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Abstract: Microplastic (MP) pollution in Antarctica is a hot topic that has gained increasing attention
in recent years. However, information regarding MP pollution in Antarctic fishes is currently very
limited. The present study provides the first evidence of the occurrence and characteristics of MPs in
species from five families of the order Perciformes, from the Amundsen Sea (AS) and Ross Sea (RS),
Antarctica. MP abundances within the order Perciformes were at a medium level on a global scale,
but were higher than those reported in other Antarctic organisms. The detection rate and abundance
of MPs in the order Perciformes from the RS (50% and 1.286 items individual ~1) were both higher
than those from the AS (36% and 1.227 items individual_l). Moreover, the major composition and
size of MPs were, respectively, polyacrylamide (PAM) and 100-200 um in the RS, but rayon and
500-1000 um in the AS. These differences may be attributed to the different onshore scientific research
stations, wastewater treatment facilities, marine activities, ocean currents, and local gyres in the two
sea areas. Among the five fish families, members of the Artedidraconidae ingested the smallest MPs
and the highest proportion of PAM, which is probably associated with their habitat and degradation
effect of unique gut microbiome. The higher hazard index of MPs in fish from the RS is due to the
presence of PAM and epoxy resin, which may also have far-reaching health implications for other
Antarctic organisms and humans through food web transmission. Overall, long-term monitoring of
MP pollution in Antarctic fish and their surrounding marine environment is highly desirable.

Keywords: microplastics; Amundsen Sea; Ross Sea; order Perciformes; risk assessment

1. Introduction

The continuous accumulation of plastic waste in marine environments has attracted
increasing attention in various fields, and marine plastic pollution has been listed as a
major global environmental threat along with climate change, ozone depletion, and ocean
acidification [1]. An increasing number of studies have demonstrated the detrimental
effects of anthropogenic plastic pollution on marine species and ecosystems [2]. To date,
nearly everywhere on Earth has been exposed to plastics, from remote islands to deep seas,
and even the polar regions [3-7]. A myriad of microplastics (MPs), generally defined as
smaller than 5 mm, are produced directly in the size or as a result of plastic degradation
through a series of physicochemical and biological processes [8,9]. Serious concerns have
been raised about the spread of MPs within food chains and their potential impacts on the
species ingesting them [7,10,11].

The Antarctic continent is considered an almost unpopulated region, where human
impact remains probably the lowest on the planet [12,13]. Antarctic waters are isolated from
the northern oceans by strong circumpolar frontal systems which provide a relatively sub-
stantial barrier to the transfer of MPs [3,14]. However, the Antarctic Polar Front meanders
seasonally, and the generation of eddies could provide potential southward paths for some
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materials [12,15]. Recent evidence has shown the presence of MPs in Antarctic environ-
ments and animals, such as surface waters [16,17], deep-sea sediments [18], amphipods [19],
sea stars [20], penguins and sea birds [21,22], and mammals [23]. Various types of MPs
have been detected in the Antarctic region, including polyethylene (PE), polypropylene
(PP), polystyrene (PS), polyvinylchloride (PVC), rayon, resin, polyamide (PA), acrylic (AC),
polyester (PES), polyethylene terephthalate (PET), and polytetrafluoroethylene (PTFE),
indicating their ubiquitous occurrence and multiple sources in Antarctica [7,12,24]. These
MPs may be derived from ocean circulation as well as human activities within the Antarctic
region, such as scientific research bases and ship activities (scientific research, fishing, and
tourism), but their specific sources and distribution remain unclear [3,12,25].

Fish are important consumers in the Antarctic ecosystem because they play an im-
portant role in circulating energy in the marine food web [26,27]. A large proportion of
the biodiversity and endemic biomass composition of Antarctic fish are predominantly
benthic fish, such as most of those belonging to the order Perciformes [26]. Perciform fish
families are widely distributed in Antarctic waters. However, to date, most studies have
focused on Antarctic animals such as penguins and seals, as well as seabirds, with only rare
investigations of fish [7]. Inside organisms, MPs accumulate persistent and toxic organic
pollutants, which may eventually reach humans [28-30]. However, no conclusive evidence
of the negative effects of plastics on Antarctic fish has been reported. Studying the status
of MPs pollution in Antarctic fish (particularly in dominant species) can provide a critical
theoretical and practical basis for understanding the potential impacts of MPs in Antarctic
ecosystems. Lithner et al. (2011) carried out environmental and health hazard rankings and
assessments of plastic polymers based on their monomers [31,32]. This study used polymer
monomers of MPs and hazard scores as indices to assess the risk of MPs to Antarctic fish
and human health.

