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Abstract
Mahananda River is an important river in India and Bangladesh, as the people of both the countries use the water exten-
sively, without sufficient and reliable information about water qualities and pollution status. The purpose of this study is to 
evaluate the water quality of the river and to analyse the suitability for drinking, agricultural and industrial uses. This is why 
this study on the Mahananda River is extremely important for the region. For this study, samples from fourteen sampling 
stations were collected in pre-monsoon and post-monsoon seasons in 2016 and water quality index (WQI), agriculture and 
industry-related indices were computed. WQI values designated two sampling stations out of fourteen sampling stations as 
‘very bad’ category and another two sampling stations as ‘bad’ category. The pH values of some sampling stations slightly 
exceeded the upper permissible limit. USSL diagram analysis classified two samples of pre-monsoon season in C2S1 category 
which indicates a medium salinity and low sodium water. Magnesium hazard values of four sampling stations are above 50% 
suggesting not suitable for irrigation. However, some indices like sodium per cent, residual sodium carbonate and residual 
sodium bicarbonate, Kelly’s index, permeability index and potential salinity allow the water for use in irrigation purposes. 
Langelier Saturation Index and aggressive index values designate the water as moderately aggressive or non-aggressive. 
Ryznar Stability Index values designate the water as ‘aggressive’ or ‘very aggressive’ indicating unsuitability for industrial 
uses. Sampling stations S-1, S-2, S-8 and S-14 need special attention.

Keywords Sodium adsorption ratio · Residual sodium carbonate · Magnesium hazard · Aggressive index · Langelier index

Introduction

Surface water primarily consists of the water in streams, 
rivers, springs, ponds, lakes and in reservoirs. Surface water 
originates from precipitation on watershed areas and flows 
through streams and rivers and sometimes deposits in ponds 
and in lakes (Manahan 2010). This is the main source of 
water used in domestic, agricultural and industrial purposes 
worldwide (Khan et al. 2015). The rivers, among the afore-
said water bodies, are the major sources of water for human 
consumption, irrigation and industrial uses. The surface 

water being exposed to anthropogenic influences and atmos-
pheric deposition of pollutants becomes a very sensitive and 
critical issue in many countries (Sener et al. 2017; Kumar 
and Singh 2018). Anthropogenic influences, geochemical 
factors, chemical composition of river basin (Giridharan 
et al. 2010) and natural processes like interaction of water 
with lithogenic structure through which the river flows (Sub-
ramani et al. 2009; Sener et al. 2017) degrade surface water 
quality making it unsuitable for drinking, industry, agricul-
ture and other purposes (Simeonov et al. 2003; Sánchez et al. 
2007; Kazi et al. 2009).

The water quality of the river is deteriorated mainly by 
natural processes and through anthropogenic activities like 
discharge of industrial sewage, domestic wastewater and 
agricultural drainage water to the river (Singh and Kumar 
2017). However, the main pollutants for river pollution are 
the industrial sewages, domestic wastewater and agricultural 
drainage water (Carpenter et al. 1998; Jarvie et al. 1998; 
Barakat et al. 2016). Since river is the main resource of 
freshwater to the human beings for use in different purposes, 
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it is wise to protect and control the rivers from pollution and 
to have reliable information on water quality for effective 
management. Therefore, regular monitoring and evaluation 
of the water quality are required to protect, control and man-
age the river water from deterioration (Singh et al. 2005; 
Barakat et al. 2016).

Water quality generally encompasses the physical, chemi-
cal, biological, radiological and aesthetic characteristics of 
the water (Abdul et al. 2010; Ombaka and Gichumbi 2012). 
The evaluation of water quality of freshwater is essential 
because of the extreme demand and vulnerability to pol-
lution in developing countries and also for the concern of 
being diminished in the near future (Ongley 2000; Yan et al. 
2015). The water quality status of water is evaluated by a 
water quality index (WQI), a single unitless number distilled 
from a complex mathematical process from a large number 
of water quality parameters (Nives 1999; Pesce and Wunder-
lin 2000). The water quality of the river can also be evalu-
ated with the help of individual parameters, but this is not 
in use because it requires a lot of concentrations of param-
eters (Chapman 1996). A large number of countries prefer 
the WQI method to assess overall river status (Bhargava 
1983) because of being single valued and easy to understand 
(Mohamed et al. 2015).

Different authors and agencies have integrated differ-
ent and varying number of water quality parameters to 
develop water quality indices (WQIs) of their own (Bhar-
gava 1983; Pesce and Wunderlin 2000; Cude 2001). But 
most of them are developed on one that was developed by 
the U.S. National Sanitation Foundation, 2007 (Lermontov 
et al. 2009).

The river has played an important role since time imme-
morial in the development of human settlements, in agricul-
ture, in riverine transportation and in cultural advancement 
(Priscoli 1998). Despite being developed in technologies, 
agriculture is still now an important sector contributing sig-
nificantly in the national economic scenario of India and 
provides life support to a major portion of population (Singh 
1983). Agriculture needs freshwater and freshwater is scare 
in many parts of India, due to the disparity of distribution 
of seasonal downpour especially in the arid and semi-arid 
regions. Moreover, the different pollution status differenti-
ates the quality of the water, making the quantity limited 
for irrigation in different places in India (Ravikumar et al. 
2011).

Some physicochemical parameters, some hydrogeochemi-
cal parameters calculated from the water quality parameters 
and a few graphical representations determine the suitabil-
ity of the river water for agricultural uses (Sundaray et al. 
2009). Agricultural science, preferably, deals with sodium 
concentration, salt content, nutrients level, presence of trace 
elements, acidity, alkalinity and hardness of the river water 
for better productivity. Fertility loss of the soil due to salinity 

variation has also become a serious problem all over the 
world (Etteieb et al. 2017).

Since river water is devoted to agricultural uses, its qual-
ity should be assessed to safeguard public health and envi-
ronment (Igbinosa and Okoh 2009). Thus, comprehensive 
river water quality monitoring is a helpful tool not only to 
evaluate the suitability of surface water for irrigation, but 
also to ensure an efficient management of water resources 
and the protection of aquatic life (Kannel et al. 2007; Etteieb 
et al. 2017).

River water is not only used in drinking, irrigation and 
domestic purposes, but also used heavily in industrial set up. 
However, different industrial units require different water 
quality depending upon the kinds of industries and pro-
cesses. The maintenance of water quality for industrial use is 
essential, especially in thermal electrical power stations and 
industrial boiler houses. One important parameter to assess 
water quality for industrial purposes is the Saturation Index 
(SI) as proposed by Langelier. Another important parameter 
is the Ryznar Stability Index. Besides these two parameters, 
TDS, hardness and concentration of the sulphate ion plays an 
important role in textile, paper and allied industries. Dairy, 
brewing and carbonated beverage industries should main-
tain the drinking water quality guidelines as it is consumed 
directly (Singh et al. 2008).

This study was conducted on the Mahananda River, the 
lifeline of North Bengal, situated in the state of West Bengal 
in India and in Bangladesh. Actually, the river is of inter-
district, interstate and international importance without 
having sufficient information about its water qualities and 
usefulness. For these reasons, this study on the Mahananda 
River has to be done.

The main objectives of this study are to (1) assess the 
physicochemical properties of the river water, (2) determine 
the water quality of the Mahananda River, through WQI 
analysis, and create WQI map based on GIS, (3) discuss the 
suitability of the water for drinking, agricultural and indus-
trial purposes and (4) evaluate various agricultural param-
eters such as soluble sodium percentage (SSP), sodium 
adsorption ratio (SAR), permeability index (PI), Kelley’s 
ratio (KR) and magnesium hazard (MH).

