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Abstract

Background: Coronavirus 2019 (COVID-19) pandemic led to a massive global socio-economic tragedy that has
impacted the ecosystem. This paper aims to contextualize urban and rural environmental situations during the
COVID-19 pandemic in the Middle East and North Africa (MENA) Region.

Results: An online survey was conducted, 6770 participants were included in the final analysis, and 64% were
females. The majority of the participants were urban citizens (74%). Over 50% of the urban residents significantly
(p<0.001) reported a reduction in noise, gathering in tourist areas, and gathering in malls and restaurants. Concerning
the pollutants, most urban and rural areas have reported an increase in masks thrown in streets (69.49% vs. 73.22%,
resp.; p=0.003). Plastic bags and hospital waste also increased significantly with the same p-value of <0.001 in urban
areas compared with rural ones. The multifactorial logistic model for urban resident predictors achieved acceptable
discrimination (AUROC =0.633) according to age, crowdedness, noise and few pollutants.

Conclusion: The COVID-19 pandemic had a beneficial impact on the environment and at the same time, various
challenges regarding plastic and medical wastes are rising which requires environmental interventions.
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Background

In December 2019, the first coronavirus disease 2019
(COVID-19) case was reported in China. COVID-19
was declared a global pandemic four months later, in
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distancing, and repeated handwashing [3]. The Pandemic
led to a massive global socio-economic disorder that has
impacted both individuals [4], and the ecosystem directly
or indirectly, such as air and water quality improvements
and pollution reduction and ecological restoration [5-8].
On the contrary, the expanded usage and disposal of per-
sonal protective equipment (PPE), for instance, facial
masks, hand gloves, gowns, face shields, etc., are creating
environmental damage [9-11].

Lockdown and restricted travel have had mostly posi-
tive impacts on air and water quality. Several reports
around the world have recorded a substantial reduction
in air quality indices such as reduced concentrations of
nitrogen dioxide (NO,) and particulate matter that have
a diameter of less than 2.5um (PM2.5) [12, 13]. This is
remarkable since air pollution causes around 3.45 mil-
lion premature deaths worldwide, with international
trade and transportation playing a role [14]. As a result of
the production of goods (and their related pollutants) in
one country for use in another, international trade con-
tributes to the globalization of emissions and pollution
[14]. Moreover, the lockdown has reduced air pollution
to the point that residents of Punjab can see The Hima-
layas from some of their towns, despite the long distance
between Punjab to The Himalayas which is more than
100 miles [15].

Further, beaches are also used as a vital economic
resource for coastal areas that are threatened by pollu-
tion, mostly due to tourism. The lockdown, on the other
hand, has turned the tables. With each passing day, not
only is the skyline getting brighter, but the waterways are
becoming visibly purer, and the once-endangered flora
and fauna are now coming back to life indicating how the
Earth has been healing since the lockdown [15]. Thus,
as a result of the COVID-19 restriction on travel and
beaches around the world have been reporting improve-
ment on their environmental indices [12]. Ganga can be
cleaner today than in 1986, the year the first attempts at
cleaning the river were initiated, according to a report
published by Hindustan Times. The Yamuna has a simi-
lar scenario; a cleaner Yamuna is noticeable because of a
blanket reduction in agricultural pollution and improved
water discharge from Haryana to Delhi. The auto purifi-
cation of the river has been improved by both influences.
Pink flamingoes returned in huge numbers to Mumbai
beach. The reduction in the intensity of human activities
at and around the city is being touted as a major reason
for the possibility of flamingos flocking to the city in such
large numbers [15].

However, due to the ongoing COVID-19 epidemic, the
usage and disposal of face masks, gloves, face shields, and
other forms of PPE has grown considerably. Many coun-
tries require the use of PPE as an effective and low-cost
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method of reducing viral transmission. This, however,
may represent a new challenge to solid waste manage-
ment and increase plastic pollution [16]. According to a
recent report, 1.56 billion face masks are likely to enter
the oceans in 2020 [17]. Recent research has found vari-
ous types of PPE in South American coastal cities [18],
African lakes and beaches [19], and European cities [20].