The Ross Sea (RS), between Victoria Land and Marie Byrd Land, provides a habitat
for a diverse array of benthic and mesopelagic species, and top predators that benefit from
its nutrient-rich water [17]. Meanwhile, scientific investigations are frequent in this region
owing to the existence of several research bases, such as the Mario Zucchelli Base in Terra
Nova Bay, RS [33]. In addition, wastewater treatment plants, ship traffic (research, fishing,
and tourism), RS gyres, and other currents could all promote the release of MPs at the
local scale [12,33,34]. The Amundsen Sea (AS) lies between Cape Flying Fish (northwestern
tip of Thurston Island) to the east and Cape Dart (Siple Island) to the west [35]. The
westward-flowing Antarctic Coastal Current and research activities at the Siple Island
and Russkaya bases may largely contribute to the occurrence of MPs in this sea area [36].
However, knowledge of the differences in MP contamination between the RS and AS is still
scarce, and there is virtually no information about the potential influence of MPs on fish in
these two sea areas.

The purposes of this study were to: (i) compare MP pollution in the order Perciformes
between the RS and AS; (ii) compare MP pollution among different families of order
Perciformes in the two areas; and (iii) assess the risk of MPs in the order Perciformes based
on the chemical hazards of plastic polymers.

2. Materials and Methods
2.1. Field Sampling and Data Collection

Samples were collected from six sites in Antarctica using a bottom trawling net (2.2 m
wide, 0.65 m high, 6.5 m long, 20 mm mesh diameter). Two sampling sites were in the RS
ranging from 170°33/00” E to 175°23'59" E, 74°59'52" S to 74°59'55" S. Four sampling sites
were in the AS ranging from 113°20'45” W to 117°19'20” W, 72°15'17" S to 73°31'09” S
(Figure 1). The specific environment information of six sites was collected (Table 1).
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Figure 1. Sampling sites in the AS and RS: (a) overall map; (b) local map.
Table 1. The environmental information of the six sites.
Site Depth/m Salinity Temperature/°C
Al11-01 622 31.71 —1.800
Al11-02 659 32.25 —1.800
Al11-03 609 31.71 —1.800
Al1-04 502 30.62 —1.800
R1-05 332 31.38 —0.203
R1-07 285 31.71 0.204

A total of 36 Antarctic fish samples were collected, all of which belong to the class
Actinopterygii, order Perciformes. Among these, 22 fish samples belonging to five families
(Nototheniidae, Channichthyidae, Artedidraconidae, Bathydraconidae, and Zoarcidae)
were caught in the AS. The remaining 14 fish samples, belonging to four families (No-
totheniidae, Channichthyidae, Artedidraconidae, and Zoarcidae), were sampled from the
RS. Overall, a total of 10 fish species from five families were sampled from the RS and AS.
Representative images of the 10 fish species are shown in Figure 2. All fish were wrapped
with aluminium foil and kept in clean sealed bags, which were frozen in a refrigerator at
—20 °C until analysis (from March to December 2020). The animal study protocol was
approved by the ethics committee of Xiamen University (XMULAC20190066).

Figure 2. The 10 fish species in five families collected in the AS and RS: (a) Trematomus scotti;
(b) Pagetopsis maculatus; (c) Dacodraco hunteri; (d) Chionodraco myersi; (e) Dolloidraco longedorsalis;
(f) Histiodraco velifer; (g) Pogonophryne albipinna; (h) Vomeridens infuscipinnis; (i) Akarotaxis nudiceps;
(j) Ophthalmolycus amberensis.
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2.2. Digestion of Samples and MP Analysis

After defrosting, physiological information including body length and weight was
measured and recorded for each sample. The gastrointestinal tract was dissected for MP
extraction as described previously [37,38]. Briefly, each gastrointestinal tract was transferred
into a 1 L glass beaker and 10% KOH (w/v) solution was added to immerse the sample
absolutely. Then the digestion process lasted for 18-24 h at 60 °C and 300 rpm in an
oscillation incubator until the tissues were digested completely. KOH was used due to it
has higher efficiency in digesting biological tissues and had no impact on the integrity and
appearance of the plastic polymers compared to other digesting solutions under the same
condition [39-41].

Subsequently, the digestion solution was added with the same volume of saturated
sodium chloride solution (1.2 g mL~!) and stayed overnight in short-stemmed glass funnels
to improve the flotation efficiency of MPs. Afterwards, the overlying solution was filtered
through a GF/A cellulose nitrate membrane filter (1.6 um pore size and 47 mm diameter,
Whatman). The filters were stored in covered glass Petri dishes for further analysis.

