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Abstract— Plastics made from fossil fuels contribute to pollution and disrupt ecosystems. While bioplastics E }_,'E_?E
and compostable bags that are made from renewable materials offer promising alternatives, they can also ﬂr"i’:: 3 2
have severe effects such as eutrophication. Bioplastics can increase the soil nutrients like nitrogen (under .ﬁ' g hg"
certain conditions). A huge impact has been made by bioplastic additives on soil’s physical, chemical, and ”;!EE;'I“:’ ;
A

biological properties, land, human health, flora and fauna, and the environment in general.
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I.  INTRODUCTION

Alternative to traditional plastic bags are compostable

traditional plastics, but they are more harmful to aquatic
ecosystems.

bags. Compostable bags are made from renewable
resources and degrade more easily, making them better for
our planet. Compostable bags are an eco-friendly
alternative to conventional plastic bags. They are made
from natural materials. These bags play a crucial role in
reducing waste in landfills and mitigating climate change.
When composted, they turn into three main components:
biomass, water, and carbon dioxide. Bioplastics are made
from plant-based products making them way better than
traditional plastics. However, despite their sustainability,
they also have some drawbacks. Feeding a large
population is a challenge, and now growing plants for
bioplastics will compete with food production and
compromise the demands of our population. Also, the
fertilizers and pesticides used for biomass production can
flow down water bodies and lead to eutrophication.
Bioplastics have lower human and terrestrial
environmental toxicity and carcinogenic potential than
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Plastic trash bags are the most common method of waste
disposal in households. Landfill sites are overflowing with
non-biodegradable plastic bags, posing a severe threat to
our planet. On the other hand, this research has
consistently highlighted the detrimental impact of
bioplastic bags on land, human health, and ecosystems.
Compostable bags offer a potential solution to this
pressing environmental issue.

I1. OBJECTIVES

e To compare the environmental impacts of
bioplastics and traditional plastic  bags,
considering factors such as greenhouse gas
emissions, and resource consumption.

e To assess the effects of compostable bioplastic
bags on soil ecosystems, including their
biodegradability, impact on soil fertility, and
microbial activity.
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e To evaluate the economic and social practicality
of transitioning from traditional plastic bags to
compostable bioplastic bags, considering their
potential impacts on food security and resource
competition.

I11.  RATIONALE OF THE STUDY

The purpose of the study was to find out how bioplastics
affect the soil health and the surroundings present in
compostable bags. Compostable bags are often seen as a
better choice than regular plastic bags, but we need to
know more about how they impact the soil. The study is an
attempt to investigate how effective are these bioplastics
present in compostable bags. This research will bring forth
the resultant soil quality when compostable bags are
disposed of in the ground and the quality of compost
created.

By examining how biodegradable bags break down and
influence soil nutrients and organisms, we can determine
their overall impact on the environment. This information
is crucial for making informed decisions about using
compostable bags and promoting sustainable waste
management practices.

IV. METHODOLOGY

This research aims to assess the impact of bioplastics on
soil health, with a particular focus on compostable bags.
Due to the nature of the inquiry, a secondary research
approach will be employed. This section details the
methodology used to analyse existing research on the
subject. A comprehensive search for relevant scientific
papers, articles, and reports was conducted using online
databases such as Google Scholar, ScienceDirect, and Web
of Science. This paper includes details on the type of
bioplastic material used, the composition of the
compostable bags, soil properties evaluated, and the
observed impacts on soil health parameters like nutrient
levels or microbial activity.

By following these outlined steps, this research has
analysed the data from existing studies to assess the
current understanding of how bioplastics, particularly
compostable bags, impact soil health.

V. RESULTS AND DISCUSSIONS
5.1 Chemical Composition of Compostable Bags

Bio-compostable bags are made from bioplastics, like
PHA (polyhydroxyalkanoate), PBAT (Polybutylene
Adipate Terephthalate), and PLA (Polylactic acid), which
is generally made from the sugars in corn starch, cassava,
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or sugarcane. PLA is usually made from cornstarch,
cassava, or sugarcane. These bioplastics break down in
three to six months, much faster than regular plastics that
take hundreds of years to decompose. When they break
down, they turn into carbon dioxide, water, biomass,
and/or mineral salts when they are exposed to air.

