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Abstract 

Since its emergence in 2019, the COVID-19 pandemic has rapidly spread worldwide, 
prompting widespread use of personal protective equipment (PPE), particularly surgical 
masks, to reduce viral transmission. However, the improper disposal and 
mismanagement of these single-use masks have introduced a new environmental 
concern. This study aims to assess the environmental impact of discarded surgical masks 
through field surveys conducted in four major Pakistani cities—Chiniot, Islamabad, 
Faisalabad, and Bahawalpur. Data were collected in the form of photographic evidence 
documenting mask litter in public spaces and natural habitats. The captured images 
reveal significant environmental contamination, including the accumulation of mask 
waste in water bodies and interaction with wildlife. The findings underscore the urgent 
need for public awareness, effective waste management practices, and the adoption of 
environmentally sustainable alternatives to mitigate the ecological consequences of 
COVID-19-related mask pollution. 
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Introduction 

The COVID-19 pandemic has profoundly affected global 
health and society, with far-reaching consequences that 

extend beyond human health (Ciotti et al., 2020). As the 
world faces the challenges posed by this unprecedented 
crisis, it becomes imperative to examine the 
environmental impact of various mitigation measures, 
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including the widespread use and disposal of surgical 
masks (Yang et al., 2020). The purpose of this paper is 
to provide a comprehensive analysis of the environmental 
implications associated with COVID-19 surgical masks. 
Specifically, we aim to investigate the adverse effects of 
surgical masks on urbanized and natural environments, 
the impact on wildlife, and the potential consequences of 
their improper disposal. 

Prior research has investigated the effectiveness of face 
masks in preventing the transmission of respiratory 
diseases, including COVID-19 (Deng et al., 2022). 
However, while numerous studies (Wang et al., 2021; 
Eikenberry et al., 2020) have examined the filtration 
efficiency and protective capabilities of different mask 
types, there remains a significant gap in our 
understanding of the environmental consequences of 
their use and disposal. In reviewing existing literature, we 
find that previous studies have primarily focused on the 
medical efficacy and public health aspects of face masks 
(Desai and Aronoff, 2020). However, few studies have 
systematically examined the ecological repercussions and 
environmental impacts associated with increased 
production, consumption, and disposal of surgical masks 
during the COVID-19 pandemic. 

To address this gap, we will draw on a range of sources, 
including both older and more recent scholarly works, to 
establish the current state of knowledge on the subject. 
By doing so, we aim to provide a comprehensive overview 
of the environmental impact of COVID-19 surgical masks, 
integrating insights from diverse disciplines such as 
environmental science, ecology, public health, and waste 
management. The timing of this research is particularly 
pertinent given the ongoing COVID-19 pandemic and its 
sustained impact on mask use worldwide (Esposito and 
Principi, 2020). It is essential to shed light on the 
environmental consequences of this rapid increase in 
surgical mask production and consumption, especially in 
light of the urgent need for sustainable solutions to 
address the waste management and pollution challenges 
associated with the pandemic. 

By addressing these research gaps and highlighting the 
importance of understanding the environmental impact 
of surgical masks, this paper seeks to contribute to the 
broader discourse on the sustainability of pandemic 
response strategies. Furthermore, it aims to inform 
policymakers, public health officials, and the general 
public about the potential environmental risks associated 
with the use and disposal of surgical masks, with the 
ultimate goal of fostering more environmentally 

conscious practices in the face of health crises. 

Materials and Methods 

Study Locations 

A short field survey was conducted from 6th July 2021 to 
20th December 2021 in selected cities of Pakistan, 
including Islamabad (Rawal Lake), Faisalabad (Canal 
Road Pond), Chiniot (Chenab River and near Rao Bagh 
village), and Bahawalpur (Lalsuhanara National Park). 
These locations were chosen for their distinct urban and 
natural settings, enabling a comprehensive assessment 
of the environmental impact of COVID-19 surgical masks. 

Data Collection 

The direct observational approach was employed to 
collect data on the contamination of river water and 
public places with COVID-19 surgical masks. Field visits 
were conducted at the study locations, equipped with 
high-resolution cameras capable of capturing detailed 
images. The data collection focused on systematically 
documenting instances where surgical masks were found 
in close proximity to water bodies and public areas. 

Image Collection 

A systematic sampling strategy was used to capture 
images spanning a wide range of locations and scenarios. 
Researchers followed a predetermined transect design to 
ensure adequate coverage of the study sites. Images 
were captured in a standardized format, including 
relevant metadata such as date, time, and precise 
geolocation information, to enable accurate analysis and 
interpretation. 

