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Table 5. Concentration differences of microplastics at different time points with the exposure 

on O. marina 

Treatment grp Time (min.) Diff of means t p-value P<0.05 

GF75 0 vs. 60 14,310 5,692 <0,001 Yes 

0 vs. 40 10,023 3,987 0,005 Yes 

GF7500 0 vs. 60 14,145 14,993 <0,001 Yes 

0 vs. 40 9,512 10,083 <0,001 Yes 

0 vs. 25 4,903 5,197 <0,001 Yes 

PS75 0 vs. 60 29,105 5,850 <0,001 Yes 

0 vs. 40 24,664 4,957 <0,001 Yes 

0 vs. 25 16,132 3,243 0,033 Yes 

PS 7500 0 vs. 60 39,614 12,614 <0,001 Yes 

0 vs. 40 29,568 9,415 <0,001 Yes 

0 vs. 25 16,544 5,268 <0,001 Yes 

 

3.2.2 Volume of O. marina (µm3) 

There was difference in initial volumes of O. marina among treatment groups (fig. 9), obviously 

due to initial culture status as each sample was separately drawn from the main culture and at 

different time.  Significant increase in volume of single cells between initial (time 0) and final 

(time 60) volumes of O. marina was observed in all treatment groups (ANOVA test, p < 0.001), 

except for those exposed to 75 PS/mL concentration (ANOVA test, p = 0.846), table 6. 

  

 

Figure 9. Change in individual cell volume (µm3) of Oxyrrhis marina in the four treatment 

groups compared to control over 60 minutes (mean±SD; n=6). * indicates significant difference 

in volume between time points (initial and final). 
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Table 6.  Differences between volumes (µm3) of single cell of Oxyrrhis at different time points. 

Only comparisons showing significant differences are depicted except for PS75, which did not 

show any significance.

  Diff of means t p-value P<0.05 

control 60 vs. 0 507,000 4,878 <0,001 Yes 

60 vs. 10 507,000 4,878 <0,001 Yes 

60 vs. 25 389,000 3,743 0,010 Yes 

60 vs. 40 362,000 3,483 0,018 Yes 

40 vs. 0 412,000 3,964 0,005 Yes 

GF 75 60 vs. 0 525,000 5,842 <0,001 Yes 

60 vs. 10 471,000 5,241 <0,001 Yes 

40 vs. 0 368,000 4,095 0,004 Yes 

40 vs. 10 314,000 3,494 0,018 Yes 

GF7500 60 vs. 0 482,000 6,325 <0,001 Yes 

60 vs. 10 422,000 5,537 <0,001 Yes 

60 vs. 25 281,000 3,687 0,011 Yes 

40 vs. 0 342,000 4,488 0,001 Yes 

40 vs. 10 282,000 3,700 0,011 Yes 

PS75 There is no any significance 0,846 NO 

PS 7500 60 vs. 0 563,000 5,232 <0,001 Yes 

60 vs. 10 454,000 4,219 0,003 Yes 

60 vs. 25 360,000 3,345 0,026 Yes 

40 vs. 0 412,000 3,829 0,008 Yes 

 

 

3.2.3 Concentrations (cells/mL) of O. marina  

No significant differences were found between initial and final concentrations of O. marina in 

any treatment groups (ANOVA test, p > 0.05), table 7. Apparent differences among initial 

concentrations of O. marina in the three groups exposed to GF were observed. However, there 

was no statistical significance difference found between them (ANOVA test, p > 0.05).   
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Figure 10. Concentration of O. marina (cells/mL) in the four treatment groups compared to 

control over 60 minutes (mean± SD; n=6). 

Table 7. Significance levels attained to differences between initial (0 minute) and final (60 

minutes) concentrations (cells/mL) of O. marina  

 p-value P<0.05 

Control 0,221  no 

GF 75 0,966  no 

GF7500 0,574  no 

PS75 0,667 no 

PS 7500 0,305 no 

 

 

3.2.4  Microscopy study on the ingestion of microplastics by O. marina 

 

To confirm that both R. baltica and microbeads are engulfed by O. marina we examined all the 

exposed samples using both fluorescence and bright field microscope. Our observations 

depicted by image 2 and 3, showed that O. marina has engulfed microplastics at different 

capacities (1 to 4 PS particles, or several GF particles). However, O. marina slightly increased 

as the number of engulfed microplastics increased, although their sizes did not differ much. 
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Image 2. Localisation of green fluorescent microplastics (GF particles) inside and outside O. 

marina cells using fluorescence microscopy.  (a) O. marina cells with only food (Rhodomonas 

baltica); (b) GF particles complexing with brown material assumed to be a bolus of excretes 

from O. marina; (c) O. marina cell with several GF particles inside; and (d) some free GF 

particles suspended in the culture medium. All scale bars are 20µm long.

