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Abstract

Packaging waste has been recognised as one of the biggest environmental issues, having dire
consequences for animal health and mortality rates in addition to the environment. Packaging
materials, which are mostly non-biodegradable, account for over 40% of the more than 400 million
tonnes of plastic trash produced globally each year (UNEP, 2021). Plastic packaging materials
have been found to be one of the main causes of animal injuries, ingestion-related problems, and
fatalities due to their environmental persistence. Over a million animals are thought to perish
globally each year as a result of ingesting and being entangled in plastic debris, particularly
packaging materials (Derraik, 2002; Barnes et al., 2009). This is due to the possibility that animals
could confuse plastic packaging for their prey due to its look or smell, which could result in serious
health consequences such intestinal blockage, suffocation, injuries, and physiological impairment.
Veterinary research in metropolitan India has revealed instances of stray cattle becoming ill or
dying after consuming 20-40 kg of plastic garbage, mostly from non-biodegradable plastic
packaging (Singh et al., 2019).

From the standpoint of animal safety, this study compares biodegradable and non-biodegradable
packaging materials. This study highlights the primary distinctions between the dangers to animal
safety associated with biodegradable and non-biodegradable packaging materials by contrasting
their persistence and biological characteristics. By limiting environmental persistence, shortening
exposure times, and stopping the release of hazardous chemical additives, the results of this study
unequivocally show that biodegradable packaging solutions are very effective in lowering animal
safety hazards (Siracusa et al., 2008). The use of biodegradable packaging solutions is a major step

forward in enhancing animal safety and ethical sustainability, according to the paper's conclusion.
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1. Introduction

In modern supply chains, packaging plays a crucial role in both product protection and effective
distribution. Over the past 20 years, packaging material consumption has significantly increased due
to the quick development of consumer markets and e-commerce (Geyer et al., 2017; Jambeck et al.,
2015). Packaging is the largest sector of plastic usage, accounting for around 40% of global plastic
consumption, according to the United Nations Environment Programme (UNEP, 2021). However,
there are serious ecological and environmental issues as a result of the widespread use of non-
biodegradable packaging materials and their inappropriate disposal. One of the most significant and
underappreciated of these is how packaging trash affects animal survival and health.

While searching for food in cities, farms, and natural settings, animals come into contact with the
packing materials that are thrown away. Because of their chemical makeup and non-biodegradable
nature, non-biodegradable packaging materials such plastic bags, wrappings, films, and multi-layer
food packaging materials are especially hazardous. According to studies, plastic garbage can linger in
the ecosystem for hundreds of years (Geyer et al., 2017), which increases the likelihood that animals
will be exposed to it repeatedly (Barnes et al., 2009).Due to misunderstanding with food, animals
have been known to eat plastic packaging materials, which can cause internal damage, malnutrition,
obstruction of the digestive tract, and even death. Furthermore, packaging trash contributes
significantly to entanglement episodes, which can result in restricted movement, asphyxiation, and
predation, especially among cattle, stray animals, and marine species (Derraik, 2002).

Non-biodegradable packing materials provide chemical dangers to animal health in addition to
physical harm. Plasticisers, stabilisers, and pigments are known compounds found in plastic
packaging materials that can seep into animal tissues if consumed or come into touch with them for an
extended period of time. Chronic exposure to these substances has been demonstrated to cause
physiological problems in animals (Thompson et al., 2009). Additionally, the risk of long-term
exposure has increased due to the breakdown of plastic packaging materials into microplastics, which
allow harmful particles to enter animal bodies and then the food chain (Wright & Kelly, 2017).

Conversely, biodegradable packaging materials made from renewable and natural resources like
cellulose, starch, and plant polymers break down naturally through biological processes.
Biodegradable materials degrade far more quickly than traditional plastic packaging materials, and
they are also less harmful and persistent in the environment (Siracusa et al., 2008). Biodegradable
packaging materials therefore have the potential to lessen exposure hazards and avoidable animal
harm caused by packaging trash.

The research currently in publication has mostly concentrated on the environmental advantages of
biodegradable packaging materials, such as trash reduction and carbon footprint reduction, despite the
growing interest in sustainable and biodegradable packaging materials worldwide. The examination of
packaging materials from the standpoint of animal welfare and safety has a significant research
deficit.

