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Water pollution and tributaries are deteriorating the water quality of the
Bagmati river, especially in Kathmandu valley. Mostly, the water quality
of the Bagmati river is characterized using traditional methods, therefore,
have been unable to identify sources of pollutants. In this study, real-time
continuous monitoring and collecting data in a large volume using
sophisticated sensors were performed. The diurnal, spatial, daily and
temporal variations of physicochemical water quality parameters were
presented for an in-depth understanding of the real status of the Bagmati
river. The spatial variation of water quality parameters indicated that
conductivity was drastically increased (605.41 + 8.9 to 1145.30 + 9.32
uS/cm), and the oxidation-reduction potential (ORP) was excessively
reduced (28.09 * 6.88 to -306.75 * 4.95 mV) after mixing of the
tributaries. The high conductivity (>605.41 * 8.9 uS/cm and negative ORP
values (-40.29 * 32.14 to -306.75 + 4.95 mV) are an indication of a sewer
connection. Daily, diurnal and temporal variations suggested that the
Bagmati river is always polluted with a negative ORP value (<-50 mV) in
the daytime, and river quality worsens day to day. In conclusion, it is
important to control the mixing of effluent into the Bagmati river and its
tributaries to revive the river ecosystem and prevent loss of survives.

Keywords: Oxidation-reduction potential; Real-time data; River water
pollution; Temporal variation; Tributary

Introduction

(Bhandari et al., 2021; Pant et al., 2021). The river is
converting into one of the easily accessible dumping
sites for solid wastes and untreated domestic, industrial

The Bagmati river enters the Kathmandu valley at
Sundarijal, passes through a densely populated area, and
exits at the Chovar. Rapid, unmanaged urbanization
generates excessive solid waste and sewage in core city
areas within the Kathmandu Valley (MoUD, 2017).
Solid waste and effluent from municipal, hospital and
industrial outlets are dumped directly into the river

and agricultural effluents (Kannel et al., 2007; Mishra et
al., 2017; Adhikari et al., 2024). It was reported that the
Bagmati river is in pristine condition near the
Sundarijal, however, it is critically polluted downstream
(Regmi, 2013; Mishra et al., 2017). Tributaries drain
into the mainstream, serve as important habitats and
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carry pollutants that contribute unique conditions of the
mainstream. The tributaries of the Bagmati river are the
most promising factors that modify the water quality
downstream (Adhikari et al., 2021). The polluted
tributaries, such as Monohara, Dhobikhola, Tukhucha,
Bishnumati and Balkhukhola, load contaminants into
the Bagmati river between the Shankhamul and Balkhu
sites. Due to the mixing of effluent and solid waste,
water quality of the Bagmati river downstream is
worsening day by day (Mishra et al., 2017; Adhikari,
2020), destroying the river ecosystem and harming the
health of people living around it.

The assessment of the Bagmati river and its tributaries
reported that conductivity increased and oxidation-
reduction potential (ORP) decreased continuously
downstream of the river. The dissolved oxygen was
almost zero, and the ORP decreased from -100 to -263
mV after mixing of the five polluted tributaries
(Adhikari et al., 2021). The water quality index (WQI)
was very high, indicating extremely polluted water unfit
for domestic as well as agricultural and industrial use
(Adhikari et al., 2024). The deterioration of river water
quality highlights the necessity of continuous
monitoring of water quality to generate awareness
among people and carry out the treatment of industrial
and domestic waste before its disposal into the river
water. Pal et al. (2019) suggested the main river and
tributaries are equally polluted, hence, need to take
action for sustainability of the aquifer. Previous studies
used traditional monitoring with limited data points,
therefore, it is not possible to predict the time
dependency of river water quality. To pinpoint the
sources and time dependency of pollutants, instead of
traditional water quality monitoring methods, an
advanced monitoring system with fine-scale and real-
time data logging was used in this study. A detailed
assessment including spatial, diurnal, daily and
temporal variations of river water quality in the Bagmati
river was analyzed by logging a huge data set. This is a
very new approach to monitor/characterize water
quality parameters. The time dependency data will
provide clear insight of real status of river water and the
effects of human activities on the degradation of river
water quality. Since it is not possible to collect data of
all water quality parameters in real-time and on a fine-
scale basis, this study considered that conductivity,
dissolved oxygen (DO) and oxidation-reduction
potential (ORP) are the most useful parameters
indicating sewer pollutants.

