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Abstract: Laundry balls are promoted as a sustainable washing option because they do not contain
chemical elements, unlike laundry detergent, which causes water pollution. However, little research
exists to showcase the impact of laundry balls on microfiber pollution during home laundering. Using
a cradle-to-cradle framework, this study aimed to investigate the effect of laundry balls on microfiber
shedding during the home laundering process of synthetic clothing with different washing cycles. A
factorial experimental design, consisting of 4 (washing options) × 3 (washing cycles) × 2 (repetitions)
was used for this study. The ANOVA test was applied using SAS software. The findings revealed that
different laundry balls including a ceramic laundry ball, lint remover laundry ball, and scrubbing
laundry ball, did not reduce microfiber shedding of synthetic clothing. In fact, the use of the ceramic
laundry ball accelerated microfiber shedding. It also presented the effects of different washing cycles
on microfiber shedding of synthetic clothing. The study findings point towards the need to educate
consumers about choosing the right washing options to minimize microfiber shedding. The findings
also have implications for the industry and researchers to develop more sustainable washing options
to reduce negative environmental effects by controlling microfiber pollution in home laundering.

Keywords: microfiber pollution; home laundering; sustainable; washing option; laundry ball; syn-
thetic clothing; consumers; cradle-to-cradle

1. Introduction

Laundry detergent is a regular household product across the globe that consumers
have been using for more than 100 years for washing and cleaning garments [1,2]. Because
of the increase in consumers’ overall consumption expenditure, the market value of deter-
gent has consistently increased worldwide [3]. According to Statista [4], the global market
value of laundry detergent will be USD 141 billion in 2022 and is projected to be around USD
181 billion by 2026. However, environmentalists are concerned about the excessive usage of
detergent in home laundering because of its harmful effect on the aquatic environment [5].
Detergent contains various ingredients such as bleaching chemicals (chlorine-releasing
agent), stabilizers, fillers, builders (e.g., phosphate, zeolite, and polycarboxylic acid), foam
agents, soil-suspending agents, perfume agents, dyes, optical brightener, enzyme, and
bactericide agents [6,7]. The byproducts of detergent create a white foam that blocks the
entry of oxygen and light into the water, affecting marine lives and plants [8–10]. In addi-
tion, detergent degrades water quality due to the high toxicity of the chemical compounds,
resulting in a negative environmental impact on natural ecosystems [11,12]. Environmental
activists therefore demand the substitution of laundry detergent to preserve nature.

Recently, laundry balls have appeared as an alternative to detergent that is used to
perform cleaning of clothing items during home laundering [13]. In the market, several
types of laundry balls are available, such as the ceramic laundry ball, the lint remover
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laundry ball, and the scrubbing laundry ball [14]. The ceramic laundry ball is made of
thermoplastic elastomers containing large quantities of ceramic beads. It cleans mechan-
ically, creating friction with the garments during home laundering. The lint remover
laundry ball is generally made of nylon, and executes cleaning by removing pet hair or
lint from garments, and the scrubbing laundry ball consists of polyvinyl chloride material
that performs cleaning through mechanical friction with the garments [15]. Some users
claim that the laundry ball is a sustainable washing option because it does not contain any
chemical formulation, unlike detergent, which is responsible for water pollution. Thus,
using a laundry ball during home laundering is beneficial for the marine environment [16].
However, cradle-to-cradle, an eco-effective product designing concept, strongly empha-
sizes that a sustainable or environment-friendly product should not harm any aspect of
the environment [17,18]. During home laundering, various washing options, including
detergent, fabric softener, and washing temperature produce microfibers, which is the
leading reason for ocean pollution [19–21]. Now the question remains, “does laundry ball
have any influence on microfiber shedding of synthetic clothing during home laundering?”

Clothing made of synthetic materials (e.g., polyester, nylon, acrylic) is one of the major
sources of microfiber pollution in home laundering [22,23]. According to the International
Union for Conservation of Nature (IUCN), a global organization for protecting nature,
around 35% of the total microfibers in the oceans are released from laundering synthetic
clothing [24]. The residues of synthetic material with a dimension of less than 5 mm in
length are called microfibers [25]. They are too tiny to be trapped in the filter of home
laundering machine, and eventually flow out with the rinse water reaching rivers and
oceans [26]. Microfibers are prevalent from the ocean surface to the bottom of rivers, and
even in Arctic Sea ice and the deepest trenches of oceans [27]. Microfibers form bonds with
other chemical pollutants in water and are consumed by small animals such as plankton,
as well as large marine creatures that eat plankton. Thus, microfibers with attached
chemical pollutants affect the physiology and health of marine species by disturbing
their food chain [26]. Furthermore, microfibers block the digestive systems of small fish,
cause injury, and may even alter the animal’s behavior [28]. Microfibers also have been
identified in human lung biopsies and found in freshwater lakes, drinking water, and soil
samples [29–31]. The growing microfiber pollution has become a global concern and the
United Nations recommended and encouraged individual and collective actions to tackle
it [32].

