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I. Introduction 

The tire and rubber industry has been a cornerstone of modern transportation and 

infrastructure, providing the essential components for vehicles, machinery, and various consumer 

products. However, the widespread use of tires and rubber materials has brought about significant 

environmental challenges, particularly in aquatic systems. The demand for these materials has led 

to the proliferation of tire manufacturing plants and rubber processing facilities worldwide. Tire 

particles constitute a significant portion of microplastic pollution, releasing various chemical 

additives that have the potential to seep into water bodies and negatively impact aquatic organisms 

(Tallec et al., 2022). The mechanical abrasion associated with road traffic unavoidably produces 

tire particles (TP). Each year, the global emissions of TP may amount to 2.9 million tons 

(Evangeliou et al., 2020). Tire particles come in a variety of sizes, spanning from just a few 

nanometers to particles exceeding 100 µm in size (Kole et al., 2017; Wagner et al., 2018). As the 

industry continues to expand, it becomes imperative to examine the environmental consequences 

of its operations, especially concerning aquatic ecosystems. Understanding the environmental 

impact of tire and rubber chemicals in aquatic systems is crucial for several reasons. First and 

foremost, aquatic ecosystems are vital to Earth's biodiversity, supporting many species and 

providing essential services such as water purification and nutrient cycling.  

II. Transport of Tire and Rubber Chemicals in Aquatic Systems 

A. Road Runoff and Pathways to Aquatic Systems 

Surface Runoff: Rainwater interacts with road surfaces, carrying with its particles from tire wear, 
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road dust, and residual chemicals. This runoff enters stormwater drains and flows into nearby water 

bodies, serving as a direct pathway for introducing tire and rubber chemicals into aquatic systems. 

Leaching from Landfills: Improper disposal of tires in landfills can result in leaching of 

chemicals into the soil and, subsequently, groundwater. Over time, these contaminants may enter 

nearby rivers, lakes, or groundwater-fed ecosystems. 

B. Atmospheric Deposition and Aerial Transport 

Airborne Particles: Fine particles containing tire and rubber chemicals can become suspended in 

the air due to processes like mechanical wear and abrasion. These particles may settle onto water 

surfaces through atmospheric deposition, contaminating aquatic environments. 

Long-Range Transport: Wind can carry airborne particles over considerable distances, leading 

to the deposition of tire and rubber chemicals in remote aquatic ecosystems. This long-range 

transport can result in contamination far from the original emission source. 

C. Waterborne Transport and Dispersion 

River Transport: Runoff from roads and urban areas enters rivers, facilitating the downstream 

transport of tire and rubber chemicals. The chemical mixed water can be transported over long 

distances, affecting multiple aquatic ecosystems along the way. 

Sedimentation and Resuspension: Tire and rubber chemicals can bind to sediments in water 

bodies. This sedimentation process can lead to the accumulation of contaminants in the bottom 

sediments. However, resuspension events, such as storms or turbulence, may reintroduce these 

chemicals into the water column. 

Bioavailability and Sorption: Their interactions with water and sediments influence the 

bioavailability of tire and rubber chemicals. Sorption processes, where chemicals attach to 

suspended particles or sediment surfaces, can affect their mobility and persistence in aquatic 

systems.  

Table 1: Composition of the Tire and Rubber (Dodds et al., 1983) 

Components Weight Percent 

SBR 62.1 

Carbon Black 31.0 

Extender Oil 1.9 

Zinc oxide 1.9 
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Stearic Acid 1.2 

Sulfur 1.1 

Accelerator 0.7 

 

 

Figure 1: Constituents (%) of a typical passenger car tire (Sommer et al., 2018) 

 

III. Environmental Impact of Tire and Rubber Chemicals 

The widespread use of tires and rubber products has led to a notable environmental impact 

on aquatic ecosystems. Introducing tire and rubber chemicals into water bodies can have far-

reaching consequences, affecting aquatic environments' physical and biological components. 

A. Water Pollution  

Chemical Contamination: Tire and rubber chemicals, including plasticizers, antioxidants, and 

vulcanizing agents, can leach into water bodies, leading to chemical contamination. This pollution 

threatens the overall water quality and the organisms inhabiting these environments. Some of tire 

rubber's chemical additives are toxic to aquatic animals (Capolupo et al., 2020, Halle et al., 2020). 