By comparing biodegradable and non-biodegradable packaging options in terms of their effects on
animal safety and welfare, this study closes the research gap. This is a significant issue that must be
included in the strategy for sustainability.
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2. Problem Statement

Non-biodegradable packaging materials continue to dominate the worldwide packaging business
despite awareness programs and restrictions implemented by the international community to decrease
the use of plastic. The Organization for Economic Co-operation and Development reports that since
2000, plastic manufacturing has grown by more than 230 million tonnes, with packaging being the
primary source of plastic trash (OECD, 2022). Animal encounters with discarded packaging materials
are more likely because these non-biodegradable materials remain in the natural environment for
hundreds of years. This has resulted in an ongoing increase in the amount of waste in landfills,
dumping sites, agricultural lands, and water bodies (Barnes et al., 2009).

Because plastic packing materials resemble food in appearance or have a residual smell, animals often
cat them. According to scientific research, one of the main causes of intestinal obstructions,
malnutrition, injury, and mortality in both terrestrial and aquatic species is plastic ingestion (Derraik,
2002). In addition to causing harm, non-biodegradable packaging materials include additives like
stabilisers and plasticisers that, when consumed or exposed for an extended period of time, can seep
into animal tissue. Animal physiological abnormalities, organ failure, and hormonal imbalances have
all been connected to this type of chemical pollution (Thompson et al., 2009). Eventually, plastic
packing materials will break down into microplastics, raising exposure hazards and enabling harmful
particles to enter animal tissue and the food chain (UNEP, 2021).

Although biodegradable packaging materials have been created to address the issue of environmental
pollution, a comparative study has not adequately assessed their efficacy in enhancing animal safety.
While the direct and indirect effects of packing materials on animal health and welfare have not yet
been studied, the present literature is primarily biased toward environmental considerations including
waste management, biodegradability, and carbon emissions (Siracusa et al., 2008). The necessity to
assess packaging materials' environmental efficacy as well as their effects on animal safety, exposure
risk, and ethical sustainability is made abundantly evident by the current research gap.

3. Objectives of the Study

e To determine whether using non-biodegradable packaging materials poses a risk to animal
safety. : This goal will concentrate on determining how animals are affected by plastic-based
packaging materials due to ingestion, entanglement, and exposure to harmful compounds.

e To determine whether biodegradable packaging materials are safer than current ones. :
This goal will look into how biodegradable packaging materials can improve animal safety
while also being non-toxic and biodegradable.

e To contrast the dangers of exposure, toxicity, and consumption of biodegradable and non-
biodegradable packaging materials.

e To achieve this goal, the two packing materials will be compared in order to show how they
differ in terms of animal safety.

e To determine how the choice of packing materials affects animal wellbeing
This goal will look into how the choice of packing materials affects animals in terms of ethics
and the environment.

e To promote the use of environmentally friendly packaging materials based on safety data :
The presentation of research findings to support the use of sustainable and animal-safe
packaging materials will be part of this goal.
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4. Literature Review

Nonetheless, the body of research on plastic pollution has unequivocally demonstrated that there is a
substantial correlation between animal mortality and plastic trash. Numerous research on the
environment and wildlife have revealed that a variety of terrestrial, marine, and avian creatures
frequently consume plastic packaging because it is readily available and resembles their food sources
(Derraik, 2002). Numerous issues, including as internal damage, decreased food absorption, hunger,
and digestive obstruction, are brought on by this consumption and ultimately lead to death (Barnes et
al., 2009). In addition to causing physical harm, plastic packaging materials contain additives like
plasticisers, stabilisers, and pigments that, when consumed or exposed to the materials for an extended
period of time, can migrate to the animal tissues and cause a variety of physiological issues
(Thompson et al., 2009).

Additionally, other studies have emphasised the danger that plastic entanglement poses to animal
safety, especially in cattle, marine creatures, and stray animals. Plastic bags, films, fishing lines, and
straps are examples of plastic packaging materials that can entangle animals, resulting in restricted
movement, severe injuries, asphyxiation, and heightened susceptibility to predators (UNEP, 2021).
The dangers of exposure are increased as plastic packing materials break down into microplastics over
time. Animals can readily consume microplastics, which have been shown to bioaccumulate in
biological systems, enter the food chain, and eventually pose health and ecological hazards (Barnes et
al., 2009).