Previous studies identified that fabric properties, washing cycles, and different wash-
ing options, including detergent, fabric softener, and washing temperature, have an effect
on microfiber shedding during home laundering [19–21,33,34]. For instance, the woven
structured fabric with highly twisted and less hairy filament yarn produced less microfiber
compared to the loosely structured fabric with less twisted and very hairy filament yarn [33].
Lim et al. [34] demonstrated that the first five wash cycles released the largest number of
microfibers during the laundering. A higher washing temperature, usage of detergent, and
fabric softener accelerated microfiber release during clothes washing [19–21]. In contrast,
the study of Pirc et al. [35] found that detergent and fabric softener have less effect on
microfiber shedding. However, little research exists to showcase whether using laundry
balls causes harm to the environment by producing microfiber. This study aimed to in-
vestigate the effect of laundry balls on microfiber shedding of synthetic clothing during
home laundering. The specific objectives were to: (a) examine the effect of laundry balls on
microfiber pollution in different washing cycles using the t-test and F-test; and (b) compare
the effects of different types of laundry balls on microfiber pollution in different washing
cycles using the Tukey HSD test. The findings of this study provide guidance to determine
whether laundry balls are a sustainable washing option according to the cradle-to-cradle
design model.
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Cradle-to-Cradle: Less Bad Is No Good

This study was grounded in the cradle-to-cradle design framework developed by the
American architect William McDonough and the German chemist Michael Braungart [17].
Being inspired by nature, they introduced the cradle-to-cradle model aiming to increase
the positive environmental impacts of a product, or of a manufacturing process, buildings,
or cities, aiming to make them beneficial for mankind and healthy for the planet [17,36].

The cradle-to-cradle model introduced a closed-loop system that opposed the tradi-
tional linear system or one-way cradle-to-grave model, where after-use materials turn into
waste and generate pollution. Within a closed-loop system, materials constantly circulate
as the original and resourceful elements without contaminating the environment. The
cradle-to-cradle method classifies materials into biological and technical nutrients. Bio-
logical nutrients are made from natural materials that can easily re-enter nature after use
without contaminating the environment. For example, natural fibers such as cotton, wool,
and silk are biodegradable and can return to the soil. Technical nutrients are manufactured
materials that are made to be constantly captured within the closed-loop system; for exam-
ple, synthetic materials such as polyester, nylon, and acrylic can be considered technical
nutrients when they are recycled or reused [17].

Within the cradle-to-cradle design model, McDonough and Braungart stated the “less
bad is no good” concept since they believed that it is important to use strategies that
are “good” instead of merely “less bad.” For instance, incineration is a strategy of waste
reduction that is considered environment-friendly compared to landfilling. However, when
incinerated, paper and plastic materials produce highly toxic compounds (e.g., dioxins)
causing severe air pollution and affecting human health [36,37]. By the final decade of
the 20th century, the manufacturers realized the concerns of environmental degradation
caused by industries and started adopting a “less bad” strategy in product development
and the production process for the reduction in environmental pollution [17]. However,
these strategies led to a linear cradle-to-grave model where materials transformed into
waste that eventually contaminated the earth [38].

This study adopts the “less bad is no good” concept from the cradle-to-cradle design
model to examine the claim that laundry balls are a sustainable washing option since they
do not contaminate the aquatic environment compared to detergent [16]. The cradle-to-
cradle design model is widely applied in diverse areas, including sustainable practices
in the agricultural farms [39], life cycle assessment of PET water bottles [40], carbon
emission of electric vehicles batteries [41], usage of eco-friendly materials in the construction
industry [42], and sustainable waste management [43]. However, limited research exists
to showcase the application of the cradle-to-cradle model within washing options used
in the home laundering process. Thus, this study is unique and distinctive because it
(a) implements the “less bad is no good” concept from the cradle-to-cradle design in the
home laundering process of synthetic clothing; and (b) validates whether laundry balls are
a sustainable washing option by examining its effect on microfiber shedding through the
experimental design method.