Materials and method

Description of the study area

Mahananda River, located in the northern part of West Ben-
gal in India, has a total basin area of 20,600 km2 out of 
which 11,530 km2 is in India and the rest is in Bangladesh. 
It originates in the Himalayan range, from Mahaldiram Hill 
near Chimli, east of Kurseong in Darjeeling district at an ele-
vation of 2100 m (Mandal 2013). The river is 360 km long, 
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out of which 324 km is in India and 36 km is in Bangladesh. 
The river is trans-boundary in nature and travels through 
the Indian states of West Bengal and Bihar and then through 
Bangladesh. The right bank tributaries Mechi and Kankai 
cross out of Nepal (Mandal 2013; Galib et al. 2016). The 
river travels through a series of rocks for a short length in 
the hilly region of Darjeeling Himalaya and the rest over the 
new alluvium of Bengal Basin. The river enters into Bangla-
desh from Malda district of India and joins the Padma River 
(part of Ganges in Bangladesh) at Nawabganj Sadar Upazila 
of Nawabganj district in Bangladesh (Mandal 2013; Galib 
et al. 2016).

The study area extends from 26°45 ′30.48″ to 
24°57′29.2″N longitude and 87°48′17.79″ to 88°26′0.73″E 
altitude (Fig. 1). The water sampling stations S2, S8, S13 
and S14 are exposed to urban run-off while the rest stations 
are exposed to run-off from rural human habitats and agri-
cultural fields. Siliguri town, Kishanganj, Dalkhola, Barsoi, 
Old Malda and Malda Town are the important urban areas 
beside this river.

Geological settings of the area

Mahananda River basin is actually a part of the Bengal 
Basin, the world’s largest sedimentary depositories (Ameen 
et al. 2007). The river runs through five distinct geologi-
cal setups from north to south (Fig. 1). (1) Precambrian 

metasedimentary rocks and younger felsic intrusions, locally 
known as Darjeeling gneiss, are composed of kyanite, 
sillimanites, carbonaceous micaschists, garnetiferrous 
micaschists, migmatitic gneiss, etc. (Mukherjee et al. 2009; 
Heroy et al. 2003). (2) Precambrian metasedimentary rocks 
and limestone, popularly known as rocks of Daling series, 
situated at the southward, are parallel to the previous rock 
layer and extend in the east–west direction. The layer is com-
posed mainly of slates, phyllites and of lower metamorphic 
grades of chlorite—sericite schist, quartz—sericite schist 
chlorite and quartz schists (Mukherjee et al. 2009; Heroy 
et al. 2003; Banerjee 1955). (3) Gondwana, also known 
as Damuda series in Darjeeling geology, is parallel to the 
Daling series and situated in the south. The layer is mainly 
consists of sandstone shales and quartzite in which the sand-
stones are micaceous and feldspathic with red, grey buff or 
brownish shades (Dash 1947; Banerjee 1955). (4) Miocene 
Siwalik sandstone, found in the south and adjacent to the 
Gondwana series, was originated in the Pliocene–Mid-Mio-
cene age and is composed of micaceous sandstone, arkosic 
sandstones, bluish and greyish siltstones, conglomerates, etc. 
(Banerjee 1955; Heroy et al. 2003; Mukherjee et al. 2009). 
(5) Quaternary alluvium, formed by deposited sediments 
from the Ganges–Brahmaputra–Meghna (GBM) Rivers, has 
two major units, the Pleistocene uplands composed of ‘old 
alluvium’ and deltaic lowlands (flood plains) of ‘recent allu-
vium’ (Morgan and McIntire 1959). Mahananda River flows 

Fig. 1  Map of sampling stations and geological settings of the study area
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through one of such flood plains in between the Rajmahal 
hill and the Barind (Morgan and McIntire 1959). The com-
mon rocks and minerals found here are kaolinite, smectite, 
amphibole, garnet, epidote, illite and chlorite, but amphibole 
(Mukherjee et al. 2009).

Sampling and analytical procedure

The water samples were collected in pre-monsoon and 
post-monsoon period of 2016 from previously selected 14 
(fourteen) sampling stations in washed polypropylene bottles 
(manufactured by Tarson, India). The sampling stations were 
selected on the basis of uniform distance, with slight devia-
tion depending upon the geographic condition and ease of 
access. Coordinates of the sampling stations were recorded 
by Global Positioning System (GPS). Some physicochemi-
cal parameters like temperature and pH were determined in 
the sampling sites by laboratory mercury thermometer and 
pocket pH meter (HANNA, USA), respectively. The water 
samples were collected manually from a depth of 20 cm 
from the surface of the water, preferentially where the flow 
of the water was high, to obtain good homogenised samples 
(Rakotondrabe et al. 2018). After collecting the samples and 
making the bottles airtight, the samples were transported 
to the laboratory with favourable temperature (< 4 °C) fol-
lowing the procedures described in APHA (2012). In the 
laboratory, dissolved oxygen (DO), electrical conductiv-
ity (EC) and total dissolved solid (TDS) were determined 
immediately by Thermo-Scientific Orion 5 Star instrument 
(Thermo-Scientific Inc.). The samples were filtered with 
ash-less Whatman (42) 100-mm filter paper, and Na, K and 
Ca were determined by flame photometer (ELCO-CL361). 
All the reagents used for analytical purposes were of analyti-
cal grade (Merck, India) for higher accuracy and precision. 
For quality control, procedural blank, sample duplicates and 
repeating experiments, according to the requirement, were 
done during the analysis period. A little part of the sample 
was filtered by nylon membranes (pore size 0.22 µm, diam-
eter 13 mm) filter paper (RANKEM, India) for analysis by 
ion chromatography. Fluoride  (F−), chloride  (Cl−), bromide 
 (Br−), nitrate  (NO3

−), phosphate  (PO4
3−), sulphate  (SO4

2−), 
carbonate  (CO3

2−) and bicarbonate  (HCO3
−) were deter-

mined by ion chromatography (Metrohm, Switzerland).

Analytical methods

Water quality

The water quality index (WQI) is considered as an efficient 
mean to reflect the water quality comprehensively, inte-
grating the different water quality parameters into a sin-
gle-valued unitless integer (Sener et al. 2017; Wang et al. 
2017). The raw analytical results of various water quality 

parameters with different values and units are transformed 
into a single value by a special type of mathematical averag-
ing function (Cude 2001).

Some researchers and some countries proposed different 
WQIs considering different water quality parameters, and the 
indices are applied worldwide. The WQI was first proposed 
by Horton (1965) and was used for drinking water quality 
analysis (Brown et al. 1970; Misaghi et al. 2017; Kumar 
et al. 2018). Later on, Pesce and Wunderlin (2000) also 
proposed a WQI method which is used by many research-
ers. Some WQIs proposed by some countries are National 
Sanitation Foundation Water Quality Index (NSFWQI) by 
USA, the Florida Stream Water Quality Index (FWQI), the 
British Columbia Water Quality Index (BCWQI) by Britain, 
the Canadian Water Quality index (CWQI) and the Oregon 
Water Quality Index (OWQI) as described by Cude (2001). 
WQI, here, has been calculated (Eq. 1) following the method 
given by Pesce and Wunderlin (2000) and is given by

Ci is the normalised value assigned to each parameter and 
Pi is the relative weight of each parameter. Pi has the val-
ues ranging from 1 to 4, where value 4 represents the most 
important parameter to aquatic life and 1 is assigned to the 
least one. k is a subjective constant and may have values 
ranging from 1.0 to 0.25 depending on the visual impression 
of river contamination of the researcher. The value 1.0 is 
assigned to water without apparent contamination, and 0.25 
is assigned to highly contaminated water.

