
Chapter 10
Assessment of Water Quality Using
Multivariate Analysis—A Case Study
on the Brahmaputra River, Assam,
India

Pallavi Das and Manish Kumar

10.1 Introduction

Rivers are progressively changed in terms of flow and form, and those changes are
not only both events of the anthropocene but also worldwide threats to water
security (Poff and Matthews 2013) During the past decades the impact of the
anthropogenic activities in the surface waters has increased significantly. The
impact of humans in river ecologies over the past 250 years has been intense.
Freshwater pollution problems are receiving much attention worldwide because of
their impacts on social, economic and cultural life of the people (Kannel et al.
2007). Anthropogenic activities and natural processes have lead to serious decline
in surface waters impairing their use for agricultural, drinking, recreational, other
purposes (Carpenter et al. 1998).

Progressive pollution of the river waters are critical as rivers in floodplain zones
recharge ground water; a vital source of drinking water in India. Chemical com-
position of river water is vital to assessment of water quality for irrigation, agri-
culture and domestic usage. Chemical attributes of riverine water primarily
governed by natural weathering of rocks have become overshadowed by increasing
range of anthropogenic activities. Rivers are major part of the worldwide water
cycle which plays a vital role in the geochemical cycling of elements. The com-
position of surface water is subordinate on common components (geographical,
meteorological, hydrological and organic) within the drainage basins and shifts with
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regular contrast in runoff volumes, climate conditions and water levels (Sarin 2001;
Krishnaswami and Singh 2005). The water chemistry of rivers relies upon contri-
butions from the atmosphere, the geology through which it travels and from
anthropogenic activities. Study of chemical composition of river water is of great
importance for quantifying the dissolved load and various sources of major ions to
rivers and estimation of weathering and CO2 consumption rate (Gaillardet et al.
1999; Grasby and Hutcheon 2000). Investigation of chemical composition of river
water is of incredible significance for evaluating the dissolved load and different
sources of major ions to rivers and estimation of weathering and CO2 consumption
rate (Jha et al. 2009; Singh et al. 2005). In addition weathering of rocks contributes
majority of ions in the river system. Therefore seasonal variation in major ion
composition in the river reflects dominant weathering process.

In India, a few researchers discussed on major ion chemistry within the
Himalayan and Peninsular river basins and set up geochemical budget due to
catchment weathering in expansive waterway frameworks. (Subramanian 1983;
Sarin et al. 1989; Ramesh and Subramanian 1988; Sharma and Subramanian 2008).
However, still long term understanding of hydro-geochemical process within the
Himalayan River like Brahmaputra River is extremely important. Therefore the
main objectives of the present study (1) To understand spatial and temporal vari-
ations in major ion chemistry of the Brahmaputra River (BR) (2) To evaluate
freshwater quality through multivariate statistical tool.

10.2 Study Area

The Brahmaputra River originates on the Angsi Glacier, situated on the northern
side of the Himalayas in Burang Province of Tibet, at an elevation of 5300 m above
mean sea level (Sarin et al. 1989). The Brahmaputra River discharges high sediment
and is the fifth largest river in the world (Berner et al. 1996) and second with respect
to sediment transport per unit area (Milliman and Meade 1983). The River has high
regular variety, high sediment load, and is described by continuous changes in
channel position. The River has high seasonal variation, high sediment load, and is
characterized by frequent changes in channel position (Thorne et al. 1993). The
Brahmaputra River has a drainage area of 580,000 km2 and shared by China
(50.5%), India (33.6%), Bangladesh (8.1%), Bhutan (7.8%), (Berner et al. 1996;
Subramanian 2004). The width of the river varies from 3 km to 18 km with an
average of 10 km in the plains of Assam and Bangladesh. Geologically, the
Brahmaputra Basin is divided into Higher and Lesser Himalaya sequences consist
of schists, marbles with amphibolites, and quartzites (Sarin et al. 1989). All over the
Brahmaputra valley of Assam comprises of consists of older and newer alluvium
deposits. Alluvium shaped amid the Pleistocene age (older alluvium) is found in
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marginally undulating zones on the two sides of the Brahmaputra River and the new
alluvium soils close to the river comprise of alluvial materials washed down from
the highland areas. On the northern side, alluvial plain of Assam abuts Siwalik
ridges of the Himalayas, which are in turn overlain by highly tectonized Paleozoic
sediments. On the northern side, alluvial plain of Assam adjoins Siwalik ridges of
the Himalayas and overlain by exceptionally tectonized Paleozoic sediment. The
alluvial deposits are occurring in the eastern side of Assam valley. The Tertiary
rock sequences occur in Patkai and Naga Hills on the southern side of the alluvial
plain and comprises of dark grey shales, sandstones and shales with coal seams,
clay and conglomerates.

