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Abstract 
A green wall with four filter media - pumice, biochar, hemp, and compost soil - was investigated 
with regard to the removal of microplastics from real greywater. Nine polymers were analysed 
using thermal extraction desorption gas chromatography-mass spectrometry (TED-GC/MS). The 
results showed the presence of polyvinylchloride (PVC), polystyrene (PS), poly-ethylene-
terephthalate (PET), polypropylene (PP), and polyamide (PA) in the influents and effluents. High 
concentration of PS (22 µg/l) and PET (73 µg/l) were observed in the influent but were removed 
efficiently in the green wall with effluent concentrations of <2 µg/l from all filter materials except 
for hemp. The effluent from one hemp replicate showed higher concentrations of PVC (58 µg/l) 
and PET (114 µg/l) than the influent. During the sampling period, all filter materials removed TSS, 
BOD and TOC by >90%.  
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INTRODUCTION 
Green walls are nature-based solutions (NBS) potentially suitable for the treatment of source 
separated greywater (Boano et al., 2020). Greywater generation can amount to 70–90% of the total 
wastewater in a household (in case of dry or vacuum toilet are installed) (Oteng-Peprah et al., 
2018). Depending on the source of the greywater (i.e. kitchen sink, laundry, shower etc.), it contains 
different concentrations of nutrients, organic matter, pathogens and chemical pollutants (Shaikh & 
Ahammed, 2020), which can have negative effect on the environment. In addition, the use of 
personal care products, synthetic clothes and abrasion of plastic products are considered to be major 
sources of microplastics in wastewater, originating from greywater (Hamidian et al., 2021). The 
majority of the detected microplastics in wastewater treatment plants are polyvinylchloride (PVC), 
polystyrene (PS), poly-ethylene terephthalate (PET), polyethylene (PE), polypropylene (PP) and 
polyamide (PA) (Bannick et al., 2019). Microplastics entering wastewater treatment plants partially 
pass through the treatment units and are discharged into the environment posing threats to aquatic 
environments (Esfandiari & Mowla, 2021; Liu et al., 2021). NBS, such as green walls, for 
greywater treatment can potentially retain microplastics efficiently, because the water is 
mechanically filtered through the wall’s filter materials. The treatment efficiency, however, is 
affected by the filter materials used as a substrate (Prodanovic et al., 2017; Pradhan et al., 2020) and 
also the hydraulic loading rate (Dalahmeh et al., 2014; Prodanovic et al., 2019). The aim of this 
study was to evaluate the removal of microplastics in a green wall for greywater treatment using 
four different filter materials (pumice, biochar, hemp and compost) fed with 4.5 L/d real greywater.  
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MATERIALS AND METHODS 
The green wall experiment was performed at RecoLab, a testbed facility in Helsingborg, Sweden, 
using real greywater generated by a nearby housing area with residential buildings (5), restaurants 
(2), an office building and beauty parlours (2). The green wall was built using the commercially 
available module “Gro-wall® 4.5” (Atlantis, Australia) made from 85% recycled polypropylene 
(PP). The wall had 36 pots (6 L each) of the dimensions 375 x 225 x 220 mm (length, width, depth) 
(Figure 1a). A column of three pots formed one treatment configuration, providing a total of 18 L of 
substrate volume per configuration. The filter materials were chosen based on natural source, 
environment friendly production and local availability. Pumice is commonly used as gardening 
material, biochar is a recycled product after pyrolysis of wood and agricultural organic residue at 
high temperature (300–700 °C), hemp is a natural fibre used to substitute coco coir, and compost 
soil is the by-product of wood fibres from pulp industry. Apart from pumice, the biochar, hemp and 
compost soil were mixed with pumice at 2:1 weight ratio to enhance the infiltration capacity of the 
material mix as previously suggested by Prodanovic et al., (2018). Three plant species were planted 
in the configurations, Juncus compressus, Carex nigra and Myosotis scorpioides. 
 
Each filter media configuration was replicated three times and the configurations’ arrangement in 
the wall was randomized. Two 210 L tanks acted as pre-sedimentation for the raw greywater prior 
to irrigating the green wall (Figure 1a). PVC tubes (1.5 m) from each configuration transported 
effluent into the 80 L stainless steel container. Another 1.5 m PVC tube was used during the 
filtration process (Figure 1b). 
 

        
 
Figure 1: Schematic of (a) the green wall set-up and (b) effluent filtration process. Red circle 
showing the influent collection point.  
 
