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Highlights

What are the main findings?

e  The fiber fragment size and frequency were found to have a statistically significant
difference between secondhand denim (length 370.5 pm, diameter 16.9 pm, 3093 fiber
fragments per filter) and new denim (320.7 um, 13.8 um and 5962 fiber fragments per
filter, respectively).

e  This study concluded that the amount of fiber fragmentation material shed by second-
hand denim was 23.2% of that shed by new denim specimens.

What is the implication of the main finding?

e Even though secondhand specimens shed less fiber fragments than new clothing,
there is still shed material that needs to be considered, including dyes and processing
chemicals that can contribute to anthropogenic contamination of the environment.

e The amount of mass shed and dimensional information from this study of fiber
fragments is valuable information that can contribute to consumers” and secondhand
retailers” decision-making processes when considering what is potentially entering
the environment and in purchase decisions.

Abstract

Demand for clothing is estimated to increase globally by 4.5% per year, and secondhand
clothing is often used to fill that demand. A clear understanding of the environmental
impact of secondhand items would support transparency around sustainability, which is a
rising consumer concern. This study focuses on the characteristics of the fiber fragment ma-
terial released during the laundering of secondhand, 100% cotton denim clothing, and the
implications of secondhand clothing’s contribution of fiber fragments to the environment.
The test method used was AATCC TM212-2021, with detergent, conditioned specimens,
and filters. The specimens included thirteen pairs of secondhand men’s 100% cotton jeans
(SHS) and two pairs of new jeans (CN controls). This study concluded that the amount of
fiber fragmentation material shed by SHS was 23.2% of that shed by CN. While this is less
than is shed by new clothing, there is still shed material to consider, including dyes and
processing chemicals that can contribute to anthropogenic contamination of the environ-
ment. The fiber fragment size and frequency were found to have statistically significant
differences between SHS (length 370.5 um, diameter 16.9 um, 3093 fiber fragments per
filter) and CN (320.7 pm, 13.8 pm, and 5962 fiber fragments per filter).

Keywords: fragment; laundering; material wear; microfiber; fiber fragmentation; denim;
secondhand clothing; cotton
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1. Introduction

Demand for clothing is estimated to increase globally by 4.5% a year according to
the Institution of Mechanical Engineers [1]. Secondhand clothing is one viable possi-
bility for meeting this demand; current secondhand clothing sales have reached USD
100-120 billion in 2019 [2]. It is estimated that secondhand clothing sales will continue
to increase by 127% by 2026 [3]. The rise in secondhand clothing consumption has its
origins in multiple factors, such as consumer budget pressures, unique styling oppor-
tunities, platform creation, destigmatization and cultural acceptance, and sustainability
practices. Oscario [4] found that social media has created a new perception of secondhand
clothing, especially for Generation Z. This is supported by the ability of social media
to create, share, and circulate information. Studies have found direct support for the
positive effects of social media on young consumers’ attitudes towards and engagement
with secondhand clothing in Malaysia, the United States, the United Kingdom, Europe,
and China [5-9].

The new perception has boosted the purchase of secondhand clothing and its resale
by social influencers and on resale apps [10,11].

As Sicurella of National Public Radio notes, reflecting this broad cultural trend,

“Not surprisingly, social media is driving the obsession. Influencers post massive
thrift hauls on Instagram, TikTok and YouTube. That’s where trends emerge.
[including] environmental sustainability [which] has become a significant priority
influencing the shopping choices of young consumers” [10] (p. 4)

There are risks to the adoption of secondhand clothing by consumers. Hur [12] and
Koay et al. [13] found that the perceived concerns were self-image, limitations of self-
enhancement and self-expression (aesthetics), cleanliness, and quality when comparing
secondhand clothing users and non-secondhand clothing users. This is similar to findings
from an earlier study by Yan et al. [14], in which secondhand clothing shoppers and
non-secondhand clothing shoppers had differing levels of concern due to environmental
attitudes, perceived cleanliness, and vintage style (aesthetics), with less sensitivity to prices.
In a cohort study, it was observed that younger consumers perceive the greatest risk for
purchasing secondhand clothing to be to self-image and aesthetics, while older consumers
focus on self-image, functional risk (product not holding up to intended use), and sanitary
risk (risk of disease and dirt) [15]. Hur [12] concluded that secondhand retailers need to
include sustainability marketing and quality control strategies in promotions, addressing
concerns that consumers have about non-standardized quality and a lack of awareness of
the benefits of secondhand garments. Kuupole et al. [16] and Acquaye et al. [17], in studies
in Ghana on intentions of secondhand clothing adoption, surmised that more education
of consumers for sustainable clothing purchases and disposal is needed. To address
these concerns, they suggested, respectively, government policies and workshops and
seminars; or limiting the importation of this clothing, increasing the availability of waste
bins, and establishing recycling plants. A clear understanding of quality guidelines for
secondhand items would support these proposals [18,19] and contribute to the transparency
of sustainability and circularity, a growing consumer concern.