Examining and understanding the environmental
effects of COVID-19 precautionary measures in combi-
nation with people’s behavior toward their environment
is crucial for stakeholders to develop and implement
necessary policies to protect the environment. However,
the practices and perceptions of people living in the Mid-
dle East and Northern Africa (MENA) region about the
effect of COVID-19 on their environmental parameters
(air and water quality, and medical waste production
and recycling) are poorly understood. Thus, the primary
objective of this study is to investigate the current envi-
ronmental situation during the COVID-19 pandemic in
the MENA region. A secondary objective is to contextu-
alize urban vs. rural environmental situations.

Methods

An online survey was conducted in nine countries
(Egypt, Algeria, Libya, Sudan, Saudi Arabia, Emirates,
Syria, Palestine, and Iraq) from the MENA region in
April and May 2021. The questionnaire included observa-
tional information on environmental status and multiple
pollutants during the COVID-19 period. Multiple logistic
regression was performed to determine urban residents’
predictors.

Participants

Participants had to be at least 18 years old, residing in any
MENA region country through COVID-19 pandemic,
speaking Arabic or English, and had to fill the entire sur-
vey confirming the consent to participate in the study.
The current study’s participants were residing in 9 coun-
tries, and incomplete responses were excluded (see Fig. 1
for inclusion/exclusion process). Participants’ demo-
graphic characteristics appear in Table 1.

Questionnaire formulation and validation

To develop the questionnaire, a broad inspection of
related review articles was performed. The first edition
of the survey (Supplementary file 1) was evaluated by a
panel of experts (n=6; mentioned in the acknowledg-
ment section). The final version of the questionnaire
(Supplementary file 1) was composed of three domains:
(L. six demographic questions; II. seven “1-5 Likert scale”
questions for measuring the impact of COVID-19 on
the environment; III. eight “1-5 Likert scale” questions
for measuring the impact of COVID-19 on pollution
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Fig. 1 Inclusion/exclusion process of the responses

increase) (a=0.81 and 0.73 for domain II and III respec-
tively; Supplementary file 2).

Procedure

This study is the primary analysis of cross-sectional sur-
vey data. The survey was available in two languages (Eng-
lish and Arabic), and it was hosted on Google Forms. The
collaborators were responsible for distributing the survey
using social media and mailing lists. Participation was
voluntary - participants did not receive any monetary
compensation for their participation.

Statistical analysis

Data were analyzed using IBM SPSS Statistics (version
26) and TIBCO Statistica (version 13; equipped with
Medical Bundle version 4.0.67). Categorical data were
reported as frequency/percentage and continuous data
as mean/standard deviation. Normality was calculated
using Shapiro-Wilk tests. Differences between rural and
urban results were calculated by unpaired sample ¢-test
and confirmed by Mann—Whitney U test and Fisher test,
this statistical approach to analyze Likert scale data was
applied in previous studies [21, 22]. Moreover, a multi
logistic regression model was performed to study the




Abouzid et al. BMC Public Health (2022) 22:177

Table 1 Demographic characteristics of the respondents

Demographic characteristics?

Age
18-25 3339 (49.3)
26-35 1754 (25.9)
36-45 1005 (14.8)
46-60 531(7.8)
>60 42Q2.0)
Gender
Female 4320 (63.8)
Male 2451 (36.2)
Country
Egypt 2019(29.8)
Algeria 1146 (16.9)
Libya 773 (11.4)
Sudan 381 (5.6)
Saudi Arabia 472 (7)
Emirates 389 (5.7)
Syria 460 (6.8)
Palestine 313 (4.6)
Iraq 818 (12.1)
Living area
Rural 1760 (26)
Urban 5011 (74)
Level of education
Uneducated 331(4.9)
High school/technical school 974 (14.4)
Bachelor's or equivalent 4376 (64.6)
Master or doctoral 1090 (16.1)

@ Data reported as n (%)

urban residents’ predictors. Logistic regression results
were presented as odds ratios (ORs) and 95% confidence
interval (95% CI). p-value <0.05 is considered statistically
significant for all the results.

