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ABSTRACT

The coronavirus (COVID-19) pandemic is the defining health crisis
of our time. It has led to lockdowns of major cities and curbed industrial,
commercial and vehicular activities. Lagos is the commercial and industrial
hub of Nigeria and has the Lagos lagoon as the sink for the flow of wastes
streams from all these activities. Here we examine the water chemistry
features and photosynthetic pigment parameters before the lockdown, during
the lockdown and around the ease of the lockdown. Results show that
parameters such as Dissolved Oxygen, Chlorophyll a and b, pH, Total
Suspended Solids, Zinc, Copper, Lead, Chromium and Manganese increased
considerably during the lockdown. On the other hand, parameters such as
Conductivity, Total Dissolved Solids, Salinity, Acidity, Alkalinity, Total
Hardness, Chloride, Sulphate, Phosphate, Calcium, Magnesium, Dissolved
Inorganic Phosphate, Sodium and Chlorophyll ¢ values reduced in the same

period. In all, trends signify cleaner and clearer waters of the Lagos lagoon
and these positive effects lingered during the ease of the lockdown period
characterized by the cessation of major industrial and vehicular activities.
During the lockdown, there were improved water quality conditions as well as
primary production. The effects of seasonal variation in water chemistry
factors including salinity were also noted.

INTRODUCTION

Since its emergence in China in November of 2019, the coronavirus disease
(COVID-19) has become a pandemic and has defined the global health crisis of our world.
The severe acute respiratory syndrome coronavirus (SARS — Cov — 2) has also
significantly affected Nigeria. A common action across countries was the enactment of a
lockdown across major cities of the world and people stayed home. Ali et al., (2020) and
Fawape et al 2020 are of the view that increased industrialization and anthropogenic
activities in the last two decades and more have severely polluted the atmosphere,
hydrosphere and biosphere in major cities. In most countries of the world including
Nigeria, a ban on social and economic activities and gatherings as well as the cessation of
movement of people on land and by air vehicles were significantly stopped. In Lagos, the
commercial hub of Nigeria, Ogun state and surrounding cities, these measures were taken
to stem the spread of the virus. This restriction applied as well to Ogun state due to its
close proximity to Lagos and the heavy traffic between the two states. These lockdown
measures impacted greatly and led to a marked reduction and stoppage of industrial and
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most manufacturing activities. By implications, the directive affected traffic emissions,
vehicular and industrial wastes materials released into the atmosphere and water during the
period. Importantly, pollution is the singular largest environmental threat to the aquatic
ecosystem and its biodiversity in and around the coastal waters of Nigeria (Nwankwo,
2004, Kadiri, 1999). Pollution in Nigeria has been rising for decades now with staggering
levels in the last few years (Onyema, 2016 domestic, Otitoloju, 2018; Onyema et al. 2019;
Fawape et al, 2020).

The Lagos lagoon is the most notable of the lagoons in Lagos, especially with
regard to the effects and fallouts of human activities. The waste materials in the Lagos
lagoon usually reflect the content of waste from the Lagos and Ogun states (Onyema,
2009; Nwankwo, 2004; Nwankwo et al., 2012). Waste materials in southwestern Nigeria
and specifically Lagos state eventually end up in the Lagos lagoon enroute to the Atlantic
Ocean. The Lagos lagoon is the lowest point in southwestern Nigeria.

The measurement of algal or photosynthetic pigment levels is a useful tool in
determining the trophic levels and health of aquatic ecosystems (Kowalewska et al., 2004).
Several studies have as well shown that photosynthetic pigments are an excellent tool for
the study of phytoplankton communities (Jeffrey and Vesk, 1997; Agirbas et al, 2015). It is
expected that there would be a reduction in pollution inputs from industrial and
commercial activities getting to the Lagos lagoon following the lockdown declaration and
a possible rise as the ease of the lockdown measures were released in phases.

Here we attempt to qualify and quantify the changes and trends in water quality
and primary production parameters particularly connected to pollution, before the
lockdown, during the lockdown and as the cessation of industrial, commercial and
vehicular activities were eased in Lagos and Ogun state axis. It is expected that these data
would help identify the key parameters or similar features in water quality that show clear
and pointed differences in environmental conditions for this and other related
environmental situations.

