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N o w

Abstract: The COVID-19 lockdown has been regarded as a catalyst for the restoration of natural
water bodies worldwide. Therefore, this study aims to investigate the impacts of the lockdown on the
water quality of the Kelani River, Sri Lanka. The water quality downstream of the Kelani River Basin
was greatly improved during the lockdown season, The concentration of biological oxygen demand
(BOD) decreased downstream by ~46% during the lockdown, while that in the middle and upstream
reduced by 7.1% and 5.0%, respectively. The concentration of chemical oxygen demand (COD) was
diminished by around 65%, 52%, and 43% in downstream, middle stream, and upstream, respectively,
in the lockdown season. However, in post-lockdown season, upstream showed the highest spatial
variation in nitrate concentration, which may be due to excessive use of fertilizers in that region. Many
industries temporarily shut down or scaled back operations during the lockdown, which allowed
for a large reduction in the discharge of pollutants, particularly in the river’s downstream region.
The river’s water quality showed a significant improvement as a result of temporarily suspending
human activities.

Keywords: Kelani River; water quality; water quality index (WQI)

1. Introduction

The widespread COVID-19 pandemic has affected all regions in the world. The
lockdowns imposed to control the virus had significant effects on economic activities
and the environment. The implementation of COVID-19 lockdowns has been shown in
numerous studies from around the world to have positive benefits for the environment,
i.e., water quality [1]. The longest freshwater lake in India is called Vembanand, the
suspended particulate matter has been reduced to more than 15% in the month of April
2020 due to the lockdown [2]. Colombo is the commercial capital of Sri Lanka and is
situated downstream of the Kelani River Basin. A total of 80% of the drinking water used
by residents in the area of Colombo City comes from the Kelani River, which is also utilized
for transportation, fishing, sand mining, and hydroelectricity generation [3]. Gampaha
and Colombo, two rapidly industrializing and densely populated urban areas, as well
as the two major industrial parks of Biyagama and Seethawaka, are all located along the
downstream section of the Kelani River, and 25% of the country’s total population resides
in these two districts [3,4]. Previous studies [3,4] suggested that water quality in the Kelani
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River Basin is deteriorating year by year, especially, near the Colombo region accounts for
the “Poor” water quality. Major rivers’ declining water quality as a result of rapid industrial
and urban expansion has become a significant challenge in developing nations constructing
infrastructure facilities. It takes longer to support this expansion than population growth
and financial growth [5], resulting in the insufficient capacity of wastewater treatment and
drinking water supplies. Surface water is seriously endangered in both water quality and
resources by such insufficient sewage treatment systems.

Sri Lanka imposed a lockdown all over the country starting from March 2020 to
the beginning of August 2020. An ample opportunity to study the effects of pollution
reduction on water quality and the possible advantages of more strict discharge standards
is presented by the temporary closure of these discharges during Sri Lanka’s COVID-19
lockdown. Therefore, the goal of this study was to evaluate the impacts of the lockdown
measures on the water quality of Kelani River through comparing before and after the
lockdown, and historical data on the water quality parameters. The study used the water
quality index (WQI) to acquire an understanding of the spatial and temporal fluctuations in
the water quality of the Kelani River. This is the first comprehensive study that investigates
the impacts of the COVID-19 lockdown on water quality in the entire basin of Kelani River
to the best of our knowledge.

2. Materials and Methods
2.1. Study Area

The Kelani River starts from the central hills near Horton Plains National Park and
Peak Wilderness Sanctuary, with area of 2292 km? at 145 km in length and approximately
2250 m above mean sea level [6]. Its elevation varies from 0 to 2346 m above mean sea level
(Figure 1). The Kelani River Basin is situated between the latitudes of 6°47” and 7°05" in the
north and 79°52” and 80°13’ in the east [7]. The Kelani River flows through five districts,
including Colombo. Recent studies have shown that the water quality in the Kelani River
has significantly deteriorated, even though it supplies 80% of the drinking water to the
people living in the Colombo region [3]

2.2. Field Sampling and Water Quality Analysis

In this study, 60 sampling sites were selected (Figure 1 and Table S1) covering the
downstream, middle stream, and upstream of the Kelani River including some points
selected in the branches that directly flow to the Kelani River. Two field investigations were
conducted during the lockdown (at the beginning of June 2020) and after the lockdown
period (post-lockdown at the end of September 2020). For comparison purposes, historical
water quality data in sampling sites (Table S2) along the Kelani River were collected from
Central Environmental Authority (CEA), Sri Lanka and it was used as pre-lockdown
water quality data. The sampling and analysis of various physico-chemical parameters
like BOD, and COD were conducted following the standard procedures as detailed in
standard procedures [8].

