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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• Cellulose nanocrystalline (CNC) glitter 
is a potential glitter alternative.

• Toxicity of polyethylene terephthalate 
(PET) and CNC glitters to Folsomia 
candida.

• 1000 mg/kg PET glitter resulted in 
~61% reproduction inhibition for 
F. candida.

• CNC glitter did not affect the endpoints 
of F. candida tested in this study.
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A B S T R A C T

Glitter is a type of microplastic, and thus there is a need to assess its potential impacts on the environment and to 
assess the potential for non-plastic cellulose nanocrystal structurally colored glitters as safe and sustainable 
replacements. The ecotoxicity of glitter has been mostly ignored in the research literature, with only a few 
published studies focusing on aquatic organisms. Therefore, an exposure experiment was conducted to examine 
the impact of conventional polyethylene terephthalate (PET) glitter as well as untreated and heat-treated cel
lulose nanocrystal (CNC) based glitter on the survival, reproduction, and length of Folsomia candida (springtail). 
Folsomia candida reproduction was reduced by 61% (P = 0.013) after exposure to PET glitter at 1000 mg/kg, 
while no significant effects were observed on F. candida survival and length. In contrast, there were no significant 
impacts on F. candida survival, length, or reproduction when exposed to untreated or heat-treated CNC glitter. 
These results indicate that exposure to PET glitter may impact soil invertebrates at the population level, and that 
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CNC glitter has potential as a biodegradable non-plastic alternative to PET glitter to decrease detrimental effects 
on soil ecosystems.

1. Introduction

Glitter is a type of microplastic produced for its light reflective, 
sparkling properties with many uses including for art and craft, in 
clothing and in makeup. Glitter is produced in sizes ranging from 50 to 
6250 μm with a uniform shape, such as hexagonal, square, or triangle 
(Provenza et al., 2022). In general, glitter is composed of three layers: a 
core polymer film, coated with a colored aluminum layer to create a 
reflective appearance and then topped with a thin polymer layer (Tagg 
and Ivar do Sul, 2019). The most commonly used material for the core 
polymer film is polyethylene terephthalate (PET) (Provenza et al., 
2022).

Glitter can be released into the environment, like other micro
plastics, and so it tends to accumulate and ends up increasing plastic 
pollution. It has been found in environmental samples including soil and 
water (Raju et al., 2020; Nithin et al., 2022). Until recently, the amount 
of PET glitter and other PET microplastics have been underestimated in 
environmental samples because of the limitations of common micro
plastics analysis (Yurtsever, 2019; Rowley et al., 2020; Boots et al., 
2023). However recent advances in microplastics analysis have seen 
glitter being identified in sewage sludge and sediment, and glitter were 
the third most common microplastics in a wastewater treatment plant in 
Australia (Ballent et al., 2016; Raju et al., 2020). Like other micro
plastics, glitter has the potential to be toxic to organisms, however, there 
has been little research on the impact of glitter on organisms. While 
studies have assessed the impacts of PET glitter on aquatic species such 
as mussels (Mytilus galloprovincialis and Perna perna) (Provenza et al., 
2022; Abessa et al., 2023), microalga (Desmodesmus sp.) (Wang et al., 
2023), cyanobacteria (Microcystis aeruginosa and Nodularia spumigena) 
(Machado et al., 2023), sea urchins (Echinometra lucunter and Arbacia 
lixula) (Abessa et al., 2023), and duckweed (Lemna minor) (Green et al., 
2021), its toxicity in terrestrial environments remains largely unex
plored. Only one study has investigated the impacts of commercial 
glitters on the earthworm (Eisenia fetida) (Trakić et al., 2024)

