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ABSTRACT ARTICLE HISTORY
The reservoir at the Tilaiya Dam constructed on the Barakar river is one of the most important Received 14 May 2019
freshwater resources in the Koderma District in the state of Jharkhand in India. Its water is used Revised 27 April 2020

primarily in agriculture, pisiculture, industry, regional thermal power plant, and various domes- Accepted 3 May 2020
tic errands viz. cooking, washing, and drinking. The reservoir also supports a wide variety of KEYWORDS

flora, fauna, and birds. This work reports the variation in seasonal water quality (pH, turbidity, Factor analysis; seasonal
DO, TDS, electrical conductivity, total hardness, iron, chloride, calcium, magnesium, alkalinity, variation; water quality
phosphate, sulfate, fluoride, total bacterial count, and fecal coliform count) trends over a 4-year index; pollution index;
long period (July 2013-July 2017). Conspicuous dilution effect on water quality was observed comprehensive pollution
during and just after the monsoon season while concentrations of TDS, electrical conductivity, index

iron, chloride, calcium, magnesium, phosphate, sulfate, and fluoride increased during summer.
Principal Component Analysis/Factor Analysis (PCA/FA) identified three factors in the data
structure, explaining about 71.5-77.9% of total variance in dataset. Run-off from catchment
areas was one of the major factors that influenced water quality during the monsoon seasons.
The t test indicated that except between summer and post-monsoon in 2013 and 2014,
seasonal DO values had statistically significant difference. Also, turbidity in summer, post-
monsoon and winter seasons had statistically significant differences while total hardness (TH)
was statistically different in summer over winter but not in summer over post-monsoon. On the
other hand, TDS did not have statistically significant seasonal shifts. Water quality index (WQl),
pollution index (Pl), comprehensive pollution index (CPI), computed over the study years
revealed that water quality of the reservoir could be categorized as ‘Good’ but is gradually
deteriorating. This calls for greater attention and proper management of the Tilaiya reservoir in
the interest of environmental and regional sustainability of Koderma.

Introduction activity and hydropower generation. Industrial growth
in the region has triggered a slow growth in popula-
tion, urbanization, cattle breeding, irrigation, etc.
Water quality of the Tilaiya Reservoir is therefore
critical for agriculture, regional environmental sus-
tainability, and human health. Mukherjee et al,
(2012) have evaluated the water quality index (WQI)
for evaluating potability of the Damodar river water in
Jharkhand and West Bengal in India and reported
pollution of Damodar river from various sources.
Presence of dam is critical for river water quality and
negative impact of dam construction on water quality
has been reported by Santucci et al., (2011) who found
fluctuations in dissolved oxygen (DO) and pH
(2.5-18.0 mg/L and 7.0-9.4, respectively) in
impounded reaches of low-head dams on the Fox
river in Illinois. Wei et al. (2009) reported that the
Manwan Reservoir water quality deteriorated from
prior to dam construction to the first 7 years after
dam completion on the Lancang River in China
while in next 5 years, water quality improved due to
self-purification of the reservoir. Kurunc et al., (2006)
reported that select water quality parameters during

Two important reservoirs have been constructed on
the Barakar River in India; the Tilaiya Dam Reservoir
and the Maithon Dam Reservoir. The Tilaiya reservoir
along the dam is situated about 208 km above the
point it meets the river Damodar (Central Inland
Fisheries Research Institute [CIFRI], 1966).
Catchment of Tilaiya dam is among the five sub-
catchments in the catchment of Damodar-Barakar in
upper Damodar Valley (Trivedi & Singh, 2005).
Tilaiya reservoir with its catchment area falls under
the JTharkhand state, many of the residents of which do
not have access to safe drinking water and only about
30% of habitation has partial access to drinking water
supplies (Govt. of Jharkhand, http://www.jharkhand.
gov.in/abou-more-water). The Jharkhand state is rich
in natural resources and boasts of steel plants, coal
mines, mica mines, thermal power plants, etc. The
dams in the state were constructed for hydroelectric
power generation, flood control, and irrigation while
in recent years, demand of dam water has increased
many folds due to ever-growing agriculture, industrial
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the pre-construction period of the Kilickaya dam were
different significantly from post-dam period in
Turkey, underlining likely influence of dam construc-
tion on river water quality.