Pearson’s correlation

Pearson’s correlation analysis is an important statistical tool 
to exhibit the degree of dependency of one variable to the 
others (Belkhiri et al. 2011). Actually, correlation coefficient 
is used to measure the interrelation and extent of associa-
tions among the variables. Correlation coefficient value + 1 
indicates a perfect relationship between the variables, and 
− 1 indicates perfect relationship, but the variables vary 
inversely (Mudgal et al. 2009) and a zero value means no 
relationship between the variables (Mudgal et al. 2009) at a 
significant level of p < 0.05. Generally, Pearson’s correlation 
coefficient values r > 0.7 are considered as strong correla-
tion, whereas r values between 0.5 and 0.7 are considered 
as moderate correlation. Pearson’s correlation matrix clearly 
represents the dependency of variables with each other.

Irrigation water qualities

The suitability of water for irrigation purpose depends on 
the physical and chemical properties of the water, especially 

(1)WQIsub = k

∑n

i=1
C
i
.P

i

∑n

i=1
P
i
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on the dissolved salts. Plant roots uptake water that includes 
a little amount of dissolved salts, leaving major portion of 
the salts at the root vicinity. Water naturally evaporates, and 
the dissolved salts are left in the soil complex. Within a few 
years, the gradual salt accumulation increases in the soil 
(Srinivasamoorthy et al. 2014), causing salinity hazard and 
toxicity. However, some dissolved salts or constituents are 
useful for plants growth. The suitability of irrigation water 
is assessed mainly in terms of the presence of undesirable 
dissolved salts or constituents, and in some limited cases 
assessed on plant nutrients (FAO 2008; Haritash et al. 2016). 
The major river water parameters, which help to decide 
the suitability for irrigation, are pH, EC, TDS, hardness, 
sodium, potassium, calcium, magnesium, chloride, sulphate, 
nitrate, carbonate, bicarbonate, etc. (Sundaray et al. 2009; 
Haritash et al. 2016). Some calculated indices that also help 
to assess the suitability of irrigation water are discussed in 
the following parts accordingly.

Sodium adsorption ratio (SAR) Sodium adsorption ratio 
(SAR) also expressed as sodium content or alkali hazard is 
an important index for determining the suitability of water 
used in irrigation (Srinivasamoorthy et al. 2014). Excessive 
sodium in water imparts undesirable effects on the soil prop-
erties and decreases soil permeability (Kelly 1951; Sunda-
ray et al. 2009). Higher salinity interferes with the osmotic 
activities, thus reduces the absorption of water and nutrients 
from the soil, impedes water from reaching the leaves of 
plants and prevents plant metabolism (Arumugam and Elan-
govan 2009). High sodium content in water leads to gen-
esis of alkaline soil. The SAR is the measure of the relative 
proportion of sodium ions to the calcium and magnesium 
ions in a water sample. Actually, SAR reflects the sodium 
hazard and is computed using the formula (Eq. 2) given by 
U.S. Department of Agriculture Salinity Laboratory in 1954 
(Wilcox 1955; Hem 1970) as:

Ionic concentrations are measured in meq/L. Based 
on the SAR values, water is classified into four classes. 
SAR < 10 is considered as excellent (sodium hazard class 
S-I), SAR = 10–18 is considered as good (class S-2), 
SAR = 19–26 is considered as doubtful/fair poor (class 
S-III), and SAR > 26 of water is considered unsuitable (class 
S-IV) (Richards 1954; Wilcox 1955).

Sodium percentage (Na%) The irrigation water is also clas-
sified on the basis of soluble sodium content, because higher 
sodium content in irrigation water reduces the permeability 
(Todd 1980; Sundaray et al. 2009). Percentage of Na (Na%) 

(2)SAR =
Na+

√

Mg2++Ca2+

2

is widely used to determine the suitability of water for agri-
cultural purposes. This term is also referred to as the soluble 
sodium per cent (SSP) (Wilcox 1955). It is defined and is 
also calculated by the following equation (Eq. 3):

All the concentrations are expressed in meq/L. Based 
on sodium per cent, water is classified as safe or unsafe. 
Na% > 60 is considered unsafe, and Na% < 60 is considered 
safe for agricultural activities (Eaton 1950; Ravikumar et al. 
2011).

Residual sodium carbonate (RSC) Concentrations of car-
bonate and bicarbonate play an important role in determin-
ing the suitability of water for irrigation purposes. When 
the total carbonate concentration exceeds the total concen-
trations of calcium and magnesium and the excess carbon-
ate (residual) concentration is too high, the carbonate ions 
combine with the calcium and magnesium ions to form a 
scale, a solid material, which then settles out of the water. 
As the calcium and magnesium settle out of the water as 
solid scales, the relative abundance of sodium increases cre-
ating deteriorating consequences on the plants. The quan-
tity of carbonate and bicarbonate in excess of alkaline earth 
metals (calcium and magnesium) is denoted by ‘residual 
sodium carbonate’ (RSC) (Sundaray et al. 2009; Ravikumar 
et al. 2011). The term was proposed by Eaton (1950) and is 
determined by the method as suggested by Richards (1954). 
Residual sodium carbonate is calculated by the following 
formula (Eq. 4) (Wilcox 1955).

All the concentrations are expressed in meq/L.

Residual sodium bicarbonate (RSBC) Most of the natural 
waters do not contain carbonate ions in appreciable quan-
tity, and bicarbonate ions do not precipitate magnesium an 
ion, so the alkalinity hazard, according to Gupta and Gupta 
(1987), will be determined by an index called residual 
sodium bicarbonate (RSBC) and is calculated by the follow-
ing equation (Eq. 5) (Ravikumar et al. 2011).

The concentrations of various ions are expressed in 
meq/L.

Magnesium hazard (MH) Calcium and magnesium ions 
maintain a state of equilibrium in most natural water (Hem 
1989). Calcium and magnesium are not chemically equiv-
alent especially in the soil system. A higher concentration 

(3)Na% =
Na+ × 100

(

Ca2+ +Mg2+ + Na+ + K+
)

(4)RSC =
(

CO−2
3

+ HCO−
3

)

−
(

Ca2+ +Mg2+
)

(5)RSBC = HCO−
3
−Ca2+
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of Mg ion in water is usually due to the higher exchangea-
ble Na ion present in irrigated soils. High concentration of 
Mg ion present in water adversely affects the soil quality, 
making the soil alkaline, which results in low crop yield 
(Sundaray et al. 2009). The adverse effect of magnesium 
in irrigated water is measured as the magnesium ratio. 
Paliwal (1972) introduced an index ‘magnesium hazard’ 
for determining the adverse effects of magnesium in irri-
gation water and is calculated as magnesium ratio (MH) 
using the formula (Eq. 6) (Sundaray et al. 2009; Raviku-
mar et al. 2011). The concentrations of calcium and mag-
nesium ions are measured in meq/L.

Kelly’s index (KI) Suitability of water quality for irrigation 
purposes is also determined on the basis on Kelly’s index. 
In Kelly’s index, sodium measured against calcium and 
magnesium (Kelly 1940). KI is calculated by the follow-
ing formula (Eq. 7) (Srinivasamoorthy et al. 2014)

where ion concentrations are expressed in meq/L.
Kelly’s index indicates an excess quantity of sodium in 

water. Therefore, water with Kelly’s index value less than 
one (KI < 1) is acceptable for irrigation, whereas value 
greater than one (KI > 1) indicates excess sodium in water 
and value less than two (KI < 2) indicates sodium defi-
ciency in water (Kelly 1940; Sundaray et al. 2009).