Recently, in response to the demand for “eco-friendly” products, 
biodegradable glitter has been developed and promoted as an alterna
tive to PET glitter. The predominately used material for biodegradable 
glitter is regenerated cellulose or modified regenerated cellulose (MRC), 
mainly from Eucalyptus trees, that replace the core PET film (Green et al., 
2021). In addition, fluorphlogopite mica, which could be mined or 
synthesized, is also used as a replacement material in biodegradable 
glitter for its colour and shine (Becker et al., 2015). These commercially 
available biodegradable glitters are still coated with a colored aluminum 
layer and topped with a thin plastic layer (Green et al., 2021). Despite 
previous assumptions about their lower toxicity, recent research sug
gests that commercially available biodegradable glitters may exhibit 
comparable or even greater toxicity to aquatic organisms than PET 
glitter (Green et al., 2021). For instance, a follow-up study demonstrated 
that MRC glitters at concentrations of 100–1000 mg L− 1 reduced the 
root length, biomass, and chlorophyll content of duckweed, while PET 

glitter and other controls did not (Boots et al., 2023).
Cellulose nanocrystals (CNC) are a novel bioderived material that 

can be extracted from many biological sources, from cotton to wood 
pulp and many agricultural wastes (Vanderfleet and Cranston, 2021). 
Such material has recently raised considerable interest in academia and 
industry to produce more sustainable optical materials from pigments to 
glitter (Klockars et al., 2019; Frka-Petesic and Vignolini, 2019; Parker 
et al., 2023). Droguet et al. (2022) presented a roll-to-roll (R2R) process 
to produce large-scale CNC structurally colored films. Their colour arises 
from the peculiar helicoidal ordering of the CNCs within the film. These 
metre-long CNC films, once ground, produce water-stable photonic 
microparticles that could be an alternative to PET glitter and commer
cial biodegradable glitter, without the need for a core polymer layer, 
aluminum layer, or thin plastic layer. To prevent the degradation of the 
CNC film’s surface, a thermal treatment was applied to the CNC films to 
obtain water-stable glitter-like microparticles (Droguet et al., 2022).

As a new glitter material, there is a need to assess the potential 
toxicity of CNC glitter in aquatic and terrestrial environments, therefore, 
the aim of the research presented here was to investigate the toxicity of 
PET and CNC glitters to a soil organism, Folsomia candida (springtail).

2. Material and method

2.1. Soil preparation

The soil was collected from the Dookie campus of the University of 
Melbourne, Victoria, Australia (− 36◦ 19′ 60.00″ S, 145◦ 41′ 59.99″ E). 
After collection, the soil was air dried for 14 days, followed by sieving to 
<2 mm. Then, the sieved soil was frozen in a − 20 

◦

C freezer to eliminate 
other soil organisms. After 14 days, the soil was removed from the 
freezer and left for ~24 h to return to room temperature. Sieved soil was 
confirmed as free from microplastics by Nile Red staining method (Li 
et al., 2019; Prata et al., 2019). In brief, soil was first digested by 30% 
H2O2 for 24 h to remove organic matter, and then potential micro
plastics were separated from soil by saturated ZnCl2. Once separated 
from the experimental soil, microplastic particles stained with Nile Red 
were identified and differentiated from soil particles under light and 
fluorescence microscopy. No microplastic particles were found in our 
soil. General soil characteristics are summarized in Table 1.

2.2. Glitter preparation

In this study, three glitters were selected for ecotoxicity testing: 
polyethylene terephthalate (PET) glitter, untreated cellulose nano
crystal (CNC) structurally colored particles, and heat-treated CNC par
ticles (Table 2). The size, color, and shape of PET glitter were observed 
under a light microscope (Leica Stereoroom S9i) (Fig. 1). The density of 
PET glitter was tested, as per Li et al. (2018). In brief, 1–3 mg of the PET 
glitter was added to a series of density gradient solutions from 0.8 g/cm3 

to 1.5 g/cm3 made by different compositions of ZnCl2, water, and 
ethanol. The PET glitter had a density between 1.3 g/cm3 and 1.4 g/cm3, 
which was in agreement with the density of PET microplastics measured 
by Li et al. (2018). A conversion of particles to mass for PET glitter and 
CNC film was done by counting the particles in a known mass of glitter 
under light microscopy (Leica Stereoroom S9i). In brief, about 0.4–0.5 
mg of glitter were weighed and recorded, and then photographed under 
light microscopy. The number of glitter particles were counted using the 
software ImageJ (Schneider et al., 2012). Three replicates were made. 
Overall, 0.1 mg of PET glitter was equivalent to 193–198 particles. 
Conversion from particle to mass-based density for CNC film was harder 
to determine as the higher size range lead to larger variation in the 
particles per milligram (Table 2).

