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a b s t r a c t

Compared to marine microplastics research, few studies have bio-monitored microplastics in inland
waters. It is also important to understand the microplastics’ uptake and their potential risks to fresh-
water species. The Australian glass shrimp Paratya australiensis (Family: Atyidae) is commonly found in
fresh waterbodies in eastern Australia, and are sensitive to anthropogenic stressors but have a wide
tolerance range to the natural environmental conditions. This study aimed to understand the micro-
plastics’ occurrence and types in water samples and the shrimp P. australiensis, and identify if the shrimp
could be a suitable bioindicator for microplastic pollution. Surface water and P. australiensis across ten
urban and rural freshwater sites in Victoria were sampled. In total, 30 water samples and 100 shrimp
were analysed for microplastic content, and shrimp body weights and sizes were also recorded.
Microplastics were picked, photographed and identified using FT-IR microscopy: in water samples, 57.9%
of items including suspect items were selected to identify; all microplastics found in shrimp samples
were identified. Microplastics were present in the surface waters of all sites, with an average abundance
of 0.40 ± 0.27 items/L. A total of 36% of shrimp contained microplastics with an average of 0.52 ± 0.55
items/ind (24 ± 31 items/g). Fibre was the most common shape, and blue was the most frequent colour in
both water and shrimp samples. The dominant plastic types were polyester in water samples, and rayon
in shrimp samples. Even though results from this study show a relatively low concentration of micro-
plastics in water samples in comparison with global studies, it is worth noticing that microplastics were
regularly detected in fresh waterbodies in Victoria, Australia. Compared with water samples, shrimp
contained a wider variety of plastic types, suggesting they may potentially behave as passive samplers of
microplastics pollution in freshwater environments.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Microplastics (microscopic plastic, 0.1 mme5 mm in size) are a
widespread anthropogenic pollutant (Phuong et al., 2016). They
globally occur in terrestrial, freshwater and marine ecosystems
(Cozar et al., 2014; Phuong et al., 2016; Prata, 2018; Reisser et al.,
2013) and have become a major pollutant in the environment
(Browne et al., 2011). Microplastics are found in many personal care
products, such as face cleaning soaps, and are also generated from
e by Eddy Y. Zeng.

).
synthetic fibres in clothing and plastic beads used for industrial
sandblasting (Chua et al., 2014). They are also created from the
fragmentation of macroplastics by UV light, water turbulence or
other physical or chemical degradation processes (Suhrhoff and
Scholz-Bottcher, 2016). Urban areas, particularly industrial areas,
and treated and untreated waste water are major sources of
microplastic pollution in inland waters (Nizzetto et al., 2016;
Windsor et al., 2019). Over 90% of microplastics are removed from
raw sewage by wastewater treatment plants and are retained in the
sludge/biosolids (Carr et al., 2016). About 110e180 t of sludge is
annually used as a fertiliser in agriculture in many regions (Nizzetto
et al., 2016), so the microplastics in sludge could be another source
of contamination to surface waters.

Severaldifferent samplingmethodshavebeenused formeasuring
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microplastics in environmental samples, which makes comparisons
between studies difficult (Prata et al., 2019). As environmental sam-
ples mainly reflect pollution across one time point, measuring
microplastics in animals may provide more information given that
microplaticsmay be retained in their body for a longer period of time
(Qu et al., 2018). Many microplastics have been reported to be
ingested by marine animals such as zooplankton, crustaceans, fish,
seabirds andmammals (Abbasi et al., 2018; Avio et al., 2017; Devriese
et al., 2015; Moore et al., 2001; Murray and Cowie, 2011; Van
Cauwenberghe and Janssen, 2014). Several studies have shown that
marine crustaceans are potentially ideal for assessing the occurrence
of microplastics due to their filter, suspension, and/or deposit-
feeding strategies (Abbasi et al., 2018; Dawson et al., 2018).
Compared with studies on marine species, there have been few
freshwater species used to assess microplastic pollution. Studies
surveying freshwater animals havemainly focused on higher trophic
levels such as freshwater fish (Sanchez et al., 2014; Su et al., 2019),
with fewer studies on macroinvertebrates (Nel et al., 2018; Su et al.,
2018; Windsor et al., 2019). Each test species has its own bias
depending on microplastic ingestion methods, behavioural re-
sponses to different types of microplastics, sizes and quantities of
microplastics and habitat preferences, so different bioindicators may
provide different information about microplastic pollution (Wesch
et al., 2016). So it is important to choose a species with a wide dis-
tribution and tolerance for environmental factors that are capable of
ingesting relatively large sizes of microplastics and can be compared
across temporal and spatial scales (Su et al., 2018).

