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lockdown effect. The average noise values of the dis-
tricts along both sides of the Bosporus, where urbaniza-
tion is concentrated, were between 50 and 59 dB. The  
precautions taken during the pandemic have had an 
effective role in reducing air pollution in Istanbul. In 
the measurements, the parameters with effective reduc-
tions were  PM10 (7–47%),  PM2.5 (13–48%),  NO2 (13–
38%), and  SO2 (10–56%). As a result, Istanbul’s year of 
changes during the pandemic period, in terms of water, 
air, noise, and solid plastic wastes, which are the most 
important components of the environment, is presented.

Keywords Environmental components · Water 
consumption · Plastic solid waste · Air quality · Noise 
pollution · Istanbul

Introduction

With the emergence of pneumonia with an undiscov-
ered cause in Wuhan, China, in late December 2019, a 
pandemic was announced by the World Health Organ-
ization (WHO) on March 11, 2020, after the new cor-
onavirus disease COVID-19 was transmitted globally 
at an outbreak level (Zhu et al., 2020). The pandemic 
felt more effective, especially in megacities. This is 
because the pandemic effect is a more serious threat 
to large cities, and large cities are more open to dan-
gers, unlike rural areas (Cheval et al., 2020). Istanbul, 
one of the few metropoles in the world, has been cov-
ered by the national and local press about this issue. 

Abstract This study aims to determine the 1-year 
change over the pandemic period in Istanbul, the 
megacity with the highest population in Turkey, based 
on environmental components. Among the environ-
mental topics, water consumption habits, changes in 
air quality, changes due to noise elements, and most 
importantly, the changes in usage habits of dispos-
able plastic materials that directly affect health have 
been revealed. The results obtained showed that, in 
Istanbul, 8.1 ×  108 gloves should be considered waste, 
and considering the population living in districts 
along coastal areas, the number of waste masks that 
are likely to end up in the sea was 325.648 pieces/
day. The results of the air quality and noise measure-
ments during the pandemic showed that reductions in 
parallel with human activities were recorded with the 
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Also, with these outstanding features, Istanbul hosts 
approximately 1/4 of Turkey’s population. According 
to data from the Turkish Statistical Institute (TUIK, 
2021), the population of Istanbul reached 15,462,452 
people in 2020, which is higher than the population of 
145 countries (for example, Cuba, Belgium, Greece, 
Czech Republic, Hungary, Sweden, Portugal, Austria, 
Israel, Switzerland, Finland, and Georgia).

The most significant negative effects of the pandemic 
on ecosystem health are primarily caused by water con-
sumption and poor waste management in developing 
countries (Abu-Bakar et  al., 2021; Almulhim & Aina, 
2022; Kalbusch et al., 2020; Sarkodie & Owusu, 2021; 
Vanapalli et  al., 2021). As a result of this important 
practice, significant changes are observed in the water 
consumption habits of the people, especially during epi-
demic and pandemic periods (Kalbusch et  al., 2020). 
The increase in household water consumption can be 
associated with diurnal consumption increases since 
people stay home. During the lockdown, the daily water 
consumption has increased 35% in the UK and 11% in 
Brazil (Abu-Bakar et al., 2021; Kalbusch et al., 2020). 
Care should be taken in waste management because the 
greater rate of waste generation will trigger an unprec-
edented abundance of plastic waste around the world 
(Sarkodie & Owusu, 2021; Vanapalli et  al., 2021). In 
addition, the extent of the danger arising from plastic 
pollution can be clearly understood when considering 
the intense but also mandatory use of health equipment 
(surgical masks, gloves, medical gowns, face shields, 
safety glasses, protective aprons, disinfectant contain-
ers, plastic shoes, etc.) (Benson et al., 2021; Haque et al., 
2021). Moreover, because personal protective equipment 
(PPE) has a heterogeneous composition and contamina-
tion risk, an appropriate plan is required for disposal 
management in accordance with hazardous waste sta-
tus, especially in areas where the risk of contamination 
increases (e.g., hospitals, medical centres, and public 
transport vehicles). In particular, microplastics (plastic 
fragments < 5  mm) managed to attract attention before 
the pandemic as common and persistent environmental 
pollutants (Aragaw, 2020; Fadare & Okoffo, 2020; Prata 
et al., 2021).

During the pandemic, the halt in human move-
ments due to restrictions in the international trans-
portation sector, the halt of industrial activities and 
curfews/restrictions have caused an unprecedented 
decrease in greenhouse gas emissions (Le Quéré 

et  al., 2021; Travaglio et  al., 2021). In addition, 
significant reductions were observed in urban areas 
around the world in the concentrations of gaseous 
pollutants such as nitrogen dioxide  (NO2), sulphur 
dioxide  (SO2), carbon monoxide (CO), and PM 
(particles < 10 µm in diameter are called  PM10, and 
particles < 2.5  µm in diameter are called  PM2.5) 
(Briz-Redón et al., 2021; Donzelli et al., 2021; Liu 
et  al., 2022; Silva et  al., 2022; Srivastava, 2021; 
Venter et  al., 2020). In metropolitan cities where 
cases were seen and lockdowns began,  PM2.5 and 
 NO2 concentrations declined at rates of 36% and 
51% in New York (Zangari et  al., 2020), 49% and 
60% in Delhi (Kumari & Toshniwal, 2020), and 
26% and 36% in London, respectively (Higham 
et al., 2021). Recent studies show that SARS-CoV-2 
can be carried by particles (Kayalar et  al., 2021), 
and statistically significant relationships were found 
between mobility, temperature, humidity, and  PM2.5 
in COVID-19 transmission (Albrecht et  al., 2021). 
Furthermore, noise levels have fallen significantly 
in most countries (e.g., Israel, Spain, Germany, Por-
tugal) (Zambrano-Monserrate & Ruano, 2019). The 
decrease in the use of private and public transpor-
tation, as well as commercial activities, has caused 
a reduction in noise (Zambrano-Monserrate et  al., 
2020).