An important component of secondhand clothing is denim garments, often in the
form of jeans. Maximize Marketing Research’s 2025 report [20] on the upcycled denim
market states that secondhand denim is increasingly significant as part of the used apparel
movement and as a singular sustainability trend, with recycled denim accounting for
approximately USD 10 billion of the overall denim demand in 2024. With resale in apparel
growing, denim remains a key factor, due to its durability, branding, potential sustainability,
and the consumer demand for vintage/upcycled styles. Market players for recycled denim
include easily recognized brands with sustainability /recycling programs, such as MUD
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Jeans, Patagonia, Urban Outfitters, and Nudie Jeans, and upcycling retailers that are
coming into their own, such as Beyond Retro, Zero Waste Daniel, RE/DONE, Broken Ghost
Clothing, 1/OFF Paris, and Rentrayage [21]. Several studies’ data back what consumers
recognize as the environmental benefits of secondhand clothing use. Levi Strauss & Co. [22]
estimates that 2565 L of the 3791 L (67.6%) of water utilized over a jean’s lifetime is from
cotton fiber cultivation; thus, when a garment is given a second life, that initial water
investment for the fiber is mitigated. Additionally, by doubling the number of times a
garment is worn, giving it a secondhand life, the greenhouse gases from that garment’s
production could be lowered by 44% [23]. Chemical pollution and textile landfill waste can
also be lessened by the continual reuse of already created garments [24].

Even with an item as durable as denim, fiber fragments, which are released during the
home laundering process, have been found in environments as remote as the Canadian Arc-
tic Archipelago, serving as indicators of anthropogenic pollution from garment use [25,26].
Athey et al. [25] focused on microscopically and spectroscopically identifying microfibers
in Canadian lake and ocean sediment samples (n = 30+) along with fish digestive track
samples. The results indicated that up to 23% of the fiber fragments identified from the
environment were indigo denim cotton. The mass, length, and diameter of the fiber frag-
ments were not collected. Suaria et al. [26] collected 916 seawater samples from around the
globe. Using UFTIR characterization of fibers and digital microscopy to capture diameter
and length data, the study’s results indicated that only 8.2% of oceanic fibers observed
were synthetic, with 79.5% being cellulosic, and the remaining 12.3% being of animal origin.
For all collected fragmented fiber types, there was a range of 0.09-27.06 mm in length
and a range of 5 to 239 um in diameter. Mass information was not collected. Deheyn
et al. [27], in their citizen study of the waterway and air pollution of Ghana’s Kantamanto
secondhand clothing market, focused on identifying microfiber accumulation. The study
found that a majority of microfibers in rainwater and air samples were from synthetic
fibers. However, the chemical analysis of waterborne microparticles revealed a distribution
of cotton (29%), polypropylene (26%), polyester (14%), nylon (11%), and polyethylene
(9%). This distribution of polymers closely corresponds to the ratio of materials found in
the market.

Numerous studies have concentrated on new fabric microfiber shedding during
laundering, with a majority focusing on synthetic fibers [28-35]. Given the data above
regarding the prevalence of cellulose-based fibers in the environment, it is interesting to
see a recent trend in studies to include testing fabric of natural fibers and cellulose-based
manufactured fibers, along with synthetic fiber-based fabrics [25,36-39]; however, those
that focus particularly on cellulose are few. As reported by Hazlehurst et al. [39], there
is significant variation in methods, equipment, filtration, and analysis among launder-
ing studies. There are very few studies that focus on shedding fiber fragments during
laundering from secondhand clothing and their specific contribution to microfibers in the
environment. Athey et al. [25] compared specimens from both new (n = 3) and “used”
(n =5) jeans in their environmental microfiber study and found that new garments released
significantly greater numbers of microfibers. Rathinamoorthy et al. [40] reviewed studies
that focused on artificially aged polyester garments to gauge the effects on microfiber
creation during laundering and found that overall, the garments that had been aged shed
more fiber fragments.

