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Abstract 7 

Microplastic pollution has been a growing concern in the aquatic environment for several years. The 8 

abundance of microplastics in the environment has invariably led them to interact with a variety of 9 

different aquatic species. The small size of microplastics may make them bioavailable to a great range of 10 

species however, the impact this may have is not fully understood. Much of the research on microplastic 11 

pollution has focused on the marine environment and species with little research undertaken in 12 

freshwater. Here we examine the effect of microplastics on the freshwater cnidarian, Hydra attenuata. 13 

This study also describes the development and use of a bioassay to investigate the impact of 14 

microplastic on freshwater organisms. Hydra attenuata play a vital role in the planktonic make up of 15 

slow moving freshwater bodies which they inhabit and are sensitive environmental indicators. Hydra 16 

attenuata were exposed to polyethylene flakes (< 400 μm) extracted from facewash at different 17 

concentrations (Control, 0.01, 0.02, 0.04, 0.08 g mL
-1

). The ecologically relevant endpoint of feeding 18 

was measured by determining the amount of prey consumed (Artemia salina) after 30 and 60 min. The 19 

amount of microplastics ingested was also recorded at 30 min and 60 min. After which Hydra attenuata 20 

were transferred to clean media and observed after 3, 24, 48 & 96 hrs with changes in their morphology 21 

and reproduction (Hydranth numbers) recorded. The results of this study show that Hydra attenuata are 22 

capable of ingesting microplastics, with several individuals completely filling their gastric cavities. 23 

Significant reductions in feeding rates were observed after 30 min in 0.02 & 0.08 g mL
-1 

and after 60 24 

min in 0.04 & 0.08 g mL
-1 

exposures. Exposure to the microplastics caused significant changes to the 25 

morphology of Hydra attenuata, however these changes were non-lethal. This study demonstrates that 26 

freshwater Hydra attenuata is capable of ingesting microplastics and that microplastic can significantly 27 

impact the feeding of freshwater organisms.  28 
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Capsule: Exposure to microplastic significantly reduced feeding in freshwater Hydra attenuata using a 30 

novel bioassay  31 

1. Introduction 32 

Plastic pollution in the environment has been well studied for a number of decades (Azzarello and Van 33 

Vleet, 1987, Pruter, 1987, Derraik, 2002). The impact of larger plastic material on birds (Azzarello and 34 

Van Vleet, 1987), marine mammals (Laist, 1997) and turtles (Tomás et al., 2002) has been given 35 

considerable attention however, in recent years the issue of smaller plastic material known as 36 

microplastics has been gaining increasing attention (Andrady, 2011). Microplastics are pieces of plastic 37 

< 5 mm  (Arthur, 2009) and have been found in sediments (Browne et al., 2011, Eriksen et al., 2013), 38 

aquatic water bodies (Collignon et al., 2012, Lechner et al., 2014, Free et al., 2014) and ingested by a 39 

range of species with varying feeding strategies and habitats (Lusher et al., 2016, Welden and Cowie, 40 

2016a). The study of microplastic pollution has primarily focused on the marine environment with 41 

comparatively little research conducted on the freshwater environment, however research indicates that 42 

microplastic pollution of the freshwater environment may be as prevalent, as reviewed by (Eerkes-43 

Medrano et al., 2015).  44 

Sources of microplastic in the freshwater environment include treated effluent from wastewater 45 

treatment plants (WWTP), with one plant in Scotland estimated to release up to 65 million microplastics 46 

into the freshwater/brackish environment everyday (Murphy et al., 2016). A number of lakes have been 47 

investigated for microplastic pollution (Eriksen et al., 2013, Imhof et al., 2013, Free et al., 2014). The 48 

Great Lakes in North America for example, were found to have an average concentration of 43,157 49 

particles per km
-2

 with the most populated lake found to have the highest microplastic count (Eriksen et 50 

al., 2013). Research undertaken on microplastic ingestion by freshwater organisms in natural 51 

populations (Faure et al., 2012, Sanchez et al., 2014, Biginagwa et al., 2016) found 12% of wild 52 

gudgeons sampled from French rivers (Sanchez et al., 2014) and 20% of Nile perch and Nile tilapia  53 

purchased in a harbour market in Lake Victoria contained microplastic (Biginagwa et al., 2016).  54 

Several studies have looked at the potential uptake and effects of microplastics on freshwater organisms 55 

in the laboratory, these include invertebrate and vertebrate species (Rosenkranz et al., 2009, Imhof et al., 56 

2013). Imhof et al., (2013) exposed a range of freshwater invertebrate species to microplastic and found 57 
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5 freshwater species capable of ingesting microplastic. Daphnia exposed to 20 nm and 1000 nm 58 

fluorescent polystyrene microspheres were found to uptake the spheres at concentrations of 2 µm L
-1

 59 

(Rosenkranz et al., 2009). When placed in clean water after 4 hrs of exposure, 90% of the 1000 nm 60 

microspheres were cleared from the Daphnia and only 40% of the 20 nm in the same period. Despite its 61 

prevalence in the environment and the growing concern over its potential harmful effects there is 62 

currently no standardised bioassay for determining the toxicity of microplastic.  63 

In the present study, we describe the development and use of a bioassay to investigate the impact of 64 

microplastic on the freshwater cnidarian Hydra attenuata. H. attenuata inhabits slow moving freshwater 65 

bodies where they regulate the planktonic structure through selective feeding of these habitats (Burnett, 66 

1973, Schwartz et al., 1983) and reproduce asexually by budding every three days provided there is an 67 

adequate food supply (Burnett, 1973). H. attenuata is easily cultured and maintained in the laboratory 68 

and has been used extensively in toxicological assays as they are sensitive environmental indicators 69 

(Quinn et al., 2008a). The effects of wastewater, pharmaceuticals and heavy metals on H. attenuata have 70 

all been investigated previously (Karntanut and Pascoe, 2002, Quinn et al., 2004, Quinn et al., 2008a). 71 

The hypothesis being tested in this study is that exposure to microplastic will reduce feeding, 72 

morphology and reproduction in the freshwater cnidarian H. attenuata. The objectives of this study were 73 

to expose H. attenuata to various microplastic concentrations, record ingestion of microplastic and prey 74 

species and observe changes in morphology and reproduction (hydranth numbers). A modified version 75 

of a previously developed protocol (Quinn et al., 2008a) was used to determine the impact of 76 

microplastic exposure on the ecologically relevant endpoints of (i) feeding rates (ii) morphology (based 77 

on the Wilby, 1988 scoring system (Supporting Information (SI) Figure 1) and (iii) hydranth number. 78 

  79 

2. Methods 80 

2.1 Test Organism 81 

Cultures of H. attenuata were sourced from a population in the Environment Canada St-Lawrence 82 

Centre (SLC), Montreal, Quebec, which have previously been used in various toxicity studies (Blaise & 83 

Kusui, 1997, Trottier et al., 1997, Quinn et al., 2007). H. attenuata were cultured in glass bowls 84 

containing 700 mL of Hydra medium (147 mg L
-1

 CaCl22H2O, 110 mg L
-1

 2-[(2-Hydroxy-1,1-85 

bis(hydroxymethyl)ethyl) amino] ethanesulfonic acid, pH 7) at 18 ºC ± 2 ºC with an 8 hr light (Polylux 86 
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XL F58W/840, Made in Hungary, 58 watt fluorescent tube outputting 5200 Lumens) and 16 hr dark 87 

photoperiod, following the procedure described by Trottier et al., (1997) and were fed freshly hatched 88 

