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Abstract: The COVID-19 pandemic has caused many countries to close their borders, 
and large numbers of people have begun to spend their holidays and vacation time 
within their own countries rather than traveling abroad. This study assesses the impact 
of the pandemic on water consumption and wastewater generation in a popular tourist 
Aegean city (Bodrum, Turkey) and its suburbia where many visitors moved in to live 
there for an unforeseen future. The effects of the COVID-19 pandemic on water 
consumption within the residential and commercial areas showed a significant 
decrease in water consumption in commercial areas (%23) and an increase in the 
residential areas (%15) during the pandemic period. The wastewater in residential 
areas had to be treated in many on-site wastewater treatment plants, apart from the 
central treatment plants which may pose a risk to the groundwater and surface water 
resources of the region. This shows that the treatment technologies and capacities of 
wastewater treatment plants need to be revised for situations such as unexpected 
pandemics. 
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Introduction 

Since the first reported case in December 2019, the SARS-CoV-2 virus has spread rapidly across 
the globe. As of August 17, 2021, more than 600 million people have reported COVID-19 positive, and 
about 6 million people have died (Dong et al. 2019). Similar to any other country, Turkey faced a severe 
transmission of the virus throughout its borders with more than 16 million cases and more than 100 
thousand reported deaths (Republic of Turkey Ministry of Health, 2021). During the pandemic, many 
urban dwellers ended up moving to their summer vacation homes for extended times to avoid crowds 
and community spread of the virus. These summer homes are mostly located in suburbs of small towns 
where water and wastewater infrastructure are capable of population increase only in the recreational 
season. Although there have been signs of unexpected increases in water consumption and water 
treatment, detailed studies are needed on the impact of the pandemic on water consumption, treatment, 
and the factors affecting these changes (Lüdtke et al. 2021; Bandala et al. 2021; Lau et al. 2009; WHO 
2015; Kalbusch et al. 2020). 

Meeting safe water demand is challenging issue in rapidly growing urbanized areas where 
consumption exceeds sustainable utilization of resources, especially in regions where there is already 
an ongoing water scarcity. The fact that the COVID-19 has affected human behaviour in all areas of life 
due to its high contagiousness, restrictions to routine urban life had to be taken to minimize human 
mobility to prevent the spread of the virus. This “slowdown” of activities impacted people’s behaviour 
towards their environment. For example, In China, it is reported that the people's need to immerse in 
green spaces increased during the pandemic period in China (Cheng et al. 2021). When the Covid-19 
virus epidemic peaked in North American cities, wealthy urban dwellers living in high-density cities 
fled to holiday homes in quiet neighbourhoods with locals (Balçık et al. 2021). During the Covid-19 
period, the distribution of population densities in cities began to change. The progressive course of the 
epidemic caused people to migrate from urban to less populated areas and increased the population in 
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rural areas. Therefore, this temporary migration situation has caused individuals to acquire a second 
home in rural areas and has led to the reshaping of urban density and urban order (Kunzmann 2020; 
Bich-Ngoc & Teller 2020). In Turkey, Bodrum is one of the most popular touristic towns in the Aegean 
region, receiving of visitors from across the globe during summer months. During the pandemic, sudden 
and permanent population increase has been also observed in this region. 

Since the beginning of the pandemic, researchers published hundreds of articles in 2020 
focusing on the research and discussion of COVID-19 related to water research. Various webinars were 
also held to timely update research and exchange ideas on COVID-19 in the water and wastewater 
sector. Some of these studies are on the effects of human and industrial mobility in the regions on water 
and wastewater sectors during the epidemic (Stoler et al. 2020; Howard et al. 2020; Donde et al. 2021; 
Bin et al. 2021). The number of studies on the consumption and how human migration impacted water 
resources though have been limited.  
 

The purpose of this article is to investigate whether the unprecedented level of population 
increase create a stress on the existing water resource management plans in the region. Specific 
objectives were: (i) evaluate how the COVID-19 pandemic affects urban water consumption and (ii) 
discuss the risks that can be observed in water treatment during the pandemic period in a city with many 
on-site wastewater treatment plants. To the authors' knowledge, this is the first study to evaluate one-
year data of COVID-19 pandemic on water consumption and treatment in tourist destinations in this 
region.  

 
Material and Methods  

Almost a year into the pandemic, the Health Ministry of Turkey has been taking a series of 
measures to slow down the spread. Soon after the first case on March 11, 2020, the government activated 
an emergency response plan that evolved over time with a suite of precautionary activities, also 
impacting Bodrum (Fig. 1). The travel restrictions along with the timing of the year, many individuals 
who own a second house in the Bodrum region ended up deciding to stay instead of going back to their 
permanent residencies which are often located in metropolises such as Istanbul, Ankara, or Izmir.    

