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a, na Praia do Cassino (32° 12′ 24″ S, 52° 10′ 26″ 
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As amostras permaneceram sob extração a −14 °C





⁻





⁻
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⁻





⁻ ⁻





intitulado “From Prist

(Boeck, 1865)” e encontra







in a recovery, reaching densities 4,325 ± 80 cells mm⁻² greater than the isolated 





20′ 65″ S, 52° 17′ 38″ W). Samples were collected manually from the 



ZEN lite software, and density was calculated as cells·mm⁻² (P

mL of methanol (100%) was added, and the material was refrigerated at −14 °C for 24 

environmental inoculum. Samples were stored in sterile 0.9% saline at −80 °C until 



–



the median lethal concentration for 50% of the organisms (LC₅₀). The test conditions for 

0.67 and 1.60 items mL⁻¹, respectively. Assays were conducted in glass vial flasks 

MPs (particles L⁻¹) Cu (mg.L⁻¹)

A copper stock solution at a nominal concentration of 10 mg.L⁻¹ was prepared by 
dissolving cupric chloride dihydrate (CuCl₂·2H₂O) (Dinâmica®) in ultrapure water 

2 and 4 mg L⁻¹ (Ytreberg et al., 2010). Treatments are detailed in Table 1. This range was 

₅₀



microplastics (without plastisphere) to 0.25 mg L⁻¹ Cu, and 10 particles to 0.5 mg L⁻¹ Cu 
(Table 1). The 0.5 mg L⁻¹ concentration was established based on preliminary acute 

g the estimated 96 h LC₅₀. The 0.25 mg L⁻¹ 

3.75 and 5.0 µg L⁻¹); the method detection limit was 0.05 µg L⁻¹. Procedural blanks and 

–



– –

the band at approximately 1,770 cm⁻¹, corresponding 

face. Additionally, the peak at 1,220 cm⁻¹, associated with 
– –

In the region of 1,500 cm⁻¹ (C=C stretching of the aromatic ring) and near 2,970 
cm⁻¹ (C–



–

5 ± 194 cells cm⁻² on day 1, and attaining 
stability on day 30 at 2,380 ± 210 cells cm⁻² (p > 0.05). In the plastisphere combined with 

cells cm⁻². However, a marked recovery in colonisation was observed from day 15 
onwards, culminating in significantly higher values on day 30 at 4,325 ± 80 cells cm⁻² (p 

ificantly between day 1 (1.21 ± 0.30 µg cm⁻²) and day 



10 (p > 0.05), but increased markedly, reaching a peak on day 15 at 3.44 ± 0.63 µg cm⁻², 

concentration was significantly higher on day 1 at 2.02 ± 0.45 µg cm⁻² compared with the 

of 3.94 ± 0.30 µg cm⁻² was recorded. However, on day 30, a marked reduction i

± 0.30 µg cm⁻² (p < 0.05), with values significantly lower than those recorded in the 



–









At the treatment concentration of 0.12 mg L⁻¹, mean mortality was 16.7 ± 2.36%, 
increasing to 33.3 ± 3.2% at 0.89 mg L⁻¹. A substantial increase in toxicity was observed 
at 1.48 mg L⁻¹, at which point mortality reached 76.7 ± 5.0%. To
was achieved at concentrations of 2.71 and 5.16 mg L⁻¹, which did not differ significantly 

–
Cu alone, with an estimated median lethal concentration (LC₅₀–96 h) of 0.56 mg L⁻¹.



ure. LC₅₀–
estimated at 17.64 particles mL⁻¹ for pristine microplastics and 10.14 particles mL⁻¹ for 

and photodegraded microplastics at 0 and 7 particles mL⁻¹ (p > 0.05). Conversely, 

10 particles mL⁻¹, a trend exacerbated at the 
maximum concentration of 24 particles mL⁻¹, where photodegraded microplastics 