Artemia salina daily (used within approximately 3 hrs of hatching). All H. attenuata selected for the 89 

exposures had a morphological score of 10 per Wilby (1988) scoring system (SI Figure 1). Briefly the 90 

scoring systems determines toxicity by measuring drastic changes in morphology by observing the 91 

contraction of tentacles and the body and is scored from 10 (healthy, elongated tentacles and body) to 0 92 

(disintegration). Scores of 10 – 6 (sub-lethal signs of toxicity such as shortened and clubbed tentacles) 93 

are reversible while scores of 5 and below are irreversible and considered endpoints of lethality.  94 

2.2 Microplastic 95 

A microplastic size class of < 400 µm was chosen as the freshly hatched A. salina nauplii that are fed to 96 

the H. attenuata are < 400 µm in size. Preliminary exposures showed that H. attenuata were capable of 97 

ingesting polyethylene flakes sourced from a commercially available face wash product which provided 98 

a cheap, plentiful and environmentally relevant (Eriksen et al., 2013) supply of microplastic within the 99 

appropriate size range (SI Table 1 & SI Method development). The face wash was passed through a 400 100 

µm sieve to remove larger pieces of microplastic. The microplastics extracted were irregularly shaped, 101 

blue and clear in colour and their polymer type was confirmed using Fourier Transform Infrared 102 

spectrometry (FTIR). The extracted microplastic were washed 3 times with 70% ethanol, distilled H2O 103 

and Hydra media then dried before the amounts used were weighed. The concentrations used in all the 104 

exposures were Control, 0.01, 0.02, 0.04, 0.08 g mL
-1

. 105 

2.3 Exposures and Endpoints 106 

Two different methods of agitating the microcentrifuge tubes to keep the microplastic in suspension 107 

were tested, a shaker (Stuart Shaking Incubator SI500) at 75 rpm used for the 0.5 mL tubes and a 108 

mechanical rotator (SI Figure 2, built in the University of the West of Scotland by a laboratory 109 

technician using a Parvalux Electronic Motor manufactured in Wallisdown, Bournemouth, England) at 110 

26 rpm used for the 2.0 mL tubes. Making comparisons between the two test was mainly confined to the 111 

practicality and usefulness of the separate exposure methodologies implemented. Two separate 112 

exposures were carried out in 0.5 and 2.0 mL plastic microcentrifuge tubes (Fisher Scientific). The 113 

relevant concentration of microplastic was weighed and placed into each tube, that was then filled with 114 

Hydra media and inverted 10 times to ensure the microplastic was homogenously mixed. Healthy 115 
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(morphology score 10) individual H. attenuata with 2 hydranths were selected from the population and 116 

carefully added to each tube (3 individuals per tube) using a pipette with each concentration being 117 

undertaken in triplicate.  The exposures require that healthy H. attenuata (morphology score of 10) with 118 

2 Hydranths are used, however these H. attenuata only make up a proportion of the total population. H. 119 

attenuata can have no Hydranths or more than two hydranths. In order to reduce variables, it is 120 

important to use similar H. attenuata. This meant there was a limit in the number of H. attenuata that 121 

met the exposure conditions that could be consistently removed from the population at any one time 122 

placing a limit on the number of replicates for each exposure.  123 

The 0.5 mL exposure was repeated and the results combined for a total of 6 replicates for the 0.5 mL 124 

and 3 for the 2.0 mL exposure (SI Table 2 & 3). Artemia salina cysts were left in aerated water (700 mL 125 

ddH2O, 9.8 g NaCl) at 18 ºC ± 2 ºC for 48 hrs after which the cysts hatch. The freshly hatched A. salina 126 

nauplii was washed three times in Hydra media and 10 healthy (swimming) individuals were added to 127 

each microcentrifuge tube, care was taken to avoid adding A. salina directly onto the H. attenuata 128 

tentacles. The exposures began when the microcentrifuge tubes were added to the apparatus used to 129 

mechanically mix the tubes.  130 

Microplastic ingestion and feeding rates were recorded after 30 min and 60 min, after which they were 131 

removed using a pipette, placed in a petri dish with clean Hydra media and observed under a dissection 132 

microscope. Feeding rates have been used to determine the effects of contaminants in H. attenuata 133 

previously (Quinn et al., 2007). Microplastic ingestion was determined by counting the number of 134 

polyethylene flakes in the gastric cavity, while feeding rates were determined by counting the number of 135 

A. salina in the gastric cavity. For the recovery test, H. attenuata were transferred from the 136 

microcentrifuge tube and placed in a well of a 12 well multi-well plate with 2.0 mL of media with three 137 

H. attenuata per well. Morphology score and hydranth number were recorded after 3, 24, 48 & 96 hrs.  138 

Under normal conditions (fed daily) H. attenuata reproduce every 3 days asexually by budding. 139 

Hydranths start to form on the main body of the H. attenuata and eventually breaks off and forms a 140 

separate individual.  141 

2.4 Statistics 142 

Statistical analysis was conducted using R studio version 3.2.2. All data was tested for normality using 143 

Shapiro Wilks test for normality and equal variance was tested using Bartlett’s test. Differences in the 144 
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number of microplastics ingested, feeding rates, morphology & hydranth number were determined using 145 

one way ANOVA. Multiple comparison test was carried out using Tukey’s post hoc test. Feeding rates, 146 

morphological scores and hydranth number were all compared to the control to determine significance 147 

while microplastic ingestion was compared to the lowest concentration (0.01 g mL
-1

) to determine 148 

significance. Pearson moment correlations were carried out on microplastic ingestion and feeding rates. 149 

IC50 values (that inhibits the feeding rate by 50%) were calculated using linear regression analysis.  150 

 151 

3. Results 152 

3.1 0.5 mL Microcentrifuge Tube Exposure 153 

3.1.1 Microplastic Ingestion  154 

There was a significant increase in the number of microplastic particles ingested by H. attenuata in the 155 

highest concentrations compared to the lowest concentration after 30 min (F (3, 20) = 7.185, p = 0.002) 156 

and 60 min (F (3, 20) = 3.44, p = 0.036) time points (Figure 1A). The mean number of microplastic 157 

particles ingested was significantly higher in the 0.04 g mL
-1

 concentration at the 30 min (p = 0.015, n = 158 

2.0 ± 0.53) time point and in the 0.08 g mL
-1

 concentration at both the 30 min (p = 0.007, n = 2.2 ± 0.74) 159 

and 60 min (p = 0.047, n = 2.6 ± 0.85) time points (Figure 1A). 160 

3.1.2 Feeding Rates  161 

There was a significant decrease in the feeding rates of H. attenuata exposed to microplastic after the 30 162 

min (F (4, 25) = 5.399, p = 0.003) and 60 min (F (4, 25) = 5.594, p = 0.002) time points (Figure 1B). 163 

The mean number of A. salina ingested was significantly lower in the 0.02 g mL
-1

 concentration after 30 164 

min (p = 0.045) and the 0.04 g mL
-1

 concentration after 60 min (p = 0.045), while the 0.08 g mL
-1

 165 

concentration feeding rates were significantly lower at both the 30 min (p = 0.002) and 60 min (p = 166 

