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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-Cl-
HCO3type (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-Mg-
HCO3-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 semi-
arid 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-, HCO3

- 

etc.) 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 F- 
concentration 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).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Water Chemistry: 

Sl. 
No 

Parameters Unit Min Max Avg 
Standard 
Deviation 

% of Samples 
beyond WHO 
permissible 

limit  

1 pH  6.70 7.95 7.34 0.24 Nil 

2 Temp 0C 25.30 32.00 27.08 1.21 NA 

3 TDS  mg/L 160.00 1290.0 499.7 232.01 35.3 

4 Salinity  ppt 0.20 1.20 0.40 0.22 NA 

5 EC     µS/cm 220.00 1760.0 703.5 334.8 8.8 

6 ORP  mV -506.0 278.0 171.3 138.3 NA 

7 Turbidity NTU 9.2 110.0 31.7 24.6 100 

8 DO mg/L 0.89 3.80 2.03 0.79 100 

9 TH as CaCO3 mg/L 325.0 640.0 415.2 65.6 11.4 

10 Alkalinity  mg/L 70.00 155.0 118.09 19.50 0 

11 Ca2+  mg/L 12.02 60.12 29.64 12.01 0 

12 Mg2+  mg/L 10.98 76.86 22.25 11.73 0 

13 Fe3+  mg/L 0.00 10.00 1.10 1.92 23.5 

14 K+ mg/L 0.70 10.29 1.78 1.83 0 

15 Na+  mg/L 14.60 160.0 54.23 38.83 0 

16 Cl-   mg/L 2.50 594.82 69.10 136.77 14.7 

17 SO4
2- mg/L 3.23 38.27 9.37 8.14 0 

18 NO3
-  mg/L 0.01 0.95 0.35 0.22 Nil 

19 F- ppm 0.00 1.52 0.52 0.55 14.7 

20 As3+ ppb 0.00 50.0 20.0 0.02 50 

Table-1: Statistical Summary of Physicochemical parameters of the groundwater 
samples of the study area. 
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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 (Ca2+ 
and Mg2+) of carbnate (CO3

2-) 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 SO4
2- 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 SO4
2-content in 

groundwater is generally lower than the Cl- but in some samples higher concentration of 
SO4

2- may have resulted due to enrichment during monsoon precipitation, weathered 
soils, agricultural runoff, SO4

2- 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, S-
8, S-9, S-11, S-12, S-13, S-14, S-15, S-
16, S-17, S-18, S-19, S-20, S-21, S-22, 
S-23, S-24, S-25, S-26, S-27, S-28, S-
29, 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 (SO4

2-, 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-HCO3-
Cl type (64.6%) followed by Ca-Mg-Cl-HCO3type (17.7%) and Ca-Mg-HCO3-SO4

2 
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(17.7%) types. The geochemical facies Na-Ca-HCO3-Cl, indicates the groundwater 
samples belong to older alluvial sediments and Ca-Mg-HCO3-SO4

2 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 Cl- 

and SO4
2- 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 rock-
forming 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 



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

 
 

45 
 

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) HCO3 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 ion-
exchange 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 SO4
2- 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 
 

  
pH EC     TDS  Na+   K+ Ca2+  

Mg2

+  
Fe3+  SO4

2 Cl-  NO3 
HC
O3 

F- As3+ 

pH 1.00              

EC     0.45 1.00             

TDS  -0.48 0.99 1.00            

Na+   -0.36 0.62 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 1.00         

Mg2+  -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       

SO4
2 -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   

F- 0.02 -0.12 -0.12 0.44 0.11 -0.22 0.19 0.05 -0.24 0.23 0.22 0.47 1.00  

As3+ 0.27 0.07 0.07 0.38 0.08 -0.14 0.03 0.17 -0.07 0.18 0.25 0.56 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.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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: 

𝑆𝐴𝑅 = 𝑁𝑎+/√
(𝐶𝑎2+ + 𝑀𝑔2+)

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. 

 
 
 

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. 

 

 

(a) (b) 
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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+)

(𝐶𝑎2+ + 𝑀𝑔2+ + 𝑁𝑎+ + 𝐾+)
× 100 , 

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 Table-
4 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 Range Groundwater Class 
No of 

Samples 
% of 

Samples 

EC (µS/cm)        
 (Saxena et al. 2004) 

<250 Excellent 1 3.0 

250-750 Good 23 67.6 

750-2000 Permissible 10 29.4 

2000-3000 Doubtful 0 0.0 

>3000 Unsuitable 0 0.0 

TDS (mg/l)          
 (Freeze and Cherry, 

1979) 