The Australian glass shrimp Paratya australiensis (Family: Atyidae)
are common inhabitants of creeks, rivers and estuaries in Australia,
from south-eastern South Australia to southern Queensland, and
isolated populations also exist in northern Queensland (Cook et al.,
2006; Walsh, 1993). They also frequently inhabit lentic waterbodies
(Walsh,1993) and can tolerate a broad rangeof salinities fromfresh to
marine waters (Kefford et al., 2004). As P. australiensis is commonly
present in a variety of freshwater habitats, including moderately
polluted waterbodies (Chessman, 2003), they can be used to assess
microplastic pollution in degraded waters. Therefore, P. australiensis
is likely to be an ideal candidate species for biomonitoring micro-
plastic pollution.

Paratya australiensis has been used in ecotoxicology exposure
experimentswith heavymetals (Oulton et al., 2014; Vera et al., 2014),
herbicides (atrazine and molinate) (Phyu et al., 2005) and pesticides
(carbaryl, chlorpyrifos, cypermethrin, dimethoate, diuron and
fenarimol) (Kumar et al., 2010). This paper is the first study that has
assessed the occurrence of microplastics in P. australiensis or any
other kind of Australian native freshwater species. It is the first study
of its kind on freshwater crustaceans, globally.

Thispaper comparesmicroplastic occurrencebetween freshwater
water samples and shrimp inhabiting these freshwaters using a
native Australian species, and evaluates the potential of using
P. australiensis as a biomonitor ofmicroplastic pollution. In particular,
we: 1) sampled siteswith no continuous point sources of pollution in
Victoria, Australia, to make sure animal cohorts were not affected by
high concentrations of point-source pollutants, and investigated the
abundances and types of microplastics in water and shrimp respec-
tively; 2) compared the characteristics of microplastics between
water and shrimp samples; and 3) analysed the factors (shrimp size,
weight and microplastic types) that may influence the microplastic
uptake in shrimp.

2. Materials and methods

2.1. Research area and sample collections

Ten sites including streams and wetlands were surveyed from
the Greater Melbourne Area (GMA) and from the Goulburn River
catchment in northern central Victoria (Fig. 1; Supplementary
materials Table S1). The Goulburn River catchment is a highly
modified area for agriculture with a basin size of about 23,584 km2

(Shelton et al., 2001). The GMA is home to nearly 4.9 million people
with a catchment area of approximately 12,800 km2 (Sharley et al.,
2016). Sites A e E are located on the Goulburn River, and its trib-
utaries: Sites A - C are along the Goulburn River and located north
of the Great Dividing Range; Sites D and E are tributaries of the
Goulburn River. Sites FeH, J and K are located in the Melbourne
metropolitan area around the main city. These sites represented
different cohort or populations of P. australiensis. Water and shrimp
samples were collected once from each site during April to July
2018. All containers were rinsed using filtered deionised water
before use, with water containers rinsed with in situ water at each
site. Grab surface water samples (depth 0e5 cm) were collected
using three 5 L food-grade blue polypropylene jars at each site
around shrimp habitats, water samples were gently collected to
avoid the possible disturbance by re-suspended sediments. Paratya
australiensis were collected around macrophytes (edge habitats) in
waterbodies using macroinvertebrate dip nets. Whole shrimp
samples were sacrificed and placed in a 250 mL glass jar with
100 mL 70% filtered ethanol solution directly after sampling at each
site and stored at 4 �C until processing.