0.001) time points. There was a significant negative correlation between the amount of A. salina 167 

ingested and the amount of microplastic ingested at the 30 min (p = 0.046) and 60 min (p = 0.003) time 168 

points. The IC50 values calculated for the feeding rates were 0.0361 g mL
-1

 for the 30 min exposure and 169 

0.0350 g mL
-1

 for the 60 min exposure.  170 

3.1.3 Hydra Morphology & Hydranth Numbers 171 
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The morphology score of H. attenuata was significantly lower in the 30 min 0.08 g mL
-1

 exposure after 172 

3 hrs (p = 0.026), with no other significant differences were observed in the 30 min exposure (Figure 173 

2A). Morphological scores were significantly lower in the 60 min 0.08 g mL
-1

 exposure after 3 hrs (p = 174 

0.001), 24 hrs (p = 0.001) and 48 hrs (p = 0.022) (Figure 2B). Hydranth numbers were only significantly 175 

lower in the 60 min 0.08 g mL
-1

 exposure after 96 hrs (p = 0.051) (Figure 2D).  176 

3.2 2.0 mL Microcentrifuge Tube Exposure 177 

3.2.1 Microplastic Ingestion & Feeding Rates 178 

There was no significant difference in the ingestion of microplastic in either the 30 or 60 min exposures 179 

(p > 0.05) (Figure 3A). Feeding rates were significantly lower in the 30 min 0.04 g mL
-1

 (p = 0.037) and 180 

0.08 g mL
-1

 (p = 0.045) exposures compared to the control (Figure 3B). No significant differences were 181 

observed in the 60 min exposure feeding rates (p > 0.05) and no feeding was observed at the 0.04 and 182 

0.08 g mL
-1

 microplastic concentrations. There was a significant negative correlation between the 183 

amount of A. salina ingested and the amount of microplastic ingested (p = 0.001) in the 30 min 184 

exposure, there was no significant correlation in the 60 min exposure (p = 0.183). 185 

3.2.2 Hydra Morphology & Hydranth Numbers 186 

The morphological score in the 30 min exposure was only significantly lower in 0.08 g mL
-1

 after 24 (p 187 

= 0.028) and 48 (p = 0.012) hrs compared to the control (Figure 4A). The morphological score in the 60 188 

min exposure was significantly lower in the 0.08 g mL
-1

 concentration at all time points (p < 0.05) 189 

(Figure 4B). Hydranth numbers were significantly lower in the 30 min 0.08 g mL
-1

 exposure after 48 (p 190 

= 0.036) and 96 (p = 0.051) hrs compared to the control (Figure 4C). While the hydranth number in the 191 

60 min exposure was significantly lower in the 0.08 g mL
-1

 concentration after 24 (p = 0.030), 48 (p = 192 

0.026) and 96 (p = 0.050) hrs (Figure 4D). 193 

 194 

4. Discussion 195 

Over the course of the 2.0 mL exposure it became apparent that the mixing of the microplastic at the 196 

higher concentrations was causing physical damage to the H. attenuata resulting in morphological 197 

impairment observed at these concentrations that invalidated the feeding test for these exposures making 198 
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a meaningful comparison between the results difficult and not particularly meaningful. In this study, H. 199 

attenuata were observed to have significantly reduced feeding in both the 0.5 mL 30 & 60 min exposures 200 

(Figure 1B), with feeding rates significantly negatively correlated with microplastic ingestion. Exposure 201 

to microplastic has the potential to reduce the health of H. attenuata by impacting its ability to feed and 202 

limiting the amount of prey consumed. This interaction could have a profound impact in the environment, 203 

not only on wild populations of H. attenuata but also on their prey species. Feeding is an important and 204 

ecologically relevant endpoint as fluctuations in feeding can have major effects on the fitness of 205 

individuals and reproduction as well as knock on effects to prey species populations (Kooijman, & Metz, 206 

1984). These potential community level effects could have significant impacts on the stability of 207 

freshwater habitats.  208 

H. attenuata was capable of readily ingesting microplastic (Figure 5), with some individuals completely 209 

filling their gastric cavity preventing ingestion of A. salina. The ingestion of microplastic may effect an 210 

organism in a number of ways, it may cause internal damage to the gastric cavity, a false sense of 211 

satiation and impairment of appendages (Gregory, 2009, Wright et al., 2013a, Gall and Thompson, 212 

2015). Normally it takes H. attenuata less than 8 hrs to expel any waste material from their gastric 213 

cavity, but in the current study this took considerably longer, between 24 to 48 hrs in some individuals 214 

to egest microplastic (SI Figure 3 & 4). These results indicate that when exposed to microplastics H. 215 

attenuata are expending considerably more time and energy clearing their gastric cavity then under 216 

normal conditions. During this time, H. attenuata may not be able to feed normally as the gastric cavity 217 

is full, potentially further impacting on their health. Microplastics were observed to stick to the tentacles 218 

of H. attenuata which could potentially impair feeding by restricting its ability to move and capture 219 

prey. The ingestion of high numbers of microplastic particles was also observed to cause some H. 220 

attenuata to become positively buoyant potentially making it difficult to remain attached to the substrate 221 

and liable to floating, again potentially impacting on its ability to feed however further research would 222 

be needed to determine this.  223 

Previous studies on microplastic and freshwater invertebrates have primarily focused on the uptake of 224 

microplastic (Rosenkranz et al., 2009, Imhof et al., 2013, Blarer & Burkhardt-Holm, 2016). Microplastic 225 

ingestion has previously been investigated in the freshwater arthropod, Gammarus fossarum exposed to 226 

2680 cm
-2

 polyamide fibres for 0.5, 2, 8 and 32 hrs and 60,000 polystyrene beads mL
-1

 for 24 hrs (Blarer 227 

& Burkhardt-Holm, 2016). G. fossarum were found to be capable of ingesting the polyamide fibres after 228 
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0.5 hrs, however half the individuals expelled the polyamide fibres after one hour in clean media. After 229 

16 hrs, all polyamide fibres were expelled (Blarer & Burkhardt-Holm, 2016).  The polystyrene beads 230 

were also ingested but the amounts were not counted only the presence or absence was reported (Blarer 231 

& Burkhardt-Holm, 2016). The influence of microplastic size on uptake has been observed in Daphnia 232 

(Rosenkranz et al., 2009), Daphnia exposed to polystyrene beads were shown to uptake 1000 nm beads 233 

40 times higher than 20 nm after 60 min. During preliminary feeding tests uniform microspheres were 234 

not ingested by H. attenuata (SI Method Development), while the irregularly shaped facewash 235 

polyethylene flakes better resembling their prey (A. salina) were readily ingested. This indicates the 236 

potential influence of the shape and size of the microplastics has on the uptake of microplastics in 237 

aquatic biota. H. attenuata were also observed to ingest fibres in preliminary studies, this was the result 238 

of contamination occurring in the exposures and was not intentional (SI Table 4). However, it is of 239 

importance as microplastic fibres can make up a considerable amount of the microplastic pollution 240 

entering the environment (Murphy et., al. 2016, Napper & Thompson, 2016). The influence of 241 

microplastic morphology is an important factor that needs to be taken into consideration when designing 242 

microplastic exposure studies in order for a comprehensive assessment of the risks to be made.  243 