No comprehensive information is available on
medium to long-term water quality trends of the
Tilaiya reservoir that puts a roadblock to the under-
standing of possible impacts on its water quality and
the likelihood of growing pollution, leading to poten-
tial risks to regional agricultural and residential sec-
tors. Therefore, water quality of the Tilaiya reservoir
water was extensively studied over a period of several
years to understand water quality trends and prepare
a likely scenario of growing pollution. Apart from
studying the trends in physicochemical characteristics
of reservoir water and their correlation, WQI, pollu-
tion Index (PI), and comprehensive pollution index
(CPI) of dam water were determined for evaluating
water quality. This is the first comprehensive reporting
of water quality, WQI, PI, and CPI of the Tilaiya
reservoir water in the lean and wet seasons over sev-
eral continuous years and suitability of reservoir water
for various services in this region. Factor analysis (FA)
based on a varimax rotation technique was used as
a statistical tool for identifying various factors that
governed reservoir water quality by extracting mini-
mum acceptable Eigenvalue >1.

Material and methods
Study area

In 1953, Damodar Valley Corporation (DVC) con-
structed the Tilaiya Dam (24°19'26" N 85°31'16" E),
a concrete gravity dam of 30.2 m (99 ft) tall above
the river bed, across the Barakar River (a tributary
of Damodar River) at 64.4 km downstream of latter
in the Koderma District of Jharkhand State in India
(Figure 1). Tilaiya dam has a catchment area of 984
sq. km and a discharge of about 9.23 m’ s™" (Singh
et al, 2005) and dead storage and conservation
storages of 75 and 141 million cubic meters,
respectively. The catchment area mostly comprises
of villages, forested areas, wasteland, pastures, and
cultivated land in hilly terrains (Tyagi et al., 2014).
Tilaiya dam has a maximum discharge capacity of
3852 m> s~ primarily targeted for agriculture dur-
ing the dry season (Tyagi et al., 2014). Tilaiya
hydropower station (two generating units of
2 MW each) is also located on one side of the
Tilaiya dam. It is located in a zone receiving
112 cm annual rainfall on an average and annual
average run-off of 432 million cubic meters
(Damodar Valley Corporation, http://www.dvcin
dia.org.in/dvcwebsite_newl/dams-barrages/index.
html).
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Figure 1. Location of the Tilaiya Dam and Reservoir vis a vis state of Jharkhand in India.
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Sampling and analysis

Water was sampled in triplicate at a select sampling
station in the Tilaiya reservoir on the dam at least
twice in every month at an approximate interval of
2 weeks during July 2013 to July 2017. Samples were
collected from 40 to 50 cm depth in polypropylene
bottles for physicochemical analyses and sterilized
glass bottles for bacteriological analyses as per stan-
dard methods (APHA, 1999; CPCB, 2007).
Measurement of temperature, electrical conductivity,
pH, turbidity, and DO was undertaken at the sampling
site by portable conductivity meter (HANNA, France),
pH meter (TOSHCON), Turbidity meter (HANNA,
France), DO meter (WTW) and a mercury thermo-
meter, respectively. The other parameters viz. total
hardness (TH), alkalinity, calcium (Ca®"), magnesium
(Mg*"), chloride (CI7), F’, sulfate (SO4°), TDS, etc.
were analyzed as per standard methods (APHA,
1999). Total Bacterial Count (TBC) and Fecal
Coliform (FC) count were determined by a Microbe
Detection Device (BACTASLYDE, Rakiro Biotech
System Pvt. Ltd.) having a lowest detection limit of
100 colony mL ™" water.

The study reflected reservoir water quality trend
over a four-year period from mid-2013 (July) to mid-
2017 (July) and also, definite trends in specific water
parameters. Also, seasonal water quality assessment
determined its suitability for various purposes. The
results were compared to standards for drinking
water prescribed by Bureau of Indian Standards (IS
10500, 2012) in India and WHO (BIS, 2012; WHO,
2011) as the water is also used for drinking in the
region. Further, various water quality indices were
calculated to evaluate reservoir water quality in terms
of its suitability for various uses.