Permeability index (PI) Permeability index (PI) is also 
used to determine the suitability of the irrigation water. 
The permeability of soil is affected by long-term exposure 
of irrigation water containing high quantity of sodium, 
calcium, magnesium and bicarbonate ions (Ravikumar 
et al. 2011; Srinivasamoorthy et al. 2014). Doneen (1964) 
introduced permeability index (PI) for assessing the suit-
ability of irrigation water and is calculated by the follow-
ing formula (Eq. 8) (Arumugam and Elangovan 2009).

The concentrations are expressed in meq/L. Water is 
classified into three classes based on the PI values. Class 
I (PI > 75%) is considered as suitable for irrigation, class 
II (PI = 25–75%) is considered as moderately suitable for 
irrigational uses, and class III (PI < 25%) is unsuitable 
(Sundaray et al. 2009; Das and Nag 2015).

(6)MH =
Mg+

Ca2+ +Mg2+
× 100

(7)KI =
Na+

Ca2+ +Mg2+

(8)PI =

�

Na+ +
√

HCO−
3

�

× 100
�

Ca2+ +Mg2+ + Na+ + K+
�

Potential salinity Salts of low solubility in the irrigation 
water are precipitated out and accumulated on the soil by 
each successive cultivation. Only the highly soluble salts 
remain dissolved in the water and increase the salinity. 
Each year, the salinity of the river is gradually increas-
ing and has now been recognised as a major problem to 
the downstream water users (Kumarasamy et al. 2013a). 
‘Potential salinity is defined as the chloride concentration 
plus half of the sulphate concentration’ (Doneen 1962; 
Ravikumar et al. 2011) (Eq. 9).

The concentrations are expressed in meq/L.
The PS problem is generally more prominent in the 

estuarine zone than in the freshwater zone, due to the pres-
ence of excessive chlorides of the sea water (Kumarasamy 
et al. 2013a).

Suitability for industrial purpose

Industries, like thermal power plants, boiler feed water, 
manufacturing processes, etc., use a large quantity of 
water. However, the water quality required for different 
industries varies with the forms of industries. Some indus-
tries require water quality capable of preventing pipe cor-
rosion and scale formation, whereas some industries like 
dairy, brewing and carbonated beverage require drinking 
water standards (Singh et al. 2008).

Scale formation is one of the major problems in heavy 
industries. For monitoring scale formation, Langlier in 
1936 introduced Saturation Index (SI) to evaluate whether 
and to what extent a water is scale forming. Actually, the 
Langlier Satuaration Index (LSI) predicts the stability of 
calcium carbonate in water, i.e. whether a water will pre-
cipitate, dissolve or be in equilibrium with calcium car-
bonate (Haritash et al. 2016). The LSI calculated (Eq. 10) 
as the difference between the actual pH of the water and 
the pH saturated with calcium carbonate  (pHs) (Eq. 11).

where

The  pHs, A, B, C and D are calculated according the 
method described by Langelier (1936). If the pH of the 
water is less than the saturation  pHs, the LSI is negative 
and the water is supposed to have very limited scale form-
ing potential. If the pH exceeds pHs, the LSI is positive, it 
indicates the water is supersaturated with calcium carbon-
ate and the water has a scale forming tendency. The larger 

(9)Potential Salinity (PS) = Cl− +
1

2
SO2−

4

(10)LSI = pH(measured)−pHs(Langelier 1936).

(11)pHs = A + B−C−D
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the positive LSI index value, more is the scale forming 
potential (Haritash et al. 2016).

Another important index, the aggressive index (AI), 
developed by Langelier to monitor water flowing in asbes-
tos pipe. Sometimes it is used as substitute of the Langelier 
index and it indicates of the corrosivity of the water. The AI 
is calculated by summing up the actual pH, calcium hardness 
and total alkalinity. The AI is simple and convenient than 
the LI, because it does not include the effects of temperature 
(Langelier 1936).

AI is calculated by the following formula (Eq. 12):

where C and D values are calculated by the method given 
by Langelier (1936).

The stability index (SI) was proposed by Ryznar to avoid 
the misinterpretation of positive saturation index that is usu-
ally considered as non-corrosive or scale forming.

Ryznar stability index (RSI) is defined (Eq. 13) as:

where pH is the measured pH of the solution and the  pHs is 
the pH at saturation point, calculated by Langelier’s method. 
The stability index value is always positive for all waters. 
The behaviour of natural water and treated water having 
same stability index values of 5.5 or less will be similar and 
prominent scale forming. Waters with a stability index value 
of 9.5 will have a limited potential of calcium carbonate 
scale formation and may have severe corrosive potential at 
higher temperatures (Ryznar and Langelier 1944; Haritash 
et al. 2016).

Results and discussion

In this study, water quality indices of Mahananda River 
water were calculated by the following Pesce and Wunder-
lin (2000) method for each sampling stations and for both 
pre-monsoon and post-monsoon seasons of 2016. To cal-
culate the WQI, water quality variables, viz. temperature, 
pH, EC, DO, hardness, TDS, Ca, Mg, chloride, nitrate, 
phosphate and sulphate were considered. The highest 
weight value of 4 was assigned to parameters such as DO 
and TDS which have the prominent effects on water qual-
ity (Pesce and Wunderlin 2000). The WQI values varied 
from 17.63 to 93.50 in the pre-monsoon season and from 
18.25 to 94.50 in the post-monsoon season. Jonnalagadda 
and Mhere (2001) classified water according to WQI values 
into the following five classes, 0–25 = very bad, 26–50 = bad, 
51–70 = medium, 71–90 = good, and 91–100 = excellent. 
Therefore, Mahananda River water ranges from ‘very bad’ 
to ‘excellent’ quality.

(12)AI = pHactual + C + D

(13)RSI = 2pHs−pH

Sampling stations S-2 and S-8 designated as very bad; 
S-1 and S-14 as bad, S-9, S-12 and S-13 as medium; S-3, 
S-4, S-5, S-6 and S-7 as good; and S-10 and S-11 as excel-
lent in the pre-monsoon season. In post-monsoon season, 
S-2 and S-8 regarded as very bad; S-1 and S-14 as bad; S-12 
and S-13 as medium; S-3, S-4, S-5, S-6, S-9 and S-10 as 
good; and S-7 and S-11 as excellent. The sampling station 
S-2 represents very bad water quality, because it situated in 
the downstream of Siliguri city and is thought to receive the 
municipal effluents. The water looks like municipal drain 
water. The sampling station S-8 also represents very bad 
water, because water here is almost static and pollutants did 
not get disperse. S-1 is situated at upstream proximity of 
Siliguri city. S-1 is low densely populated region with little 
and narrow flow of water. S-14 is situated at a few kilometres 
distant in the downstream of Malda Town. The river, here, 
also receives municipal effluents but get a scope of being 
dispersed and represents a bad water. Quantitatively, the 
post-monsoon water quality is slight better, because a part 
of the pollutants is diluted and washed away with heavy rain 
water. The exact variations of the WQI of both the seasons 
are shown in the geospatial map (Fig. 10).