 
 
Figure 1. Timeline for COVID-19 related restrictions. 
 

Bodrum, Turkey's most important and popular tourism region, is one of the thirteen districts of 
Muğla (Fig 2). Bodrum is a region that covers an area of 680 km2 and the total coastline is 174 km (Koç 
et al. 2017). The most important settlements in the Bodrum Peninsula include Turgutreis, Ortakent 
(Yalıkavak), Türkbükü, and Karaova with this the center of Bodrum. The Bodrum, which is in the form 
of a peninsula, is located at the southwestern tip of Turkey and has both tourism and rich history due to 
its geographical location. The population of the Bodrum peninsula reported depends on official 
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registered data of the Turkish Statistical Institute (TUİK) and is based on the population of off-season 
residents. In order to determine the tourism season population in Bodrum, it is essential to know the 
people who live in summer homes, tourist arrivals, and daily visitor population. However, these data are 
not officially available. As people started to migrate to the region during the pandemic in the off-season 
in 2019, water resource management planning has been difficult. Secondary data such as information 
on tourism facilities and bed capacities, the total number of residences, and occupancy rates during the 
year are available and can be a way to address these population shifts (Koç et al. 2017). In order to 
compare the water consumption of the previous period and the following period of COVID-19, the 2019 
and 2020 water consumption data in Bodrum were taken from the Muğla Metropolitan Water and 
Sewerage Administration General Directorate (MUSKI) by separating commercial and residential areas. 
In addition, treated water data were obtained from the 12omestic wastewater biological treatment 
systems operated by the MUSKI for 2019 and 2020. The locations of the central wastewater treatment 
systems are given in Fig. 2. 

 

 
Figure 2. Neighbourhood population percentage change for 2019 -2010 in Bodrum 
 
Statistical analysis 
In this study, GIS techniques and classical statistical methods were used to produce a relation between 
population and water consumption value by considering wastewater treatment plants in Bodrum, 
Turkey. The provided consumption data are grouped on a neighbourhood basis and the annual 
consumption of both residential and commercial business subscribers is calculated based on the 
neighbourhoods. Water consumption data in the form of tables belonging to subscribers obtained from 
MUSKI was related to fifty-six neighbourhood areas of Bodrum District created in ESRI ArcGIS 10.3 
application. The associated verbal data can be analysed in geographic information systems. Water 
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consumption values of houses and workplaces in 2019 and 2020 are graphically mapped. In addition, 
correlation analysis was applied to assess the statistical associations between all data, and correlation 
coefficients were used to determine the positive and negative relationship between the two detected 
variables. The relationship between the number of passengers arriving in Bodrum from domestic and 
international routes and the water consumption values in Bodrum was examined. 
 
Results and Discussion 
Seasonal population change 
One of the most significant impacts of the pandemic had been the decline in air travel, which 
significantly affected Bodrum as this had historically been the most preferred transportation for tourists. 
Before the pandemic, June, July, and August have traditionally been the high season. The number of 
international passengers in January 2019 was only 17, which reached over 200K in July 2019. This trend 
was significantly impacted by the pandemic. In 2019, the total number of domestic and international 
passengers coming to Bodrum was over 2 M, whereas this number decreased to less than 750K people 
during the pandemic. The airport activity data show a 59% decrease in domestic travellers and a 75% 
decrease in international travellers in 2020 (Fig. 4). Similarly, the number of domestic and international 
flights coming to inbound Bodrum decreased by 43% and 56% respectively during the pandemic (Fig. 
3). Among 161 hotels that were open before the pandemic in Bodrum, only 46 stayed operational in 
2020, demonstrating a 72% decrease in lodging activities. These were the only hotels that had permits 
with a safety certificate issued by the central government. The number of passengers arriving in Bodrum 
for 2019-2020 was obtained from the General Directorate of DHMI in Milas Bodrum Airport (Fig 4). 
The number of incoming and outgoing passengers with domestic and international flights increased until 
August 2019 and then dramatically decreased. However, it is observed that the decrease in the number 
of these flights increased exponentially in 2020 with the COVID-19 flight bans. 
 