This study aimed to evaluate the positive and 
negative effects of a 1-year (March 2020–April 
2021) change in environmental components in 
Istanbul during the pandemic period. With a sus-
tainable and holistic perspective, potential pressures 
and impacts on the ecosystem were investigated in 
the following areas: (I) water consumption by dis-
trict due to the change in water usage habits, (II) 
waste management, particularly of single-use plas-
tics during the pandemic, (III) pandemic-related 
changes in air quality, and (IV) changes in noise 
pollution during the pandemic. In this context, the 
results of the present study were compared to the 
data of previous studies carried out in Istanbul, as 
well as to practices and sanctions. This study has 
the potential scientific contribution by evaluating 
integrated environmental management based on 
environmental components over a 1-year pandemic 
period in a megacity with the typical life cycle in 
Istanbul.
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Materials and methods

In this study, the main topics that constitute the pub-
lic health of Istanbul were selected from the environ-
mental components’ perspective, and the data col-
lection methods of these topics are given in Fig.  1. 
To determine the change in water consumption and 
habits, the amounts of water consumption before and 
during the pandemic period were described as a sce-
nario and interpreted in accordance with the results of 
a survey study. In addition to the numerical analysis 
of water consumption data, water consumption was 
interpreted using projections based on the results of 
the survey study.

In waste management, the abundance of plastic 
products, which have attracted attention due to their 
increased usage, particularly during the pandemic 
period, and which contribute to permanent pollution, 
has been calculated, as have the possible effects on 
coastal areas. The amount of waste, especially dispos-
able products, was calculated. In addition, the chemi-
cal compositions of plastic products were interpreted 
using the results obtained from FTIR (Fourier trans-
form infrared spectroscopy) analyses to determine 
the possible microplastic threat to coastal areas and 
marine ecosystems based on polymer structures.

To determine the pandemic’s influence on air qual-
ity, data on air pollutant parameter collected at air 
quality measurement stations (AQMS) were analysed. 

Two-year AQMS,  NO2,  PM10,  PM2.5, and  SO2 data 
were used at selected stations in the coastal areas of 
the city, covering the year before March 2020, when 
the first case was announced in Turkey.

The noise measurement data, on the other hand, 
belong to the selected districts of the coastal areas 
of the city before and after the full lockdown period 
(April 2020). (The first measures were taken in pub-
lic areas as of March 11, 2020, and the first curfew 
restrictions (weekday evenings and weekends) were 
enforced as of April 11, 2020. The latest curfew was 
on April 29, 2021, with a 17-day full lockdown.). The 
measurements taken simultaneously in all districts 
of Istanbul at 4 different times of day during the full 
lockdown period of April 2020 were used.

Water consumption

To evaluate the impact of measures taken to prevent 
the spread of the coronavirus (COVID-19) on daily 
urban water consumption, the answers to 2 questions 
in the social awareness study survey were considered. 
In the study, data were obtained using a survey specif-
ically developed for a study conducted to determine 
the awareness level of the people regarding water 
consumption during the pandemic.

The survey aimed to determine the most accurate 
responses concerning the water consumption awareness 
level. The questionnaire questions were formatted as  

Fig. 1  Positive and 
negative factors specific to 
ecosystem health from the 
environmental components’ 
perspective, and inputs and 
outputs of these factors 
during the pandemic period. 
(Study design, methods, and 
results flowchart)
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“multiple-choice” responses with individual answers.  
In this survey, the 4 response options to the question 
“How would you describe the change in your hand 
washing habits during the pandemic period?” were “(a)  
I wash my hands 3–5 times, (b) I wash my hands 5–8 
times, (c) I wash my hands 8–12 times, and (d) my hand 
washing habits have not changed”. Another question was 
“Which of your habits intensified during the pandemic 
period?”, with the response options being “(a) hand wash-
ing, (b) washing shopping materials, (c) doing the laun-
dry, (d) all”. The study sample was divided into 3 age/ 
education groups: 17–25, 26–44, and > 45. In addition, the 
gender of the participants was taken into consideration.  
Each option in the survey had an available ratio of 0.25 
ratio. The formula below with a 0.90 significance level 
and a 0.05 error (Seker et al., 2010) was used to compute 
the lowest valid number (n) of participants (Eq. 1):

The basic question in the projection part of the 
water consumption section was as follows: "If the 
pandemic that affected the whole world had not been 
present, what would be the expected amount of water 
consumption in Istanbul?" The results of this projec-
tion scenario question were compared with the offi-
cial water consumption data of the pandemic period. 
For the scenario, the water consumption projections 
by year given by Sivri et al. (2017) and verified with 
the data from that year was used. Thus, in addition to 
comparing the amount of water consumption before 
and during the pandemic, the “if there was no pan-
demic scenario” and the amount of water consump-
tion in Istanbul during the pandemic period (in 
the real situation) were compared. Both the results 
obtained from the scenario on the survey and the 
actual consumption values were interpreted together.

Waste management

Supply of products

Within the scope of the measures taken to prevent 
the transmission and spread of the virus, characteri-
sation studies were carried out for the materials pro-
vided, considering the changing shopping behaviours 
of consumers and consumption materials. In this 
study, plastic-based products, which are frequently 
preferred by the public within the scope of pandemic 

(1)n = (1.645)2 × (0.25 × 0.75)∕(0.05)2 = 203

prevention action plans, were purchased for the analy-
sis of their chemical structures. These products were 
grouped as face masks (surgical (FCC) and respira-
tory masks (FCN)) (further details about face masks 
can be found as Supplementary Material), products 
preferred in food takeaway services (forks, spoons, 
knives, lunch boxes, plastic wrap, and packaging 
products) and transport items used during shopping 
(market bags, refrigerator bags, food containers, and 
gloves), and structural analyses were performed with-
out personal use, taking into account the risk of con-
tamination (Supplementary Fig. 1, 2 and 3).