The filters were observed using a Nikon P-RN2 stereo microscope equipped with
a DS-Fi3 charge-coupled device (CCD) camera (Nikon Corporation, Tokyo, Japan). Sus-
pected MPs on the filters were photographed and picked out using a needle and tweezers.
The sizes of the suspected MPs were measured using the NIS element imaging software
(version 5.20.00, Nikon Corporation, Tokyo, Japan). All suspected MPs were identified
using Fourier transform infrared microscopy (u-FTIR) (Nicolet iN10, Thermo Fisher Sci-
entific Inc., Waltham, MA, USA). The instrument parameters were set as follows: spectral
wavenumber range of 6754000 cm ! with a resolution of 4 cm~! and 32 co-scans. The ob-
tained spectra were compared with the database from Thermo Fisher (Waltham, MA, USA),
and a matching degree >70% between the sample and standard spectra was considered
acceptable [38,42]. The detection limit for MP size in the present study was 10 um.

2.3. Quality Assurance/Quality Control (QA/QC)

QA /QC was performed as reported previously [37,42]. In short, all plastic materials
were excluded and rinsed with pre-filtered Milli-Q (MQ) water three times before use. All
fish were thoroughly washed with pre-filtrated MQ water thrice to avoid contaminating
the digestive tracts prior to dissection. Latex gloves and 100% white cotton lab coats were
worn throughout the experimental process. All reagents were filtered over a GF/ A filter
and stored hermetically. The samples were treated inside an ultra-clean work table (Airtech,
Suzhou, China) with a vertical wind, which was placed in a specialised laboratory where all
plastic materials were strictly prohibited. Three procedural blanks were created by filling
the pre-cleaned beakers with filtered MQ water and processed synchronously to monitor
background contamination. No MPs were detected in the procedural blanks.

2.4. Risk Assessment of MPs on Human Health and Organisms

The health risk level of Lithner’s model refers to the potential hazard to human health
and organisms [31]. Five levels (I-V) are defined according to hazard grades ranging from
0 to 10,000. Level V is the most hazardous (the hazard score ranges from 1000 to 10,000)
and may cause cancer; Level IV (the hazard score ranges from 100 to 1000) may cause skin
sensitisation and is very toxic to aquatic life with long-lasting effects; Level III (the hazard
score ranges from 10 to 100) may be toxic if inhaled, swallowed, or in contact with skin
and also very acute toxic to aquatic life; Level II (the hazard score ranges from 1 to 10) may
cause skin, eye, and respiratory irritation and is harmful if inhaled or swallowed; Level I
(the hazard score ranges from 0 to 1) is the least toxic option and may only be classified as
highly flammable and liquid substances. The formula used to calculate the polymer hazard
risk index (H) in this study was based on previous study [32]. The H values in this study
were calculated by multiplying the percentage of MP polymer types in each fish by the
hazard score of the MP polymers, which could be obtained from the datasheet of Lithner’s
model [31,38].
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2.5. Statistical Analysis

The abundance and size of MPs in Antarctic fish were expressed as the average +
standard error (S.E.). SPSS 26.0 for Windows software (SPSS Inc., Chicago, IL, USA) was
used for statistical analyses. The Shapiro-Wilk test was used to analyse the normality of all
data. If the data were abnormally distributed, the Kruskal-Wallis test was used to identify
significant differences. If the data were normally distributed, then a homogeneity test of
variances was conducted using Levene’s test. One-way analysis of variance (ANOVA)
followed by Tukey’s honest significant difference (HSD) test (homogeneity of variance). If
the data showed an abnormal distribution or heterogeneity of variance, a nonparametric
test followed by the Mann-Whitney U test was performed. Differences were considered
statistically significant at p < 0.05.

The comparison of MP contamination and health hazard levels in the order Perciformes
was performed between RS and AS. However, the comparison of MP contamination and
health hazard levels among five fish families of order Perciformes was carried out only in
the AS due to the sample quantity of most families in the RS did not meet the statistical
requirements (n > 3).

3. Results
3.1. Biological Characteristics of Collected Fish Samples

All five families represented in the collected samples comprise demersal fish. The
preferred water depths of Nototheniidae, Channichthyidae, Artedidraconidae, Bathydra-
conidae, and Zoarcidae range from 20-793, 200-800, 203-1674, 371-915, and 140-826 m,
respectively (Table 2). The distribution ranges and body lengths of the fish species are
presented in Table 2.

