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The COVID-19 pandemic has affected the entire world and has had a devastating impact on both lives and livelihoods in India. The only way to defeat the rapid spread of COVID-19, is to shut down socio-economic activities and to maintain minimal human interaction with the implementation of a lockdown. Such lockdowns have manifested in a pollution curtailment in almost all spheres of the planet, including in marine pollution. Quantifying this decrease in pollution levels enables the scientific community to assess the contribution of anthropogenic (especially non-essential) activities to global/regional pollution levels. This paper aims to study the impact of the stringent lockdown period (phase 1 and 2) on coastal water quality along the Chennai coast of India, by analyzing suspended matter concentration (SPM), a key element of water quality and diffuse attenuation coefficient, Kd(490), using LANDSAT-8 Operational Land Imager (OLI) data. LANDSAT-8/OLI, L1TP scenes were subjected to radiometric calibration and atmospheric correction to derive surface reflectance values from raw digital numbers using ACOLITE software and a brief insight has been given for the Dark Spectrum Fitting algorithm used in ACOLITE. SPM concentration decreased by 15.48 and 37.50% in the Chennai and Ennore ports, respectively, due to minimal vessel movement and cargo handling. The stringent lockdown led to the operation of fewer thermal plant units, thus less fly ash was emanated, resulting in a 28.05% reduction in SPM levels over Ennore creek. As industrial and commercial activities subsided, the city’s water bodies became clearer than they were just a fortnight prior to the lockdown, with a reduction of 22.26% of SPM in Adyar and 33.97% in Cooum riverine estuaries. Decrease in Kd(490) showed a positive relationship with SPM and thus improved coastal water quality because of the reduction of SPM during this period. The variations in PM2.5 and PM10 concentrations were studied using National Air Quality Monitoring Programme (NAMP) data and reduced levels in particulate matter concentration (PM2.5 and PM10) for the Adyar residential area (24.38 and 28.43%) and for the Nungampakkam commercial area (36.09 and 67.18%) were observed. A significant reduction in PM2.5 concentration (45.63%) was observed in the Ennore-Manali Industrial region.
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INTRODUCTION

COVID-19 has had an impact the entire world, and India has also felt this impact. The spread of COVID-19 has been so vast that the World Health Organization (WHO) declared it a pandemic and has designated it as medical emergency. To overcome the rapid and far-reaching spread of the disease, in the absence of proven medications, social distancing measures were put in place as the only way to minimize the human interaction. Inevitably, the country was put under lockdown. In this regard, the Indian Government took a strong stand against social life around the entire country starting in mid-March 2020. The prevalence of the pandemic, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) named by International Committee on Taxonomy of Viruses (ICTV), continued to spread around the world and by mid-June 2020, around 213 countries has been affected. To date, more than 10 million cases of the virus infection have been reported worldwide, with the majority of fatalities being reported in the USA, Spain, and Italy (Worldometers.info, 2020).

Lockdown has substantially restricted public life in almost all sectors. There has been a cessation of aviation services, railways, including sub-urban electric trains and metro trains, buses, cars, and taxis with the exception of essential cargos. Other than services falling in the essential category, most industrial activities were suspended. The entertainment and hospitality industry, educational institutions, private and government offices, as well as religious and social gatherings were all placed under total lockdown.

Power generation in India decreased by as much as 26.5% during the country-wide lockdown, including a 33% decrease in coal-based power generation (Saraswat and Saraswat, 2020). The Scripps Institute of Oceanography estimated that fossil fuel consumption around the world will decline by about 10% due to COVID-19 (SCRIPPS, 2020). Since the activities of citizens and industries were shut down for weeks, the Air Quality Index (AQI) across major cities improved, particularly due to the reduction in NO2, PM10, and PM2.5 caused by vehicles and industry (Central Pollution Control Board-India, 2020; Laxmipriya and Narayanan, 2020; Navinya et al., 2020; Sharma et al., 2020). These environmental benefits are a result of the halting of industrial and economic activity and not because of proactive action to control pollution or to mitigate climate change. The lockdown also brought a unique opportunity to assess the effect of anthropogenic activities on air, water quality, and atmospheric greenhouse gas concentrations and its influence on global temperatures. Quantifying the pollution status in various spheres during the lockdown period is an important activity for researchers to understand the short and long-term effects the spread of COVID-19 might have on the climate.