Computation of water quality indices

Water quality index (WQI)

Apart from determination of individual parameters to
understand water quality, quality of the water was also
measured in terms of various water quality indices to
ascertain its suitability for drinking, domestic, agricul-
tural, and industrial (Alobaidy et al., 2010; Bharti &
Katyal, 2011; Debels et al., 2005). Weighted Arithmetic
Water Quality Index Method, British Columbia Water
Quality Index (BCWQI), US National Sanitation
Foundation Water Quality Index (NSFWQI), Smith’s
index, Canadian Council of Ministers of the
Environment Water Quality Index (CCMEWQI),
Bhargava water quality index method, Overall Index
of Pollution (OIP), Oregon Water Quality Index
(OWQI), etc. have been formulated and used world-
wide for water quality evaluation (Alobaidy et al.,
2010; Asadi et al., 2007; Bharti & Katyal, 2011;
Debels et al., 2005; Hasan et al., 2015; Imneisi &
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Aydin, 2016; Javid et al, 2014; Jindal & Sharma,
2011; Kumari & Rani, 2014; Moscuzza et al., 2007;
Muntasir et al., 2012; Patki et al., 2013; Sharifi, 1990;
Singh et al., 2011; Tirkey et al., 2015; Zandagba et al.,
2017). A weighted arithmetic index method calcula-
tion involves estimation of ‘unit weight’ of each water
parameter and then by assigning unit-weights on such
parameters, the quality rating of the parameters was
calculated by using standard and ideal value of the
parameters. The Water Quality Index (WQI) was cal-
culated by using Weighed Arithmetic Index Method
(Bharti & Katyal, 2011; Hasan et al., 2015; Javid et al,,
2014; Kumari & Rani, 2014):

WQI = izt QWn (1)

> i Wn

where Q,, is the quality rating value corresponding to
the n'™ water quality parameter and W, is the unit
weight of the n™ parameter

Quality rating value (Q,,) is the number that reflects
relative value of those parameters with respect to its
standard permissible value.

(Vn — Vi)

)

where, V,, is the observed value of the #n'" parameter of
the given water sampling, S, is the Standard permis-
sible value of the n™" parameter, and V; is the ideal
value of the n™ parameter in pure water. Unit weight
(W,) of various water quality parameters is inversely
proportional to the recommended standard value (S,,)
i.e. standard permissible value of the corresponding
parameters:

K
W, = — 3
s, (3)

where, K is the proportionality constant and it is
calculated by the following equation:

K= 1 andm=1,2,3........n
Z 1
(Sn)m

The ranges of the WQ], the corresponding status of
the water quality, grading of the water quality and
their possible use (Asadi et al., 2007; Bharti & Katyal,
2011; Hasan et al., 2015; Tirkey et al., 2015) are sum-
marized in Table 1.

Pollution index (PI)

PI (Mishra et al., 2016) was also estimated for the
samples of reservoir water. Classification of water
quality according to PI is presented in Table 2. This
index indicates the pollution status of water on the
water quality to help take the necessary actions to
improve water quality. The PI was calculated by the
equation given below (Sidabutar et al., 2017):
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Table 1. Water quality index (WQI) and corresponding water
quality status, grading, and possible uses.

wal Status Grading Possible uses

0-25 Excellent A Drinking, Irrigation, and
Industrial

26-50 Good B Domestic, Irrigation, and
Industrial

51-75 Fair C Irrigation and Industrial

76-100 Poor D Irrigation

101-150 Very Poor E Restricted use for
Irrigation

Above 150 Unfit for Drinking F Proper treatment

required before use

Table 2. Classification of water quality status based on pollu-
tion index.

PI Category
0.0< Pli< 1.0 Good water quality

1.0<Plj<5.0 Lightly polluted
5.0 < Pli< 10.0 Polluted
Plj>10.0 Extremely polluted
, Ci/Lij)}; + (Ci/Lij);
2
where,

L; = Concentration of parameter specified in raw
water

C; = Concentration of obtained parameter

PI; _ Pollution Index for allotment

R = Average

M = Maximum

Comprehensive pollution index (CPI)

CPI is also an essential tool to evaluate water quality of
water bodies (Kumar & Sharma, 2015; Sidabutar et al.,
2017; Wang et al, 2018; Yadav et al, 2018). It is
calculated as per the following equation:

e
1O o
CPI = N ;:1 (Ci/Si) (6)

Where,
PI; = pollution index of the i parameter of the
water.

C; = concentration of the i™ parameter of the
water .

Si = standard permissible concentration of the i
parameter in the water; and

N = total number of parameters.

The ranges of the CPI, the corresponding status of
the water quality and their possible use (Liu et al.,
2010; Md. Bodrud-Doza et al., 2016; Ramakrishnaiah
et al., 2009; Tiwary et al., 2017) are summarized in
Table 3.