MATERIALS AND METHODS

Description of the Study Area:

Lagos state is the commercial and industrial hub of Nigeria, West Africa. It has
over 20 million people living in it. It boasts of 10 lagoons with the Lagos lagoon being the
most central and impacted by human activities and pollution inputs such as wastes from
human activities in the region (Onyema et al, 2010). A brew of wastes even from
neighboring states including Oyo, Ondo, Ogun and importantly other non-neighboring
parts of Lagos states empty into the Lagos lagoon system, hence making it serve as a sink
for waste discharges for the region. The Lagos lagoon is an integral part of the Lagos
lagoon system (Fig. 1). Other lagoons in the Lagos lagoon system are Yewa, Ologe,
Badagry, Kuramo, lyagbe, Onijegi, Epe, Lekki and Mahin lagoons.

Collection of Water Samples:

The first water sample was collected about 3 weeks before Lagos state, Nigeria
issued the lockdown measure. This represented the pre-lockdown situation. Four samples
were collected weekly during the lockdown and five samples were collected weekly as the
lockdown was eased starting from the 4" of May, 2020. In all, 10 samples were collected
for this study. Samples for water and photosynthetic pigment determinations were
collected between 09.00 and 12.00 hours on each sampling day in 75 cl screw-capped
plastic containers and moved to the laboratory for analysis. The sample collection point is
shown in Plate 1. This was just off the University of Lagos waterfront.
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Total suspended solids, salinity, dissolved oxygen, nitrate, phosphate, sulphate and
silica were measured using methods according to American Public Health Association
(APHA, 2012) for water analysis. Calcium, magnesium, sodium, potassium, copper, iron,
zinc, manganese and cadmium were estimated using inductively coupled plasma, an
optical emission spectrometer (Agilent ICP-OES 710 Axial). Photosynthetic pigments
(Chlorophyll a, b and Pheophytin a) (ug/L) were analyzed using spectrophotometric
determination of chlorophylls in water samples. The photosynthetic pigments were
determined using different computational formulae as reported in Onyema and Akanmu
(2017).

Statistical Analysis:

Standard deviation on normally distributed data was used to treat the water

parameters, nutrients, heavy metals and photosynthetic pigments.

RESULTS

From the pre-lockdown period through the lockdown and then the resumption of
activities (ease of lockdown), some parameters recorded reducing values throughout the
study (Conductivity, TDS, Salinity, Acidity, Alkalinity, Total Hardness, Chloride,
Sulphate, Phosphate, Calcium, Magnesium, Dissolved Inorganic Phosphate, Sodium and
Chlorophyll c). Other parameters increased (pH, Total Suspended Solids, Dissolved
Oxygen, Zinc, Copper, Lead, Chromium and Manganese) in the same stead. Table 1 shows
the mean and standard deviation values for water chemistry and photosynthetic pigments
characteristics for the pre-lockdown, during lockdown and ease of lockdown periods.

Conversely, some parameters generally reduced during the lockdown but
increased as the lockdown eased. They were Turbidity, Nitrate, Silica, Iron, Dissolved
Inorganic Nitrogen, Dissolved Organic Nitrogen and Chlorophyll a. Furthermore, other
parameters such as Biological Oxygen Demand, Chemical Oxygen Demand, Calcium,
Chlorophyll b and Pheophytin a generally increased during the lockdown but reduced as
the lockdown eased. Specifically mean values of chlorophyll b and Phaeophytin a levels
rose with the lockdown as well as dissolved oxygen values, while nitrate and sulphate
values reduced (Fig. 2). Fig. 3 shows the relationship trends in DO, photosynthetic
pigments and nutrients (Nitrate) during these times.
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Table 1: Mean and standard deviation of water chemistry and photosynthetic pigments
characteristics for the pre-lockdown, during lockdown and ease of lockdown

period.
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Fig. 2: Changes in values for DO, Chlorophyll a, b and Nitrate for the pre-lockdown,

during lockdown and ease of lockdown period.
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Fig. 3: The mean trend values for DO, Turbidity, Nitrate, Sulphate, Chlorophyll b and
Phaeophytin a for the pre-lockdown, lockdown and during the ease of lockdown period.
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DISCUSSION

Turbidity of the waters of the Lagos lagoon showed a remarkable drop in value
immediately after the lockdown was imposed. Water clarity increased. The subsequent rise
in turbidity after a few weeks was probably due to the turbidity current associated with
agitated floodwaters initiated by the rains and mixed with the lagoon water. According to
Ali et al., (2020) in the Vembanad Lake, the longest freshwater lake in India, in a matter of
days following the enforcement of lockdown, the carbon emission levels had dropped
significantly and they quantitatively demonstrated the improvement in surface water
quality in terms of suspended particulate matter.

