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Abstract Pollution-free rivers give indication of a healthy
ecosystem. The stretch of Tawi river particularly in the
Jammu city is experiencing pollution load and the quality is
degraded. The present study highlights the impact of
COVID-19 lockdown on the water quality of Tawi river in
Jammu, J&K Union Territory. Water quality data based
upon the real-time water monitoring for four locations
(Below Tawi Bridge, Bhagwati Nagar, Belicharana and
Surajpur) have been obtained from the web link of Jammu
and Kashmir Pollution Control Board. The important
parameters used in the present study include pH, alkalinity,
hardness, conductivity, BOD and COD. The river was
designated fit for bathing in all the monitoring locations
except Bhagwati Nagar which recorded a BOD value
>5 mg/L because of domestic sewage and municipal waste
dumping. The overall water quality in the river during
lockdown was good and falls in Class B with pH (7.0-8.5),
alkalinity (23.25-185.0 mg/L), hardness (84.25-177.5 mg/
L), conductivity (117-268 ms/cm). The improved water
quality obtained during lockdown is never long-lasting as
evident from the BOD and COD values observed during
Unlock 1.0 due to accelerated anthropogenic activities in
response to overcoming the economic loss, bringing the
river water quality back to the degraded state. The statis-
tical analysis known as cluster analysis has also been
performed to evaluate the homogeneity of various moni-
toring sites based on the physicochemical variables. The
need of the hour is to address the gaps of rejuvenation
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strategies and work over them for effective river resiliency
and for sustainable river basin management.

Keywords Tawi river basin - Lockdown - Jammu city -
Water quality - COVID-19 pandemic

1 Introduction

Healthy rivers in terms of water quality are considered as
the backbone of the development of any country. Rivers
are the treasures of a nation and are looked upon as the
assets for the economic development of a country partic-
ularly the developing countries like India (Prasad et al.
2016). However, this natural resource has been exploited to
a great extent, making it sick in terms of degraded quality.
Tonnes of domestic, industrial, and municipal waste is
dumped into rivers and other water bodies, deteriorating
the water quality, making it unsuitable for drinking,
washing and bathing purposes, affecting the aquatic ecol-
ogy (Gao et al. 2015; Igwe et al. 2017; Dwivedi et al.
2018). Water resources, particularly rivers, suffer from
anthropogenic activities as the majority of agricultural
areas and industrial units are located in the vicinity of
rivers thereby causing contamination of river water (Hasan
et al. 2016; Utete and Fregene 2020). Nutrient enrichment
is also one of the causes of environmental aquatic stress
(Tavakoly et al. 2019). Land-use change activities also
affect the quality and quantity of water in the river basin
(Yilmaz et al. 2019; Aredehey et al. 2020). Therefore,
monitoring of water quality and health status of the aquatic
ecosystem and risk assessment of the threatening factors
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are important for river basin management and aquatic
ecosystem resiliency (de Medeiros et al. 2017; Gachlou
et al. 2019; Mokarram et al. 2020). Sediment dynamics is
also an important water basin management issue (Sinha
et al. 2019). Various multivariate statistical analyses and
water quality assessments are being carried out to deter-
mine the water quality, hydrogeology and to determine the
most influential polluting agents (Li et al. 2017).