2. Materials and Methods
2.1. Experimental Design, Instruments and Procedures

This study used a factorial design experiment consisting of 4 (washing options) ×
3 (washing cycles) × 2 (repetition) to conduct the experiment in random order. In this
experiment, the response variable is microfiber content in mg/L and the two independent
variables are washing options with four levels and washing cycles with three levels. The
factorial experiment was designed to examine the main and interaction effects between
two or more independent variables on the outcome of the response variable [44]. Thus, this
study adopted a factorial design experiment to investigate the effect of washing options,
washing cycles, and the interaction of both on microfiber shedding of synthetic clothing. A
100% polyester fleece blanket (weight: 176.26 g/m2) was used as synthetic clothing since
previous research exhibited the contribution of polyester fleece fabric towards microfiber
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pollution [45]. Three types of laundry balls: ceramic laundry ball (8 cm diameter), lint
remover laundry ball (length: 19.98 cm, width: 15.01 cm, height: 3.50 cm), and scrubbing
laundry ball (length: 14.47 cm, width:10.4 cm, height: 3.30 cm) were procured from the
market (see Figure 1).
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Figure 1. Three types of laundry balls used in this study: (a) ceramic laundry ball; (b) lint remover
laundry ball; (c) scrubbing laundry ball.

In this experiment, washing options are the treatment with four levels: (a) control
group with polyester clothing, (b) polyester clothing with ceramic laundry ball, (c) polyester
clothing with lint remover laundry ball, and (d) polyester clothing with scrubbing laundry
ball. A top-loaded portable washing machine (brand name: Zeny, Fontana, FL, USA; model
no.: H03-1020A; laundry capacity: 3 kg; machine speed: 1300 rpm) was used for laundering.
Filter papers (diameter: 9 cm; pore size: 10 micrometers; thickness: 150 micrometers;
weight: 86 g/m2) were used for filtering the discharged water from the washing machine,
using a vacuum filtration system, consisting of a 500 mL vacuum filtering flask, 60 cm
length of plastic vacuum tubing, a 200 mL Buchner funnel, and a hand vacuum pump with
a pressure gauge. A digital scale with 0.001 g accuracy was used to weigh the filter paper
to measure the microfiber content during the experiment.

At first, a 100% polyester blanket was cut into sections of 12 × 12 inches, making
4 samples for the experiment. The edge of each sample was stitched by overlock threads
to prevent fraying during laundering. Here, each sample was assigned to each level of
treatment. For the control group of the treatment level, a sample was laundered in the
washing machine with 2 L of water at 30 ◦C temperature. After 15 min of washing, the
water was discharged through the hose pipe of the washing machine and collected in a
water bucket. This 250 mL of discharged water was filtered through filter paper, using
a vacuum filtration system, and this process of filtering 250 mL of discharged water was
repeated once more. Each filter paper from 250 mL of discharged water was stored for 24 h
for drying and later measured by a digital scale in milligrams. Thus, this study collected
two filter papers with microfiber contents after the first washing cycle of the control group
(100% polyester blanket). This process was continued for the second and third washing
cycles. The microfiber contents were measured as total suspended solids (TSS) following
Equation (1) where W1 = filter paper weight in milligram before filtration, and W2 = filter
paper weight in milligram after filtration:

TSS (mg/L) = ((W2 − W1) × 1000)/250 (1)

The experimental procedure for the control group treatment level is shown in Figure 2.
The same procedure was followed for the three other treatment levels where a sample
was laundered together with a ceramic laundry ball, a lint remover laundry ball, or a
scrubbing laundry ball. This study performed rinsing at the beginning and the end of
any experimental process to remove dirt, fibers, or foreign materials from the instruments.
First, the polyester clothing and laundry balls were removed from the washing machine
before starting the rinsing operation. The washing machine was cleaned with 2 L of water
at a temperature of 30 ◦C for 5 min at a speed of 1300 rpm. After rinsing, the water was
discharged through the drain pipe. This process was repeated one more time to ensure the
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complete discharge of any remaining impurities from the inside of the washing machine.
In addition, other instruments (e.g., filtration system, water bucket) were also thoroughly
rinsed with water to remove the residues from the previous operation.
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2.2. Data Analysis

Data were analyzed using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA),
considering p < 0.05 with the residual maximum likelihood (REML) estimation technique.
A t-test was used to check the effect of individual laundry balls and washing cycles on
microfiber shedding. An F-test in ANOVA was used to determine the significant effects of
different laundry balls, washing cycles, and their interactions on microfiber shedding. A
post hoc comparison with the Tukey HSD test was also performed to compare the effect of
different laundry balls against the control group. This study also performed a Shapiro–Wilk
test of normality, which was not significant (W = 0.979, p > 0.05). It confirmed that the data
followed the normal distribution [46].