However, compared to traditional plastics, the literature currently available on biodegradable
packaging materials, such as starch-based polymers, cellulose derivatives, and plant fibre composites,
shows a significantly faster rate of degradation and a lower environmental persistence (Siracusa et al.,
2008). Biodegradable materials are less likely to accumulate in the environment because they may be
broken down by natural biological processes and produce fewer hazardous byproducts. According to
Hopewell et al. (2009) and Avérous& Pollet (2012), the majority of the literature currently available
on biodegradable packaging materials focuses on environmental advantages such the decrease in
landfill trash, soil, and water contamination, as well as the effectiveness of waste management and
recycling.

Nevertheless, a direct comparison of biodegradable packaging from the perspective of animal safety is
currently lacking in the literature. Few studies have directly compared the effects of biodegradable
and non-biodegradable packaging on the likelihood of exposure, ingestion, and animal health, despite
the fact that the environmental aspects and biodegradability of packaging have been thoroughly
studied (Siracusa et al.,, 2008). By comparing biodegradable and non-biodegradable packaging
materials from the perspective of animal safety, this research project seeks to close this gap.

5. Research Methodology

This study evaluates the animal safety concerns associated with biodegradable and non-biodegradable
packaging materials using a comparative and qualitative approach to secondary data analysis. The
study incorporates research on animal health, packaging waste, and plastic pollution.

This study's methodology is based on a methodical analysis of recorded instances of animal
entanglement, ingestion, and damage from packaging trash that have been published in scholarly
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journals. The pace at which biodegradable and non-biodegradable packaging materials degrade in the
environment is also assessed by a comparative analysis, with a focus on exposure duration and
persistence. To ascertain toxicity and the possibility of harmful material release upon ingesting or
prolonged exposure, the chemical makeup of packing materials is also assessed. The study assesses
the length of exposure and the probability of risk exposure to animals based on these variables.

In order to ensure complete conformity with ethical research guidelines and eliminate any potential
danger of harm to living beings, this study did not involve any primary data collecting or animal
experimentation.

6. Animal Safety Risks of Non-Biodegradable Packaging

The characteristics and composition of non-biodegradable packaging materials, especially plastics,
pose a serious risk to animal safety. Because these materials can linger in the environment for a long
time and come into touch with animals, their non-biodegradable nature poses a serious risk to animal
safety. Over 400 million tonnes of plastic garbage are produced globally each year, of which 146
million tonnes end up in the environment and come into touch with animals (UNEP, 2021).

High durability:

Plastic packaging doesn't deteriorate in the environment for 50 to 500+ years. Animals are more likely
to come into contact with plastic packaging waste in the environment as a result. 60-80% of examined
marine species and various terrestrial animals were found to have plastic garbage (Barnes et al., 2009;
UNEP, 2021).

Ingestion risk:

Because plastic packaging smells like food or has a texture similar to food, it is likely to be consumed

by animals. More than 1,200 marine species and an increasing number of terrestrial species have been
found to consume plastic packaging. When plastic packaging is consumed, it can lead to internal
obstruction, poor digestion, malabsorption of nutrients, hunger, and finally death. Stray cattle in
metropolitan India were found to have consumed 20—40 kg of plastic garbage, primarily packaging, in
some documented cases (Singh et al., 2019; Derraik, 2002).

Chemical toxicity:

Plasticisers, stabilisers, flame retardants, and pigments are among the chemical additives utilised in
plastic packaging. Following ingestion or extended exposure, these substances can seep into animal
tissues along with microplastics created by fragmentation. Chemical migrants from plastic packaging
have been shown to induce organ damage, reproductive failure, and endocrine system disruption. In
certain studies, microplastics have been found in animal gastrointestinal tracts in quantities surpassing
thousands per sample (Thompson et al., 2009; UNEP, 2021).

Entanglement hazard:

Animals may become seriously entangled in plastic packaging materials like bags, films, and straps.
Animals that are entangled may have trouble moving, sustain injuries, suffocate, and become more
susceptible to predators. Environmental surveys show that entanglement cases have been documented
in more than 200 marine animal species, including seabirds, whales, turtles, and seals, demonstrating
the severity of the threat (UNEP, 2021).
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When combined, these elements have greatly increased the number of animal injuries and fatalities as
well as the general ecological imbalance. Non-biodegradable packing materials are one of the main
causes of animal suffering as a result of human waste because of their toxic, dangerous, and persistent
qualities.