Testing and quality measures are built into first-use clothing items but are frequently
unobserved for secondhand clothing items. With the increase in sales of secondhand
clothing, understanding the environmental interactions of resale cotton garments through
laundry wastewater provides consumers and vendors with much-needed information
regarding purchase decisions, sustainability, environmental impact, marketing policies,
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and opportunities. While creating parameters for quality testing of secondhand clothing
can be a challenge, since each item may have a different history of use, fiber fragment release
studies can serve as a starting point for understanding the qualities of secondhand denim,
as well as provide data to inform transparency and sustainability. The purpose of this
study is to provide visual, mass, length, and diameter data on the fiber fragment material
released by secondhand, 100% cotton denim clothing, as found in typical secondhand
venues, and the implications of secondhand clothing’s contribution of fiber fragments to
the environment. The goal is to provide a snapshot of the denim jeans available and the
fiber fragments that can result from their use in a second life, an area of laundering studies
that has not been captured in microfiber investigations.

2. Materials and Methods

The American Association of Textile Chemists and Colorists (AATCC) TM212-2021
Test Method for Fiber Fragment Release During Home Laundering [41] with detergent
and Drying Option A was the protocol used in this study. Drying Option A requires
that the prepared fabric specimens be placed in a standard atmosphere of 21 °C + 2 °C
(70 °F £ 4 °F) and 65% =+ 5% RH for at least four hours prior to testing. Each specimen is
laid separately and covered with aluminum foil to reduce possible contamination from
air deposition. An overview of the AATCC TM212-2021 protocol steps can be found
in Table 1.

In this experiment, men’s large 100% cotton jeans were selected from local resale shops
to provide samples of secondhand denim. The secondhand 100% cotton garment was
chosen to reflect the gap in fiber fragmentation laundering studies focusing on secondhand
garments and allow for control of the fiber content in the study. Large men’s jeans were
ideal in that they provided continuous fabric for each of the four specimens per jean, with
no seaming in the sampled areas. There were 16 pairs available, 13 of which met the
fabric size criteria to cut the four specimens from each pair of jeans measuring 200 mm by
340 mm (8 in by 13.5 in), with the longest edge parallel to the selvage. The specimen
edges were finished with a clean-finish hem, seam type EFb-1, which is an edge finishing
seam with a turned-under edge and one row of stitches. The finished specimens measured
100 &= 10 mm 240 + 10 mm (4 & 0.4 in 9.5 £ 0.4 in) each. The samples were taken from the
front left calf (A), back left thigh (B), right back calf (C), and right front thigh (D) for each
pair of jeans.

The variety of available secondhand jeans was documented by brand name, country
of origin, weave pattern, color (warp and weft yarns), mass per unit area (g/m?), and
thickness, as seen in Table 2. All of the samples in this study range from 300 to 600 g/m?,
in mass per unit area, which is categorized as heavy denim [39], and were similar in
weave pattern and color. A 500-196-30 Mitutoyo Digital AOS Absolute Caliper was used
to measure denim thickness. The fabric thickness varied with the mass per unit area but
was all in the range for the heavy denim category. For the controls (CN), two pairs of
jeans were purchased online from a vendor with a similar price point and denim fabric as
the secondhand jeans, if the secondhand jeans were to be purchased new (Table 2). The
specimen preparation was repeated for the CN. A total of 52 (13 jeans with four specimens
each) secondhand (SHS) specimens and 8 (2 jeans with four specimens each) CN specimens
were then prepared according to the test procedure, which requires 4 specimens per test
item (jean).
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Table 1. AATCC TM 212-21 Protocol Overview. 35+ h are needed to prepare, process, and analyze

each pair of jeans.