Results

A total of 6770 participants were included in the final
analysis, 64% were females and 36% were males. The
majority of them were urban citizens 74%. Participation
between the ages of 18 and 25 had the highest percentage
of participants (49%) compared to only 2% of those over
60.

Estimating the association between COVID-19

and environmental factors

Over 50% of the urban residents reported a signifi-
cant reduction in the level of noise, gathering in tourist
areas, and crowding in malls and restaurants. Moreover,
47% reported an improvement in the air quality, and a
reduction in gas emission from factories compared with
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almost 40% in rural areas. Crowdedness also was sig-
nificantly reduced in urban areas as reported by 46% of
the residents. Despite only 38% in urban areas reported
an improvement in water quality in rivers and lakes, the
result remains significant in comparison with rural areas
with a value of 32%. All the items in this domain were sig-
nificant at (p <0.001). Comparison between the environ-
mental status in rural and urban areas is represented in
(Table 2).

Estimating the association between COVID-19

and pollution level

Based on the obtained responses, there is a significant
increase (p=0.003) in the number of masks thrown in
the street in both urban and rural areas. Although only
33 and 29% of the participants reported an increase in
the aforementioned waste in rivers and lakes in urban
and rural areas, respectively, the increase is still signifi-
cantly different (p=0.001). No significant increase in
the number of plastic gloves has been noticed in rivers
or lakes, while plastic bags were shown to be more likely
thrown in streets in the urban area compared with rural
(p<0.001). Half of the respondents reported a significant
increase (p <0.001) in hospital waste in urban areas com-
pared with 45% in rural ones. While the variations in lab-
oratory waste increase and places designated for medical
wastes between rural and urban areas were not signifi-
cant (p=0.077). Pollution indicators for urban and rural
areas are shown in (Table 3).

A multifactorial model for urban resident predictors
According to the information collected, 74% of the
respondents were resident in urban areas, and this was
associated with higher age (OR=1.37; 95% CI=1.29-
1.46; p<0.001), increase in the number of plastic gloves
(OR=1.15; 95% CI=1.02-1.29; p=0.026) and plastic
bags thrown in the street (OR=1.18; 95% CI=1.04—1.35;
p=0.014), respectively. However, among those partici-
pants, a reduction in noise (OR=1.25; 95% CI=1.11-
1.42; p<0.001), gathering in touristic areas (OR=1.18;
95% CI=1.04-1.34; p=0.01), and crowdedness in the
public transportation (OR=1.31; 95% CI=1.14-1.50;
p<0.001) were noticed. Observing the increase in
the number of plastic gloves in rivers and lakes was
inversely associated with urban residents (OR=0.80;
95% CI=0.68-0.93; p=0.004). The Multifactorial model
of the significant urban resident predictors is visible in
Table 4. The area under the receiver operating character-
istics (AUROC) value was 0.633, and 0.7 > AUROC >0.6
indicates acceptable discrimination [23] (Fig. 2). Moreo-
ver, results of cook’s D statics and influential outliers are
visible in Fig. 2 [24].
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Table 4 Multifactorial model by backward stepwise regression shows urban resident predictors

Estimate Standard error Wald test 95% P Odds ratio 95%
Confidence Confidence
interval odds ratio
Lower Upper Lower Upper
Age 0316 0.031 101.932 0255 0377 0000 1372 1290 1458
Did you notice an increase in the number of plastic ~ 0.135 0.061 4.985 0017 0254 0026 1.145 1.017 1289
gloves thrown on the street?
Did you notice an increase in the number of plastic ~ —0.227  0.078 8.370 —0381 —0.073 0.004 0.797 0.684 0.929
gloves thrown in rivers and lakes?
Did you notice a decrease in the surrounding noise?  0.226 0.064 12,631 0.101 0350 0000 1.253 1.107 1420
Did you notice the numbers decreased in the tourist ~ 0.167 0.064 6.712 0041 0293 0010 1.181 1.041  1.340
areas?
Did you notice an increase in the number of plastic ~ 0.169 0.068 6.097 0035 0303 0014 1.184 1035 1354
bags thrown on the streets?
Did you notice that public transport is less crowded?  0.266 0.069 14.866 0.131 0401  0.000 1305 1.140 1494