<1000 Fresh 3 8.8 

1000-3000 Slightly Saline 31 91.2 

3000-10000 Moderately Saline 0 0.0 

10000-35000 High Saline 0 0.0 

>35000 Brine 0 0.0 

Na%            
 (Wilcox, 1995) 

<20 Excellent 0 0.0 

20-40 Good 13 38.2 

40-60 Permissible 9 26.5 

60-80 Doubtful 12 35.3 

>80 Unsuitable 0 0.0 

SAR                
 (Bouwer, 1978) 

<6 No Problem 11 32.4 

6  ̶  9 Increasing Problem 6 17.6 

>9 Severe Problem 17 50.0 

PI                
(Doneen, 1964) 

<60 Suitable for Irrigation  15 44.1 

>60 Unsuitable for Irrigation 19 55.9 
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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. 8: The Classification of irrigation water based on Percentage of Sodium (Na%) and 
Electrical Conductivity (EC) (After Wilcox, 1948). 

 

Fig. 7: The Classification of irrigation water based on Sodium hazards (SAR) 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->SO4
2- 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 non-
carbonate 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. 

ACKNOWLEDGEMENT: The author gracefully acknowledges the University Grant Commission 
(UGC), Government of India, New Delhi, for financial assistance under UGS FRPS Start-Up Grant. 
The author also acknowledges Department of Earth Science, Manipur University, for allowing to 
use ArcGIS 10.1 software for geostatistical prediction maps. Finally, author expresses his thanks 
to his student and colleagues for assisting in laboratory analysis of the samples.  

 

REFERENCES 

Alam, W. and Yumnam, G. (2017) Hydrogeochemical assessment of groundwater resources of 
Imphal City. J. Indian Water Works Assoc.(IWWA), v. 39(3), pp.197-204. 

American Public Health Association (APHA) (2005) Standard methods for the examination of 
water and wastewater. 21stEd., Am. Pub. Health Assoc., Washington DC, USA. 

Bhattacharya, P., Sracek, O., Eldvall, B., Asklund, R., Barmen, G., Jacks, G., Koku, J., Gustafson, 
J.E., Singh, N. and Balfors, B.B. (2012) Hydrogeochemical study on the contamination 
of water resources in a part of Tarkwa mining area, Western Ghana.  J. Afr. Erth. Sci., 
v.66-67, pp.72-84. 

Bouwer, H. (1978) Groundwater Hydrology, McGraw-Hill Book, New York, 480p. 
Central Ground Water Board (CGWB) (2008) Ground water information booklet Thoubal district, 

Manipur, Technical Report Series: D, No: 27/2008-09, Central Groundwater Board, 
North Eastern Region, Ministry of Water Resources, Govt. of India, New Delhi. 

Choudhury, R., Mahanta, C., Borah, P.J., Saikia, L. and Alam, W. (2011) Screening of 
groundwater arsenic contamination in unexplored parts of Brahmaputra floodplains in 
Assam. Conference on arsenic in groundwater in southern Asia, November 14-17, 2011, 
Hanoi, Vietnam. 

Chakraborty, D., Singh, J., Das, B., Shah, B. A., Hossain, A. M., Nayak, B., Ahamed, S. and Singh, 
R. (2008) Groundwater arsenic contamination in Manipur, one of the seven North-
Eastern Hill states of India: a future danger. Environ. Geol., v. 56 (2), pp. 381-390. 

Chandrasekhar, N., Selvakumar, S., Srinivas, Y., John Wilson, S.J., Simon Peter, T. and Magesh, 
N.S. (2014) Hydrogeochemical assessment of groundwater quality along the coastal 
aquifers of southern Tamil Nadu, India. Environ. Earth. Sci., v.71, pp. 4739-4750. 

Craig, E. and Anderson, M.P. (1979) The effects of Urbanization of ground water quality: A case 
study of ground water ecosystems. Environ. Conser., v. 30 (2), pp. 104-130. 



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

 
 

51 
 

Devi, O. J., Ramanathan, A.L., Linda, A. and Singh, G. (2011) A study of arsenic, iron and other 
dissolved ion variations in the groundwater of Bishnupur District, Manipur, India. Environ. 
Earth Sci., v.62, pp.1183-1195. 

Devi, O. J., Ramanathan, A. L. and Singh, G. (2012) Geochemical and statistical evaluation of 
groundwater in Imphal and Thoubal district of Manipur, India. J. Asian Erth. Sci., v. 48, 
pp.136-149. 

Domenico, P.A. and Schwartz, F.W. (1990) Physical and chemical hydrology. John Wiley, New 
York, 824p. 

Doneen L. D. (1964) Notes on water quality in agriculture, published as water science and 
engineering paper 4001, Department of Water Science and Engineering, University of 
California. 

Drever, J.J. (1997) The Geochemistry of natural water. 3rd Ed., Prentice-Hall, Upper Saddle River, 
NJ, 338 p. 