Filter Specimen Specimen Detergent
Preparation Creation Conditioning Creation
Place specimens in Make fresh 0.25%

Rinse each filter and place it in
weighing dish

Condition for at least 1 h,

21 +2°C(70 £4°F),

65% + RH

Weigh filter and dish together
to 0.0001 g

Cover and place in
conditioning chamber

Cut four specimens,

8 x 13.5 inches per

sample (jean)

Fold specimen edges to the back
2 inches from

each edge

Turn raw edge under to meet fold

Stitch in place close to inner fold,
10-12 stitches per inch,
backstitching, trim excess tread

conditioning chamber for at
least 4 h

Cover with aluminum to
keep free from other fiber

Weigh fabric specimens for
documentation

solution using AATCC High
Efficiency (HE) Standard
Reference Liquid Detergent
without optical brightener

Processing

Filtration

Mass Calcution

Microscopy

Fill Atlas Launderometer to
required water line and set
cycle for 40 °C £ 2 °C
Prepare canister, stainless steel
balls, gaskets, and lids

Add 360 mL detergent
solution and 50 stainless steel
balls to each canister

Seal canisters and preheat for
10 min

Place specimens into
individual canisters.

3 specimens and one blank
canister are run per cycle.
Process specimens in
Launderometer for 45 min at
40°C+t2°C

Remove canisters at end of cycle
Individually pour canister
contents into individual catch
beaker with sieve to collect
stainless steel balls and fabric
specimen

Rinse all contents of individual
canister 3x with deionized water,
collecting water in catch beaker
Rinse sieve and canister with
deionized water into catch beaker
Use filter apparatus to filter wash
water onto prepared individual
filter for each specimen

Place each filter into prepared
designated weighing dish

Cover filters and dishes and
condition for at

least4 h

Fabric specimens were placed in a
drying oven for 4 h and then
stored

Weigh each filter in its
designated weighing dish to
0.0001 g

The shed mass us calculated
from the preweighed

filter /weighing dish mass
and the mass after filtration
individually for each of the
4 specimens per jean.

For each jean, two filters are
randomly selected for
microscopic analysis
Length, diameter, and fiber
count are collected using a
Keyence Digital Microscope
7100 at 50x

Table 2. Brand, country of origin (COO), weave pattern, color, mass per area, and thickness infor-

mation for 13 secondhand pairs of jeans and two control jeans. Note that 16 secondhand pairs were

originally gathered. Jeans 6, 7, and 11 were not used because they lacked sufficient fabric without

seaming in the sample areas. Original study numbers were kept throughout the study to prevent

confusion regarding samples.

Mass per

Brand Coo I"/Z ftae ‘:1 War§0>1<0\rl\le £t Unit Azrea Thi;l;rl\ess
g/m
Sample 1 George Mexico 3/1 twill Blue x White 470.462 0.59
Sample 2 Wrangler Nicaragua 3/1 twill Blue x White 499.637 0.62
Sample 3 Levi’s Mexico 3/1 twill Blue x White 536.409 0.77
Sample 4 Ralph Lauren Mexico 3/1 twill Blue x White 371.885 0.46
Sample 5 Lee Mexico 3/1 twill Blue x White 471.622 0.65
Sample 8 Rustler Mexico 3/1 twill Blue x White 506.673 0.71
Sample 9 Rustler Mexico 3/1 twill Blue x White 517.092 0.70
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Table 2. Cont.
Mass per .
Weave Color . Thickness
Brand Coo Unit Area
Pattern Warp x Weft 2 mm
g/m

Sample 10 Rustler Nicaragua 3/1 twill Blue x White 533.110 0.74
Sample 12 Wrangler Mexico 3/1 twill Blue x White 498.317 0.72
Sample 13 American Eagle  Philippines 3/1 twill Blue x White 404.910 0.51
Sample 14 Wrangler Mexico 3/1 twill Blue x White 471.297 0.73
Sample 15 Wrangler Mexico 3/1 twill Blue x White 509.301 0.65
Sample 16 American Eagle China 3/1 twill Blue x White 429.263 0.56
CN1 Gap Vietnam 3/1 twill Blue x White 402.636 0.56
CN 2 Gap Vietnam 3/1 twill Blue x White 381.445 0.54

