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Abstract — Polychlorinated pollutants, such as
polychlorinated biphenyls (PCBs) and polychlorinated
dibenzo-p-dioxins/furans (PCDD/Fs), are toxic
compounds generated during the incomplete combustion
of agricultural plastics. This study investigates the
characterization and emission patterns of these pollutants
through controlled combustion experiments. By analyzing
the combustion residues and emissions, the study
identifies the major chemical species, evaluates their toxic
equivalency, and explores the influence of variables such
as temperature, plastic type, and oxygen levels. The
findings highlight the significant environmental and
health risks posed by agricultural plastic combustion and
emphasize the need for better waste management

practices to mitigate pollutant release.

Keywords— Polychlorinated pollutants, agricultural
plastics, combustion, dioxins, PCBs, environmental

pollution, toxic equivalency, waste management.
Introduction

Agricultural plastics, such as mulching films, greenhouse
covers, and irrigation pipes, have become indispensable in

modern farming due to their role in enhancing productivity

and resource efficiency. However, improper disposal
practices, particularly open burning, have raised significant
environmental and health concerns. The combustion of these
plastics, especially those containing chlorine, leads to the
release  of  polychlorinated  pollutants,  including
polychlorinated biphenyls (PCBs) and polychlorinated
dibenzo-p-dioxins/furans (PCDD/Fs). These pollutants are
highly toxic, persistent in the environment, and prone to

bioaccumulation, posing severe risks to ecosystems and

human health.
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Despite  increasing awareness of these hazards,
comprehensive  studies characterizing the pollutants

generated from agricultural plastic burning remain scarce.
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Understanding the chemical composition, emission patterns,
and factors influencing pollutant formation is essential for
developing effective mitigation strategies. This study aims to
fill this knowledge gap by conducting a detailed analysis of
polychlorinated pollutants emitted during the combustion of
agricultural plastics under controlled conditions. The findings
are expected to contribute to better waste management
practices and policies, reducing the environmental footprint

of agricultural plastics.
Literature Review

The improper disposal of agricultural plastics has become a
growing environmental concern, particularly in regions
where open burning is a common practice. This section
reviews existing studies on the wuse, disposal, and
environmental implications of agricultural plastics, focusing

on the formation and impact of polychlorinated pollutants.
Agricultural Plastics: Usage and Disposal Practices

Agricultural plastics, including polyethylene (PE), polyvinyl
chloride (PVC), and polypropylene (PP), play a crucial role
in modern farming for mulching, greenhouse construction,
and water conservation. However, their disposal poses
significant challenges, as they are often discarded in landfills
or openly burned in the absence of recycling facilities. A
study by Kyrikou and Briassoulis (2007) emphasized that
improper disposal, especially open-field burning, is a major
source of environmental pollution, contributing to air, soil,

and water contamination.
Formation of Polychlorinated Pollutants

Combustion of plastics, particularly those containing
chlorine, results in the formation of harmful compounds such
as polychlorinated biphenyls (PCBs) and polychlorinated
dibenzo-p-dioxins/furans (PCDD/Fs). Weber et al. (2008)
demonstrated that these compounds are primarily produced
during incomplete combustion processes. Factors such as
temperature, oxygen levels, and the chemical composition of

plastics significantly influence pollutant formation. PVC, for

instance, is a major contributor due to its high chlorine

content.
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Environmental and Health Impacts

Polychlorinated pollutants are highly toxic, with long-term
effects on both ecosystems and human health. These
compounds are classified as persistent organic pollutants
(POPs) under the Stockholm Convention due to their ability
to persist in the environment, bioaccumulate in food chains,
and cause adverse health effects, including cancer and
endocrine disruption. Li et al. (2017) reported that exposure
to polychlorinated pollutants is associated with
developmental disorders and immune system suppression,
highlighting the need for stricter regulations on plastic waste

management.
Analytical Methods for Pollutant Characterization

Advancements in analytical techniques have enabled better
identification and quantification of polychlorinated
pollutants. Gas chromatography-mass spectrometry (GC-
MS) is widely used for detecting and analyzing trace levels of
PCBs and PCDD/Fs. Studies such as Choi et al. (2019)
emphasize the importance of using high-resolution analytical
methods to assess the toxicity and environmental impact of

emissions from plastic combustion.
Gaps in Research

While considerable research exists on the general impact of
plastic waste, studies focusing specifically on the combustion

of agricultural plastics remain limited. There is a need for
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more targeted investigations into the conditions that promote
the formation of polychlorinated pollutants and their relative
toxicities. Additionally, more attention is required to explore

sustainable alternatives to current disposal practices.
Methodology

1. Sample Collection and Preparation:
Agricultural plastics (e.g., polyethylene, PVC) were
sourced from farms and cleaned to remove external

contaminants.

2. Combustion Setup:
A laboratory-scale combustion chamber was used
to simulate open-burning conditions. Variables such
as temperature (300-900°C), oxygen levels, and

plastic types were systematically varied.

3. Emission Sampling and Analysis:
Emissions were captured using high-efficiency
particulate air (HEPA) filters and solvent traps. Gas
chromatography-mass spectrometry (GC-MS) was
employed to identify and quantify polychlorinated

compounds.

4. Residue Analysis:
Combustion residues were analyzed using X-ray
fluorescence (XRF) spectroscopy to assess residual

chlorine content.

5. Toxicity Assessment:
Toxic equivalency factors (TEFs) were applied to

evaluate the relative toxicity of the emissions.
Results

e  Pollutant Composition:
Significant levels of PCDD/Fs and PCBs were
detected in the emissions, with higher
concentrations observed at temperatures above

600°C.

e Impact of Plastic Type:
PVC generated the highest levels of chlorinated

pollutants due to its high chlorine content.

e Oxygen Dependency:
Pollutant formation increased under low-oxygen
conditions, highlighting the role of incomplete

combustion.

e Toxicity Evaluation:
Toxic equivalency analysis revealed emission
profiles with high toxic potential, exceeding safety

thresholds for ambient air quality.
Conclusion

The combustion of agricultural plastics, particularly those
containing chlorine, generates significant quantities of
hazardous polychlorinated pollutants such as polychlorinated
biphenyls (PCBs) and polychlorinated dibenzo-p-
dioxins/furans (PCDD/Fs). These pollutants pose substantial
risks to human health and the environment due to their
toxicity, persistence, and potential to bioaccumulate. This
study highlights the critical factors influencing pollutant
formation, including the type of plastic, combustion
temperature, and oxygen availability. The findings
demonstrate the urgent need for sustainable disposal methods,
such as recycling or controlled incineration, to minimize the

release of these harmful compounds.

Effective waste management policies and practices are
essential to address the environmental challenges posed by
agricultural plastic waste. Encouraging the use of
biodegradable alternatives, improving recycling
infrastructure, and promoting awareness among farmers can
play a vital role in reducing open-burning practices. By
addressing these issues, it is possible to mitigate the
environmental and health impacts of agricultural plastic
waste and contribute to a more sustainable agricultural

system.

Scope and Limitations
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Scope:

e Focuses on the characterization of polychlorinated
pollutants under controlled combustion conditions.

e Provides insights into the impact of variables such
as temperature, oxygen levels, and plastic
composition.

e  Offers recommendations for sustainable agricultural
plastic disposal practices.

Limitations:

e The study is limited to laboratory-scale conditions,
which may not fully represent open-field burning
scenarios.

e The influence of environmental factors (e.g., wind,
moisture) on pollutant formation was not assessed.

e Analysis was confined to a specific set of plastics;
broader inclusion of other polymers could enhance
applicability.
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