 
Figure 3. Domestic and international incoming and outgoing passengers pre and during pandemic 
 
Water consumption 
The amount of water used in residential and commercial buildings was compared in 2019 and 2020. 
Off-season winter months for these two years showed similar water consumption volumes in both 
residential and commercial buildings (Fig. 4). In the summer of 2019, the water consumption increased 
as expected during high touristic activity seasons. In the summer of 2020, however, during the pandemic, 
water consumption significantly decreased in commercial buildings. Residential water consumption on 
the other hand significantly increased in the summer months. This increasing trend continued in the last 
quarter of 2020, when the water consumption was twice of the previous year, the same period where it 
is usually known to be an off-season. 
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The significant relation between airfare ticket sales and water consumption before the pandemic 
(r2=0.7981) decreased in 2020 (r2=0.5578). Because the water consumption in residential areas 
increased, it can be concluded that people avoided already restricted air travel, some travelled by their 
cars for social distancing purposes and stayed longer periods of time in Bodrum, unlike they would 
return to their primary residential addresses. 
 

 
Fig 4. Water consumption of residential and commercial buildings between 2019 and 2020 
 

Water scarcity is one of most the fundamental issues globally. Urban environments are particularly 
vulnerable to increased water demand due to high populations. Access to safe water becomes 
increasingly important during an infectious disease pandemic because handwashing is one of the 
primary prevention tools to reduce the spread in a particular region. In a pandemic environment, these 
challenges are exacerbated by enforced lockdowns where people had to stay at home for a long period 
of time. Our results show that increased water usage at the household level during these lockdown 
periods will create an additional burden on water resources, especially in regions with already have 
water scarcity conditions. It is clear that COVID-19 will likely be a part of our daily life in the unforeseen 
future, water demand will significantly increase in the future which requires additional planning for 
sustainable water resource management. Additional treatment efforts will be needed to bring “new 
water” to the planning which will also mean additional energy to be diverted to tackle this problem, 
which may also mean increased costs and pricing at the household level. 

Kalbusch et al. (2020) analysed water consumption data of the Brazilian city of Joinville using 
various statistical methods, such as the Shapiro-Wilk test of normality (Ghasemi & Zahediasl 2012) and 
the non-parametric paired Wilcoxon test (Tian et al. 2019). The results revealed higher water 
consumption in residential buildings than in industrial and public buildings before and after quarantine 
periods. Such research studies closely monitoring different economic segments (i.e. high, middle, and 
low income) in urban settlements for possible changes in supply-demand patterns in the post-COVID-
19 era will provide additional insights (Balamurugan et al. 2021). A comprehensive database for 
domestic and commercial water use can be leveraged with improved monitoring devices, various 
machine learning algorithms (Kasiviswanathan et al. 2016; Sun and Scanlon 2019), and empirical 
models (Balamurugan et al. 2021). Useful information can be provided to manage urban water needs. 

 
Water treatment 
There are twelve central wastewater treatment plants (WWTPs) in Bodrum (Fig 2). The volume of 
wastewater treated in these WWTPs increased starting in August 2020, where the general trend had been 
decreasing before the pandemic, showing that summer residents who can afford to stay, remained in 
these homes and did not return to their permanent residencies in other major metropolitan areas to avoid 
the pandemic. The volume of treated wastewater has been lower than the volume of water consumed in 
both years (Fig. 5). Similarly, there was no significant relation between airplane ticket sales and 
wastewater treatment (r2=0.0053). This is because the central WWTPs serve commercial settings rather 
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than residential areas, as these buildings are located away from the city center and wastewater treatment 
depends on 290 on-site wastewater treatment systems. While 74 percent of the 290 on-site wastewater 
treatment units are in residential sites, the remaining 26% are in tourism establishments such as hotels, 
motels, and holiday sites (CSB 2021). Unfortunately, there is no data available for these private systems 
to see the actual treated wastewater quantity across Bodrum. 
 

 
Figure 5. Total water consumption and treatment between 2019 and 2020. 

 
There was a slight increase in the relation between airplane ticket sales and wastewater treatment 

in 2020, showing that even though the flights were very limited, there was some travel occurring during 
a pandemic, mainly due to business purposes. In fact, the relationship between the number of passengers 
arriving by airline and the amount of water consumed in commercial areas in Bodrum in 2020 was also 
significant (r2=0.7392). In the post-COVID-19 periods, apart from the water demand and supply issues, 
the policies on wastewater treatment will change significantly. Since the wastewater flow values used 
in the planning and design of wastewater treatment plants are not constant or uniform, hourly, daily, 
monthly and annual changes show. In the design of the wastewater treatment plant, besides the 
wastewater flow rate, the current situation and future change must also be predicted.  