2.2. Isolation of microplastics

All equipment used for processing samples was rinsed by
filtered deionised water before use. Each water sample was filtered
within 48 h after collection. Accurate volumes of three replicates of
5 L water samples were measured using glass cylinders first, and
filtered through nylon membranes (Millipore NY2004700, pore
size ¼ 20 mm) using a vacuum pump in a fume hood separately.
Each membrane was quickly transferred into a clean Petri dish for
further examination.

Shrimp samples were processed within a week after collection.
Due to variation in shrimp abundances across sites, a total of 8e12
shrimp were randomly picked at each site and body length and
weight were recorded (Supplementary materials Table S2). The
shrimp were then rinsed with filtered deionised water to dislodge
any possible microplastics on their exoskeletons. The whole bodies
were placed individually into small glass vials with foil lids. Alka-
line hydrolysis was an important chemical for hydrolysing protein
compounds in recent studies, and sodium hydroxide (NaOH) was
verified as a good tool for undertaking soft animal tissue dissolving
experiments (Su et al., 2019). Shrimp samples were dissolved using
10mL 2N NaOH at 60 �C for 12 h in awater bath, which dissolved all
of the tissue within the exoskeleton. The exoskeleton could then be
picked out and examined, minimising errors in visual identifica-
tion. Once the tissue dissolved, the sample solutions were filtered
through 0.45 mm nitrocellulose membranes (Millipore
HAWP04700) using a vacuum pump in a fume hood. Each filtered
membrane was then quickly placed in a clean Petri dish and
covered with a lid for examination.

2.3. Observation and validation of microplastics

Microplastics on these filter membranes were observed using a
Leica M125 Stereo microscope attached with a Leica MC 170 HD
digital camera. Visual assessments were conducted to identify
microplastics based on their physical identities and photos were
taken to record their size, shape, colour and number. Microplastics
were categorised into 4 shapes: fibre, film, fragment and pellet (Su
et al., 2018). Sizes of items were measured under Image J, fibres
were measured using the freehand line tool from the start to end,



Fig. 1. Locations of sampling sites within Victoria, Australia.
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and film, fragment and pellet were measured using the straight-
line tool to measure the maximum widths.

To ensure the accuracy of identifying microplastics ingested by
shrimp and to understand the composition of microplastics, we
conducted a 100% FT-IR validation of the visually identified 199
items from shrimp samples. Sixty-two items including suspected
ones after visual identifications were selected from the visually
identified 107 items in water samples for validation, with a vali-
dation rate of 57.9%, which is above the recommended level (50%)
(Hermsen et al., 2018). The specific polymer composition was
determined under the attenuated total reflection (ATR) mode of a
micro-Fourier Transform Infrared Spectroscopy (m-FT-IR, Bruker,
LUMOS). All spectra were compared with a database from Bruker to
verify. The spectra matching with a quality index more than 70%
were accepted. The abundances of microplastics in shrimp and
water were re-calculated by deducting the verified non-plastics.
2.4. Quality control of the experiment

Due to the ubiquitous presence of microplastics in the indoor
environment, we undertook strict quality control to minimise the
contamination of microplastics. The deionised water and NaOH
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solution applied in this studywere all filtered using 20 mmpore size
membranes (Millipore NY2004700) in a fume hood before use.
Wearing white cotton lab coats and clean nitrile examination
gloves were mandatory during the experimental processes. Work-
ing surfaces were cleaned thoroughly before processing the sam-
ples. Before processing samples, 3 thoroughly cleaned Petri dishes
were exposed in the fume hood for 30 min to check for background
contamination, and no microplastics were found inside the Petri
dishes.

We set up one blank control for every 2 shrimp samples and
every 3 water samples, with a total of 50 blanks for shrimp and 10
blanks for water. For each blank, shrimp bodies were replaced by
2 mL filtered deionised water; blanks for water were conducted in
5 L filtered deionised water. Each blank were performed simulta-
neously with samples processing procedures. Nine items were
found in blanks for shrimp samples, which equated to 0.18 items/
ind., 0.09 items/g and a detection rate of 12%. Eight items were
found in blanks for water samples and equated to 0.16 items/L. The
results of this study were subtracted the mean level of background
contamination data from those blanks.