The introduction of tire and rubber chemicals can alter water's pH and chemical composition, 

affecting the aquatic biota that are sensitive to changes in these parameters. 

Toxicity to Aquatic Life: Some tire and rubber chemicals can potentially exhibit toxic effects on 

aquatic life. This includes detrimental impacts on fish, invertebrates, and other organisms, 

disrupting their behaviour, growth, and reproduction. The growth and development of freshwater 

invertebrates are negatively impacted by the presence of polyester fibre and rubber particles from 
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automobile tires, both in short-term and long-term exposure scenarios (Schell et al., 2022). 

Leachate from tires has been found to cause harmful impacts on the survival, reproductive system, 

and developmental processes of Mytilus galloprovincialis (Capolupo et al., 2020), Crassostrea 

gigas (Tallec et al., 2022), Pimephales promelas (Kolomijeca et al., 2020)) under experimental 

conditions. 

B. Bioaccumulation  

Uptake by Aquatic Organisms: Tire and rubber chemicals released into water can be absorbed 

by aquatic organisms through various exposure pathways. This includes direct uptake from water, 

ingestion of contaminated sediments, and consumption of contaminated prey. N-(1,3-

Dimethylbutyl)-N′-phenyl-p-phenylenediamine (6-PPD) serves as a commonly employed 

antioxidant in tire rubber, and it has been identified to infiltrate aquatic ecosystems through road 

runoff. The resultant transformation product, 6-PPD quinone, has been linked to severe acute 

toxicity in certain fish species, such as coho salmon (Grasse et al., 2023). 

Bioaccumulation in Food Chains: Once introduced into aquatic ecosystems, tire and rubber 

chemicals may bioaccumulate in the tissues of organisms over time. This bioaccumulation can 

result in higher concentrations of chemicals in predators at the top of the food chain, leading to 

potential ecological imbalances. Rubber particles and the chemicals released from worn-out tire 

particles can lead to elevated mortality rates among aquatic species, including trout and frogs 

(Halle et al., 2020). 

IV. Management Strategies for Tire and Rubber Chemicals 

Addressing the environmental impact of tire and rubber chemicals in aquatic systems requires a 

multifaceted approach that combines regulatory measures, industry practices, and public 

awareness. Effective management strategies aim to reduce the release of contaminants, mitigate 

their impact, and promote sustainable practices within the tire and rubber industry. 

A. Regulatory Measures and Policies 

Emission Standards: Implement and enforce strict emission standards for tire manufacturing 

plants and rubber processing facilities. These standards should focus on limiting the release of key 

chemicals into the air and water, addressing both direct discharges and atmospheric deposition. 

Stormwater Management: Develop and enforce regulations for stormwater management to 

prevent road runoff from transporting tire and rubber chemicals into aquatic ecosystems. This 

includes the installation of effective stormwater treatment systems and the implementation of best 
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management practices. 

Chemical Use Restrictions: Implement restrictions on using certain chemicals that pose 

environmental risks in tire manufacturing. This may include substituting hazardous compounds 

with safer alternatives and promoting the adoption of eco-friendly manufacturing processes. 

B. Sustainable Tire and Rubber Manufacturing Practices 

Green Chemistry Initiatives: Encourage the tire and rubber industry to adopt green chemistry 

principles, focusing on developing environmentally friendly processes and materials. This includes 

the use of alternative additives and sustainable sources of raw materials. 

Recycling Programs: Promote and incentivize tire recycling programs to reduce the volume of 

waste tires and prevent the environmental release of tire and rubber chemicals. Recycled rubber 

can be used in various applications in footwear, plastics, coatings, carpets, tires, etc. and reducing 

the demand for new materials and minimizing environmental impact. 

Life Cycle Assessment: Conduct comprehensive life cycle assessments of tires to identify 

environmental hotspots and opportunities for improvement. This holistic approach considers the 

environmental impact of tires, from raw material extraction to end-of-life disposal. 

V. Conclusion 

 Tire and rubber chemicals in aquatic systems demand urgent attention; effective 

management strategies, including stronger regulations, technological advancements, and public 

awareness, are crucial for mitigating environmental impact. Collaboration among industries, 

government, and the public is essential to promote responsible practices and ensure the long-term 

health of aquatic ecosystems. 
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