Physico‑chemical characterisation of products

Selected products of PPE (face masks) take away 
sets (forks, spoons, knives, lunch boxes, plastic 
wrap, packaging products) and transport elements 
used during shopping (market bags, transparent 
bags, food containers, and gloves) were reduced to 
3 × 3  cm dimensions using stainless steel scissors. 
Care was taken to ensure that the products were not 
used beforehand so that they were not exposed to any 
contamination that may have changed the analysis. 
Subsequently, Fourier transform infrared spectros-
copy (FTIR), which has an attenuated total reflection 
(ATR) accessory, was used to analyse polymer sam-
ples. ATR-FTIR transmittance spectra were measured 
in the 650–4000   cm−1 range using a Perkin Elmer 
Spectrum 100 FT-IR spectrometer.

Estimation of plastic wastes generation

In the calculation of the amount of waste generated 
after the use of the products that entered our lives with 
the pandemic, the studies carried out by Nzediegwu 
and Chang (2020) and Benson et al. (2021) were used 
to estimate the amount of waste from face masks, and 
the data published on the official website given by the 
T.R. Ministry of Environment and Urbanization, oral 
interviews with the relevant companies, and unofficial 
commercial records were used as the basis for plastic 
waste generated by other products.

The use of disposable face masks per day is com-
puted as a function of a country’s total population, 
face mask consumption per day and per person, and 
a random percent face mask acceptance rate by the 
city population (Benson et  al., 2021; Nzediegwu  
& Chang, 2020). The equations below were used in 
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the calculation of the total daily estimated face mask 
productions (Eqs. 2 and 3):

where Tp = population, Up = the percentage of city 
population, Ar = the percent face mask acceptance 
rate, Ac = the mean everyday face mask consumption 
per person, and  Cw = 20–40%

When determining the population  (Tp), 2 differ-
ent approaches were used. In the first approach, as 
in Benson et al. (2021), the entire population of the 
city was considered. The second approach aimed 
to determine the shoreline effect of this city on the 
Asian and European continents (Fig.  2) (further 
details about data collection and basic assumptions 
regarding the study can be found as Supplementary 
Material).

Air pollution

Thirty-eight AQMSs were established and operated by 
the Ministry of Environment and Urbanization (MoEU) 
and Istanbul Metropolitan Municipality (IMM). At 

(2)
Total daily face masks generated = Tp × Up × Ar × Ac x 10

−3

(3)Estimated waste amount = total daily face masks generated x Cw

these stations, air quality measurements are performed 
with standard methods, and the results of basic air pol-
lution parameters are published on the web pages of 
the relevant ministry and municipality (CSB, 2021; 
IMM, 2021). Within the scope of the study, 8 stations 

were selected, 4 on the European continent and 4 on the 
Asian continent, which are close to the main roads and 
settlements in the coastal area in Istanbul (Information 
about the selected stations is given in Supplementary 
Table 1).

The  PM10,  PM2.5,  SO2, and  NO2 data measured at 
these stations were examined for two distinct peri-
ods: pre-pandemic (March 2019–March 2020) and 
the period from the onset of the pandemic to the first 
year end (March 2020–February 2021). Accordingly, 
in Turkey, the first official lockdown (generally on 
Sundays) occurred between 11 April and 1 June 2020 
(in March, schools and universities switched to dis-
tanced education, and online working was initiated in 
private companies as much as possible). The second 
lockdown took place between 17 November 2020 and 
26 February 2021 (9 pm–5 am on weekdays and the 
whole weekend).

Fig. 2  Istanbul coastal area districts selected as the study area
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Data were taken as hourly averages, and all statisti-
cal analyses were performed using Excel (MS, 2021) 
and the R programming language (R Core Team, 
2020) with the open-air package (Carslaw & Ropkins, 
2012).

Noise pollution

Noise pollution caused by different factors, such as 
traffic, industrial and construction activities, and 
social occasions, increases at a gradual and alarming 
rate in urban parts of megacities. Therefore, this part 
of the study aimed to investigate the noise pollution 
levels of Istanbul, a megacity, during the pandemic 
closure in April 2020 in various parts of districts clas-
sified as industrial, commercial, and institutional. As 
a result of reviewing similar studies in the literature, 
measurement methods were ascertained. A literature 
review showed that past studies have used similar 
measurement techniques as well as measurement time 
periods. To reveal the most precise account of noise 
pollution in the region, 23 points were selected. The 
principal measurement areas were chosen considering 
these criteria:

• Taking at least 3 separate measurements from dif-
ferent points of each district.

• Taking the measurements simultaneously and with 
the same application in 4 different time zones,

• Including regions with traffic density in the meas-
urements,

• Presence of popular shopping malls and public 
markets for locals.

In the districts of Istanbul, noise was measured. 
The districts had people measure the sound by apply-
ing the same procedure between 9:30 and 10:00 am, 
1:00 and 1:30  pm, 5:00 and 5:30  pm, and 9:00 and 
9:30 pm. To ensure that the measurement was accu-
rate, each location was measured for at least 15 min. 
During the lockdown week, each location was meas-
ured solely on 2  days on weekdays and 2  days on 
weekends. Three different measurements, morning, 
noon, and evening, were performed each day.

Measurements were taken using a smartphone 
application because this study required regular meas-
urements to be taken in order to increase monitoring 
and regulation of environmental noise levels. This 

necessitates the availability of a readily available, 
inexpensive, and easy-to-use noise measuring device. 
In the literature, numerous studies have been discov-
ered that test the sensitivity and validity of mobile 
“smart” phones. Studies on smartphone usage and 
performance evaluations in sound level measure-
ments have been conducted studied (Ibekwe et  al., 
2016; Kardous & Shaw, 2014; Ventura et al., 2017). 
In studies on the accuracy of the Decibel-X mobile 
phone application, the effectiveness of several iPhone 
phone applications (apps) for accurately measuring 
noise exposure was assessed. Apps that were free to 
download and had at least one rating were included. 
Apps were evaluated using a calibrated pure tone 
sound field and a soundproof testing booth. A 3- 
frequency audiogram (1000  Hz, 2000  Hz, and 
4000  Hz) was employed at 25  dB, 40  dB, 55  dB, 
70  dB, and 85  dB. As a result, a total of nine apps 
were tested, with four of them achieving a goodness-
of-fit coefficient (R2 value) greater than 0.9. One of 
them had a Decibel-X score of R2 of 0.62.