In the isolated treatments, the lowest mortality was observed at 0.37 mg L⁻¹ Cu 

particles + 0.36 mg L⁻¹ Cu, mortality increased to 46.67 ± 3.91%, a value significantly 
greater than that of the Cu alone control, albeit statistically similar to the 0.89 mg L⁻¹ Cu 

isolated exposure to 10 particles mL⁻¹ of microplastics caused 60 ± 3.84% mortality, its 
combination with the metal (10 particles mL⁻¹ + 0.67 mg L⁻¹ Cu) resulted in t



concentrations (0, 0.12, 0.89, 1.48, 2.71, 5.16 mg L⁻¹) vs nominal (0, 0.25, 0.5, 1, 2, 4 mg L⁻¹); blue bars 

ominal 0.25 and 0.5 mg L⁻¹ Cu corresponded to measured 0.37 and 0.89 
mg L⁻¹. Data: mean ± SD (n = 3). Lowercase letters denote significant differences (p < 0.05) between 

conditions. Analysis: GLM with Tukey’s post hoc test.

metal control (0.60 mg L⁻¹) remained at the same level as these initial groups (16.67%). 



g L⁻¹ (nominal 0.25 mg L⁻¹); and the grey bar corresponds to isolated Cu exposure at 0.60 mg L⁻¹ (nominal 
0.25 mg L⁻¹). The blue dashed line indicates the final measured copper concentration (mg L⁻¹) recorded in 

final measured concentration was 0.44 mg L⁻¹. In 
plastisphere, values decreased from 0.35 mg L⁻¹ (day 1) to 0.29 mg L⁻¹ (day 5), 0.27 mg 
L⁻¹ (day 10), 0.23 mg L⁻¹ (day 15) and, finally, 0.17 mg L⁻¹ after 30 days of maturation. 

–

doses of 1, 2 and 4 mg L⁻¹ yielded actual concentrations 
of 0.837 ± 0.48 mg L⁻¹, 2.71 ± 0.02 mg L⁻¹ and 5.16 ± 0.02 mg L⁻¹, respectively. In the 

0.003 mg L⁻¹ (nominal 1 mg L⁻¹), 2.18 ± 0.01 mg L⁻¹ (nominal 2 mg L⁻¹) and 3.83 ± 0.004 
mg L⁻¹ (nominal 4 mg L⁻¹). In contrast, in the co



microplastic particles, the detected concentration was 0.362 ± 0.0007 mg L⁻¹, decreasing 
⁻

plastisphere (MP + Cu, nominal 0.25 mg L⁻¹), final concentrations decreased from 0.352 
± 0.002 mg L⁻¹ (day 1) to 0.173 ± 0.04 mg L⁻¹ (day 30).





reduced lethality, a total mortality threshold at the highest dosages (above 2.71 mg L⁻¹) 

of 0.565 mg L⁻¹ establishes the toxicity threshold under 

carbonyl (1770 cm⁻¹) and ester (1220 cm⁻¹) grou



mg L⁻¹ to 0.17 mg L⁻¹ over 30 days due to the high affinity of EPS for metal cations 
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resulting in 38 ng·µL⁻¹ in a final volume of 20 µL, a value con















(mg·L⁻¹) via Graphite Furnace Atomic 

Mean (mg·L⁻¹)

0.25 mg·L⁻¹ initial
0.5 mg·L⁻¹ initial

1 mg·L⁻¹ initial  
2 mg·L⁻¹ initial  

4 mg·L⁻¹ initial  

0.25 mg·L⁻¹ final
0.5 mg·L⁻¹ final

1 mg·L⁻¹ final  
2 mg·L⁻¹ final  

4 mg·L⁻¹ final  

0.25 mg·L⁻¹Cu initial  

0.25 mg·L⁻¹Cu final  
0.50 mg·L⁻¹Cu initial   

0.50 mg·L⁻¹Cu final  
5 MPs + 0.25 mg·L⁻¹ Cu initial  

mg·L⁻¹ Cu final  
10 MPs + 0.5 mg·L⁻¹ Cu initial  

10 MPs + 0.5 mg·L⁻¹ Cu final  


