The green wall was fed with 4.5 L/day of greywater using a peristaltic pump and a 13-15 day 
composite effluent (approximately 60 L) was collected in covered stainless steel containers and 
sampled for microplastics. The effluent samples were pumped through 10 µm stainless steel filters 
on-site. The filters were transported to the laboratory, rinsed and sonicated to prepare a 250 ml 
sample for analysis. 1 L influent samples were collected on three different occasions, one sample 
before the start of the experiment, and two samples after the experiment (14th and 15th day). The 
influent samples were transported to the laboratory, filtered using 10 µm stainless steel filters which 
were then rinsed and sonicated to make 250 ml sample for microplastics analysis. Two blank 
samples were taken, where a system blank sample was produced by running 60 L of tap water 
through the filtration equipment and a dry blank sample was produced to investigate airborne 
contamination by using an open-lid jar during the on-site effluent filtration process. Measures were 
taken to reduce the external microplastic contamination (i.e. cotton lab coats, nitrile gloves, 
aluminium foil covers etc.). The sampling equipment was non-plastic, and it was rinsed prior to 
filtering each effluent sample. 
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Thermal extraction desorption gas chromatography-mass spectrometry (TED-GC/MS) analysis was 
applied and was carried out at an external commercial laboratory (SGS Analytics, Linköping, 
Sweden). Nine polymers were investigated: polyvinylchloride (PVC), polystyrene (PS), poly-
ethylene-terephthalate (PET), polyethylene (PE), polycarbonate (PC), natural rubber/gum (NG), 
poly-methyl methacrylate (PMMA), polypropylene (PP), and polyamide (PA). In addition, pH, 
turbidity, TSS, BOD and TOC were measured in the influent and effluent samples. 
 
RESULTS AND DISCUSSION 
The effluent sample volumes collected were 43, 45 and 65 L from the configurations filled with 
hemp/pumice, 40, 52 and 51 L from the configurations with biochar/pumice, 52, 39 and 36 L from 
the ones with only pumice, and 48, 42 and 48 L from the ones with compost/pumice. Clogging of 
the 10 µm filters was noticed for the hemp replicates and therefore only 26, 14, 11 L of effluent 
could be filtered. This was also the case for the pumice configuration replicate R3 (18 L) and the 
compost/pumice replicate R1 (12 L). All other effluents volumes were filtered in their entirety.  
  

 
 

Figure 2: Microplastics concentrations in the influents and effluents from the green wall with the 
four filter materials. Microplastics were not detected in the third influent sample, hence excluded.  
 
The polymers PE, PC, NG, PMMA were not detected in any of the influent and effluent samples. 
PP was only detected in the effluent samples from the hemp and biochar configurations (<3 µg/L, 
Figure 2), but not in the influent samples. Among the three influent grab samples, polymers were 
only detected in the first, and the second influent samples, but no microplastics were detected in the 
third influent sample. While PET (73 µg/L) and PS (22 µg/L) were observed at higher 
concentrations in the first influent sample, only PS (37 µg/L) was detected in the second influent 
sample (Figure 2). Influent PVC and PA concentrations were <5 µg/L. PVC in the influents might 
originate from the internal pipe network in the housing area of RecoLab. PET and PS are commonly 
used in household products like food packaging, plastic boxes, bottles and synthetic clothes (Liu et 
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al., 2021). In the system blank only 0.1 µg/L PS was detected and no microplastics were detected in 
the dry blank. Effluent values from the configurations are presented after subtracting the blanks. 
The filter materials effectively removed microplastics including the high influent PS and PET 
concentrations resulting <2 µg/L effluents concentrations, except for hemp replicates. The hemp 
replicate R3 surprisingly discharged more microplastics than were detected in the influents, 
especially PVC and PET (58 µg/L and 114 µg/L, respectively, Figure 2). PP was not detected in the 
influents and the effluents from pumice and compost soil. However, the low PP concentrations that 
were detected in the effluents from the hemp and biochar configurations might have originated from 
the green wall pots made of 85% recycled PP. Among the other filter materials, organic hemp fibre 
degraded over time which could have deteriorated its microplastics removal capacity. 
 
The effluent BOD concentration was <10 mg/L for all filter materials and the removal was >95%. 
The removal of TSS and TOC by was >90% for all configurations. This indicated that the green 
wall performed satisfactorily for greywater treatment during the period of microplastics sampling.  
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