Within the scope of this study, Decibel-X, one of 
the most popular and free applications in this cat-
egory, was preferred for use with iPhone (Apple Inc., 
2013–2020) smartphones for noise measurements 
(Decibel-X 2020). The iPhone measurements taken 
with the application had the lowest standard deviation 
in the range of 40–70 dB at reference sound levels in 
an isolated environment and provide the highest level 
of accuracy and sensitivity (Crossley et al., 2021). As 
a final decision, this application was selected for peri-
odic measurements.

The Decibel-X mobile phone application instantly 
identified the lowest and highest values among the 
measurements and excluded extreme results. The 
noise levels (dB) in the districts were recorded and 
compared with the accepted limits given by the CPCB 
(The Central Pollution Control Board) guidelines.

Results and discussion

During the 1-year pandemic period experienced in 
the megacity of Istanbul, which has a usual life cycle, 
the evaluations of 4 different elements are presented 
under the main title of environment. Regarding this 
concept, the results were evaluated the positive and 
negative effects based on environmental components 
1-year change over the pandemic period in Istanbul.

Environ Monit Assess (2022) 194: 462Page 6 of 22 462
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The effect of the pandemic on the amounts and habits 
of water consumption

In this study, data in the report, which includes the 
work of local governments to determine water con-
sumption (Fig. 3), show an increase of 12.3% in the 

amount of water consumption before the pandemic 
(138 L  day−1 person) and during the pandemic period 
(154 L  day−1 person) (IMM, 2021; ISKI, 2021; NWP, 
2022). In a study conducted in Germany, “Accord-
ing to the results, daily household water consump-
tion increased by 14.3% (3968  m3), and there was a 

Fig. 3  Water consump-
tion amounts of individuals 
residing on the European  
and Asian sides of Istanbul  
in 2019–2020 (L  day−1)  
(IMM, 2021; ISKI, 2021; 
NWP, 2022)
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rise in the demand peaks in the morning and evening 
throughout the day” (Lüdtke et al., 2021). In addition 
to the increase in usage-related water consumption in 
households during full lockdown periods, there was 
a decrease in general water consumption due to the 
closure of some workplaces with intense water con-
sumption (Birişçi & Öz, 2021; Elmaslar Özbaş et al., 
2021). Considering the results announced every day 
by the IMM (IMM, 2021; ISKI, 2021; Yılmaz et al., 
2022), the average 3 million  m3 water supplied to the 
city reached 3.2 million  m3 in July 2020. A study by 
Kalbusch et al. (2020) in Brazil found that before and 
after the 26-day lockdown, there was an 11% increase 
in residential water consumption as well as a decrease 
in industrial, commercial, and public water consump-
tion. In some areas in the UK, a 35% increase was 
recorded in the highest daily consumption during the 
lockdown (Abu-Bakar et  al., 2021). Although these 
results vary depending on the usage habits of individ-
uals in countries and cities, as a general result, there 
was an increase of 10–40% in water consumption 
(Abu-Bakar et  al., 2021; Balamurugan et  al., 2021; 
Dzimińska et al., 2021; Kalbusch et al., 2020; Lüdtke 
et al., 2021).

In this regard, instead of relying on data from other 
studies, a survey study was conducted regarding both 
culturally acquired habits and changes in handwash-
ing habits throughout the pandemic. The government 
does not impose any sanctions on individuals based 
on the content of the questions in the survey. There-
fore, the survey questions are not designated to com-
pel respondents to answer in the manner advised by 
the government. In the survey, it is noteworthy that 
the majority responses to the question “How would 
you describe the change in your hand-washing hab-
its during the pandemic period?” chose the option 
“I wash my hands 5–8 times”, in line with the fre-
quent handwashing warning recommended in Tur-
key. Considering that the correct handwashing time 
recommended by the WHO is 22  s, raising aware-
ness to prevent wasted water in this process with an 
average of 5 times/person handwashing calculation 
for only the population of Istanbul will save 16.000 
 m3  days−1 (in this calculation, the water to be used by 
leaving a faucet flowing at an average speed open for 
22 s is accepted as 1 L. The result represents an aver-
age value, as habits may vary over time as individu-
als learn to be more mindful or act less cautiously). 
Efforts to inculcate saving habits were accelerated 

and supported by documentaries, TV programmes on 
water consumption, and short public ads.

During the pandemic, not only the frequency of 
hand washing but also the washing of all materials 
purchased after shopping and the frequency of wash-
ing clothes increased 2.7 times compared to the nor-
mal period. The idea that women are responsible for 
hygiene and sanitation at home due to cultural habits 
in Istanbul is in parallel with the result of the survey 
that women (56%) consume more water.

During the lockdown, individuals changed their 
ordinary consumption habits at a dramatic level in a 
significant number of categories globally. As a result, 
a dramatic rise was observed in spending, particularly 
on essentials and food (Baker et  al., 2020). Studies 
reveal how COVID-19 affected water use impacted 
mass demand and overall demand peaks. For exam-
ple, in Germany, the mass demand peak was 07:10 
during the pre-lockdown and became 09:40 during 
the lockdown (Aquatech, 2020).

The second stage of the water consumption head-
ing of the survey was presented as a scenario: “If the 
pandemic that affected the whole world had not been 
present, what would be the expected amount of water 
consumption in Istanbul?” to compare the amount of 
water consumption during the pandemic period, the 
projection by Sivri et al. (2017) was used as the basis. 
Increases of 18.29% in expected water consumption 
for Istanbul in 2019 and 29.79% in expected water 
consumption for Istanbul in 2020 were calculated 
(Fig.  4). However, the pandemic period confirmed 
the hypothesis of the study, and the real situation for 
2020 was higher than expected compared to 2019.