Table 2. The biological characteristics of the collected 10 species of fish in 5 families.

Genus Depth Number of Feeding Average
Family Speci ! Distribution ? Range ? Samples/ Life Stage Method Length/cm
pecies /m Individue ethods (Average + SD)
Southern Ocean:
South Shetland,
Nototheniid ?emiomu& South Orkney 20-793 22 8 Juveniles, o orea 12.22 £ 1.50
ototheniidae m?cf) t(;;nus islands, RS, Breid Bay, B 14 Adults arnivore ’ :
Weddell Sea, and
Antarctic Peninsula
Pagetopsis, Southern Ocean:
Pagetopsis circum-Antarctic on 200-800 1 Adult Carnivore [43] 15.80°
maculatus the continental shelf
Southern Ocean:
Dacodraco, babl
Channichthyidae Dacodraco __ brobaby 300-800 1 Adult Carnivore [43] 2250°
hunteri c1rcum—Antarct1C on
the continental shelf
Chionodraco, Southern Ocean:
Chionodraco circum-Antarctic on 200-800 2 Adults Carnivore @ 24.05 + 3.61
myersi the continental shelf
Southern Ocean:
Dolloidraco, Weddell Sea, Graham
Dolloidraco Land, Queen Mary 203-1145 3 Adults Carnivore @ 10.93 £+ 0.90
longedorsalis Land, South Victoria
Land
Southern Ocean: East
Artedidraconidae Histiodraco, Antarctica (South
Histiodraco Victoria Land, 210-667 1 Adult Carnivore [44] 16.50b
velifer MacRobertson Land,
RS, Weddell Sea)
Pogonophryne,
Pogonophryne Southern Ocean: RS 1565-1674 1 Adult Carnivore [45] 850"

albipinna
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Table 2. Cont.

Genus Depth Number of Feedin Average
Family S ecieg Distribution 2 Range ? Samples/ Life Stage Metho dgs Length/cm
P /m Individue (Average + SD)
Southern Ocean:
Vomeridens, Weddell and RSs,
Vomeridens South Orkney Islands 500-813 1 Adult Carnivore [46] 21.50°
infuscipinnis and Antarctic
Peninsula
Bathydraconidae Southern Ocean:
Akarotaxis Antarctic continental
Akarotaxis Shellf and VYQSt of 371-915 2 Adults Carnivore [46] 12.75 4+ 0.21
nudiceps Adelaide Island at
the Antarctic
Peninsula
Ophthalmolycus, . .
Zoarcidae Ophthalmolycus ~ SOUthern Ocean: 140-826 2 uvenile, o ivore[47] 2535+ 5.16
amberensis circum-Antarctic 1 Adult

18%

A
4%

7%

7%

4% 4% 4%

7%

2 Information came from FishBase: https://fishbase.org (accessed on 6 May 2022). b Only one sample was
collected. The feeding methods of all species were based on the food items they ingested.

3.2. Comparison of MP Contamination in Order Perciformes between Two Sea Areas

A total of 27 MPs were detected in the gastrointestinal tracts of 22 perciform fish
specimens caught in the AS, with a detection rate of 36.36%. The detection rate means the
proportion of fish in which MPs were detected in their gastrointestinal tracts. The average
abundance of MPs was 1.227 items individual ~! (1.914 items g~'). The composition of
the MPs in the AS could be classified into ten types: PP, rayon, PES, polyacrylamide
(PAM), epoxy resin, hydrocarbon resin, styrene resin, Saran ribbon yarn (SRY), AC, and PA
(Figure 3a). Among them, rayon was the dominant polymer type. The size of MPs ranged
from 57.98 to 6124.40 um (average 862.82 um). The predominant size range of MPs was
500-1000 um (Figure 4). The colours of MPs were classified into seven categories: black,
transparent, yellow, green, blue, white, and gold (Figure 5a). Black, clear, and yellow were
the three most common colours, accounting for 26% each. Fibre was the most prevalent
MP in AS (66.70%), followed by fragments (29.60%) and particles (3.70%).

= PP
0,

Hrayon 1% 5% 11% mrr

4 PES ®rayon

= PAM 4 PES

BAC " PAM

HPA HEVA

4SRY i henequen
15% H epoxy resin

H styrene resin

& hydrocarbon resin

@) (b)

Figure 3. The percentages of different compositions of MPs in order Perciformes: (a) in the AS; (b) in
the RS, Antarctica.