3. Results
3.1. Effect of Laundry Balls and Washing Cycles on Microfiber Pollution

The effects of individual washing options and washing cycles on microfiber shedding
of synthetic clothing are shown in Table 1. The t-test results show that each washing option,
including the control group (M = 58; SD = 7.48), ceramic laundry ball (M = 73.33; SD = 4.84),
lint remover laundry ball (M = 57.33; SD = 3.26), and scrubbing laundry ball (M = 56.66;
SD = 6.40), has a significant effect on microfiber pollution. It suggests that each washing
option contributes to microfiber shedding of synthetic clothing during home laundering. In
addition, the t-test of washing cycles also shows a significant effect on microfiber pollution,
meaning that each washing cycle, including the first (M = 58; SD = 9.56), second (M = 63;
SD = 9.97), and third cycle (M = 63; SD = 7.01), releases microfibers in the process of home
laundering. The results show that washing options produce microfibers ranging from
73.33 to 56.66 mg/L and the washing cycles release 63 to 58 mg/L of microfibers during
home laundering.

Table 2 shows the F-test results to showcase the effects of washing options, washing
cycles, and the interaction of both, on microfiber shedding. The findings reveal that different
washing options have significantly different effects on microfiber shedding of synthetic
clothing. The effect of different washing cycles on microfiber shedding is not significant.
It indicates that the first, second, and third washing cycles produce similar quantities
of microfibers during home laundering. The results also show an insignificant relation
between washing options and washing cycles, suggesting the effect of washing options on
microfiber pollution is not dependent on the effect of washing cycles.
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Table 1. The t-test results for the individual effect of laundry balls and washing cycles on mi-
crofiber shedding.

Effect Level Estimate
(mg/L) SE DF t Value

washing options

control group 58 2.16 12 26.85 ***
ceramic laundry ball 73.33 2.16 12 33.95 ***

lint remover laundry ball 57.33 2.16 12 26.54 ***
scrubbing laundry ball 56.66 2.16 12 26.23 ***

washing cycles
first cycle 58 1.87 12 31.00 ***

second cycle 63 1.87 12 33.67 ***
third cycle 63 1.87 12 33.67 ***

Note. DF = Degrees of freedom; SE = Standard Error; *** p < 0.001.

Table 2. The F-test results for the effect of laundry balls, washing cycles, and their interaction on
microfiber shedding.

Effect Num DF Den DF F Value

washing options 3 12 13.78 ***
washing cycles 2 12 2.38

washing options × washing cycles 6 12 1.11
Note. Num DF = Numerator Degrees of freedom; Den DF = Denominator Degrees of freedom; *** p < 0.001.

3.2. Comparison of the Effect of Different Laundry Balls on Microfiber Pollution

Table 3 presents the Tukey HSD pairwise comparison test results of different washing
options. The results show that the ceramic laundry ball is significantly different from the
control group, lint remover laundry ball, and scrubbing laundry ball. The ceramic laundry
ball releases 20.90%, 21.81%, and 22.73% more microfibers than the control group, lint
remover laundry ball, and scrubbing laundry ball, respectively, while washing synthetic
clothing in different washing cycles during home laundering.

Table 3. The Tukey HSD pairwise comparison test results.

Group 1 Group 2 Mean Difference
(Group1 − Group2) SE DF t Value

control group
ceramic laundry ball −15.33 3.05 12 5.02 **

lint remover laundry ball 0.666 3.05 12 0.22
scrubbing laundry ball 1.33 3.05 12 0.44

ceramic laundry ball lint remover laundry ball 16 3.05 12 5.24 **
scrubbing laundry ball 16.67 3.05 12 5.46 ***

lint remover laundry ball scrubbing laundry ball 0.666 3.05 12 0.22

Note. DF = Degrees of freedom; SE = Standard Error; ** p < 0.01. *** p < 0.001.

4. Discussion and Conclusions

This study aimed to determine the effect of different laundry balls on microfiber shed-
ding of synthetic clothing in different washing cycles during home laundering at a washing
temperature of 30 ◦C, using the cradle-to-cradle design model. We also investigated the
individual effects of different laundry balls and washing cycles on microfiber shedding.
Later, we examined the significant differences among laundry balls, washing cycles, and
their interactions on microfiber shedding during home laundering. Finally, we compared
laundry balls with each other to identify which laundry ball is the most responsible for
accelerating microfiber shedding during home laundering. This experimental study led to
some key findings.