The pollution status of Indian rivers having the same
anthropogenic sources and geo-environmental settings
have been presented by many researchers. Major Indian
rivers like Ganga and Yamuna receive various pollutants
through direct and indirect means from both point and non-
point sources (domestic sewage, agricultural runoffs,
untreated pesticides, wastewater from industrial effluents)
with the majority of pollutants from the domestic origin
(Jaiswal et al. 2019; Trombadore et al. 2020). The river
Gomti, one of the tributaries of the river Ganga, also
receives pollutant discharge from drains and sewer system
draining most abundant metals (Zn, Cu and Mn) while
flowing through Lucknow city (Gupta et al. 2014) which
bioaccumulate and can affect humans particularly children
consuming contaminated fish (Gupta et al. 2015). The
aquatic system of the Hindon river, Ghaziabad city also
showed high levels of heavy metal pollution in both water
and sediments as depicted by the enrichment factor and
geo-accumulation index (Suthar et al. 2009). The results
showed moderate pollution of Cu, Cr, Fe, unpolluted to
moderate (Mn and Zn) and very strong pollution of Cd in
Hindon river, Ghaziabad. Therefore, many projects and
action plans for the monitoring and rejuvenation of water
bodies have been put forward by National Green Tribunal
(NGT) and Central Pollution Control Board (CPCB)
throughout India. As per the data submitted to CPCB under
National ~Water  Monitoring Program  (NWMP),
2016-2017, a total of 351 polluted river stretches across the
country have been identified by CPCB in 2018, and based
on pollution load as per BOD levels assessed, designated
them into the range of Priority I (exceeding 30 mg/L) to
priority V (3—-6 mg/L) (NGT, O.A No. 673/2018). A total
of nine polluted stretches in different rivers across the
union territory of Jammu and Kashmir have been identi-
fied. One such polluted stretch lies in the Tawi river. The
polluted stretch occurs downstream of the Tawi river basin
particularly in Jammu city and the adjoining areas. The
Tawi river is considered as the lifeline of inhabitants of
Jammu city as it is the primary drinking water source, also
used for irrigation, sewage disposal and fishing activities.
The downstream of the Tawi river is under rapid geo-
morphological modifications as a result of encroachment of
catchment areas for residential settlements and frequent
dredging of the bottom and shores of the river for extrac-
tion of sand and stones. The river is also drained by
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untreated sewage from the city through different nallahs
and drains along both the banks of the river (Action Plan on
River Rejuvenation, J&K Pollution Control Board 2019).
Factories or industries do not contribute to pollution of the
Tawi water as there are no such industrial units along both
banks.

In order to control the outbreak of the COVID-19 pan-
demic in India, the nation witnessed a series of nationwide
complete lockdowns from 25-03-2020 to 14-04-2020
(Lockdown 1.0), 15-04-2020-03-05-2020 (Lockdown 2.0),
04-05-2020-17-05-2020 (Lockdown 3.0). The lockdown
was further extended till 31-05-2020 (Lockdown 4.0).
These lockdowns were further accompanied by unlock 1.0
which started on the 1st of June and extended till the 30th
of June with restrictions in containment zones only. As a
result of the lockdown announced by the Government of
India, taken as a preventive measure against the spread of
the COVID-19 pandemic, about 13 billion people were
directed to stay indoors, with the closure of outdoor
activities including commercial and private establishments
because of lockdown restrictions (Dutta et al. 2020;
Somani et al. 2020). This has also affected the water
quality of the Tawi river as various news reports indicated
that ‘Lockdown to be remembered for cleaning Tawi’
(Daily Excelsior 2020). The reports say that despite
affecting the economy, the lockdown has resulted in
environmental benefits as it can be seen through the level
of clearness and transparency in the Tawi river water when
compared to the pre-lockdown period. Lockdown has
proved to be a blessing with smoke-free air and crystal-
clear water in rivers just with pollutants not getting
straightway discharged into due to lockdown restrictions
(Patel et al. 2020). This 68 days long nationwide lockdown
resulted in visual improvements in the quality of Tawi river
water; considered as one among the most polluted rivers of
Jammu and Kashmir, an otherwise difficult condition to
achieve.

To date, the environmental impacts of lockdown have
been studied on water and air quality in different parts of
the country (Selvam et al. 2020; Somani et al. 2020).
Improvement in air quality during the lockdown period was
illustrated using satellite images and air quality index
(AQI) (Lokhandwala and Gautam 2020). Significant
improvements in many parameters in the Ganga river
during lockdown were seen with increasing DO; a
decreasing trend of BOD, Nitrate (NO3-), Fecal Coliform,
Total Coliform) (Dutta et al. 2020). Similar results were
found for Yamuna’s water quality parameters during
lockdown (decreasing trend of BOD, COD, and Fecal
Coliform) (Patel et al. 2020). But, no such kind of study has
been carried out for the Tawi river of Jammu (J&K UT) in
India. Therefore, this paper encompasses a detailed inves-
tigation of the impact of lockdown imposed in response to
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the COVID-19 pandemic on the water quality of the Tawi
river basin, J&K, India. The baseline information provided
in this paper presents the possibility to understand how
rivers react to a sharp reduction in any type of polluting
activities and show environmental resiliency. The paper
will serve as a baseline for the policymakers in the post-
lockdown strategy.