A total of 18 MPs were detected in the gastrointestinal tract of 14 Perciformes individ-
uals caught in the RS, with a detection rate of 50%. The average abundance of MPs was
1.286 items individual ~! (1.951 items g~!). The MP abundance in the RS was higher than
that in the AS, but no statistical difference was observed. The polymer types of MPs in the
RS could be classified into six categories: PP, rayon, PES, PAM, ethylene vinyl acetate (EVA),
and henequen (Figure 3b). Among these, the dominant polymer type was PAM. The size
of MPs ranged from 13.13 to 3090.41 um (average 669.57 um). Shorter MPs, ranging from
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11%

3%

100 to 200 pm, accounted for the dominant proportion of all MPs (Figure 4). The colours
of the MPs were classified into six categories: black, transparent, yellow, green, grey, and
pink (Figure 5b). The major colours were the same as those of AS, with black, transparent,
and yellow accounting for 39%, 28%, and 11%, respectively. Fibre was the predominant
polymer (50%), followed by particles (33%), and fragments (17%).

10,000+ I As
3.7% ] 5.000-10,000 M rs
4,000-5,000
3,000-4,000 [ 5.6%
3.7% ] 2,000-3,000
37% ] 1,000-2,000 [ 16.7%
25.9% [ 7o0-1000 [ 11%
20.6% G 500700 W s5e%
74% [l  300-500
74% [l  200-300

14.8% [ 100200 NN 50.0%

37%  50-100

0-50 | JVRLA

75 50 25 00 00 25 50 75
Size/um

Figure 4. The quantities and percentages of different size ranges of MPs in order Perciformes of the
AS and the RS, Antarctica.

40, 47 m Black 6% m Black
® Transparent B Transparent
Yellow 50, Yellow
Green = Green
Blue Grey
26% White Pink
Gold

(b)

Figure 5. The percentages of different colours of MPs in order Perciformes: (a) in the AS; (b) in the
RS, Antarctica.

3.3. Comparison of MP Contamination among Different Fish Families of Order Perciformes in the AS

A total of 22 fish (Perciformes) collected from the AS can be divided into five families:
Nototheniidae, Channichthyidae, Artedidraconidae, Bathydraconidae, and Zoarcidae.
Zoarcidae was excluded from the comparison because of the limited sample quantity. No
MP was detected in Bathydraconidae. The detection rate of MPs in Nototheniidae was
33.33%, with an average abundance of 0.833 items individual~! (0.726 items g’l). The
detection rate of MPs in Channichthyidae was 66.67%, with an average abundance of
2.667 items individual ! (1.41 items g~ ). The detection rate of MPs in Artedidraconidae
was 33.33%, with an average abundance of 1.000 items individual ~! (8.333 items g~ !).
There was no significant difference in MP abundance among families. There were a total of
six MP polymer types in Nototheniidae: PP, rayon, PES, hydrocarbon resin, epoxy resin,
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and PA. PES was predominant (30%), followed by rayon (20%), and epoxy resin (20%)
(Figure 6). The major type of MP in Channichthyidae was Saran ribbon yarn (63%), whereas
PAM accounted for the highest percentage (67%) in Artedidraconidae (Figure 6). Black,
transparent, and blue were the most common colours among all MPs in the three families
(Figure 7). The MP colours that accounted for the largest proportion in Nototheniidae,
Channichthyidae, and Artedidraconidae were black (50%), transparent (63%), and black
(67%), respectively (Figure 7).

a) = PP b) 12%
10% 10% Hrayon 25% HPES
20% 4 PES LUSRY

4 PA

‘ HAC
H epoxy resin /

10%‘\ H hydrocarbon resin

30% 63%

©) d)
33% HPAM
 styrene resin
\
67%

Figure 6. The percentages of different compositions of MPs in the AS, Antarctica: (a) family No-
totheniidae; (b) family Channichthyidae; (c) family Artedidraconidae; (d) family Zoarcidae.

100%

H Rayon

a) b)
T u Black 12% = Yellow
o (]
B Transparent H Trans
N parent
10% | Green 25% . © Blue
White ]
il Gold
50%
v 63%

d)

u Black 100%

V)
33% Blue ’ ; Yellow
67% .

Figure 7. The percentages of different colours of MPs in the AS, Antarctica: (a) family Nototheniidae;
(b) family Channichthyidae; (c) family Artedidraconidae; (d) family Zoarcidae.