Until water samples were sent to a lab for chemical analysis, all of the samples
were kept at 4 °C. After sampling, samples were taken back to the National Institute of
Fundamental Studies (NIFS), Sri Lanka for further analysis. As onsite measurements, the
pH, electrical conductivity (EC), and water temperature were measured with field probes
(Eutech 01X099414, Thermo Scientific Eutech 01X099414 Inc., Waltham, MA, USA). All
the heavy metals were determined by an inductively coupled plasma optical emission
spectrophotometer (iCAP7000Series ICP-OES, Thermo Fisher Scientific, Waltham, MA,
USA) in the NIFS-Sri Lanka. Using the Hach Alkalinity test kit, total alkalinity was
measured (TNTplus Vials, Loveland, CO, USA). The Piper diagram was used to analyze
the major ion composition in terms of milli-equivalent percentage (mEq %) and determine
the hydrochemical facies and water types. A multivariate statistical analysis of principal
component analysis (PCA) was used to investigate the association between hazardous
elements and possible sources of pollution.
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Figure 1. Sampling sites along the Kelani River Basin.

The concentrations of Na, K, Ca, and Mg were analyzed by an inductively coupled
plasma emission spectrophotometer (Optima 8300, Perkin Elmer, Houston, TX, USA).
The anion concentrations were measured using ion chromatography (ICS1000, Metrohm,
Switzerland). Equation (1) was used to determine the total hardness (CaCOs) by consider-
ing the concentrations of Ca®* and Mg?* in each sample [9].

Total Hardness [mg/L] = 2.497 [Ca, mg/L] + 4.118 [Mg, mg/L]

)
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The analysis of dissolved organic carbon (DOC) concentrations in the water samples
was conducted using a Shimadzu TOC Analyzer (Elementra, Langenselbold, Germany), at
the Environmental Lab, University of Peradeniya, Sri Lanka.

2.3. Statistical Analysis

Data processing and statistical analysis were conducted using Minitab 15 software,
USA SPSS 26 software, USA and ORIGIN PRO 8.5 software.

2.4. Water Quality Index (WQI)

Water quality and its appropriateness for drinking purposes can be inspected by
deciding its water quality index (WQI) [10-13] by different water quality parameters with
correspondence weightage and using standard water quality parameters.

WQI was calculated by following equation as described [13].

WQI=Y"" Wigi ©)

where Wi is the relative weight and g; is the quality rating of each parameter. Based on cal-
culated WQI values [13] scale rating can be categorized (Table S3). Each chemical parameter
assigned weightage mean based on Sri Lankan water quality standards (SL5614:2013) [14]
(Table S4).

2.5. GIS Thematic Mapping

Spatial geographic maps were prepared using Esri (ArcGIS 10.5 software Inc., USA).
Mapping techniques available in the Spatial Analyst tool of Esri, ArcGIS 10.5 software from
the USA were utilized for data interpretation in this study.

3. Results
3.1. Spatio-Temporal Variations of Water Quality in Kelani River Sri Lanka
3.1.1. Water Quality of Key Parameters