To know the hydrogeochemical characteristics of the 
study area and water, the analytical values were plotted on 
Piper diagram (Piper 1944). Piper trilinear diagram includes 
two triangles, one showing cations and the other showing 
anions and a diamond-shaped area to show a combined 
position of cations and anions. The combined single posi-
tion of the diamond-shaped area helps us to draw infer-
ence and to classify the water on the basis of the hydro-
geochemical characteristics. The diamond-shaped area of 
Piper diagram is divided into four major parts, each part 
representing and explaining a particular type of variation 
or domination of cations and anions. The four parts are 
(1)  Ca2+–Mg2+–Cl−–SO4

2−, (2)  Na+–K+–Cl−–SO4
2−, (3) 

 Na+–K+–HCO3
− and (4)  Ca2+–Mg2+–HCO3

−. All the sam-
ples of this study of both the seasons fall in the category (4) 
 Ca2+–Mg2+–HCO3

− representing a dominance of calcium, 
magnesium and carbonate ions in the water. The sources 
of this type of waters may be a typical shallow freshwaters 
(Figs. 2, 3) (Guettaf et al. 2014). S-2, S-8, S-9, S-10, S-13 
and S-14 sampling stations are shallow freshwater stations 
with rooted aquatic vegetation along the banks.

The box and whisker plots of the water parameters have 
also been drawn of for two seasons to show the variations 
of studied parameter values and are given in Figs. 4 and 5. 
Box and whisker plots show that pH, acidity in pre-monsoon 
and pH, DO, acidity, K and nitrate in post-monsoon have 
almost the same trend. These parameters do not vary sig-
nificantly along the sampling stations. The rest parameters 
vary with the sampling stations. The number of parameters 
of varying concentration is greater in pre-monsoon than 
that of the post-monsoon season. This is probably because 
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Fig. 2  Piper diagram of pre-
monsoon season 2016

Fig. 3  Piper diagram of post-
monsoon season 2016
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of heavy water of monsoon and flow of water during rainy 
season homogenise the water of the river (Zhang et al. 2009; 
Kumarasamy et al. 2013b).  

Pearson correlation matrix and other statistical analy-
sis were performed by using XLSTAT 2016 software on 
the water quality parameters to evaluate the relationship 
among the variables. The actual values of the variables 

(temperature, pH, EC, DO, TDS, hardness, acidity, alka-
linity, Na, K, Ca, Mg, fluoride, chloride, bromide, nitrate, 
sulphate, phosphate, carbonate and bicarbonate) were taken 
for statistical analysis. Pearson correlation matrix analysis 
represents that strong positive correlations exist between 
EC–alkalinity, EC–TDS, EC–Cl, alkalinity–hardness, 
alkalinity–Na, alkalinity–chloride, alkalinity–bromide, 

Fig. 4  Box plot variables of pre-
monsoon season
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alkalinity–carbonate, hardness–Ca, TDS–Na, TDS–Cl, 
Na–Cl, Na–Br, etc., of pre-monsoon season. In the post-
monsoon season, EC–alkalinity, EC–hardness, EC–TDS, 
EC–bicarbonate, DO–K, alkalinity–bicarbonate, alkalin-
ity–hardness and hardness–TDS were found to exist posi-
tively correlated. This signifies that the parameters change 
with direct proportionality. Some parameters were found 
to be in fair negative correlation signifying that these 

parameters change with inverse proportionality. Actual val-
ues of the Pearson’s correlation coefficients are given in the 
correlation matrix tables (Tables 1, 2).  

Principal component analysis (PCA) was conducted to 
analyse the compositional pattern of the variables on the 
entire dataset and to reduce the dataset to some influenc-
ing factors by avoiding some insignificant data (Wang et al. 
2015, 2017). In this study, first three principle components 

Fig. 5  Box plot of variables of 
post-monsoon season
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(PCs) were considered for both the seasons to explain 
87.429% of the total variance of pre-monsoon season and 
87.293% of the post-monsoon season. In pre-monsoon data-
set, 54.529% of variances are explained by PC1, 22.527% by 
PC2 and 10.374% by PC3, respectively, and in post-monsoon 

season 57.197% variances are explained by PC1, 22.680% by 
PC2 and 7.417% by PC3, respectively (Table 3). The factor 
loadings are classified as ‘strong’, ‘moderate’ and ‘weak’ on 
the basis of their absolute loading values > 0.75, 0.75–0.50 
and 0.50–0.30, respectively (Liu et al. 2003; Wang et al. 

Table 1  Pearson correlation matrix of pre-monsoon water parameters

Bold values are positively correlated and above 0.50

Variables Temp pH EC DO Acidity Alka. TH TDS Na K

Temp 1
pH 0.245 1
EC 0.512 − 0.334 1
DO 0.446 0.751 − 0.012 1
Acidity 0.241 − 0.657 0.776 − 0.434 1
Alka. 0.543 − 0.208 0.968 0.134 0.766 1
TH 0.360 − 0.319 0.848 − 0.015 0.494 0.771 1
TDS 0.512 − 0.334 1.000 − 0.012 0.776 0.968 0.848 1
Na 0.597 − 0.160 0.920 0.219 0.726 0.960 0.626 0.920 1
K 0.405 − 0.370 0.847 − 0.121 0.500 0.707 0.873 0.847 0.664 1
Ca 0.402 − 0.147 0.773 0.260 0.385 0.769 0.929 0.773 0.630 0.706
Mg 0.207 − 0.484 0.736 − 0.408 0.523 0.574 0.844 0.736 0.457 0.888
F− 0.409 − 0.238 0.775 − 0.053 0.824 0.834 0.408 0.775 0.858 0.424
Cl− 0.514 − 0.408 0.952 − 0.067 0.766 0.889 0.732 0.952 0.908 0.859
Br− 0.760 − 0.128 0.880 0.274 0.637 0.905 0.685 0.880 0.912 0.681
NO3

− − 0.101 − 0.586 0.253 − 0.734 0.288 0.028 0.359 0.253 − 0.038 0.576
PO4

3− − 0.056 − 0.452 0.274 − 0.564 0.156 0.030 0.385 0.274 0.001 0.660
SO4

2− − 0.409 − 0.274 − 0.303 − 0.565 − 0.256 − 0.481 0.068 − 0.303 − 0.635 0.042
HCO3

− 0.433 − 0.319 0.960 0.047 0.804 0.985 0.784 0.960 0.935 0.712
CO3

2− 0.505 0.690 − 0.185 0.473 − 0.403 − 0.155 − 0.260 − 0.185 − 0.090 − 0.199

Variables Ca Mg F− Cl− Br− NO3
− PO4

−3 SO4
2− HCO3

− CO3
2−

Temp
pH
EC
DO
Acidity
Alka.
TH
TDS
Na
K
Ca 1
Mg 0.586 1
F− 0.343 0.396 1
Cl− 0.634 0.685 0.719 1
Br− 0.700 0.487 0.758 0.828 1
NO3

− 0.073 0.679 − 0.090 0.367 − 0.040 1
PO4

3− 0.095 0.705 − 0.107 0.397 0.003 0.941 1
SO4

2− − 0.119 0.321 − 0.535 − 0.342 − 0.479 0.576 0.577 1
HCO3

− 0.766 0.606 0.834 0.877 0.863 0.056 0.042 − 0.444 1
CO3

2− − 0.171 − 0.321 − 0.199 − 0.146 0.021 − 0.165 − 0.077 − 0.099 − 0.323 1
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2017). In this study, the loadings of PCs for the first two 
components, which is accounted for 77.056% of pre-mon-
soon and 79.876% of post-monsoon of total variances, are 
explained and have been employed in biplots (Fig. 6). Screen 
plots of two different seasons (Fig. 7) have also been used 
to depict the change of eigenvalues of all the components 
(Helena et al. 2000). It is evident that PC1 of pre-monsoon 

season dominantly contains acidity, alkalinity, hardness, 
TDS, Na, K, Ca, Mg, fluoride, chloride and bromide and 
PC1 of post-monsoon season contains EC, acidity, alkalinity, 
hardness, Na, K, chloride and bicarbonate as dominant vari-
ables. In both the seasons, the variables are purely hydro-
chemical and are supposed to originate from the geological 
process, indicating geogenic sources. In PC2 of both the 