The size of MPs found in different families increased following the sequence Artedidra-
conidae (57.98 to 144.94 um, average = 107.07 pm) < Nototheniidae (234.47 to 1029.30 pm,
average = 530.84 um) < Channichthyidae (524.33 to 6124.40 pm, average = 1745.90 um).
Fragments were the most prevalent type in Nototheniidae (50%), followed by fibres (40%),
and particles (10%). The MPs found in Channichthyidae and Artedidraconidae were wholly
fibres and fragments.

3.4. Environmental and Health Hazard Risk Assessment of MPs

Overall, sampled perciform fish in the RS possessed a higher average hazard grade
(1622.68 + 1106.44) than those in the AS (483.99 + 382.70). The H levels of MPs of Arte-
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didraconidae in the AS (level V) and RS (level V) were both higher than that of other
families (Figure 8). The H level of MPs from Nototheniidae in AS (level IV) was lower than
that in RS (level V). In contrast, the hazard level of Channichthyidae in the AS (level III,
hazard grade: 78) was higher than that in the RS (level I).

10,000
9,000 ]
8,000
7,000+
g’ggg : Hazard level V
4,000
3,000

2,000+
1,000
|

~
200%
180
1604
1401
1204
1004
80
60
404
204
0- T

Hazard level IV

Polymer risk index (H)

Hazard level I1I

Figure 8. The polymer risk index (H) and hazard level of MP contamination in three fish families in
the AS and two fish families in the RS. Family Bathydraconidae in the AS, family Channichthyidae in
the RS, and family Zoarcidae in the RS were not shown in figure because there were no MPs detected
in them. Family Zoarcidae in the AS was not shown in figure because there was no available hazard
score of the MPs rayon detected in this fish family.

4. Discussion
4.1. Comparison of MP Contamination in Fish between Antarctica and Other Regions Worldwide

There has been an increasing number of studies on fish contaminated by MPs globally,
but reports on polar regions are scarce. Increasing attention has been paid to MP pollution
in Antarctica because scientific research activities have increased dramatically in recent
decades. Therefore, it is of great significance to compare MP pollution in fish between
Antarctica and other regions (Table 3).

Table 3. Studies on MP abundances in fish species from different waters around the world.

Main Compositions

Location Fish Sampling Organs MP Abundance of MPs Reference
Rayon, SRY, PES
. e 1 yon, SRY, PES,
Amundsen Sea demersal fish gastrointestinal tract 1'2271133112? tlerr\:;wc,l;lal ! PAM, AC, this study
’ & epoxy resin
' . . 1.286 items individual ~*, PAM, PES, rayon, .
Ross Sea demersal fish gastrointestinal tract 1951 items g1 EVA, henequen this study
Arctic demersal fish digestive tract 1.1 + 0.3 items individual ! PESi)%crg\l;Z PA, [48]
North Atlantic mesopelagic fish digestive tract 0.13 items individual - [49]
pelag &
the .GUIf .Of benthic fish gastrointestinal tract 2.72 items individual ! PAM, PA, PET, .PE’ [50]
California PP, polyacrylic
Turkish territorial -
waters of the pelagic ﬁs.h’ gastrointestinal tract 1.36 items individual ~! PS’. PA, . [51]
. demersal fish polyamide resin
Mediterranean Sea
Fortaleza coastal pelagic fish stomach 1.53 items individual ! PES [52]

zone, Brazil
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Table 3. Cont.

Main Compositions

Location Fish Sampling Organs MP Abundance of MPs Reference
. : . . . . e 1 cellophane, PA, PET,
South China Sea deep-sea fish intestine 1.77 + 0.73 items individual PARA, PAE [53]
reef-associated
. / . . 1.58 + 0.23 items individual 7!, )
Australia and Fiji demersal anq gastrointestinal tract 0.86 + 0.14 items individual-! polyolefin [54]
benthopelagic
reef-associated,
Seri Kembangan, pelagic-neritic,
Mala siag ! benthopelagic viscera and gills 0.39 items individual ! PE, PP, PET [55]
y and demersal
fish
. . e muscle and skin; gill 0.53 + 0.77 items individual ~1; PE, PP, PS,
Kerala, India pelagic fish and viscera 0.07 4 0.26 items individual~! polyurethane 561
Goa, west coast . . . . . 1 PAM, polyacetylene,
of India benthic fish gastrointestinal tract 1.4 £+ 0.3-7.8 & 4.4 items individual EVOH, PA, PVC [57]
South China Sea; pelagic and i 0.39 =+ 0.12 items individual 7};
digestive tract 1.00 =+ 0.16 items individual ! PES, PA (381

Indian Ocean

benthic nektons

AC: acrylic; EVA: ethylene vinyl acetate; EVOH: ethylene vinyl alcohol; PA: polyamide; PAE: poly(arylether);
PAM: polyacrylamide; PARA: polyarylamide; PE: polyethylene; PES: polyester; PET: polyethylene terephthalate;
PP: polypropylene; PVC: polyvinyl chloride; PS: polystyrene; SRY: Saran ribbon yarn.

