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ABSTRACT
Hydrogeochemical assessments of groundwater of Thoubal district of
Manipur was investigated to ensure its suitability for consumptive use with respect
to presence of arsenic and fluoride and also for suitability for irrigational use. Twenty
(20) physicochemical parameters were analysed for thirty-four (34) spatially
distributed groundwater samples. The geochemical results indicate the groundwater
in the study area are slightly alkaline, hard and exceeds desirable standards for EC,
TDS and Salinity. The presence of geogenic contaminants such as arsenic (As3+)
and fluoride (F-) in some of the groundwater samples signify the presence of arsenic
and fluoride bearing aquifers in the study area posing a threat to public health safety
in the region. As per geochemical analysis, predominant groundwater types of the
study area are represented as Na-Ca-HCO3-Cl type (64.6%) followed by Ca-Mg-ClHCO3type (17.7%) and Ca-Mg-HCO3-SO4 (17.7%) type which are dominated by
rock-weathering geochemical process. The geochemical facies, Na-Ca-HCO3-Cl
indicates the groundwater samples belong to older alluvial sediments and Ca-MgHCO3-SO4 represents younger alluvial sediments of Fluvio-lacustrine origin. Low
level of DO concentration and fluctuation of ORP in most of the samples indicates
anoxic aquifer condition. As per irrigational index values, some of the groundwater
samples were found to be suitable for irrigational use except few pockets of the study
area where water is found to be very hard due presence of excessive alkali salts.
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INTRODUCTION
The groundwater resources are extensively exploited around the globe for
anthropogenic uses as it accounts for largest freshwater resource in the world.
Groundwater constitutes as a major water source for people residing in the arid and semiarid region of the world where surface water resources are not perennial and inadequate.
Moreover, spatial and temporal availability, specific yield, aquifer storage, transmissivity,
quantity and quality of groundwater are some of the major environmental concerns (Todd,
2004) in many parts of the world.
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Presently, due to overexploitation groundwater resources, industrialization,
excessive use of chemicals fertilizers and pesticides in agricultural field, changing of
climatic factors and more importantly presence of geogenic pollutant such as arsenic,
fluoride, iron, trace and heavy metals in the groundwater have increased the challenges
of overall groundwater management (Mukherjee et al., 2012, 2015).The various factors
such as types of aquifer formations, groundwater recharge process, soil formation,
interaction mechanisms of soil matrix with water, groundwater movement etc. that may
have profound effect on quality of groundwater in a region (Fetter, 2007). These
interaction processes are very complex in nature and requires a holistic approach to
address them. Groundwater typically exist in the form of dilute electrolyte solution as it
composed of various geogenic salts, organic and inorganic ions (Freeze and Cherry,
1979). The various composition and ion chemistry of water have profound effect on the
chemical and aesthetic properties of water along with various health implications. So,
frequent monitoring and evaluation of groundwater quality is carried out in many parts of
world in order to ensure public health security (Mahanta et al., 2009, 2015; Devi et al.,
2011, 2012; Bhattacharya et al., 2012; Chandrasekhar et al., 2014; Mukherjee et al.,
2012, 2015; Verma et al., 2015; Alam and Yumnam, 2017). The groundwater chemistry
mostly results from the weathering process of silicate and carbonate minerals and
oxidation of metal sulphides (McSween et al., 2009). Apart from common ions, there are
different other forms of geogenic contaminants, salts and ions such as As3+, F-, Fe3+,
heavy and trace elements etc. which have profound impacts on the quality of drinking
water and human health (Kumar et al., 2009; Chakraborty et al., 2008; Mahanta et al.,
2015; Choudhury et al., 2011; Chandrasekhar et al., 2014; Verma et al., 2015).
Geochemical evaluation of groundwater is an important tool to assess the dominant
geochemical process and water types of a region (Piper, 1944). Moreover, agricultural
suitability of groundwater can be evaluated using irrigation water quality indices. As small
variation in composition of some major and geogenic ions (Na+, Ca2+, Mg2+, K+, Cl-, HCO3etc.) may have profound impacts on the sensitive crops and soil salinity (Craig and
Anderson, 1979).
STUDY AREA
Thoubal district is situated on the eastern half of the Manipur valley covering an