An SDL Atlas AATCC Launder-Ometer Model 10 was used, which allows three speci-
mens and one calibration blank to be run simultaneously. The specimens were processed
for one wash cycle. In this procedure, each sample is individually laundered in a canister to
prevent specimen interaction and cross-contamination. The samples are washed for 45 min
at40 £ 2 °C, in a solution consisting of 0.25% of AATCC High Efficiency (HE) Standard
Reference Liquid Detergent without optical brightener and deionized water. The overview
in Table 1 provides details of the AATCC TM 212-2021 process. The wash water for each
SHS and CN specimen canister was individually filtered to collect fragmented fiber content
as directed by AATCC TM 212-2021. Each specimen’s wash water was filtered with a
borosilicate glass fiber filter with no binder, 1.6 pm pore size, and 47 mm filter diameter.
The filters had been prepared, conditioned, and weighed individually before the filtration
process. After filtration, they were conditioned (see Table 1) and re-weighed for the mass of
shed fiber. Two filters of the four filters per jean were randomly selected from each of the
13 secondhand jeans, for a total of 26 SHS filters that were analyzed, and two filters of the
four filters per jean were randomly selected from each of the two control jeans, for a total
of four of the eight CN filters. The difference between the pre-weighed and post-weighed
filters gave the shed material mass. An example of a processed filter is shown in Figure 1.

Figure 1. Example filter 1B. 20 x magnification.
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Using a Keyence Digital Microscope 7100, a microphotograph was taken of each of
the selected 26 SHS and four CN filters at 50 x magnification. A grid was superimposed
on each of the filter micrographs, subdividing each into 27 6000 um x 6000 pm squares,
as seen in Figure 2. On each filter micrograph, one square was randomly selected from
each upper left, center, and lower right region, resulting in three selected squares per filter
micrograph and a total of 12 CN squares and 78 SHS squares analyzed. The count, length,
and diameter of the fibers in each of the chosen squares were determined by measuring and
counting all fiber fragments using the Keyence VHX-7000 Version 1.4.25.19 measurement
software. Data and statistics on fiber counts and measurements were analyzed using Python
3.12 with add-on modules (NumPy 2.2.3, pandas 2.2.3, Matplotlib 3.20.2, seaborn 0.13.2,
and SciPy 1.15.2).

Figure 2. Example of filter 2C with superimposed 6000 um x 6000 pm square mesh for sampling.
Please also note the intense blue “coating” on the filter. 50 x magnification.

3. Results
3.1. Visual Description

For an example of the diversity of fiber fragments and particulates and the resulting
overall visual of the filters, see Figure 3. Many fiber fragments were individually deposited
on the filters as seen in Figures 4-6. At times, clumps that indicate potential yarn structure,
as illustrated in Figure 7, were found. The fiber fragments collected from the specimen
filters were most prevalently blue and white. This finding was expected due to the blue and
white yarns that comprised the denim fabric (Table 2), which is traditionally characterized
by blue warp yarns and white fill yarns. Occasionally, a red, yellow, or black fiber fragment
was found; this was also expected, as some detailing and thread used for the seams of
the jeans were in these colors. The fiber fragments were most often identified as cotton,
again expected due to the selection of 100% cotton jeans. A small number of synthetic fiber
fragments were observed, likely due to sewing construction thread or possible transfer
from storage and use, as these are secondhand items. Unidentified, non-fibrous particulates
were also observed on some filters. The particulates ranged from light to dark in color
and were granular. On some filters, there was a blue or grayish “coating.” It is speculated
that this could be dye, if the dye were not cleared during the coloring process, or other
additives on the denim fabric, or dirt. Figures 4 and 6 illustrate the particulates and
grayish color. Since the samples are secondhand and their history is unknown, any of these
factors could contribute to this observation. Some microfiber studies [27,42] have noted
similar particulate material on filters, whereas others have not [25,38,43]. Since particulate
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observation was not the focus of those studies, the absence of particulate material does not
necessarily mean it is not present; it may simply have not been collected and noted during
a study’s processing.

Figure 3. Selection of processed filters collected. Top left to right: 2A, 10A, and 13B. Please note the
varied appearance of the filters in color and fiber distribution. 50 x magnification.

Figure 4. Sample 15C has fiber fragments and granular particulates. 50 x magnification.

Figure 5. Sample 4C exhibits fewer fiber fragments, fewer particulates, and no coating of the filter
when compared to other filters. 50 x magnification.
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Figure 6. Sample 1B displays a grayish coating, particulates, and fiber fragments. An example of
observed red and black fibers can be found in the center of the micrograph. 50 x magnification.