Materials and Methods

The daily, diurnal and temporal variations of the
Bagmati river water quality was monitored at
Shankhamul site. The data on daily variation was
collected during the pre-monsoon season in May 2024

on the date of 3, 10, 14, 19, and 21 May. Diurnal and
temporal variations were conducted on May 21, 2023,
and May 19, 2024. The spatial variation of water quality
was determined by collecting data from six different
positions along the Bagmati river from Shankhamul to
Balkhu sites. Data were continuously collected and
logged every 10 second from 6 stations. The observation
started from the upstream site of the Manohara
tributaries at Shankhamul (B-1), the second data was
collected from upstream of Dhobikhola at UN park (B-
2), the third was after the confluence of the Dhobikhola
(B-3), the fourth from Thapathali after the confluence of
Tukuchakhola (B-4), the fifth from Kuleshwor after the
confluence of Bishnumati river, and sixth from Balkhu
after the confluence of Balkhukhola (B-6) (Figure 1).
Real-time fine-scale water quality data were measured
using an advanced multi parameter analyzer (HANNA
instruments, Hi-9829) (Adhikari et al., 2024). This
study mainly focuses on the collection of continuous
real-time data to understand the time dependency of
river water quality and to point out the source of
pollutants. Most commonly, water quality can be
characterized by  measuring  physicochemical
parameters for example pH, alkalinity, conductivity,
ammonia, turbidity, dissolved oxygen (DO), biological
oxygen demand (BOD), chemical oxygen demand
(COD) and heavy metals. The monitoring of all these
parameters in real-time basis is tough. Therefore,
physicochemical parameters such as temperature, pH,
turbidity, total dissolved solids (TDS), oxidation-
reduction potential (ORP), dissolved oxygen (DO) and
conductivity were measured and logged on a real-time
basis. Based on the previous studies (Adhikari et al.
2021, Pant et al. 2021), it is considered that the
conductivity and total dissolved solids are useful to
predict the level of contaminants, dissolved oxygen, and
oxidation-reduction potential are useful to predict the
sewer pollution.

Kathmandu

Figure 1: Sampling sites in the Bagmati river, Kathmandu,
Nepal.
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Results and Discussion
Spatial variation of water quality parameters

The physicochemical characteristics of water were
determined along the Bagmati river by collecting data
from six different sites. The sampling sites were chosen
to determine the source of pollutants and the effect of
tributaries on the main river. Data were collected same
time but on different days to minimize the effect of time
on the analysis. More than 150 data sets were collected
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from each station. Data recorded from 11:50 to 12:15 in
May 2023. The observed water quality parameters are
shown in Figure 2. The river water temperature varied
from 23.87 + 0.34 to 28.31 + 0.19 °C may be due to
variation of air temperature on different days (Figure
2a). The observed turbidity was also low, 110.48 £ 2.32
FNU at the B-1 and higher than 167 FNU at other
observation sites (Figure 2b). The increase of turbidity
in downstream was also reported (Pal et al., 2019). It
may be due to the mixing of soil or effluent in the river
water (Costa et al., 2015).
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Figure 2: Spatial variation of water quality parameters (a) Temperature (°C), (b) Turbidity (FNU), (c¢) pH, (d) Conductivity (uS/cm),

(e) DO (ppm), and (f) ORP (mV).

The pH of river water was comparatively low (7.42+01)
upstream and increased slowly to 7.56 + 0.01 near the
end of the observation at the Bagmati river (Figure 2c).