area of 514 sq. km. (Fig. 1) within geographical coordinates between 23 45' to 24 45' N
latitude and 93 45' to 94 15' E longitude with average elevation of about 790 meters from
msl. The district accounts for around 16% of the population of state (3.64 lakhs) with
density of nearly 708 people per sq. km (MSAPCC, 2015). Geomorphologically, Thoubal
district occupies largest portion of the eastern half of Manipur valley with a flat alluvium
plain of Fluvio-lacustrine origin surrounded by ranges of denude-structural hills belonging
to Disang shale of Eocene age trending in NNE-SSW direction. Hydrogeologically, the
region consists of moderately thick unconfined to semi-confined multi-layered aquifer
system that occurs up to the depth of 100 mbgl with approximate yield of 10-30 m3/hr,
drawdown of 10–15 m. The depth of unconfined aquifer lies between 1.49 to 5.98 mbgl
and average thickness of the granular zones in alluvium is between 11-30 m (CGWB,
2008). Mostly, ground water is restricted to secondary porosity in weathered,
jointed/fractured sandstone, shale and limestone of Disang Group (CGWB, 2008). The
region receives abundant annual rainfall of around 1318 mm and 90% of which is
contributed by SW monsoon during month of June to October. The study area witnesses
an equitable and pleasant climate with average maximum temperature ranging up to 32˚C
in summer with average minimum temperature of around 4˚C in winter.
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Fig. 1. Map showing the study area and sampling sites of Thoubal, Manipur.
MATERIALS AND METHODS
Sampling and in-situ Analysis:
Altogether thirty-four (34) groundwater samples were collected from spatially
distributed sources of Thoubal districts mostly including tube wells and shallow tube wells
(STWs). The samplings were carried out according to the standard procedure (APHA,
2005) and in-situ parameters such as pH, EC, DO, Salinity, TDS, ORP were assessed
using field test probes (Eutech). To ascertain the concentrations of As3+ and Fconcentration in groundwater samples, Arsenator (Wagtech) and Photometer (Palintest)
were used respectively. Samples were collected in HDPE bottles and acidification (pH<2)
with few drops of 0.2 N HHO3 were done to preserve the samples for further confirmatory
test. Tube wells were flushed sufficiently and samples bottles were rinsed properly with
sample water to get representative parameter. Geographic coordinate points were
collected using GPS (Garmin, etrex 24) in order to mark the pin-point location of the
sampling point.
Laboratory Analysis:
The water samples were analysed for major physico-chemical parameters and
some geogenic contaminant such as As3+ and F- in the laboratory according to the
standard procedures as prescribed in APHA (2005). The major groundwater quality
parameters were analysed using titrimetric, gravimetric and photometric methods.
Concentrations of harmful lithophilic ions such as As3+ and F- were further verified using
confirmatory test of SDDC and SPDANS method, respectively.
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RESULTS AND DISCUSSION
Altogether 20 physico-chemical parameters were analysed for 34 groundwater
samples that includes harmful lithophilic ions such as arsenic (As3+) and fluoride (F-). The
basic descriptive statistical parameters are presented in the Table-1.
Field measured parameters:
The pH values of all the samples ranged between 6.7 to 8.0 with average value
of 7.3 indicating mostly samples within WHO (2008) permissible range but majority of
samples slightly inclined towards alkaline range. The ORP measurements (corrected to
Standard Hydrogen Electrode, SHE) showed values fluctuating between -506 to 278 mV
(average of 171 mV) indicating both oxidising and reducing aquifer environment in the
study area that signifies recent unstabble geologic formation. Moreover, the low DO
concentration ranged between 0.89-3.8 mg/l (average2.03 mg/l) can be also attributed to
the reducing environment of aquifers and anthropogenic disturbances. The EC of the
samples ranged between 220-1760 µs/cm (average 703 µS/cm) that is higher than the
permissible limit (300 µS/cm) of WHO (2008). Similarly TDS (160-1290 mg/l), Turbidity
(9-110 NTU) and salinity (0.2-1.2 ppt) of the samples in were found to in higher
proportions than the permissible range. The Turbidity of the samples were found far
beyond the permissible limit of 5 NTU. The higher value of EC indicates presence of more
ionic activity of water and presence of inorganic dissolved ions. High degree of positive
correlation (r = 0.99) between EC and TDS shows EC is a function of TDS (p<0.05
significant level).
Table-1: Statistical Summary of Physicochemical parameters of the groundwater
samples of the study area.
Sl.
No

