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Abstract

Concerns over the effects of conventional polymer materials on the environment and human health have
been highlighted by the growing use of additive manufacturing or 3D printing. Traditional synthetic
composites are usually made of petroleum-based plastics that include a range of chemical agents, such
as additives and plasticizers. The increasing use of 3D printing has sparked concerns about the
environmental and health risks linked to traditional polymer materials. With an emphasis on the
advantages for public health and environmental sustainability, this review study evaluates the potential
of biocomposite polymers as sustainable substitutes for 3D printing applications. The study looks at the
waste production, exposure concerns, and harmful emissions that are currently connected to traditional
3D printing materials from an environmental and public health perspective. The properties, uses, and
benefits of several biocomposite polymers, such as PLA, starch-based, and cellulose-based polymers,
are then covered. Bio composite polymers offer a potential solution to the sustainability issues
associated with conventional 3D printing materials. The review emphasizes how biodegradability,
lower emissions, and biocompatibility of biocomposites might mitigate pollution, resource depletion,
and health hazards. It looks at the environmental and public health problems linked to traditional 3D
printing materials, including waste creation, exposure risks, and the release of harmful substance

Keywords: Biocomposite polymer, Environmental sustainability, public health, carbon footprint, 3D
printing

INTRODUCTION

The growing use of 3D printing has raised concerns regarding the environmental and human health
impacts associated with conventional polymer materials. Because polymers cannot degrade, they cause
a huge amount of waste accumulation in the environment, resulting in significant environmental
pressure [1]. Bio composite polymers give an excellent eco-friendly substitute that tackles issues like
pollution and the scarcity of affordable resources such as plastic. The major benefit of bio composites
is their ability to biodegrade, which helps to sustain the environment [2]. This plays a key role in
reducing the buildup of microplastics in our
surroundings [3]. Now a days people avoiding the
use of fossil fuel, which has led to a need for high-
quality products made from biological and
renewable sources [4]. This review paper aims to
evaluate how bio composite polymers could replace
standard polymers in 3D printing to improve
Environmental and Public Health. It looks at the
environmental and public health problems linked to
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traditional 3D printing materials, including waste
creation, exposure risks, and the release of harmful
substances [5].

The characteristics, uses, and advantages of
several bio composite polymers, including PLA,
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starch-based, and cellulose-based polymers, while considering the significance of both matrix and
reinforcement in bio composite design. This paper also discusses how recycling initiatives and waste
reduction technology might help reduce the negative environmental effects of 3D printing [6] [7][8].

The Figure no.1 shows Biocomposite material process flow affects positively on public and
environment health. Recycling polymers used in 3D printing is a promising alternative to tackle the
increasing sustainability concerns regarding waste generation, energy consumption, and overreliance
on virgin materials [9]. The establishment of closed- loop recycling systems for 3D printing polymers
is critical in reducing negative environmental impacts while promoting circular economy [10].

CURRENT ENVIRONMENT AND PUBLIC HEALTH ISSUES
Environmental Health

It is important to note that addressing plastic waste requires a holistic approach that, consider the
entire life cycle of plastics and integrate this perspective into research and policy [11]. Traditional
synthetic composites are usually made of petroleum-based plastics that include a range of chemical
agents, such as additives and plasticizers. With time, these chemical agents can easily incorporate into
the environment and thereby contaminate the air, the water and also the soil, all of which cause potential
health risks. Biological composites, on the contrary, utilize natural fibers of renewable origin and
biopolymers, which promised to be less toxic and more biodegradable and thus fewer hazardous
substances will be allowed to migrate from the environment. The fibers present in bio composites, such
as natural plant fibers, form, relative to synthetic composites, a structure much more stable, with their
resolving into substances that might poison water and soil. The materials, while degrading, might tend
to do so in a much safer manner, leaving fewer toxic by-products behind which might cause damage to
aquatic life, plants, and animals [12].

Public Health Issues

The emission of volatile organic compounds and the release of ultrafine particles during the 3D
printing process, may have implications for respiratory health and potential risks of chronic exposure,
especially in the non-industrial sector [13]. Bio composite polymers offer a potential solution to the
sustainability issues associated with conventional 3D printing materials. Additive manufacturing
technologies that produce less or negligible waste play an important role in reducing environmental
issues. However, Exposure to air borne emissions during 3D printing, can lead to respiratory problems
regardless of the material [14]. A study of workers using 3D printers found that a significant percentage
reported respiratory symptoms [15]. The non-polymeric components of plastic polymers can migrate to
air, water, or contact media, potentially posing health hazards [16]. Volatile organic compounds are
those ones with high vapor pressure at room temperature, which makes them easy to evaporate in the
air. One of the indirectly related difficulties of VOCs is that they are not acutely toxic. Therefore,
possible health effects will become apparent only later on in time. It becomes to be more difficult
because normally, the concentrations of VOCs are low, and the symptoms shortly following the
exposure to VOCs arise slowly. An exposure assessment measured the emissions from both PLA and
ABS. The particles released during printing were identified by microscopy and chemical analysis. When
3D printing with ABS, emissions include cyclohexane, n-decane, ethylene propylene-diene terpolymer,
1-decanol, and isocyanic acid. Whereas with PLA, titanium particles were released during printing.