Abbreviations

PET Polyethylene terephthalate
CNC Cellulose nanocrystal
MRC Modified regenerated cellulose
R2R roll-to-roll process
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Untreated and treated CNC glitter was produced by researchers at the 
University of Cambridge (Droguet et al., 2022). Treated CNC glitter 
shares similar characteristics with untreated CNC glitter, with the only 
difference being the heat treatment added to the preparation process 
before grinding to extend survival under environmental conditions. The 
heat treatment process was that CNC glitters were exposed to 180 ◦C in 
an oven for 30 min. The information on composition, size, and color was 
provided by researchers at the University of Cambridge (Table 2), and 
the shape was observed under a light microscope (Leica Stereoroom S9i) 
(Fig. 1).

2.3. Culture and synchronization of Folsomia candida

Established laboratory cultures of Folsomia candida were used for this 
study (De Silva, 2016). Folsomia candida were cultured in 125 mL 
polypropylene vessels with a charcoal base made with a mixture of 18 g 
plaster of Paris, 2 g activated charcoal, and 12 mL ultrapure water 
(≥18.2 MΩ cm). The charcoal base was made at a slight gradient so that 
free water could be provided at the bottom and dried yeast as food at the 
top. Cultures were placed in a box to provide a completely dark envi
ronment, and the temperature was maintained at 18–22 ◦C. Every 3–4 
days, the vessels were opened for aeration and to check the water and 
food content.

Synchronization was conducted to obtain first instar juveniles (0–3 
days since hatching) by transferring 30–50 healthy adult F. candida into 
new vessels with the charcoal substrate. Each vessel contained 7–8 mg of 
dry bakers’ yeast and 2–4 drops of ultrapure water. Synchronization 
vessels were maintained in the dark with a temperature of 18–22 ◦C. 
After three days, adults F. candida was removed from the vessels. The life 
cycle of F. candida fit the investigation of de Lima e Silva et al. (2021) in 
our laboratory environment; thus, juveniles hatched at ~10 days with 
1st instar juveniles (0–3 days) utilized for the exposure experiment.

2.4. Exposure experiment for Folsomia candida with polyethylene 
terephthalate glitter, untreated cellulose nanocrystal glitter, and heat- 
treated cellulose nanocrystal glitter

The exposure experiment was adapted from Fountain and Hopkin 
(2005), OECD 232 (OECD, 2016), and de Lima e Silva et al. (2021). A 
total of eleven treatments were tested, including three types of glitter 
with three concentrations (10, 100, and 1000 mg/kg) of each, a soil 
control, and a charcoal control. The selected concentrations were based 
on environmentally relevant concentrations, while a broad range was 
chosen considering the small amount of information on glitter concen
trations in soil. The base medium for the charcoal control was made 
from a mixture of charcoal (1 g), plaster of Paris (9 g), and ultrapure 
water (6 mL). Each treatment was replicated five times. For each 

Table 1 
Physicochemical characteristics and respective methods used for soil ecotoxicity 
tests.

Soil property Value Method
pH 6.3 ±

0.1
1:5 soil/water extract (Rayment and 
Lyons, 2010)

Electrical conductivity (EC) 
(μS/cm)

136 ±
5

1:5 soil/water extract (Rayment and 
Lyons, 2010)

Water holding capacity (%) 4 Determination of the maximum WHC of 
the soil (OECD, 2016)

Total Carbon (%) 0.83 Dry combustion method by LECO CNS 
TruMAC AnalyserTotal Nitrogen (%) 0.09

Carbon: Nitrogen ratio 9.2
Soil texture (%) Sand 

19
Particle-size analysis (Gee and Bauder, 
1986)

Silt 11
Clay 
70

Effective Cation Exchange 
Capacity (ECEC) (cmol/ 
kg)

21 Exchangeable bases method by 1 M 
ammonium acetate at pH 7.0 (Rayment 
and Lyons, 2010)

Calcium (%) 42
Magnesium (%) 51
Potassium (%) 3.1
Sodium (%) 3.8
Metal(oid) concentration
Arsenic (mg/kg) 22 1:3 Nitric/HCl digest with APHA 3125 

ICPMS (Rayment and Lyons, 2010)Cadmium (mg/kg) <0.5
Chromium (mg/kg) 105
Copper (mg/kg) 118
Lead (mg/kg) 11
Manganese (mg/kg) 2893
Mercury (mg/kg) <0.1
Nickel (mg/kg) 58
Selenium (mg/kg) 0.7
Silver (mg/kg) <1
Zinc (mg/kg) 33

Table 2 
Summary of glitter characteristics.