Table 2  Pearson correlation matrix of pre-monsoon water parameters

Values in bold are different from 0 with a significance level alpha = 0.01

Variables Temp pH EC DO Acidity Alka. TH TDS Na K

Temp 1
pH − 0.125 1
EC 0.716 − 0.479 1
DO − 0.584 0.766 − 0.845 1
Acidity 0.504 − 0.720 0.804 − 0.862 1
Alka. 0.733 − 0.313 0.924 − 0.654 0.691 1
TH 0.646 − 0.479 0.949 − 0.768 0.790 0.880 1
TDS 0.716 − 0.479 1.000 − 0.845 0.804 0.924 0.949 1
Na 0.520 − 0.116 0.729 − 0.496 0.486 0.795 0.572 0.729 1
K 0.531 − 0.621 0.718 − 0.906 0.691 0.521 0.622 0.718 0.553 1
Ca 0.339 − 0.754 0.548 − 0.738 0.756 0.387 0.637 0.548 0.195 0.736
Mg 0.610 − 0.052 0.731 − 0.461 0.448 0.843 0.612 0.731 0.833 0.378
F- 0.491 − 0.224 0.710 − 0.375 0.556 0.799 0.676 0.710 0.745 0.258
Cl− 0.616 − 0.243 0.856 − 0.740 0.526 0.735 0.708 0.856 0.804 0.773
Br- 0.170 − 0.167 0.340 − 0.333 0.334 0.360 0.163 0.340 0.756 0.466
NO3

− 0.283 − 0.592 0.427 − 0.777 0.468 0.121 0.363 0.427 0.053 0.817
PO4

3− 0.402 − 0.554 0.515 − 0.815 0.494 0.224 0.447 0.515 0.154 0.867
SO4

3− 0.100 − 0.485 − 0.068 − 0.385 0.200 − 0.305 − 0.008 − 0.068 − 0.520 0.396
HCO3

− 0.733 − 0.313 0.924 − 0.654 0.691 1.000 0.880 0.924 0.795 0.521

Variables Ca Mg F− Cl− Br− NO3
− PO4

3− SO4
2− HCO3

−

Temp
pH
EC
DO
Acidity
Alka.
TH
TDS
Na
K
Ca 1
Mg − 0.012 1
F− 0.197 0.745 1
Cl− 0.312 0.720 0.515 1
Br− 0.073 0.608 0.511 0.509 1
NO3

− 0.579 0.021 − 0.197 0.526 0.102 1
PO4

3− 0.604 0.108 − 0.120 0.619 0.120 0.985 1
SO4

3− 0.529 − 0.478 − 0.533 − 0.125 − 0.345 0.731 0.684 1
HCO3

− 0.387 0.843 0.799 0.735 0.360 0.121 0.224 − 0.305 1
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Table 3  Rotated component 
matrix of chemical data of 
pre-monsoon and post-monsoon 
season

Variables Pre-monsoon season Post-monsoon season

First three components First three components

F1 F2 F3 F1 F2 F3

Temp 0.518 − 0.494 0.433 0.722 − 0.092 − 0.077
pH − 0.390 − 0.685 0.467 − 0.559 − 0.539 0.229
EC 0.995 − 0.031 0.028 0.975 − 0.088 − 0.112
DO − 0.045 − 0.862 0.367 − 0.906 − 0.389 − 0.031
Acidity 0.795 0.146 − 0.487 0.843 0.188 − 0.262
Alkalinity 0.957 − 0.245 − 0.073 0.889 − 0.369 − 0.196
Hardness 0.850 0.181 0.286 0.901 − 0.037 − 0.332
TDS 0.995 − 0.031 0.028 0.975 − 0.088 − 0.112
Na 0.913 − 0.347 − 0.104 0.759 − 0.506 0.313
K 0.857 0.301 0.343 0.829 0.421 0.304
Ca 0.766 − 0.096 0.269 0.624 0.553 − 0.309
Mg 0.750 0.536 0.237 0.724 − 0.566 0.189
F− 0.774 − 0.260 − 0.412 0.673 − 0.591 − 0.209
Cl− 0.954 0.033 0.029 0.861 − 0.096 0.380
Br− 0.887 − 0.350 0.084 0.465 − 0.323 0.606
NO3

− 0.276 0.865 0.248 0.514 0.774 0.309
PO4

3− 0.284 0.798 0.409 0.596 0.709 0.306
SO4

3− − 0.296 0.791 0.317 0.026 0.954 − 0.065
HCO3

− 0.958 − 0.157 − 0.181 0.889 − 0.369 − 0.196
CO3

2− − 0.236 − 0.446 0.642 – – –
Eigenvalue 10.906 4.505 2.075 10.867 4.309 1.409
Variability (%) 54.529 22.527 10.374 57.197 22.680 7.417
Cumulative % 54.529 77.056 87.429 57.197 79.876 87.293

Fig. 6  Biplots of the water quality variables of pre-monsoon and post-monsoon seasons
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seasons, sulphate, nitrate and phosphate are dominant fac-
tors, which are generally contributed by fertilisers (both 
from agricultural and industrial), indicating anthropogenic 
influences (Helena et al. 2000).

The EC, which indirectly signifies the concentration of 
salt content in water, is an important parameter for evaluat-
ing the suitability of water for irrigation purposes. Generally, 
water of EC less than 2250 µS/cm is considered suitable all 
irrigation purposes, with a few exception, e.g. very sensitive 
crops and highly clayey soil (Haritash et al. 2016). Water 
is classified into three categories based on the electrical 
conductivity (EC) values: (1) no problems (< 700 µS/cm); 
(2) gradual increasing problems from the continuous use of 
water (700–3000 µS/cm) and (3) immediate development of 
severe problems (> 3000 µS/cm) (Ayers and Westcot 1976; 
FAO 2008). The ideal value of EC considered by Richards 
is less than 750 µS/cm (Richards 1954). In our study, EC 
(in µS/cm) values varied from 80.43 to 272.80 µS/cm with 
a mean value of 142.26 µS/cm in the pre-monsoon season 
and varied from 96.33 to 227.87 µS/cm with a mean value 
of 146.29 µS/cm in the post-monsoon season. EC values 
of all the water samples are below 750 µS/cm, complying 
beautifully with both Richards value and FAO regulation and 
indicate good quality of irrigation water.

The normal pH range required for irrigation water is 
6.5–8.4 (Ayers and Westcot 1976). The pH ranges for 
domestic and other purposes are: 6.5–8.5, maximum desir-
able limit; 6.5–9.2, maximum permissible limit by WHO 
(2008); and 6.5–8.5, maximum desirable limit by BIS (2012) 
(Singh et al. 2008). All the pH values of the water samples 
are greater than 7.0 indicating slight alkaline water. The 
pH values range from 7.3 to 9.7 in the pre-monsoon period 
and 7.4 to 9.0 in the post-monsoon period. Eleven (78.57%) 
water samples out of 14 are in the normal ranges of pH, 

and water of 3 (21.42%) sampling stations are beyond the 
normal range and are not suitable for irrigation purposes of 
pre-monsoon period. 92.85% water samples are in normal 
range and 7.14% are not in normal range of post-monsoon 
period. Sampling stations S-6, S-9, S-10 in pre-monsoon 
period and sampling station S-10 in post-monsoon period 
are not suitable for their elevated pH values. The results are 
also in good concordance with the maximum desirable limit 
of WHO (2008) and BIS (2012).

