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ABSTRACT

In the present study, geochemical characteristics of surface water have been studied
considering seasonal variation. Water samples from 10 different wetlands of the Brahmaputra
valley were collected and analyzed for pH, electrical conductivity, total dissolved solids,
bicarbonate, chloride, sulfate, nitrate, calcium, magnesium, sodium, potassium and total hard-
ness. The order of the abundance of the major cation and anion is as follows:
HCO�

3 > SO2�
4 > Cl– > Na+ > Ca2+ > K+ > Mg2+ > NO�

3 in pre-monsoon and HCO�
3 > SO2�

4 >
Cl– > Na+ > Ca2+ > Mg2+ > K+ > NO�

3 in post-monsoon. Both carbonate and silicate weather-
ing occur in the wetlands although carbonate weathering was found to be dominant in
post-monsoon. According to Gibbs diagram, the predominant samples fall in the rock–water
interaction dominance. The Piper-trilinear diagram shows that the water samples belong to
Ca2+–Mg2+–Cl–�SO2�

4 type or facies in pre-monsoon, while in post-monsoon, most of
the sample show temporary and permanent hardness due to Ca2+–Mg2+�HCO�

3 , and
Ca2+–Mg2+�SO2�

4 , respectively, indicating a mixed type of water. Based on the water quality
index, Deepor Beel and wetlands of Kaziranga National Park shows poor water quality. Prin-
cipal component analysis used for source apportionment of the parameters indicated pH,
HCO�

3 , TH, EC, TDS, Cl–, Ca2+, Mg2+, Na+, and K+ as the mineral component of the wetlands,
whereas Mg2+, NO�

3 , and SO2�
4 originated from anthropogenic sources such as agricultural

run-offs, nearby tea gardens and sewage sludge.

Keywords: Hydrogeochemistry; Water quality index; Principal component analysis;
Physicochemical; Gibbs and piper diagram

1. Introduction

Wetlands are landscapes, either temporarily or
permanently covered with water and exhibits
enormous diversity according to their geographical

location, genesis, water regime, and chemistry. Assam
is endowed with many natural lentic water bodies
locally known as beel [1]. Assam has 3,513 wetlands
covering a total area of 1,012.32 ha. It constitutes
1.29% of the total geographical area of the state. This
includes the natural and artificial wetlands, rivers,
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lakes, and agricultural fields. Of these, 3,388 wetlands
are natural and dominate the state. Assam occupies
seventh place according to geographic area under the
wetlands of the country [2]. The Brahmaputra valley
is situated between the hill ranges of the eastern and
north-eastern Himalayan range. In Assam, the entire
valley stretches from the western Brahmaputra valley
covering the regions of Goalpara and Kamrup; the
central Brahmaputra valley region covering Darrang,
Nagaon, and Sonitpur districts; and the eastern
Brahmaputra valley covering the districts of Lakhim-
pur, Dibrugarh, and Sibsagar with an entire stretch of
914 km2. Wetlands in Assam are one of the most pro-
ductive ecosystems of the region and plays an impor-
tant role in the hydrological cycle. The wetlands
studied in the work are situated in the floodplain
areas of the Brahmaputra and are directly or indirectly
linked with the major river system and its tributaries.
Besides, it also has a link with the groundwater aqui-
fers. The interaction between the groundwater and the
surface water greatly influences the composition of the
water through rock–water interaction and weathering
of rocks. There is a wide spectral variation of meteoro-
logical, topographical, geomorphological, hydrological,
geological, and hydrogeological conditions in the state.
The chemistry of surface water is an important factor
determining its use for domestic, irrigation and indus-
trial purposes. The conventional techniques such as
Piper trilinear diagram, Gibbs plot and scatter dia-
grams are widely accepted methods to determine the
hydrogeochemistry of the water. The quality of sur-
face water within a region is governed by both natural
processes (such as precipitation rate, weathering pro-
cesses and soil erosion, hydrological processes; physi-
cal, chemical and biological processes) [3,4] and
anthropogenic effects (such as urban, industrial and
agricultural activities and the human exploitation of
water resources) [5,6]. The behavior of the pollutants
in the water column varies according to the type of
pollutant, water chemistry, reactivity of bedrock, geol-
ogy of the catchment area, and amount of rain [7].
Accurate and timely information on the quality of
water is indispensable to shape a sound public policy
and to implement the water quality improvement pro-
grams efficiently [8,9]. It is interesting to note that
most of the wetlands of Assam are Ecotones, which
borrows species from both upland terrestrial forests
and deep water river systems. This fragile ecosystem
of the wetlands of Assam with diverse attributes serve
as critical breeding, staging, and wintering grounds
for wide areas of globally important bird species and
some of them have been declared as Important Bird
Area (IBA) by Birdlife International. Some of the
important wetlands of the Brahmaputra valley are the