First, it was found that each laundry ball, namely, the ceramic laundry ball, lint
remover laundry ball, and scrubbing laundry ball, contributed to microfiber pollution while
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laundering synthetic clothing. The working mechanism of laundry balls may influence
microfiber shedding during laundering. Laundry balls are designed to perform cleaning
using friction created with garments without using detergent or cleaning soap [15]. Inside
the washing machine, clothing continuously rotates with water at a high speed, which
damages fabric properties [47,48]. In such a situation, mechanical friction of the laundry
balls may enhance the release of microfibers from the surface of synthetic clothing. In
addition, the findings revealed that each washing cycle influenced microfiber shedding.
The findings related to these impacts of washing cycles on microfiber pollution supported a
previous study, which found that the first five washing cycles produced the largest number
of microfibers when washing garments [34].

Second, the findings revealed that the laundering of synthetic clothing with the ceramic
laundry ball produced more microfibers compared to the lint remover and scrubbing
laundry balls. The ceramic laundry ball consisted of a thermoplastic elastomer containing
numerous ceramic beads, whereas the lint remover and scrubbing laundry balls were
composed of nylon and polyvinyl chloride, respectively [15]. Ceramic beads of the ceramic
laundry ball may cause robust friction with the garment, producing more microfibers
compared to laundering clothing with the lint remover and scrubbing laundry ball. This
study found that the first three washing cycles released around the same quantities of
microfibers while laundering synthetic clothing. There is no scientific consensus about the
quantities of microfibers released in each washing cycle. Lim et al. [34] found the first five
washing cycles emitted maximum microfibers in a study that showed microfiber shedding
decreased after one or two washing cycles [35]. However, our research finding confirmed
that all three consecutive washing cycles contribute to microfiber pollution. This study
did not find any interaction effect between laundry balls and washing cycles on microfiber
pollution. This suggests that laundry balls and washing cycles act independently while
causing microfiber shedding of synthetic clothing during home laundering.

Third, this research applied the cradle-to-cradle design model to investigate the claim
that the laundry ball is a sustainable washing option since it does not contain chemical
formulations, unlike detergent, which contaminates the marine environment. This study
found that the negative environmental impact of laundry balls makes its claim over sustain-
ability quite questionable. Recently, the terms “sustainable product,” “green product,” and
“green consumption” have become familiar to public because of the effort of governments
across the world to reduce negative environmental effects and companies’ marketing strate-
gies to promote their eco-friendly products to consumers [49]. Several studies confirmed
that consumers have positive attitudes and intentions towards soft-goods labeled as “sus-
tainable products” or “green products” [50–52]. Though promoting environment-friendly
products is one of the effective ways of convincing consumers to participate in environ-
mental issues [53], McDonough and Braungart [17] stated that environmental issues can be
resolved following a closed-loop system by designing a product that is resourceful in terms
of nature, instead of being a pollutant.

In this study, we used 100% polyester clothing since it is one of the most widely used
synthetic fibers for apparel products [22]. However, it does not represent other synthetic
fibers such as nylon and acrylic, which is one of the limitations of this study. In addition,
this study did not showcase the impact of fabric properties such as fabric construction,
fabric weight, fabric strength, and yarn twist on microfiber shedding while using a laundry
ball. Future research is suggested to examine the influence of laundry balls on microfiber
pollution when used with various types of synthetic fibers. This study showed the impact
of laundry balls on microfiber shedding up to three consecutive washing cycles, which
restricts capturing the total microfiber shedding pattern in different washing cycles. In
future, this experiment may be run with more washing cycles. The laundry balls used in
this experiment were sourced from the market. Further research is recommended to test
other commercially available laundry balls from the market to validate their effects on
microfiber shedding compared to the outcome of this study. This study was performed
using a portable washing machine with 1300 rpm at a constant temperature (30 ◦C) in
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different washing cycles to control the variability of the entire experimental process. In the
future, it is recommended that the experiment is run at different washing temperatures and
machine speeds to determine the interaction effect of the laundry ball, washing temperature,
machine speed, and washing cycles on microfiber pollution during home laundering.

Despite the study’s limitations, this research contributes to the existing literature
by proposing the cradle-to-cradle design model to reveal the negative environmental
effect of laundry balls, although they were considered as a substitute washing option for
consumers in the current market. This study demonstrates the effectiveness of the cradle-
to-cradle design model for determining the overall environmental impact of a supposedly
sustainable product. Thus, future investigators can integrate the cradle-to-cradle model
with other design frameworks to create a sustainable product that should satisfy consumer
requirements without damaging the environment. Specifically, the findings signal the
need for industry professionals and academic researchers to think about and develop
better sustainable washing options than using laundry balls, to minimize the negative
environmental impact by controlling microfiber pollution during home laundering. Overall,
this study provides great educational insights for consumers to choose appropriate washing
options in order to minimize microfiber pollution.
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