Statistical and factor analysis

The 4-year water quality database was analyzed for
descriptive statistics, inter-parameter correlation, and
regression to evaluate trends in reservoir water quality.
Correlation analysis, that reveals coherence pattern
among water quality parameters (Thirupathaiah et al,,
2012) through Pearson’s correlation coefficients (r), was
undertaken among all the related water quality para-
meters. T-test was conducted on the seasonal water
quality dataset of each parameter to determine the
statistical similarity/difference in dataset means over
various seasons. To quantify the increasing trends in
some critical parameters over the years (2013-2016),
the Mann-Kendall test, a nonparametric test for mono-
tonic trends, was conducted and rate of change in
trends was computed by Sen’s slope method. Sen’s
slope is a nonparametric linear regression model, used
for estimating slopes of trends and is extensively used in
hydrological trend analysis (Kisi et al., 2018; Kumar &
Rathnam, 2019).

Factor analysis (FA) provides in-depth scenario on
a given dataset (Belkhiri & Mouni, 2012). PCA was
undertaken as the first step before FA to extract var-
ious factors. The PCA/FA analysis groups parameters
on common attributes to assist in evaluation of each
group’s influence on any water quality variation.
Eigenvalues >1 were considered for principal compo-
nent extraction. PCA has been applied on water qual-
ity data earlier (Kuppusamy & Giridhar, 2006; Nakano
et al,, 2008; Ouyang, 2005; Parinet et al., 2004; Varol et
al., 2012; Zarei & Bilondi, 2013). The varimax rotation
was undertaken (Zarei & Bilondi, 2013) to ensure

Table 3. Comprehensive pollution index (CPI), water quality classification and uses.

Comprehensive

Pollution Index (CPI) Class/Status Water Quality and uses

0.0-0.20 Clean Very good and use as Drinking, Irrigation, and Industrial purpose

0.21-0.4 Sub clean Good and use as Domestic, Irrigation, and Industrial

0.41-0.8 Qualified Some pollutants are detected but their concentrations accord with the standard i.e. fair Quality and use
as Irrigation and Industrial purpose

0.81-1.0 Basically Qualified Concentrations of some pollutants exceed the standard i.e. poor quality and use as Irrigation purpose

only

1.01-2.0 Polluted

>2.01 Seriously Polluted

Concentrations of quite a part of pollutants exceed the Standard i.e. very poor quality(polluted) and
Restricted use for Irrigation
Concentrations of quite a part of pollutants exceed the standard many times i.e. very polluted quality

and Proper treatment required before use




contribution of environmentally important principal
components (Razmkhah et al., 2010).