Deepor beel (DB), which is the lone Ramsar site of the
state of Assam and is representative of the wetland
found within the Burma monsoon forest biogeo-
graphic region. It is one of the largest and most
important riverine wetland and is polluting very
rapidly. Several studies on the water quality of the DB
have been done by [10–13]. Kaziranga national park
(KNP) is a World Heritage site of the Brahmaputra
valley. The wetland here plays a very significant role
for its wildlife, but negligible work has been done to
study its water quality. Although it is a protected area,
it is vulnerable to the high traffic from the nearby
highway NH-37; surrounding tea gardens and a high
rate of increasing encroachment. Different other wet-
lands from the state have been studied for its limnol-
ogy and aquatic life by [14–17]. But there has been no
study till date to understand the geochemistry behind
these wetlands and the water quality of the wetlands
with regard to a pollution index to compare the status
of the pollution occurring in the wetlands.

The main objective of the work was therefore to
define the quality of water in the wetlands of the
Brahmaputra valley with special reference to their
physicochemical properties by calculating their water
quality index (WQI). In order to have a better under-
standing, a detailed hydrogeochemical investigation of
the wetlands has also been carried out to determine
the major ion chemistry and their sources and to
understand the role of weathering and other geochem-
ical processes (precipitation and dissolution of miner-
als/salts, redox processes, etc.) in controlling the
water composition of the wetlands in the Brahmaputra
valley.

2. Materials and methods

2.1. Description of the study area

The Brahmaputra valley of Assam is made up of
older and newer alluvium formed during the Pleis-
tocene age. The older alluvium are generally found in
slightly undulating areas in both sides of the Brahma-
putra and the new alluvium soils near the river, built
up of alluvial materials washed down from the hill.
Assam has a Tropical Monsoon Rainforest climate
with an average rainfall of around 1,500 mm per year.
During summer, maximum temperature reaches at 95–
100˚F or 35–38˚C and in winter, minimum at 43–46˚F
or 6–8˚C and experiences heavy rainfall and high
humidity.

The following wetlands from different districts of
Assam were selected for the study (Fig. 1). The coordi-
nates of the sampling locations are given in Table 1.
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2.1.1. Deepor beel (DB)

DB, located in the Kamrup District of Assam is one
of the 21 national wetlands of India. It is a natural and
permanent freshwater lake in a former channel of the
Brahmaputra, located to the south of the present main
river channel. It occupies a total area of 4,014 km2. It is
oriented to the southwest of the Guwahati city as a
major storm water storage basin. DB is of International
importance since it is a Ramsar site and an Important
bird area (IBA), as declared by Birdlife International.

2.1.2. Wetlands of kaziranga national park (KNPw)

KNP is one of the most important protected areas in
Assam, spread over an area of 429.93 km2. KNP is situ-
ated in the flood plains of the Brahmaputra river and
the entire area has been formed by silt deposition, car-
ried by the different river systems flowing through it.

2.1.3. Maguri beel

It is situated near the Dibru Saikhowa National
Park, which is 30 km from Tinsukia town. Here, two
rivers, Dibru and Lohit flows along together and
meets the Brahmaputra. To its south, exists a vast
expanse of swamps and marshes interspersed with
sandy islands. The beel is surrounded by tea gardens.

2.1.4. Samaguri beel

Samaguri beel is an Ox-bow lake created by the
abandoned path of the Kolong river during the course

of time. This lake is located about 16 km to the east of
Nagaon town of Assam. It is famous as a Bird Pil-
grimage site. The lake covers 0.613 km2 land having
average depth 8–10 m according to Assam Fishery
Development Corporation.

2.1.5. Saran beel

Saran beel is located 4 km from Morigaon town. It
is crecent shaped. The main source of water to the
beel is the Kolong. To the west of the beel are agricul-
tural fields and to the east is the Morigaon-jagiroad
road. Nearby areas are quite densely populated. It is a
perennial wetland and is a home to several migratory
and local birds during winter.