There are two possible ways contamination of microplastics can
occur during the sample processing procedures. Firstly, contami-
nation may have occurred during the filtering of water samples
with the nylon membrane. While this is a commonly used method
for filtering environment samples quickly and avoids the possible
contamination from the surrounding air (Li et al., 2018; Su et al.,
2019), fibres from the nylon filter may have introduced some fi-
bres. These fibres are however very different to the sampled items.
To minimise contamination of nylon, all of the membranes were
rinsed using the filtered deionised water before use and observa-
tion verification for microplastics before undergoing FT-IR analysis
was conducted. Secondly, contamination may have come from the
blue portable jars. To minimise the risk each jar was filled with
filtered deionised water for 48 h before sampling. They were all
checked visually and no microplastic pieces were found in any of
the jars.

70% ethanol was used to preserve the shrimp samples, which is
a common preservative for invertebrate samples (Devriese et al.,
2015; Windsor et al., 2019). It has been reported that some poly-
mers like polyurethane and polycarbonate are incompatible with
ethanol (Chambers et al., 2006). These polymers are generally not
reported in samples from previous field surveys, so it is not
considered to be an issue in the current study.
Fig. 2. Percentage of polymers identified within d
2.5. Data analysis

Microsoft Excel 2016 and SPSS 20.0 were used for data analysis.
Since the data from this study were not normally distributed,
Kruskal-Wallis Test was used to test for significant differences
among different groups of data. A significance level of 0.05 was
chosen. Map datawas generated using Arc GIS 10.2. Microsoft Excel
2016 and Prism 9 were used for exporting data graphs.

3. Results

3.1. Polymer identification in shrimp and water samples

A total of 72 out of 199 items (36.2%) in shrimp were confirmed
as plastic using micro-Fourier Transform Infrared Spectroscopy. Of
those verified microplastics, 11 polymer types were identified
(Supplementary materials Table S3). The most commonly observed
in shrimp was rayon (22.6%) which was present at all 10 sites.
Polyester was the second most abundant item (7.5%) and was
present at 9 sites. The remaining 9 types of plastics were compar-
atively uncommon and occurred at only 1 or 2 sites (Fig. 2; Sup-
plementary materials Fig. S1).

A total of 107 items were observed within the water samples. Of
these, 62 items from 9 sites were selected for FT-IR analyses in
water samples, and 39 items were verified as plastics (62.9%),
comprising of 9 polymer types (Supplementary materials Table S4).
Polyester (30.6%) was the dominant polymer appearing in 7 sites,
followed by polyamide (12.9%) in 4 sites and rayon (8.1%) in 3 sites
(Fig. 2). The other 6 polymer types were collected from 1 to 2 sites
respectively (Fig. 2; Supplementary materials Fig. S1).

3.2. Abundances of microplastics in shrimp and water samples

Overall, 36% of shrimp across all sites contained microplastics,
however there was large variation encountered between the
number of microplastics observed within individuals at a particular
site (Table 1). The average abundance (and the standard deviation)
of microplastics in shrimp bodies was 0.52 ± 0.55 items/ind, or
2.4 ± 3.1 items/g. In water samples, 45 items of microplastics were
identified by their physical identities, and another 39 were verified
by FT-IR results, so a total of 84 microplastics were detected from
water samples. The average abundance (and the standard devia-
tion) of microplastics in water samples was 0.40 ± 0.27 items/L
ifferent sampling sites in Victoria, Australia.



Table 1
Abundances of microplastics in shrimp Paratya Australiensis and water samples from
each site*.

site shrimp water

items/ind items/g ww %detection items/L

A 0.32 ± 0.76 18 ± 45 26 0.11 ± 0.11
B 0.40 ± 0.90 3.8 ± 6.3 21 0.43 ± 0.19
C 0.40 ± 0.67 8.2 ± 13 38 0.56 ± 0.21
D 0.70 ± 0.83 83 ± 95 51 0.25 ± 0.42
E 0.57 ± 0.75 5.2 ± 5.8 46 0.65 ± 0.42
F 1.4 ± 2.1 8.5 ± 11 46 0.24 ± 0.20
G 0.45 ± 0.74 3.5 ± 4.4 38 0.72 ± 0.29
H 0.40 ± 0.79 4.0 ± 5.9 30 0.43 ± 0.52
J 0.45 ± 0.52 5.7 ± 6.0 51 0.45 ± 0.01
K 0.070 ± 0.46 0.78 ± 1.6 13 0.17 ± 0.31
Total 0.52 ± 0.55 24 ± 31 36 0.40 ± 0.27
p** 0.766 0.357 e 0.207