Parameters

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

pH
Temp
TDS
Salinity
EC
ORP
Turbidity
DO
TH as CaCO3
Alkalinity
Ca2+
Mg2+
Fe3+
K+
Na+
ClSO42-

18
NO319
FWater
20 Chemistry:
As3+

Min

Max

Avg

Standard
Deviation

mg/L
ppt
µS/cm
mV
NTU
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

6.70
25.30
160.00
0.20
220.00
-506.0
9.2
0.89
325.0
70.00
12.02
10.98
0.00
0.70
14.60
2.50
3.23

7.95
32.00
1290.0
1.20
1760.0
278.0
110.0
3.80
640.0
155.0
60.12
76.86
10.00
10.29
160.0
594.82
38.27

7.34
27.08
499.7
0.40
703.5
171.3
31.7
2.03
415.2
118.09
29.64
22.25
1.10
1.78
54.23
69.10
9.37

0.24
1.21
232.01
0.22
334.8
138.3
24.6
0.79
65.6
19.50
12.01
11.73
1.92
1.83
38.83
136.77
8.14

% of Samples
beyond WHO
permissible
limit
Nil
NA
35.3
NA
8.8
NA
100
100
11.4
0
0
0
23.5
0
0
14.7
0

mg/L
ppm
ppb

0.01
0.00
0.00

0.95
1.52
50.0

0.35
0.52
20.0

0.22
0.55
0.02

Nil
14.7
50

Unit

0C
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The major ion chemistry of the groundwater samples of study area shows
significatnt spatial variations. Alakalinity (HCO3-) concentrations ranging from 70 to 155
mg/l (average 118.1 mg/l).The presence of Chloride (Cl-) ions in higher concentration
(2.5-594.8 mg/l) with average of 136.7 mg/l in indicates the water in the aquifers are both
carbonate and non-carbonate type. The presence of numerous brine springs in the study
area (Devi et al., 2012) may cause of high Cl- content in the groundwater. The hardness
of water samples were found to be contributed mostly by alakali earth metal ions (Ca 2+
and Mg2+) of carbnate (CO32-) and bicarbonate (HCO3-). Most of the water samples of the
study area fall in the category of hard to very hard as per the Mathhess (1982)
classification (Table-2). The NO3- and SO42- concentration ranges between 0.1-0.95 mg/l
(average 0.35 mg/l) and 3.23-38.27 mg/l (average 9.37 mg/l). The SO42-content in
groundwater is generally lower than the Cl- but in some samples higher concentration of
SO42- may have resulted due to enrichment during monsoon precipitation, weathered
soils, agricultural runoff, SO42- leaching and seepage through sedimentary rocks such as
gypsum and anhydrite (Chandrasekhar et al., 2014). The Fe3+ ion concentration of about
23.5% samples were found to be higher than the WHO (2008) permissible limit. The
higher concentration of Na+ to the total concentration of cations can be due to the
influence of ion exchange of sulphate reduction or anthropogenic activities (Hem, 1985).
The arsenic concentration of groundwater samples ranged between 0-50 ppb (average
20 ppb) with 50% of the samples exceeding permissible limits of 10 ppb and fluoride
concentration ranged between 0.00-1.52 ppm (average 0.52 ppm) with 14.7% samples
beyond permissible limit of WHO (2008).
Table-2: Hardness Classification of groundwater samples based on Mathhess (1982)
Classification
Hardness
Classification

Hardness
Range (mg/l)