Connectedly, reducing values were noted for salinity, Conductivity, Chloride,
Cations and the like. The reduced input from industrial, vehicular and commercial waste
generating activities impacting the Lagos lagoon was evident in the spread of values
especially when the pre-lockdown values were compared with values during the lockdown
and cessation of large-scale industrial and vehicular activities. Importantly, the period of
stoppage of industrial activities in the region is reflected in the reduction in Turbidity,
Nutrients - Nitrate, Sulphate, Phosphate, Silica, Dissolved Inorganic Phosphate and
Dissolved Inorganic Nitrogen values on the one hand and corresponding increases in
Dissolved Oxygen, Chlorophyll a and Chlorophyll b values. Hence, increased primary
production values with the lockdown and more dissolved oxygen. This evidently gave rise
to a cleaner and clearer Lagos lagoon aquatic ecosystem. With regards to the chlorophyll
values, Varadharajan and Soundarapandian (2014) are of the view that phytoplankton
species diversity responds rapidly to changes in the aquatic environment, particularly in
relation to nutrients. The trend of the data from the water chemistry over the period of the
study showed the effect of seasons in the variations of these parameters. Some of these
trends in variations have been previously documented for the south-western ecoregion by a
number of authors in the creeks, lagoons, harbour and immediate ocean (Nwankwo,1996,
Onyema et al., 2016, Onyema and popoola, 2013, Akanmu and Onyema, 2019).

For instance, the effect of the rains on increasing Turbidity and Total Suspended
Solids has been evident before now (Onyema, 2018; Onyema and Akanmu, 2020). This
also means that while nutrient levels from pollution reduced during the lockdown period,
there was a corresponding increase in primary production as shown in increased
chlorophyll a, b and as well as dissolved oxygen levels. Increases in dissolved oxygen
levels could be attributed to the improved health status of the lagoon and as a result of
increases in primary production. Oxygen is a byproduct of photosynthesis.

Invariably, pollution from pre-lockdown periods partly suppressed primary
production in the Lagos lagoon. In other climes globally, healthier and less turbid waters
and skies were mostly reported as a result of imposed lockdown measures in major cities
of the world (Ali et al., 2020). In the surface water resources in the Meri¢-Ergene River
Basin Turkey, Tokatli and Varol (2021), realized the limited operational status of most
industrial facilities in the basin during the lockdown reduced the number of industrial
effluents, leading to significant improvement in surface water quality and the lockdown
has shown that the solution for preservation and sustainability of natural water resources
lies in the efficient management of pollution sources that can prevent surface water
pollution at a very rapid pace. According to Chakraborty et. al., (2021), evidence from
recent studies in a part of India reveals that the river water quality was revived
significantly during the lockdown phase, due to the complete closing of industrial,
transport, business sectors stopped waste discharge admixing to riverbed directly. Also,
values showed that the complete lockdown of industrial activities helped to lower heavy
metal concentration in river water for the studied area. In a previous study by Onyema et.
al. (2019) for a freshwater swamp in Lagos Nigeria, heavy metals level from a solids waste
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dumpsite was significantly responsible for depressing and limiting levels of primary
production in the wetland ecosystem.

Over the years, there has been a remarkable increase in the discharges of
pollutants into coastal ecosystems due to urbanization, population growth, and high
industrial activities. This has resulted in surface water degradation (lbanga et al., 2019). It
is also important to note that iron levels are reduced with nutrient levels. Increased iron or
heavy metal levels have been implicated in limiting the primary productivity of coastal
waters of south-western Nigeria over recent years (Nwankwo, 2004, Onyema et al., 2016,
Onyema 2018, Onyema et al., 2019). Another study for Nigeria has also shown that the
COVID-19-induced lockdown was responsible for a decrease in NO> levels (Fawape et al
2020).

During the lockdown period, there were additionally visible cleaner and clearer
waters with reduced nutrient load estimates and improved primary production. In another
study, the lockdown has been associated with better water quality in Vembanad Lake,
India (Yunus et al. 2020). Additionally for Malaysia, several observations conducted by
reporters of local news media organizations, reported that waters in the country especially
in the early days of the lockdown showed positive changes in water river quality (Chai,
2000). Swamp areas especially in coastal zones of the world are under increasing stress
due to the development of industries, trade, commerce, tourism and their resultant human
population growth leading to deteriorating water quality and hydrological conditions (Wu
et. al, 2014).

Conclusion

The lockdown period brought the following noticeable effects namely cleaner and
clearer waters of the Lagos lagoon as shown by the reduced turbidity and nutrients values.
Secondly, the lagoon experienced increased primary production as shown in the increased
levels of photosynthetic pigment concentration and thirdly, the lagoon became healthier as
reflected in the increase in Dissolved oxygen concentration. The COVID-19 lockdown has
been reported as a “ventilator” for the reinstatement of natural resources across the globe
(Khan et. al, 2021).
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