Glitter type PET glitter Untreated CNC 
glitter

Heat-treated 
CNC glitter

Main composition Polyethylene 
terephthalate

Cellulose 
nanocrystals

Cellulose 
nanocrystals

Size ~100 μm ~64–177 μm ~64–177 μm
Color Silver Multi-colored Multi-colored
Shape Hexagonal film Irregular 

particles
Irregular 
particles

Density 1.3–1.4 g/cm3 1.5 g/cm3 1.5 g/cm3

Particles in 0.1 mg 
(mean ± standard 
deviation)

195 ± 3 particles 201 ± 7 
particles

201 ± 6 
particles

Fig. 1. Images from a light microscope of PET, untreated cellulose nanocrystal and heat-treated nanocrystal glitters.
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treatment, twelve to sixteen synchronized juveniles were counted and 
added to a 75 mL polypropylene container containing 10 g soil (with or 
without glitter) or charcoal medium. At the start of the experiment, the 
soil was moistened by adding 3–4 mL of ultrapure water, and ~0.1 mg 
(4–5 pellets) of dried yeast to each vessel. The charcoal medium was 
flattened to sit at a slight angle to ensure F. candida juveniles had access 
to a range of moisture conditions within each vessel. Vessels were 
incubated in the dark at 20–22 ◦C. Every one to two days, the vessels 
were opened, aerated, water and food replenished as necessary, and any 
yeast with mold removed.

On day 28, the experiment was harvested and F. candida reproduc
tion, survival, and length were recorded. Vessels were flooded by adding 
ultrapure water and then carefully stirred, such that adults and juveniles 
floated on the water surface. Each vessel was photographed by smart 
phone as well as under a light microscope at magnification 1-2 × (Leica 
Stereoroom S9i). The number of adults and juveniles were counted, and 
the adult length was measured from the center of the head to the tail of 
the body using the software ImageJ (Schneider et al., 2012). Adults were 
recorded as dead if they did not float on the water.

2.5. Statistical analysis

The survival rate was calculated by the count of adults divided by the 
number of juveniles added at the start of the experiment. The repro
duction was calculated by the number of juveniles present at the end of 
the experiment divided by the count of adults. Statistical analyses were 
conducted to compare the survival, growth, and reproduction between 
concentrations. The soil control and charcoal control treatments were 
compared to ensure the soil quality was suitable for F. candida. Survival 
rate, the number of juveniles, and mean length were analyzed with 
Kruskal-Wallis test to detect significant differences between treatments 
(P < 0.05), followed by post hoc multiple comparison (Dunn’s test) 
when P < 0.05 to identify significant different treatments.

In each soil control vessel, the survival of the adults was >80% and 
the number of juveniles were >100, which was above the OECD 232 
quality control criteria of 80% and 100, respectively (OECD, 2016). 
Folsomia candida survival in the soil control was 14% higher than that in 
charcoal control (P = 0.037), with no significant difference in adult 
length (P = 0.80) between the soil and charcoal controls. The repro
duction behavior of F. candida also performed better in soil than in 

Fig. 2. Folsomia candida survival, length, and reproduction after 28 days of exposure to soil spiked with conventional polyethylene terephthalate (PET) glitter, 
untreated cellulose nanocrystal (CNC) glitter, and heat-treated cellulose nanocrystal (CNC) glitter. Values are mean ± standard deviation (n = 5). Three concen
trations were tested (10, 100, and 1000 mg/kg) for three glitter types in soil. * represents P < 0.05.
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charcoal medium with higher juveniles in the soil control compared to in 
the charcoal control at the end of the experiment (P = 0.016). Therefore, 
the charcoal control was not reported on further.