Percentage (%)
of Samples

Samples

Very soft

0-50

0

Nil

Soft

50-150

0

Nil

Average

150-250

0

Nil

Hard

250-500

88.2

S-1, S-2, S-3, S-4, S-5, S-6, S-6, S-7, S8, S-9, S-11, S-12, S-13, S-14, S-15, S16, S-17, S-18, S-19, S-20, S-21, S-22,
S-23, S-24, S-25, S-26, S-27, S-28, S29, S-30

Very Hard

>500

11.8

S-10, S-32, S-33, S-34,

Hydrogeochemical facies of groundwater:
The accuracy of hydrogeochemisrty of the groundwater samples was verified by
calculating their ions balance errors i.e. extent of deviation between the total cations and
anions defined as Normalized Inorganic Charge Balance (ƩZ+-ƩZ-)/ƩZ++ƩZ-) for each set
of samples (Mathhess, 1982, Domenico and Schwartz, 1990). The relationship between
the total cations (Ca2+, Mg2+, Na+, K+) and anions (SO42-, NO3-, Cl-, HCO3-), expressed in
meq/l were found in the accepted range of ± 5%. The geochemical facies of groundwater
are evaluated by graphically plotting the major cations and anions in the piper (1944)
trilinear diagram (Fig. 2). The diagram distinctly categorised the geochemical constituent
of groundwater samples and also provide understanding on groundwater quality, major
geochemical facies and water types of the study area. The plots highlight three major
types of groundwater in the study area which predominantly represents as Na-Ca-HCO3Cl type (64.6%) followed by Ca-Mg-Cl-HCO3type (17.7%) and Ca-Mg-HCO3-SO42
42

Hydrogeochemical Assessment of Groundwater Arsenic and Fluoride Contamination in Thoubal
District of Manipur, India: Alam et al.

(17.7%) types. The geochemical facies Na-Ca-HCO3-Cl, indicates the groundwater
samples belong to older alluvial sediments and Ca-Mg-HCO3-SO42 represents younger
alluvial sediments of Fluvio-lacustrine origin. Thus it is clear that groundwater facies are
associated with both alkaline and alkaline earth ions and strong acidic anions such as Cland SO42- anions which signify non-carbonate hardness. The Gibbs diagram (Fig. 3)
represents the cationic ratio and anionic ratio as a function of TDS that is widely used for
assessing the major geochemical process such as precipitation dominance, rock
dominance and evaporation dominance that governs

Fig. 2: Piper Trilinear Plots showing the overall water types and major geochemical
facies of groundwater samples of Thoubal district of Manipur, India

Fig. 3: Gibbs diagram showing the major dominant geochemical process that governs
dissolved chemical constituents in groundwater of study area.
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the dissolved constituents of groundwater (Gibbs, 1970). The Fig. 3 shows that the
chemical constituents of groundwater mostly influenced by chemical weathering of rockforming minerals. The slight shifting of rock-dominance towards evaporation dominance
of the samples specify influences of anthropogenic activities such as use of agricultural
fertilizers, irrigation seepage and leaching of salts from soil due to heavy precipitation in
the region.

(a)

(b)
Fig.4: Bivariate plots of Na-normalized (μM/μM) (a) Ca versus Mg and (b) Ca versus
HCO3- to show trends of weathering. The dashed rectangular area demonstrates
global average composition of groundwater w.r.t. evaporate dissolution, silicate
weathering and Carbonate dissolution without mixing (Following Mukherjee et al.,
2012).
Bivariate Scatter Plots:
The lithological formation, groundwater flow, water-aquifer interactions, residence
time and anthropogenic factors influences the groundwater quality of a region (Drever,
1997; Fetter, 2007). The concentrations of solutes in groundwater is generally contributed
from the aquifer formation by three dissolution processes i.e. evaporate dissolution,
carbonate dissolution and silicate weathering dissolution (Mukherjee et al., 2011, 2012).
The major sources of ions in the groundwater samples of the study area are evaluated
and predicted using bivariate plots and plots of molar ratios. Bivariate mixing plots are
44

Hydrogeochemical Assessment of Groundwater Arsenic and Fluoride Contamination in Thoubal
District of Manipur, India: Alam et al.