The Brahmaputra Valley is basically a Quaternary fill valley with many sepa-
rated sedimentary residual hill in Upper Assam and inselbergs and hill of gneissic
rocks within the Darrang, Kamrup, and Goalpara area. The Brahmaputra and its
tributaries experience frequently changing meandering course due to lateral erosion,
periodic, local and sudden changes in the basement levels due to tectonic activity.

10.3 Materials and Method

The water samples (n = 54) were collected from main stream of the Brahmaputra
River in pre-monsoon, monsoon and post-monsoon consecutively in three different
seasons during 2011–2012 and 2013–2014. Nine sampling locations were selected
for this study covering upstream to downstream of the Brahmaputra River namely;
Guijan (B1), Roumeria (B2), Dibrugarh (B3), Jorhat (B4), Dhansiri Mukh (B5),
Tezpur (B6), Guwahati (B7), Jogighopa (B8), Dhubri (B9) are shown in Fig. 10.1.
Water samples were collected in polypropylene bottles. Samples were brought to
the laboratory and were filtered using 0.45lm Millipore filter papers and acidified
with nitric acid. In- situ measurements included pH, electrical conductivity (EC),
total dissolved solid (TDS) which were measured using Multiparameter Water
Quality Portable Meter (Hanna model-HI 9828) and bicarbonate (HCO3

−) was
measured by potentiometric titration method in unfiltered samples. For anion
analysis, samples were stored below 4 °C until analysis. All chemicals used in the
study were obtained from Merck, India and were of analytical grade. All glass-
wares and other sample containers were cleaned with milli-Q water. The major ion
analyses were carried out as per standard methods given in American Public Health
Association (1995), {Calcium (Ca2+) and Magnesium (Mg2+) ICP-OES}; {Sodium
(Na+) and Potassium (K+), Flame Photometer}; {Phosphate (PO4

3−)}, {Dissolved
silica (H4SiO4), Sulphate (SO4

2−), Nitrate (NO3
−), UV Spectrophotometer};

{Chloride (Cl−), titration method}. Statistical analyses (ANOVA and PCA) were
performed using SPSS Version 22.0.

10 Assessment of Water Quality Using Multivariate Analysis … 181



10.4 Results and Discussion

10.4.1 Hydro-geochemical status of the Brahmaputra River

Spatio- temporal variations of major ions of the Brahmaputra River are shown in
Table 10.1 and Fig. 10.2.

All units are in µM except EC (µS cm−1), TDS (mgL−1) and pH; *SD-standard
deviation.

10.4.2 Spatial variation

pH of river water showed slightly neutral to alkaline in nature and there was no so
much in variation. EC and TDS concentration was observed to be high in down-
stream location (B7 and B9) amid pre-monsoon and post-monsoon seasons which
might be because of different anthropogenic activities such as dredging, sand
recuperation, transportation of ship, fishing, cremation on the banks and cultivation.
High HCO3

− concentration at S1 and S7 might be because of seasonal and
anthropogenic factors. SO4

2− concentration was maximum at B5 and B8; its
increase towards downstream of the river showing anthropogenic impact. Cl−

content was found to be highest at B5 and B6. NO3
− and PO4

3− content found to be
highest in upstream locations might be attributed to occurrence of several tea
gardens and populated villages with cultivable land along the river bank. H4SiO4

Fig. 10.1 Map of the Brahmaputra River showing sampling locations
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Table 10.1 Statistical summary of major ion concentrations of the Brahmaputra River water
samples in pre-monsoon, monsoon and post-monsoon season for 2011–2012 and 2013–2014

