:3)

F. Agricultural Quality

The following are important characteristic properties of
groundwater to determine its suitability for irrigation in the
present study:

a). Based on Sodium Adsorption Ratio (SAR)

Sodium Adsorption Ratio is one of the criteria to study the
suitability of water for irrigation. On the basis of SAR value,
the suitability of groundwater for irrigation purposes is
determined. The SAR values of the groundwater for the study
area varies from 0.22 (Bichhabahali) to 8.99 (Mankarchuan).
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b). Based on Salinity Diagram

The United States Salinity  Laboratory  (USSL)
(Richards,1954;USSL,1954) has constructed a diagram for
classification of irrigation water describing 16 classes with
reference to SAR as an index for Sodium hazards(S) and EC
as an index of salinity hazards (C).Sodium and salinity
hazards are two important parameters, which can indicate the
suitability of water for irrigation uses. USSL diagram for
water samples of the area reveal that 3no. of samples fall in
C3S2 field and 9no. of samples fall in C2-S1 field.18 samples
fall in C3-S1 field. From Richard’s salinity diagram it is
observed that most of the samples are plotted in C3-S1 field
indicating low Sodium Adsorption Ratio and high salinity
hazard. Plotting of different water samples are given in Fig.1.
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Fig:1- US Salinity Diagram of the Water Samples

C. Based on Sodium Percentages (% Na)
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The different water classes for irrigation on the basis of % Na
value are given in Table-2.
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% Na Water Class No of Samples % of Samples
Upto 20 Excellent 10 33

20-40 Good 10 33

40 - 60 Permissible 7 23

60 - 80 Doubtful 2 7

>80 Unsuitable 1 3

Table- 2: Classification of water based on % Sodium

The % Na value of the water for the study area varies from
6.88 (Bichhabahali) to 86.45 (Mankarchuan). Out of the 30
samples, 10 samples are excellent to good class for irrigation
and 10 samples are good class for irrigation. One sample of
Mankarchuan is found as not suitable for irrigation. All
samples are shown in Fig.4.

The PI values of the study area varies from 33.81 to 114.64.
Two samples (PI > 80) fall in class III of Doneen’s chart
(Doneen,1962) indicating its unsuitability for irrigational

purpose for the soil. Five samples fall in Class-11 field.23
samples fall in Class-I field.

D. Based on Potential Soil Salinity (Ps)

Potential Soil Salinity is calculated by using the following
formula

PS = Cl +,/SO,
Here all the values are in meg/I.

The PS values of the study area varies from 0.20 to 4.36.0ut
of 30 samples all samples are excellent to good.(Table-3)

Class Potential Soil Salinity in epm No. of Samples
Excellent to Good <5 30

Good to Injurious 5-10 0

Injurious to Unsatisfactory >10 0

Total 30

Table-3: Classification Based on Potential Soil Salinity.

E. Based on Residual Sodium Carbonate (Rsc)

The RSC values vary from 0 to 4.34.

With respect to RSC values, the groundwater can be classified
into following categories.(Table- 4)

RSC Category No. of Samples % of Samples
< 125 Good/Safe 21 70
1.25-25 Medium/Marginal 4 17
>25 Bad/Unsuitable 5 13

Table-4: Classification of Groundwater Based on RSC

JISRT17AG20
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RSC values of 70% of the water samples of the study area are
less than 1.25.They are classified under good and safe
category. Hence, they are good for irrigational purposes.

V.  CONCLUSION

The water chemistry of the area is controlled by litho logy of
the area. Suitability of most water samples for irrigation
purposes is suggested by SAR, %Na, Pl values. Low sodium
and medium to high salinity hazard is observed in most of the
water samples which are plotted in C2-S1 and C3-S1 field in
Richard’s salinity diagram it. Suitable de fluoridation
technique may be applied before using the water for drinking
because of the fact that fluoride content in more than fifty
percent of the samples exceeds highest desirable limit for
drinking water standard.
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Table No: 1. Chemical Parameter Values of the Water Samples From the Study Area.(All Values Are In Mg/L Except Ph And EC)