2.1.6. Pobitora

It is situated 50 km from Guwahati city and is situ-
ated in the floodplain area of the Brahmaputra. The
sanctuary has an area of about 38.81 km2. Out of
38.81 km2, 14.66% is wetlands. River Brahmaputra
forms the northern boundary of the sanctuary (north
of Mayang Hills), Revenue Villages numbering 37 lies
along the east, south, and western boundaries.

2.1.7. Sareswar

Sareswar beel is a shallow, freshwater lake with
abundant aquatic vegetation on the floodplain to the
north of the Brahmaputra River in Dhubri districtwith
a total area of 1,700 ha. The western edge of the

Fig. 1. Map showing the sampling sites.
Source: Map data ©2014 Google (India map); NAMP CENSUS, 2007 (Assam map).
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wetland borders on the Rupshi and Bamunijoia
Reserved Forests. The southern, eastern, and western
margins are cultivated with small villages scattered
amongst the rice fields.

2.1.8. Laokhoa

Laukhowa Beel is located in north-western side of
Gauripur town of Dhubri district of lower Assam.

2.1.9. Jengdia

The total area of this IBA is approximately 500 ha
and is situated in the North of the Kamrup district,
Assam. This is fresh water body with fringe of
marshes which is located at the flood plains of
Brahmaputra. The nearby areas are human inhabited
and surrounded with hillocks covered by shrubs. This
IBA is enriched with different migratory birds during
the season of migration.

2.1.10. Hahila

Hahila is one of the famous wetlands of Nagaon
district. Total area of the beel is 20 ha. It is a flood
prone area of Kopili, surrounded by several villages
and grazing fields. During monsoon, water from
Nanoi and Kopili enters the beel. The beel is famous
for fishes and is dense in nature.

2.2. Sample collection and analytical methods

Water sample from the following wetlands was
collected and analyzed for physicochemical parame-
ters following the established procedures of [18]. The
parameters pH, EC, and TDS were monitored at the
sampling site with the (pHTestr20), (ECTestr11+), and
(TDSTestr11+) and other parameters like total

alkalinity and total hardness (titrimetric method), chlo-
ride (silver nitrate method), nitrate (phenoldisulfonic
acid method) and sulfate (turbidimetric method) were
analyzed in the laboratory. Calcium, magnesium,
sodium and potassium were analyzed in Systronics
Flame photometer 128.

2.3. Water quality rating and weightage

WQI was first formulated by [19,20]. Method given
by [19] was later on followed with slight modifications
by [21,22]. The WQI level and the water quality status
is represented in Table 2. The weighted arithmetic
index method has been used for the calculation of
WQI. Further quality rating or sub index (Qn) was cal-
culated using the following expression:

Qn ¼ 100� ½Vn� Vo�=½Sn� Vo� (1)

where Qn = Quality rating for the nth water quality
parameter, Vn = Estimated value of the nth parameter
at a given sampling station, Sn = Standard permissible
value of the nth parameter, Vo = Ideal value of nth
parameter in a pure water. (i.e. 0 for all other parame-
ters except the parameter pH).

Unit weight was calculated by a value inversely
proportional to the recommended standard values Sn
of the corresponding parameters:

Table 1
Coordinates of the sampling locations

Sl. no. Wetland District Latitude Longitude

1 Deepor beel Kamrup 26˚11´N 91˚35´E
2 KNPw Golaghat and Nagaon 26˚46´N 93˚08´E
3 Maguri Dibrugarh 27˚47´N 95˚28´E
4 Saran Morigaon 26˚14´N 92˚19´E
5 Samaguri Nagaon 26˚25´N 92˚51´E
6 Hahila Nagaon 27˚27´N 92˚53´E
7 Jengdia Kamrup 26˚16´N 91˚46´E
8 Pobitora Morigaon 26˚12´N 91˚59´E
9 Laukhoa Dhubri 26˚06´N 89˚57´E
10 Sareswar Dhubri 26˚08´N 89˚55´E

Table 2
Water Quality Index (WQI) and its status according to [23]
and [24]

Water Quality Index Level

0–25 Excellent water quality
26–50 Good water quality
51–75 Poor water quality
76–100 Very poor water quality
>100 Unsuitable for drinking
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Wn ¼ K=Sn (2)

where Wn = Unit weight for the nth parameter.
Sn = Standard value for nth parameter. K = Constant
for proportionality. The Sn, Vo and Wn values are
given in Table 3.