2 Materials and methods

This section of the article is focused on the selection of
study area not yet studied on the part of COVID-19 as per
our observations. This is one of the major streams of
Jammu in J&K, India. Water quality data based upon the
real-time water monitoring for four locations have been
obtained from the web link of the Jammu and Kashmir
Pollution Control Board (JKPCB) (http://jkspcb.nic.in/
Content/MonitoringatPollutedRiverStretchesinJandK.aspx?id=
454). The time period taken into consideration is from
January to June, 2020. Arc GIS-10.4 has been employed for
the formation of the study area map. For statistical analysis,
PAST software version 4.03 was used and bar graphs were
made using MS Excel.

2.1 Study area

River Tawi is considered a holy river and the Dogra people
(Inhabitants of Jammu) take a holy dip in the water of the
sacred river. It is also known as Surya Putri and is the
major left-bank tributary of river Chenab. The river is
glacial in its origin and originates from the Kali Kundi
glacier and the adjoining areas located on the southwest of
Bhaderwah in Doda district of Jammu and Kashmir UT and
confluences with river Chenab in Sialkot in Pakistan. The
catchment is delineated by latitude 32°35-33°5' N and
longitude 74°34'-75°40'E. About 95% of the river basin
falls in the Jammu and Kashmir UT of India and about 5%
in Pakistan (Verma et al. 2012). The river passes through
rugged mountainous ranges in Bhaderwah and Udhampur
and finally enters the plains of Jammu city. River Tawi
bifurcates into Wadi Tawi and Nicki Tawi near Bhagwati
Nagar, Jammu which merges into one stream at Sailkot in
Pakistan and finally confluences with Chenab river. The
river water quality gets degraded when it enters the plains
of Jammu district because of thick human settlements
along its bank throughout its course in the district. River
Tawi is considered very close to the hearts of inhabitants of
Jammu because of ritualistic beliefs (Wazza et al. 2018).
The peak of anthropogenic influence can be seen in the
Jammu district which marks the downstream of the river
basin. The polluted stretch which lies in Jammu city and
the adjoining areas are marked by the introduction of

untreated sewage from the city, waste from minor/major
establishments, agricultural practices (Table 1). The mon-
itoring locations identified by CPCB as per NWMP in the
polluted stretch, shown in Fig. 1, include Below Tawi
bridge, Bhagwati Nagar, Belicharana and Surajpur.

2.2 Methodology

Water quality data based upon the real-time water moni-
toring for four locations have been obtained from the web
link of the Jammu and Kashmir Pollution Control Board
(JKPCB) from January to June, 2020. For detailed analysis,
data acquired for the month of January and February
indicate the pre-lockdown period, March—-May represent
the lockdown period and June as unlock 1.0. For compar-
ison in the observed water quality, the historical data
(2018-2019) have also been considered. It is to be noted
that due to the non-availability of data for Bhagwati Nagar
location for the year 2018-2019, three location sites except
Bhagwati Nagar were considered for comparison with the
previous years. The important parameters used in the pre-
sent study include pH, alkalinity, hardness, conductivity,
BOD and COD. Due to data limitations, the biological
parameters have not been taken into account in this study.
A statistical approach, known as Cluster analysis, has also
been taken into consideration to evaluate the homogenous
nature of various physicochemical variables among the
water quality samples at various locations.

3 Results and discussion

3.1 Contributing factors of pollution in Tawi river
before COVID-19: impacts and aspects

3.1.1 Flow interruption due to barrage construction
and water extraction activities: effects on water
characteristics of Tawi river

The land-use change also marks a prominent role in
causing freshwater pollution as construction and installa-
tion of barrages or embankments to retain the flowing
water can provide several services at the same time cause
considerable changes in the physical, chemical and bio-
logical characteristics of the river (Sharma and Dutta
2020), turning them into eco-hydrological deficit state (Pal
and Sarda 2020). Fragmentation of the riverine ecosystem
because of artificial obstruction like barrages or dams
affects the aquatic environment characteristics, as well as
the fish species composition (Jo et al. 2019). The effect of
degraded quality can be seen in the form of deformities in
the aquatic dwellers, with fish in particular (Bhagat and
Kumar 2014; Dutta and Sheikh 2017). These deformities
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Table 1 Main anthropogenic

C o L . Location
activities at the monitoring sites

Anthropogenic activities

Visible effluents

Below Tawi bridge
Bhagwati Nagar

Bathing, washing, religious activities
Municipal waste dumping

Cattle bathing, washing

Drain, organic pollutants
Drain, waste from dumping site

Drain from warehouse

Agricultural activities Nil
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are due to developmental errors, injuries or diseases and
these diseases are due to polluted water. Also, reduced flow
downstream reduces the dilution of pollutants resulting in
pollution of the river channel flowing downstream of the
barrage.