According to the Sri Lankan Standard for portable water (SLS 614:2013) [14] COD
desired value should be 10 mg/L. In the lockdown period, the COD values reported from
all locations were lower than 10 mg/L, the maximum value of 9.8 mg/L of COD was
reported in the Kollonawa Ela (S13) located downstream, which is in close proximity to the
Central Colombo district. In the post-lockdown season, COD concentrations were raised up
to more than 20 mg/L in some points which exceeded the limit of desired value, especially
downstream. Similarly, the highest values of BOD reported in the near Colombo area were
just below 10 mg/L during lockdown season and rose up to 14 mg/L in the post-lockdown
period. (Figure 2a,b). When considering the historical water quality variation patterns, in
the corresponding lockdown month (June) in the past four years of 2016-2019 the average
COD values downstream per year were in the range of 7.2-15.6 mg/L. However, the
average COD value in the lockdown period of 2020 was reported at 5.6 mg/L as the
minimum value for the last five years, indicating the reduction of contaminant load due to
the lockdown. The lower average value of COD downstream was also reported in the post-
lockdown period (September month) compared to the previous 5 years while breaking the
increasing trend of COD from 2017 to 2019 (Figure 3). Historical BOD levels downstream
confirm that the lowest values from the past 5 years of 2016-2020 were recorded in the
2020 lockdown period corresponding same month. Considering that there have been no
recorded cases of temporary improvements in water quality in the Kelani River of Sri Lanka,
we can conclude that the sudden improvement in water quality was directly attributed to
the period of lockdown.
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Figure 2. Spatial variation of COD, EC, turbidity in the Kelani River Basin: (a,c,e) during lockdown
season; (b,d,f) during the post-lockdown season.
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Figure 3. (a) BOD (b) COD variation downstream of the Kelani River, Sri Lanka in 2016-2020.

In the lockdown period, the maximum value of electroconductivity (EC) reported
downstream near the Colombo area was 451 uS/cm. In the post-lockdown period, its
highest value was at 581.58 uS/cm. In the downstream, it showed a much higher value
compared to the middle stream and upstream (Figure 2c,d). Also, seawater intrusion may
affect the EC values, especially in the sampling points located the near ocean area.

Post-lockdown period turbidity showed higher values (Figure 2e,f), which may be
due to the high rainfall in September when compared to May and June.

In most of the sample sites in the middle stream and upstream, pH values were in
the desired pH range according to WHO standards (Figures S1 and S2). The pH of the
water samples varied from 6.00-6.50 at different times. River waters with a pH of 5.5 and
below are particularly at risk [15]. The pH was considerably lower downstream of the
basin, which may be due to microbial activity on the heavy loads of COD and BOD that
originate from the different sewage and waste stream canals that join with the Kelani River,
special in stagnate nature near the Colombo region.

General water quality indicators such as hardness and alkalinity that exceed (Table S5)
the maximum accessible limits (MAL) given by WHO at a considerable number of sampling
sites in Kelani River were observed. Trace metals were not observed in unexpected levels
in the majority of surface water sampling sites except Fe, which exceeded the (MAL) of Fe,
according to SLS standards.

3.1.2. Water Quality Index (WQI)

WAQI can be considered as the measure of the quality of surface water and its spatial
variation can be depicted by the mapping technique from the software ARCGIS 10.5 [16].

The WQI values Kollonawa Ela (513) showed the highest WQI values in both seasons,
whereas that of Nallathaniya (S60) located upstream of the Kelani River showed the lowest
WQI values in both lockdown and post-lockdown seasons, respectively. We estimated that
the near Colombo region had 18% progressively degrading water quality in the whole
stretch of Kelani River after the lockdown period. The water quality of Kollonawa Ela,
Japanese Friendship bridge (S56) in Mattakkuliya region was classified as poor water quality
(WQI ranges of 76-100). The water near the prominent industrial zone called Seethawaka
Export Processing Zone, Sri Lanka similarly fell into the category of “Poor” water quality
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in the middle stream of the Kelani River Basin. Moreover, it was a huge perception that
regardless of the water quality of Kelani River Basin, the majority of the areas were of
good quality, especially in the upstream area, but WQI values in the downstream and
the middle stream were seen as extremely near bad water quality. As shown in Figure 4,
the water quality of Kollonawa Ela, Biyagama export processing zone, and Seethawaka
export processing zone showed poor quality (WQI ranges 76-100) and that at Kollonawa
Ela and many sub-branches near the Colombo area were evaluated as unsuitable for human
drinking (WQI over 100). In the Kelaniya town area, the waterway is isolated into two
streams and the streams’ flow is somewhat low.

Lockdown : June

N Post - Lockdown : September

WQI

I 0 - 50 (Exellent)

[ 50 - 100 (Good)

| | 100- 200 (Poor)
I >200 (Unsuitable)

WQI

I 0 - 50 (Exellent)
[0 50 - 100 (Good)
[ 1100 - 200 (Poor)
I >200 (Unsuitable)

20 Kilometers 0 510 20 Kilometers

(a) (b)
Figure 4. WQI map of two seasons: (a) lockdown season; (b) after lockdown season.