The overall WQI was calculated by aggregating the
quality rating with the unit weight linearly:c

WQI ¼ RQn Wn=RW (3)

2.4. Statistical analysis

The statistical software package SPSS 15 window
was used for correlation coefficient and multivariate
analysis of the data.

2.4.1. Pearson’s correlation

The correlation matrix of the data was built to find
out the associations between the variables. Significant
positive correlations can be explained in terms of com-
mon source or chemical similarity [25]. Thus, signifi-
cant positive correlation could indicate a common
source for the pairs.

2.4.2. Principal component analysis (PCA)

PCA provides information on the most meaningful
parameters which describe the whole data-set inter-
pretation, data reduction and summarize the statistical
correlation among constituents in the water with mini-
mal loss of original information [26,27]. In this study,
PCA of the normalized variables were executed to

Table 3
Relative weight of the parameters

Parameter Standard values (Sn) Ideal value (Vo) Unit weight (Wn)

pH 6.5–8.5 7 0.2188
HCO�

3 120 0 0.0155
TH 300 0 0.0062
EC 300 0 0.371
TDS 500 0 0.0037
Ca2+ 75 0 0.025
Mg2+ 30 0 0.061
Cl– 250 0 0.0074
SO2�

4 150 0 0.0124
NO�

3 45 0 0.0413
Na+ 200 0 0.057
K+ 200 0 0.057

Table 4
Average concentration of parameters in pre-monsoon

DB KNPw Maguri Hahila Samaguri Saran Pobitora Jengdia Laokhoa Sareswar

ph 7.63 7.56 7.2 7.57 7.36 7.32 7.55 7.1 7.12 7.16
HCO�

3 (mg/l) 31.45 27.01 18 15 10.21 12.11 17.63 15.7 13.33 12.47
TH (mg/l) 34.48 29.36 20.89 17 16.28 22.45 21.6 16.5 19.29 15.77
EC (μS/cm) 158.75 146.57 66 57 128 90 100 122 22 48
TDS (mg/l) 101.6 81.64 42.24 36.48 81.92 57.6 64 78.08 25.89 30.63
Ca (mg/l) 8.15 9.01 1.5 2.9 5.5 5 4.78 1.9 1.2 3
Mg (mg/l) 3.04 2.66 2.82 2.56 2.13 2.34 3 1.6 1 1.89
Cl (mg/l) 12.97 12.95 6 5.8 7.6 8.2 7.5 6.9 6.5 5.9
SO4 (mg/l) 4.86 12.7 34.8 3.7 5.4 12.4 11.3 2.3 1.1 1.7
NO3 (mg/l) 0.26 0.16 0.09 0.68 0.1 1.56 0.16 0.25 0.16 0.07
Na (mg/l) 12.71 5.69 2.54 0.5 6.5 3.3 2 3.76 3 3.9
K (mg/l) 3.9 4.67 1.2 1.1 2.56 2.89 1.5 2.9 2.73 1.1
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extract significant principal components (PCs) and to
further reduce the contribution of variables with
minor significance; these PCs were subjected to vari-
max rotation generating factors [28]. PCs were defined
according to the criterion that only factors that account
for variance greater than one should be included. The
rationale for this is that any component should
account for more variance than any single variable in
the standardized test score space [29]. Hence, PCA
was applied using varimax rotation with Kaiser Nor-
malization. By extracting the eigenvalues from the cor-
relation matrix, the number of significant factors and
the percent of variance explained by each of them
were calculated.

2.5. Ion chemistry

A hydrogeochemical investigation of the wetlands
has been carried out here to determine the major ion
chemistry and their sources to understand the role of
weathering and other geochemical processes (precipi-
tation and dissolution of minerals/salts, redox pro-
cesses, etc.) in controlling the water composition of
the wetlands.

3. Results and discussion

3.1. Physicochemical properties

The average concentration of the parameters in
pre-monsoon and post-monsoon are given in Tables 4
and 5. pH is the indicator of acidic and alkaline condi-
tion of water status [30] have suggested 6.5–8.5 range
of pH for water for any purposes in that respect; the
ranges indicate moderately alkaline water of the wet-
lands. In all the wetlands, pH in pre-monsoon was
lower than post-monsoon due to the water levels and
concentration of nutrients in water [31]. Similar obser-
vations have been recorded by [32–34] on different
water bodies.