Previous studies have investigated the effects on feeding, fecundity and the retention of microplastic in 244 

various invertebrate species. Arenicola marina (Lugworms) inhabiting intertidal sediments exposed to 245 

5% unplasticised polyvinylchloride (PVC) by weight displayed significantly reduced feeding activity 246 

compared to the control. (Wright et al., 2013b). Feeding reserves were also reduced by up to 50% and 247 

the interval between ingestion and egestion event was 1.5 times longer in exposed worms (Wright et al., 248 

2013b). The ingestion and egestion of microplastic requires a metabolic cost with no nutritional value 249 

being derived from the consumed microplastic. The longer time the microplastic is present in the 250 

digestive tract would require greater amounts of energy to process potentially reducing the health of the 251 

worm. H. attenuata were found to still contain microplastics after 24hr but they were completely egested 252 

after 48 hr in the 0.5 mL exposure (SI Figure 3).   253 

The effects of microplastic on a marine copepod Calanus helgolandicus were investigated by observing 254 

changes in feeding, function and fecundity (Cole et al., 2015). Copepods exposed to cultured algae and 255 

20 µm polystyrene microspheres at a concentration of 73 beads mL
-1

 over a 24 hr period were found to 256 

have reduced feeding, while prolonged exposures over a 9 day period at a concentration of 65 beads mL
-

257 

1
 resulted in the production of smaller eggs with reduced hatching success (Cole et al., 2015). The 258 
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effects of microplastic on reproduction have also been investigated in the oyster (Crassostrea gigas) 259 

exposed to 2 and 6 µm polystyrene (PS) microspheres at concentrations of 0.023 mg. L
-1

 (Sussarellu et 260 

al., 2016). Female oysters exhibited reduced oocyte numbers and oocyte diameter when exposed to 261 

microplastic compared to the controls (Sussarellu et al., 2016), which may have an impact on larvae 262 

survival and growth of offspring. While male oysters exposed to microplastic were reported to have a 263 

23% reduction in sperm velocity which has the potential to lower their ability to fertilize the female 264 

oocytes (Sussarellu et al., 2016). Although H. attenuata reproduction was not affected by the presence 265 

of microplastic in the 0.5 mL exposure, reproduction is still an important ecologically relevant endpoint 266 

to consider when carrying out microplastic exposures.  267 

Ingested microplastic were capable of being eliminated within the C. helgolandicus faecal pellets (Cole 268 

et al., 2015) and Pacific oyster faeces with no accumulation in the gut cavity observed (Sussarellu et al., 269 

2016). Microplastic were also effectively removed in pseudofaeces by the clam Atactodea striata 270 

exposed to polystyrene microgranules between 63 and 250 µm at concentrations of 10 items L
-1

 and 271 

1000 items L
-1 

(Xu et al., 2016). While microplastic was shown to be retained over a period of months in 272 

Nephrops norvegicus indicating a prolonged period in which the ingested microplastic could affect the 273 

individual (Welden et al., 2016b). Nephrops norvegicus were fed 1.5 g squid mantle spiked with 5 274 

polypropylene fibres over an 8 month period (Welden et al., 2016b) and compared to a group fed 1.5 g 275 

squid mantle only and a starved group over the same period. The microplastic exposed group exhibited a 276 

mean decrease in body mass of -0.0189% per day compared to the fed group 0.0795%. The decrease in 277 

body mass may be the result of reduced nutrient up take due to the presence of plastic, this suggest that 278 

prolonged exposure to microplastic has the potential to gradually reduce the condition of exposed 279 

organisms.  280 

Although an impact on the H. attenuata morphology in the 0.5 mL microcentrifuge tubes was observed 281 

in the present study (Figure 2A & B), these changes were non-lethal and the H. attenuata would be able 282 

to recover. The effect of microplastic on freshwater invertebrate morphology has previously been looked 283 

at using mud snails exposed to concentrations of various polymers (Imhof and Laforsch, 2016). This 284 

study found almost no effect on adult morphology but did show some effect on juvenile development 285 

(Imhof and Laforsch, 2016). In the present study hydranth numbers (indicating reproduction) remained 286 

unchanged throughout apart from the 0.5 mL 60 min 0.08 g mL
-1

 exposure after 96 hrs (Figure. 3D), 287 
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which was significantly lower than the control but did not fall below the number present at the 288 

beginning of the exposure.  289 

It is somewhat difficult to compare these results with environmental data as this tends to be presented as 290 

microplastic counts rather than by weight (Lusher et al., 2017). There is also the issue of different 291 

sampling methodology resulting in very different microplastic abundance estimates (Quinn et al., 2017). 292 

However, in order to test their impact relatively high concentrations of microplastic were used in this 293 

controlled bioassay compared to the quantities measured in most environmental samples. Sampling of 294 

the northeast Atlantic has shown there to be 2.46 ± 2.43 particles per m
-3 

(Lusher et al., 2014), which 295 

converts to 0.00000246 particles per mL
-1

. It is unlikely that these particles numbers would equate 296 

closely to what was used in the current study considering the lowest concentration used (0.01 g mL
-1

) 297 

would contain approximately 800 particles. However, organisms located close to sources of microplastic 298 

may experience significantly higher microplastic concentrations, for example a Swedish harbor located 299 

near a polyethylene production plant reported concentrations of 102,000 plastic particles per m
-3

 or 300 

0.102 particles per mL
-1 

(Noren 2007). A predicted no effect concentration (PNEC) can be extrapolated 301 

by dividing the IC50 values by a factor of 1000 (Jones et al., 2002). If the measured environmental 302 

concentration (MEC)/PNEC value is <1 then no further assessment is necessary (Quinn et al., 2008b), 303 

the PNEC values for the 0.5 mL microcentrifuge tube exposure was calculated based on particle 304 

numbers at 30 and 60 min (Table 1). Using the environmental concentrations measured by Lusher et al., 305 

(2014) and Noren (2007), the MEC/PNEC values extrapolated produce values <1 indicating no further 306 

assessment is necessary (Table 1). Although still considerably lower than what was used in the current 307 

study, these MEC values demonstrate the great variability in microplastic concentrations in the 308 

environment. Both MEC/PNEC particle number values calculated are well below 1 indicating that no 309 

further assessment is necessary (Table 1). However, due to the variability in microplastic morphology 310 

and polymer composition it is not possible to rule out the potential risk of other microplastics not 311 

investigated.  312 

Microplastics also have the potential to act as sink of environmental contaminants resulting in them 313 

concentrating on to the surface of the microplastic (Bakir et al., 2012, Rochman et al., 2013), such as 314 

heavy metals (Brennecke et al., 2016) and persistent organic pollutants (Frias et al., 2010). These sorbed 315 

contaminants may subsequently be released from the microplastic once ingested resulting in toxic 316 

effects to the exposed organisms (Rochman et al., 2013, Koelmans et al., 2013, Koelmans et al., 2014). 317 
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Japanese medaka (brackish & freshwater fish) were exposed to virgin low density polyethylene (LDPE) 318 

and LDPE left in the marine environment to sorb environmental contaminants over a two month period 319 

(Rochman et al., 2013). Sever glycogen depletion was observed in 74% of marine plastic exposed fish, 320 

46% of virgin plastic fish and 0.5% of control fish. Fatty vacuolation was observed in 47% of marine 321 

plastic fish, 29% virgin plastic fish and 21% of control fish. Single cell necrosis was also observed in 322 