3.1.3. Hydro-Chemical Type

Most of the samples showed a dominance of CaZ* and Na*, K* ions, as indicated by
their location in the lower center of the triangle in the cation section (Figure 5). However,
some samples from the tributaries showed higher levels of Na* concentration. This can
generally be attributed to local human activities contributing to the increased Na* con-
centrations in the water bodies [17]. Furthermore, Ca2* and Mg2+ concentrations notably
increased during the lockdown, possibly caused by the lower concentrations of K* and Na*
ions, which consistently signified the reduction of anthropic inputs in the lockdown season
(Figure 5).

As shown in Figure 5, the anion section depicts most of the water samples during
lockdown in the bottom left corner near the HCO3;™ section, but most of the water samples
after the lockdown contained some Cl~, showing a lot of human activity around the Kelani
River, especially near the end of the river. The diamond in the center shows that there are
similar amounts of one type of salt (Na*) and another type of salt (Ca®*) but there are more
strong acids (C1~ and SO,4%7) than weak acids (HCO3; ™).

Furthermore, the highest levels of Cl™ in the central urban areas of the Colombo
region can be attributed to the discharge of solid and liquid waste from nearby settlements,
cremation sites, and religious sites in Sri Lanka [3]. In the lockdown season, samples can
be classified as follows: 71% Ca-HCOj3 type, 19% Ca-Cl type, and 10% Na-Cl-50,>~ type
(Figure S3). In the post-lockdown season, water samples were characterized by a mixture
of 60% Ca-Cl type, 30% Ca-Mg-Cl, and 10% Ca-CI-SO,42~ type. In the lockdown season,
5% of the sampling points downstream of the Kelani River moved to the intrusion range,
whereas in the post-lockdown season, 20% of samples moved to the intrusion level.
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Figure 5. Piper diagrams of major ions in Kelani River during lockdown and post-lockdown seasons.

3.1.4. Sodium Adsorption Ratio (SAR) Analysis

Irrigation water is divided into four groups based on SAR values (low, medium, high,
very high), representing water quality conditions that are completely suitable, moderately
suitable, marginally suitable, and unsuitable for agriculture, respectively [18,19], e.g., high
SAR values mean there is a greater risk for crops and drinking water. The Wilcox diagram
(Figure S3) was used to depict the water quality more accurately [20]. A total of 92% of
sampling sites of the mainstream of the Kelani River were in C151 and C251 sections
indicating the water was completely suitable for irrigational purposes in the Kelani River
Basin because most of the samples during lockdown and post-lockdown seasons were
categorized in the C151 section and the C251 section, respectively.

3.2. Impacts of Lockdown on Water Quality
3.2.1. Water Quality Changes in the Kelani River in Pre-Lockdown, Lockdown,
Post-Lockdown Seasons

During the lockdown period, there were fewer human interventions in the river
system due to the imposed restrictions all over the country, and the water quality in the
Kelani River Basin was improved correspondingly as shown in Figure 6. As a result, the
concentrations of biological oxygen demand (BOD) and chemical oxygen demand (COD)
exhibited significant variations both spatially and temporally in the Kelani River Basin.
The average concentration of BOD downstream during the pre-lockdown season was
nearly 10.85 mg/L and suddenly dropped to 5.6 mg/L in the lockdown season and rose to
7.94 mg/L during the post-lockdown season, respectively (Figure 6). Furthermore, BOD
values of the middle stream and upstream also showed a similar downward trend in the
lockdown season when compared to other seasons, but there was not a significant change
like that in the downstream. The average COD concentration downstream decreased from
15.38 mg/L in the pre-lockdown to 5.45 mg/L in the lockdown period and rose to 14.8 mg/L
in the post-lockdown season, respectively, and COD was compared to the downstream.
The highest concentrations of COD and BOD were observed from the highly populated
areas of the Kelani River Basin especially in the Kollonawa area and near the Biyagama
Export processing zone where a dense population and several industries are located in Sri
Lanka. These results provide strong evidence of large-scale water contamination in the
Kelani River Basin due to organic waste and industrial effluents.
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Figure 6. Water quality changes in Kelani River in pre-lockdown, lockdown, post-lockdown seasons.