Variable Pre-monsoon Monsoon Post-monsoon

Avg ± SD* Avg ± SD* Avg ± SD* Avg ± SD* Avg ± SD* Avg ± SD*

2011–2012 2013–2014 2011–2012 2013–2014 2011–2012 2013–2014

pH 7.48 ± 0.41 7.36 ± 0.47 7.41 ± 0.22 7.58 ± 0.43 7.85 ± 0.30 7.91 ± 0.21

EC 195 ± 31.2 147 ± 17.2 115 ± 26.0 139 ± 26.6 121 ± 21.9 135 ± 31.2

TDS 138 ± 20.9 98.8 ± 11.6 91.4 ± 41.8 93.4 ± 17.8 58.3 ± 44.3 90.5 ± 20.9

HCO3
− 2058 ± 385 1657 ± 321 1403 ± 156 1559 ± 334 1281 ± 180 1504 ± 258

Cl− 145 ± 49.2 119 ± 35.6 180 ± 70.9 162 ± 43.3 178 ± 67.4 134 ± 36.8

NO3
− 19.0 ± 0.54 18.8 ± 0.53 19.5 ± 0.24 21.3 ± 3.40 19.2 ± 0.66 20.5 ± 3.38

SO4
2− 166 ± 36.1 229 ± 56.0 271 ± 111 396 ± 121 65.9 ± 24.9 216 ± 41.0

PO4
3− 0.64 ± 0.14 1.22 ± 0.57 0.64 ± 0.20 0.80 ± 0.43 0.57 ± 0.07 1.0 ± 0.33

H4SiO4 28.4 ± 9.34 62.6 ± 24.8 64.5 ± 29.0 82.7 ± 32.9 13.6 ± 14.0 42.2 ± 15.8

Na+ 308 ± 61.7 329 ± 80.0 359 ± 104 338 ± 78.0 354 ± 95.4 360 ± 64.1

K+ 51.8 ± 6.38 67.2 ± 21.5 55.8 ± 6.88 76.6 ± 15.6 47.5 ± 6.30 69.8 ± 12.3

Ca2+ 597 ± 102 494 ± 131 470 ± 73.1 533 ± 113 419 ± 86.1 636 ± 147

Mg2+ 277 ± 82.4 247 ± 79.3 254 ± 63.9 212 ± 47.8 186 ± 46.5 166 ± 43.0

TZ+ (µEq) 2108 ± 349 1882 ± 270 1361 ± 209 1864 ± 141 1612 ± 206 2032 ± 346

TZ+- (µEq) 2534 ± 416 2174 ± 233 2434 ± 143 2209 ± 216 1779 ± 182 1959 ± 257

Fig. 10.2 Temporal variation
of major ion concentration of
the Brahmaputra River during
different seasons represents
the time of sampling event
a cycle-I (2011–2012) b cycle
–II (2013–2014)
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content was found to be high at downstream location. B9. Na+ concentration was
found to be high at B2 and B6, K+ at B1 and B8. The concentration of Ca and Mg
show increasing trend from upstream to downstream.

10.4.3 Temporal variation

A comparative statistical summary of the Brahmaputra River water chemistry from
different seasons during 2011–2012 and 2013–2014 is showed in Table 10.1.
Average pH value of water samples in all year in different seasons varied from 7.48
to 7.91 indicates alkaline in nature. Variation in pH values during various period of
the year were ascribed to factors like exclusion of CO2 by photosynthesis through
bicarbonate degradation, dilution of water with fresh water influx, decrease in
temperature and decay of natural matter (Rajasegar 2003).

EC is an important water quality parameter shows presence of dissolved ions in
the water. The average value of EC was maximum in pre-monsoon season followed
by post- monsoon season attributed to high concentrations of dissolved salts and
presence of more alluvial-derived soil (entisol, inceptisol, alfisol) and less resistant
minerals in the catchment area. Low EC values during monsoon might be owing to
dilution effect by rain water. In general, the TDS values are likely to be diluted by
surface runoff in monsoon season and for most rivers there is an inverse correlation
between discharge rate and TDS (Charkhabi and Sakizadeh 2006). TDS value in
post monsoon season was increased which may be due to increase in dissolved
minerals.