Results and discussion

Reservoir water was visibly clear during samplings in
pre- and post-monsoon seasons while turbidity was
conspicuous and increased during the monsoon sea-
sons due to mixing of run-off water from catchment
areas carrying soil and mud. All samples of reservoir
water over four years were colorless on the Pt-Co scale.
The 4 year long range in water temperature was 15.8—-
32.1°C (average: 25.64°C), the minimum observed in
January 2017 while the maximum was recorded in
June 2014. Water sampling time was between 10 am
and 12 am and the minimum temperatures over the
years were mostly recorded during the month of
January and ranged from 15.8°C to 18.7°C. The max-
imum temperature was observed during May-July but
mostly in June over the years. On the other hand, pH
and electrical conductivity over the 4-year period ran-
ged from 8.09 to 8.31 and 136.3 to 225.7 ps cm ™',
respectively (Table 4). While pH is buffered in natural
water bodies, electrical conductivity (EC) might
increase due to sewage or effluent mixing, erosion of
specific geologic materials like gypsum and halite (Zarei
& Bilondi, 2013), evaporation and subsequent increase
in concentration of salts or decrease via dilution effects
by fresh water inputs through rainfall. The entire water
quality data were divided into seasonal data sets under
summer (April-June), monsoon and post-monsoon
(July-Oct), and winter (Oct-Feb) seasons to under-
stand seasonal variation in water quality. Impact of
dilution on salinity manifested by conductivity (i.e.
EC) in monsoon and post-monsoon seasons (July-
October) and evaporation effect during the summer
months (April-June) was clearly visible (Figure 2). As
Cl” is integrally related to salinity and EC, it also
showed similar seasonal trends as EC. TDS followed
a similar pattern (ranged from 81.78 to 135.42 mg L™}
during 4-year period), being also dependent on the
concentration of Cl™ salts in water. TH varied between
50 and 76 mg L~'while Ca and Mg hardness were found
to range from 32 to 52 mg L™ and 20 to 24 mg L™,
respectively. TH and Ca** followed identical seasonal
and 4-year trends as the former is controlled by the
concentration of the latter. The monthly values of DO
(2 per month) showed clear influence of temperature,
showing higher values in winter that sometimes indi-
cated supersaturation (>9 mg L") (Table 4). DO super-
saturation in upstream of river or upriver due to low
presence of oxygen-consuming substances and strong
phytoplankton photosynthesis has been reported by
Huang et al. (2017). It may be noted that CIFRI
(1966) had reported presence of planktons (Anabena
sp., Microsystis sp., Brachionus sp., Keratella sp.,
Diaptomus sp. etc.) at a concentration of 19 per liter
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in Tilaiya reservoir water. Strong influence of photo-
synthetic activity of aquatic plants and algae on DO in
water has been reported by others (Shanthi et al., 2002).
In summer, DO dropped down below 7 mg L.
Interestingly, though turbidity was low (3.49 to 9.39
NTU over the 4-year period), reservoir water had
higher turbidity in the post-monsoon season
every year, indicating possible mixing of run-off water
carrying soil and mud into the Barakar river or the
reservoir directly from adjoining catchment areas.
Seasonal or 4-year tends of F~, Fe, Mg**, PO,~ and
alkalinity did not have any specific seasonal attribute
or trend. Microbiological attributes like TBC and TC
(total coliform) counts were always below 100 per milli-
liter of water, indicating low mixing of sewage or man-
ifestation of dilution effect by great volume of water
stored in the reservoir against little volume of sewage
that could have reached the river or the reservoir
directly from the sparse population in the immediately
adjoining areas within the catchment. Interestingly,
TDS, TH, Ca®*", and EC showed clear and strong
increasing trends between the summer of 2013 to the
summer of 2016 (Figure 3). Sen’s slope indicated that
EC had highest increasing rate at 3.52 per year followed
by TDS (2.67 per year), TH (2 per year), and Ca**
(0.75 per year). However, increasing rate was weakened
after the summer of 2016. The Barakar river water has
reportedly contained about 41 mg L' Cl°, 1452 pg L™
Fe in summer at points where mixing of waste streams
were prevalent (Banerjee & Gupta, 2012). Open access
data of the Govt. of India (https://data.gov.in/resources/
water-quality-tributary-streams-damodar-barakar-
rupanarayan-dwarakeshwar-dwarka-silabati-0) shows
that at the sampling point in the Barakar river (water
intake point, Asansol Town, West Bengal state), there
have been events of DO super saturation while
Biological ~Oxygen Demand (BOD) reached
a maximum level of 4.5 mg L™'. Importantly, total
(max of 160,000 100 mL™") and fecal coliform (max of
90,000 100 mL ") were high, possibly due to perpetual
sewage inputs from the nearby populous town of
Asansol.

The ¢ test indicated that except between the summer
and post-monsoon seasons of 2013 and 2014, DO
values in all other seasons had statistically significant
difference from each other in constant agreement with
water temperature at 5% level of significance, indicat-
ing significant shifts in DO with seasonal changes
along with water temperature. Arrival of the post-
monsoon season ensured higher mixing of soil and
mud into reservoir water through run-off water from
the catchment area that resulted in statistically signifi-
cant difference in turbidity in between summer and
post-monsoon and post-monsoon and winter seasons
while there was no significant difference in turbidity
between summer and winter. TDS, that may be
expected to decrease during post-monsoon season
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Figure 2. Seasonal and yearly pattern of water quality parameters of the Tilaiya Reservoir.

due to freshwater inputs through rainfall, did not have
statistically significant seasonal shifts in post-
monsoon over summer or winter every year. The TH
of water had statistically significant change in summer
over winter but the same was not true for summer and
post-monsoon seasons. Singh (2016) assessed the sea-
sonal variation in water quality of the Kanke Dam of
Ranchi in India for 1 year to reveal that water turbidity
was higher during winter accompanied by rising water
levels and attributed it to suspended sediment inputs
through surface run-off during the monsoon season.
Deterioration in river water quality during the

75

Sen’s slope: 2/year
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70

s Sen's Slope
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monsoon season has also been reported by Gupta,
Pandey, and Hussain (2017) in the river Narmada in
India, who attributed it to turbulent flow, soil erosion,
and run-oft into the river.

Historical data (CIFRI, 1966) showed that DO
levels at specific points in the Tilaiya reservoir were
highly variable during the June-August months, ran-
ging from a low 4.7 to 8.3 while pH were slightly acidic
to neutral (6.7-7.3). In the Panchet Dam, which is
located on the Damodar river about 165 km down-
stream of Tilaiya, DO levels were found to be low for
a freshwater reservoir, ranging from 4.89 to 6.02
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Figure 3. Sen’s slopes and ordinary least square (OLS) slopes indicating increasing rates in Ca, EC, TDS and TH in the Tilaiya

reservoir water during summer 2013 and summer 2016.