Coastal regions are dynamic in nature because of river discharges, industrial effluents, ship traffic, dredging, waste dumping, and sewage disposal etc. Population growth, climate change and variability, and changing land use practices all contribute to the stress of coastal water quality. The anthropogenic activities along the coastal regions are major contributors to marine water pollution. Due to the shutdown of anthropogenic activities, improvements in coastal water quality (decrease in Suspended matter concentration) were observed along the west coast of India (Yunus et al., 2020) and in the Hooghly estuarine region in the northern Bay of Bengal (Jayaram et al., unpublished data). An attempt has been made to study the water pollution in the Chennai coastal waters during the COVID-19 lockdown period, through the water quality parameters. Ocean color remote sensing techniques are useful and adapted to perform spatio-temporal studies on coastal water quality. Water quality can be measured in terms of biological, physical, and chemical indicators such as turbidity, chlorophyll-a, algae (harmful and non-harmful), pollution-sediment, temperature, metals, dissolved oxygen, nutrients (primarily phosphorus and nitrogen), and many other contaminants.

This study mainly focused on the Suspended Particulate Matter (SPM) concentration derived from satellite remote sensing measurements. The term “suspended matter” does not apply to a single type of material, but to a whole family of materials with their own individual characteristics (Sathyendranath, 2000). These particulates include anything drifting or floating in the water, from sediment, silt, and sand to plankton and algae (Fondriest Environmental Inc, 2014). SPM concentration levels are largely governed by the pollution load from anthropogenic origin, especially in connection with coastal waters situated within reach of metropolitan/industrial cities. SPM has therefore been considered to assess the variation in pollution levels, i.e., water quality in Chennai coastal waters. In addition to SPM, diffuse attenuation coefficient Kd(490), an apparent optical property, also defines optical water quality (Kirk, 1988). It shows how strongly light intensity at a specified wavelength (490 nm) is attenuated within the water column and also indicates turbidity of the water column. It is directly related to the presence of scattering particles in the water column, either organic or inorganic, and is therefore an indication of water clarity. To assess the anticipated atmospheric fallout, reduction in particulate matter concentrations of PM2.5 and PM10 were also reported on during this lockdown period.



STUDY AREA

Chennai (“The Detroit of India”), the metropolis of the Indian state of Tamil Nadu, is located on the Coromandel Coast off the Bay of Bengal (BoB), and has two major ports (Chennai and Ennore) and numerous coastal Industries. The study area is situated in between 80.25°E–80.50°E and 13°N–13.35°N, as shown in Figure 1. Littoral regions are of great concern, due to the fact that they are not only the most productive areas but also hot spots of pollution. Massive populations and the congregation of industries in Chennai are impairing the rivers of Kosasthalaiyar, Cooum, and Adyar by ceaseless depositing of treated/untreated sewage. These rivers ultimately discharge into BoB. Dumping of dredged material is a major threat to Ennore Creek (EC), which further leads to the blockage of water flow. This creek receives wastewater, which includes treated effluents and untreated wastewater from industrial sources in Ennore-Manali areas. The two power plants in Chennai (Kalpakkam and Ennore) emanate thermal effluents into the sea, which leads to a rise in temperature levels over several square kilometers. In addition to this, direct dumping of waste as well as harbor activities such as dredging, cargo handling, ship traffic, oil spillages etc., also accompany the marine pollution. All of this waste discharge results in ecological changes including a marginal decrease in dissolved oxygen, pH, and primary productivity (Ramesh et al., 2008). The sites that are prone to marine pollution, such as the ports of Chennai and Ennore, the river mouths of Kosasthalaiyar (Ennore creek), Cooum, and Adyar were therefore considered in this study (Gowri and Ramachandran, 2001; Shanmugam et al., 2007).
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FIGURE 1. Study area and prominent regions prone to marine pollution along the Chennai coast.