As shown in Figure 6 and Figure 54, the EC dropped downstream indicating a sig-
nificant decrease in the concentration of dissolved substances in the river water during
the lockdown season, but it rose to a higher value in the post-lockdown season indicating
water quality deterioration. Based on the mean values (mg/L), the cationic dominance
pattern in the Kelani River Basin followed a specific order of Ca?* > Na* > Mg?* > K*.
During the pre-lockdown period, the combined contribution of Ca?* and Na* accounted for
approximately 65% of the total cationic concentration. In the post-lockdown period, their
combined contribution increased to around 76% of the total cationic concentration. The
concentrations of total dissolved solids (TDS) in both the Kelani River and its tributaries
were found to be significantly lower during the lockdown (p < 0.05) than those during
the pre-lockdown (Figure S4). This decrease in TDS can be attributed to reduced pollutant
discharge during the lockdown period. Overall, the water quality in the Kelani River
Basin was found to be poor, particularly in the downstream areas, when compared to the
guidelines set by the World Health Organization (WHO). The pH values of the Kelani River
are in the range of 6.5-8.5, meeting with requirements of the Sri Lankan Water Quality [14]
and WHO Drinking Water Guidelines (4th edition) [21], though a slight increase in pH
suggested a reduced presence of chemicals during the lockdown. The turbidity value had
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noticeably decreased to 12.18 NTU in the lockdown season and rose to 34.10 NTU in the
post-lockdown season in the downstream Kelani River (Figure 54).

3.2.2. Statistical Analysis

The significance of water quality parameters, including COD and BOD, was analyzed
using the non-parametric Kruskal-Wallis test across three regions: upstream, middle stream,
and downstream. The results indicated notable differences between the downstream and
middle stream, suggesting that the presence of wastewater-generating industries in the
Kelani River Basin, following the uplift of COVID-19 lockdown measures, directly impacted
water quality in the downstream region (Table S6).

Pearson correlation revealed that during the lockdown season, there is a strong positive
relationship between turbidity and EC, as well as a strong relationship between turbidity
and BOD, Ca and Mg, Ca and Sr, Al and C1™, Mn and Cl~, Ba and Sr in both seasons. This
may be due to anthropogenic activities and major surface runoff.

There were many research articles on water quality analysis using multivariate sta-
tistical analysis [22-24]. The results of PCA during the lockdown period can be seen in
Figures S6 and S7. The correlation matrix was also examined to validate the results of PCA
and understand the relationships among the hazardous elements [24]. Three principal
components, namely PC1, PC2, and PC3, were extracted for the Kelani River water samples
from upstream to downstream. The initial PC1 had positive loadings for pH, Br, Cl, and
F, indicating their high influence on water quality. The presence of Ni and Cd in the PC1
loadings during the lockdown period suggested contamination from human activities, such
as wastewater discharge from homes and industries, contributing to water pollution [25].

3.3. Changes in Halides and Nitrate
3.3.1. C17 /Br~ Ratio in the Kelani River Basin in Lockdown and Post-Lockdown Seasons

The ratio of C1/Br has been used in numerous studies as a way to track wastewater
pollution [26-29]. However, this ratio can be influenced by various factors that differentiate
from one region to another [26]. For example, inland water has Cl/Br proportions in
the range of 75-200, domestic and industrial wastewater in the range of 300-600 for
Arizona, and in the range of 410-870 for Israel [30]. Whereas values for biodegradation
fall under values below 100. Proportions for halite change are somewhere in the range of
1000-10,000 [27], while agrochemicals produce values somewhere in the range of 100-1200
with landfill leachates, animal impact, and agrochemicals [28].