The difference between the amount of water consumed and water treated in twelve central 
wastewater treatment plants (WWTPs) in Bodrum for 2019 and 2020 is given in Fig 6. The stark 
difference between water consumption and wastewater treatment shows a potential of 15-40% on-site 
treatment rather than treatment in WWTPs, particularly during the summer (Fig. 7). Interestingly, a 
similar trend was observed in December 2020 as well, addressing that people who arrived at Bodrum 
during the pandemic stayed in their summer homes throughout the winter as well. 

 

 
Figure 6. The difference amount of water consumed and water treated in Bodrum. 
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Figure 7. Percent change of water treated in on-site treatment plants in Bodrum by months. 
 

Even though the water discharged after being treated and discharged from a large number of on-
site treatment plants is used for irrigation of green areas, the excess of on-site wastewater treatment 
units, which are still far from control, is expected to pose a risk in the pollution of surface, underground 
and sea water in Bodrum. Perhaps this may be one of the causes of the mucilage-like pollution seen in 
the summer of 2021 in this region. Moreover, wastewater treatment plants cannot efficiently remove 
dexamethasone, favipiravir, hydroxychloroquine, oseltamivir, remdesivir, ribavirin drugs used in the 
treatment of COVID-19 and their metabolites in raw water (removal efficiency <20%). In toxicology 
studies, it has been determined that the main compounds of Chloroquine, hydroxychloroquine, 
remdesivir, ribavirin, and ritonavir or their metabolites pose a moderate ecotoxicological risk (RQ > 0.1) 
in the rivers (Kuroda et al. 2021; Eric et al. 2021). 

In this context, as in the example of Bodrum, the determination of capacity to be determined for 
the treatment of wastewater in regions with very different summer and winter populations according to 
the period when the population is the most crowded will prevent environmental problems that may arise 
from the inability to dispose of wastewater originating from low capacity. It is thought that the basic 
technical methods and practices to be used for the selection of technology, design criteria, disinfection 
and reuse of treated wastewater, and the disposal of sludge generated during deep sea discharge and 
treatment activities of wastewater treatment plants related to the treatment of wastewater originating 
from settlements should be rearranged. 
The lack of detailed quantitative analysis and detailed data on the water and wastewater sectors can 
always pose a problem for the Region. The questions given below can be considered to be issues that 
all countries can be addressed. 
(i) How did the water use and treatment systems change in urban areas due to the changing population 

density and different industrial/commercial activities in the cities during the pandemic period? 
(ii) What was the resilience of municipalities in coping with the sudden change in water demand and 

wastewater treatment systems during the quarantine? 
(iii) Which cities experienced a supply-demand gap during quarantine and water supply problems during 

peak summer months? 
(iv) Have new norms been set for water consumption and treatment after the pandemic? 
 
Conclusion  

The pandemic has given important lessons from sustainable water consumption and treatment 
perspective in touristic areas such as Bodrum. In touristic areas where hotel tourism is not completely 
dominant, and the number of detached summer houses is high, significant population pressure has 
occurred during the pandemic period. In these regions, which have a high population density only during 
the summer holidays, a serious population density had been experienced in the winter. For this reason, 
much more domestic wastewater was generated in summer houses. For a functional wastewater 
treatment plant to operate, it is critical to predicting the amount of wastewater and wastewater 
characteristics in the most realistic way. It is difficult to determine the daily and monthly population 
exchange rates in well-known touristic areas such as Bodrum, but results show that the capacity of 
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wastewater treatment plants was not sufficient to address unexpected and increasing populations during 
the off-season. In this context, it is necessary to collect data or have access to predictive models to be 
prepared for any sudden event, such as the unexpected COVID-19 pandemic. Such drastic and rapid 
change in population will require additional preparedness plans that would involve bringing alternative 
water resources, cost-effective water treatment, increased capacity to store and treat additional water, 
and not least, efficient wastewater treatment (including plans for reuse). In addition, it should be 
considered that with the increasing migration to regions such as Bodrum, which are intertwined with 
rural tourism, increases in water use and the amount of wastewater generated, and serious changes in 
the biological and chemical character of the wastewater. 

To solve water treatment issues, it will not be enough to reduce the number of on-site treatment 
systems and establish conventional central wastewater treatment plants. The ecotoxicological impact of 
effluents should be determined before additional investments are made. Such planning needs to be made 
sooner than later. The pandemic situation should be recognized as a key, and capacity needs to be 
developed in the water sector in terms of infrastructure, wastewater treatment procedures, water, and 
wastewater monitoring and management of the water sector. 
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