 

Image 3. Localisation of polystyrene (PS) microplastics inside O. marina cells using light 

microscopy.  (a) O. marina cells with only one PS particle; (b) O. marina cells with three PS 

particles; it is not sure whether the cell has ruptured but it is likely; (c) O. marina cell with two 

PS particles (d) O. marina cells with four PS particles inside and still intact; All scale bars are 

20µm long. 
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3.3 Interactions and effects of microplastics in Rhodomonas baltica 

3.3.1 Algae Concentration (number of cells/mL) 

All algae cultures from the four treatment groups (control, low, median and high) exhibited 

normal growth curves (figure 11).  The median concentration (750PS/mL) showed highest 

growth rate with significances to the control at 216, 240 and 264-time point. Samples exposed 

to high concentration (PS7500/mL) exhibited the lowest growth rate with significantly different 

from to the control group from 120hours to 264hours (ANOVA test, p < 0.05).  However, the 

growth of samples from the lowest concentration of 75PS/mL (black curve), did not show any 

significant difference to the control (ANOVA test, p = 0.086).  

Figure 11.  Concentration of Rhodomonas (cells per mL) in the four treatment groups 

compared to control (Mean± SD; n=6). Asterisk (*) indicate significant difference from the 

control. 

     

3.3.2 Concentration of microplastics – (microplastics/mL) 

Concentrations of PS microsphere were monitored each time of sampling and an unexpected 

decrease from the samples exposed to both the highest and medium concentration was observed 

between 0 to 72-hour time intervals (fig. 12). Recovery of the microplastic concentration is 
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gradually restored to its initial concentration after 264 hours. This phenomenon was apparently 

attributed by loss and sedimentation of microplastics as studied in section 3.4 and 3.5.  

 

Figure 12. Concentration PS microsphere (microplastics per mL) in the three treatment groups 

(Mean± SD; n=6).  

 

3.3.3 pH measurements in the culture medium 

The pH values from each treatment group seem to increase as time increases (fig 13). Samples 

exposed to high concentration (7500 PS/mL) of microplastics (red line), is showing 

significantly lower pH values compared to other treatments and control (ANOVA test, p < 

0.005). While the samples exposed to median concentration is showing significanly higher pH 

values only 216 to 264 hours (ANOVA test, p < 0.005), the lowest concentration did not have 

any significant difference in pH values compared to the control (ANOVA test p = 0.74) 
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Figure 13. pH values measured in the treatment groups compared to control (Mean ± SD; n=6).  

3.3.4 Measurement of chlorophyll production (fluorescence) 

Fluorescence units were observed to increase relative to time, algae growth, and pH (fig.14). 

Samples exposed to higher concentration of microplastic (7500PS/mL) were showing 

significance lower values compared to the control group at 144, 216- 264 hours’ time interval 

(ANOVA test, p <0.05). However, after the maximum pH and stationery phase was attained 

(240 hrs), all samples from the three treatment groups were exhibiting significantly lower 

fluorescent values compared to the control. 

 

 

Figure 14. Fluorescence values (a.u) measured in the R. baltica cultures exposed to the three 

concentration of PS microspheres (low, median, high) and control (Mean ± SD; n=6). 

Microscopic observations on effects of microplastics on R. baltica 
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Image 4. Microscopic observations on interaction between R. baltica polystyrene microspheres 

after 264 hours. (abc) Control samples; Algae cells are normally distributed with very few 

artefacts like paired/agglutinated algae cells. (def) Samples exposed to 75PS/mL do not differ 

significantly from the control. No any algae-to-PS-agglutination can be observed in these 

samples. (ghi) Algae samples exposed to 750 PS/mL algae; agglutinations of up to 3 or 4 cells 

are observed. Some PS particles attached to fibres are also seen (h), with larger artefacts 

assumed to be biofilms (i). (klm) Algae samples exposed to 7500PS/mL are showing large mass 

of clumped materials. Microplastics are seen agglutinated with some remains from the R. 

baltica but not live or whole algae cell (k), some algae cells are observed trapped inside this 

complex material (l). Mass of PS particles can be seen attached together by a very thin film 

(m).  