Temporal change in the major ion concentration of the Brahmaputra River from
2011 to 2014 is shown in Fig. 10.2. Seasonal difference of average anion content in
water samples in decreasing order are as follow: HCO3

− > SO4
2

− > Cl− > H4SiO4
− > NO3

− > PO4
3−. Average cations concentrations in all sea-

sons in decreasing order are as follows: Ca2+ > Mg2+ > Na+ > K+.
Among dissolved anion, HCO3

− was present in high concentration in pre–
monsoon and monsoon seasons for both year. High bicarbonate concentration in
river water samples indicate bicarbonate is formed via mineral weathering and
influence of anthropogenic activity. On the contrary decreased HCO3

− concentra-
tion was caused by low pH in post-monsoon season. Average Cl− content was
maximum in monsoon season might be due to mixing of runoff water which bring
larger amount of salts from catchment area. Other probable sources of Cl− are
release of domestic and industrial waste to the river. EC is a good marker for the
chloride and patterns appear that low Cl− concentration in 2013–2014 was due to
low EC. Average NO3

− content was highest in monsoon season and PO4
3− content

was highest in pre-monsoon season for all the year. Leaching of fertilizers from the
agriculture overwhelmed zones; sewage effluents and decay of organic matter are
potential source of NO3

− and PO4
3−.

Average SO4
2− concentration was high in monsoon season for all the year.

Oxidation of pyritic sediments and dissolution of gypsum or anhydrites is major
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donor of sulphate in water (Gansser 1964; Das et al. 2016a; Patel et al. 2019a, b).
Other probable anthropogenic sources of SO4

2− are runoff from agricultural land
and untreated effluents released within the river system. Average H4SiO4 content
was found to be high in monsoon season which may be due to high discharge
during monsoon season. In addition weathering of igneous and metamorphic rocks
contributes higher concentrations of silica in water (Stallard et al. 1981; Das et al.
2016a) and below pH 9 silicon is released by weathering as silicic acid (H4SiO4)
(Iler 1979). Hence weathering of minerals is the major source of silica in the
freshwater system.

Average Na+ content was highest in pre-monsoon season for 2011–2012 and in
monsoon for 2013–2014. Weathering of silicate minerals, halite dissolution and
atmospheric precipitation are the probable source of sodium. Average potassium
(K+) concentration was high in monsoon season for both years. It was found that
there was not much variation in K+ concentration during the three seasons.
Weathering of rocks and minerals in the catchment are the key contributor of K+ in
water. Other potential sources of K+ are decomposition of organic matter and
springs/groundwater (Krishnaswami and Singh 2005).

Among the cations, Ca2+ was the dominant ion concentration and average Ca2+

content was highest in pre-monsoon and post-monsoon season. Dissolution of
carbonate rocks (limestones, dolomite) is the major source of Ca2+ in water
(Nikanrov and Brazhnikova 2006). Average Mg2+content were high in
pre-monsoon for all the year. The high concentration of Mg in non-monsoon season
may be due to anthropogenic impact. It was reported that magnesium in natural
water is primarily supply through ferromagnesian minerals (e.g. olivine, pyroxene,
amphiboles) which are present in igneous rocks and sedimentary rocks.

In general, results show that ion concentration was high during pre-monsoon
followed by monsoon and post-monsoon season. In 2011–2012 concentration of
HCO3

−, Ca2+, Mg2+, Na+, K+ was high in pre-monsoon season. In 2013–2014
concentration of Cl−, SO4

2−, H4SiO4, HCO3
−, Na+, K+ was found to be high in

monsoon season. For 2011–2012, pre-monsoon was dominant and for 2013–2014
monsoon and post-monsoon were dominant. The high Maximum ion concentration
in non-monsoon season credited anthropogenic impact and in monsoon season was
because of flow of runoff, influence through cyclic salts. Taking into account the
most land use for agriculture, manures and pesticides are vital supply of NO3

− and
PO4

3− (Patel et al. 2019b).
The quality of hydro-geochemical data of the BR is measured using charge

balance (µeq) between total dissolved cations (TZ+= Na+ + K+ + 2Ca2+ + 2Mg2+)
and total dissolved anions (TZ− = Cl− + HCO3