7. Animal Safety Benefits of Biodegradable Packaging

Natural and renewable resources like starch, cellulose, polylactic acid (PLA), and plant fibres are used
to make biodegradable packaging materials. Biodegradable packaging materials minimise biological
dangers and persistence by being easily broken down by natural biological processes. In terms of
animal safety, biodegradable packaging materials are superior to traditional plastic packaging
materials because they reduce exposure time, toxicity, and injury (Siracusa et al., 2008).

Faster decomposition:

While conventional plastics take 50-500 years to degrade, biodegradable packaging alternatives can
do so in a matter of weeks to months. This reduces the amount of time that animals are exposed to
discarded packing materials, which lowers the possibility of entanglement and ingestion (UNEP,
2021; Siracusa et al., 2008).

Non-toxic composition:

Compared to plastic packaging materials, biodegradable packaging materials include fewer or no
synthetic chemicals like stabilisers and plasticisers. According to research, bio-based materials
typically produce fewer harmful byproducts during the degradation process, which lowers the
potential risks of chemical toxicity, organ damage, and endocrine system disruption in animals in the
event that they are accidentally consumed or exposed (Avérous& Pollet, 2012).

Lower blockage risk:

Compared to conventional plastic packaging materials, biodegradable materials are softer and less
stiff. Biodegradable packing materials often move through the animal's digestive system with less
chance of blockage and internal injury in the event of inadvertent consumption. Compared to hard and
non-biodegradable plastics, biodegradable packaging materials are therefore less hazardous to animals
in terms of potentially fatal digestive diseases (Siracusa et al., 2008).

Lower accumulation:

Because biodegradable packaging materials break down quickly, they don't build up in significant
quantities in the environment. This reduces the dangers that come with animals being exposed to
packaging trash on a regular basis. According to research, using more biodegradable packaging
materials can significantly reduce the amount of waste that persists in the environment, which lowers
the long-term risks to animal safety (UNEP, 2021).

Despite not being intended for animal consumption, biodegradable packaging is non-toxic to animals
in the event that it is inadvertently swallowed due to its inherent qualities, the rate at which it breaks
down, and the toxicity of the chemicals it contains. Therefore, biodegradable packaging is a safer
option that promotes animal welfare and environmental sustainability.

8. Comparative Analysis
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There is a significant difference between biodegradable and non-biodegradable packaging materials in
terms of ethical sustainability, environmental interaction, and animal safety. The degree of exposure,
severity, and risk that animals are exposed to upon disposal are directly correlated with the choice of
packaging material. Non-biodegradable packaging is more hazardous to animals than biodegradable
packaging, according to empirical findings from environmental and wildlife studies (Derraik, 2002;
UNEP, 2021).

Table 1: Comparative Assessment of Packaging Materials

Aspect Non-Biodegradable Packaging Biodegradable Packaging
Environmental Remains in the environment for 50-500+ | Decomposes naturally within weeks
persistence years, causing to continuous accumulation | to months, significantly reducing

in landfills, roads, fields, and water bodies

long-term environmental presence

Toxic chemical
presence

Contains synthetic additives and releases
microplastics and toxic residues that

Made from natural or bio-based
sources with minimal or no toxic

bioaccumulate in animal tissues chemical release

Animal ingestion | High ingestion risk, frequently causing Reduced ingestion risk due to softer

risk internal blockages, poisoning, structure and faster breakdown
malnutrition, and starvation

Decomposition Hundreds of years, resulting in repeated Short degradation period limits

time and prolonged animal exposure exposure duration

Impact on animal | Frequently results in chronic illness, Causes comparatively less harm in

health severe injury, or death, documented cases of accidental ingestion
across terrestrial and marine species

Ethical Fails to address animal welfare and long- | Supports animal safety, ecological

sustainability term ecological responsibility balance, and responsible

environmental practices

Interpretation of Comparative Findings

The comparison makes it abundantly evident that the permanence, toxicity, and environmental
presence of non-biodegradable packaging materials continuously and gravely endanger animal health.
More than 1,200 animal species worldwide are impacted by plastic ingestion and entanglement,
according to research, and packaging debris plays a major role in this issue (Derraik, 2002; Barnes et
al., 2009). Additionally, the breakdown of plastic packaging into microplastics raises levels of long-
term exposure and facilitates entry into the food chain, exacerbating environmental harm (Thompson
et al., 2009).