carried out to examine the relative contribution of major weathering mechanism (silicate,
carbonate and evaporate) by plotting of Na-normalized Ca-versus Na-normalized Mg
(Fig. 4a) and Na-normalized HCO3 (Fig. 4b), respectively. These bivariate plots of
groundwater samples lie very close to global-average silicate weathering domain and
some samples lies within transition area between silicate weathering and evaporite
dissolution domain of global averages. The release of bicarbonate and carbonate in
groundwater mostly occurs due to dissolution of sulphates, dolomites, calcite or silicates
minerals. The plots of Ca2++Mg2+ versus total cations (Fig.5a) shows that bivalent alkali
earth cations are dominant that may be derived from silicate (Ca-feldspar) and carbonate
(calcite and dolomite) weathering and predominance of Na+ and K+ in samples indicates
weathering may be due to orthoclase, mica and pyroxene minerals derives from newer
phase of Himalayan orogeny. Similarly, plots of Na++K+ versus total cations (Fig. 5b)
shows that points lie below the equiline (1:1) showing silicate weathering and dominance
of alkali earth metal ions over alkali. Moreover, there is apparent spatial variations in
geochemical controlling of aquifers were observed in the groundwater quality of the
samples. The ratios of Ca2++Mg2+ to the total HCO3- (Fig. 5c) and Na-normalized Mg (Fig
4b) cations illustrate that the samples parameters lie below the theoretical 1:1 line
indicating contribution of alkalis to the major cations. Similar trend was observed in case
of Na++K+ to the total cations.

Fig. 5: Bivariate Equiline Plots for major ionic content in groundwater samples of the
study area (a) Ca+Mg vs. Total Cation (b) Na+K vs. Total Cations (c) HCO 3 vs.
Ca+Mg (d) HCO3 vs. Na+K (e) Ca+Mg vs. Cl and (f) Na+K vs. Cl.
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Correlation analysis:
The bivariate correlation analyses were carried out to describe the
interrelationship between the hydrogeochemical parameters of the study area. The
correlation is said to be strong if r ≥ ± 0.7 and moderate if values of r lies between
±0.5<r<±0.7 (Kumar et al., 2009). The correlation table (Table-3) obtained for the
physicochemical parameters of the groundwater samples of the study area shows strong
correlation between TDS and EC, Cl- with EC, TDS, Na+, Ca2+ and Mg2+. The very strong
correlation between EC and TDS indicates EC in water mostly due to inorganic dissolved
ions. Since Cl- shows strong correlation with almost all the major cations, EC and TDS
indicating a common source of major ions in the groundwater samples of the district. Ca2+
and Mg2+ shows a good correlation with Na+ and K+ indicating possibilities of ionexchange process between alkali and alkali earth element minerals. Correlation analysis
of the water quality parameters signifies that the hydrogeochemisrty of the study area is
mainly governed by rock-water interactions. Concentration of Cl-, NO3- and SO42- in some
of the samples indicates anthropogenic influences due to leaching and seepage from
agricultural field, waste dumping sites, excess precipitation etc.
Table- 3: Correlation matrix of groundwater samples showing the relationship between
the water quality parameters
K+

Ca2+

Mg2

EC

TDS

Na+

pH
EC
TDS
Na+

1.00
0.45
-0.48
-0.36

1.00
0.99
0.62

1.00
0.62

1.00

K+

-0.42

0.54

0.57

0.41

1.00

Ca2+

-0.30

0.31

0.30

0.64

0.68

2+

Mg

-0.56

0.52

0.54

0.27

0.31

0.38

1.00

Fe3+

-0.64

0.54

0.56

0.31

0.22

-0.09

0.72

1.00

SO42

-0.39

0.22

0.26

0.01

0.25

-0.16

0.54

0.58

1.00

Cl-

-0.35

0.78

0.76

0.87

0.70

0.79

0.74

0.13

-0.05

1.00

NO3

-0.16

-0.12

-0.09

-0.03

0.06

-0.09

0.03

0.06

0.12

0.05

1.00

HCO3

0.38

0.28

0.30

0.50

0.34

0.16

0.14

0.17

-0.12

0.28

0.08

1.00

FAs3+

0.02
0.27

-0.12
0.07

-0.12
0.07

0.44
0.38

0.11
0.08

-0.22
-0.14

0.19
0.03

0.05
0.17

-0.24
-0.07

0.23
0.18

0.22
0.25

0.47
0.56

+

Fe3+

SO42

Cl-

HC
O3

pH

NO3

F-

As3+

1.00

1.00
0.69 1.00

*Bold indicates correlation is significant at the 0.05 level (p < 0.05)