*Water samples from all sites contained microplastics, with a detection rate of 100%
in each site. Abundances data are the average abundances and standard deviations.
** P-value was acquired from the Kruskal-Wallis Test, indicating the significant
difference of microplastics abundance in water and shrimp among sampling sites.
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across all sites. Water samples from each site contained micro-
plastics, and less variationwithin sites was observed. Therewere no
significant differences found in the variation of microplastic
abundance in shrimp andwater across different sites (Table 1). Blue
was the dominant microplastic colour for both water (45%) and
shrimp samples (90%) (Table 2).
3.3. Characteristics of microplastics in water and shrimp samples

Based on all water and shrimp samples, fibre was the most
common polymer type that was present in all samples and
comprised 58.3%e100.0% of the total polymers observed at each
site (Fig. 3A and B). Almost all plastics observed in shrimp were
fibres, with only 1 fragment found in the 100 shrimp sampled
(Fig. 3B; Supplementary materials Fig. S2). Films and pellets were
only found inwater samples (n¼ 4 and 1 respectively). Microplastic
diameters ranged from 0.036 to 4.668 mm in water
(mean ¼ 0.942 ± 0.835 mm) and 0.190e4.214 mm in shrimp
(mean ¼ 0.764 ± 0.575 mm) (Fig. 3C and D). Overall, 66.7% of
plastics in water and 75.0% in shrimp were less than 1 mm in size
(Fig. 4). Microplastics found in the water were larger on average
than those found in shrimp (Fig. 4); however, this difference was
not statistically significant (P > 0.05).
3.4. Microplastics uptake depends on size and weight of shrimp

For shrimp samples, we calculated microplastic abundance in
each individual and tested significant differences in different
groups. There were no significant correlations found between the
Table 2
Colour distributions of microplastics from water and shrimp samples.

Colour Number of items Percentage of items (%)

Water Shrimp Water Shrimp

Black 7 e 8.3 e

Blue 38 65 45 90
Green 1 1 1.2 1.4
Red 6 3 7.1 4.2
Transparent 18 2 21 2.8
White 6 e 7.1 e

Yellow 8 e 9.5 e

Gray e 1 e 1.4
Total 84 72
size/total weight, of shrimp and the abundance of microplastics
found in their bodies (p > 0.05) (Fig. 5 A and C). The lengths/
weights of shrimp in both detect and absent groups were largely in
the same range, therewas no significant positive correlation in each
group of data (p > 0.05) (Fig. 5 B and D).

4. Discussion

This study has provided an initial knowledge of microplastic
pollution in Australian native freshwater species, and provided a
new pathway for undergoing microplastics biomonitoring experi-
ments in the field using healthy animals. In general, a variety of
invertebrate animals have been identified as being potentially good
bioindicators of microplastic pollution in their respective habitats
based on their life-history strategies (Abbasi et al., 2018; Avio et al.,
2017; Ory et al., 2017; Sanchez et al., 2014). Compared to micro-
plastic pollution studies with marine organisms, there is still a lack
of knowledge in freshwater organisms. This is the first time that a
freshwater crustacean has been used as a bioindicator to assess
microplastic pollution. Paratya australiensis in freshwater environ-
ments are one of the most common crustaceans in Australia and
may be an ideal bioindicator to biomonitor microplastic pollution.

4.1. The level and trend of microplastic pollution in Victoria,
Australia

Summary results of other studies investigating microplastic
pollution in freshwater around the world are presented in Table 3.
Even though the sampling sites, method and seasons were quite
different in these studies, there are relatively lower concentrations
of microplastics in this study compared to many other studies
globally. Our study suggested that Victorian waterways in Australia
had higher microplastic concentrations than those reported from
Europe and Japan, but lower concentrations than those reported in
China and the USA. However, some of the studies cited collected
water samples from polluted waterbodies that regularly receive
treated wastewaters and/or industrial runoff. For our study, we
focused on surveying waterbodies where there was no direct
source of microplastic pollution within close proximity; the results
suggest that the microplastics pollution in Australia is largely
ubiquitous within rural and urban areas.