MP abundance in Antarctic fish (order Perciformes) was at a medium level on a global
scale (Table 3). There are three possible explanations for the observed spatial variation. First,
it is due to differences in species and habitat depths of the fish in different waters. Second,
it may be related to different pollution levels of MPs in different water areas. Finally,
differences in previous treatments and analysis methods may also affect the level of MPs.
The major components of MPs in fish species around the world are derived from clothing
weaving, packaging, and fishing gear manufacturing, indicating that these human-related
products contribute greatly to the ubiquity of MPs in marine fish.

4.2. Comparison of MP Contamination in Order Perciformes and Other Antarctic Species

This study is the first to document MP contamination in the order Perciformes collected
from Antarctica. Comparisons indicated that MP abundances in the order Perciformes
were higher than those in other Antarctic species, except for sea stars (Table 4).

Table 4. Studies on MP abundances in different species.

Location Species Sampling MP Abundance Main Types Reference
of MPs
Admiralty Bay, } . _3 polyethyleneglycols,
Antarctica zooplankton 2.40 4+ 4.57 items 100 m PU, PET, PA [58]
Terra Nova Bay invertebrate
(Ross Sea, species - 0.7 items mg ! PA, PE [59]
Antarctica) P
Namuncurd at
Burdwood Bank, . . 1 . semi-synthetic
Southwest Atlantic sea stars soft tissue 2.84 + 3.56 items g~ wet weight cellulose [20]
Ocean
Soutlfs‘liggtsland fish gastrointestinal tract 0.36 + 0.51 items individual ! PET, PP, PA, PAN [60]
Banzare Banks of . . . . R 4 . .
Southern Ocean fish gastrointestinal tract 0.04 items individual acrylic resin [10]
Antarctic Peninsula
and Scotia penguins scat 0.1 items scat™! PE, PES [21]
Sea region
semi-synthetic
South Georgia penguins scat 0.13 items scat ™! (viscose, rayon), PET, [61]

acrylic, PP
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Table 4. Cont.

Location

Main Types

of MPs Reference

Sampling MP Abundance

Bird Island, South
Georgia and Signy
Station, South
Orkney Islands
sub-Antarctic
Heard Island
Ardery Island, near
the Australian
station Casey
North Head
Peninsula,
Macquarie Island
Deception Island,
South Shetland
Islands

penguins scat 0.23 £ 0.53 items scat ™! PES, rayon [62]

sea birds digestive systems 0.11 items individual ! - [22]

sea birds stomach 1.12 items individual ! - [63]

fur seals scat 1.13 items scat ! PE, PP [23]

fur seals scat 0 items scat™! - [15]

PA: polyamides; PAN: polyacrylonitrile; PE: polyethylene; PET: polyethylene terephthalates; PP: polypropylene;
PU: polyurethanes.

The high MP abundance in order Perciformes may be due to their wide scope of
activities, which may provide greater exposure to MPs in the surrounding environment
than that of other species. The studied sea areas of AS and RS have a relatively high degree
of plastic pollution compared with other Antarctic areas, which could result from frequent
scientific research activities and maritime shipping [64,65]. Different feeding habits among
species can also affect the bioavailability of MPs [44].

In addition, Antarctic organisms share common polymers such as PA, PE, PES, and PP.
These kinds of MPs have been widely detected in marine organisms from the Arctic and
other regions, indicating possible global diffusion within marine ecosystems [37,59].

4.3. Comparison of MP Contamination in Fish between AS and RS

The Council of Managers of National Antarctic Programs (COMNAP) documented
that there were four scientific research stations around the RS coast, but only one in the
AS [66]. It was noted that there were more research states, scientific expeditions, and
ship transportation in the RS than in the AS [32,67]. Therefore, one possible reason for
the fish that ingested higher levels of MPs from the RS may be related to more MPs
being discharged from onshore scientific research stations and marine activities in this sea
area [51,67]. Moreover, the different environmental conditions between these two sea areas
may also affect MP accumulation by fish. For example, gyres could increase MP pollution
in the sea area, especially towards the centre of ocean circulation [68,69]. Therefore, the
clockwise-circulating RS gyre may give rise to a higher accumulation of MP locally in the
RS, resulting in more MPs being ingested by fish.