Proportions of Cl/Br in surface water in the Kelani River Basin were compared with its
proportion of Standard Mean Ocean Water (SMOW). The Cl versus Cl/Br ratio of surface
water from the near Colombo district was impacted via seawater interruption in view
of the Cl/Br proportion is around 288 (seawater convergence of Cl = 19,352 mg/L and
Br = 67.3 mg/L). Surface water with Cl/Br proportion like that of SMOW is impacted via
seawater interruption [31]. Surface water with a Cl/Br ratio higher than that of SMOW
is probably determined by the blending of domestic wastewater, and assuming this ratio
is beneath SMOW, it is obtained from the rural exercises. According to the downstream
locations of the Kelani River Basin, the Cl/Br ratios of sampling locations from 1-10 are
compatible with the SMOW ratio (Figure S5). According to the values suggested by [28],
sampling sites 2 and 3 (Figure 7a) located downstream of the river near the Kelaniya area
were under the category of domestic wastewater whereas sampling sites S54, S55, and
551 located upstream were under the agro-chemicals category. In the lockdown season,
only sites of S2 and S3 fell to the agro-chemical pollutant ratio level. However, in the
post-lockdown season (Figure 7b), many sampling sites were under ratio (Cl/Br ratio > 300)
of the domestic wastewater, agro-chemicals, and industrial effluents due to the industry
operation and anthropogenic activities. According to these values, Kelani River water
was contaminated hugely by many effluents. A number of the samples shifted to the
industrial/domestic wastewater region in the post-lockdown season in comparison to the
lockdown season in the Kelani River. According to the values in the middle stream in both
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seasons, most of the sampling sites fall under the bio-degradation and inland rainwater
ratio. Only very few sampling points were above the bio-degradation in the post-lockdown
season region due to few industries in that region. The upstream region of the Kelani River
Basin located in the hill country region falls under bio-degradation and inland rainwater
region in lockdown season. However, in the post-lockdown season, the C1~ concentration
in sampling points rose to a higher level, and there was significant variation in ratios with
respect to the lockdown season. Most of the values fall under the agro-chemical, animal
leachate wastewater region. In Sri Lanka, most of the land in hill country is used for tea
and crop production and those effluents from many inorganic fertilizers and insecticides
may directly run off to surface water in the post-lockdown season because these activities
in lockdown season were banned [30].
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Figure 7. Halide variation in Kelani River: (a) lockdown season, (b) post-lockdown season.

3.3.2. Nitrate and the Ratio of CI~ /NO3~

Based on mean values, the order of anionic concentrations was observed to be
Cl™ >S04%~ >NO;3;~ > PO43~. The dominant anion in the water samples was chloride
(C17) which accounted for 64% during the pre-lockdown period and decreased to 52%
and 45% during the lockdown and post-lockdown periods, respectively. The higher C1™
concentration in the downstream zone as compared to the middle stream and upstream
could be due to various reasons such as sewage discharge, agricultural runoff, and seawater
intrusion. The concentrations of NO3~ and SO,%~ were found to be much higher in the
downstream area, possibly caused by sewage discharge and agricultural runoff. The PO,3~
was found as the least abundant anion throughout the basin in terms of downstream,
middle stream, and upstream. This study found that changes in the chemicals in the Kelani
River downstream were mostly caused by human activities, and the lower concentrations
of hydro-chemical parameters observed during the lockdown season clearly depict the
effects of the lockdown in the central urban area.

The ratio of CI™ to NO3~ is of significant importance when identifying pollutant
sources for the river. The sampling points (Site 51, 52, 53) in the upstream region of Kelani
River exhibited the highest concentrations of nitrate, surpassing the standards set by the
World Health Organization (WHO) [21] (Figure 8). It can be noted that this may be due
to the excessive use of fertilizers and insecticides in that hill country region in Sri Lanka.
Nitrate contamination occurs mostly through the surface runoff of insecticides, fungicides,
and agricultural fertilizers in surface water [32]. According to the land use pattern in



Water 2023, 15, 3785

12 of 17

the Kelani River Basin (Figure S8), the upstream region is mostly used for tea cultivation,
and nitrate leaching to the water bodies through surface runoff can occur [33]. Further,
investigation is needed in the future to depict the reasons for the observed lowest nitrate
concentration downstream.
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Figure 8. Nitrate variation in the Kelani River in the post—lockdown season.