Arsenic and Fluoride contamination and their distribution:
Some of the samples in the study area were found in exceeding concentration of
arsenic (As3+) and fluoride (F-) than the WHO permissible limit. The As3+ concentration of
groundwater samples ranged between 0-50 ppb (avg. 20 ppb) with around 50% of the
samples exceeding permissible limits of 10 ppb. Similarly, F- concentration ranged from
0.00-1.52 ppm (avg. 0.52 ppm) with 14.7% samples found beyond permissible limit. The
geostatistical tools (krigging/inverse distance weighting) are efficient for geochemical
prediction model, if properly drawn with sufficient spatial data (Fetter, 2007; Kumar et al.,
2009; Bhattacharya et al., 2012). The predicted vulnerable maps were prepared for both
As3+ (Fig. 6a) and F- (Fig. 6b) with the existing spatial data for average ground water depth
between 10-30 mbgl (CGWB, 2008). As3+ contamination of groundwater samples of
Thoubal have already been reported by various researchers (Chakraborty et al., 2008;
Devi et al., 2012), though F- contaminations of the study area were not assessed before.
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The predicted map indicates probable presence of both As3+ and F-bearing aquifers
zones in the study area.
(a)

(b)

Fig. 6: The figures show the predicted vulnerable zones of (a) Arsenic and (b) Fluoride
contaminated aquifers for few locations of the study area based geostatistical prediction.
IRRIGATION WATER QUALITY
Sodium Absorption Ratio:
The concentration of Na+ in groundwater is generally plays a crucial role in
groundwater geochemistry. The elevated concentrations of Na+ have profound effects on
the soil properties, permeability and root zones of sodium sensitive plant. Higher
concentration of Na+ increase the tendency on the cation exchange process at the
expense of alkali earth metal ions (Ca2+ and Mg2+). The Na+ salinity affects the soil
structure, permeability, aeration and cause reduction of soil infiltration capacity. Thus for
determination of suitability of irrigational water by judging the sodium content or alkali
hazards by an expression called Sodium Absorption Ratio (SAR) which is computed as
shown below:
(𝐶𝑎2+ + 𝑀𝑔2+ )
𝑆𝐴𝑅 = 𝑁𝑎+ /√
,
2
where ionic concentrations are expressed in milliequivalents per litre (meq/l). The
classification of the groundwater with respect to SAR (Bouwer, 1978) (Table 4) shows
32.4% samples shows without problem of Na+ accumulation, 17.6% shows increasing
problem and 50% samples shows severe problem.
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Sodium Percentage:
The sodium percentage (%Na+) is an important index for classification of the
irrigational suitability of water. As a process of ion exchange Na+ can replace Ca2+ from
the soil further reducing the permeability of soil and can influence the plants growth by
impacting the root zone. The percentage of sodium can be expressed as concentration
of Na++K+ with reference to total cation load as shown below:
%𝑁𝑎 =

(𝑁𝑎+ + 𝐾 + )
× 100 ,
(𝐶𝑎2+ + 𝑀𝑔2+ + 𝑁𝑎+ + 𝐾 + )

where the ionic concentrations are expressed in meq/l. The Na+ percentage is shown in
the Indicates that 64.7% of samples lie within the good to permissible limit rest 35.3%
samples lie in permissible to doubtful category.
Permeability Index:
The permeability index is also another criterion for classification of irrigational
water. The permeability index can be defined as given below:

𝑃𝐼 =

(𝑁𝑎+ + √𝐻𝐶𝑂3 −1 )
(𝐶𝑎2+ + 𝑀𝑔2+ + 𝑁𝑎+ )