12 T T T T X
A B.
1.0
0.8
06 =
i% = 05
S 04 z o
03
02
02
0.1
0.0
0.0
02 L L L L L L 01 L L L L L L L L L L
0.2 0.0 02 04 0.6 08 1.0 12 0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012 0.0014 0.0016 0.0018 0.0020 0.0022
1-Specificity Cook's D statistics
Fig.2 AThe area under the receiver operating characteristics (AUROC = 0.633); B cook’s D statics and influential outliers > 0.0006

Discussion

The COVID-19 pandemic is posing a severe threat to
nations around the world since entire populations have
succumbed to the disease’s spread and have resorted
to social isolation. Here we aimed to see how the third
wave of the COVID-19 pandemic (April-May 2021)
affected the environment in the MENA region, as well
as to compare urban and rural environmental settings.

People in the MENA region reported a reduction in
noise and pollution, and an improvement in the air qual-
ity, especially in urban areas, as an industry, transporta-
tion, and companies partially or totally shut down during
the pandemic. Google’s Community Mobility Reports for
Egypt, Iraq, Libya, Saudi Arabia, and Yemen during the
observed period are available in (Supplementary file 3).
Similar findings have been reported in various parts of the
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world. For example, due to the suspension of heavy fac-
tories in China, NO, and carbon oxide (CO) levels have
decreased by almost half [25]. Moreover, according to Le
et al, the lockdown in the urban areas located in north-
ern China has decreased the various emissions up to 90%
resulted in ozone (O;) enhancement in these regions
[26]. In India, there was a reduction in surface tempera-
ture, tropospheric NO, density and O;, which displayed
a significant improvement in Air Quality Index [27]. The
European Environmental Agency (EEA) reported that the
COVID-19 shutdown lowered NO, emissions by 30-60%
in several European cities, including Barcelona, Madrid,
Milan, Rome, and Paris [28]. Rodriguez-Urrego and Rod-
riguez-Urrego have recently summarized the overall status
of PM2.5 in the 50 most contaminated capitals and found
an average reduction of by 12% in PM2.5. According to
them, Bogota city in Colombia showed the highest PM2.5
reduction with values of 57% [29]. As a result, a direct or
indirect impact on the environment has been documented,
such as better air and water quality, noise reduction, and
ecological restoration [5-7]. It is worth mentioning that
the time of measurement was essential, as the short-term
lockdown did not affect air quality in New York City at
the beginning of the pandemic [30]. However, recent
results show considerable PM2.5 reduction followed by
Substantial health and associated economic benefits [31].
Unlike the majority of urban areas, the quality of the air
in rural areas did not change such as in Gadanki, India
[32]. Martorell-Marugan et al. have also confirmed that
the lockdown impact on rural air quality is smaller than in
urban environments [33], which also has been noticed in
our study since only 38.75% of the rural area citizens have
reported an improvement in the quality of the air.

Noise reduction was reported in urban areas by other
studies such as in Dublin [34], Boston [35], Rio de Janeiro
[36], and Madrid [37]. The reduction of noise pollution
had many reasons such as restricted access to parks and
main stations and the absence of people and techniques
in main streets. Similar results were reported in Maha-
rashtra State in India, despite the festival culture in that
State. However, the reduction in the noise was due to the
implementation of an eco-friendly way of celebrating by
the authorities. Contradictory results were published by
Tong et al. [38], during the lockdown in London, there
was a significant increase in noise due to complaints.
Moreover, they found that noise complaints were higher
in areas with higher unemployment rates, more residents
with no qualifications and lower house prices.