 

 
30 

 

3.4 Sedimentations studies and loss of microplastics 

Due to limit of quantification of the microplastic by coulter counter and the high dilution factor, 

the number of microplastics quantified from the 75PS/mL sample apparently remain constant 

at 5 PS/mL each time. Mean concentration of microplastics sediment on walls of vials seems to 

increase with time (fig 15). 

 

 

Figure 15. Mean concentration ± SD of microplastics sediment inside 40 mL culture bottles.  

(n=3).  

The loss through refilling was 267PS/mL, while that from dipping the pH probe was 40 PS/mL 

respectively (fig 16), making total of 40. 9% microplastic lost per millimetre from each bottle 

of the PS7500 exposed samples.  

 

Figure 16. Concentration of microplastic lost through sampling beaker and pH probe (Mean ± 

SD; n=3). 
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4 DISCUSSION 

4.1 Uptake of microplastics by Oxyrrhis marina 

4.1.1 Concentrations and volume of microalgae and microplastics  

Among the measured parameters, concentration of R. baltica and microplastics, and the cell 

size/volume of O. marina were identified in the initial pilot test to be the best markers to monitor 

the uptake of microplastics by O. marina. The strong correlation (R2= 0.96) between change in 

volume of O. marina and concentration of particles is because O. marina increases in 

size/volume immediately after having engulfed particles. Therefore, the decrease in particles’ 

concentrations in the medium is a strong indication of ingestion by O. marina. This was 

characterised by the observed significant increase in volume (p < 0.001) of O. marina after 60 

minutes, for all treatments except the samples exposed to 75 PS/mL concentration (table 6). 

 

In the 60-minute experiment, concentrations of both R. baltica and microplastics were observed 

to be decreasing with increase in time (fig. 8), assumed to be the result of grazing by O. marina. 

However, the percentage change in particle concentration varied between treatments. The 

concentration of R. baltica varied seemingly in a concentration-dependent and bead-type-

dependent manner, where the least reduction was associated with PS high concentration 

exposure, followed by the PS low concentration, the GF high concentration, the GF low 

concentration, and then control (Figure 8 a). Higher decrease in concentration of R. baltica was 

thus observed in samples exposed to GF microbeads, which showed less decrease in 

concentration compared to the PS concentration over the period (figure 8 b, appendix 4). The 

measured concentrations of the green fluorescence GF microplastics were much higher than the 

nominal concentrations, probably largely an artefact caused by additional similar-sized particles 

originating from both R.baltica and O.marina stock solutions. Even though the initial 

concentrations of green fluorescence particles were measured to be higher than expected 

(appendix 2), there was a statistically significant percentage reduction over the exposure time 

both for the high and low concentration media (p <0.001). Therefore, a considerable proportion 

of these particles were anyway lost from the system (culture solution).  

 

Quantitatively, in the control group reduction in R. baltica density amounted to 67%, while for 

the other treatment groups the reduction was 52% (GF75), 44% (GF7500), 35% (PS75) and 

25.8% (PS7500). However, the volume of O. marina did not increase as much in the control, 

compared to the PS7500 (Appendix 3). An explanation may be that following ingestion by O. 
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marina, the R. baltica cells are easily digested and the remains excreted as waste. On the 

contrary PS particles engulfed by O. marina remain unchanged and may accumulate inside the 

dinoflagellate cells. This may be associated with the observed higher increase in volume in O. 

marina exposed to the high-concentrated PS particle solution. Accordingly, the highest 

reduction in microplastic concentration was observed in the highest concentration PS7500 

(7500 particles/min), followed by PS75, GF7500 and finally GF75.  Although the percentage 

consumption in GF7500 and GF75 are somehow similar, numerically more microplastic has 

been consumed in GF7500 than in GF75. Hence, reduction in R. baltica density was generally 

inversely proportional to the concentration of the MP concentration (35% PS75 versus 25% 

PS7500, and 52% GF75 versus 43.5% GF7500). The number of microplastics engulfed by O. 

marina decreased with decrease in concentration for both the GF and PS particles. Numerically, 

after 60 minutes of exposure 2818, 58, 982 and 10 MPs/mL were removed from the PS7500, 

PS75, GF7500, and GF75 solutions, respectively. 