An auto-mechanically operated gated barrage
(AMOGB) was constructed on the Tawi river near Bhag-
wati Nagar area (4th Tawi bridge) to make an artificial lake
and to provide water to the inhabitants of the city
throughout the year (including dry periods when the flow
rate in the river decreases). The construction is still
underway. The barrage lies within the polluted stretch as
identified by CPCB and JKPCB under NWMP. The pre-
liminary morphological report, 2018 showed that the bar-
rage had restricted the river flow and aggravated the
problem of siltation resulting in instability of the river
channel making the stretch vulnerable to flooding, which
has significantly contributed to the already stressed river
(Sharma et al. 2017). As reported by a study (Sharma et al.
2016), such construction has resulted in increased pollution
load as is depicted by the presence of dominance of
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pollutant tolerant generas of macrobenthic invertebrates in
the construction site clearly indicating the deteriorating
trophic structure of the river due to the newly constructed
barrage originally meant for the creation of an artificial
lake.

Tawi river forms the main supply of drinking water with
26 mgd (million gallons per day) of water being abstracted
from the river (Sharma et al. 2017; Wazza et al. 2018). As
per WHRC (Western Himalayan Regional Centre (Na-
tional Institute of Hydrology), Jammu reports, discharge
flux in Tawi is declining at the rate of 23 MCM (Million
Cubic Meter) per year. Also, water demand in the catch-
ment is on the rise due to rapid urbanization and high
population growth (20% per decade). The presence of a
barrage across the river also contributed to the already
stressed river, bringing the downstream area into an eco-
hydrological deficit state.
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3.1.2 Point and non-point source hotspots of water
pollution in the downstream of Tawi river basin

The Tawi river receives loads of domestic sewage and
municipal waste from the thick human settlements along
both the banks in the entire stretch of Jammu city “The
City of Temples.” In the upper reaches, the quality of the
Tawi water is good, free from pollutants except for sedi-
ment load as it passes through the hilly terrain with little
human interventions, but when it enters the plains of
Jammu, it loses its self-purification ability because the
pollutant input surpasses its natural healing capacity. The
degradation level is so elevated that the river is not suit-
able for bathing at various locations.

3.1.2.1 Untreated Sewage Vast quantities of sewage
water from hotels, restaurants, domestic activities drains
into the river directly without prior treatment. Such intru-
sion results in deleterious effects on the quality of the river,
as well as affects the aquatic life (Wen et al. 2017).
Domestic sewage is characterized by the presence of high
pathogen load, toxic materials like heavy metals, chemical
substances like pesticides, high organic matter, nutrient
load, dissolved minerals (Dwivedi et al. 2018; Qadri and
Faiz 2020).

There are about 18 identified nallahs or drains that dump
about 75 MLD (million liters per day) of untreated
domestic and municipal sewage into the river from both the
banks (Action Plan on River Rejuvenation, J&K Pollution
Control Board, 2019). The sewage is created by about 6
lakh people residing in the Jammu municipal area and an
additional 2 lakh floating population because of pilgrimage
and bi-annual Secretariat darbar move. These nallahs or
drains located on the right bank include Cremation ground
Jogi Gate drain, Qasim Nagar drain, Nowabad Police
Station Jewel drain, Near Sher-e-Kashmir bridge drain,
Jullaka Mohalla drain, Residency road Mohalla drain,
Fisheries department backside drain, Ustad Mohalla drain,
Pacci Dacci drain, Peer Mitha Mohalla drain, Subash
Nagar drain, Old University Krishna Nagar Mohalla drain
and Talab Tillo locality drain. The remaining five nallahs
or drains are Rajiv Nagar drain, Gladni locality drain,
University drain, Gorkha Nagar locality drain and Ware-
house Mohalla drain; draining into the river from the left
bank. The heavy inflow of sewage has resulted in the
degradation of the water quality of the river (Uqab et al.
2017). There is a huge organic load in the Tawi water and
one can notice black kites hovering near the Tawi bridge
marking the most polluted site due to sewage intrusion.