Effect of the pandemic on macro-/meso-/microplastic 
formation

Disposable face mask use

The calculated disposable face mask use accord-
ing to two different approaches is given in Table  1. 
In the first approach, where all districts of Istanbul 
are considered, the total number of used waste masks 
is 9.289.841   day−1. Assuming that 20% of the total 
amount of waste masks in this megacity can reach 
marine areas (Marmara and Black Sea), the projected 
possible number of waste masks in the seas will be 
1.857.968   day−1. Considering the total population of 
Istanbul, this value corresponds to 1/8 of the population.

Environ Monit Assess (2022) 194: 462Page 8 of 22 462



1 3
Vol.: (0123456789)

In the second approach, where only the popula-
tion living in the coastal areas of the megacity is 
taken into account, the total number of waste masks 
is 814.121   day−1. Assuming that 40% of the waste 
belonging to the people living in the coastal region will 
end up in the seas (Marmara Sea and Black Sea), the 
possible number of waste masks in the seas was found 
to be 325.648  day−1. Considering the population living 
in the coastal area of Istanbul, this value corresponds to 
1/4 of the population.

Takeaway sets and plastic transport objects people 
used while shopping

From the amount of single-use plastic waste gener-
ated in Turkey in 2020, the amount of waste gener-
ated in Istanbul in 2020 was calculated based on the 
ratio of the population of Istanbul to the population 
of Turkey (Table  2). In addition to these data, it is 
predicted that this amount will increase by approxi-
mately 10–15% (per piece) for 2021 and that more 

Fig. 4  Water consumption 
amounts for 2019 and 2020 
for both the real situation 
and scenario

Table 1  Single-use face mask consumption

District Population The percentage of 
urban population  
of the country

The percent
face mask 
acceptance 
rate

Face 
mask/
capita

Estimated  
daily face mask
disposed (piece)

The percentage 
of end up as 
waste in sea

End up as 
waste in sea
(piece)

All area
Asia 5,436,921 75.1 80 1 3,266,502 20 653,300
Europe 10,025,531 75.1 80 1 6,023,339 20 1,204,668
İstanbul 15,462,452 75.1 80 1 9,289,841 20 1,857,968
Shoreline effect
Asia 577,542 75.1 80 1 346,987 40 138,795
Europe 777,520 75.1 80 1 467,134 40 186,854
İstanbul 1,355,062 75.1 80 1 814,121 40 325,648
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than 50 million boxes of gloves will be sold, with 
disposable gloves becoming necessary in vaccination 
procedures (NTV, 2021). Although the Ministry of 
Environment and Urbanization published in a circu-
lar numbered 84,334 on April 7, 2020 (CSB, 2021), 
the measures to be taken regarding the management 
of personal hygiene material wastes, such as disposa-
ble masks and gloves, during the pandemic, the prob-
lem of contamination of nature that emerges because 
these products are lightweight (~ 3–7 g) should not be 
ignored (Ak, 2020).

In addition, the number of bags used in Turkey in 
2019 (35 ×  109 bags) decreased by 77% under the gov-
ernment’s “Zero Waste Approach” and Zero Waste 
Regulation. However, the effects of the pandemic led 
to an increase of 40–50% in the number of waste bags 
in 2020 (Bostanoglu, 2021). During the COVID-19 
period, the consumption of disposable plastics such 
as forks, spoons, knives, and cups has increased by 
25% (PAGEV, 2021a).

According to a report on the e-commerce indus-
try in the USA (Stackline), disposable gloves ranked 
first as the category with the fastest-growing internet 
shopping in the country between March 2020 and 
March 2021, with an increase of 670% (Stackline, 
2021). Jędruchniewicz et  al. (2021) reported that 
there was a 30% increase in the manufacturing of 
gloves in Poland in March 2020 during the pandemic 
period compared to the same period in 2019. In Italy, 
whose population is 60.4 million, lockdown monthly 
consumption of PPE is predicted to be 1 billion face 
masks and 0.5 billion gloves (Prata et al., 2020).

In this study, plastic waste (especially disposable 
protective equipment and shopping materials) related 

to the COVID-19 pandemic can be observed in pub-
lic spaces in Istanbul, including parks, open markets, 
coastal recreation areas, parking lots, and walking 
paths, due to both carelessness and climatic condi-
tions (Supplementary Fig. 4). Since the specific grav-
ity of plastics such as PP, LDPE, HDPE, and PS is 
smaller than that of water (0.85–0.97  gcm−3), they 
can be easily transported from waste collection cen-
tres by wind and precipitation. Whether plastic wastes 
reach coastal areas still whole or degraded due to dif-
ferent factors in the areas where they are found, they 
continue to degrade in the coastal areas and can eas-
ily cause meso-, micro-, and nano-sized particles to 
accumulate and pose a threat in these areas.

The physicochemical properties of microplastics 
(e.g., specific density, load, and chemical composi-
tion), hydrodynamic factors, and environmental char-
acteristics (e.g., current, temperature, and wind) can 
affect their distribution and accumulation in marine 
areas (Çullu et al., 2021; Guzzetti et al., 2018; Rocha-
Santos & Duarte, 2015). Many researchers have 
revealed a positive correlation between the increase in 
populations in residential areas and both the abundance 
of microplastics and the increase in plastic debris 
accumulation in the marine environment (Guzzetti 
et al., 2018). In Istanbul, in a study conducted before 
the pandemic in the southwestern part of the study 
area, the abundance of microplastics was found to be 
33 MPs  L−1 on average. In a recent study from the 
same area, the microplastic abundance was found to 
be 56 MPs  L−1 on average (Sönmez & Cumbul Altay, 
2022). While the effects of the increase in microplas-
tics caused by the increased use of plastics during the 
pandemic period have not yet begun to be observed, 

Table 2  Estimated waste amounts of single-use plastic products in Istanbul in 2020

* Sold as 100 gloves in 1 box
** Turkey produced 2 billion 105 million Turkish Lira worth of single-use plastic products in 2019 (PAGEV, 2021b). During the 
COVID-19 period, the consumption of disposable plastics such as forks, spoons, knives and cups increased by 25% (PAGEV, 2021a). 
On e-commerce sites, packages of disposable plastic products such as 10 plastic plates, forks, spoons, knives, and cups are sold at 
differing prices between 1 and 2 Turkish Liras. The calculations were made with the data obtained, and the average price of 10 packs 
is accepted as 1.5 Turkish Liras

Single-use plastic products Countrywide 
amount used 
(pieces)

The ratio of the population of  
Istanbul to the population of Turkey 
(%)

Estimated amount of waste 
generated in Istanbul 
(pieces)

Glove* 44 ×  108 18.49 8.1 ×  108

Disposable bag 120 ×  108 18.49 22.1 ×  108

Take away sets (disposable plates, 
forks, spoons, knives and cups)**

180 ×  108 18.49 33.3 ×  108
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the future damage to be inflicted by the increase of the 
potential effect in MPs  L−1, which has almost doubled, 
can be foreseen.