The Chennai coast is characterized by a semi-diurnal tide with a maximum ∼1.2 m tidal range (Mishra et al., 2015). The mixing and sediment transport phenomena are highly dependent on tidal ebbing and flooding conditions (Kalaivani and Krishnaveni, 2015). Sediment transport is northerly from April to October and southerly from November to March. The sediment transport rate is high throughout the year, with a maximum of about 2 × 105 m3 per month in June and a minimum of about 0.7 × 105 m3 per month in March (Chandramohan et al., 1990). Mishra et al. (2015) conducted field campaigns along the Chennai coast (January 2013–December 2014) and reported SPM concentration ranges in between 11 and 160.5 g m–3 with a mean value of 34.8 g m–3 in the dry season (January–June).



DATA AND METHODOLOGY


Data

Landsat-8/OLI has spectral bands with central wavelengths close to that of dedicated ocean color sensors. The resolution of current ocean color sensors is one of the key limiting factors for water quality applications in near-shore regions, as they are unable to accurately resolve coastal ocean characteristics (Mouw et al., 2015). Optical sensor OLI has native spatial resolution of 30 m and is therefore better suited to resolve detailed features of SPM in the near-shore region compared to conventional ocean color sensors. Additionally, improved sensor signal-to-noise ratio and radiometric resolution of OLI, permits the application of this land-designed sensor for marine applications (Trinh et al., 2017). It provides the capability to optically map active components of the upper water column in inland and coastal waters with minimized coastal contamination. These characteristics indicate that Landsat-8/OLI images are suitable and were found to provide appropriate data for retrieval, estimation, and monitoring of water quality parameters on a regional scale (Lim and Choi, 2015; Vanhellemont and Ruddick, 2015; Wei et al., 2018). However, Landsat-8/OLI data may not be advisable when studying extremely dynamic and large-scale features due to its low temporal resolution and synoptic coverage compared to MODIS, AVHRR, VIIRS etc. To study the impact different phases of lockdown (Supplementary Table 1) had on water quality along the Chennai coast, April (stringent lockdown period) was chosen and Landsat-8/OLI instrument L1TP (Level 1 and Terrain Precision) scenes of path/row-142/051 were downloaded from NASA’s USGS Earth-Explorer website for the period of 2013–2020.



Pre-processing

Landsat-8/OLI, L1TP scenes were subjected to radiometric calibration and atmospheric correction to derive surface reflectance values from raw digital numbers using the ACOLITE package, developed by the Royal Belgian Institute of Natural Sciences (Vanhellemont and Ruddick, 2018). It is an image-based Atmospheric Correction algorithm that estimates radiance by correcting for molecular and aerosol scattering in the atmosphere using the Gordon and Wang (1994) approach. Molecular reflectance correction, based on viewing and illumination geometries, is performed with a 6SV-based look-up table.

ACOLITE employs the Dark Spectrum Fitting (DSF) algorithm (Vanhellemont and Ruddick, 2018; Vanhellemont, 2019) for atmospheric correction. The DSF algorithm considers the atmosphere as homogenous and estimates atmospheric path reflectance by assuming approximate zero water-leaving radiance for the pixels, in at least one of the sensor bands of the scene. Figure 2 provides a brief insight into DSF aerosol correction. The aerosol model and best fitting band combination, which gives the lowest RMSD between observed dark spectrum (ρdark) and estimated atmospheric path reflectance (ρpath), is selected for the atmospheric correction. ACOLITE performs glint correction to obtain glint-free surface reflectance by estimating sun glint reflectance from the SWIR bands, significantly improving the data availability for this nadir viewing sensor (Harmel et al., 2018; Vanhellemont, 2019).