Electrical conductivity is the water capability to
transmit electric current and serves as tool to assess the
purity of water [35]. This ability depends on the pres-
ence of ions, their total concentration, mobility, valence,
relative concentrations, and temperature of measure-
ment [36]. Conductivity of the wetlands was signifi-
cantly different among sampling sites, varying from 22
to 169 μS/cm. High conductivity at DB and wetlands of
Kaziranga National Park (KNPw) in post-monsoon
indicates the mixing of sewerage in river water [32]
recorded similar findings in Chandlodia Lake.

Solids refer to the suspended and dissolved matter
in water. They are very useful parameters describing
the chemical constituents of the water and can be

considered as edaphic relation that contributes to pro-
ductivity within the water body [37]. TDS further indi-
cates the salinity behavior of river water. TDS in water
originates from natural sources, sewage, urban run-off,
industrial wastewater and chemicals used in the water
treatment process. The highest TDS is recorded in DB
and KNPw during post-monsoon due to the addition
of organic matter and solid waste into the lake [38].

Bicarbonates in surface water are primarily a func-
tion of carbonate, hydroxide content and also include
the contributions from borates, phosphates, silicates,
and other bases. Highest HCO�

3 in DB indicates the
sewerage mixing in the wetland. Post-monsoon season
recorded higher HCO�

3 due to high nutrients in water
[39].

TH is a very important property of water from its
domestic application point of view. Hardness in water
is due to the natural accumulation of salts of mainly
calcium and magnesium. There is a moderate variation
in TH contents among different sampling sites and a
trend of higher TH was found at major polluted site in
DB due to mixing of domestic effluents in the wetland
water. Also, anthropogenic activities might be respon-
sible for higher TH at this site. The similar trend of TH
increasing in summer was established by [9,40].

Calcium is one of the most abundant ions in fresh
water and is important in shell construction, bone
building, and plant precipitation of lime. The higher
calcium content may be due to mixing of urban run-
off and industrial wastewater. The lowest amount of
calcium in water was recorded during post-monsoon
due to calcium absorbed by the large number of
organisms for shell construction, bone building, and
plant precipitation of lime [41]. Similar trend was
observed in [32,40].

Magnesium is often associated with calcium in all
kinds of waters, but its concentration remains gener-
ally lower than the calcium. Magnesium is essential
for chlorophyll growth and acts as a limiting factor for
the growth of phytoplankton. The lowest value was
recorded during pre-monsoon due to the magnesium
essentiality for chlorophyll bearing plant for
photosynthesis [42].

The high chloride reported in post-monsoon may
be due to frequent run-off loaded with contaminated
water from the surrounding area and evaporation of
water [40]. Similar to our present observation [43,44],
also reported high chloride in post-monsoon. The high
content of chloride may also be due to storage of the
accumulated sewage during rainy season coupled
with decaying process that accomplished by the
microbes [8,45].

Sulfate and nitrate are important parameters of
surface water showing the pollution status and
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Table 5
Average concentration of parameters in post-monsoon

DB KNPw Maguri Hahila Samaguri Saran Pobitora Jengdia Laokhoa Sareswar

pH 7.97 7.88 7.17 7.6 7.5 7.4 7.59 7.2 7.17 7.24
HCO�

3 (mg/l) 45.83 31.87 19.62 21.3 13.97 16.83 21.5 20.8 15.2 14.56
TH (mg/l) 33.26 26.98 17.82 14.34 13.46 18.9 20.11 15.67 15.45 12.82
EC (μS/cm) 164.12 169.71 69 70 132 101 112 100 45 56
TDS (mg/l) 145.66 103.01 56.52 45.67 69.1 40.2 72.81 80.42 34.89 42
Ca (mg/l) 6.87 7.03 1.21 1.76 5.1 4.34 4.08 2 1.44 2.82
Mg (mg/l) 3.23 2.98 2.5 3 3 2.56 2.76 1.3 1.2 2.1
Cl (mg/l) 13.31 14.42 6 5.8 7.6 8.2 7.5 6.9 6.5 5.9
SO4 (mg/l) 12.4 14.5 12.5 4 8.45 17.81 15.56 3.2 3.33 4.5
NO3 (mg/l) 0.55 0.17 0.11 0.7 0.12 2 0.19 0.28 0.17 0.19
Na (mg/l) 26.42 7.81 3.2 1.4 7 3.8 2.34 4 3.5 4.3
K (mg/l) 3.87 3.99 1.67 0.7 2.1 2.2 1.32 1.3 2.34 1

DB KNP Maguri Hahila Samaguri Saran Pobitora Jengdia Laokhoa Sareswar
0
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40
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Fig. 2. WQI of the wetlands in both the season.