5.2 Degradation of Bioplastics

Some of the plastic can degrade. Amongst them, some take
a long time to degrade others do not. Bioplastics are made
from plant products, so they can degrade easily. But when
bioplastics degrade, they can release methane due to the
lack of oxygen. Methane is a greenhouse gas which
contributes to climate change.

5.3 Effects of Bioplastics in Soil

Plastic degradation in soil has known adverse effects on
soil nutrition and plant growth. However, the breakdown
of bioplastics in soil has a different impact. As bioplastics
are derived from starch and vegetable oils, their
decomposition increases soil nutrient levels by releasing
these components into the soil. Moreover, the degradation
of bioplastics releases carbon compounds, promoting
microbial growth. This process also contributes to the
organic matter in the soil, improving its water-holding
capacity.

While this is beneficial, it's important to note that
microorganisms like bacteria and fungi involved in
bioplastic decomposition utilize essential nutrients, like
nitrogen and phosphorus to metabolize bioplastics,
potentially leading to a shortage of these nutrients in the
soil. While bioplastics can release nutrients, the net effect
on nutrient availability for plants is complex and depends
on factors like microbial activity and the specific type of
bioplastic. There will be a shortage of nutrients in soil after
bioplastic degradation unless there are prior nutrients
present in the soil as microorganisms require nutrients for
metabolizing bioplastics.

5.4 Advantages of Bioplastic Degradation
*Increased Soil Fertility

e Organic Matter Contribution: Some types of
bioplastics, especially those produced from
organic ingredients such as cellulose or starch can
decompose into soil-enriching organic matter thus
improving fertility and structure.

e Nutrient Release: Bioplastics can disintegrate and
release into soil carbon, nitrogen, and other vital
elements necessary for the growth of plants and
microbial activities.
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*Reduction in conventional Plastic Pollution

e Biodegradability:  Bioplastics  designed to
decompose naturally can lessen the build-up of
traditional plastic materials in soils that usually
last centuries causing environmental degradation.

e Less Microplastic Formation: The risk of
microplastic contamination in soil is lower when
properly formulated bioplastics are used because
they degrade more thoroughly than conventional
plastics thereby reducing the possibility of
ecological disturbance within soils' ecosystems
through entry into food chains.

Decreased Ecotoxicity

e Reduced Chemical Additives: Unlike common
types of plastics, a lot of bioplastics have reduced
toxic additives which implies that the danger of
poisonous substances leaching to the ground is
minimized hence promoting beneficial organisms
living in it and maintaining soil health.

o Safer Decomposition: At times, breakdown
products  originating from  decomposition
processes involving bioplastic may be less toxic
to soil organisms; therefore encouraging healthier
and more balanced.

5.5 Disadvantages of Bioplastic Degradation

*Misleading biodegradation information: Not all
bioplastics degrade completely in the natural environment.
Some require composting technologies with specific
conditions (high temperature, humidity) that are not
always handled in natural soil. As a result, these
bioplastics can persist in the environment, causing
pollution like conventional plastics.

*Microplastic formation: As bioplastics degrade, they
may break down into microplastics instead of disappearing
altogether. These microplastics can accumulate in the soil,
causing long-term pollution.

*Physical degradation: Bioplastics can interfere with soil
structure by altering soil porosity and water-holding
capacity, and can affect plant root systems and microbial
communities

*Effects on soil organisms: Bioplastics in soil can
adversely affect soil organisms such as earthworms and
microorganisms that play an important role in maintaining
soil health and fertility

*Residual toxins: Some bioplastics contain chemical
additives (such as plasticizers, stabilizers, and colorants)
that can leach into the soil during decomposition These
chemicals can be toxic to soil bacteria, plants, and
groundwater, and it has destroyed the ecosystem.
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eAccumulation of heavy metals: Some bioplastics,
especially those produced from agricultural residues or
industrial by-products, may produce small amounts of
heavy metals and as these bioplastics degrade, the metals
can accumulate in the soil, which can cause toxicity issues.

*Agricultural Applications: The production of bioplastics
is heavily dependent on crops such as maize, sugarcane,
and potatoes, which need large amounts of water and
fertilizers.

VI. CONCLUSION

Bioplastics are derived from renewable resources, such as
cornstarch, sugarcane, or potato starch. These materials
offer environmental benefits by reducing reliance on
fossil fuels and decreasing the carbon footprint.