When considering the correlation of nitrate and chloride concentration as suggested
by the previous study [34], along the basin, upstream shows moderate correlation with
the nitrate and chloride with respect to Pearson correlation (P = 0.496). Nitrate pollution
can occur in various locations, including groundwater and surface water such as lakes and
rivers. It can result from various sources, such as leaky septic tanks, the use of fertilizers in
farming, improper waste disposal in garbage dumps, leaks in sewer pipes, the runoff of
animal waste from farms, and the use of animal manure in home gardens [35]. The study
observed a close relationship between NO3; ™ (nitrate) and Cl~ (chloride) in the studied
area, as shown in Figure S9. This suggests that nitrate found in surface water may originate
from sources such as animal and human waste, as well as agricultural activities. Another
research study indicated that higher nitrate levels are associated with increased chloride
levels, primarily due to the presence of septic tanks [36].

4. Discussion
4.1. Water Quality Changing Patterns in the Downstream of the Kelani River
4.1.1. Poor Water Quality in the Downstream of the Kelani River

The water quality index (WQI) is a numerical expression used to assess the overall
quality of water in a particular area or location. It provides a standardized and simplified
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way to measure and communicate the water quality from various sources such as rivers,
lakes, reservoirs, and groundwater. These results revealed that downstream of the Kelani
River is more vulnerable and more sensitive to contamination while showing the highest
COD and BOD values in both periods. Deteriorated water with elevated levels of COD and
BOD in the Colombo region (downstream) in both lockdown and post-lockdown periods,
could be due to the proximity of oil storage facilities and petroleum waterways near the
Kollonawa Canal region, as well as instances of oil spills into the surface water. The WQI
values of two sampling points, namely Hamilton Canal and Kollonawa Canal, fell into
the “poor” category after the lockdown season. During the lockdown season, 95% of the
downstream sampling points fell into the “Good” category, whereas in the post-lockdown
season, 82% of the sampling points fell into the “Good” category. However, WQI values
of almost all locations rose to higher values in the post-lockdown season. The population
near the Kollonawa Canal area was very high and petroleum storage tanks were very close
to this Kollonawa Canal; this may be the reason for poor water quality in this canal.

Additionally, leakages from numerous dump sites in the canal areas, as well as the
direct discharge of untreated domestic and industrial wastewater into the waterway, may
contribute to this situation [12,34]. So industrial activity is straightforwardly associated
with the contamination level of the river. The lowest DO was found at Kollonawa Ela
(0.60 mg/L) because of high BOD and COD concentrations. Hence, aquatic life would
be threatened by the lower DO level originated due to the higher organic load. It could
be harmful to the economy of regional communities depending on the Kelani River fish
harvesting and aquaculture. Thus, controlling the anthropogenic release of COD and
BOD load would be sustainable. The hydrochemistry of the Kelani River Basin during
the lockdown season can be classified as the Ca-HCOj3 type. However, a notable shift
was observed in the hydro-chemical facies of the Kelani River water samples during the
post-lockdown season. The water samples were characterized by a mixture of Ca-Mg-Cl
and Ca-Cl types, indicating that anthropogenic activities had a significant influence on the
major ion composition.

In the post-lockdown period, especially in the downstream region, Ni and Cd had
the highest loadings in PC1 (0.701 and 0.768, respectively), indicating that their sources
did not decrease during the lockdown. The highest loading in PC3 for Pb, As, and
Cu remained consistent throughout the study (Figures S6 and S7), suggesting diverse
sources of pollution. Urban waste leachates, including nickel-cadmium batteries from
vehicle workshops, battery recycling, smelting facilities, and other sources could con-
tribute to lead contamination in aquatic water. EC and hardness were decreased in the
lockdown season, 6.54-651.2 uS/cm, 43.07-1721.25 mg/L, but rose to 6.87-651.2 uS/cm
and 77.26-2463.11 mg/L, respectively, in the post-lockdown season. Essential hotspots for
conductivity and TDS may be due to land use patterns, private overflow, and point source
water contamination released from businesses like battery assembling and elastic and
calfskin ventures [5]. Also, seawater intrusion may cause the highest level of EC. The water
quality in Kollonawa Ela and Hamilton Canal region downstream (Site 13,1) was poor for
drinking due to high concentrations of pH, BOD, COD, EC, and TDS because they are situ-
ated in the most promoted and industrialized region in Colombo and the huge population
living around here utilize this surface water hotspot for their day-to-day exercises.

The poor water quality can be attributed to various factors such as stagnant water,
agricultural runoff, cattle washing, open defecation, and disposal of animal remains. Our
study suggested that the downstream water quality was below standard and not suitable
for drinking water use.