As is shown in Fig.no.2 [17], EDS- SEM was used to obtain morphology and compositional data
which provides an overview of the sample surface properties. The X-ray signal's strength in relation to
each element's concentration is represented in the case picture by the equation X-axis (Horizontal)
Energy (keV); Y-axis (Vertical); cps/e™: counts per second per electron. EDS reveals the elemental
composition of a given area by detecting characteristic X-ray energies that are emitted from the surface
of a sample when electrons bombard the surface. The analysis reveals airborne particulate
contamination of complex composition, including carbonaceous material and toxic heavy metals. These
doses of low-level radiation pose severe threats to the environment, human health, the degradation of
air quality, and even the climate.
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Figure 1. Biocomposite polymer process flow for sustainable environment.

Figure 2. Volatile organic compounds in PLA [17].

Typically made from renewable resources, bio composites and many biopolymers have non-toxic
and eco-friendly properties. Moreover, the fact that there are less dangerous chemical components
involved in their manufacture gives them a leeway to emit fewer pollutants while manufacturing,
bringing in reducing possible health hazards to workers and consumers.

POTENTIAL SOLUTIONS AND INNOVATIONS

Traditional polymers are derived from fossil fuels, which are a finite resource. In contrast,
biocomposites utilize renewable resources such as corn starch, sugarcane, cellulose, and chitin [18].
This transition reduces dependence on fossil fuels and promotes a more sustainable material cycle.

One significant environmental advantage of bio composites is their potential to biodegrade [19].
Nowadays many conventional plastics still exist in the environment for several hundred years, while
specific bio composites, such as PLA, are able to decay in the right place and in the right time such as
an industrial composting facility. This property is helpful in preventing the build-up of the second
plastic waste in landfills and in warding off microplastic contamination Additive manufacturing
technologies that minimize or eliminate waste are very important for sustainable development. Bio
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composites support this by having the potential to recycle compost in a closed loop. Natural Fiber
Reinforcement: Biocomposites created with the reinforcement of sustainable materials and the
reinforcement biopolymer matrix are presently a large research and development area owing to the
excellent mechanical properties, recyclability following service, biocompatibility, and biodegradability
[20]. The manufacture of bio composites tends to produce lower greenhouse gas emissions than
conventional polymers. This is because of carbon sequestration by plant feedstocks and the possibly
reduced energy needed for processing. Biocomposites tend to reduce the migration of non-polymeric
constituents into air, water, or contact media, which lowers possible health risks.

As a sustainable alternative, Biocomposites, which are made from renewable resources, have several
significant advantages [21]. Biocomposites, especially those composed of PLA, starch, or cellulose, can
be composted and biodegraded under specific circumstances, which helps to reduce the amount of
plastic waste that ends up in landfills [21]. The 3D printing's prospective application 2o0f post-consumer
recycled polymers can further lessen environmental issues. Using biocomposites, industrial processes
such as 3D printing can produce fewer volatile organic compounds (VOCs), which will improve air
quality and lessen respiratory issues [23]. Biocomposites are appropriate for biomedical applications
and reduce potential health dangers due to their diverse properties, including biocompatibility,
biodegradability, and low immunogenicity. The printing operations can be performed with adequate
ventilation to reduce exposure to UFPs and VOCs. Placing the printer in a well-ventilated area away
from occupied spaces can minimize exposure.

These goals are to offer useful information on how to choose bio composite polymers for a given 3D
printing application, with specific emphasis on matrix and reinforcement properties, biodegradability,
and target properties [4]. Materials research has resulted in the creation of polymers with beneficial
properties for mechanics and biocompatibility [24]. With the design of mechanical properties being
attained by modifying printing process parameters [25]. For the optimization of the existing range of
3D printing technologies and the avoidance of growing environmental issues, 3D printing of bioactive
polylactic acid is widely utilized due to its biodegradable and renewable nature [26].