 

Examination by microscopy of the exposed dinoflagellate cells supports the considerations 

done above. O. marina exposed to both the GF75 and GF7500 solutions, as well as the PS7500 

solution, had visible microplastics inside. (images 1 and 2). On the contrary, no O. marina cells 

from the 75PS/mL exposed group were observed having microplastic inside. Possibly there was 

low or no ingestion of microplastics from this low concentration (75PS/mL). Or, due to the 

transparent colour of the PS, the chance for recognizing single O. marina cells with 

microplastics from this low concentration might have been very low. The uptake of PS 

microplastics from the PS7500 exposed samples, ranged from one to four PS particles per O. 

marina cell (image 2). Because of the space required by the PS particles, cells with 3 or 4 PS 

particles were visibly enlarged and completely immobile. The GF particles engulfed by O. 

marina were less visible and therefore more difficult to count, but an approximate number could 

be estimated facilitated by the fluorescence light emitted by these microplastics. However, most 

O. marina cells from the GF exposed samples were actively swimming around and did not show 

any sign of reduced mobility, possibly due to the difference in size between the PS and GF 

microbeads.  

 

The non-significant increase in number (growth) of O. marina observed throughout the 

exposure period, is related to limited time (60 minutes) as compared to the time required for 

growth (division cycle) of this heterotrophic dinoflagellate. The fastest growth rate for O. 
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marina reported in literature was 1.0/day when feeding the dinoflagellates Amphidinium 

carterae and lower than 1.0/day when fed two other algae species (Montagnes et al., 2010). So, 

after 60 minutes we do not expect a measurable increase in cell number of O. marina fed R. 

baltica.     

  

4.1.2 Implications of the uptake of microplastics by O. marina 

The observed effects of ingestion of plastic particles by O. marina can be discussed under three 

major categories;  

 

a. Effects due to selective feeding by O. marina (food displacement) 

The low effect by GF on O. marina motility compared to PS particles shows the difference in 

feeding preference among microplastic particles (selective feeding by Oxyrrhis). In their 

studies, both Hammer et al. (1999) and Wootton et al. (2007) showed that O. marina 

discriminates food based on biochemical composition, size and physical properties. Hammer et 

al. (1999) found that O. marina feeds more on relative large particles (4µm) than smaller ones 

(1µm). Therefore, the efficiency of micro-particle ingestion by O. marina observed in the 

present study can be related to the size, density and polymer type. The size of polystyrene 

microplastics (10.1±0.71 µm) used in this experiment was twice as big as the green florescent 

(GF) particles (1-5µm). Therefore, we are predicting that due to food selection and preferences, 

O. marina may select microbeads rather than R. baltica resulting in food displacement effects. 

Nevertheless, factors such as biofouling may influence the uptake of microplastics, resulting in 

reduced energy and potentially death (Andrady, A. L., 2011).  

 

b. Loss of diversity and balanced ecosystem    

O. marina dwell in estuaries and bays. In highly populated areas, these places receive excessive 

amounts of domestic wastes, that incorporate elevated levels of microplastics from consumer 

products (Browne et al., 2011). The observed effect of the presence of microplastics, including 

reduced energy intake and decreased motility of O. marina cells may lead to a quantitative 

reduction in their marine populations. If numbers of microalgae predators (including O. marina) 

decline, a relative increase in diatom and other dinoflagellate preys may occur, resulting in 

seasonal algal bloom (Hansen, P. J., 1991; Strom et al., 1997). In addition, pelagic grazers other 

than O. marina are considered as an important source of dissolved organic carbon in the marine 

environment (Strom et al., 1997). Although O. marina is not a common species in the open 
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ocean, as a model organism it reflects what could happen if other species are exposed to similar 

type and concentration of microplastics. Moreover, microplastics which has been engulfed and 

accumulated may easily be transferred to O. marina predators.  

 

 

c. Modification of the microplastics   

The term modification, as used here, refers to the possibility that O. marina may add 

biomaterials on the surfaces of microbeads after ingesting them. Such biomaterial may be sticky 

and ultimately induce formation of complexes of microplastics and cellular remains from O. 

marina. After ingestion of several microplastics the cell may rupture and release such complex 

to the near environment. The bolus of microplastics captured in image 1 b may be an example 

of this kind of complexes. 

This complex mixture of cellular remains on microplastics from O. marina may have 

implications as far as biofouling of microplastics is concerned. Biofouling has for example been 

associated with the fate of microplastics in marine environment (Andrady, A. L., 2011; Fazey 

et al., 2016). However, the impact resulting from this modification may solely depend on the 

stability of the resulting microalgae-microplastic complex. Particle-to-particle attachment may 

reach a size that could be mistaken for food by higher marine organisms such as fish and 

shrimps. The presence of digestive and biological materials from O. marina, would also carry 

some chemotactic agents attracting predators analogous to O. marina.   