The waters are classified for irrigational purpose accord-
ing to the SAR values (Richards 1954). The SAR values of 
the Mahananda River water range from 0.22 to 1.58 in pre-
monsoon season (Table 4) and 0.46 to 1.32 in post-monsoon 
season (Table 5). According to Richard’s classification, all 
the samples (S-1 to S-14) classified as ‘excellent’ for irriga-
tion (Sundaray et al. 2009). Spatial variations of the SAR 
values of both the seasons along the sampling stations have 
been shown by geospatial map (Fig. 10).

US Salinity Laboratory (USSL) diagrams were used to 
evaluate the suitability of water for irrigation use for both the 
seasons. USSL diagrams are made by plotting the sodium 
absorption ratio (SAR) values against electrical conductivi-
ties data (Figs. 8, 9) on a two-dimensional graph (Richards 
1954). In this study, only 2 samples (14.28%) out of the 
14 samples of pre-monsoon season fall in the category of 
C2S1, indicating medium salinity/low sodium type water. 
Rest 12 samples (85.71%) of pre-monsoon season and all the 
14 samples of post-monsoon season fall in the category in 
low salinity/low sodium types, indicating the water suitable 
for irrigational uses (Singh et al. 2008; Haritash et al. 2016).

Mahananda River water samples are classified with 
respect to per cent sodium and are shown in Tables 4 and 
5. According to Wilcox (1955) classification, out of the 14 
samples of the pre-monsoon season, 42.85% are in excellent 

Fig. 7  Scree plots of pre-monsoon and post-monsoon seasons
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Table 4  Values of various 
indices of pre-monsoon season 
for water quality assessment

S. sites pH EC SAR Na% RSC RSBC MH KI PI PS LI AI RSI

1 8.2 138.46 0.35 16.33 − 0.34 0.14 33.57 0.21 73.57 0.19 − 0.7 11.0 9.6
2 7.3 206.83 0.56 21.28 − 0.53 0.28 45.71 0.30 65.97 0.47 − 1.6 10.1 10.6
3 7.9 80.43 0.22 12.31 − 0.43 − 0.11 30.99 0.15 73.78 0.13 − 1.4 10.3 10.7
4 8.3 85.36 0.26 14.25 − 0.38 − 0.05 30.99 0.18 76.55 0.13 − 0.8 10.9 9.9
5 8.0 81.50 0.24 14.18 − 0.33 − 0.09 25.20 0.18 80.56 0.12 − 1.4 10.4 10.8
6 8.6 82.60 0.26 15.11 − 0.28 − 0.03 25.20 0.19 83.69 0.12 − 0.5 11.2 9.6
7 8.3 82.77 0.27 15.87 − 0.18 − 0.02 18.34 0.20 90.68 0.12 − 0.8 10.9 9.9
8 7.4 272.80 1.58 46.14 1.03 1.52 33.57 0.93 100.23 0.42 − 1.3 10.4 9.9
9 9.0 203.06 1.16 38.43 0.40 0.89 33.57 0.68 91.40 0.25 0.3 12.0 8.3
10 9.7 98.60 0.61 29.96 0.39 − 0.31 18.34 0.46 77.28 0.15 0.8 12.4 8.1
11 8.4 120.03 0.77 33.00 − 0.05 0.27 30.99 0.53 92.06 0.18 − 0.5 11.2 9.4
12 8.2 129.63 0.91 37.41 0.09 0.33 25.20 0.66 97.79 0.22 − 0.7 11.0 9.6
13 7.9 147.20 0.90 34.68 0.04 0.28 20.17 0.58 90.21 0.25 − 0.9 10.7 9.6
14 8.3 262.40 1.01 30.81 0.10 0.66 25.20 0.48 74.76 0.37 0.0 11.7 8.2

Table 5  Values of various 
indices of post-monsoon season 
for water quality assessment

S. sites pH EC SAR Na% RSC RSBC MH KI PI PS LI AI RSI

1 8.2 134.37 0.52 22.95 0.13 0.45 25.20 0.32 88.30 0.16 − 0.7 11.1 9.6
2 7.4 227.87 0.93 30.46 − 0.07 0.49 32.04 0.50 75.61 0.44 − 1.2 10.7 9.7
3 8.1 96.47 0.51 26.28 0.18 0.51 40.25 0.40 107.51 0.15 − 0.9 10.9 9.9
4 8.3 96.33 0.46 23.89 0.10 0.51 45.71 0.35 100.85 0.13 − 0.7 11.1 9.7
5 8.2 102.30 0.62 28.02 − 0.13 0.20 30.99 0.43 87.96 0.14 − 1.0 10.9 10.2
6 8.1 101.43 0.64 29.36 0.09 0.34 25.20 0.46 96.85 0.14 − 1.0 10.9 10.1
7 8.1 103.40 0.71 32.29 0.18 0.34 18.34 0.54 102.42 0.14 − 1.0 10.9 10.1
8 7.4 221.90 1.21 37.29 0.35 1.16 45.71 0.65 84.75 0.21 − 1.5 10.4 10.3
9 8.1 176.15 1.30 40.24 0.17 0.73 37.09 0.74 86.40 0.22 − 0.8 11.1 9.6
10 9.0 139.75 1.25 42.86 0.35 1.00 57.40 0.83 98.44 0.20 0.1 11.9 8.8
11 8.4 144.90 1.31 44.62 0.29 0.86 54.11 0.90 99.16 0.21 − 0.5 11.3 9.4
12 8.4 147.25 1.32 45.07 0.36 0.93 54.11 0.91 101.06 0.22 − 0.5 11.3 9.4
13 8.3 158.35 1.19 40.35 0.47 1.28 62.74 0.74 96.40 0.21 − 0.6 11.3 9.4
14 8.4 197.60 0.82 33.10 0.60 1.16 48.54 0.54 103.34 0.22 − 0.5 11.4 9.3

Fig. 8  USSL diagram of sam-
ples of pre-monsoon season
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category, 50.0% are in good category and 7.14% are in per-
missible category. In the post-monsoon season, 64.28% sam-
ples are in good category and 35.71% are in the permissible 

category. It is observed that the post-monsoon water is 
worse than the pre-monsoon one, whereas the reverse trend 
is expected. The effect of dilution or the washing out of 

Fig. 9  USSL diagram of sam-
ples of post-monsoon season

Fig. 10  Spatial variations of water quality index (WQI), sodium adsorption ratio (SAR) and residual sodium carbonate (RSC)
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the sodium with the flow of heavy water during monsoon 
season is not significant here. The possible reason of higher 
sodium in post-monsoon water may be the input of sodium 
through surface run-off of the basin area. According to Eaton 
(1950) classification, the water is safe (Na% < 60) for both 
pre-monsoon and post-monsoon season.

According to Wilcox (1955) of US Salinity Laboratory, 
a RSC value of less than 1.25 meq/L is safe for irrigational 
activity, a value of 1.25–2.5 meq/L is marginally suitable, 
and a value greater than 2.5 meq/L is unsuitable for irriga-
tion (Wilcox 1955). In this study, the water samples have 
been found to have RSC values from − 0.53 to 1.03 meq/L 
in pre-monsoon and − 0.18 to 0.60 meq/L in post-mon-
soon seasons. RSC values of all the samples are less than 
1.25 meq/L, indicating the water qualities are ‘safe’ for irri-
gation. Sometimes, the RSC values of water samples are 
negative, which indicate that the calcium and magnesium 
have not been precipitated out (Tiwari and Manzoor 1988; 
Sundaray et al. 2009; Srinivasamoorthy et al. 2014). Exact 
variations of RSC values of both seasons have been shown 
by IDW interpolation map (Fig. 10).