Similar results were reported by Adhikari et al. (2021).
Water with pH less than 6.5 could be soft while above
8.5 could be hard and corrosive (Modoi et al., 2014;
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WHO, 1999). The slightly alkaline pH of river water
may be due mixing of ammonical compounds from
domestic and agricultural effluent (Aggarwal & Arora
2012), and/or microbial decomposition of organic
matters (Sundararajan et al., 2018). The conductive ions
present in the water are related to conductivity. The
comparatively low conductivity (470 + 7.46 uS/cm) was
observed at B-5, the conductivity was more than two
times at B-3 (1203.24 + 1.30), B-4 (1012.24 + 3.60) and
B-6 (114530 + 9.32). It was increased almost
continuously downstream (Figure 2d). Another vital
parameter of the water quality is the dissolved oxygen
(DO). The concentration of DO was less than 3 ppm B-
1 to B-4, and it was high at B-5 and B-6 (Figure 2¢). The
oxidation-reduction potential (ORP) is useful to
measure the water disinfection potential in wastewater
treatment (Suslow et al., 2004; Goncharuk et al. 2010).
The reducing agent decreases the ORP value, and the
oxidizing agent increases the ORP value. The observed
ORP of river water was positive and was 28.09+6.88
upstream at B-1, it was less than -50 mV at other
observation sites, and it varied from -40.29 + 32.14 to -
306.75 + 4.95 (Figure 2f). The 50 to 250 mV ORP is
suitable for the nitrification and organic compounds
degradation (Suslow et al., 2004; Goncharuk et al.,
2010).

The denitrification occurs from +50 to -50 mV and
biological phosphorus and sulfide release between -50
and -250 mV of ORP. The positive ORP value at B-1
indicates the possibility of nitrification of river water,
however low ORP (< -50 mV) downstream suggests
that the river water is extremely polluted with reducing
substances from wastewater. The water with low ORP
produces biological phosphorus and sulfide, generating
a stinky smell that is toxic and responsible for an
unhealthy environment around it and for aquatic
animals (Suslow et al., 2004; Goncharuk et al., 2010).
The low ORP value but high DO concentration at B-5
and B-6 may be due to the dissolution of atmospheric
oxygen at the dam at Kuleshwor bridge and at
Balkhukhola.

Diurnal variation of water quality parameters

Real-time continuous data on water quality parameters
were collected in the pre-monsoon period on 21 May
2023 and 19 May 2024. Diurnal variations of water
quality parameters were plotted in Figure 3. The
temperature shows similar diurnal variations on both
days, increasing slowly with time and decreasing slowly
after 14:00. The maximum temperature was observed at
14:00 on both observation days (Figure 3a). The diurnal
variations of conductivity on 19 and 21 May were

slightly different. It was nearly double on 19 May 2024
than on 21 May 2023. The highest recorded
conductivity was about 628 pS/cm, and the lowest value
was about 526 uS/cm on May 21. It was 1123 and 780
uS/cm respectively on May 19 (Figure 3b). The pH was
slightly alkaline and variation was less pronounced on
21 May (7.43 to 7.56), but it was neutral to slightly
acidic and slowly decreased at afternoon on 19 May (7.1
to 6.8) (Figure 3c). Total dissolved solids were about
263 ppm initially and slowly increased with time and
reached 360 ppm at evening on 21 May. It was almost
two times high on 19 May 2024. The observed TDS was
as high as 560 ppm on 19 May 2024 (Figure 3d). The
maximum TDS of 612 ppm downstream was reported
in previous study (Pal et al., 2019). The previous
research concluded that anthropogenic wastes, for
example, municipal and industrial, are responsible to
increase conductivity and TDS downstream. Dissolved
oxygen (DO) in water increases with atmospheric
oxygen and photosynthesis, but it is decreased by
biochemical and chemical phenomena occurring in
water (Athokpam et al., 2014; Aniyikaiye et al., 2019).
The dissolved oxygen was high (>6ppm) initially and
decreased linearly with time up to 1 ppm at noon, and
increased slowly and reached 2 ppm in the evening on
21 May (Figure 3e). It was very low, < 1 ppm, on 19
May in whole observed day though a slightly higher
value was observed initially.

A very low concentration of DO indicates that it is
almost impossible for aquatic animals to survive on it.
The ORP value was initially positive and linearly
decreased to negative on 21 May, however, it was
always negative on May 19. The decreasing pattern of
ORP value was almost similar on both days, though
values were different (Figure 3f). The diurnal variation
patterns of DO and ORP on 21 May were similar to
those of DO and ORP reported by Adhikari et al. (2019).
Due to the very low concentrations, the variation of DO
on 19 May was not pronounced, but ORP showed a
similar trend. All the results suggested that the river
water at the Shankhamul region is influenced by local
pollutants from human activities. All measured water
quality parameters indicated that the river water consists
of more contaminants in the year 2024 than in 2023. The
comparatively high concentration of conductivity, low
concentration of DO, and low values of pH and ORP
reveal that the Bagmati river water quality is degrading
continuously at an alarming rate.