Similar to what we found in our study, the level of
crowding in tourist and commercial areas reduced in
the tourist spots around the world due to the outbreak
of COVID-19 and local restrictions [12]. The local
authority, for example, imposed a restriction on public
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gatherings and visitor arrivals at Cox’s Bazar Sea beach,
the world’s longest uninterrupted natural sand sea beach.
As a result of the restriction, the color of the seawater
changes, which is typically muddy due to swimming,
bathing, playing, and riding motorized boats [39]. Due to
the absence of industrial pollutants during India’s lock-
down days, the rivers Ganga and Yamuna have attained
a remarkable level of purity [8]. Other studies have
reported an increase in other types of crowding that was
associated with negative outcomes on public health such
as nursing home crowding [40], informal urban settle-
ments [41], and household crowding [42].

One of the most serious issues that arose as a result of
the COVID-19 lockdown, as reported in the current study
and other studies, is the increased use of facial masks,
hand gloves, gowns, and face shields, as well as the crea-
tion of a large volume of hospital waste containing plastic
materials. Ryan et al. have reported an increase in plastic
waste due to single-use hygiene products such as cotton
wool and wet wipes in Durban streets [43]. Similar studies
stated the increase of PPE in streets, rivers and beaches [2,
20, 44]. Moreover, a statistical model has been designed
by Abu-Qdais et al. confirming a significant increase in
medical waste in the King Abdullah University Hospital in
Jordan; the hospital had 95 patients with COVID-19 and
was producing daily almost 650kg as medical waste [45].
Other medical facilities in China and Spain have reported
an extreme increase in medical waste with values of 370
and 350%, respectively [46]. Medical waste is considered a
threat to public health, therefore, some countries require
medical waste to be incinerated using high temperatures
which can lead to the release of greenhouse gas, as well
as other potentially dangerous compounds, such as heavy
metals, dioxins, polychlorinated biphenyls and furans
[47]. Therefore, plastic and microplastic pollution are
trending topics since the majority of medical wastes are
made of plastic [48, 49]. China has provided an alternative
solution for the treatment of the medical waste, for exam-
ple, 200 tons of medical waste was produced by Wuhan
inhabitants in China in a single day which is four times
higher than the incineration ability of the city, hence the
authorities deploy mobile treatment facilities [7]. Contra-
rywise this, few Indian cities are depending on traditional
strategies such as landfilling filling and local burning [46,
50]. Therefore, as a necessary step, governments must
develop and implement solutions such as the redesign
of eco-friendly PPE [44] or various recycling techniques
of plastics [51]. Meanwhile, while scientists are develop-
ing vaccines [52], applying new methods for SARS-CoV-2
surveillance [53], and its elimination from water systems
[54]; it is everyone’s responsibility to follow the rules
when disposing of their face masks and other medical
waste [55].
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Finally, it is critical to point out the limitations of our
research. First, the elements affecting pollution and envi-
ronmental status were not explicitly measured; instead,
they were self-reported, which could lead to bias and
misreporting. Second, in some countries, the data col-
lection period was connected with partial lockdown; as
a result, the participant’s observation may not be accu-
rate owing to limited outgoing and may have been influ-
enced by other external variables such as media, family,
and friends’ perspectives. Also, even though the number
of participants may be representative of each country, it
may not be representative of urban or rural areas in some
countries. Finally, data representing the MENA region
and individual country analysis may provide different
results. The strengths of this study, however, are the large
amount of data collected and the high quality of the data
since we avoided mass distribution; country coordinators
advised respondents to distribute the questionnaire to
colleagues and trusted individuals. As a result, the data
can be used as a source of knowledge for the examined
region’s environmental policy.

Conclusion

In urban areas, the COVID-19 pandemic was associated
with a higher positive impact on the environment com-
pared with rural areas, such as noise and crowdedness
reduction. However, pollution risk was more prevalent
in urban areas. The main sources of pollution were plas-
tic masks and bags, and hospital wastes. Environmental
interventions are required to address the pollution issues
raised in urban areas during the COVID-19 pandemic.
Further studies should be conducted to confirm the cur-
rent results using administrative data.
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