Figure 7. 16A illustrates a large clump of white and blue cotton fiber fragments found on the filter.
50 x magnification.

3.2. Fiber Fragmentation Measurements and Statistics

The average mass of the shed material was 0.0236 g (SHS) and 0.1014 g (CN), which
indicates that SHS specimens shed only 23.3% of the mass of the CN specimens. The
standard deviation for the mass of the released material from the SHS samples ranged
from 0.000 g to 0.014 g. The average percentage of shed material released for the SHS
samples was 0.0010%, with a standard deviation of 0.0022%. Previous studies that focused
on multiple wash cycles and the shed mass of cotton garments found that with more cycles,
less mass was accumulated [37,38], supporting the findings here. It is postulated in the
current study that the CN samples had a larger shed mass release on average due to the
lack of laundering prior to TM 212-2021 processing, and thus, very limited loss of fiber
fragments and other materials until they were processed for this study. To better visualize
the material released by the SHS samples, the 0.0236 g was from a sample that represents
about 7.35% of the surface area of a man’s 30 x 30 jeans. If the average of the material
released by the SHS samples were scaled up to account for the total surface area of a
30 x 30 man’s jeans, it would come to 0.3210 g, while the CN would be 1.380 g. If the
0.3210 g of material loss was constant for each wash cycle and the secondhand jeans were
washed ten times a year, 3.210 g of materials would be released into the laundry wastewater
for one pair of secondhand jeans. The cumulative significance of the shed material should
be considered for all the secondhand jeans in use and being laundered.
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A summary of descriptive statistics for the fiber fragments can be found in Table 3.
On average, the SHS produced longer (mean length 370.5 um) and thicker fiber fragments
(mean diameter 16.9 um) but produced fewer fiber fragments (3093 fiber fragments per
filter) when compared to CN (320.7 um, 13.8 pm, and 5962 fiber fragments per filter,
respectively). The length, diameter, and count data were determined to be non-parametric
by D’ Angostino-Pearson tests (all p-values < 0.00001). The distribution of fiber lengths and
diameters (both in pum) can be visualized in Figures 8 and 9, respectively. Other studies have
also described the non-normal distribution of cotton fiber fragments [37,44]. To determine
if there was a statistically significant difference between the CN and SHS, the data were
evaluated by the Kruskal-Wallis H-test. Statistically significant differences between CN
and SHS were found in fiber lengths (p-value < 0.00001), diameters (p-value < 0.00001),
and counts (p-value 0.0022). The average diameters and lengths were consistent with
those reported in other cotton fiber studies [45,46]. The size of the maximum diameters
in the current study may be due to the release of cohesive clusters of fiber fragments
from the yarns. The yarns would have many fibers in contact with each other due to the
cohesion of cotton fibers, which is often associated with the fibers” convolutions. In the
findings, SHS produces a smaller number but larger average diameter and length of fiber
fragments compared to CN. Studies focusing on recycled cotton for yarns and multiple
wash cycles [43,47,48] found that longer fiber fragments were released from yarns made
from “used” cotton (either in recycling the cotton or multiple washings) than from new
cotton materials. This suggests a similar trend in fiber fragment length, as seen in the
current study. A possible explanation for the data is that the CN shed a greater number
of smaller fibers and fragments that were not completely processed out during yarn and
fabric construction and were captured in their initial wash in this study. Through previous
use and laundering, it is hypothesized that the SHS had already shed many of the smaller
fragments and would produce larger fiber fragments in the test process due to previous
wear and laundering.

Distribution of Fiber Counts for Length Measurements

Group
I Samples
Il Controls

Count

Statistics:

Samples:
Mean: 114.68, SD: 73.06, Min: 13.0, Median: 109.5, Max: 345.0
Controls:
Mean: 220.83, SD: 119.69, Min: 75.0, Median: 248.0, Max: 432.0
Figure 8. Distribution of fiber counts for length measurements. This provides a visual illustration of
the maximum and minimum lengths for the SHS (red) and CN (blue) fiber fragments.
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Table 3. Summary of fiber sample and control statistics.