Bioplastics also break down more rapidly than
conventional plastics, especially in composting conditions.
Bioplastics have the potential to provide a sustainable and
eco-friendly alternative to traditional plastics by reducing
non-renewable energy consumption and greenhouse gas
emissions.

However, they also have a negative impact on soil health
and surroundings. All bioplastics do not fully degrade
naturally. Some require industrial composting facilities
with specific conditions (high temperature, humidity) that
are not always met in natural soils. Additionally, when
bioplastics degrade, they may break down into
microplastics rather than completely disappearing. These
harmful microplastics can accumulate in the soil, leading
to long-term contamination.

Microplastics resulting from bioplastic degradation can
accumulate in soils and negatively affect agricultural
productivity. Proper plastic waste management is crucial
to mitigate these harmful effects. However, their
environmental impacts, particularly with regard to
eutrophication, acidification, and ozone depletion, must be
considered. Bioplastics have a high degradation rate due to
their material composition; their high degradation rate
solves a major problem which is soil contamination.
Bioplastics have the potential to transform our world into a
cleaner and better place.

REFERENCES

[1] Sintim, H. Y., Bandopadhyay, S., English, M. E., Bary, A.
1., DeBruyn, J. M., Schaeffer, S. M., Miles, C. A., Reganold,
J. P., & Flury, M. (2019). Impacts of biodegradable plastic
mulches on soil health. Agriculture, Ecosystems &
Environment, 273, 36-49.
https://doi.org/10.1016/j.agee.2018.12.002

21


https://dx.doi.org/10.22161/ijeab.96.3
https://doi.org/10.1016/j.agee.2018.12.002

Jain et al.

[2] Maji, P., & Mistri, B. (2021). Assessment on the impact of
plastic-contaminated fertilizers on agricultural soil health: A
case study in Memari Il C.D. Block, Purba Bardhaman,
West Bengal, India. In P. K. Shit, P. P. Adhikary, & D.
Sengupta (Eds.), Spatial Modeling and Assessment of
Environmental Contaminants (pp. 1-16). Springer.
https://doi.org/10.1007/978-981-16-2373-6_12

[3] Grover, Y., & Goel, S. (2016). Feasibility of compostable
bags for disposal of solid waste in urban households.
International Journal of Environment, Agriculture and
Biotechnology. https://ijeab.com/detail/feasibility-of-
compostable-bags-for-disposal-of-solid-waste-in-urban-
households/ (Accessed: 27 June 2024)

[4] Sustainability for All. (n.d.). What are bioplastics?
https://www.activesustainability.com/environment/what-are-
bioplastics/? adin=02021864894 (Accessed: 28 June 2024)

[5] Zhang, X., Abt, M., Bahaji, A., Blennow, A., Cheng, Y.,
Dier, M., Du, X., Geilfus, C., Guo, K., Hu, W., Kong, X.,
Liu, L., Li, X., Murata, T., Tang, S., Tao, Z., Tappiban, P.,
Yu, W., Zahoor, R., Zhang, W., Zhou, T., Zhu, D., Z6rb, C.,
Ahmad, A, Ai, Y., Balet, S., Beckles, D., Bertoft, E., &
Bhatia, S. (2019). Starch biosynthesis and degradation in
terrestrial plants. Environmental Science & Technology,
53(9), 4637-4650. https://doi.org/10.1021/acs.est.9b01339

[6] de Souza Machado, A. A., Lau, C. W., Till, J., Kloas, W.,
Lehmann, A., Becker, R., & Rillig, M. C. (2018).
Microplastics in agricultural soils: Sources, pathways, and
risks. Environmental Science & Technology, 52(17), 9656-
9665. https://doi.org/10.1021/acs.est.8b02212

[7]1 Liwarska-Bizukojc, E. (2019). Bioplastics and their
environmental impact. Environmental Technology &
Innovation, 14, 100354.
https://doi.org/10.1016/j.eti.2019.100354

[8] Adhikari, D., Mukai, M., Kubota, K., Kai, T., Kaneko, N.,
Araki, K. S., & Kubo, M. (2016). Degradation of bioplastics
in soil and their degradation effects on environmental
microorganisms. Journal of Environmental Science, 28, 1-
10.
https://www.scirp.org/journal/paperinformation?paperid=64
039