3.1.2.2 Religious activities Rivers have a direct connec-
tion with religious activities as they are considered ideal for
carrying ritualistic activities (Dwivedi et al. 2018). Tawi

river is considered as the sacred river and people take a
holy dip in various ghats located on the bank of the river.
Most of the religious ghats are situated at points where
Tawi enters Jammu (Wazza et al. 2018). Ritualistic activ-
ities like mundan ceremonies, mass ritualistic bathing, idol
immersion are generally carried in the river. During
navratras, large amounts of materials like flowers, sweets,
earthen lamps and pots, leaves, seedlings, coins, etc., are
added to the river thereby increasing the organic matter,
nutrients and other materials accounting for organic pol-
lutant load. Idols made of plaster of paris or clays poison
the water as the paint or colors coated on them are sources
of As, Cd, Cr, Hg and Pb. These are designated potential
carcinogens (WHO 2008). Idols made of plaster of paris
increase the acidity and heavy metal content as they are the
source of gypsum, magnesium, sulfur and phosphorus (Das
et al. 2012; Bhattacharya et al. 2014). Bones and ashes
after cremation are also immersed in the sacred river
adding up to the existing pollution load, choking the river.

3.1.2.3 Washing and bathing activities There are many
nomadic people (Gujjar and Bakerwaals), Rohingyas (mi-
grants from Burma) settled along the Tawi River. Bathing
and washing activities by the nomads and the natives of the
city further cause water pollution in river Tawi. This
practice is widely prevalent in the main religious Ghats
located before the Tawi bridge and the downstream of 4th
Tawi bridge. People also use the Tawi river for bathing
their cattle. The washing of vehicles is also observed near
the Tawi bridge area making oil and grease particles (hy-
drocarbons) to float over the water surface.

3.1.2.4 Agricultural activities Agricultural activities are
considered as one of the principal causes of water pollution
globally. Agriculture is being responsible for the discharge
of huge amounts of organic matter, nutrients, agrochemi-
cals, sediments, etc., into water bodies thereby degrading
its quality (Sharpley et al. 2015; Wen et al. 2017). The
downstream of Belicharana is mainly an agricultural area
with agricultural fields in close proximity of river channel
and the water requirement which is mainly fulfilled by
irrigation. For providing water for irrigation, river water is
directed into small irrigation channels which results in the
reduction in water flow in the main water bodies reducing
their dissolution efficiency, further intensify pollution in
water (Bonsch et al. 2015; Chen and Olden 2017). Thus,
agricultural activities to a great extent are responsible for
polluting the Tawi river in the lower stretch in the Jammu
district.

3.1.2.5 Disposal of construction and demolition

waste Disposal of construction and demolition waste into
the river has affected the physical properties of water. This
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type of activity is prevalent throughout the stretch but more
specifically on the left bank of the river near the barrage
construction site and the impact of such waste disposal is
visible (Sharma et al. 2016). To tackle this problem, the
government of Jammu and Kashmir has proposed a
dumping site for such waste in the Bhagwati Nagar area
(Action Plan on River Rejuvenation, J&K Pollution Con-
trol Board 2019), and the work is undertaken by Jammu
Municipal Corporation (JMC).

3.2 Indirect positive impacts on Tawi river water
quality during the period of closure:
improvement with visibility

3.2.1 Complete restriction on tourism, religious gatherings

The nationwide lockdown prevented people from stepping
out of the houses, public gatherings were prohibited.
Tourism and religious activities were restrained. Ritualistic
activities were not allowed at the banks of the river, thus
reducing the organic load in the rivers. As tourism was
prohibited thus brought a reduction in the amount of
wastewater discharge from hotels and restaurants. Auto-
mobile washing was also not practiced during this period,
thus reducing the amount of waste coming from these
activities.

3.2.2 Lockdown period coincided with harvesting period

To meet the water requirements for irrigation, water from
rivers and streams is diverted causing a reduction in the
water flow in the river. Also, over-extraction of the
groundwater for irrigation in dry seasons reduces the
baseflow in rivers as the discharge from groundwater to
rivers decreases due to rapidly declining groundwater
(Sharma and Dutta 2020). Reduction in baseflow poten-
tially causes distress to the health of the river. The 68 days
period of closure coincided with the harvesting period in
the Tawi basin. There was no requirement for irrigation by
the agricultural sector and hence a decline in river water
diversion.