51 No. Place DK EC TH (2 Mg Na K (l o | (03 | HCO3 F
| Banjipali | 792 | 672 | W05 | 3 | BB | 5B 1 | 148 | 15 56 | B4 | L¥
] Kubahal | 7.8% | 5725 | 2546 | 66 | 208 | 56 1 ue | 4 0 | 245 | 05
3 Mandlz 832 | 5118 | 1m3 | 156 | 3116 | 44 | 18 | 8355 | I3 | 44 | 23| 05
4 | Khatlumunda | 832 | 8104 | 3293 | 216 | 6686 | 55 b4 | 8541 | IS 8 | M4 2
5 | Dhusamunda | 834 | o413 | 1603 | 16 | 2936 | 105 | L& | 157 | 4 | 288 | M5 | 2
b | Semarsngh | 82 | 8385 | 4332 | 624 | 2 | B 06 | M| 15 0 | 4978 | 1l
7 | Malpamunda | 835 | 7854 | 1447 | 5 | 2568 | 182 8 | 538 | 10 0 | 446 | 18
3 Hial B34 | 7ASS | 228 | T2 | 4133 M0 | 48 | L& | B 56 | 384 | 28
5‘ Dabari 7AB | T | M3 | e | 446 | 36| 04 | BB | 0 | 4157 | 18
10 | Punjiparha | 7.85 | 8651 | 1803 | 3 | 2% | 48 | 25 | MAM | X 0 | 4685 | 05
11 | Dumerchuan | 785 | 7055 | 3536 | 336 | 752 | 305 1 | 8508 8 0 | 505 | 2
12 | Bichhabehali | 832 | 4885 | 2706 | 464 | 3758 | B84 08 | 2432 B 56 | L1 | 055
13 | Komeimunda | 832 | 6565 | 2628 | 312 | 448 | 88 | 4 | 12 0 #/e | 21 | LB
it Patimal BO6 | B | 528 | 4 | B | 8 b | 1181 | 30 0 | 36 | L5
15 Sdleparhia | 81 | 7204 | 3236 | M6 | 754 | sl | 11 | 1128 5 0 | L5
16 Khagsa 832 | 8374 | 353 | 216 | 6686 | 65 54| T84l | B 48 | 4124 | 05
17 | Karlbshali | 834 | 4583 | 1305 | 96 | 2586 | T4 | 08 | 1418 0 8 | W | 0
18 | Mankarchuan | 792 | 6627 | 6002 | 176 | 3504 | 10 | 24 | 6174 0 0 | 372 | 18
15 Birna BOB | S7L7 | 84 | 8B | 635 | 4 08 | 1702 | &0 0 | m3| 1
20 |Dhamandanga| 7.7 | 584 | D41 | 76 | 2% | 30 12 | B2 | W 0 | 2635 | 16
2| lamutjhula § | 4753 | B2 | B0 | 2147 | 55 08 | 56.39 5 0 | 2001 | 05
22 | Chhatrang | 834 | 4668 | 1123 | 152 | Lsed | &7 08 | L8| 10 56 | B8 | 05
2 Talchkel 832 | 5503 | 1463 | 256 | 2001 | 58 11| %57 | 70 56 | 1338 | 15
4 | Khujenbahal | 813 | 7076 | 3084 | L2 | 7 | 76 3| AR 5 0 | 3538 | 05
25 Dangia 780 | 801 | 264 | 688 | 3026 | T | 114 | 1386 | 10 0 | 585 | 055
26 Sargul BO6 | 8306 | M7l | 4 | B | B b | 1181 | 30 0 | 3416 | 05
17 Srggurh | 74 | 4585 | 2701 | 768 | 1503 | 128 | 04 | 1% 5 0 | 346 | 05
28 | Pipamunda | 7.8 | 7502 | 485 | I | M| M 06 | 985 0 0 | 372 | 05
25 | Dongarparha | 806 | 5402 | 2685 | 456 | 351 | w8 | L1 | 3456 5 0 | Bl | 025
30 | Keruamunda | 7.72 | 416 | 24 | 04| 18 02 | 754 0 0 | 928 | 1l
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Table-2:Derived Parameters of Water Samples.

SI. No. Place water type SAR RSC %Na KR PS Pl

1 | Banjipali Na-HCO3 1.78 0.33 38.83 0.63 3.75 69.86

2 | Kuibahal Ca-HCO3 0.48 0 32.67 0.48 1.59 57.96

3 | Mandla Mg-HCO3 0.79 0.18 24.12 0.31 291 64.72

4 | Khatlumunda Mg-HCO3 1.32 1.28 28.01 0.36 251 57.70

5 | Dhusamunda Na-HCO3 3.60 2.6 59.64 1.46 1.39 89.42

6 | Samarsingh Mg-HCO3 1.19 0 21.85 0.28 2.25 46.47

7 | Malpamunda Na-HCO3 5.86 4.01 71.15 2.40 1.97 96.98

8 | Hial Na-HCO3 4.18 1.14 59.06 1.42 1.91 80.68

9 | Dabari Mg-HCO3 0.79 0 16.70 0.20 1.73 44.73
10 | Punjiparha Na-HCO3 4.80 3.88 64.36 1.79 2.97 91.75
11 | Dumerchuan Mg-HCO3 0.67 0.09 14.70 0.17 0.64 45.71
12 | Bichhabahali Mg-HCO3 0.22 0 6.88 0.07 1.10 42.09
13 | Komeimunda Mg-HCO3 0.77 0 19.97 0.24 3.31 48.90
14 | Patimal Na-HCO3 2.35 0.48 43.46 0.74 4.13 69.39
15 | Saleparha Mg-HCO3 1.36 0 27.55 0.38 3.50 48.80
16 | Khagsa Mg-HCO3 1.56 1.26 30.81 0.43 2.79 59.64
17 | Karlabahali Na-HCO3 2.76 3.12 54.66 1.20 0.40 95.59
18 | Mankarchuan Na-HCO3 8.99 3.89 86.45 6.33 1.91 114.64
19 | Birna Ca-HCO3 1.30 0 30.23 0.43 1.62 62.43
20 | Dhamandanga Ca-HCO3 0.79 0 19.53 0.24 1.15 49.83
21 | Jamutjhula Ca-HCO3 0.27 0 8.11 0.08 1.91 42.85
22 | Chhatrang Na-HCO3 3.57 2.07 62.40 1.65 0.79 95.79
23 | Talchkel Na-HCO3 2.09 14 46.44 0.86 1.91 83.66
24 | Khujenbahal Ca-HCO3 1.88 0 35.43 0.54 1.52 60.38
25 | Dangia Ca-HCO3 1.95 0 38.14 0.57 4.36 58.35
26 | Sargul Na-HCO3 241 0.48 44.03 0.76 4.15 69.70
27 | Sargigurh Ca-HCO3 0.34 0 9.40 0.10 0.64 49.19
28 | Pipalmunda Ca-HCO3 0.50 0 10.68 0.12 2.79 3381
29 | Dongarparha Mg-HCO3 0.71 0 18.14 0.22 1.86 47.70
30 | Karuamunda Ca-HCO3 0.52 0.14 15.12 0.18 0.20 56.54
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Fig.2. Location Map of water Samples.
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