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Abstract

In the context of increasing environmental awareness, the demand for sustainable products is on the rise. This research addresses the growing demand for
sustainability by redesigning brooms and dustpans with eco-friendly materials, reducing waste and environmental impact. It emphasizes the goals of enhancing user
experience, efficiency, durability, accessibility, and sustainability. A case study investigates the physical challenges faced by street sweepers and underscores the
importance of anthropometric considerations in design. The resulting ergonomic redesign significantly reduces workload and musculoskeletal complaints, improving
comfort and efficiency. The redesign introduces adjustable handles, lightweight materials, and a 3-in-1 brush system with eco-friendly components. The dustpan features
an improved handle, an angled design for efficient debris collection, and a built-in cleaning comb. Both tools are constructed from lightweight yet durable materials and
offer a foldable design for user convenience, emphasizing sustainability through eco-friendly materials. In conclusion, this holistic approach enhances the cleaning
experience, promoting efficiency, user-friendliness, and environmental responsibility.

History and evolution of cleaning tools synthetic materials providing enhanced durability and
performance. Brooms are available in various shapes, sizes,
and materials to cater to different cleaning needs. They remain
essential tools for maintaining cleanliness in households,

commercial spaces, and public areas [6-8].

Broom: Although the first mention of witches flying on
broomsticks was in 1453, contemporary broom-making did not
begin until around 1797. How nice of an agricultural worker
in Massachusetts called Levi Dickinson to make his wife a
broom as an incentive to clean their house! Dickinson and his
son had begun selling numerous brooms per year by the 1800s,

Dustpan: As brooms became more prevalent, a
complementary tool emerged: the dustpan. The dustpan has a

and everyone wanted one [1]. In the 18" and 19'" centuries,
broom production advanced with the invention of machines
like the foot-treadle broom-making machine patented by Levi
Dickenson in 1797. This mechanization led to more efficient
and uniform broom production [2]. The introduction of this
machine also popularized the flat broom design, featuring
bristles stitched to a flat backing for improved efficiency and
durability [3-5].

Modern broom production is highly mechanized, with

history that parallels that of the broom, evolving alongside it to
improve efficiency in collecting swept debris.

Early dustpans were simple in design, typically made of
metal or wood, and had a flat surface with raised edges to
contain the debris. These rudimentary dustpans were often
handheld and required users to bend down to sweep the debris
into them [9].

Over time, dustpan designs became more sophisticated.

073

Citation: Arciniega-Rocha RP, Erazo-Chamorro VC, Phimmavong P, Gyula S (2023) Revolutionizing cleaning: The future of broomstick and dustpan design. J Civil

Eng Environ Sci 9(2): 073-078. DOI: https://dx.doi.org/10.17352/2455-488X.000072



™ PeertechzPublications Inc.

The addition of a handle or a long shaft attached to the
dustpan allowed for more comfortable and ergonomic use.
This improvement reduced the need for constant bending
and made it easier to collect debris without strain [10-12]. In
recent years, there have been further advancements in dustpan
design. Dustpans with rubberized lips or flexible edges have
been introduced, enhancing the contact between the dustpan
and the floor. This innovation ensures that a wider range of
debris can be efficiently swept into the dustpan without leaving
behind residual dirt [13,14].

The evolution of the dustpan, just like that of the broom,
demonstrates the continuous efforts to improve cleaning
tools. From basic handheld designs to more ergonomic and
efficient models, dustpans have become essential companions
to brooms in maintaining cleanliness and tidiness.

Rationale for the redesign of broom and dustpan

The traditional design of brooms and dustpans may not
prioritize ergonomic considerations. Continuous and improper
use of these tools can lead to discomfort, strain, and potential
injuries, particularly for individuals with mobility issues or
physical limitations. Redesigning the broom and dustpan with
ergonomic features such as adjustable handles, lightweight
materials, and comfortable grips can enhance user comfort and
reduce the risk of repetitive strain injuries [15-17].

Efficiency: While brooms and dustpans have served their
purpose well, there is always room for improvement in terms
of efficiency. Redesigning these tools can focus on enhancing
their sweeping and collection capabilities, ensuring that a
wider range of debris is effectively captured and minimizing
the need for multiple passes. This can save time and effort
during cleaning tasks [18].

Durability: Traditional brooms and dustpans may not
always be built to withstand heavy use or harsh conditions.
Redesigning these tools with durable materials and reinforced
construction can extend their lifespan and make them more
resilient for various cleaning environments, including both
household and commercial settings [10].

Accessibility: Accessibility is a crucial aspect to consider
in tool design. Redesigning brooms and dustpans with
accessibility in mind can make them more user-friendly for
individuals with disabilities or mobility challenges. This may
involve incorporating features such as adjustable heights,
easy-grip handles, and mechanisms for easy debris disposal
(19].