− + 2CO3
2− + 2SO4

2−). Water
samples from the mainstream show specific charge balance typically higher than
10% which is evaluated using Eq. (10.1) (Friedman and Erdmann 1982):

Charge Balance ð%Þ ¼ TZþ � TZ�ð Þ= TZþ þTZ�ð Þ � 100 ð10:1Þ

10 Assessment of Water Quality Using Multivariate Analysis … 185



10.5 Identification of Hydrogeo-Chemical Processes

Groundwater chemistry in the study area is regulated by various processes and
mechanisms. Thus Gibbs plot is employed in the present study to understand the
primary mechanism controlling water chemistry i.e. atmospheric precipitation,
mineral/rock weathering and evaporation (Gibbs 1970). Various workers have
applied Gibbs plot in tracing major mechanisms that control water chemistry for
rivers like Ganga, Cauvery, Krishna, Amazon. In Fig. 10.3 Gibbs plots have been
used to show the relationship between TDS and (Na + K)/(Na + K + Ca) or Cl/
(Cl + HCO3

−) ratios, so as to assess the significance of three major natural
mechanisms controlling water chemistry. Figure 10.3 illustrates that most of the
samples falls in the weathering zone except few samples in the monsoon 2011 and
2013, indicating that the chemical weathering of the rock-forming minerals is the
primary mechanism controls the major ion chemistry of the Brahmaputra River.
Monsoon season of both cycles seem to have differences in terms of cationic input.

10.5.1 Characterization of chemical facies

Piper diagram is the indicative of overall water type which indicates that Ca is the
dominant cation in all samples and the difference among them are due to their
anionic compositions. Overall, majority of BR river water samples fall in the

Fig. 10.3 Gibbs plot representing the main processes governing water chemistry in different
seasons
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category of Ca–HCO3 along with Ca–Mg–HCO3–SO4 type (Fig. 10.4). Chemical
weathering of silicates with carbonic acid seems to be the dominant process here
which releases Na, K, Mg, Ca from them to solution along with HCO3. SO4 being
the second dominant anion attributed to the oxidation of pyrites and organic acids
present in the upper layers of sediment, the humic and fulvic acids (Berner and
Berner 1996).

10.5.2 Percent of sodium (Na%)

Sodium content expressed in terms of sodium percentage or soluble sodium per-
centage defined as

Fig. 10.4 Piper plot showing the water type of the Brahmaputra River
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% Na ¼ ðNaþ þKþ Þ=ðCa2þ þMg2þ þNaþ þKþ Þ

where, all ionic concentrations are expressed in meq/l
Table 10.2 shows the result of Na% values of the BR ranges in 2011 ranges

from 11.7 to 21.1 (mean = 17.3 ± 3.22) in pre-monsoon, 15.4–34.5 (mean =
22.4 ± 5.88) in monsoon, 15.9–33.5 (mean = 24.9 ± 5.06) in post-monsoon. In
2013, % of Na varies from 16.5 to 25.8 in pre-monsoon (mean = 21.3 ± 4.17),
16.3–30.70 (22.0 ± 4.47) in monsoon, 14.2–30.2 (21.6 ± 4.67) in post-monsoon.

High level of percentage of sodium (%Na) in water (>15%) is vital for soil
richness, plant development and better condition as it lessens the permeability of the
soil (Todd 1980). In the present study it was found that.% of Na in BR is suitable
for agriculture purposes and monsoon season is most suitable for irrigation purpose.
In Table 10.3 most of the BR water samples in all seasons fall in excellent to good
categories indicating their suitability for irrigation. No water sample of the BR is
fall in unsuitable category.

10.5.3 Sodium Adsorption Ratio (SAR)

Sodium adsorption ratio, an important determining suitability for irrigation, is a
measure of alkali/sodium hazard to crops (Thomas et al. 2014). The excess sodium
or limited calcium and magnesium are evaluated by SAR which is expressed as

SAR ¼ Naþ =
pðCa2þ þMg2þ Þ=2

All concentrations are in meqL−1

Irrigation waters are classified based on sodium adsorption ratio (WHO 2011).
As per Richards (1954), water with SAR � 10 is considered as of excellent quality.