Since the chemical decomposition products of the 
plastic types analysed in this study can be very differ-
ent, this study is based on the accumulation of meso-, 
micro-, and nano-sized particles in ecosystems, which 
are caused by physical breaking into smaller pieces, 
not the details of polymer degradation.

Experimental validation by structure analysis 
and polymer characterisation

Disposable surgical face masks rank first among the 
plastic-based materials whose production and con-
sumption have increased the most in the world, like 
our country, during the pandemic period. Different 
polymers, such as polyester, polypropylene, polyeth-
ylene, polycarbonate, polyurethane, polystyrene, and 
polyacrylonitrile, are used in the production of surgi-
cal face masks (Aragaw, 2020; Benson et al., 2021). 
In the masks produced as three layers, soft fibres are 
preferred in the inner layer, melt-blown fibres are 
preferred in the middle layer, and nonwoven fibres 
are preferred in the outermost layer. Production tech-
niques and fibres used may differ from brand to brand 
(Fadare & Okoffo, 2020).

Polymeric materials have been used every day in 
many fields. An increase was observed in the use and 
kinds of polymeric materials during the COVID-19 
pandemic. In this study, various polymer-based mate-
rials, such as face masks, food packaging, and exami-
nation gloves, could lead to microplastic pollution 
in the ecosystem due to the failure to manage solid 
wastes correctly. ATR-FTIR spectroscopy is a non-
destructive analysis that allows a simple and efficient 
method for identifying and distinguishing polymer 
structures. Table 3 provides the structural units, FTIR 
spectra, and characteristic peaks of the samples (fur-
ther details about the polymer characterisation can be 
found as Supplementary Material).

The impact of the pandemic on air pollution

The monthly averages of  PM10,  PM2.5,  NO2, and  SO2 
concentrations measured between March 2019 and 
February 2021 at 8 stations on the European and Ana-
tolian sides of Istanbul are shown in Fig. 5. The Euro-
pean Union (EU) limit values for  PM10,  PM2.5,  NO2, 

and  SO2 concentrations are 50  µg   m−3, 25  µg   m−3, 
40 µg   m−3, and 125 µg   m−3, respectively. The same 
values have been accepted for the national limit val-
ues, with the exception that a limit value has not been 
defined  PM2.5.

The main source of  NO2 in cities is traffic, and a 
decrease is observed with reduced mobility (Teixidó 
et  al., 2021). Figure  5a shows that there has been a 
decrease in  NO2 concentrations compared to the pre-
vious year since the time when the first cases were 
announced. This decrease is noticeable on the Euro-
pean side, where traffic and population are denser. 
The highest monthly average during the sampling 
period was 61 µg  m−3 in March 2019 and 48.8 µg  m−3 
in March 2020. The lowest monthly average occurred 
in July 2020 (27.2 µg  m−3), when a general decrease 
was observed during the summer months. A study 
conducted in Istanbul examining the decrease in  NO2 
concentrations on the European side, where traffic 
is more intense, reported similar results to those of 
this study (Şahin, 2020). In another study conducted 
in England, the reduction rate of  NO2 concentration 
in urban traffic areas (47.9%) during lockdown was 
found to be higher than the decrease in other urban 
areas (Jephcote et al., 2021).

Figure  5b and c show monthly average  PM10 
and  PM2.5 concentrations, respectively. While the 
monthly average highest  PM10 concentration was in 
November 2019 (45.9 µg   m−3), this value decreased 
to 24.2  µg   m−3 in November 2020, when weekday 
lockdowns between 21:00 and 05:00 and weekend 
lockdowns were implemented for the second time. 
 PM2.5 concentrations were parallel to  PM10 values. 
The highest value was 28.7  µg   m−3 in November 
2019, and the lowest value was detected in August 
2020 (12.9 µg   m−3). However, a detail that needs to 
be examined is dust transport, which is closely related 
to PM concentrations. The effect of dust transport 
can be observed throughout Turkey during the spring 
and autumn seasons (Aslanoğlu et  al., 2022; Baltaci 
et  al., 2020; Çapraz & Deniz, 2021; Flores et  al., 
2017). Warnings were published in the national press 
in 2020 due to dust transport in these seasons (Daily 
Hurriyet Daily News, 2022; Sabah, 2020). In October 
2020, monthly concentrations of  PM10 increased up 
to 30% compared to the previous year. Dust trans-
port patterns affecting the western part of Turkey on 
selected days in October 2020 are shown in Supple-
mentary Fig. 5.
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Table 3  Structural unit, FTIR spectrum and characteristic peaks of single use plastic materials
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Throughout Istanbul,  SO2 concentrations are con-
siderably below the limits set due to the widespread 
use of natural gas as fuel for domestic heating and 
limitations on industrial use (5 (d)). At the same time, 
between March and December 2020, the number of 
ships passing through the Bosporus decreased by 
8.36%, and the total gross tonnage decreased by 4.9% 
compared to the same interval of 2019 (UAB, 2021). 
Considering that ship-borne emissions are higher in 
the Sea of Marmara than in the Black Sea and Brit-
ish territorial waters Deniz and Durmuşoğlu (2008), 
and high  SO2 concentrations are emitted from large 
marine diesel engines using low-quality fuel (Yang 
et  al., 2018), the decrease in ship traffic during the 
lockdown period may have been effective in decreas-
ing monthly  SO2 concentrations.