Table 5. Variables and factor loadings after varimax rotation
for post-monsoon season.
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Table 6. Variables and factor loadings after varimax rotation
for winter season.

Variable Factor 1 Factor 2 Factor 3 Variable Factor 1 Factor 2 Factor 3
Temperature 0.11 0.85 0.21 Temperature —-0.28 0.88 —-0.13
EC 0.93 0.29 —-0.05 EC 0.87 0.11 0.34
pH 0.62 0.65 -0.01 pH 0.39 0.06 0.78
TH 0.91 0.29 0.07 TH 0.06 —-0.28 0.91
Turbidity —0.02 0.10 0.88 Turbidity —0.07 0.46 —0.50
DS 0.93 0.28 —-0.05 DS 0.34 0.30 0.46
Fe 0.38 0.02 0.40 Fe —0.05 0.15 0.58
Ca** 0.93 0.15 0.06 Ca*t -0.05 -0.14 0.87
Mg** 0.57 0.62 0.06 Mg** 0.27 -0.39 0.48
- 0.08 0.87 -0.29 - 0.18 0.91 -0.13
S04~ 0.46 0.38 -0.67 S04~ 0.89 —-0.08 -0.03
F~ 0.85 0.06 —-0.08 F~ 0.85 —-0.18 0.26
Alkalinity 0.74 0.14 —-0.07 Alklainity 0.87 -0.19 -0.15
DO —0.23 -0.87 0.02 DO 0.12 -0.84 -0.17
Eigenvalue 7.35 2.01 1.51 Eigenvalue 4.84 2.64 2.53
% of total variance 52.53 14.38 10.79 % of total variance 346 18.84 18.04
Cumulative % 52.53 66.91 77.7 Cumulative % 34.63 53.48 71.52

Extraction method: principal component analysis. Rotation method:
Varimax with Kaiser Normalization.

during the summer of 1964. Singh et al. (2005)
reported TDS of 162.4 mg L', pH of 7.6-8.5, EC of
143-187 ps cm™', F of 0.75-1.35 mg L™ ,,ClI" of
4.3-7.5 mg L' and SO,~ of 2.5-5.1 mg L' in the
Tilaiya reservoir water in 2003. They found reservoir
water to be excellent for irrigation, based on SAR
(sodium absorption ration) and RSC (residual sodium
carbonate) values. They also reported that the catch-
ments of the Tilaiya, Konar, and Maithon reservoirs
constructed on tributaries of the Damodar river i.e. the
Barakar and the Konar Rivers, had less reactive gran-
ites and granitic gneisses with no coal-bearing rocks,
leading to low conductivity and SO4~ concentrations.
In their opinion, the relatively higher TDS in Tilaiya
reservoir water could be originating from domestic
sewage discharges from the nearby town of
Hazaribagh. They reported that about 45-70% of
yearly discharge from the Tilaiya dam occurs during
the monsoon season and only about 1-12% during
Jan-March while annual solute flux and chemical

Table 7. Variables and factor loadings after varimax rotation
for summer season.

Variable Factor 1 Factor 2 Factor 3
Temperature 0.18 0.93 0.06
EC 0.92 0.22 0.12
pH 0.53 0.77 0.09
TH 0.29 0.10 0.93
Turbidity -0.46 0.54 0.47
DS 0.92 0.22 0.12
Fe —0.54 0.46 —0.08
Ca?* 0.39 0.1 0.88
Mg?* -0.01 -0.01 0.85
- 0.24 0.84 0.02
S04~ 0.73 0.16 0.24
F~ 0.84 0.35 0.23
Alklainity 0.34 0.35 0.34
DO -0.12 —-0.88 -0.14
Eigenvalue 6.16 2.62 2.14
% of total variance 44.01 18.7 15.26
Cumulative % 44.01 62.7 779

Extraction method: principal component analysis. Rotation method:
Varimax with Kaiser Normalization.

Extraction method: principal component analysis. Rotation method:
Varimax with Kaiser Normalization.

denudation rates were 47 x 10’ tons and 48tons/
km?/year, respectively.

