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 Microbeads were mainly floating, most of the fibers settled, while rubbers tire microplastics remained in the water phase. 

 A large number of microplastics were found on the plant biomass. 

 Effects on macrophytes were monitored by determining chlorophyll, protein and carbohydrate content, and electron transport system. 

  No significant alternations were detected, indicating that microplastics do not have significant effects on aquatic macrophytes. 

 Considering the bioaccumulation of microplastic particles on aquatic macrophytes, but without significant effects, the presence of plants plays an important role in the 

distribution of microplastic, indicating the possibility of its removal by phytoremediation. 

This work was partly financed by the Slovenian Research Agency: Research programmes Chemical Engineering (P2-0191) and Project Plasti-C-Wetland 

(J2-2491) (https://planterastics.fkkt.uni-lj.si/plasti-c-wetland/). This article is based upon work from COST Action CA20101 Plastics monitoRIng detectiOn 

RemedIaTion recoverY - PRIORITY, supported by COST (European Cooperation in Science and Technology, www.cost.eu). 

Constructed wetlands are wastewater treatment systems in which organic matter, metals and nutrients can be effectively removed. However, the effectiveness of constructed wetlands in 

retaining microplastics (MP) is still unknown. In this context, the distribution and fate of microplastics were studied in a laboratory constructed wetland. The laboratory constructed wetland 

(LCW) was filled with humus and sand and planted with four different submerged macrophytes: Anubias congensis, Egeria densa, Vallisneria spiralis, and Pogostemon octopus. The 

floating macrophyte Lemna minor was distributed on the water surface. Different types of microplastics (spherical polyethylene microbeads, fragments of rubber tires, and polyethylene 

terephthalate textile fibers) were added, and their distribution in the constructed wetland and their effects on macrophytes were investigated after 12 days. 

Plant Section 
Chlorophyll a content 

(mg/g) 

Protein 

content 

(mg/mgFW) 

Carbohydrate content 

(µg/mgFW) 
ETS 

(mJ/gFW/h) 

Anubias 

congensis 

round 

A1 2.09±0.75 2.25±1.29 19.37±1.13 4.53±1.24 

B1 1.49±0.45 2.51±1.88 23.56±0.26 2.35±0.17 

C1 2.17±0.54 1.48±0.08 22.64±0.00 2.65±0.53 

D1 1.36±0.14 1.24±0.05 18.98±1.64 3.28±1.14 

E1 2.60±0.15 1.18±0.27 23.46±8.55 3.05±0.67 

Egeria densa 

A2 0.58±0.04 0.62±0.29 23.13±1.05 5.24±0.48 

B2 1.25±0.36 0.76±0.23 23.34±3.54 5.52±1.47 

C2 0.62±0.23 0.45±0.09 24.24±2.67 5.44±0.77 

D2 0.64±0.07 0.33±0.04 15.19±7.16 8.73±4.28 

E2 1.04±0.20 0.85±0.49 12.54±3.40 9.45±0.00 

Vallisneria 

spiralis 

A3 1.05±0.19 0.33±0.29 25.39±0.26 5.01±2.08 

B3 0.61±0.20 0.70±0.27 25.31±0.07 2.58±0.19 

C3 0.30±0.06 0.43±0.11 25.31±0.38 2.49±0.12 

D3 0.29±0.05 0.35±0.09 19.55±0.49 3.91±0.93 

E3 0.43±0.21 0.21±0.03 25.60±0.70 5.40±0.60 

Pogostemon 

octopus 

A4 4.29±0.29 1.30±0.07 21.90±0.00 6.18±2.15 

B4 1.07±0.63 1.57±0.32 19.47±2.32 4.23±0.25 

C4 1.25±0.48 0.75±0.13 21.69±5.70 6.07±3.06 

D4 1.26±0.18 0.74±0.26 14.24±2.04 4.88±1.62 

E4 1.64±0.26 1.71±0.16 22.31±2.71 7.49±1.08 

Lemna 

minor 
/ 0.59±0.15 0.45±0.01 24.67±0.09 14.70±1.01 

 

PE microbeads 

were extracted from 

a facial scrub 

Tire wear particles 

were cut from old 

tires 

Fibres were cut 

from a knitted 

fabric 

MP was weighted 

before addition in 

LCW 

LCW was filled with humus and gravel  in which 

plants were planted 

Experiment was conducted during 12 days 

The initial microplastic concentration of each of 

the above species was 35 000 MPs/L, 

corresponding to 23, 184 and 78 mg of textile 

fibers, PE microbeads and rubber particles, 

respectively. 

After weighing, the 

particles were sonicated for 

15 minutes to separate 

them and prevent their 

agglomeration.  

30 g of Anubias congensis, Egeria densa, 

Vallisneria spiralis, and Pogostemon octopus was 

added as well as 100 leaves of duckweed Lemna 

minor at the water surface. 

Water was pumped with a peristaltic pump at a 

flow rate of 0.2 mL/min and the hydraulic 

loading rate was 5 L/m2/day. LED lights were 

installed to provide constant illumination of the 

plants in the light:dark = 16 h:8 h cycle. LCW 

was divided horizontally into 5 sections (labeled 

as A, B, C, D, and E) by these 4 plants (each 

section contained 4 plants). 

Figure 1. Distribution of rubber particles, PE microbeads and textile 

fibers, in experiment with a laboratory constructed wetland. 

Figure 3. Distribution of microplastics bioaccumulated on plants 

(labelled as 1 - Anubias congensis round, 2 - Egeria densa, 3 - 

Vallisneria spiralis, and 4 - Pogostemon octopus) through sections 

(from A to E) in experiment with a laboratory constructed wetland. 

Figure 2. Transport of rubber particles, PE microbeads and textile 

fibers during 12 days of experiment with a laboratory constructed 

wetland. 

Table 1. The contents of chlorophyll, proteins, carbohydrates, and electron 

transport system (ETS) (mean±SD) in Anubias congensis round, Egeria densa, 

Vallisneria spiralis, Pogostemon octopus and Lemna minor during 12 days of a 

laboratory constructed wetland experiment. 
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