Sustainability: In the era of increasing environmental
awareness, there is a growing demand for sustainable and eco-
friendly products. Redesigning brooms and dustpans with eco-
friendly materials, such as recycled plastics or biodegradable
components, can contribute to reducing waste and minimizing
the environmental impact associated with their production and
disposal [20,21].

Overall, the need for redesigning brooms and dustpans
arises from the goal of improving user experience, efficiency,
durability, accessibility, and sustainability. By incorporating
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innovative design elements, these essential cleaning tools can
better meet the evolving needs and preferences of users in both
household and professional cleaning contexts.

Study case of physiological burdens of a street sweeper:
There is research that supports the idea that studying
anthropometric aspects is crucial for developing effective and
user-centric designs [22].

The study measured the anthropometric dimensions of the
subjects, including elbow height, palm length, palm width, and
handheld diameter. Using these measurements, the researchers
determined the appropriate dimensions for the redesigned
broom handle, ensuring optimal comfort and usability for the
street sweepers [23].

The study evaluated the impact of the ergonomic redesign
on the workload and physiological responses of the street
sweepers [24]. It revealed a significant decrease in pulse rate,
indicating a reduction in workload after implementing the
redesigned broom handle. According to established work rate
categories, the street sweepers experienced a shift from a
medium workload to a light workload, contributing to improved
comfort and efficiency.

Musculoskeletal Complaints and Fatigue: The research
investigated the occurrence of musculoskeletal complaints
among street sweepers while using both the old and redesigned
broom handles. It was observed that the complaints were
significantly reduced after implementing the ergonomic
design.

Figure 1 shows the effects of redesigning the broomstick
using ergonomics applications, which can significantly reduce
workload by 17.21% (p0.05) with dimensions that are 130 cm
high, 3.5 cm in diameter, and 456 grams of weight. The use
of ergonomics in the designing of the broomstick resulted in
a 30.63% reduction in musculoskeletal complaints (p0.05).
The use of ergonomics while conducting the layout of the
broomstick significantly reduced job weariness by 25.91%
(p0.05).

Redesign ergonomics cleaning tools

Ergonomics broomsticks: Redesigning the broom with
ergonomic features such as adjustable handles, lightweight
materials, and comfortable grips can enhance user comfort and
reduce the risk of repetitive strain injuries.

Weight : 456+ 3239 gram
Girth (a) = 3.5 co (percentile 95)
b Shaft length (b)) =70 cm
Broom length (c) =60 cm

Figure 1: Broom with ergonomics applications [25].
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One of the key features is an adjustable handle that allows
users to sweep at different heights, catering to various cleaning <
needs. The handle can be extended to its full length of 130cm, -
enabling efficient floor sweeping, this is shown in Figure 2.
By utilizing the anthropometric study [26-28], the adjustable ,
feature ensures that users can maintain a comfortable posture
while sweeping the floor, minimizing strain on their back and
arms, and the perfect length of the handle to avoid bending
and stooping.
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Figure 2: Ergonomics broomstick.

Figure 3: Retractable broom handle

The redesigned broomstick features an adjustable handle
that can be shortened to optimize sweeping on medium-height
surfaces such as tables or furniture. Figure 3 illustrates the
handle’s functionality is akin to that of a retractable umbrella
[25], allowing users to customize its length to suit their specific
cleaning needs. By shortening the handle, users can achieve
better control and maneuverability while sweeping in confined
spaces or on elevated surfaces. This retractable handle feature
enhances the broomstick’s versatility, making it suitable for a
wide range of cleaning tasks throughout the household. The
upper part of the handle of the broom is made of virgin plastic
which ensures it is sturdy and easy to use. There is a hole to
facilitate easy storage, hanging minimizing clutter in utility
spaces [29]. This special characteristic is considered due to the
thin wall around the hole dedicated to storage to improve the
mechanical behaviour of this part.

To optimize the performance of the broom, a 3-in-1 brush
system has been integrated. The brush module consists of
three interchangeable brush heads. Each piece has a different
purpose, this is illustrated in Figure 4.

1. The first brush was made from recycled plastic. which
is an environmentally friendly material. This brush
is ideal for household use. Because the soft, specially
flagged fibers ensure that even the micro dust particles
are picked up and cleaned. it is washable and three
times more durable than a normal grass broom.

Figure 4: 3-in-1 brush.

2. The second brush module is crafted from coconut leaf,
a material commonly used for street sweeping. This
brush is specifically designed for outdoor cleaning,
this is appropriate for scrubbing rough ground and
is great for strenuous cleaning jobs such as brushing
fallen leaves and cleaning among stones, etc. The use of
coconut leaf bristles minimizes the generation of dust,
creating a healthier environment for street sweepers.
The brush that is made from coconut tree leaves is an
environment-friendly material.