[image: image]

FIGURE 2. Flow chart representing aerosol correction procedure in DSF algorithm.




SPM Retrieval

SPM plays a vital role in Primary production, pollutant transport, and other biogeochemical processes in coastal marine environments (Kravchishina et al., 2018). Curran et al. (1987) and Novo et al. (1989) investigated the form of the relationship between SPM and water-leaving reflectance in coastal waters and showed that single band algorithms may be adopted where SPM increases with increasing reflectance. Ahn et al. (2001) pointed out that single bands at longer wavelengths in visible portions are highly useful for deriving SPM concentrations in turbid waters. After performing the atmospheric correction for the scenes, to retrieve the suspended particulate matter (SPM), a generic multi-sensor SPM algorithm for turbid waters developed by Nechad et al. (2010) was adapted for this study. The algorithm is based on a reflectance model (Gordon et al., 1988) and is calibrated using in-situ reflectance and SPM measurements made over the southern North Sea area from 2001 to 2006. Nechad et al. (2010) proposed an algorithm based on Inherent Optical Properties (IOP) for turbid waters (case 2 waters). SPM is related to the ratio of total backscattering (bb) to total absorption (a). Assumptions made in this algorithm derivation are that particulate backscattering (bbp) and particulate absorption are proportional to the SPM concentration, that spatio-temporal variability of non-particulate absorption (anp) is negligible, and that non-particulate back-scattering is zero.

[image: image]

ρw is the water-leaving reflectance which can be derived from the remote sensing reflectance (Rrs), ρw = πRrs. Aρ is obtained from a non-linear regression analysis using in-situ reflectance and SPM data and Cρ is calibrated using standard IOP data (Mobley, 1994; Babin et al.,2003a,b; Lubac and Loisel, 2007). For Ladsat-8 data, Rrs at red band (central wavelength = 655nm) is used for SPM retrieval. Generic coefficients (corresponding to 655nm) were taken from Table 1 and Table 4 of Nechad et al. (2010), Aρ = 289.29 and Cρ = 0.1686. Mathematical formulations for these calibration coefficients are given below,
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Where A and C are calibration parameters, and b^*bp and a^*p are SPM specific particulate backscattering and absorption, respectively. R is the constant and represents reflection and refraction effects at the sea surface = 0.529 (Morel and Gentili, 1996), f’ is a varying dimensionless factor (Morel and Gentili, 1991) and Q is the ratio of subsurface upwelling irradiance to the subsurface upwelling radiance. f’/Q = 0.13 for sediment-dominated waters (Loisel and Morel, 2001).



Kd(490) Retrieval

Diffuse attenuation coefficient (Kd) has strong relationship with IOPs such as absorption coefficient (a) (Smith and Baker, 1981; Lee et al., 2002; Lee et al., 2005; Lee et al., 2015) and back scattering coefficient (bb) (Gordon et al., 1988; Lee et al., 2002; Sun et al., 2014). A semi analytical approach developed by Lee et al. (2002), and a Quasi Analytical Algorithm (QAA) has been adapted to redeem Kd(490) for this study. Kd(490) retrieval involves calculation of a(490) and bb(490) by analytically inverting remote sensing reflectance (Lee et al., 2005). These IOPs are further used to calculate Kd(490) from the Eq. 3.
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Where m0 = 1 + 0.005θa, θa is the solar zenith angle in air. The values for model constants m1, m2, and m3 are 4.18, 0.52, and 10.8, respectively (Lee et al., 2005). These values remain constant for different waters and different wavelengths and it is to be noted that a and bb changes with water mass and wavelength, as well as with solar zenith angle.