Fetter, F. W. (2007) Applied hydrogeology. CBS Publishers, New Delhi, India. 
Freeze, R.A. and Cherry, J.A. (1979) Groundwater. Prentice Hall Inc. University of Michigan, N. 

Jersey,38p. 
Gibbs, R.J. (1970) Mechanism controlling world water chemistry. Science, v.17, pp.1088-1090. 
Hem, J.D. (1985) Study and interpretation of the chemical characteristics of natural water. USGS, 

Water Supply, paper-2254, 2641p.  
Kumar, M., Kumari, K., Singh, U.K. and Ramanathan, A.L. (2009) Hydrogeochemical processes 

in the groundwater environment of Muktsar, Punjab: conventional graphical and 
multivariate statistical approach. Environ. Geol., v. 57, pp. 873-884. 

Mahanta, C., Pathak, N., Choudhury, R., Borah, P. and Alam, W. (2009) Quantifying the spread 
of arsenic contamination in groundwater of the Brahmaputra floodplains, Assam, India: 
A threat to public health of the region. Great Rivers, Proc. of World Environmental and 
Water Resources Congress, ASCE, May-17-21, 2009, Kansas City, Missouri, US. 

Mahanta, C., Choudhury, R., Basu, S., Hemani, R., Dutta, A., Barua, P.P., Borah, P.J., 
Bhattacharya, M., Bhattacharya, K., Alam, W., Saikia, L., Mukherjee, A. and 
Bhattacharya, P. (2015) Preliminary assessment of arsenic distribution in Brahmaputra 
River Basin of Indian based examination of 56180 Public Groundwater Wells. In: A.L. 
Ramanathan, Scott Johnston, Abhijit Mukherjee, Bibhash Nath (eds.) Safe and 
sustainable use of arsenic–contaminated aquifers in the Gangetic plain, 57-64, 
Springer, USA. 

McSween, H.Y., Uhle, M. and Richardson, S.M. (2003) Geochemistry: Pathways and Processes. 
2nd Ed., Colombia University Press, USA. 

MSAPCC (2015) Manipur state action plan for climate change. Directorate of Environment, Govt. 
of Manipur, India. 

Mathhess, G. (1982) The properties of groundwater. John Wiley and Sons (Asia) Pvt. Ltd., New 
York, 498p. 

Mukherjee, A., Fryar, A.E., Scanlon, B.R., Bhattacharya, P. and Bhattacharya, A. (2011) Elevated 
arsenic in deeper groundwater of western Bengal basin, India: extents and controls from 
regional to local-scale. Appl. Geochem., v. 26, pp. 600-613. 

Mukherjee, A., Scanlon, B., Fryar, A., Saha, D., Ghosh, A., Chowdhuri, S. and Mishra, R. (2012) 
Solute chemistry and arsenic fate in aquifers between the Himalayan foothills and Indian 
craton (Including Gangetic Plain): Influence of geology and geomorphology. Gechim. 
Cosmochim. Acta., v. 90, pp. 283-302. 

Mukherjee, A., Saha, D., Harvey, C.F., Taylor, R.G., Ahmed, K.M. and Bhanja, S.N. (2015) 
Groundwater systems of the Indian sub-continents. J. Hydrol.: Regional Studies, v.4(a), 
pp.1-14. 

Piper, A.M. (1944) A graphic procedure in the chemical interpretations of water analysis. Am. 
Geophy. Trans., v.25, pp.914-923. 

Saxena, V.K., Mondal, N.C. and Singh, V.S. (2004) Evaluation of hydrogeochemical parameters 
to delineate freshwater zones in coastal aquifers. J. Appl. Geochem., v. 6, pp. 245-254. 

Todd, D.K. (2004) Ground water hydrology, 2nd Ed., John Wiley & Sons (Asia) Pvt. Ltd., 
Singapore, 302p. 

USSL (1954) Classification of irrigation water. US Department of Agriculture, Circulation 969, 
Washington. 



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

 
 

52 
 

Verma, S. Mukherjee, A., Choudhury, R. and Mahanta, C. (2015) Brahmaputra river basin 
groundwater: solute distribution, chemical evaluation and arsenic occurrences in 
different geomorphic settings. J. Hydrol.: Regional Studies. v. 4(a), pp. 131-153. 

WHO (2008) Guidelines for drinking water quality, 3rd Edn., Incorporating the first and Second 
Addenda, vol. 1 Recommendations, Geneva.  

Wilcox, L.V. (1955) Classification and use of irrigation water, USDA circular 969, Technical 
Bulletin,40, Washington D C.,19p. 

 
 

(Received: 13.03.2018 ; Accepted: 26.01.2019) 