In terms of drinking water quality, the critical para-
meters tested were Fe, F~, and TDS. Fe (0.036-0.19 mg
L"), TDS (0.2-0.6 mg L"), F~ (0.2-0.6 mg L"), and
TDS (11.5-135.4 mg L™!) were within safe limits for
drinking water (IS 10500) as per Bureau of Indian
Standards (BIS, 2012). Concentration of Cl~, one of
the most abundant in organic anions in natural water,
coming primarily through sewage in river water
(Singh et al., 2005), ranged from 3.2 to 15.5 mg L'
that were well within the safe limit set for drinking
water by BIS. On the other hand, sulfate (SO4~) ranged
from 8.0 to 20.0 mg LY, that were within the max-
imum allowable limit for potable water. Concentration
of inorganic phosphate in the reservoir was always
<0.03 mg L™ that was within the safe limit of 0.1 mg
L™! phosphate for drinking water (BIS, 2012), indicat-
ing negligible influence of fertilizers, detergents, and
domestic sewage (Yadav et al., 2018).

Factor analysis explained 71.5-77.9% of variance in
water quality data during the various seasons. For
interpretation of results, high factor load >0.75 and

Table 8. Computed water quality index, pollution index and
comprehensive pollution index of the Tilaiya reservoir water in
different calendar years.

Water Comprehensive
Quality Pollution Pollution Quality
Year Index(WQI) Index(WQl) Index(CPI1) Category
2013 (July to 31.408 0.282 0.263 Good
Dec)
2014 (Jan to 31.643 0.303 0.276 Good
Dec)
2015 (Jan to 29.976 0.307 0.279 Good
Dec)
2016 (Jan to 33.138 0.341 0.297 Good
Dec)
2017 (Jan to 31.750 0.308 0.273 Good
June)
2013 (July) 32.557 0.347 0.282 Good
to 2017
(July).
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Table 9. Correlation matrix representing correlationcoefficientsamongst various water quality parameters.

Temp EC pH TH.  Turbidity  TDS Fe Ca Mg - S04~ F Alkalinity D.O.

Temp 1.00

EC 0.37 1.00

pH 0.57**  0.75**  1.00

TH. 0.29 0.62**  0.65**  1.00
Turbidity ~ 0.52**  0.00 0.03 —-0.02 1.00

TDS 0.40 0.76**  0.63**  0.55** 0.02 1.00

Fe 0.35 0.40**  0.33 0.44** 0.41 0.35 1.00

Ca** 0.26 0.60**  0.59**  0.98** 0.01 0.53** 043  1.00

Mg2+ 0.27 0.50**  0.59**  0.72**  -0.14 0.40 032 0.58*  1.00

a 0.88**  0.44**  062** 0.27 033 0.46** 027 023 0.29 1.00

S04~ 0.25 0.64**  0.49** 041 —-0.06 047** 025 039 0.39 0.39 1.00

F~ 0.32 0.84**  0.67**  0.65**  —0.07 0.61** 041 0.63*  050** 040 0.65**  1.00
Alkalinity ~ 0.05 0.64**  0.46**  0.46** —-0.15 0.39 0.21 0.42 0.41 0.15 0.40 0.56** 1.00

D.O. -089 046 073 045 -025 -046 -029 -039  -049* -0.87** -034 -044* -021 1.00

**Significant at 1% level of significance.

mean factor load between 0.4 and 0.75 were consid-
ered (Zarei & Bilondi, 2013). Investigation of the fac-
tors with Eigenvalue >1 for summer, monsoon, and
post-monsoon combined and winter indicated that
three factors influenced the Tilaiya reservoir water
quality. The winter season Scree plot exhibited
a radical shift in slope after the third Eigenvalue,
implying the importance of three components. For
the monsoon and post-monsoon season combined,
three factors explained 77.7% of the total variance
(Table 5) where Factor 1 explained 52.53% of the
variance. The EC, TH, TDS, Ca*, F~ and alkalinity
were strongly correlated while pH and Mg** were
moderately correlated with Factor 1. Temperature
and Cl” had strong inter-correlation with Factor 2
and turbidity with Factor 3. In winter, three factors
accounted for 71.52% of the total variance (Table 6).
Factor 1 accounted for 34.6% of the variance while
three factors together accounted for 71.52% of var-
iance. EC, SO,7, F~, alkalinity were found to correlate
with Factor 1, while temp., CI” and DO strongly cor-
related with Factor 2. The pH, TH, and Ca correlated
well with Factor 3. In summer, factor analysis revealed
that 3 factors accounted for 77.9% of total variance
(Table 7). Strong correlations were found in between
EC, TDS, F~ with Factor 1; Temp., pH, Cl~, DO with
Factor 2 and TH, Ca®**, Mg*" with Factor 3. It is
observed that Factor 1 has substantial loading of Ca®
*, Mg**, F~, SO4~ over all seasons and especially post-
monsoon, hinting at possible role of soil mixing
through surface run-off during the monsoon season
as the catchment area is comprised of vast stretches of
land. But, decrease in EC in the monsoon and post-
monsoon seasons combined indicated that surface
run-off from the catchment areas did not carry and
unload any special mineral capable of increasing sali-
nity into the reservoir, as reported by Zarei & Bilondi
(2013). On the other hand, Factor 2 was heavily loaded
with Cl” in all seasons, pointing to mixing of domestic
sewage into river water or the reservoir directly.