4.1.2. Water Quality Changing Patterns in the Middle Stream and the Upstream of the
Kelani River

Nallathanniya and Seethagangula sampling sites in the upstream region (Site 59,60)
are source water areas situated in the head region close to the Adams Peak Mountain range
encompassing with tea state. During the blustery season, composts and pesticides blend
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in with downpour water and filter through the dirt into the spring water. The Norwood
sampling point (Site 55) is a water supply source that is utilized for drinking and used
for hydropower purposes. Maskeliya (Site 56), situated in the upstream region, is also a
natural water source. It serves water for approximately 300 households to meet their daily
water requirements and activities. Further, Norton (Site 54) recorded the lowest pH (6.01)
and total dissolvability [37] along these lines.

4.2. Possible Reason for Water Quality Improvements during Lockdown Season
Less Human Activities

Human activities have a significant impact on the water quality in Sri Lanka. Modern
activities play a significant role in introducing NH;* and COD into numerous waterways.
Therefore, the COVID-19 lockdown resulted in a unique period where numerous human
activities were reduced. Industries were shut down, people stayed at home, and railway
transportation decreased leading to improved water quality by reducing sewage discharges.
Several studies confirmed that environmental pollution decreased during the lockdown
season in countries such as China and India [32,38].

4.3. Policy Suggestions to Alleviate Water Pollution

Studying water quality during the COVID-19 lockdown helps us find ways to improve
it in extreme and normal economic conditions. Strategies to reduce pollutants can be
targeted to address water quality issues. (1) More consideration should be paid to the
decrease in waste releases in thickly populated regions like Colombo and Gampaha. Areas
with higher population density within Colombo city in terms of NH4*-N and COD received
more pollutants from human activities compared to less densely populated areas like the
middle stream and upstream of the Kelani River. Therefore, it is essential to decrease
waste releases in rapidly urbanizing areas and prioritize the construction of sewer and
wastewater treatment plants in order to protect river water quality. (2) Different regions
should use different pollution reduction methods based on their development and the size
of the population. While the impact of pollution reduction during the COVID-19 lockdown
on various water quality indicators was mixed, pH, DO, and COD returned to normal
levels after the lockdown in June 2020. This can be partly explained by some regions ending
their lockdowns before May, and in some cases as early as late August. Additionally, the
quick economic recovery resulted in the release of a significant amount of wastewater as
lockdown measures were lifted.

5. Conclusions

This study investigated the impacts of the lockdown on the Kelani River Basin in
Sri Lanka, regarding the significant global impacts of the COVID-19 pandemic. The
outcomes showed an improvement in the water quality in the Kelani River Basin during
the lockdown stage when contrasted with the post-lockdown status. It can be noted that
water quality downstream of the Kelani River Basin was greatly improved during the
lockdown season, and the poor water quality changed into moderately better quality in
both the mainstream and tributaries during the lockdown season. This study presents
a unique and invaluable opportunity for researchers and scientists to comprehensively
understand the magnitude and extent of the impact of human activities on natural water
bodies effortlessly. Typically, it is challenging to suspend human activities in a heavily
urbanized area of such a large scale solely for the purpose of studying river water quality
without human intervention. The COVID-19 lockdown unexpectedly gave researchers
a unique opportunity to study water quality without significant human activities. This
situation allows them to understand the real impact of human actions on natural water
bodies without deliberate intervention. Similarly, the water quality of the Kelani River
Basin was found currently safe in both lockdown and post-lockdown periods from the
irrigational point of view by the SAR analysis. However, even after the post-lockdown
improvements, the water in the downstream area of the Kelani River Basin is still not safe
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for drinking. The COVID-19 lockdown did contribute to some restoration of water quality,
but more efforts are needed to make the water suitable for consumption.

Overall, it is possible to quickly restore highly polluted river systems by reducing
human activities and interventions. Efficient management of wastewater and solid waste,
impartial government involvement, and the effective implementation of policies are crucial
in addressing practical challenges. Additionally, incorporating new urban development
plans that prioritize mitigating water pollution in natural water bodies is essential.
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lockdown seasons; Figure S5: Sea water intrusion in Kelani River in lockdown season; Figure S6: 3D
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