 

 

 

4.2 Interactions and effects of microplastics in Rhodomonas baltica 

4.2.1 Concentration of particles in the system 

The actual concentrations of polystyrene microplastics varied slightly from the initial nominal 

values. For instance, the initial nominal concentration of the highest concentration was 7500 

PS/mL, but it was measured as 5300PS/mL. The primary error may have resulted from wrong 

estimation of the concentration of the microplastics from the stock solution or poor mixing 

during such measurements. This error may have been caused by challenging sampling and 

handling techniques particularly considering the size of the samples, dilution procedures, 

sampling equipment and sedimentation of microplastics. Microplastic properties and behaviour 

like sedimentation on the vial walls would also be a probable cause of imprecise estimation of 



 

 
35 

 

the concentration.  A controversial decrease in microplastic concentration from the samples 

exposed to highest concentration was observed between 0 to 72-h time intervals (Fig. 20). After 

studying probable causes of such variation, it was found that most of the microplastics from the 

sampled portion sediment on the walls of the sampling beaker, glass pipette and pH meter 

probe.  The total loss of microplastics was quantified and it was established that approximately 

40.9% of the nominal concentration was lost from the system (Figure 16). The sampling beaker 

was then removed from the procedure and coulter counting was done before pH measurements 

to improve accuracy of measurements. Also, the large glass pipette was replaced by a regular 

5000 µl microtip pipette.   

 

4.2.2 pH and temperature 

While no significant variation in temperature was found, pH has shown to have a key role in 

algae growth rate and ageing. In the results generated during the method development tests, pH 

values >9.7 were associated with the initiation of stationary phase, and subsequently death. In 

the method development test, this pH of 9.6 was attained after 144 h compared to 240 h in the 

main study. A significant and strong correlation (R2 = 0.99, p<0.0001) was found between pH 

and growth, measured as an increase in cell number, as well as between pH and chlorophyll 

production, measured as fluorescence (Appendix 11). Regardless of slight temperature 

variations in the system, no significant correlation was found between temperature and any 

parameter measured (Appendix 11). This means temperature did not influence algal growth, 

chlorophyll production and change in pH in the exposure system. 

 

4.2.3 Interactions between microalgae and microplastics 

Microscopy study of R. baltica samples exposed to different concentrations of PS microplastics 

showed a normal distribution of microalgae cells in the control samples, with very few artefacts 

such as paired/agglutinated algae cells.  Samples exposed to 75PS/mL did not differ 

significantly from the control. Not any algae-to-microplastic agglutination was observed in 

these samples. After exposure to 750 PS/mL, algae-to-algae agglutinations of up to 3 or 4 cells 

were observed. Some PS particles attached to fibres were also observed, and larger artefacts 

assumed to be biofilms. A large mass of clumped materials was observed in algae samples 

exposed to 7500PS/mL. These materials were characterised as microplastics agglutinated with 

background debris from R. baltica and to some extent algae cells were observed trapped inside 

these complex matrices, which likely have a shading effect.  
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Generally, the extent of algae aggregation increased with the increase in PS concentration. 

Microplastics agglutination was more pronounced at higher microplastic exposure 

concentrations, with some algae cells trapped inside the formed plastic-plastic complexes.  A 

similar study was performed using polypropylene (PP) and high-density polyethylene (HDPE) 

and a freshwater microalga, Chlamydomas reinhardtii. After 20 days of contact, only in the 

case of PP hetero-aggregates constituted of microalgae, microplastics and exopolysaccharides 

were formed. This complex (hetero-aggregate) was suggested to be a potential pathway through 

which MPs are brought to the sediments (Lagarde et al., 2016). Although differences in 

exposure time, experimental species, and polymer type may contribute to variations, we 

demonstrated that PS microbeads may cause similar effects as those reported by Lagarde et al. 

(2016) in another species of microalgae (R. baltica). The trapping of microalgae inside 

microplastic complex, accounts for shading of algae cells from light which can lead to reduced 

chlorophyll production and growth rate. 

 

4.2.4 Effects on chlorophyll production (fluorescence) 

Figure 14 shows only samples exposed to high microplastic concentration (7500PS/mL) 

exhibited significantly reduced fluorescence values compared to the control group (p<0.001). 