11% of marine plastic fish and 0% of the virgin plastic and the control fish (Rochman et al., 2013). The 323 

H. attenuata bioassay developed in the present study could potentially be used to assess these 324 

microplastic co-contaminants in future studies at environmentally relevant concentrations. 325 

 326 

5. Conclusions 327 

The results of this study show that exposure to microplastic can significantly reduce the feeding of 328 

freshwater H. attenuata and that feeding is significantly negatively correlated with microplastic 329 

concentration. Significant changes in H. attenuata morphology were observed but these were non-lethal 330 

while no change was observed in reproduction. Future studies should examine the effects of various 331 

microplastic polymers and types (fibres, beads, flakes…etc.) to better understand the potential effects on 332 

exposed organisms. It would also be beneficial to use environmentally relevant concentrations in 333 

exposures or to attempt to place the results in an environmentally relevant context. This study adds to 334 

the growing body of research on the effects of microplastic on freshwater organisms. As freshwater 335 

habitats are already heavily stressed by anthropogenic activity (Strayer, 2006), it is of considerable 336 

importance that emerging contaminants such as microplastic are studied to determine their risk to 337 

freshwater biota.  338 

Acknowledgments 339 

The authors thank St-Lawrence Centre (SCL) of Montreal, Quebec for providing the Hydra used in this 340 

study. The authors would also like to thank Laura Prades for her important contribution in the 341 

preliminary studies carried out for this study.  342 

 343 

 344 

 345 



13 

 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

References 353 

 354 

Andrady, A.L., 2011. Microplastics in the marine environment. Marine pollution bulletin, 62(8), 355 

pp.1596-1605. 356 

Arthur, C., Baker, J. and Bamford, H., 2009. Proceedings of the International Research Workshop on the 357 

Occurrence, Effects, and Fate of Microplastic Marine Debris, September 9-11, 2008. 358 

Azzarello, M.Y. and Van Vleet, E.S., 1987. Marine birds and plastic pollution. Marine Ecology Progress 359 

Series, 37, pp.295-303. 360 

Bakir, A., Rowland, S.J. and Thompson, R.C., 2012. Competitive sorption of persistent organic 361 

pollutants onto microplastics in the marine environment. Marine Pollution Bulletin, 64(12), pp.2782-362 

2789. 363 

Biginagwa, F.J., Mayoma, B.S., Shashoua, Y., Syberg, K. and Khan, F.R., 2016. First evidence of 364 

microplastics in the African Great Lakes: Recovery from Lake Victoria Nile perch and Nile tilapia. 365 

Journal of Great Lakes Research, 42(1), pp.146-149. 366 

Blaise, C. and Kusui, T., 1997. Acute toxicity assessment of industrial effluents with a microplate‐367 

based Hydra attenuata assay. Environmental Toxicology and Water Quality, 12(1), pp.53-60. 368 



14 

 

Blarer, P. and Burkhardt-Holm, P., 2016. Microplastics affect assimilation efficiency in the freshwater 369 

amphipod Gammarus fossarum. Environmental Science and Pollution Research, 23(23), pp.23522-370 

23532. 371 

Brennecke, D., Duarte, B., Paiva, F., Caçador, I. and Canning-Clode, J., 2016. Microplastics as vector 372 

for heavy metal contamination from the marine environment. Estuarine, Coastal and Shelf Science, 178, 373 

pp.189-195. 374 

Browne, M.A., Crump, P., Niven, S.J., Teuten, E., Tonkin, A., Galloway, T. and Thompson, R., 2011. 375 

Accumulation of microplastic on shorelines woldwide: sources and sinks. Environmental science & 376 

technology, 45(21), pp.9175-9179. 377 

Burnett, A. L. 1973. Biology of Hydra, Academic Press. 378 

Cole, M., Lindeque, P., Fileman, E., Halsband, C. and Galloway, T.S., 2015. The impact of polystyrene 379 

microplastics on feeding, function and fecundity in the marine copepod Calanus 380 

helgolandicus. Environmental science & technology, 49(2), pp.1130-1137.  381 

Collignon, A., Hecq, J.H., Glagani, F., Voisin, P., Collard, F. and Goffart, A., 2012. Neustonic 382 

microplastic and zooplankton in the North Western Mediterranean Sea. Marine Pollution Bulletin, 64(4), 383 

pp.861-864. 384 

Derraik, J.G., 2002. The pollution of the marine environment by plastic debris: a review. Marine 385 

pollution bulletin, 44(9), pp.842-852. 386 

Eerkes-Medrano, D., Thompson, R.C. and Aldridge, D.C., 2015. Microplastics in freshwater systems: a 387 

review of the emerging threats, identification of knowledge gaps and prioritisation of research needs. 388 

Water research, 75, pp.63-82. 389 

Eriksen, M., Mason, S., Wilson, S., Box, C., Zellers, A., Edwards, W., Farley, H. and Amato, S., 2013. 390 

Microplastic pollution in the surface waters of the Laurentian Great Lakes. Marine pollution bulletin, 391 

77(1), pp.177-182. 392 

Faure, F., Corbaz, M., Baecher, H. and de Alencastro, L., 2012. Pollution due to plastics and 393 

microplastics in Lake Geneva and in the Mediterranean Sea. Arch. Sci., 65(EPFL-ARTICLE-186320), 394 

pp.157-164. 395 



15 

 

Free, C.M., Jensen, O.P., Mason, S.A., Eriksen, M., Williamson, N.J. and Boldgiv, B., 2014. High-396 

levels of microplastic pollution in a large, remote, mountain lake. Marine pollution bulletin, 85(1), 397 

pp.156-163. 398 

Frias, J.P.G.L., Sobral, P. and Ferreira, A.M., 2010. Organic pollutants in microplastics from two 399 

beaches of the Portuguese coast. Marine Pollution Bulletin, 60(11), pp.1988-1992 400 

Gall, S.C. and Thompson, R.C., 2015. The impact of debris on marine life. Marine pollution bulletin, 401 

92(1), pp.170-179. 402 

Gregory, M.R., 2009. Environmental implications of plastic debris in marine settings—entanglement, 403 

ingestion, smothering, hangers-on, hitch-hiking and alien invasions. Philosophical Transactions of the 404 

Royal Society B: Biological Sciences, 364(1526), pp.2013-2025. 405 

Imhof, H.K., Ivleva, N.P., Schmid, J., Niessner, R. and Laforsch, C., 2013. Contamination of beach 406 

sediments of a subalpine lake with microplastic particles. Current biology, 23(19), pp.R867-R868. 407 

Imhof, H.K. and Laforsch, C., 2016. Hazardous or not–Are adult and juvenile individuals of 408 

Potamopyrgus antipodarum affected by non-buoyant microplastic particles?. Environmental Pollution, 409 

218, pp.383-391. 410 

Jones, O.A.H., Voulvoulis, N. and Lester, J.N., 2002. Aquatic environmental assessment of the top 25 411 

English prescription pharmaceuticals. Water research, 36(20), pp.5013-5022. 412 

Karntanut, W. and Pascoe, D., 2002. The toxicity of copper, cadmium and zinc to four different Hydra 413 

(Cnidaria: Hydrozoa). Chemosphere, 47(10), pp.1059-1064. 414 

Koelmans, A.A., Besseling, E., Wegner, A. and Foekema, E.M., 2013. Plastic as a carrier of POPs to 415 

aquatic organisms: a model analysis. Environmental science & technology, 47(14), pp.7812-7820. 416 