In this study, there were no significant differences in water or
shrimp samples across different sites. Based on data from Table .1,
in Goulburn River catchment the microplastic abundance in
waterbodies was generally higher in a headwater site E compared
with sites in the mainstream (A to C). But it was hard to compare
the concentrations between shrimp and water samples within one
site, as the concentrations may be significantly different like site D
and F. As an irregular creek, Site D may experience some pollution
events from upstream. Site F is a creek located in the north of the
GMA, this creek was intermittently polluted by farmlands and
dwellings’ wastes. When the polluting events happened in these
sites, microplastics in the water may flush downstream or accu-
mulate in the sediment in a short period of time, while the
microplastics captured by animals may have persisted for a longer
time. Based on experiments in our lab, this species usually keep
their gut contents for 12e24 h, with some individuals still con-
taining microplastics after 48 h. Similar results were also found in
other crustacean species (Chua et al., 2014; Dawson et al., 2018;
Gray and Weinstein, 2017). These results indicate that using or-
ganisms to survey microplastics can provide longer-term data of
the microplastics polluting events, and using shrimp as a bio-
monitoring tool is effective and convenient due to their broader
daily swimming areas and faster water filtering speeds (Dawson
et al., 2018). They may also capture relatively smaller



Fig. 3. Type and size distribution of microplastics from water (A and C) and shrimp (B and D) samples in 10 different sites.

Fig. 4. Size distribution of microplastics in water and shrimp.
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microplastics in the environment, and make microplastics easier to
find and detect. Site K is a protected drinking water supply catch-
ment for a part of GMA resident, yet even within this area, some
microplastics were still present.

4.2. Biomonitoring microplastics using freshwater species

Prior to this study there have only been three studies that have
assessed microplastics in freshwater macroinvertebrates. Windsor
et al. (2019) surveyed macroinvertebrates in the vicinity of
treated wastewater treatment plant discharges in South Wales
valleys, United Kingdom, and observed a mean microplastic
detection rate of approximately 50%. Nel et al. (2018) examined
chironomids from a series of polluted sites along the Bloukrans
River, South Africa, and reported amean detection rate of 86.5% and
0.37e1.12 items/mg ww. Su et al. (2018) surveyed Asian clam
(Corbicula fluminea) from the Yangtze River Delta, China, and the
average detection rate and abundance was 96% and 2.5 items/ind.

Even though Paratya australiensis is relatively smaller than other
freshwater species (such as fish) used in biomonitoring micro-
plastics, it has been shown to be a useful tool for biomonitoring
microplastics based on our results. We conducted FTIR verifications
for all picked items in shrimp and treated failed verified items as
non-plastic to make sure all of the results presented were plastics.
By using this method in this study, the detection rate was still 36%,
with an average abundance of 0.52 items/ind (23.73 items/g ww).
Given different studies have targeted species of different sizes and
biomasses, it is hard to compare the data directly, but it can be
largely concluded that the detection rate of microplastics was in
relatively low prevalence in these sites compared to similar studies,



Fig. 5. Microplastic abundance in relation to length and weight of shrimp (A and C), and Size and weight distribution of shrimp (B and D) with and without microplastics.

Table 3
Studies on microplastic pollution in freshwater samples around the world.