The differences were specifically observed during the exponential growth phase (between 120 

and 240 h time interval). However, after the maximum pH and stationery phase was attained 

(240 h), samples from all three treatment groups exhibited significant decrease in fluorescent 

compared to the control. The observed effects on chlorophyll production are closely related to 

the shading effect thought to occur in PS7500 exposed samples. Microalgae cells require 

optimal light conditions for chlorophyll synthesis and cellular growth. Shading will allow less 

light to reach the algae cells, hence the reduced fluorescence values observed for the R. baltica 

exposed to PS7500/mL concentration.  

 

4.2.5 Effects on algae growth  

R. baltica from all treatment groups showed normal sigmoid algal growth curves, including the 

first three distinct phases (lag, exponential and stationery). While the medium concentration 

(750PS/mL) showed a slightly higher growth rate than the control, the lowest concentration did 

not exhibit any significant difference compared to the control. Growth of  R. baltica exposed to 

the medium concentration differed significantly from the control only at 216, 240 and 264 h 

time points (Figure 11). However, R. baltica exposed to high concentration (PS7500/mL), 
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exhibited significant lowered growth compared to the control group from 120 h to 264 h (p < 

0.001). We found a strong positive association (R2 = 0.979) between fluorescence units 

(chlorophyll production) and increase in cell number. Using Dunaliella tertiolecta, Sjollema et 

al. (2016) observed a slight reduction (11%) in growth caused by uncharged 0.5 µm PS 

microbeads, and inhibition of the algal growth rate by 13%. A similar study by (Besseling et 

al., 2014) using PS nanoplastics (0.07 µm) reported growth inhibition of the microalgae 

Scenedesmus obliquus by 2.5% at  higher concentrations (1 g/L) of particles. Despite the smaller 

size of plastic particles used in the latter two studies, the trend of effect on algae growth can be 

compared to our study as both studies, like ours, reported reduction of growth only at the higher 

MP concentrations. In the present study, the reduction in growth observed in the PS 7500 

exposed group, is generally associated with the shading effect, and the low chlorophyll values 

as stated in section 4.2.2 above. 

 

4.2.6 Sedimentation and biofouling effect on microplastics  

The sedimentation study with the samples containing microplastics alone showed that about 

260 PS/mL, 25 PS/mL and < 5 PS/mL from PS7500, PS750 and PS75 stuck on the walls of the 

40 mL culture vials (fig.16) after 120 h. This may be a main reason to uneven distribution of 

the microplastics in the system. Assuming this also happened in the exposure groups containing 

microalgae, the bioavailability of PS was significantly reduced. This may explain the lack of 

effects on microalgal growth observed for the medium PS concentration.  

As stated above, biofouling contributes to plastic distribution of microplastics in water column. 

Microscopy study (Image 4) showed that in samples exposed to high concentration revealed 

clustering of microplastics by a thin film assumed to be bacterial or background from R. baltica 

stock solution. The attachment of microplastics to different surfaces including fibres present in 

the solution (Image 4) indicates uneven distribution of these particles in the system. This might 

have decreased availability of these particles to interact with microalgae in the water column.  

 

4.3 Scientific and environmental relevance of the study 

The nominal concentrations of both microalgae used in this study may be within the range of 

the normal environmental relevant concentrations. Depending on nutrients, season and 

availability of predators, algae concentration in nature may vary from zero to millions of cells 

per millilitre. During algae blooms the concentrations of microalgae increases exponentially 

with some algal blooms recorded to contain more than 1,000,000 cells per millilitre of water 
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(Cosper et al., 1987). However, such high concentrations are yet to be reported on the algae 

species used in this study. The highest concentrations of microplastics (> 80 µm) reported in 

the environmental was 100 particles per millilitre (Magnusson and Norén, 2014, Isobe et al., 

2017). However, sampling nets predominantly of large mesh size (<300 µm) have been used, 

thus concentrations of microplastics <300 µm present in the environment may be much higher 

(Magnusson and Norén, 2014, Phuong et al., 2016). Several publications have used elevated 

concentrations compared to what is reported to be in the environment (Cole et al., 2015, 

Bhattacharya et al., 2010, Lee et al., 2013). 

 

5 CONCLUDING REMARKS 

O. marina ingests both PS and green fluorescent microbeads at the expense of microalgae 

uptake (R. baltica). At high PS concentration, serious adverse effects on O. marina were 

observed characterized by food replacement and loss of motility.  