On the other hand, because of their reduced environmental persistence, exposure to hazardous
chemicals, and degree of physical injuries, biodegradable packing materials are linked to much lower
dangers to animal health. Biodegradable packaging is intrinsically less dangerous to animal health
since the biodegradable material's pace of disintegration reduces the possibility of frequent animal
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exposure and contact (Siracusa et al., 2008,; Avérous& Pollet, 2012).
Biodegradable packaging is more in line with the values of ethical and sustainable production and
consumption. Because biodegradable packaging materials are more ethical, sustainable, and humane,
their importance in sustainability-informed policy and business decision-making is once again
highlighted (UNEP, 2021).

9. Ethical and Sustainability Perspective

From an ethical perspective, human consumption and production practices shouldn't lead to animal
suffering. Packaging decisions reflect corporate and societal ethics on environmental preservation and
the well-being of living things, in addition to technological and financial considerations. According to
UNEP (2021), ethical sustainability requires that packaging materials have the least detrimental
impact on the environment and shouldn't put domesticated, wild, or stray animals in needless danger.

Due to their toxicity, aggregation, and persistence, non-biodegradable packaging materials pose a
significant ethical dilemma because they directly cause animal suffering and death. As stated in
Sustainable Development Goal 12 (SDG 12), which particularly aims to reduce waste generation and
environmental damage, this is in direct opposition to the ethical ideals of responsible consumption and
production (United Nations, 2015). Furthermore, the ethical precepts of coexistence between human
activity and nature are violated by animal suffering brought on by packaging waste.

However, by decreasing environmental persistence and minimising the connection between animals
and hazardous trash, biodegradable packaging promotes ethical and ecological behaviours. By
lowering ingestion, entanglement, and harmful interaction as well as the disturbance of ecosystems
brought on by long-term trash persistence, biodegradable packaging promotes animal wellbeing
(Siracusa et al., 2008). Additionally, by promoting ecologically conscious behaviour among
manufacturers and customers, biodegradable packaging promotes sustainable consumption habits.

In terms of sustainability, biodegradable packaging incorporates ecological responsibilities and ethical
concerns to support global environmental and animal welfare goals. Biodegradable packaging is a
more ethical and humane approach to sustainability by promoting sustainable manufacturing methods,
minimising environmental impact, and safeguarding livestock and animals. Achieving ethical and
inclusive sustainable development requires taking animal safety into account as a major component of
sustainability analysis.

10. Findings and Discussion

In terms of dangers to animal safety, the comparison shows that biodegradable packaging materials
have a significant benefit over non-biodegradable packaging materials. The ease with which
biodegradable packing materials can break down in a comparatively shorter amount of time reduces
the likelihood of persistence in the environment, which further lowers the risks of prolonged exposure
to animals.

The study's conclusions also show that the qualities of biodegradable packaging materials—such as
their reduced rigidity, chemical toxicity, and biodegradability—are crucial in lessening the severity of
harm inflicted on animals in the event of unintentional exposure or ingestion. When compared to
traditional plastic packaging materials, biodegradable packaging materials significantly reduce the
intensity and length of animal exposure, even though they do not totally remove animal safety
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hazards. This supports the idea that packaging materials affect animal wellbeing directly and
significantly rather than just focusing on environmental factors.

However, the study also shows that using biodegradable packaging on a wide scale is not without its
difficulties. It is challenging for biodegradable packaging to be widely used in all types of packaging
due to its high production cost, lack of mechanical strength, and susceptibility to moisture and storage
conditions. Furthermore, the usage of biodegradable packaging depends on waste management
infrastructure; without it, the advantages of biodegradable packaging would not materialise.

The study's conclusions suggest that biodegradable packaging should be considered as a component of
an all-encompassing strategy for sustainability rather than in isolation. To ensure that biodegradable
packaging is widely used and that its promise to improve animal safety and sustainability is realised, it
is crucial to concentrate on improving the design and cost-effectiveness of biodegradable packaging
as well as the infrastructure for waste disposal.

11. Conclusion

This indicates that, in comparison to non-biodegradable packaging options, biodegradable packaging
options are far safer for animals. Because they do not result in environmental persistence, exposure to
hazardous materials, ingestion, or entanglement, biodegradable packaging solutions are safer for
animals. This contributes to a healthier environment and makes biodegradable packaging solutions
safer for animals.