Table 10.2 Water quality of the Brahmaputra River for irrigation purposes

Pre-monsoon Monsoon Post-monsoon

2011

Parameter Mean Range Mean Range Mean Range

SAR
(2011)

0.332 ± 0.07 0.26–0.44 0.43 ± 0.15 0.25–0.71 0.46 ± 0.13 0.24–0.67

Na%
(2013)

17.3 ± 3.22 11.7–21.1 22.4 ± 5.88 15.4–34.5 24.9 ± 5.06 15.9–33.5

2013

SAR
(2011)

0.39 ± 0.10 0.27–0.53 0.40 ± 0.11 0.28–0.63 0.41 ± 0.08 0.27–0.54

Na%
(2013)

21.3 ± 4.17 16.5–25.8 22.0 ± 4.47 16.3–30.7 21.6 ± 4.67 14.2–30.2
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In Table 10.3, mean SAR in BR was found to be is 0.332 ± 0.07 (0.26–0.44) in
pre-monsoon, 0.43 ± 0.15 (0.25–0.71) in monsoon, 0.46 ± 0.13 (0.24–0.67) in
post-monsoon. Based on the Bower (1978) classification, the water samples belong
to ‘no problem category’ of irrigation water quality (i.e., SAR < 6), thus water is
suitable for irrigation purpose. According to the SAR classification, 100% of BR
water samples in all seasons fall in excellent category which can be used for
irrigation on almost all soil.

10.6 Effective CO2 Pressure

In aquatic system the partial pressure of CO2 (pCO2) reveal both internal carbon
dynamics and external biogeochemical processes in terrestrial ecosystems (Jones
et al. 2003). When carbonate rocks weathers, alkalinity is produced leading to an
increase in pH and a decrease in pCO2. The effective CO2 pressure (Log pCO2) for
different seasons has been calculated from pH values and HCO3

− concentration.
The average pCO2 values was found to be 10−2.4 in pre-monsoon, 10−2.9 in
monsoon and 10−3.2 in post-monsoon are higher than the atmospheric value, i.e.
10−3.5. The higher pCO2 in the river water could be a worldwide drift showing that
the river water appears disequilibrium with the atmosphere (Garrels and Mackenzie
1971). This might be because of input of groundwater containing high CO2 and the
slow rate of its re-equilibrium between surface water and the atmosphere by release
of excess CO2 (Subramanian et al. 2006; Sharma and Subramanian 2008).

Table 10.3 Classification schemes of irrigation parameters proposed by Richards (1954) and
Wilcox (1955), which indicate suitability of the Brahmaputra River waters for irrigation

Parameter Thresholds Class Brahmaputra River water

2011 2013

Pre Mon Post Pre Mon Post

% of sample

SAR <10 Excellent 27 27 27 27 27 27

10–18 Good

18–26 Fair

>26 Poor

Na % <20 Excellent 6 3 1 4 2 3

20–40 Good 3 6 8 5 7 6

40–60 Permissible

60–80 Doubtful

>80 Unsuitable
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10.7 Multivariate Analysis

10.7.1 Principal Component Analysis (PCA)

Table 10.4 shows the result of factor analysis, for three seasons i.e. pre-monsoon,
monsoon and post-monsoon seasons. In pre-monsoon four factors were identified
which controls the river chemistry. Factor 1 accounted for 33.6% variance and
dominant variables are pH, EC, TDS, HCO3

−, Ca2+ and Mg2+ indicate contribution
of ions through carbonate weathering. Factor 2 accounted for 15.2% variance and
dominant variables are Cl− and SO4

2 − indicating oxidation of pyretic sediments and
gypsum or anhydrites were the source of sulphate in water. Negative loading of
PO4

3– indicate less anthropogenic input. Factor 3 accounts for 14.6% variance with
high positive loading of Na+ indicate contribution through weathering process and
negative loading of NO3

− indicate influence of less anthropogenic activities. Factor
4 accounts for 12.4% with high positive loading of K+ and Mg2+ indicate anthro-
pogenic influence.