WQI of reservoir water was calculated to be 32.5
during the entire study period while WQI of the
reservoir on each year during the study is also
reported (Table 8). All the results of WQI showed
that the water sample could be classified under Good
quality (25<WQI<50) and hence could be regarded
suitable for domestic, irrigation and industrial uses.
But, the WQI values of consecutive years showed that
the dam water quality is slowly deteriorating with
time. Further, 11 important water quality parameters
from 48 samples during this four year study were
selected for the calculation of PI. Generally, PI-
based water quality status is dependent on indepen-
dent parameters with score for each parameter
(Sidabutar et al., 2017). Here, the PI value of reservoir
water was found to be 0.347 for the 4-year period,
which could be classified as ‘Good’ along with year-
wise values as well. But, PI values of consecutive years
confirmed a slow decline in reservoir water quality.
For calculation of CPI, 11 important water quality
parameters were selected. The CPI (0.282) puts the
reservoir water quality in the ‘Good’ category i.e. Sub
clean (CPI = 0.21-0.4) quality of water. CPI values of
consecutive years re-confirmed slow deterioration of
reservoir water.

Correlation analysis (Table 9) revealed that TDS
correlated well and significantly with EC, TH, Ca
(r = 0.76, 0.55, 0.53, respectively) at 1% level of
confidence. These parameters are known to be
integrally influenced by each other. TH and Ca
(r = 0.96) and TH and Mg (r = 0.72) were corre-
lated positively as Ca and Mg salts contribute to
TH. Statistically significant positive correlation
was also observed between Ca and Mg (r = 0.58),
indicating that these parameters have mix sources
of origin. Positive and statistically significant cor-
relation was also observed between EC and TH

(r = 0.623), Ca®* (r = 0.600), Mg** (r = 0.50),
CI” (r = 0.44), SO, (0.64), and alkalinity
(r = 0.64), indicating EC and consequently



salinity, were influenced by Ca**, Mg>*, CI, SO,~,
and alkalinity of water. DO and temperature were
significantly correlated negatively (r = -0.89), con-
firming the inverse relationship between the two
parameters.

Conclusions

From the seasonal variation and trends in water quality
of the Tilaiya Reservoir over 4 years during 2013-2017,
we can conclude that: (i) No selected water quality
parameter breached the acceptable limits of BIS and
WHO standards for drinking water; (ii) Computation
of WQI, PI, and CPI rendered the reservoir water as
‘Good’; (iii) The water quality indices over the study
years indicated slow deterioration in reservoir water
quality; (iv) Some water quality parameters showed
conspicuous dilution effects during the monsoon sea-
son and post-monsoon season while during the sum-
mer season, water remained in its poorest quality in
terms of the selected parameters but did not breach any
water quality standard for drinking or irrigation; (v)
Factor analysis revealed the role of surface run-off and
sewage mixing on reservoir water quality and was useful
in analysis and elucidation of water quality data and
recognition of possible sources of pollution.

Water quality indices indicated a slow degradation
over 2013-2017 and therefore, there is a need for: (i)
Protection of the Tilaiya reservoir or the Barakar river
water from direct human influences such as sewage
input, bathing, washing of animals and cloths, etc.; (ii)
Minimization of disposal of industrial effluents; (iii)
Plantation and maintenance of riparian zones along
the river to effectively trap soil and surface run-off; (iv)
Regular and proper monitoring of the catchment areas
near the dam to protect from wanton waste and eftlu-
ent dumping through drains into the dam water; (v)
Routine monitoring of reservoir water to understand
its deterioration and formulate a necessary action plan
for reservoir management. The results obtained from
this work could be useful in future management of the
reservoir, its water and also, the activities in the catch-
ment area.
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