Koelmans, A.A., Besseling, E. and Foekema, E.M., 2014. Leaching of plastic additives to marine 417 

organisms. Environmental Pollution, 187, pp.49-54. 418 

Kooijman, S.A.L.M. and Metz, J.A.J., 1984. On the dynamics of chemically stressed populations: the 419 

deduction of population consequences from effects on individuals. Ecotoxicology and environmental 420 

safety, 8(3), pp.254-274. 421 



16 

 

Laist, D.W., 1997. Impacts of marine debris: entanglement of marine life in marine debris including a 422 

comprehensive list of species with entanglement and ingestion records. In Marine Debris (pp. 99-139). 423 

Springer New York. 424 

Lechner, A., Keckeis, H., Lumesberger-Loisl, F., Zens, B., Krusch, R., Tritthart, M., Glas, M. and 425 

Schludermann, E., 2014. The Danube so colourful: a potpourri of plastic litter outnumbers fish larvae in 426 

Europe's second largest river. Environmental pollution, 188, pp.177-181. 427 

Lusher, A.L., Burke, A., O’Connor, I. and Officer, R., 2014. Microplastic pollution in the Northeast 428 

Atlantic Ocean: validated and opportunistic sampling. Marine pollution bulletin, 88(1), pp.325-333. 429 

Lusher, A.L., O'donnell, C., Officer, R. and O'Connor, I., 2016. Microplastic interactions with North 430 

Atlantic mesopelagic fish. ICES Journal of Marine Science: Journal du Conseil, 73(4), pp.1214-1225. 431 

Lusher, A.L., Welden, N.A., Sobral, P. and Cole, M., 2017. Sampling, isolating and identifying 432 

microplastics ingested by fish and invertebrates. Analytical Methods. 9, 1346-1360. 433 

Murphy, F., Ewins, C., Carbonnier, F. and Quinn, B., 2016. Wastewater treatment works (WwTW) as a 434 

source of microplastics in the aquatic environment. Environmental science & technology, 50(11), 435 

pp.5800-5808. 436 

Napper, I.E. and Thompson, R.C., 2016. Release of synthetic microplastic plastic fibres from domestic 437 

washing machines: Effects of fabric type and washing conditions. Marine pollution bulletin, 112(1), 438 

pp.39-45. 439 

Norén, F., 2007. Small plastic particles in coastal Swedish waters. KIMO Sweden. 440 

Pruter, A.T., 1987. Sources, quantities and distribution of persistent plastics in the marine environment. 441 

Marine Pollution Bulletin, 18(6), pp.305-310. 442 

Quinn, B., Gagné, F., Costello, M., McKenzie, C., Wilson, J. and Mothersill, C., 2004. The endocrine 443 

disrupting effect of municipal effluent on the zebra mussel (Dreissena polymorpha). Aquatic 444 

Toxicology, 66(3), pp.279-292. 445 

Quinn, B., Gagné, F. and Blaise, C., 2007. Validation of a multi-well plate toxicity test to assess feeding 446 

behaviour of the cnidarian, Hydra attenuata. Fresenius Environmental Bulletin, 16(9), pp.1100-1107. 447 



17 

 

Quinn, B., Gagné, F. and Blaise, C., 2008a. An investigation into the acute and chronic toxicity of 448 

eleven pharmaceuticals (and their solvents) found in wastewater effluent on the cnidarian, Hydra 449 

attenuata. Science of the total environment, 389(2), pp.306-314. 450 

Quinn, B., Gagné, F. and Blaise, C., 2008b. The effects of pharmaceuticals on the regeneration of the 451 

cnidarian, Hydra attenuata. Science of the Total Environment, 402(1), pp.62-69. 452 

Quinn, B., Murphy, F. and Ewins, C., 2017. Validation of density separation for the rapid recovery of 453 

microplastics from sediment. Analytical Methods. 454 

Rochman, C.M., Hoh, E., Kurobe, T. and Teh, S.J., 2013. Ingested plastic transfers hazardous chemicals 455 

to fish and induces hepatic stress. Scientific reports, 3, p.3263. 456 

Rosenkranz, P., Chaudhry, Q., Stone, V. and Fernandes, T.F., 2009. A comparison of nanoparticle and 457 

fine particle uptake by Daphnia magna. Environmental Toxicology and Chemistry, 28(10), pp.2142-458 

2149. 459 

Sanchez, W., Bender, C. and Porcher, J.M., 2014. Wild gudgeons (Gobio gobio) from French rivers are 460 

contaminated by microplastics: preliminary study and first evidence. Environmental research, 128, 461 

pp.98-100. 462 

Schwartz, S.S., Hann, B.J. and Hebert, P.D., 1983. The feeding ecology of Hydra and possible 463 

implications in the structuring of pond zooplankton communities. The Biological Bulletin, 164(1), 464 

pp.136-142. 465 

Strayer, D.L., 2006. Challenges for freshwater invertebrate conservation.Journal of the North American 466 

Benthological Society, 25(2), pp.271-287. 467 

Sussarellu, R., Suquet, M., Thomas, Y., Lambert, C., Fabioux, C., Pernet, M.E.J., Le Goïc, N., Quillien, 468 

V., Mingant, C., Epelboin, Y. and Corporeau, C., 2016. Oyster reproduction is affected by exposure to 469 

polystyrene microplastics. Proceedings of the National Academy of Sciences, 113(9), pp.2430-2435.  470 

Tomás, J., Guitart, R., Mateo, R. and Raga, J.A., 2002. Marine debris ingestion in loggerhead sea turtles, 471 

Caretta caretta, from the Western Mediterranean. Marine Pollution Bulletin, 44(3), pp.211-216. 472 



18 

 

Trottier, S., Blaise, C., Kusui, T. and Johnson, E.M., 1997. Acute toxicity assessment of aqueous 473 

samples using a microplate‐ based Hydra attenuata assay. Environmental Toxicology, 12(3), pp.265-474 

271. 475 

Welden, N.A. and Cowie, P.R., 2016a. Environment and gut morphology influence microplastic 476 

retention in langoustine, Nephrops norvegicus. Environmental Pollution, 214, pp.859-865.  477 

Welden, N.A. and Cowie, P.R., 2016b. Long-term microplastic retention causes reduced body condition 478 

in the langoustine, Nephrops norvegicus. Environmental Pollution, 218, pp.895-900.  479 

Wilby, O.K., 1988, June. The Hydra regeneration assay. In Proceedings of workshop organised by 480 

Association Francaise de Teratologie (pp. 108-124). 481 

Wright, S.L., Rowe, D., Thompson, R.C. and Galloway, T.S., 2013a. Microplastic ingestion decreases 482 

energy reserves in marine worms. Current Biology, 23(23), pp.R1031-R1033.  483 

Wright, S.L., Thompson, R.C. and Galloway, T.S., 2013b. The physical impacts of microplastics on 484 

marine organisms: a review. Environmental Pollution, 178, pp.483-492.  485 

Xu, X.Y., Lee, W.T., Chan, A.K.Y., Lo, H.S., Shin, P.K.S. and Cheung, S.G., 2016. Microplastic 486 

ingestion reduces energy intake in the clam Atactodea striata. Marine Pollution Bulletin. 487 