Figure 6 shows the reduction in air pollutants in two 
different lockdown periods in Istanbul compared to 
the same period of the previous year. When the aver-
age values are compared, significant reductions in pol-
lutants are observed in the first and second lockdown 
periods. With these reduction ranges, the effective 
parameters were calculated as  PM10 (7–47%),  PM2.5 
(13–48%),  NO2 (13–38%), and  SO2 (10–56%). In addi-
tion, the reduction rate increased with the prolonga-
tion of the lockdown periods covering weekdays and 
weekends in the second lockdown period and with the 
additional measures taken. The decrease in monthly 
 SO2 concentrations in the second lockdown period is 
more noticeable than that of the other parameters. In 
a similar study evaluating the air quality of 20 major 
cities around the world, the percentage reductions in 
air pollutant concentrations were found to be  PM10 
(22.4%),  PM2.5 (22.6%), and  NO2 (40%) in Paris;  PM10 
(28.7%),  PM2.5 (30.1%), and  NO2 (21.9%) in Frankfurt; 
and  PM10 (35.7%),  PM2.5 (36.6%), and  NO2 (39%) in 
London (Sannigrahi et al., 2021). In cities, restricting 
travel intensity and increasing control measures lead 
to significant reductions in air pollutant concentrations 
(Bontempi et  al., 2022; Sahraei et  al., 2021; Wang 
et  al., 2021). In particular,  PM2.5 and  NO2 mobility 
trends show a significant relationship (Li & Tartarini, 
2020). These results show that the measures taken, and 
the changes made to control the spread of the virus are 
also effective in reducing air pollution in Istanbul.

Fig. 5  Monthly average concentrations of  NO2 (a),  PM10 (b), 
 PM2.5 (c), and  SO2 (d) measured on the European and Asian 
continents

▸
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Figure 7 shows the average daily change in pollutant 
concentrations during the first and second lockdown 
periods. During the weekends (Saturday–Sunday), the 
average daily concentrations of all pollutants decreased 
significantly. The most significant decrease occurred 
on Sundays during the second lockdown period 
because the second lockdown period also included Sat-
urdays. In general, in pre-pandemic Istanbul, since the 
traffic density is high every day of the week, there is no 
significant decrease in traffic-related pollutant param-
eters on the weekends (Şahin, 2020). The pandemic 
has been effective in changing pollutant concentrations 
measured on weekends.

The second lockdown period covered the night 
hours on weekdays (21:00–05:00), which caused 
the average concentrations to decrease on Friday. In 
addition, due to the decrease in hourly peak values 
during the lockdown period, the sizes of the vari-
ance boxes showing intraday concentration differ-
ences also decreased. The April–May 2020 week-
end values of the distribution reveal a noticeable 
uniform and homogeneous distribution, which is 
most clearly observed in the  SO2 data, especially on 
Sundays.

Impact of the pandemic on noise pollution

When the noise pollution values of 15 districts in the 
coastal area of the European side and 8 districts along 
the coastal area of the Asian side are compared, the 
pre-pandemic measurements of the districts decreased 
by 7–12% over the average values compared to the 
lockdown period. Data from Bakırköy, one of the dis-
tricts of Istanbul with the highest noise values, con-
firm this hypothesis. Previous study results show that 
the average noise level was 71.44  dB on weekdays 
and 70.13 dB on weekends (Sivri et al., 2016). Noise 
sources originating from air transportation, especially 
due to its location close to the main roads and the air-
port, are the highest measured values (near the airport 
81.88 dB).

In this study, Fig. 8 shows the coloured map cre-
ated with the averages of all values in the districts 
along the coastal areas. During the morning (aver-
age value 47.80  dB) and noon (54.75  dB) meas-
urements on the European side, where the airport 
is not active and other noise sources are relatively 
fewer, only natural life sounds were detected as 
noise sources. These significant decreases in noise 

Fig. 6  Percentages of 
change in pollutant concen-
trations
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due to the absence of road and air transport during 
the lockdown periods have been supported by many 
researchers. Noise pollution is a widely experienced 
issue in protected places all over the country, and 
road traffic and airplanes are considered the largest 
sources of noise pollution (Terry et al., 2021; Xing 
& Brimblecombe, 2020). In particular, the main 
public transportation modes, such as rail, subways, 
and buses, have been used less often during the pan-
demic in many countries. Differences also occurred 
in urban areas because of fewer people and vehicles. 
In addition, noise levels for 24 noise monitoring 

stations decreased in Madrid by between 4 and 6 dB 
(Asensio et al., 2020). Basu et al. (2020) investigated 
the pre- and post-lockdown noise levels per hour 
obtained from 12 noise monitoring stations in Dub-
lin. At station 11, there was a decline in noise levels 
during the lockdown of between 2.8 and 6.3 dB. The 
urban noise monitoring data collected in Stockholm, 
Sweden, presented a similar result (Lee & Jeong, 
2021). According to this study, people were annoyed 
outdoors at a dramatically lower rate during the 
lockdown. The results obtained in the present study 
and that study are in parallel with each other.

Fig. 7  Daily change in pollutant concentrations during the lockdown periods
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Figure  9 shows that the general average noise 
values of the districts along both sides of the strait, 
where urbanization is concentrated, remained within 
the normal (50–59  dB) range, despite the lockdown 
period. The average values of the Büyükçekmece, 
Şile, and Silivri districts, where tourist activity is 
intense, but urbanization and industrialization are 
limited, were measured as 39.3, 43.38, and 44.73 dB, 
respectively.