Table 6
Correlation matrix of the parameters

pH HCO�
3 TH EC TDS Ca Mg Cl SO4 NO3 Na K

pH 1
HCO�

3 .758b 1
TH .636b .805b 1
EC .696b .661b .653b 1
TDS .682b .808b .698b .900b 1
Ca2+ .717b .563b .758b .828b .688b 1
Mg2+ .779b .525a .485a .567b .457a .575b 1
Cl– .735b .803b .880b .837b .796b .878b .469a 1
SO2�

4 .179 .21 .294 .188 .095 .133 .512a .170 1
NO�

3 .105 −.059 .044 −.007 −.128 .072 .434a .018 .162 1
Na+ .589b .800b .676b .625b .815b .564b .360 .696b .036 −.031 1
K+ .413 .557a .772b .686b .642b .744b .143 .869b .032 .022 .588b 1

aCorrelation is significant at the 0.05 level.
bCorrelation is significant at the 0.01 level.
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anthropogenic load in any water. The highest amount
of nitrate was recorded during post-monsoon because
of high vegetation during winter which supported the
growth of plankton [46]. The lowest amount of nitrate
in water was recorded during pre-monsoon due to the
utilization by plankton and aquatic plants [47].

High sulfate in Maguri beel and KNPw may be
due to application of sulfur-based fertilizers in tea gar-
dens and agricultural run-offs.

In general case, sodium is the dominant ion among
the cations and is present in most of the natural

waters, which contributing approximately 53–69% of
the total cations. This is because of the silicate weath-
ering and/or dissolution of soil salts stored by the
influences of evaporation, anthropogenic activities,
agricultural activities, and poor drainage conditions.
The higher contribution of sodium than that of the
contribution of calcium to the total cations is expected
due to influence of ion exchange.

3.2. Water quality index (WQI)

WQI of the wetlands is established from various
important physicochemical parameters in two differ-
ent seasons, (Fig. 2). WQI showed excellent water
quality in Maguri beel, Laokhoa beel and Sareswar
beel; good water quality in Hahila, Samaguri, Saran,
Pobitora, and Jengdia; and poor water quality in DB
and KNPw in pre-monsoon season. In post-monsoon,
DB and KNPw showed very poor water quality,
whereas Maguri, Laokhoa, and Sareswar have excel-
lent water quality; in Hahila, Saran, and Jengdia,
water quality was good and lastly poor water quality
was recorded in Samaguri and Pobitora. It is also
observed that pollution load is higher in post-
monsoon season. Deepor beel (DB) and KNPw
recorded the first and second highest values of WQI,
respectively, in both the seasons, indicating the most
polluted of all the wetlands studied. The common
source of pollution for both the wetlands may be the
surrounding agricultural activities, where lots of agro-
chemicals are used and the nearby National highway
from where anthropogenic chemicals are released to
the wetland through surface run-offs.

Table 7
Rotated component matrix obtained from PCA

Parameters

Rotated
component
matrix

CommunalityI II

pH .751 .430 .749
HCO�

3 .853 .167 .756
TH .863 .187 .780
EC .874 .167 .792
TDS .913 .007 .834
Ca2+ .849 .191 .757
Mg2+ .477 .765 .812
Cl– .955 .093 .921
SO2�

4 .072 .779 .613
NO�

3 −.088 .495 .253
Na+ .827 −.042 .685
K+ .829 −.176 .718
Eigen values 7.159 1.510
Variance (%) 59.65 12.58
Cumulative % of variance 59.65 72.24

Table 8
Characterization of surface water on the basis of Piper trilinear diagram

Subdivisions of the
diamond Characteristics of corresponding subdivision of diamond-shaped fields

1 Alkali earth (Ca2+ + Mg2+) exceeds alkalies (Na+ + K+)
2 Alkalies (Na+ + K+) exceeds alkaline earth (Ca2+ + Mg2+)
3 Weak acids (CO�

3 + HCO�
3 ) exceeds strong acids (SO2�

4 + Cl–)
4 Strong acids (SO2�

4 + Cl–) exceeds weak acids (CO�
3 + HCO�

3 )
5 Carbonate hardness (Secondary alkalinity) exceeds 50% (Chemical properties are dominated by

alkaline earth and weak acids)
6 Non-carbonate hardness (Secondary salinity) exceeds 50% (Chemical properties are dominated

by alkaline earth and strong acids)
7 Carbonate alkalinity (Primary salinity) exceeds 50% (Chemical properties are dominated by

alkaline earth and weak acids)
8 Carbonate alkalinity (Primary alkalinity) exceeds 50% (Chemical properties are dominated by

alkalies and weak acids)
9 Mixed types (No cation–anion pairs exceeds 50%)
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3.3. Pearson’s correlation

As shown in (Table 6), a positive correlation is
found among pH, HCO�

3 , TH, EC, TDS, Ca2+, Mg2+,
Na+, K+, and Cl–, which may indicate a common
source of origin like weathering of rocks. Mg2+ also
shows a positive correlation with SO2�

4 and NO�
3 ,

depicting a common anthropogenic source like fertiliz-
ers and pesticides. There is no significant correlation
among SO2�

4 and NO�
3 which may be due to a differ-

ent nature of anthropogenic source of nitrate like
untreated sewage in addition to run-off from sur-
rounding agricultural fields.

3.4. Principal component analysis

Table 7 shows the rotated component matrices
obtained from principal component analysis. PC1 (eigen-
value 7.15) represent 59.65% of the total variability in one
axis which has strong positive loadings on pH, HCO�

3 ,
TH, EC, TDS, Cl–, Ca2+, Mg2+, Na+, and K+. PC1 can be
interpreted as a mineral component of the wetland water
and is associated with weathering and solute acquisition
processes in the catchment [48] stated that this clustering
variables points to a common origin for these minerals,
likely from dissolution of limestone and gypsum soils
which can be simplified as soil erosion.

PC2 (eigenvalue 1.51) accounts for 12.58% of the
total variance and has strong positive loading on
Mg2+, NO�

3 , and SO2�
4 . This factor accounts for

anthropogenic origin, particularly from fertilizer appli-
cation in the agricultural fields and tea gardens in the
vicinity of the wetlands [49]. Non-point pollution
caused by fertilizers and pesticides used in agricul-
ture, often dispersed over large areas, is a great threat
to water bodies. Intensive use of chemical fertilizers in
farms and indiscriminate disposal of human and ani-
mal waste on land result may also contribute to this
factor.

3.5. Ion chemistry of the wetlands

The order of the abundance of the major cation and
anion is as follows: HCO�

3 > SO2�
4 > Cl– > Na+> Ca2+

> K+ > Mg2+ > NO�
3 in pre-monsoon and HCO�

3 > SO2�
4

> Cl– > Na+ > Ca2+ > Mg2+ > K+ > NO�
3 in post-monsoon.

The plot of Ca2+ + Mg2+ vs. SO2�
4 + HCO�

3 pro-
posed by [50] will be close to the 1:1 line when the
dominant reactions in a system are dissolutions of
calcite, dolomite, and gypsum. Ion exchange tends to
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Fig. 3. Scatter plot (a) Ca2+ + Mg2+ vs. SO2�
4 + HCO�

3 , (b)
HCO�

3 vs. Na+, and (c) Na+ vs. Cl–.
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shift the points to right due to an excess of
SO2�

4 + HCO�
3 [51,52]. If the process is reverse ion

exchange, it will shift the points to the left due to a
large excess of Ca2+ + Mg2+ over SO2�

4 + HCO�
3 . The

plot of Ca2+ + Mg2+ vs. SO2�
4 + HCO�

3 (Fig. 3(a)) shows
that most of the water samples of the post-monsoon
are found above the 1:1 line except few samples which
do indicate reverse-ion exchange but extent is very
less, i.e. carbonate weathering was predominant than
silicate weathering. While in pre-monsoon, it is evenly
distributed on both sides but reverse ion tends to
dominant over ion-exchange.

Higher bicarbonate concentration over sodium is
indicative of silicate weathering [52]. HCO�

3 /Na+ plot
(Fig. 3(b)) of the water samples also indicated a higher
extent of carbonate weathering during post-monsoon.