All statistical analysis, including descriptive analysis (mean value, 
standard deviation), Kruskal-Wallis test, Dunn’s test, and visualization 
of data, were conducted in R environments (version 4.0.5) with the 
“ggpubr” and “FSA” packages (Kassambara, 2020; Ogle et al., 2022).

3. Results

3.1. Survival and length

Folsomia candida survival was high in all treatments, ranging from 
82% to 96% (Fig. 2). The mean body length of adults at harvest ranged 
from 1.5 to 1.6 mm (Fig. 2), which is within the expected length of 
F. candida at sexual maturity (1.5 mm–3.0 mm), (Fountain and Hopkin, 
2005). There was no significant difference (Kruskal-Wallis Х2 = 13.359; 
d.f. = 9; P = 0.147) in survival between the soil control and the con
ventional PET glitter, untreated CNC glitter, and treated CNC glitter 
treatments at all concentrations tested. In addition, there was no sig
nificant difference (Kruskal-Wallis Х2 = 3.228; d.f. = 9; P = 0.950) in the 
body length of F. candida adults between the soil control and the PET 
glitter, untreated CNC glitter, and treated CNC glitter treatments at all 
concentrations tested.

3.2. Reproduction

Folsomia candida reproduction was significantly reduced by exposure 
to PET glitter (Kruskal-Wallis Х2 = 21.277; d.f. = 9; P = 0.011, figure 3, 
Supplementary Information, S1). Thus, the PET glitter treatment had 
~61% lower number of juveniles in the 1000 mg/kg treatment after 28 
days compared to the soil control (P = 0.013). However, there was no 
significant difference between the number of juveniles at the end of the 
experiment in the soil control and untreated CNC glitter and treated CNC 
glitter treatments at any concentration (P > 0.05) (See Supplementary 
Information S1). In addition, reproduction of F. candida exposed to 1000 
mg/kg PET glitter was ~62% and 68% lower than for F. candida exposed 
to untreated CNC glitter (P = 0.012) and treated CNC glitter (P = 0.003) 
at the same concentration.

4. Discussion

There was no significant effects of PET glitter, untreated CNC or 
treated CNC glitters on the survival (P = 0.147) and length (P = 0.950) 
of F. candida over the 28 day experiment (figure 3). However, repro
duction of F. candida was reduced by the highest PET glitter concen
tration (1000 mg/kg) compared to the soil control and other glitter 
treatments (figure 3). These results suggest that CNC glitters have the 
potential to be an alternative to PET glitter to decrease potential detri
mental effects on terrestrial organisms. Besides, heat treatment (30 min 
at 180 ◦C) during the R2R process before grinding can enhance the 
resistance of CNC glitters based on Droguet et al. (2022), and our results 
further suggest that heat treatment does not cause toxicity from CNC 
glitters. Therefore, heat-treated CNC glitter has the potential to be a 
novel non-plastic replacement for PET glitter and its potential ecotox
icity should continue to be explored. There are no other published 
studies investigating the effects of CNC glitters on soil organisms, thus 
more research is required to examine the ecotoxicity of CNC glitter 
compared to PET glitter as well as other “biodegradable” glitters.

There have been few studies on the impact of microplastics on 
F. candida, with research about polyvinyl chloride (PVC), polyethylene 
(PE), and mixed rubber polymers (Table 3). Given differences in poly
mer types, particle size and shape, it is difficult to compare these results 
with the current study. However, it does appear that PET glitter of ~100 
μm may be more toxic for reproduction than polyethene and mixed tire 
rubber particles of similar size (Table 3).

Kim and An (2020) demonstrated that microplastic particle size is 
important for toxic impacts on F. candida with particles smaller than 66 
μm being consumed and thus having direct toxic impacts. The PET 
glitter particles in our study were larger (~100 μm) and thus the mode of 
toxicity is not likely to be direct toxicity from being consumed.