3.2.3 Elevated rainfall event in the entire Tawi river basin

During the period of closure, the entire Tawi river basin
received excess rainfall brought by the increased amount of
western disturbances, improving the flow in the river. The
entire river basin received excess rainfall with 20-59%
above normal in the Jammu district and 60% in the
upstream of the Tawi river basin (Udhampur). The rainfall
data have been taken from a published work (Dutta et al.
2020). The excess rainfall over the entire basin increased
the water discharge in the river, which may be considered
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as one of the contributing factors for bringing about the
dilution of pollutants in the river as suggested by others
researchers also.

3.3 Lockdown impacts on quality of Tawi river
water as per the data obtained from the web link
of J&K SPCB

Tawi river experienced notable positive progress in its
water quality owing to a reduction in the amount of organic
contaminants and solid waste that lasted for a duration of
68 days. Because of lockdown restrictions and guidelines,
movement and outdoor activities were not allowed. Even
none was allowed to step out of the house. The only
activities permitted were essential services. However,
during this lockdown period, there has not been a complete
reduction in discharge from domestic sewerages with not
much improvement in organic load but the discharge from
minor and major establishments has nearly ended. There
has been a reduction in domestic sewage contribution from
hotels and restaurants. All religious places were closed
resulting in the reduction in organic waste and other solid
waste from these religious facilities. Because of control on
these activities during the lockdown, the Tawi river had
become comparatively cleaner.

3.3.1 Historical data versus present year’s data

The BOD (mg/L) values obtained for 3 years showed
decreasing trend in BOD values (Fig. 2). Earlier in 2018,
the stretch around the Tawi river was not even fit for
bathing as BOD was above 5 mg/l (Priority V). But now,
almost all the values lie below 3 mg/L. This decreasing
trend is due to the actions taken by the government of
Jammu and Kashmir, efforts of NGO’s in the form of
awareness programs, cleanliness drives taken by the uni-
versity, college and schools for the rejuvenation of the
river. The lockdown has also contributed to lowering the

Biological Oxygen Demand (BOD) (mg/L)
6.00
5.00 M Below Tawi bridge

M Belicharana
4.00

Surajpur

2018 2019 2020

Fig. 2 Variability in the observed BOD (mg/L) values during 2018,
2019 and 2020



Impact assessment on water quality in the polluted stretch using a cluster analysis during pre- and... 467

BOD values bringing it to less than 1 mg/L at Belicharana
and Surajpur in 2020.

3.3.2 Comparison of observed half-yearly (Jan—Jun) water
quality data 2019 and 2020

Comparison of half-yearly data (Jan—June 2019 and 2020)
showed a sharp decrease in BOD and COD values at
Belicharana and Surajpur except for below Tawi bridge
location. BOD and COD values for below Tawi bridge
location showed a slight rise in average value from
2.15 mg/L in 2019 to 2.18 mg/L in 2020 for BOD and from
9.40 to 11.33 mg/L (COD) in 2020 (Fig. 3). The reason for
such an increase may be due to an increase in the use of
disinfectants and an increase in wastewater generated by
laundry activities (Herlina et al. 2019) because of the
COVID-19 pandemic as proper sanitation, cleanliness and
use of disinfectants is highly acknowledged. As the
majority of drains draining the domestic sewage drains
near Tawi bridge, thus increase in COD value.

3.3.3 Pre-lockdown (May-June, 2019) versus lockdown
(May-June, 2020)

A noticeable improvement in the water characteristics was
detected during the lockdown period (May—June, 2020) at
various locations throughout the stretch (Fig. 4), especially
in the Below Tawi bridge location as the river observed
low BOD throughout its course in Jammu. This low BOD
value indicates good water quality. This low BOD value
indicating improved water quality could be attributed to the
suspension of the pollutant release, particularly organic
waste and dumping of rubbish and garbage, needless
washing of vehicles, reduction in ritualistic activities along
the banks due to the prevalence of lockdown restrictions.
COD also showed the same decreasing trend from March