In the plot of Na+/Cl– sample points along 1:1,
equiline indicates halite dissolution, however, Na+/Cl–

ratio more than 1.0 indicates the occurrence of silicate
weathering [53]. The plot of Na+ vs. Cl– (Fig. 3(c))
shows that both carbonate and silicate weathering
occurs in the water but with a slight predominance of
carbonate weathering in post-monsoon.

Carbonate weathering was found to be more domi-
nant in post-monsoon season, which may be due to

Fig. 5. Classification diagram for anion and cation facies in
the form of major-ion percentages. Water types are
designed according to the domain in which they occur on
the diagram segments [56,57].

Fig. 6. Piper trilinear diagram for major ion analyses of surface water samples from the study area: (a) pre-monsoon and
(b) post-monsoon.
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more dissolving of the carbonate minerals by the infil-
trating water which reach the subsurface in the post-
monsoon followed by the monsoon season.

In order to determine the controlling mechanism of
the surface water chemistry in terms of dissolved ions
present in water as evaporation-crystallization domi-
nance, rock-weathering dominance, and atmospheric-
precipitation, we have plotted the hydrochemical data
according to the variation in the ratios of (Na+ + K+)/
(Na+ K+ + Ca2+) and Cl–/(Cl– + HCO�

3 ) as function of
TDS [54].

The Gibbs plot (Fig. 4(a) and (b)) shows weather-
ing to be the dominant process in both the seasons.
This indicated that the chemical composition of this
water were mainly controlled by weathering reactions
and can be modified from the underlying biotite
schists (medium grade metamorphic rock), biotite
gneisse (high grade metamorphic rock), and granite or
dissolution of carbonate and silicate minerals.

The Piper trilinear diagram [55] was used to plot the
chemical data of the representative samples from the
study areas to infer hydrochemical facies in order to
understand and identify the suitability of water composi-
tion in different classes, as well as to bring out the chemi-
cal relationships in more definite terms rather than other
possible plotting methods. The waters were classified
into hydrochemical facies indicating water types based
on the subdivisions of the Piper-trilinear diagram sug-
gested by [56,57] which were shown in Fig. 5 and Table 8.
The Piper-trilinear diagram of water classification
scheme (Fig. 6(a) and (b)) revealed that in pre-monsoon,
alkali-earth (Ca2+ + Mg2+) exceeded alkali elements
(Na+ + K+) and strong acids (SO2�

4 + Cl–) exceeds weak
acids (HCO�

3 ). The waters are mostly of the mixed types
(Ca2+–Mg2+–Cl–�SO2�

4 ) and no cation–anion pairs
exceed 50%. In post-monsoon, the water is dominated
by alkaline earth and weak acids. The water is of mixed
type (Ca2+–Mg2+ �SO2�

4 and Ca2+–Mg2+–HCO�
3 ).

4. Conclusion

Physicochemical properties of the surface water of
the wetlands with seasonal variation are studied. The
order of the abundance of the major cation and anion is
as follows: HCO�

3 > SO2�
4 > Cl– > Na+ > Ca2+ > K+

> Mg2+ > NO�
3 in pre-monsoon and HCO�

3 > SO2�
4

> Cl– > Na+ > Ca2+ > Mg2+ > K+ > NO�
3 in post-mon-

soon. The scatter plots of Ca2+ + Mg2+ vz. SO2�
4 + HCO�

3 ;
HCO�

3 vs. Na+; and Na+ vs. Cl– shows that both carbon-
ate and silicate weathering occurs, although carbonate
weathering was much dominant in post-monsoon.
According to Gibbs diagram, the predominant samples
fall in the rock–water interaction dominance. The piper

trilinear diagram shows that surface water in the study
area is mixed type, i.e. (Ca2+–Mg2+–Cl––SO2�

4 in pre-
monsoon and Ca2+–Mg2+–SO2�

4 , and Ca2+–Mg2+–HCO�
3

in post-monsoon. Based on the WQI classification, DB
and KNPw are of poor water quality and are the most
polluted wetlands of the Brahmaputra valley. PCA
source apportionment indicated pH, HCO�

3 , TH, EC,
TDS, Cl–, Ca2+, Mg2+, Na+, and K+ as a mineral compo-
nent of the wetland water whereas Mg2+, NO�

3 , and
SO2�

4 originated from anthropogenic sources.
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