In the monsoon season, four factors were identified. Factor 1 accounted for
27.3% variance and high positive loading of EC, TDS, K+ and Ca2+ as variables
indicate contribution of weathered material in the river system. Negative loading of
Cl− and Na+ indicate evaporation enrichment. Factor 2 accounted for 14.4% vari-
ance and dominant variables were PO4

3, H4SiO4 and K+ input of anthropogenic
runoff. Factor 3 accounted for13.6% variance and dominant variables were HCO3

−

and SO4
2−. Factor 4 accounted for 13.2% and dominant variables were pH and

negative loading of Mg2+.
In post-monsoon season, four factors were identified. Factor 1 accounted for

26.0% variance. The variables were HCO3
−, SO4

2−, PO4
3−, H4SiO4 and K+ indicates

contribution of ion through anthropogenic activities. Factor 2 accounted for 22.2%
and variables were EC, TDS, Cl− and Na+ indicated contribution from atmospheric
input. Factor 3 accounted for 13.5% variance and dominant variables were pH and
NO3

− indicated pH regulated the contribution of ion and influence of anthropogenic
input. Factor 4 accounted for 11.8% variance and dominant variables were Na+ and
Mg2+.

10.7.2 Cluster analysis

Cluster analysis (CA) has been used to identify similarities and differences between
water qualities of different sampling sites. Figure 10.5 illustrates the clustering
method of groups of similar locations. In Fig. 10.5 CA is present in the form of
dendrogram that classifies locations into three significant clusters: cluster 1 (loca-
tions 3, 9, 7) and cluster 2 (locations 1, 2 and 6) and cluster 3 (locations 4, 5 and 6).
In cluster 1, sites 7 and 9 are located in downstream of the Brahmaputra River.
These sites likely receive pollution from anthropogenic source such as industry
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effluents, oil spill etc. In cluster 2, sites 1 and 2 are located in upstream region
which are slightly polluted and are less influenced by industrial discharge.

In cluster 3, sites 4 and 5 are closely associated which are located in upstream
region and less polluted as compared to downstream sites (Das et al. 2016b).

10.8 Conclusion

The spatial-temporal variation of water quality from 2011 to 2014 was studied from
upstream to downstream of the Brahmaputra River. Water quality of the Brahmaputra
River was found to be neutral to alkaline in nature. High concentration of EC and TDS
values in pre and post-monsoon season implies contribution of runoff water which
carries larger amount of salts from catchment region. Concentrations of ions were
higher during pre-monsoon followed by monsoon and post-monsoon season. For
2011–2012 pre-monsoon was dominant and for 2013–2014 monsoon and
post-monsoon was dominant. The high concentration of ion in non-monsoon season
was credited to anthropogenic impact; and in the monsoon season is due to influx of
runoff. In the Brahmaputra River, temporal variation of average anion concentration
is in order: HCO3

− > SO4
2− > Cl− > H4SiO4 > NO3

− > PO4
3− and cation concen-

tration is in the Ca2+ > Mg2+ > Na+ > K+ in all the seasons. High average molar ratio
of (Ca2+ + Mg2+)/(Na+ + K+) and (Na+ + K+)/Tz+ suggested contribution of ions
through carbonate and silicate minerals. The average precipitation corrected molar
ratio of (Ca2+/Na+), (HCO3

−/Na+) and (Mg2+/Na+) reflected influence of silicate and
carbonate weathering. Relatively lower ratio of (Ca2+ + Mg2+)/(Na+ + K+) during
monsoon season of 2013–2014 signifies addition of Na+ and K+ ions through
anthropogenic source, which may be due to high runoff.

Gibbs plot implied weathering as the major mechanism that controls the water
chemistry of the Brahmaputra River. Dominant hydro-chemical facies in the BR are
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Fig. 10.5 Dendogram using ward method showing the clusters of different monitoring stations
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Ca–HCO3 and Ca–Mg–HCO3–SO4. High effective CO2 pressure (pCO2) in the
river water shows that weathering of rocks that regulate the water chemistry of the
River exerts a strong influence on the global climate. The water chemistry of the
Brahmaputra River is chiefly governed by weathering of rocks with minor contri-
butions from atmospheric and anthropogenic sources. Therefore regular monitoring
of hydro-chemical composition of the river water is essential in the context of
climate change.
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