This also makes it evident that animal safety should be taken into consideration when evaluating
sustainability, rather than only environmental sustainability. Packaging solutions that are good for the
environment but bad for animals cannot be considered sustainable. As a result, switching to
biodegradable packaging options is both morally required and necessary for the environment.

Large-scale switching to biodegradable packaging options may prove to be a crucial step toward
safeguarding the environment, livestock, and animals.

References

[1]. Derraik, J. G. B. (2002). The pollution of the marine environment by plastic debris: A review.
Marine Pollution Bulletin, 44(9), 842—852. https://doi.org/10.1016/S0025-326X(02)00220-5

[2]. Barnes, D. K. A., Galgani, F., Thompson, R. C., & Barlaz, M. (2009). Accumulation and
fragmentation of plastic debris in global environments. Philosophical Transactions of the
Royal Society B: Biological Sciences, 364(1526), 1985-1998.
https://doi.org/10.1098/rstb.2008.0205

[3]. Thompson, R. C., Moore, C. J., Vom Saal, F. S., & Swan, S. H. (2009). Plastics, the
environment and human health: Current consensus and future trends. Philosophical
Transactions of the Royal Society B: Biological Sciences, 364(1526), 2153-2166.
https://doi.org/10.1098/rstb.2009.0053

[4]. Siracusa, V., Rocculi, P., Romani, S., & Dalla Rosa, M. (2008). Biodegradable polymers for
food packaging: A review. Trends in Food Science & Technology, 19(12), 634-643.
https://doi.org/10.1016/}.tifs.2008.07.003

[5]. Avérous, L., & Pollet, E. (Eds.). (2012). Environmental silicate nano-biocomposites (Vol. 1).
Springer. https://doi.org/10.1007/978-1-4471-4108-2

International Journal of Emerging Trends in Research 9


https://doi.org/10.1098/rstb.2008.0205
https://doi.org/10.1098/rstb.2009.0053
https://doi.org/10.1007/978-1-4471-4108-2

Volume 06, Issue 08, 2026, pp 01-10

[6]. United Nations Environment Programme. (2021). From pollution to solution: A global
assessment of marine and terrestrial plastic pollution. UNEP.

[7]. Organisation for Economic Co-operation and Development. (2022). Global plastics outlook:
Economic drivers, environmental impacts and policy options. OECD Publishing.
https://doi.org/10.1787/de747aef-en

[8]. Singh, B., Sharma, N., & Garg, V. K. (2019). Plastic waste ingestion by stray cattle: A
growing threat to animal health in urban India. Veterinary World, 12(10), 1606—1612.
https://doi.org/10.14202/vetworld.2019.1606-1612

[9]. United Nations. (2015). Transforming our world: The 2030 agenda for sustainable
development. United Nations.

[10]. Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A.,
Narayan, R., & Law, K. L. (2015). Plastic waste inputs from land into the ocean. Science,
347(6223), 768—771. https://doi.org/10.1126/science.1260352

[11]. Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use, and fate of all
plastics ever made. Science Advances, 3(7), e1700782.
https://doi.org/10.1126/sciadv.1700782

[12]. Wright, S. L., & Kelly, F. J. (2017). Plastic and human health: A micro issue?
Environmental Science & Technology, 51(12), 6634-6647.
https://doi.org/10.1021/acs.est.7600423

[13]. Hopewell, J., Dvorak, R., & Kosior, E. (2009). Plastics recycling: Challenges and

opportunities. Philosophical Transactions of the Royal Society B: Biological Sciences,
364(1526), 2115-2126. https://doi.org/10.1098/rstb.2008.0311

[14]. Dilkes-Hoffman, L. S., Pratt, S., Lant, P. A., & Laycock, B. (2019). The role of
biodegradable plastic in solving plastic solid waste accumulation. In Plastics to energy (pp.
469-505). William Andrew Publishing. https://doi.org/10.1016/B978-0-12-813140-4.00019-4

International Journal of Emerging Trends in Research 10


https://doi.org/10.1787/de747aef-en
https://doi.org/10.1126/science.1260352
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1021/acs.est.7b00423
https://doi.org/10.1098/rstb.2008.0311