 488 

 489 

 490 



19 

 

Figure 1. (A) Mean number of microplastics (MP) ingested by Hydra attenuata in the 0.5 mL 491 

exposure at 30 & 60 min time points (error bars = standard error of the mean, * = significance < 492 

0.05 compared to the lowest concentration of 0.01 g mL
-1 

determined using Tukey’s post hoc 493 

test). (B) Mean number of Artemia salina ingested by H. attenuata in the 0.5 mL exposures at 30 494 

& 60 min time points (* = significance < 0.05 compared to the control).  495 

 496 

 497 

 498 

 499 

 500 

 501 

 502 

 503 

Figure 2. Series of bar charts showing: (A) Mean Hydra attenuata morphology scores for the 0.5 504 

mL 30 min exposures at 3, 24, 48 & 96 hour time points (error bars = standard error of the mean, 505 
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* = significance < 0.05 compared to the control determined using Tukey’s post hoc test): (B) 506 

Mean H. attenuata morphology scores for the 0.5 mL 60 min exposures at 3, 24, 48 & 96 hour 507 

time points:  (C) Mean H. attenuata hydranth numbers for the 0.5 mL 30 min exposures at 3, 24, 508 

48 & 96 hour time points: (D) Mean H. attenuata hydranth numbers for the 0.5 mL 60 min 509 

exposures at 3, 24, 48 & 96 hour time points. 510 

 511 

 512 

 513 

 514 

 515 

 516 

 517 

 518 

Figure 3. (A) Mean number of microplastics ingested by H. attenuata in the 2.0 mL exposure at 519 

30 & 60 min time points (error bars = standard error of the mean, * = significance < 0.05 520 

compared to the lowest concentration of 0.01 g mL
-1 

determined using Tukey’s post hoc test). 521 

(B) Mean number of A. salina ingested by H. attenuata in the 2.0 mL exposures at 30 & 60 min 522 

time points (* = significance < 0.05 compared to the control determined using Tukey’s post hoc 523 

test). 524 
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 533 

 534 

 535 

 536 

Figure 4. Series of bar charts showing (A) Mean H. attenuata morphology scores for the 2.0 mL 537 

30 min exposures at 3, 24, 48 & 96 hour time points (error bars = standard error of the mean, * = 538 
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significance < 0.05 compared to the control determined using Tukey’s post hoc test): (B) Mean 539 

H. attenuata morphology scores for the 2.0 mL 60 min exposures at 3, 24, 48 & 96 hour time 540 

points: (C) Mean H. attenuata hydranth numbers for the 2.0 mL 30 min exposures at 3, 24, 48 & 541 

96 hour time points: (D) Mean H. attenuata hydranth numbers for the 2.0 mL 60 min exposures 542 

at 3, 24, 48 & 96 hour time points. 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

Table 1. The measured environmental concentration (MEC), the predicted no effect 551 

concentration (PNEC, extrapolated by dividing the Hydra bioassay IC50 by an assessment factor 552 

of 1000) and MEC/PNEC values (used for assessment in Tier two toxicity assessment) for 553 

microplastics. MEC values were reported by: a = Lusher et al., (2014) & b = Noren, (2007). 554 

 
      

Time 
No. of Particles per mL

-1 

MEC PNEC MEC/PNEC 

30 
0.00000246 a 

2.888 
0.00000085 

0.102 b 0.04 

60 
0.00000246 a 

2.8 
0.00000088 

0.102 b 0.04 

 555 

 556 

 557 
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 559 
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 560 

 561 

 562 

 563 

 564 

 565 

 566 

 567 

Figure 5. Photograph of H. attenuata with ingested microplastic that can be seen as the blue and 568 

transparent particles in the gastric cavity (magnification x25).  Due to the buoyancy of the ingested 569 

microplastics the foot of this H. attenuata was detached from the substrate and the animal was floating.  570 
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 574 
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 579 

 580 
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 582 

 583 

Supporting Information 584 

Morphological scores 585 

 586 

Figure 1. Score 10: Normal. Extended tentacles and body reactive. Score 9: Partially contracted, 587 

slow reactions. Score 8: Clubbed tentacles, body slightly shortened. Score 7: Shortened tentacles, 588 

body slightly contracted. Score 6: Tentacles and body shortened. Score 5: Totally contracted, 589 

tentacles visible. Score 4: Totally contracted, no visible tentacles. Score 3: Loss of 590 

osmoregulation. Expanded tentacles visible. Score 2: Loss of osmoregulation. Expanded, no 591 

visible tentacles. Score 1: Terminal state, body still intact. Score 0: Terminal state, disintegrated 592 

(Based upon Wilby (1988)). 593 

 594 

Table 1. Results of first exposure using weighed amounts of facewash microplastic carried out in 595 

petri dishes with one Hydra attenuata per petri dish and three petri dishes per exposure. 596 

Microplastic was mixed manually using the tip of a pipette. The number of microplastic ingested 597 

was recorded every 15 min for 120 min. 598 

Time 

(min) 
Concentration (g mL

-1
) 

0.05 0.1 0.2 

15 0 1 0 0 0 1 0 1 0 

30 0 0 0 0 0 0 0 0 1 

45 0 0 0 0 0 0 1 1 0 
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60 0 0 0 0 0 0 0 1 0 

75 0 0 0 0 0 1 0 1 1 

90 0 1 0 0 0 0 0 0 1 

105 0 1 1 0 0 0 0 0 0 

120 0 0 0 0 0 0 0 1 0 

 599 

 600 

Figure 2. Photograph of the mechanical rotator used for the 2.0 mL exposures (built in the 601 

University of the West of Scotland by a laboratory technician using a Parvalux Electronic Motor 602 

manufactured in Wallisdown, Bournemouth, England). 603 

 604 

 605 

 606 

 607 

 608 

 609 
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Table 2. 0.5 mL exposure mean number of microplastic (MP) & Artemia salina ingested and mean morphology score ± standard error 610 

of the mean, n = number of replicates,  611 
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Conc. Of 

MP g 

mL
-1

 

n 

No. of 

Hydra 

attenuata 

Mean No. of  Morphology Score 

MP Ingested 
Artemia salina 

Ingested 
3 hrs 24 hrs 48 hrs 96 hrs 

30 min 60 min 30 min 60 min 30 min 60 min 30 min 60 min 30 min 60 min 30 min 60 min 

0.00 

(Control) 
6 18 

0.0 

(±0.00) 

0.0 

(±0.00) 

0.9 

(±0.19) 

0.7 

(±0.11) 

7.7 

(±0.17) 

8.0 

(±0.09) 

8.1 

(±0.16) 

8.2 

(±0.07) 

7.9 

(±0.07) 

8.6 

(±0.19) 

8.6 

(±0.18) 

8.6 

(±0.20) 

0.01 6 18 
0.3 

(±0.14) 

0.6 

(±0.29) 

0.7 

(±0.16) 

0.4 

(±0.16) 

7.4 

(±0.16) 

8.0 

(±0.09) 

7.9 

(±0.16) 

8.2 

(±0.16) 

8.0 

(±0.17) 

8.4 

(±0.16) 

8.8 

(±0.14) 

8.6 

(±0.20) 

0.02 6 18 
0.6 

(±0.24) 

0.7 

(±0.27) 

0.4 

(±0.14) 