Total Mean Estimated Mean Length Mean Diameter Min Length Max Length Min Diameter Max Diameter
Number Number of Number (um) (um) (um) (um) (um) (um)
of Filters Viewed Fibers/Square Fibers/Filter H H H H H B

CNn=12 2650.0 220.8 5962 320.7 13.8 1 4942 3.0 53

SHSn =78 8945.0 114.7 3096 370.5 16.9 1 6328 2.0 81
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Distribution of Fiber Counts for Diameter Measurements

Group
I Samples
Il Controls

Count

Statistics:

Samples:
Mean: 62.85, SD: 35.53, Min: 9.0, Median: 58.0, Max: 182.0

Controls:
Mean: 129.25, SD: 62.66, Min: 57.0, Median: 116.0, Max: 255.0

Figure 9. Distribution of fiber counts for diameter measurements. This provides a visual illustration
of the maximum and minimum diameters for the SHS (red) and CN (blue) fiber fragments.

4. Discussion

The current study provides an introduction to the environmental impact of secondhand
cotton garments, particularly denim, through fiber fragmentation in laundry wastewater.
Secondhand clothing provides a much-needed resource to fulfill growing garment demands
while also mitigating water usage, greenhouse gas emissions, and landfill waste. Denim
is a key player in secondhand sales, due to its durability and vintage cultural value. The
results of the laundering experiment in this study yielded, on average, a smaller amount
of fiber fragmentation material from secondhand jeans (23.2%) than that shed from new
jeans. While this was less than new clothing, there is still a consequence of shed material,
including dyes and processing chemicals that can contribute to anthropogenic contami-
nation of the environment [25,26,49-51]. The impacts of this contamination can include
potential effects on terrestrial and aquatic food webs through ingestion by multiple organ-
isms [52-54]. In particular, cotton and nature-based manmade fibers have the potential to
persist in the environment and carry chemicals associated with industrial treatments into
ecosystems [55-58]. The fiber fragment size and frequency were also found to differ in sec-
ondhand (longer, larger diameter, fewer) versus new denim jeans (shorter, smaller diameter,
and more common). The effects of the dimensions of fiber fragments, such as being shorter
vs. longer, in the environment are still under investigation [50,52,59,60]. The amount of
mass shed and dimensional information from this study of the fiber fragments is valuable
information that can contribute to consumers’ and secondhand retailers” decision-making
processes when considering what is potentially entering the environment and making
purchase decisions.

Future research can focus on the rate of change in the shedding of fiber fragmentation
material from secondhand fabrics over multiple wash cycles, as well as the identification
of particulate and coating materials found on the filters. The long-term decomposition of
natural fibers and the chemistry they carry from industrial processes is another possible
area of future study. Future studies could also develop protocols and data collection
methods for secondhand clothing to conduct basic quality tests, such as tensile testing,
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pilling, and abrasion, for comparison with new materials. This comparison would help
researchers to understand more about the potential use and secondhand lifetime duration,
as well as estimate the entrance and exit points into circularity loops. Another path for
future research would be to consider the fiber fragment contribution from recycled cotton
yarns used to create new fabrics and garments, for comparison with the contribution from
secondhand garments.

5. Conclusions

The data from the current study fills a gap in laundering studies that do not address
fiber fragment analysis from secondhand clothing, specifically, natural fibers such as cotton.
The thirteen men’s large 100% cotton jeans (SHS) were collected from local resale shops for
a representative sample of jeans in the secondhand market. Men's large jeans were selected
as they provided areas of fabric for specimen creation without seaming or interruption. Two
control jeans (CN) of a similar type were selected from new 100% cotton jeans. Fifty-two
(thirteen jeans with four specimens each) secondhand samples and eight (two jeans with
four specimens each) controls were processed according to the AATCC TM212-2021 Test
Method for Fiber Fragment Release During Home Laundering with Drying Option A. After
selection and processing, the filtered materials were analyzed for the mass of shed materials
and the count, length, and diameter of the fiber fragments on randomly selected filters,
totaling 26 SHS and four CN. This study concluded that the amount of fiber fragmentation
material shed by SHS was 23.2% of that shed by CN. While this is less than new clothing,
there is still shed material to consider, including dyes and processing chemicals that can
contribute to anthropogenic environmental contamination. The fiber fragment size and
frequency were found to have a statistically significant difference between SHS (average
length 370.5 um, average diameter 16.9 um, and 3093 fiber fragments per filter) and CN
(average length 320.7 um, average diameter 13.8, um, and 5962 fiber fragments per filter).
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