Moreover, previous studies have reported that more than half of the stations in Antarc-
tica have no disposal treatments for sewage and wastewater, and the facilities in the stations
are not sufficiently advanced [70-72]. The most common type of microfibre in the AS, rayon,
may be derived from laundry released in wastewater or transported from the northern
Antarctic Peninsula by the westward-flowing Antarctic Coastal Current [12]. As PAM is
widely used in water treatment, sewage treatment plants built around the RS may be the
main driver of PAM as a predominant polymer in fish [66].

Jiang et al. (2020) reported higher percentages of small MPs (100-500 um) in the
surface waters of Greenland Sea Gyre compared to those in the East Greenland Current [69].
Therefore, the smaller MPs in perciform fish from the RS may result in the accelerated
degradation of larger MPs in the clockwise-circulating RS gyre.

4.4. Comparison of MP Contamination among Different Families of Fish

In this study, we aimed to provide a snapshot of different MP accumulation by the
Antarctic fish from the level of family, as it was difficult to collect a sufficient number of the
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same fish species by random sampling. In the long run, the interspecific differences in the
MP contamination among Antarctic fish could be clarified with the accumulation of field
survey data.

The MP abundances did not vary significantly among different families of fish, which
may be related to the species having similar activity scopes and feeding habits. The
100-200 um MPs in the RS were detected from Nototheniidae, and 500-1000 pm MPs in the
AS were detected from Nototheniidae and Channichthyidae. Nototheniidae have a greater
potential for interaction with smaller MPs because they can access shallower waters [73].
Meanwhile, the smallest MPs were ingested by Artedidraconidae, both from AS and RS.
Therefore, we wondered whether Artedidraconidae has a special gut microbiota capable of
metabolizing MPs. This hypothesis was supported by a previous study showing that the
enzymes produced by the gut microbiome of superworms (Zophobas morio) degrade PS and
styrene, leading to MP size reduction [74].

However, PAM was only found in Nototheniidae and Artedidraconidae from the RS.
Likewise, it was detected only in Artedidraconidae from the AS. This is probably related to
the deep-water habitat of Artedidraconidae which, compared with shallower habitats, may
provide greater exposure to PAM that is denser than seawater and therefore sinks readily
to deep water [75,76].

4.5. Hazard Risk Assessment of MPs in the Fish Species

We observed the highest hazard indices of MPs in Nototheniidae and Artedidra-
conidae, which resulted from the presence of epoxy resin and PAM. Among all the poly-
mers detected in the order Perciformes, PAM and epoxy resin are at the highest hazard
level (V) because they both comprise monomers with high hazard scores [40]. PAM and
epoxy resin can cause serious toxicity to humans, such as skin sensitisation, eye damage,
fertility damage, and carcinogenicity [34]. Although no commercial value was reported for
the fish species in this study, the fish from the RS may pose potential health risks to other
Antarctic organisms and humans through food web transmission. Therefore, long-term
monitoring programs are required to better understand the long-term impact of MPs on
Antarctic fish and other organisms.

5. Conclusions

In the present study, we investigated MP pollution in the order Perciformes in the AS
and RS in Antarctica and assessed the hazard risk of the MPs detected. MP abundances
in Antarctic fish were higher than those in other species locally and were at a medium
level on a global scale. Moreover, the detection rate and abundance of MPs in fish from
the AS were relatively lower than those in fish from the RS. The most common type of
MPs in both sea areas was fibre, and the major MP compositions in the AS and RS were
rayon and PAM. The hazard risk index of MPs in the RS was higher than that in the AS.
The fish family with the highest toxicity risk was Artedidraconidae. Overall, the extensive
occurrence of MPs in Antarctic fish has raised a warning alarm. Further investigations are
required to assess the MP pollution risk of other organisms across the food chain in the
AS and RS. Future studies should explore the potential for use of Artedidraconidae as an
indicator taxon for monitoring MP pollution and risk assessment in Antarctica. In addition,
we still need to investigate the levels and characteristics of MP pollution in water, sea ice,
glaciers, and sediments (including coastal land) in the two sea areas, assessing the causes
or the relationships regarding MP contamination between species and the surrounding
environment. With increasing public attention on MPs in the Antarctic environment, the
development of tools and technologies to reduce and tackle MP emissions from existing
and future local scientific research should also be considered.
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