× 100 ,

where, the ionic concentrations are expressed in meq/l. The permeability index (PI)
groundwater samples are classification as per Doneen (1964) are presented in the Table4 shows about 55.9% samples are not suitable for irrigation purposes.
Table- 4: Classification of groundwater for irrigational use on the basis of EC, TDS,
Na%, SAR and PI.
Parameters

EC (µS/cm)
(Saxena et al. 2004)

TDS (mg/l)
(Freeze and Cherry,
1979)

Na%
(Wilcox, 1995)

SAR
(Bouwer, 1978)
PI
(Doneen, 1964)

Range
<250
250-750
750-2000
2000-3000
>3000
<1000
1000-3000
3000-10000
10000-35000
>35000
<20
20-40
40-60
60-80
>80
<6
6 ̶ 9
>9
<60
>60

Groundwater Class
Excellent
Good
Permissible
Doubtful
Unsuitable
Fresh
Slightly Saline
Moderately Saline
High Saline
Brine
Excellent
Good
Permissible
Doubtful
Unsuitable
No Problem
Increasing Problem
Severe Problem
Suitable for Irrigation
Unsuitable for Irrigation

No of
Samples

% of
Samples

1
23
10
0
0
3
31
0
0
0
0
13
9
12
0

3.0
67.6
29.4
0.0
0.0
8.8
91.2
0.0
0.0
0.0
0.0
38.2
26.5
35.3
0.0
32.4
17.6
50.0
44.1
55.9

11
6
17
15
19
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Wilcox Classification:
The US Salinity Laboratory’s (USSL) diagram (1954) is widely used to classify
and rate the irrigation water into 16 classes based on plotting between Sodium hazards
(SAR) and EC as an index for salinity hazards (Wilcox, 1955). The USSL diagram
illustrated in Fig.7, represents plots of chemical data of the groundwater samples of the
study area highlights that 2.9% samples fall under C1S1 (very low salinity and sodium
hazards), 61.8% samples fall in the C2S1 (good water) and 35.3% samples fall in the
category of C3S1 (relatively good water). The Wilcox’s diagram (Wilcox, 1948) where EC
is plotted against the Sodium percentage is illustrated in the Fig. 8. The diagram shows
that the distribution of percentage of samples fall in the categories of Excellent to Good
(85.3%), Good to Permissible (11.8%) and Permissible to doubtful (2.9%).

Fig. 7: The Classification of irrigation water based on Sodium hazards (SAR) and
Electrical Conductivity (EC) (After Wilcox, 1948).

Fig. 8: The Classification of irrigation water based on Percentage of Sodium (Na%) and
Electrical Conductivity (EC) (After Wilcox, 1948).
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SUMMARY AND CONCLUSION
The hydrogeochemical evaluation and assessment reveals that the groundwater
of Thoubal district of Manipur is slightly inclined towards alkaline range with fresh to
slightly saline in character. The sequence of dominance of major cations and anions in
groundwater samples were observed as Na+>Ca2+>Mg2+>K+ and HCO3->Cl->SO42- type
respectively, highlighting dominance of alkali metal over alkali earth metals. The higher
concentration of Cl- in some samples indicates dominance of strong acidic anions though
majority of samples are dominant with weak acidic anions (HCO3-). All the samples were
found to be in hard to very hard category with presence of both carbonate and noncarbonate hardness. Other parameters such as EC, TDS and Turbidity were found
beyond the permissible limit of WHO in most of the samples. The higher concentration of
Fe3+ were also observed along with the presence of geogenic contaminants such as As3+
and F- in some groundwater samples of the study area in excess to permissible limit. This
indicates that the aquifers in the study area are not safe for exploration of groundwater
for drinking and anthropogenic uses. Geostatistical prediction maps using interpolation
method have shown possible extent of these geogenic contaminants in the district. More
over the geochemical analysis highlight rock-weathering dissolution of silicates minerals
in the aquifer. As per irrigation suitability studies are concerned some of the indices shows
groundwater to be suitable for agricultural uses. The Wilcox classification and USSL
diagram shows suitability of some of the samples with less sodium hazards. Further,
lithological characterisation and extensive evaluation of mobilization of these geogenic
species in the groundwater is required for ensuring public health safety issues in the
region.
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