Limitations 

Several limitations should be considered in interpreting 
the findings of this study. The observational nature of the 
data-collection method introduces inherent biases and 
may not capture the full extent of surgical mask 
contamination. The study was conducted over a specific 
timeframe and in selected locations, which may limit the 
generalizability of the results to other regions or time 
periods. By employing rigorous field survey methods and 
a direct observational approach, this study aimed to 
provide robust scientific evidence on contamination of 
river water and public spaces with COVID-19 surgical 
masks. The systematic analysis of collected images 
provides valuable insights into the environmental impact 
of improper mask disposal practices, facilitating the 
development of targeted waste management strategies 
and underscoring the importance of responsible mask use 
during the pandemic. 
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Results 
To achieve the subsequent facts after an extensive survey 
of Pakistani cities following panel of images came in front. 
Overview of environmental interaction with surgical 
masks is presented in Fig.1. Gradually after every day in 
field survey, we found disturbingly a huge number of 
undisposed masks thrown directly in public and water 
places. Abandoned surgical masks were observed to pose 
a risk of water contamination (Fig. 2, 3, and 4). The 
fragments of these disposable masks will in long run 
slowly leech into the environment posing danger to every 
living creature Aragaw, (2020).  
It was impossible to test every discarded mask for being 
positively contaminated with COVID-19 virus, but it is for 
sure sometimes we touch our masks with unwashed 
hands. This open dumping of masks is further creating 
panic about environmental pollution (Shruti et al., 2020). 
 

 
Figure 1 | Environmental interaction with COVID-19 face masks 

 
In an open environment, we further found animals and 
birds entangled with disposable masks.  Some of them 
have difficulty in feeding; they continued to drag with 
masks and pose unease movements. Further in a public 
place, Chiniot few dead crows (Corvus splendens) Fig. 5a, 
b, c and d entrapped with the surgical mask was also 
found suggesting masks as culprit Defina, 2020; Kaur, 
2020; University of Glasgow, 2020; van Gerwen, 202; 
Hiemstra et al., 2021 also emphasized ingestion and 
entanglement of face masks can be detrimental and have 
negative effects on birds and animals’ life. Survey results 
of Main Lalsuhanara Park, Bahawalpur Fig. 6a, b, and c 
show few dead crows (Corvus splendens) and pigeons 
entrapped with the surgical mask suggesting masks as 
the culprit. 
The slow progression of microplastics is ecologically 
destroying the environment. Fig 7. (a) shows two hundred 
and fifty-six COVID-19 litter images collected from CA, 
USA. A recent study by Antwi et al., 2021 also assessed 
the severity of the disease at the global scale in the 
distribution chain. Some recent studies (Hiemstra et al., 

2021; Boyle, 2020; Ashworth, 2020; Edmond, 2020; 
Harris, 2020; Kassam, 2020 also mentioned the negative 
impact of COVID-19 masks on the environment, birds, 
and animals. 

 
Figure 2 | Medical masks collected from the river Chenab and near Rao bagh village Punjab 
Pakistan – Photography by Saba Malik 

Figure 3 at Faisalabad, Pakistan, shows an increased 
number of masks. This image shows environmental issues 
that are spread directly and indirectly by the COVID-19 
masks. These masks interact with the aquatic species 
(e.g., partial submersion, entanglement with riparian 
vegetation). This serves as a representative visual 
evidence of point-source plastic pollution in urban water 
bodies. Photo credit: Hafiza Sadia. 
 

 
Figure 3 | COVID-19 masks collected from Faisalabad Canal Road Pond – Photography by 
Hafiza Sadia 

Figure 4. Surgical mask pollution in a critical freshwater 
reservoir. Photograph documenting the presence of 
discarded, surgical masks within the littoral zone of Rawal 
Lake, Islamabad. This lake serves as a primary drinking 
water source and an ecologically sensitive Important Bird 
Area (IBA). The image shows masks in varying states of 
degradation, integrated into shoreline debris and subject 
to hydrologic processes that promote leaching and 
fragmentation. This provides direct visual evidence of 
contamination in a high-value hydrological and ecological 
site. Photo credit: Maryam Riasat. 
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Figure 4 | Surgical face mask waste (litter) in Rawal Lake Islamabad - Photography by 
Maryam Riasat 

Our surveys documented a range of behavioral 
disruptions caused by discarded surgical masks, 
illustrating both lethal and sub-lethal consequences 
(Figure 5). We recorded a second instance of avian 
mortality, where a House Crow (Corvus splendens) was 
found deceased with mask material tightly wound around 
its body (Figure 5a). Beyond lethality, masks were 
observed to cause significant physical impairment and 
behavioral interference. A domestic chicken (Gallus gallus 
domesticus) was documented with a mask loop snared 
around its leg, and foraging behavior (Figure 5b).  
A more severe case of immobilization was observed in a 
free roaming dog (Canis familiaris), where a mask was 
entangled around its muzzle, potentially restricting 
breathing and feeding (Figure 5c). Finally, a recurrent 
pattern of beak entanglement was noted in avifauna, as 
shown by a Domestic Pigeon (Columba livia domestica) 
with its head trapped in a mask ear loop (Figure 5d).  
These cases, geographically dispersed across urban and 
rural transects in Punjab, confirm that the physical 
structure of masks specifically their elastic loops and 
fibrous sheets poses a multi-species threat through 
entanglement, restraint, and behavioral disruption. 
 