Traditional polymers such as ABS and PETG are usually less costly to manufacture than
biocomposites. The price of certain biocomposites will vary depending on their source and processing
method used. These biocomposites, particularly those made from waste materials, may be cost-effective
[13]. The costs incurred by 3D printing depend on various factors, including: printer type, type of
materials used, and complexity of the printed object [27]. Some biocomposites may need differentiated
equipment or techniques to print, which could thereby raise the processing cost. Biocomposites may
not necessarily yield the same mechanical properties as traditional polymers [28]. This reinforces or
modifies in the bio composite to meet the performance specifications and increase costs. Biocomposites
tend generally to have a smaller carbon footprint and can be biodegradable, thus offering environmental
perks and savings in terms of disposal and resource management. The overall economy should regard
specifically consider the applications, performance of interest, and long-term environmental benefits.
With the development and expansion of the market, the price of biocomposites will decline, bringing
them closer to an alternative for decreasing traditional polymers.

ENVIRONMENTAL BENEFITS OF 3D PRINTING BIOCOMPOSITES

Biocomposites are found to have a reduced carbon footprint compared to traditional plastics and
therefore help to limit greenhouse gas emissions. 3D printing biocomposites have considerable
environmental benefits by lessening pollution, reducing exposure to hazardous chemicals, and
minimizing volatile organic compound emissions, all of which align them for ecological and
sustainability purposes. These materials from natural resources are gaining momentum for their
contribution to waste reduction through near-net shape processes and closed-loop recycling, alongside
other biodegradable or compostable alternatives. Even though there are still challenges ahead,
researchers are working on boosting mechanical properties, thermal stability and all for the purpose of
making them a preferably viable and green alternative to traditional polymers [29].
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BENEFIT TO PUBLIC HEALTH

Biocomposites in 3D printing have a range of public health benefits, such as reduction of exposure
to toxic chemicals, better air quality, and promotion of sustainability through efficient waste reduction.
Acting as clean and safe alternative materials to conventional ones, biocomposites enhance not only the
environmental quality but also human health due to the upkeep of sustainability under low pollution
and low toxicity [30].

APPLICATIONS OF BIOCOMPOSITES POLYMERS IN 3D PRINTING

3D printing provides safety, innovation, and convenience in healthcare, and has great potential for
pharmaceutical, drug delivery, and bio-medical industries improvement [31]. Applications are 1.
Biomedical implant: 3D-printed biocomposites are transforming drug delivery, tissue engineering, and
medical implants because they are biocompatible, patient-specific models, and have the potential for
increased therapeutic benefits [22][32]. 2. 4D bioprinting has been studied for possible clinical
applications, such as drug delivery systems [33][34]. 3. Tissue Engineering: 3D bioprinting is constantly
evolving to overcome the existing shortage for biological tissue repair and replacement. It provides a
platform for fabricating functional products from imaging data that goes beyond complex molding
procedures [35]. 4.Cell-loaded scaffolds: These can be customized through 3D bioprinting, and tissues
and organs such as skin and blood vessels have been printed on a large scale [36]. 5. Automotive sector:
Biocomposites are gaining popularity in the automotive sector, as producers aim to minimize the weight
of vehicles, enhance fuel efficiency, and minimize their environmental footprints [37][38]. The
application of 3D printing technologies with biocomposites allows to produce complex geometries and
tailored components, thereby unlocking new design potential [39]. The interior components include
door panels, rear package trays, load floors, instrument panels, center consoles, pillars, seat backs, spare
tire covers, and door bolsters [40]. External components help to reduce the total weight of the vehicle.
5.Weight Reduction: Biocomposites tend to be lighter than conventional materials which enhances fuel
efficiency and lowers emissions. The use of renewable resources reduces the dependence on fossil fuels.

FUTURE SCOPE

There are several opportunities for future research to develop novel biocomposite formulations with
enhanced properties for 3D printing applications. These includes lignocellulosic materials, exploring
the use of cellulose, hemicellulose, lignin, and their derivatives as 3D printing feedstocks [41].
Investigating bioactive reinforced polymers such as nano hydroxyapatite to improve the mechanical
properties of biocomposites [42] Improving the tunability of composite materials to tailor specific
properties for multifunctional applications. Research and development of polymers with advantageous
characteristics for mechanics and biocompatibility. Exploring novel materials such as ceramics, glass,
and shape-memory polymers for 3D printing. Sustainable composites: Exploration of sustainable
composite material development as FDM feedstocks in rapid prototyping

CONCLUSION

One important step in addressing serious environmental and public health risks is shifting from
traditional polymers made from petroleum to biocomposite polymers in 3D printing. The several
advantages associated with employing biocomposites in additive manufacturing methods have been
emphasized in this research. First of all, biocomposites provide a sustainable substitute that can greatly
lower pollution levels and promote environmental cleanliness. The most urgent environmental concerns
of our day are the accumulation of plastic garbage, which is lowered by their capability for
biodegradation. The biocomposites offer significant benefits from the perspective of public health. They
lessen the possible health concerns connected to conventional polymers by limiting the migration of
non-polymeric components into the air, water, or contact media. Using biocomposites can reduce
emissions of volatile organic compounds (VOCSs) during production.
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