RESULTS AND DISCUSSION

The long-term mean was calculated using L8 scenes of April (2013–20) and April-2020 (2nd & 18th, April-2020) scenes were used to compute mean values for the stringent lockdown period. Negative anomalies were observed in the majority of locations/pixels in all prominent regions of the study area. Mean, percentage, and root mean square differences (RMSD) were computed. The entire region was considered while computing mean differences and their percentages, whereas pixels with negative anomalies were isolated and computed RMSDs for those pixels.


Variation in Suspended Particulate Matter

The potential variances in SPM concentration, are either due to anthropogenic activities or biogeochemical processes taking place in the system (Kuppusamy and Giridhar, 2006). The seasonal and biogeochemical processes remained the same whereas anthropogenic activities were shut down (exemption was given to essential services) during the COVID-19 lockdown. Delineating the contribution of anthropogenic activities to SPM levels has therefore been assessed in this study. An anticipated decrease of SPM concentration is clearly observed in all prominent regions of the study area and their corresponding statistical inferences are presented in Table 1.


TABLE 1. Statistical parameters of SPM for all prominent regions in the study area.

[image: Table 1]The statistics revealed by the Chennai port (Chennai Port—Tamil Nadu, 2020) says that, there was a 40% decrease in cargo handled and a 36% decrease in vessel traffic during April 2020 (Supplementary Figure 1). Fishing activities were completely paused due to the absence of ice and because of the workforce being in lockdown (ThePrint, 2020). It was observed that SPM concentration at the CPFH region decreased about 15.48% (refer Table 1). The Ennore port handled 3228 kilotons of cargo, which is much less compared to Chennai port during the months of April and May 2020. Due to this, SPM concentration during the stringent lockdown period at EP drastically reduced by 37.5% (refer to Table 1). It was noticed that the pause in port and fishing activities contrived the coastal water quality (refer to Figure 3).
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FIGURE 3. Long-term (left), April 2020 (middle), and April 2020 anomaly (right) mean distributions of SPM over prominent regions in the study area.


The Tamil Nadu State’s peak electricity demand plummeted with the shutdown of commercial and industrial units and led to a drastic drop (about 30%) in power demand. All of these factors led to a reduction in SPM of around 28.05% over EC (refer to Table 1 and Figure 3). As industrial and commercial activities subsided during the lockdown period, the city’s water bodies became clearer than they were just a fort-night prior to the lockdown, with no industrial effluents flowing in from closed factories. The Adyar river now carries 70 cusecs of relatively clean water and no froth has been noticed anywhere along the river due to the absence of chemicals. The flow of 60 cusecs of gray water from the units has now come down to 10 cusecs (The Times of India, 2020) and SPM concentrations were decreased by 22.26 and 33.97% at CE and AE, respectively (Table 1); corresponding maps are presented in Figure 3.



Variation in Diffuse Attenuation Coefficient

The impact the COVID-19 lockdown had on Kd(490) was also studied along with SPM, and the observed results for the five prominent units selected in the Chennai coastal waters are outlined in Table 2. Comparable variability was observed in Kd(490) concentrations due to a decline of suspended and dissolved solids contributed from respective sources.


TABLE 2. Statistical parameters of Kd(490) for all prominent regions in the study area.

[image: Table 2]A decrease of cargo and vessel movement in the Chennai port, and also in relation to the decrease of SPM up to 15.48%, Kd(490) shows high transparency levels at the fishing harbor and port (Figure 4) with an 8.62% decrease in the light attenuation varying from ∼0.45 to ∼0.7 m–1 leading to water clarity. This observation shows the impact of lockdown with a pause in port and fishing activities. The EP showed a 11.69% decrease in the light attenuation, resulting in high transparency during the lockdown period, as shown in Figure 4. The Kd(490) varies from ∼0.45 to ∼0.7 m–1 as observed in the CPFH region. This indicates that port regions of EP and CPFH had a maximum decrease in both SPM distribution and Kd(490) light attenuation, showing the impact lockdown had.
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FIGURE 4. Long-term (left), April 2020 (middle), and April 2020 anomaly (right) mean distributions of Kd(490) over prominent regions in the study area.