A non-monotonic dose-response relationship was observed between PS microsphere 

concentration and R. baltica production rate, which strongly correlated with pH in the exposure 

media as well as fluorescence and hence chlorophyll production. Shading and biofouling are 

possible mechanisms of action of microplastics in autotrophic microalgae such as R. baltica. 

 

Recommendations 

Improved methodological procedures may help reducing errors that were observed in this study. 

Increased sample size and space on the plankton wheel will reduce statistical errors due to low 

sample size (increase the statistical power). Improved sampling techniques will help to keep a 

constant number of microplastics in the system, thus reaching a clear conclusion on the effects. 

Replacement of the small 40 mL vials with bigger ones, will allow enough subsamples that 

requires no or less dilution, thus reducing errors that may arise from dilution procedures. 

It is important to extend this study and look at the photosynthetic efficiency of the microalgae, 

which would give a better interpretation of the intrinsic effects resulting from exposure to 

microplastics.  
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Appendices 

Appendix 1. Mean ± SD concentrations of R. baltica cells/mL in the five treatment groups of the 

experiment with O. marina 

Time (min.) Control GF75 GF7500 PS75 PS7500 

0 20634±404 20666±1269 20725±342 20820±470 20547±346 

10 18948±573 19149±1463 19467±393 19189±885 19527±577 

25 15148±916 16304±1173 17205±877 17013±1394 18002±624 

40 11126±666 12905±1353 14482±1530 15322±1440 16728±663 

60 7603±250 9768±2221 11661±1644 13529±2411 15232±751 

 

Appendix 2. Concentration of Microplastics measured from the four treatment groups on the effects 

of Microplastics on Oxyrrhis marina 

Time GF75 GF7500 PS75 PS7500 

0 9245±6047 15406±7512 201±30 7142±601 

10 9225±6168 15250±7481 175±30 6720±571 

25 8910±6149 14656±7178 168±31 5960±517 

40 8585±6140 13967±6918 150±25 5028±656 

60 8216±5944 13267±6647 142±30 4315±803 

 

Appendix 3. Percentage change in concentration and volume of particles among treatment groups 

after 60 minutes 

Treatment Rhodomonas/mL Volume of O. marina Microplastics/Ml 

Control -67±2 12±3 - 

PS7500 -26±3 25±12 -40±10 

PS75 -35±12 12±4 -29±13 

GF7500 -44±7 17±7 -14±3 

GF75 -52±12 19±4 -14±6 

 

 

Appendix 4. Change in volume of O. marina compared to change in concentrations of both R. 

baltica and Microplastics in culture medium after 60 minutes. Error bars are presented as standard 

deviation  
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Appendix 5. Mean ± standard deviation concentrations (cell number/mL) of R. baltica culture at 

different time points 

Time (hours) Control PS7500 PS750 PS75 

0 2040±0 2040±0 240±0 2020±0 

24 6211±280 6539±443 5932±427 6465±631 

48 8249±786 8331±919 9013±610 9047±619 

72 13787±1561 13539±902 16528±1673 14408±2757 

96 28633±3356 27402±1179 29031±2864 26282±1753 

120 45223±3100 38149±2490 46458±5997 46306±4730* 

144 62620±10287 46728±1038 62780±2565 56662±1663* 

168 73975±4645 55686±3819 83583±3662* 71841±2356* 

192 113092±9933 74705±4220 129874±8403* 116015±6287* 

216 171284±5493 118189±4127 202375±15103* 177538±8942* 

240 237516±6700 170279±11688 260263±10810* 234426±8194* 

264 246493±6628 185850±11674 262406±11338 248743±6129* 

 

Comparing to the control, the median concentration has highest mean as from 48hrs. However, this 

difference was not statistically significant differences before 168 and after 240 hrs. The highest 

concentration has the lowest mean all over the culture time but with no significant differences 

before 96 h.  
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Appendix 6. Mean ± standard deviation of pH values measured in the four treatment groups 

Time (hours) Control conc. Low conc. Median conc. High conc. 