[9] State of the Planet. (2017). The truth about bioplastics.
https://news.climate.columbia.edu/2017/12/13/the-truth-
about-bioplastics/ (Accessed: 28 June 2024)

[10] Accinelli, C., Adhikari, K., Adhikari, R., Ali, S., Balaguer,
M., Barbale, M., Brennecke, D., Brizga, J., Brodhagen, M.,
Bronick, C., Calabria, L., Castronuovo, D., Cerna, T., Chae,
Y., Chen, H., Colares, G., & Gryze, S. D. (2019).
Bioplastics and their applications in agriculture:
Opportunities and challenges. Environmental Science &
Technology, 53(10), 6044-6052.
https://doi.org/10.1021/acs.est.9b01339

[11] Richard, S. (2022). Bioplastics and their impact on the
environment. Research & Reviews: Journal of Medicinal &
Organic Chemistry. https://www.rroij.com/open-
access/bioplastics-and-their-impact-on-environment.php
(Accessed: 28 June 2024)

[12] INNOV. (2024). Beyond plastic: Can bioplastics help us
deal with plastic pollution?

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.96.3

Assessing the Environmental Impact of Compostable Bioplastic Bags

https://innovation.eurasia.undp.org/beyond-plastic-can-
bioplastics-help-us-deal-with-plastic-pollution/  (Accessed:
28 June 2024)

[13] Bethanis, J., & Golia, E. E. (2023). Revealing the combined
effects of microplastics, Zn, and Cd on soil properties and
metal accumulation by leafy vegetables: A preliminary
investigation by a laboratory experiment. Soil Systems, 7(3),
65. https://doi.org/10.3390/s0ilsystems7030065

[14] de Souza Machado, A. A., Lau, C. W., Kloas, W.,
Bergmann, J., Bachelier, J. B., Faltin, E., Becker, R., &
Rillig, M. C. (2019). Impact of microplastics on agricultural
soils: A review. Environmental Science & Technology,
53(10), 6044-6052. https://doi.org/10.1021/acs.est.9b01339

[15] Sa’adu, I., & Farsang, A. (2023). Microplastics and their
effects on soil ecosystems. Environmental Sciences Europe,
35(1), 10-20. https://doi.org/10.1186/s12302-023-00720-9

[16] Narancic, T., Cerrone, F., Beagan, N., & O'Connor, K. E.
(2020). Recent advances in bioplastics: Application and
biodegradation. Polymers, 12(2), 1-14.
https://doi.org/10.3390/polym12010120

[17] Camu, B. (2019). Using fertilizer? Think twice before you
do. Leaf & Limb. https://www.leaflimb.com/Traditional-
Fertilizers-Cause-More-Harm-Than-Good/  (Accessed: 6
August 2024)

22


https://dx.doi.org/10.22161/ijeab.96.3
https://ijeab.com/detail/feasibility-of-compostable-bags-for-disposal-of-solid-waste-in-urban-households/
https://ijeab.com/detail/feasibility-of-compostable-bags-for-disposal-of-solid-waste-in-urban-households/
https://ijeab.com/detail/feasibility-of-compostable-bags-for-disposal-of-solid-waste-in-urban-households/
https://www.activesustainability.com/environment/what-are-bioplastics/?_adin=02021864894
https://www.activesustainability.com/environment/what-are-bioplastics/?_adin=02021864894
https://www.scirp.org/journal/paperinformation?paperid=64039
https://www.scirp.org/journal/paperinformation?paperid=64039
https://news.climate.columbia.edu/2017/12/13/the-truth-about-bioplastics/
https://news.climate.columbia.edu/2017/12/13/the-truth-about-bioplastics/
https://www.rroij.com/open-access/bioplastics-and-their-impact-on-environment.php
https://www.rroij.com/open-access/bioplastics-and-their-impact-on-environment.php
https://innovation.eurasia.undp.org/beyond-plastic-can-bioplastics-help-us-deal-with-plastic-pollution/
https://innovation.eurasia.undp.org/beyond-plastic-can-bioplastics-help-us-deal-with-plastic-pollution/
https://doi.org/10.3390/soilsystems7030065
https://www.leaflimb.com/Traditional-Fertilizers-Cause-More-Harm-Than-Good/
https://www.leaflimb.com/Traditional-Fertilizers-Cause-More-Harm-Than-Good/