However, the toxicity of PET glitter to F. candida in our study was 
similar to the toxicity of plain PVC particles (80–250 μm) tested by Zhu 
et al. (2018) (Table 3). Zhu et al. (2018) hypothesized that a change in 
feeding behavior after exposure to microplastics may lead to an alter
ation of gut microbiota that may result in reduced reproduction and 
growth. The toxicity may also have been caused by chemicals in the 
glitter leaching into the surrounding soil and thus exposing the spring
tails. Glitter particles have been found to include several potential tox
icants including metals, benzene toluene and propylparaben (Abessa 

Table 3 
Comparison of ecotoxicity studies from the literature and the present study on the impact of microplastics on Folsomia candida.

Zhu et al. (2018) Ju et al. (2019) Selonen et al. (2020) Selonen et al. 
(2021)

Present study

Microplastic tested

Polymer type Polyvinyl chloride 
(PVC)

Polyethylene (PE) Polyethylene (PE) Mixed rubber 
polymers

Polyethylene 
terephthalate (PET)

Untreated 
cellulose 
nanocrystal

Treated cellulose 
nanocrystal

Particle size 80–250 μm 32% < 50 μm, 25% 
50–200 μm, 
43% 200–500 μm

12 μm - 2.87 mm 5–100 μm ~100 μm 45–125 μm 45–125 μm

Particle shape particles microbead fibers irregular particle hexagonal 
glitter

irregular 
glitter

irregular 
glitter

Experimental design
Test 

concentration 
(s)

1000 mg/kg 50, 200, 1000, 5000, 
10000 mg/kg

200, 600, 1700, 
5000, 15000 mg/kg

200, 600, 1700, 
5000, 15000 mg/kg

10, 100, 1000 mg/kg

Exposure period 28 and 56 days 28 days 28 days 28 days 28 days

Endpoints recorded (only significant effects compared to control treatment presented)
Reproduction * (28.8% decrease 

at 1000 mg/kg)
* (29.8% decrease at 
10000 mg/kg)

n.s * (38% decrease at 
15000 mg/kg)

* (61% decrease at 
1000 mg/kg)

n.s n.s

Survival n.s * (26% decrease at 
10000 mg/kg)

n.s * (24% decrease in 
soil at 15000 mg/ 
kg)

n.s n.s n.s

* = p < 0.05; n.s.: not significant; N/A: no test in the study.
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et al., 2023). In addition, the toxic effect of PET glitters on aquatic 
microalgae was found to be color specific (Wang et al., 2023). Therefore, 
we suggest that toxicity of PET glitter toxicity to F. candida may have 
been caused by multiple pathways and more research is required to 
elucidate the mechanisms of PET glitter toxicity in springtails and other 
soil organisms.

To assess the relevance of our findings in real-world scenarios, we 
compared the glitter concentrations in the current study to the con
centrations of glitter found in environmental samples. Until recently it 
was thought that glitter was rarely found in environmental samples. 
However, new analysis methods that can measure low density plastics 
are now detecting higher concentrations of glitter in environmental 
samples. Thus, glitter has now been found in water and sludge from 
wastewater treatment and in sediment (Table 4) but no published study 
has assessed glitter in soil as yet. The particle size range of glitter in our 
study (45–125 μm) was comparable with microplastics found in waste 
activated sludge in New South Wales, Australia (21 % of microplastic 
particles between 38 and 125 μm) which is the only published study to 
investigate low density microplastic particles <250 μm (Raju et al., 
2020). However, the concentrations of PET glitter that affected the 
reproduction of springtails in our study (1000 mg/kg, equivalent to ~1, 
950,000 particles/kg) was multiple orders of magnitude higher than 
glitter concentrations that have been detected in environmental samples 
to date (Table 4). We note though that there are only three published 
studies that have directly assessed glitter in environmental samples 
(Table 4) and there are currently no published studies that have 
measured glitter in soil samples. Thus, we suggest that more research is 
needed to understand the concentration ranges of glitter, in environ
mental samples, including soil.

In conclusion, the current study examined the ecotoxicity of PET 
glitter and CNC films and found that exposure to PET glitter inhibited 
the reproduction of F. candida at a concentration of 1000 mg/kg. In 
comparison, CNC film had no effects on reproduction, survival, and 
growth of springtails. Thus, CNC films show potential as a safer, 
nonplastic replacement for PET glitter, however, we suggest that further 
tests of CNC ecotoxicity in a wide range of environmental compartments 
and test species are needed.
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