 
 
Figure 5 | (a) Picture of a dead House Crow (Corvus splendens), (b) causing issue to the 
chicken walk (Gallus gallus domesticus) in Rao Bagh Village, Chiniot, Punjab, Pakistan, (c) Dog 
(Canis familiaris) entangled in a face mask (d) Domestic pigeon (Columba livia domestica) 
entangled with face Mask at Tehsil Chowk Chiniot, Punjab Pakistan – Photography by Saba Malik 

 
Figure 6 | (a) Death of a House Crow (Corvus splendens) due to Mask (B) Domestic pigeon 
(Columba livia domestica) beak filled with mask at Main Lalsuhanara Park, Bahawalpur- 
Photograph by Iqra Bibi 

 
Discussion 
Our integrated findings, from quantified field surveys to 
documented wildlife interactions, establish a clear and 
concerning pathway of ecological impact. The widespread 
density and advanced degradation of masks in both 
terrestrial and aquatic environments (Figs. 1-4) confirm 
their role as a persistent source of complex polymer 
pollution.  
Critically, this pervasive presence directly facilitates the 
physical harm mechanisms uniquely inherent to mask 
design. The elastic loops and fibrous sheets of these items 
function as anthropogenically derived snares, leading to 
the spectrum of wildlife entanglements we documented 
from lethal avian mortality in corvids (Figs. 5a, 6a) to 
debilitating sub-lethal impairments in domestic and 
synanthropic species (Figs. 5b-d, 6b). The contamination 
of a critical freshwater reservoir like Rawal Lake (Fig. 4) 
further worsens the risk. Therefore, surgical mask 
pollution poses a direct and multi-faceted threat to 
wildlife, disrupting ecosystems, and risking human health 
through water contamination. 
The massive global consumption of single-use face masks 
during the COVID-19 pandemic has generated a novel 
and pervasive stream of plastic pollution, creating severe 
waste management challenges that offset any temporary 
environmental benefits from lockdowns (Wang et al., 
2023). Discarded masks now pose a direct threat to 
wildlife, with documented cases of entanglement, 
ingestion, and contaminant exposure across multiple 
countries (Silva et al., 2021).  
Surgical masks constitute a substantial and globally 
dispersed fraction of pandemic-associated plastic waste, 
with an estimated 1.56 billion masks entering oceans in 
2020 alone (Li et al., 2020). As these masks weather, they 
release microplastics that act as vectors for adsorbed 
pathogens and toxic chemicals, posing risks of 
bioaccumulation. This pollution manifests in direct 
ecological harm, as evidenced by wildlife fatalities from 
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entanglement and ingestion, including seabirds and 
penguins (Matuschek et al., 2020). 
 
The literature confirms that entanglement and ingestion 
events pose a significant risk of injury and mortality to 
fauna (Mikula et al., 2021). This evidence underscores 
that surgical mask pollution is a multi-vector stressor, 
threatening wildlife through physical, chemical, and 
microplastic pathways, with cascading ecological 
implications. Addressing this pervasive challenge 
therefore necessitates an integrated approach, combining 
improved waste management infrastructure, effective 
policy interventions, and the development of sustainable 
alternatives (Fabrero et al., 2023). 
Conclusions and Recommendations 

The findings of this study highlight the alarming 
environmental repercussions of the widespread use and 
improper disposal of surgical masks during the COVID-19 
pandemic. Field surveys conducted across several 
Pakistani cities revealed a significant accumulation of 
discarded masks in public spaces, water bodies, and 
natural habitats. These observations demonstrate how 
pandemic-related plastic waste has emerged as a new 
form of environmental pollution, posing serious threats to 
terrestrial and aquatic ecosystems. The entanglement of 
birds, domestic animals, and aquatic species in surgical 
masks, as documented in multiple photographs, 
underscores the immediate and visible ecological dangers 
posed by this form of litter. 

Moreover, the long-term degradation of these disposable 
masks into microplastics adds an insidious dimension to 
the problem. Over time, these microplastic fragments can 
infiltrate soil and water systems, leading to 
bioaccumulation and potential entry into the food chain, 
thereby endangering both wildlife and human health. The 
evidence presented aligns with international studies, 
confirming that pandemic-related waste mismanagement 
is a global concern that requires urgent attention. 

To mitigate these impacts, there is a pressing need for 
public awareness campaigns, the establishment of 
effective collection and disposal systems for personal 
protective equipment (PPE), and the promotion of 
environmentally sustainable alternatives such as 
biodegradable or reusable masks. Policymakers and 
environmental agencies must also enforce stricter 
regulations to ensure proper waste segregation and 
recycling practices. In conclusion, while surgical masks 
played a critical role in preventing the spread of COVID-
19, their environmental aftermath serves as a reminder 
of the complex interplay between human health 
measures and ecological sustainability. A balanced 
approach—prioritizing both health safety and 
environmental responsibility—is essential to prevent 
future crises of a similar nature. 
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