0.4 

(±0.12) 

7.2 

(±0.24) 

8.0 

(±0.09) 

7.9 

(±0.06) 

8.1 

(±0.16) 

8.2 

(±0.11) 

8.2 

(±0.14) 

8.7 

(±0.23) 

8.5 

(±0.27) 

0.04 6 18 
2.0 

(±0.53) 

1.5 

(±0.49) 

0.4 

(±0.18) 

0.3 

(±0.14) 

7.1 

(±0.28) 

7.6 

(±0.16) 

7.9 

(±0.10) 

8.1 

(±0.11) 

8.1 

(±0.10) 

8.2 

(±0.14) 

8.8 

(±0.20) 

8.7 

(±0.29) 

0.08 6 18 
2.2 

(±0.74) 

2.6 

(±0.85) 

0.2 

(±0.09) 

0.1 

(±0.06) 

6.4 

(±0.40) 

7.3 

(±0.09) 

7.7 

(±0.30) 

7.1 

(±0.25) 

7.7 

(±0.27) 

7.7 

(±0.23) 

8.6 

(±0.45) 

7.6 

(±0.35) 

 612 
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 614 

 615 

 616 

 617 
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Table 3. 2.0 mL exposure mean number of microplastic (MP) & Artemia salina ingested and mean morphology score ± standard error 622 

of the mean, n = number of replicates.  623 
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Conc. Of 

MP g mL
-

1
 

n 

No. of 

Hydra 

attenuata 

Mean No. of  Morphology Score 

MP Ingested 
Artemia salina 

Ingested 
3 hrs 24 hrs 48 hrs 96 hrs 

30 min 60 min 30 min 60 min 30 min 60 min 30 min 60 min 30 min 60 min 30 min 60 min 

0.00 

(Control) 
3 9 

0.0 

(±0.00) 

0.0 

(±0.00) 

1.1 

(±0.29) 

0.6 

(±0.22) 

8.7 

(±0.33) 

8.3 

(±0.19) 

9.0 

(±0.00) 

8.6 

(±0.22) 

8.9 

(±0.11) 

9.0 

(±0.19) 
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(±0.11) 

8.3 

(±0.19) 

0.01 3 9 
0.1 

(±0.11) 

0.1 

(±0.11) 
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(±0.11) 

0.4 

(±0.11) 
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(±0.11) 

8.2 

(±0.11) 

9.0 

(±0.00) 

8.8 

(±0.29) 

9.1 

(±0.40) 
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(±0.11) 
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(±0.22) 

9.1 
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0.02 3 9 
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0.6 
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(±0.11) 

9.3 

(±0.00) 

9.6 
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(±0.58) 
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(±1.28) 
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(±0.44) 

0.08 3 9 
2.2 

(±1.75) 

0.0 

(±0.00) 

0.2 

(±0.22) 

0.0 
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(±1.62) 

5.1 
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 625 

 626 

Figure 3. (A) mean number of microplastics retained for the 0.5 mL 30 min exposures at 3, 24, 627 

48 & 96 hour time points (error bars = standard error of the mean) (B) mean number of 628 

microplastics retained for the 0.5 mL 60 min exposures at 3, 24, 48 & 96 hour time points. 629 

 630 

 631 

 632 

Figure 4. (A) mean number of microplastics retained for the 2.0 mL 30 min exposures at 3, 24, 633 

48 & 96 hour time points (error bars = standard error of the mean) (B) mean number of 634 

microplastics retained for the 2.0 mL 60 min exposures at 3, 24, 48 & 96 hour time points. 635 

 636 

Method development 637 

The development of a bioassay to assess the effects of microplastic is of great importance in 638 

determining what concentrations are of concern to the health of aquatic biota in the environment.  639 

H. attenuata is a freshwater organism used in standardised tests by organisations such as 640 

Environment Canada to test the toxicity of various pollutants (Blaise & Kusui, 1997, Karntanut 641 

and Pascoe, 2002, Quinn et al., 2008).  This was the primary reason that this species was chosen 642 

as the test organism in the present study. As we are attempting to develop a new technique, 643 
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several methods of exposing H. attenuata to microplastics were investigated before the method 644 

used in the present study was finalised. To test the uptake of microplastic by H. attenuata an 645 

initial exposure involved placing H. attenuata in a petri dish with Hydra media spiked with 646 

commercially sourced (Cospheric®) florescent polyethylene microspheres. These polyethylene 647 

microspheres were within the size range of H. attenuata prey (53-63 µm, 180 µm, 425-500 µm) 648 

but had a uniform shape and size and were not ingested by the H. attenuata. The experiment was 649 

repeated using microplastics sourced from a commercially sold facewash product containing 650 

irregularly shaped polyethylene flakes which were thought to better resemble H. attenuata’s 651 

natural prey. One H. attenuata was placed in a petri dish. The petri dishes contained different 652 

concertation of facewash microplastic (0.05, 0.1, 0.2 g mL
-1

) and observations were taken every 653 

15 min over 120 min. This exposure proved that H. attenuata were capable of ingesting 654 

microplastic and these microplastic flakes were subsequently used in all exposures after this (SI 655 

Table 1). Although the microplastic was ingested in this set up, the microplastic tended to gather 656 

on the side of the dishes the microplastic was therefore not homogenously mixed. Preliminary 657 

exposures to microplastics and feeding tests were carried out in petri dishes and 9 well multi-658 

well plates as per the previously published protocol (Trottier et al., 1997). However, as we were 659 

using polyethylene with a density lower than the Hydra media (0.926 – 0.940 g cm
-3

) the 660 

microplastics did not maintain a homogeneous mixture in suspension and by floating on the 661 

surface were physically removed from the test organism. 662 

To allow for a more homogenous mixture the exposure was carried out in 0.5 mL 663 

microcentrifuge tubes placed on a shaker which agitated the microplastic sufficiently to keep 664 

them in suspension and available to the H. attenuata resulting in mixing within the 665 

microcentrifuge tubes. In early trials a vortex was to mix the microplastic but was found to be 666 

too impractical (Table 4). A mechanical rotator which inverted the 0.5 mL tubes was also tested, 667 

but was deemed unsuccessful as little to no mixing of the microplastic was observed. Larger 2.0 668 

mL microcentrifuge tubes were tested using the mechanical rotator and mixing was observed due 669 

to the presence of air bubbles. These two methods were then used in the final exposure studies. 670 

Over the course of the 2.0 mL exposure it became apparent that the mixing of the microplastic at 671 

the higher concentrations was causing physical damage to the H. attenuata resulting in 672 

morphological impairment observed at these concentrations that invalidated the feeding test for 673 

these exposures. 674 

Table 4. Exposure using microplastic flakes extracted from face wash. Each tube contained two or three 675 

Hydra attenuata and were mixed using a vortex. Contamination resulted in a fibre being ingested by one 676 

of the H. attenuata. Note: The amount of microplastic used in each tube was roughly the same however 677 

this was not weighed but determined by eye. 678 

 

Time (min) 

 0.5 mL
-

1 
15 30 45 60 75 90 105 

Tube 1 2 Flakes 0 0 0 0  0 0 

Tube 2 0 1 Fibre 0 0 0  0 0 

Tube 3 0 0 0 0 0  0 0 
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Tube 4 0 0 0 0 0  0 0 

Tube 5 0 0 0 0 0 0  0 
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