It suggests the necessity of the implementation of strict
rules and regulations to control anthropogenic activities
toward river water pollution for the prevention of
further degradation of the holy river.
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Figure 3: Diurnal variations of water quality parameters (a) Temperature (°C), (b)Conductivity (uS/cm), (c) pH, (d) TDS (ppm), (e)
DO (ppm), and (f) ORP (mV) measured on May 21, 2023, and May 19, 2024.

Daily variation of water quality parameters

Daily variations of water quality parameters of the
Bagmati river were observed in pre-monsoon (May
2024). The observed temperature, ORP, pH, DO,
conductivity and turbidity were plotted in Figure 4. The
water temperature ranged from 24 to 29 °C during
the pre-monsoon period (Figure 4a). The turbidity was
as high as 287 FNU on Day 2, but less than 10 on other
days (Figure 4b). The pH was comparatively high on
Day 1 and slowly decreased afterward (Figure 4c). The
conductivity was as high as 1020 pS/cm on Day 1 and
was lowest on Day 2 (413 pS/cm), higher than >850
puS/cm on the other days (Figure 4d).

The dissolved oxygen was less than 0.5 ppm on all days
except on Day 2 (2.47 ppm) (Figure 6¢). The ORP value

was always negative (<-100 mV) except on Day 2 (39.5
mV) (Figure 4f). The observed water quality of Day 2
was different than that of other days. The conductivity
was low, dissolved oxygen was high, and the ORP value
was positive on this day, although all data was collected
on same time. All the parameters indicated that the river
water was less polluted on this day. It was observed
from the recorded weather system that on Day 2 (10
May), the heavy rainfall occurred from 2:15 to 3:15, and
light rain occurred at 5:15. Therefore, it is considered
that the heavy rainfall reduced the pollutants and
enhanced dissolved oxygen, which enhanced the ORP
value on Day 2 (10 May 2024). The dissolved oxygen
and ORP values indicated that the water quality of the
Bagmati river was always heavily polluted. The very
low ORP indicated that the water consists of organic
pollutants that consume dissolved oxygen excessively.
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The negative ORP value (< -50 mV) suggested that
there were excessive amounts of organic contaminants
from the sewer which excessively reduced dissolved
oxygen. The results suggested that the inflow of
domestic effluent continuously loads pollutants in the
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Figure 4: Daily variation of water quality parameters (a) Temperature (°C), (b) Turbidity (FNU), (c) pH, (d) Conductivity (uS/cm),
(e) DO (ppm), and (f) ORP (mV) in May 2024 at the Shankhamul site.

Conclusion

This study collected fine-scale real-time data of
different water quality parameters along the Bagmati
river. The diurnal, spatial, daily and temporal variations
of water quality parameters were analyzed. The
analytical results suggested that river water was
radically changed after mixing of the tributaries. The
measured conductivity was 605.41 + 8.9 pS/cm at
Shankhamul before confluence of tributaries, after

mixing of the Dhobikhola tributary, it increased to
1203.24 £ 1.3 puS/cm, and it was 1145 pS/cm at the end
of the observation at Balkhu. Further, oxygen reduction
potential (ORP) was excessively reduced after mixing
of tributaries. it was positive and comparatively high
(28.09 £ 6.88 mV) at Shankhamul but reduced to a
negative value as low as -306 mV after mixing of
Dhobikhola, indicating extremely polluted conditions
with large amounts of reducing pollutants. The river
water quality was more degraded temporally i.e., worse
in the year 2024 than in 2023. The diurnal variation
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suggested that the daytime increment of contaminants is
due to human activities. The excessively negative ORP
suggested the polluted river water was responsible for
the stinky smell. The daily variation of water quality
parameters showed that the monsoon rain reduced
pollutants to some extent; however, effluents quickly
worsened the quality of the Bagmati River. The
contaminants consume almost all the oxygen; hence,
living organisms cannot get enough oxygen to survive
in it. In addition, it spreads a hazardous fouling smell
along the bank of the river. This study investigates the
temporal, daily, diurnal, and spatial conditions of the
Bagmati River water, useful for the researcher and
policy maker to understand the ecological condition of
the holy river. Further continuous study is necessary to
improve the river water quality by generating awareness
and taking action on sewer management.
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