3. The third brush module features a foam material
designed for absorbing water stains that spill on floors
or surfaces.

Figure 5 shows how users can rotate the brush between three
different brush options according to their specific cleaning
needs, and there’s a brush headlock to prevent movement of
the adapter while cleaning.

Figure 5: Brush headlock.

production and divert plastic waste from landfills. The specific
mechanical characteristics of recycled plastic can be tailored

Ergonomics dustpan: Recycled plastic dustpans are an eco-
friendly alternative to traditional dustpans made from virgin
plastics because they help reduce the demand for new plastic

to meet the requirements of a particular application, making
it a viable and sustainable choice for a wide range of products
(30,31].
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Improved handle design: The handle is ergonomically
shaped and comfortable to hold, allowing for a natural grip
that minimizes strain on the wrist and hand muscles shown
in Figure 6.

Angled and wide-mouthed design: The dustpan features
an angled and wide-mouthed design to facilitate easy and
efficient collection of debris this is shown in Figure 7.

Rubberized edge or flexible lip: To ensure effective debris
collection without leaving behind residual dirt, the dustpan has
a rubberized edge or a flexible lip. This would improve contact
with the floor surface, allowing for better containment and
transfer of debris into the pan [32,33].

Figure 7: Dustpan Handle.

Built-in cleaning comb: A built-in cleaning comb on the
dustpan would be a convenient addition. This comb could be
used to remove debris trapped in the bristles of the broom,
making it easier to maintain cleanliness and prolonging the
lifespan of the broom as Figure 8 illustrates.

Lightweight and durable materials: The dustpan is
constructed from lightweight yet durable materials to ensure
ease of use and longevity. It could incorporate materials such
as high-quality plastic or metal alloys that are both sturdy and
resistant to wear and tear [34].

Foldable pan: In the design, a foldable feature was
incorporated into the dustpan design. This innovative feature
allows the dustpan to be easily folded, ensuring that once the
sweeping and picking up of debris is complete, the collected
garbage remains securely within the pan. This eliminates the
frustrating issue of debris falling out when the dustpan is lifted,
providing a more efficient and mess-free cleaning experience.

Furthermore, is prioritized convenience in the design of
both the broom and the dustpan. Assembling and storing these
cleaning tools has been made effortless, this is shown in Figure
9. The broom and dustpan components seamlessly fit together,
allowing for a quick and hassle-free setup. When it comes to

Figure 9: Foldable pan easy to store.

storage, their compact design takes up minimal space, making
it easy to tuck them away in the utility room, or any designated
cleaning area. This streamlined approach ensures that the
broom and dustpan are readily accessible whenever cleaning
tasks arise while maintaining an organized and clutter-free
environment.

Conclusion

In conclusion, the redesigned broom and dustpan offer
significant improvements in terms of ergonomics, efficiency,
and convenience. The focus on user comfort has led to features
such as adjustable handles, lightweight materials, and
comfortable grips, reducing strain and potential injuries. The
broom incorporates a 3-in-1brush system with interchangeable
heads for versatile cleaning, while the dustpan features an
angled design, rubberized edge, and built-in cleaning comb

) ] for efficient debris collection. The foldable design of the
Figure 6: Ergonomics dustpan.
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dustpan prevents debris from falling out, ensuring a mess-
free cleaning experience. Both the broom and dustpan are easy
to assemble and store, providing convenience and a clutter-
free environment. These ergonomic cleaning tools prioritize
sustainability by utilizing eco-friendly materials. Overall,
the redesigned broom and dustpan enhance the cleaning
experience, making it more enjoyable and effective.

Future contributions and limitations

The future of cleaning goods and allied businesses in a
world increasingly focused on environmental sustainability and
user-centric design. The revised brooms and dustpans, which
incorporate eco-friendly materials, ergonomic enhancements,
and creative features, are an important step toward satisfying
the growing need for environmentally friendly and user-
friendly solutions. As environmental awareness grows, this
holistic approach not only improves cleaning efficiency and
user comfort, but also establishes a precedent for the wider
adoption of eco-friendly materials and thoughtful design
across a wide range of consumer products, which could impact
industry standards, laws, and regulations, and consumer
choices toward a more sustainable future. As the next step,
automating cleaning activities using eco-friendly materials in
the products is the next challenge for the industry.

A significant limitation of this research is in considering
the cost factors of these products, their durability, maintenance
requirements, compatibility with different surfaces, the
market, and potential challenges in manufacturing or sourcing
eco-friendly materials.
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