Location Abundancea(items/L) Primary polymer Reference

Freshwater waterbodies in Victoria, Australia 0.4 PE, PA This study
Yangtze River Estuary, China 4.1373 N/A Zhao et al. (2014)
Three Gorges Reservoir, China 4.703 PS, PP, PE Di and Wang (2018)
Urban waters of Wuhan, China Lake: 1.66e8.925, River: 2.5167e2.933 PETE, PP Wang et al. (2017)
Middle-Lower Yangtze River Basin, China 0.5e3.1 Cellophane, PETE, PET Su et al. (2018)
Carpathian basin, Europe 0.004e0.032 PP, PE Bordos et al. (2019)
Rivers in Japan 0.0016 N/A Kataoka et al. (2019)
Pearl River estuary, China urban section: 19.86, estuary: 8.902 PA, Cellophane Yan et al. (2019)
Snake and Lower Columbia Rivers, USA 0.91 N/A Kapp and Yeatman (2018)
Gallatin watershed, USA 1.2 Rayon, PET Barrows et al. (2018)
Antua River, Portugal 0.058e1.265 PE, PP Rodrigues et al. (2018)
Lake Chiusi, Italy 0.00048e0.000282 N/A Fischer et al. (2016)
Lake Bolsena, Italy 0.00021e0.000408 N/A Fischer et al. (2016)

a Mean values or data ranges from surveys.
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but the average concentrations in shrimp bodies was much higher
than the result from Nel et al. (2018). Thus, Paratya australiensis has
greater potential in biomonitoring microplastics, even though the
sampling sizes needed may be greater than other
macroinvertebrates.
4.3. Characteristics of microplastics in water and shrimp samples

Results (Fig. 3B; Supplementary materials Fig. S2) showed that
shrimp mainly ingested microfibers, but not the other 3 types
(films, pellets and fragments); while all 4 types were found inwater
samples, even though fibres were still the dominant type (Fig. 3A).
Larger plastic pieces are unable to break down into smaller parts in
a short period of time in the environment (Weinstein et al., 2016),
and are unlikely to be ingested by macroinvertebrates due to their
larger sizes, so we may not be able to find a lot of pellets, films and
fragments in macroinvertebrates. On the other hand, microfibres
are relatively smaller and can directly be generated by daily human
activities and had higher concentrations in thewater than the other
3 types, so they may be easier to capture by macroinvertebrates in
the water environment. Results from Asian clams also suggested
microfibers were the most common type in organisms (Su et al.,
2018).

There were no significant differences in the size of microplastics
observed between water and shrimp. However, microplastic sizes
uptakes by shrimp were generally smaller than those from water
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samples (Fig. 4), although the extra small plastics (e.g. nano-
plastics) might be missing from our observations due to the limi-
tations of the method. Due to the tiny size and ingestion behaviours
of shrimp, they tend to ingest relatively smaller microplastics.

Microplastic uptake was unaffected by shrimp size and weight
(Fig. 5B and D). Usually, large shrimp have heavier bodies, fully
developed ingestion systems and are older than small shrimp
(Walsh, 1993), but there were no large differences for the micro-
plastic ingestion rates and behaviours between larger and smaller
shrimp from our results. However, given that the number of shrimp
and size ranges were limited in this study, the relationship between
microplastic ingestion rates and sizes of shrimp should be inves-
tigated in the future.

Even though there weremore types of microplastics ingested by
shrimp based on results of polymer identifications, there were still
certain types that only appeared in water samples (Fig. 2). More-
over, from the colour distribution results, almost all of the items we
found in shrimp bodies were blue in colour, despite there being a
wide assortment of other colours in the water samples. A 2017
study on microplastic ingestion in fish (Decapterus muroadsi) sug-
gested that they could confuse blue microplastics with their
similarly-coloured prey (Ory et al., 2017), but it is not known if
shrimp may have evolved behavioural preferences on their inges-
tion of foodstuffs regarding colouration. Results also suggest that in
order to comprehensively understand the occurrence of micro-
plastics in a freshwater environment both surface water and an
organism, such as a shrimp should be used.

5. Conclusion

This study surveyed the microplastic pollution extant within
Australian fresh waterbodies using an indigenous shrimp species
Paratya australiensis, as well as a more conventional bioindicator of
microplastic pollution. The results suggest that microplastics were
widely distributed across different areas in Victoria, Australia,
although the concentrations were not high compared to other
freshwater studies globally. By including the shrimp in our study,
we found that they primarily ingest microplastics of a particular
type and colour, and ingest a broad range of sizes of microfibers.
This suggests they may be a promising tool for future bio-
monitoring of microplastic pollution within the environment.
Also, future surveys of microplastics in the environment should
consider including both point-source sampling and passive sam-
plers to strengthen our understanding between the two.
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