to May, 2020 as compared to the previous year (March—
May, 2019) except for one location where the COD value
increased from 9.07 mg/L in 2019 to 9.67 mg/L in 2020.
This increase in COD value during the lockdown period
may be attributed to the rise of chlorine, ammonia, etc., in
wastewater released in the process of disinfection as fre-
quent cleaning of all the surfaces with disinfectants and
detergents was highly recommended to prevent the
COVID-19. Various parameters (pH, alkalinity, hardness,
conductivity, BOD and COD) were studied Below Tawi
bridge, Bhagwati Nagar, Belicharana and Surajpur for a
period of six months (January—June) in 2020, and the
concentration of all the studied parameters is summarized
in Table 2. All the parameters were within the limits and
the river was considered fit for outdoor bathing (Class B)
but the BOD level at Bhagwati Nagar exceeded 5 mg/L
bringing the stretch in the Priority V (not fit for bathing) as
recommended by CPCB. The Bhagwati Nagar area holds a
municipal waste dumping site and a Sewage Treatment
Plant (STP) in non-working conditions.

3.3.4 Comparative assessment of data observed
during Pre-lockdown, lockdown and unlock 1.0

When considering the breakup of the year 2020, into pre-
lockdown, lockdown and the unlock 1.0, it has been seen
that both BOD and COD values at all the monitoring sta-
tions showed a significant decrease in the values (Fig. 5)
indicating improvements in the water quality during the
lockdown as a result of the reduction in the release of
pollutants because of lockdown. BOD values during the
lockdown period recorded at all the locations were below
3 mg/L. except for Bhagwati Nagar which recorded an
average BOD value of 4.5 mg/L. The water of the Tawi
river during the lockdown period was designated fit for
outdoor bathing except for Bhagwati Nagar. But during the

Biological Oxygen Demand (BOD) (mg/L)
3.00
2.50 +
2.00 -
1.50 -+
1.00 -+
0.50 -
0.00 -

W Jan-Jun (2019)
M Jan-Jun {2020)

Belicharana

Below Tawi
bridge

Surajpur

Monitoring locations

15.00 - Chemical Oxygen Demand (COD) (mg/L)
H Jan-Jun (2019)
10.00 - H Jan-Jun {2020)
5.00 -
0.00 -
BelowTawi Belicharana Surajpur
bridge Monitoring locations

Fig. 3 Comparison of the average half-yearly (January—June) values of BOD (mg/L) & COD (mg/L) during 2019 and 2020
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Biological Oxygen Demand (BOD) Chemical Oxygen Demand (COD)
15.00
e (me/L) w Mar-May (2019) (mg/L)  mMar-May (2019)
B Mar-May (2020) 10.00 - B Mar-May (2020)
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0.00 - 0.00 -
Below Tawi Belicharana  Surajpur Below Tawi Belicharana  Surajpur
brid i
ricee Monitoring stations bridge  Monitoring locations

Fig. 4 Variations in the observed parameters at different monitoring sites during March to May, 2019 and March to May, 2020, showing
declining trend in the values during the lockdown period

Table 2 Average concentration of parameters at all the monitoring locations (January—June, 2020) (mean £ SD). Data Source: Jammu and
Kashmir State Pollution Board

Location pH BOD (mg/L) COD (mg/L) Hardness (mg/L) Alkalinity (mg/L) Conductivity (ms/cm)
Below Tawi bridge 8.10 £ 0.60 2.18 £ 0.55 11.33 £ 2.16 140.33 £ 52.85 128.67 £+ 67.43 150.67 £+ 32.49
Bhagwati Nagar 8.28 £+ 0.56 5.80 + 2.01 25.17 £ 7.81 144.00 £ 53.96 169.17 £+ 103.32 375.67 £ 279.11
Belicharana 8.16 &+ 0.56 0.38 £ 0.35 2.15 + 0.89 127.17 £+ 43.27 129.83 £+ 67.96 149.33 4+ 33.70
Surajpur 8.09 £+ 0.59 0.35 £ 0.33 1.98 + 0.47 125.67 £ 44.53 129.83 £+ 70.09 148.67 + 32.71

Biological Oxygen Demand (BOD) Chemical Oxygen Demand (COD)
(mg/L) (mg/L)

7.75 ® Pre lockdown SR B Pre lockdown

B During lockdown ® During lockdown

45 = Unlock 1.0 ® Unlock 1.0

27 76

6714 2°17n6

Fig. 5 BOD and COD profile at different locations in Tawi river during the year 2020
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Fig. 6 Trend in the observed
values of BOD and COD (mg/
L) along the entire stream of
river in Jammu city