0 8±0 8.01±0 8.02±0 8.01±0 

24 8.11±0.04 8.17±0.01 8.19±0.01 8.18±0.01 

48 8.18±0.02 8.18±0.03 8.21±0.03 8.19±0.03 

72 8.11±0.02 8.13±0.04 8.16±0.04 8.14±0.04 

96 8.24±0.02 8.27±0.06 8.28±0.06 8.26±0.06 

120 8.33±0.09 8.4±0.09 8.45±0.09 8.33±0.09 

144 8.6±0.06 8.51±0.01 8.6±0.01 8.39±0.01 

168 8.69±0.01 8.71±0.01 8.79±0.01 8.54±0.01 

192 8.95±0.05 9.09±0.03 9.02±0.03 8.81±0.03 

216 9.28±0.08 9.31±0.06 9.46±0.06 9.02±0.06 

240 9.65±0.09 9.66±0.09 9.82±0.09 9.21±0.09 

264 9.72±0.04 9.7±0.04 9.91±0.04 9.28±0.04 

 

Appendix 7. Mean ± standard deviation total volume (µm3) of O. marina in the five treatment 

groups 

Time (min.) Control GF75 GF7500 PS75 PS7500 

0 9034088±1

88525 

9514667±452

309 

8920070±528

778 

9982576±1476

156 

8984076±4675

38 10 9145955±1

32365 

9810217±604

224 

9357033±246

219 

10171317±144

7732 

9360969±5290

49 25 9360979±1

74935 

10244583±51

6590 

9571640±469

906 

10365865±155

5754 

9807818±3957

74 40 9883904±2

49935 

10758233±41

8402 

10014644±39

3580 

10736437±161

2310 

10659085±116

1867 60 10130236±

657245 

11328350±54

5003 

10410445±47

1501 

11133551±145

8713 

11251365±129

4774  

The volume of the O. marina seems to increase from as time increases in all treatment groups. The 

differences between initial (0 minutes) and final (60 minutes) volumes of O. marina are statistically 

significant for each treatment group (t-test, p = 0.05). 

Appendix 8. Mean ± standard deviation fluorescence values measured in the four treatment groups  

Time (hours) Control Low (PS75) Median (PS750) High (PS7500) 

0 0.69±0 0.66±0 0.51±0 077±0 

24 3.74±0.15 2.57±0.04 2.11±0.32 3.43±029 

48 3.88±1.13 3.56±1.18 4.6±0.33 2.67±197 

72 9.3±0.19 7.43±0.17 7.41±0.06 7.41±006 

96 13.29±2.5 13.05±0.92 15.03±1.47 12.55±274 

120 28.08±2.72 27.37±2.23 29.72±4.22 26.85±24 
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144 34.03±1.54 33.33±1.45 35.11±3.01 28.44±144 

168 38.32±4.79 45.38±3.73 50.52±6.3 33.99±486 

192 55.69±6.52 62.97±2.92 68.49±4.74 47.25±647 

216 78.96±6.69 80.47±5.54 85.84±4 62.42±655 

240 106.35±2.69 106.17±3.23 108.62±4.59 89.89±294 

264 108.64±6.72 91.71±9.78 86.09±4.69 80.81±605 

 

 

Appendix 9. Coulter counter (MultisizerTM 3) outputs showing number of particles in different picks 

with the green fluorescence particles (m, r and o represent microplastics, Rhodomonas and 

Oxyrrhis respectively). 

 

 Number of microplastics in the overlaid M region are extremely high as compared to the nominal 

concentration of microplastics (17030 versus 75 and 22217 versus 7500). This higher increase of 

GF concentrations is particularly contributed by the background from both Rhodomonas and 

Oxyrrhis stock solutions. To eliminate this, a microplastics data were expressed as percentage 

change from the initial concentration. 
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Appendix 10. Coulter counter (MultisizerTM 3) outputs showing number of particles in different 

picks with the polystyrene microplastics (m, r and o represent microplastics, Rhodomonas and 

Oxyrrhis respectively) 

 

With polystyrene (PS) particles, the background from stock solutions did not seriously affect the 

number of microplastics measured in our exposed sample.   However, the pick that represents PS75 

particles was over shaded by the relative higher number of both R. baltica and O. marina. The 

highest dilution factor (20 times) dilution would have contributed to the observed low pick with 

the PS75. Therefore, we used diameter of (9.5 to 10.5µm) as our overlay region for this 

concentration. 

Appendix 11. Coefficients of correlation between different parameters measured in the experiments 

with the effects on microplastics on Rhodomonas baltica  

 temp concentration fluorescence pH  

time  0.528 0.928 0.958 0.952 R2  

 0.0775 <0.0001 <0.0001 <0.0001 p-value 

temperature  0.236 0.324 0.297 R2 
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  0.46 0.304 0.348 p-value 

concentration   0.979 0.99 R2 

   2.76E-08 7E-10 p-value 

fluorescence    0.991 R2 

    5.78E-10 p-value 

 

 