Gupta and Gupta (1987) proposed the residual sodium 
bicarbonate (RSBC) index to express the alkalinity haz-
ard. Generally, bicarbonate concentration greater than 
10.0 meq/L is likely to affect plant growth in a number of 
ways. The RSBC index values of < 5 mg/L were consid-
ered satisfactory (Ravikumar et al. 2011). In this study, 
the RSBC values range from − 0.31 to 1.52 meq/L in the 
pre-monsoon season and 0.20 to 1.28 meq/L in the post-
monsoon season. The RSBC values of all the samples of 
both seasons are significantly below the satisfactory value 
and can be used safely for irrigational purposes.

Since higher concentration of Mg ion present in water 
adversely affects the soil quality and crop yield, magne-
sium hazard (MH) was also evaluated for all the water 
samples. The MH values range from 18.34 to 45.71% in 
pre-monsoon season and 18.34–62.74% in the post-mon-
soon season. MH values above 50% adversely affect the 
crop yield and are not suitable for irrigation (Sundaray 
et al. 2009). All the MH values of this study of pre-mon-
soon season are below 50%. Only four samples (28.57%) 
of post-monsoon season, i.e. S-10, S-11, S-12, S-13, have 

Fig. 11  Spatial variations of magnesium hazard (MH), Kelly’s index (KI) and permeability index (PI)
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MH values above 50% and are not suitable for irrigation. 
IDW variations of MH values of pre-monsoon and post-
monsoon seasons are shown in Fig. 11.

Kelly’s index indicates relative sodium quantity against 
calcium and magnesium and helps us to determine the suit-
ability of the water for agricultural purposes. The values of 
Kelly’s index less than one (KI < 1) are suitable for irriga-
tion, greater than one (KI > 1) indicates excess sodium in 
water and not suitable for irrigational purpose, and values 
less than two (KI < 2) signifies sodium deficiency in water 
and is not suitable for irrigation (Kelly 1940; Sundaray et al. 
2009; Srinivasamoorthy et al. 2014). In this study, the values 
of Kelly’s index range from 0.15 to 0.93 in the pre-monsoon 
season and from 0.32 to 0.91 in the post-monsoon season. 
The ranges indicate that the water of both the seasons is 
safe for irrigational purposes. Geospatially, the variations 
of values are shown in the IDW map (Fig. 11).

Permeability index (PI) values of Mahananda River 
water ranged from 65.97 to 100.23 in pre-monsoon season 
(Table 4) and from 75.61 to 107.51 in the post-monsoon 
season (Table 5). Ten samples fall into the class I, and four 
samples (S-1, S-2, S-3 and S-4) fall in the class II in pre-
monsoon season. All the samples of the post-monsoon sea-
son fall in the class I (Sundaray et al. 2009; Das and Nag 
2015). Variations of the PI values along the sampling sta-
tions are shown by IDW map (Fig. 11). According to the PI 
analysis, the post-monsoon water is better than pre-monsoon 
one, possibly because of the addition of large amount of 
fresh rain water.

Doneen (1964) explained that the suitability of water for 
irrigation is not dependent on the total concentration of solu-
ble salts, as low solubility salts precipitate out and deposited 
on the soil every year. Actually, low salt containing water 
is suitable for irrigational purposes. Potential salinity (PS) 
of the water samples of the Mahananda River varied from 
0.12 to 0.47 in the pre-monsoon season (Table 4) and from 
0.13 to 0.44 in the post-monsoon season (Table 5) and is 
considered fair low. The measurement of PS is very much 
significant in the estuarine region because of the high salt 
content from the sea water.

Mahananda River water was analysed to evaluate the suit-
ability for industrial use on the basis of some well-known 
indices, viz. Langelier Saturation Index (LI), aggressive 
index (AI) and Ryznar Stability index (RSI). The values of 
LI varied from − 1.6 to 0.8 in pre-monsoon season (Table 4) 
and from − 1.5 to 0.1 in the post-monsoon season (Table 5), 
indicating the water moderately aggressive to non-aggres-
sive in nature. Usually, non-aggressive water is preferred 
in industries for its uses. Aggressive index (AI) values are 
also in good concordance with the LI values. The AI val-
ues ranged from 10.14 to 12.4 in the pre-monsoon season 
(Table 4) and ranged from 10.40 to 11.90 in the post-mon-
soon season (Table 5). The AI values also indicate that the 

water of the Mahananda River is moderately aggressive and 
non-aggressive at S-10 of pre-monsoon season (Table 6). 
According to Ryznar Stability Index (RSI), proposed by 
Ryznar and Langelier (1944), only the water at S-14 is 
aggressive and the rest samples are very aggressive. How-
ever, there is another method in use for classifying indus-
trial water on the basis of RSI in which values greater than 
9 (Table 7) are considered corrosion intolerable (Haritash 
et al. 2016). All the sampling stations except S-9, S-10 and 
S-14 in the pre-monsoon season and sampling station S-10 
in the post-monsoon have RSI values greater than 9 indicat-
ing corrosion intolerable.

Conclusion

In this study, WQI method was applied to investigate the 
water quality status of Mahananda River. The water quality 
of the river is generally moderate to good with exception at a 
few sampling stations which are ‘very bad’ and ‘bad’ quality. 
pH values were found to exceed marginally the normal range 
in some sampling stations. According to USSL diagram, 
two samples of pre-monsoon season fall in the category of 
C2S1 indicating a medium salinity and low sodium type 
water. In respect of sodium per cent (Na%), residual sodium 
carbonate (RSC) and residual sodium bicarbonate (RSBC), 
the water is usable for irrigation purposes. Na% is higher 
in post-monsoon season which indicates sodium input into 
the river from the basin area. The magnesium hazard values 
of four samples of post-monsoon season have values above 

Table 6  Classification of water according to corrosive characteristics 
(Langelier 1936)

Corrosive characteristics and 
categories

Langelier index (LI) 
ranges

Aggressive 
index (AI) 
ranges

Highly aggressive < −2.0 < 10.0
Moderately aggressive − 2.0 to 0.0 10.0 to 12.0
Non-aggressive > 0.0 > 12.0

Table 7  Classification of water for industrial purposes based on RSI 
values

RSI Inference (Ryznar and 
Langelier 1944)

RSI Inference (Haritash 
et al. 2016)

< 5.5 Heavy scale will form 4–5 Heavy scale
5.5–6.2 Scale will form 5–6 Light scale
6.2–6.8 No difficulties 6–7 Little scale or corrosion
6.8–8.5 Water is aggressive 7–7.5 Corrosion significant
> 8.5 Water is very aggressive 7.5–9 Heavy corrosion

> 9 Corrosion intolerable
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50% and are consider not suitable for irrigation purpose. 
According to the Kelly’s index (KI), permeability index (PI) 
and potential salinity, the river water is safe for agricultural 
purposes. Langelier Saturation Index (LI) analysis desig-
nated the water as moderately aggressive to non-aggressive 
in nature restricting the uses for industrial purposes. Accord-
ing to the AI values, the water of the Mahananda River is 
moderately aggressive and non-aggressive only at S-10 of 
pre-monsoon season, indicating unsuitability for industries. 
Ryznar Stability Index (RSI) also expresses the unsuitability 
for industrial uses. Overall, the water of Mahananda River is 
good with some exception at places of municipal proximity 
and places of poor mobility. A few indices that determine the 
agricultural suitability do not permit the water to be used in 
irrigation. The water should be used in industry after proper 
treatment. The water which may be used for drinking and 
agricultural purposes may not be used in industry. The river 
needs protection and precautionary management plans.
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