SPM distribution over EC showed a maximum 28.05% decrease during the lockdown period which was also observed with a 17.14% decrease in the light attenuation from Kd(490), showing clear waters along the coast compared to the long-term mean. This can be attributed to the shutdown of industrial and dredging activities which resulted in reduced pollution and thus increasing coastal water quality in the EC.

The AE region located south of the Chennai port, indicates a maximum decrease of 23.28% difference compared to the long-term mean, which is also correlated to the maximum 33.97% decrease of SPM. The Kd(490) varies <1 m–1 showing reasonable transparency compared to the long-term distribution of Kd(490). Whereas in the CE region, located in between the CPFH and AE, Kd(490) distribution is observed with a 17.10% decrease along the coast. These estuarine regions are more susceptible to marine pollution, revealing the impact of lockdown in the reduced SPM concentrations and Kd(490) distribution in the coastal waters.



PM2.5 and PM10 Concentrations

The major sources for PM2.5 and PM10 concentrations in atmosphere are industries, dust and vehicular emissions. The variations in PM2.5 and PM10 concentrations in the Chennai local atmosphere were studied for this lockdown period by considering three National Air Quality Monitoring Programme (NAMP) stations at different LULC zones. The PM2.5 and PM10 data of Adyar (residential), Nungampakkam (commercial), and Manali (industrial) stations have been acquired from the pollution control boards of the State and Central governments for the period of 2018–2020. PM10 data is not available for Manali station and in the case of Adyar and Nungampakkam stations, the 2018 PM2.5 data is not available. The trend of specified air quality parameters has been assessed by analyzing pre- and during lockdown levels. As vehicles stayed off the road, construction was put on hold, and factories stopped production, the levels of microscopic particulate matter (PM2.5) started to drop (EcoWatch, 2020). It was observed that there was a profound decrease in particulate matter concentrations and the corresponding results are presented in following sections.

While measuring particulate matter concentrations in Adyar station, the results indicated a decrease in PM2.5 and PM10 over a period (February to May) in 2020 when compared with long-term mean values (Figures 5, 6). The percentage reduction during the stringent lockdown period (24.38% and 28.43%) was marginal because of the persistent contribution of domestic pollutants in residential zones (Table 3). The main sources of particulate matter in commercial areas are vehicular emissions. A significant drop in PM2.5 and PM10 (Figures 5, 6) levels were observed (36.09 and 67.18%) in Nungampakkam during the stringent lockdown period (Table 3) due to extensive restrictions implemented for public transport and vehicle movement. Other than the essential category units, most industries were shut during the COVID-19 lockdown. A profound improvement in air quality was observed in Manali due to reduced industrial emissions (Table 3 and Figures 5, 6).


[image: image]

FIGURE 5. Plots representing variations in monthly means and their percentage anomalies with long-term data of PM2.5 data at residential (Adyar), commercial (Nungampakkam), and industrial (Manali) zones.
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FIGURE 6. Plots representing variations in monthly means and their percentage anomalies with long-term data of PM10 data at residential (Adyar), commercial (Nungampakkam), and industrial (Manali) zones.



TABLE 3. Statistical analysis of monthly particulate matter mean data.

[image: Table 3]


Discussion

Decreased SPM levels in response to the COVID-19 lockdown indicated a reduced influx of contaminants (size ≥0.45 microns) into coastal waters. Unlike SPM concentration, the Kd(490) parameter reveals the combined effect of suspended and dissolved matter (majorly Color Dissolved Organic Matter) on light attenuation (Kirk, 1994; Gallegos and Moore, 2000). Decrease in Kd (490) values resulted in improved water quality and the same was observed in all the prominent regions of study during the lockdown period. This decrease in Kd (490) can be related to three possibilities:


i.Both suspended and dissolved matters were decreased

ii.Suspended matter decreased whereas dissolved matter remained the same

iii.Dissolved matter decreased whereas suspended matter remained the same



Though the impact lockdown had on dissolved matter is not quantified in the present study, a decrease in dissolved matter levels could be expected due to the shutdown of anthropogenic activities. The first two cases show an in-phase relationship with the SPM results of this study, but the third case exhibited contradictory behavior. As the inorganic suspended matter shows dominance in the turbid coastal waters, the absence of their respective sources will certainly have an impact on their abundance and there is no possibility of occurrence for the third case during COVID-19 lockdown. A decrease in Kd(490) therefore shows an in-phase/positive relationship with SPM (Figure 7) and substantiates improved coastal water quality through the reduction of SPM during the stringent lockdown period.
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FIGURE 7. Plot representing positive relationship between SPM and Kd490.


In general, spatio-temporal variability of SPM concentration levels in coastal waters mainly depends on domestic and industrial sewage, atmospheric fallout, runoff, tides, and re-suspension of sediments. Among these, the components associated with anthropogenic activities are: sewage that originates from domestic sources and industrial outlets; atmospheric particulate matter that releases from vehicular emissions, and industries. A direct increase or decrease in the aforementioned components will certainly have an impact on SPM levels. Apart from the anthropogenic contribution, the rest can be attributed to natural variability. Landsat-8 scenes of 2 and 18 April 2020 were considered, while computing mean SPM values for the stringent lockdown period, observed reduction in SPM levels. In view of checking natural SPM variability, the authors verified any deviation from the prevailing or natural/climatic conditions in the study region. The Northeast monsoon (October–December) is a major source of rainfall in Tamil Nadu and the state is entirely dependent on rains for recharging its water resources. From a CPC global unified gauge-based analysis of daily precipitation data, it was observed that there is no rainfall during the times of Landsat-8 coverage. It was observed that Landsat-8 overpassed the Chennai coast during low-tide, on both days. So, the natural variability of SPM associated with runoff and tidal currents could be eliminated. The observed reduction in SPM levels can therefore be solely attributed to the stringent lockdown period.



CONCLUSION

The impact of the COVID-19 lockdown on coastal water quality across the Chennai region was studied by analyzing the suspended particulate matter concentration (SPM). Anthropogenic activities’ contribution to SPM levels was assessed for all five prominent regions in the study area. A decrease in SPM concentration (15.48, 37.50%) was clearly observed due to minimal vessel movement and cargo handling at the Chennai and Ennore ports. SPM levels over Ennore creek/estuary were reduced by 28.05%, and can be attributed to limited industrial activities in Ennore-Manali area and the decreased fly ash emissions from thermal power plants. As industrial and commercial activities subsided during the lockdown period, the city’s water bodies, Adyar and Cooum, were clearer than the pre-lockdown period, with no industrial effluents flowing in from closed factories. The suspended matter over these estuaries was reduced by 22.26 and 33.97%. A decrease in Kd(490) showed an in-phase/positive relationship with SPM and substantiated the improved coastal water quality through the reduction of SPM during the lockdown period. The variations in PM2.5 and PM10 concentrations in the Chennai local atmosphere were studied for this stringent lockdown period considering three NAMP stations at different LULC zones. The extensive restrictions imposed on public transport and vehicular movement reduced the particulate matter concentration (PM2.5 and PM10) for the Adyar residential area (24.38 and 28.43%) and for the Nungampakkam commercial area (36.09 and 67.18%). A significant reduction in PM2.5 concentration (45.63%) was observed for the Manali industrial region. Peters et al., 2012 reported rapid growth in pollution levels (CO2) after the global financial crisis occurred in 2008 to 2009. Once the situation stabilizes, and returns to normality as seen during the pre-lockdown period, a rebound of pollution levels in all spheres of earth can be expected within a short time span. This study propounds the necessity of sustainable development to maintain a balanced environment, otherwise the COVID-19 lockdown scenario will simply replicate the rise in pollution seen after the 2008 to 2009 global financial crisis.
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