Noise pollution affects human health physically, 
physiologically, psychologically, and in terms of per-
formance. Problems including fast heartbeat, sleeping 
(physiological effects), neurotic problems, concentra-
tion impairment, and depressed mood (psychologi-
cal effects) are caused by acute and chronic effects 
(Europe WHO, 2020; Halperin, 2014). People living 
in large cities might become more intolerant to noise 
in time. One might think that noise pollution primar-
ily affects human health; however, noise pollution 
negatively affects all living things. Studies of terres-
trial ecosystems showed that living things affected by 
noise pollution leave their environment forever. Birds 
migrate from ecosystems that can be easily affected. 
A metamorphosis effect might also be seen in the 
sounds of birds (Rheindt, 2003). However, during 
the lockdown period due to the pandemic, there was 

a change that positively affected human health and 
the existence of living things in ecosystems. With the 
results obtained, the existence of some districts that 
are almost at the whisper (30–40 dB) level is shown 
in yellow on the map. There are values in the range 
of 50–60 dB even in a quiet office environment, so it 
is understandable how significant the average values 
of the districts are. The lowest value measured during 
the study belongs to the Büyükçekmece district, with 
33.1 dB. Except for some districts, values not found 
in megacities were measured in districts of the coastal 
area of Istanbul. In the measurements performed, 
especially in the morning hours of the districts, the 
average values of 8 districts belonging to the Euro-
pean side and 4 districts belonging to the Asian side 
were measured at 30–40 dB, which is at the whisper 
level. The noise levels (dB) in certain districts were 
significantly lower than acceptable limits set out by 
the CPCB guidelines. Zeytinburnu, which is one of 
the areas that continued its construction activities 
with special permits despite the full lockdown period, 
yielded the highest measurement value on the Euro-
pean side at 71.3 dB (measurement at 1:00 pm), while 
the Beykoz district yielded the highest measurement 
value on the Asian side at 88.7 dB (measurement at 
5 pm). Figure 9 shows a map with the values of the 

Fig. 8  Average noise levels (dB) in districts in the coastal areas of Istanbul
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measurements performed at different intervals. This 
comparative study is beneficial in recognising what 
causes noise pollution in some Istanbul districts at 
different times.

Changes in human and commercial activities dur-
ing pandemic measures have resulted in noticeable 
reductions in noise values in most countries due to 
the declines in public and private transport and other 
commercial activities (Zambrano-Monserrate et  al., 
2020). Baldasano (2020) reported a 6  dB decline in 
sound pressure levels due to reduced road traffic in 
Barcelona. In the study by Čurović et  al. (2021), on 
the other hand, the environmental noise effects of 
the pandemic on the port were investigated, and the 
number of cruises at night decreased by 35%, and the 
noise level decreased by 2.2  dB. Noise levels were 
found to be reduced by 60% in Dublin compared to 
the pre-lockdown period (Basu et  al., 2020). Over-
all, a significant decline was observed in the level of 
noise pollution created due to large industrial activi-
ties, such as stone quarries, after the COVID-19 

lockdown was initiated (Derryberry et  al., 2020; 
Mandal & Pal, 2020).

Conclusion

The primary issue that should be addressed at the 
national level is an environmental health, which is 
critical for the well-being of people, animals, and the 
environment. Adding pandemic pressure to existing 
environmental problems is likely to result in synergis-
tic/antagonistic interactions and increase the already 
existing pressure. Therefore, when the pandemic 
comes to an end, to determine the acute or chronic 
effects of the pandemic on the environment, the com-
parison of the data obtained with the pre-pandemic 
values and contributing to the research with simula-
tions is the top priority. For this reason, this study 
aimed to interpret the impact of the pandemic on the 
environment in Istanbul on an environmental perspec-
tive with analyses and assumptions for 1 year.

Fig. 9  Noise levels at different measurement intervals: a 09:30–10:00 am, b 1:00–1:30 pm, c 5:00–5:30 pm, and d 9:00–9:30 pm
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The most illustrative example of the increase in 
environmental pressure and acute/chronic effects are 
the acute effects of shoreline pollution because of san-
itary disposal and the chronic effects of the increase 
in the abundance of meso-/microplastics because of 
different processes. The increase in the amount of 
personal protective equipment in the process of peo-
ple leaving their houses (going to work, shopping, 
etc.). The possible number of waste masks in the seas 
was found to be 325.648   day−1, under the shoreline 
effect of this city on the Asian and European conti-
nents. Moreover, wastes used in the process of meet-
ing household needs (8.1 ×  108 gloves, 22.1 ×  108 dis-
posable bags, and 33.3 ×  108 takeaway sets) during 
the pandemic period contribute to the abundance of 
microplastics, especially in the Marmara Sea.

Especially during lockdown periods, changes in 
water usage and food consumption behaviours draw 
attention. It showed an increase of 12.3% in the 
amount of water consumption before the pandemic 
and during the pandemic period. As the pandemic cri-
sis spreads around the world, it is becoming increas-
ingly clear that those with the least access to essen-
tial services such as water will feel the most dramatic 
effects. Governments must now take steps to expand 
access to water to contain the pandemic and to build 
more resilient communities by addressing the core 
issues of water insecurity.

During the pandemic period, the decrease in pol-
lutant concentrations in the months when restrictions 
were applied was 7–47%  (PM10), 13–48%  (PM2.5), 
13–38%  (NO2), and 10–56%  (SO2). Significant 
decreases were observed in  NO2 and PM concentra-
tions. These pollutants are considered the main pol-
lutants affecting air quality in urban areas. In Istan-
bul, restriction measures (closing schools, remote 
working, etc.) that reduce human mobility and vehicle 
density are thought to have had a significant impact 
on the reduction of  NO2 and PM concentrations. On 
weekends, pollutant concentrations are at their lowest 
levels. In addition, the decrease in ship traffic in the 
straits is another factor contributing to the decrease in 
pollutant concentration levels.

The pre-pandemic measurements decreased by 
7–12% over the noise pollution average values com-
pared to the lockdown period. Perhaps the most posi-
tive effect of the pandemic is the low values of noise 
measurements made in cities, allowing bird sounds to 
be heard at a perceptible level. In addition, this study 

showed that bird song was a negative factor contribut-
ing to noise. Therefore, even when there is a low level 
of noise from outside, positive and natural sources of 
sound (Coensel et al., 2011; Jeon et al., 2010) disturb 
and distract people. For this reason, it is necessary to 
develop new design approaches so that the soundscape 
is optimised for achieving sustainability in cities. For 
example, looking for more effective sound maskers to 
maintain noise at reasonable levels is a good step.
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