13.90

Concentration in mg/L

====BOD ====COD

2.95

2.78 2.55
2.13 118 1.50
L —
‘ Jan Feb Mar April May ‘ Jun ‘
‘ Prelockdown Lockdown ‘ Unlock 1.0 ‘
Table 3 Average fzoncentratlon Month (2020) Parameters
of parameters obtained over the
entire stretch of the river from pH Alkalinity (mg/L)  Hardness (mg/L)  Conductivity (ms/cm)
Jan to June, 2020. Data Source:
Jammu and Kashmir State Pre-lockdown  January 8.73 208.00 171.00 296.00
Pollution Board February 874  216.00 186.00 308.00
Lockdown March 8.51 185.00 177.50 268.00
April 7.49 104.00 84.25 117.00
May 759 2325 88.00 120.00
Unlock 1.0 June 7.90 100.00 99.00 127.50

month of June, when the nation observed unlock 1.0,
restrictions over various activities were lifted and the val-
ues of BOD and COD have significantly risen during
unlock 1.0 due to increased anthropogenic activities to
overcome the economic loss stimulated by such 68 days of
closure. The increase in Belicharana and Surajpur stretch
was also attributed to the surge in agricultural practices as
the period of unlock 1.0 coincided with sowing season
releasing fertilizers and chemical substances through
runoff.

3.3.5 Trends in the observed data along the entire stream
of river’s study area

The impact of Lockdown restrictions on the health of Tawi
river water in the polluted stretch recognized by the gov-
ernment authorities is shown in Fig. 6. It was evident from
the declining trend of BOD and COD values, indicating
overall good health of the river during the lockdown per-
iod. The other parameters for the entire stretch are sum-
marized in Table 3. The river falls in class B of Designated
Best Use (DBU) and is considered fit for outdoor bathing.

3.3.6 Cluster analysis (CA)

A multivariate statistical method that allows for the
grouping of variables into clusters based on similarities or
dissimilarities so that each cluster indicates an explicit
process in a system is known as cluster analysis. CA
classifies objects or variables so that each object or variable
is similar to the others in the cluster with respect to a
predetermined selection criterion. Among the various
approaches of CA, Bray—Curtis cluster analysis is the most
widespread approach as it provides similarity relationships
between anyone sample and the entire dataset and is typi-
cally elucidated by a dendrogram (Bhat et al. 2014). The
dendrogram provides a visual summary of the clustering
processes, presenting a picture of the groups and their
proximity.

A dendrogram was generated as a result of CA, grouping
the sampling sites based on the percentage of similarity and
dissimilarity of water quality parameters as depicted in
Fig. 7. The analysis of similarity of study sites (73-100%)
was carried out to indicate relationship intensity between
sites as a cluster. The Bray—Curtis similarity analysis
confirmed that there is a similarity of 99% between sites
Belicharana (shown as BEL) and Surajpur (shown as SP).
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Fig. 7 Bray—Curtis analysis of the monitoring sites

Below Tawi Bridge (represented as BTB) is somewhat
similar to BEL and SP with a similarity of more than 95%
and Bhagwati Nagar (BN) with more than 73% similarity.

4 Conclusion

A lockdown period of 68 days resulted in significant visi-
ble improvements in the water quality of the Tawi river in
the polluted stretch which lies in the Jammu city and the
nearby areas. Significant decline in BOD and COD values
was seen ascertaining anthropogenic activities as the main
culprits for degraded river water quality as, during lock-
down, the pollution load to the river declined. But this does
not ascertain sustained improved water quality for long as
after lockdown the anthropogenic activities from the
establishment, hotels, dhabas, restaurants resumed to their
fullest to overcome the economic loss caused by the
lockdown. This saying sounds true as the values of BOD
and COD during unlock 1.0 increased when some of the
restrictions were uplifted and continued to rise with the
subsequent unlocks. The application of multivariate sta-
tistical analysis (Cluster analysis) has been used to estab-
lish the extent of similarity between the physicochemical
variables, allowing the grouping of water samples based on
the similarities in river water indicating the source of
pollution to be almost the same in the entire stretch of the
river. This study provides an opportunity to understand
how the environment (rivers) reacts to sharp reductions in
pollution-causing activities and can help the policymakers
to rethink on the gaps in river resiliency efforts. Also, there

@ Springer

is a need for speedy completion of the projects meant for
the resiliency of rivers.
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