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Water scarcity in arid regions necessitates low-energy, decentralised solutions for non-potable water reuse. Vertical  
green walls represent a compact nature-based treatment option; however,  the choice of growing media strongly  
influences treatment performance and reuse suitability. This study evaluates the greywater treatment performance of  
a pilot-scale outdoor vertical green wall in Qatar, with a specific comparison between a conventional control medium 
(potting soil–peat moss) and an alternative charcoal-based medium. The system treated real greywater sourced from 
sinks, showers, and laundry at a student accommodation facility over a six-month period. Treatment performance 
was assessed using conventional water quality parameters including pH, electrical conductivity, turbidity, chemical 
oxygen demand (COD), total organic carbon (TOC), and ammonium (NH₄ ). Vegetation performance was evaluated⁺  
using the Normalized Difference Vegetation Index (NDVI) derived from hyperspectral imaging. 

Both media achieved high turbidity removal (>96%), confirming effective physical filtration. The soil-based  
control exhibited organic matter leaching, leading to increased effluent TOC and COD. In contrast, the charcoal-
based  medium  maintained  organic  concentrations  comparable  to  the  feed  greywater  while  achieving  superior 
ammonium removal (≈90%) and producing visibly clearer effluent. NDVI values increased from below 0.2 to above 
0.5 for both media types, indicating sustained vegetation health, with charcoal-based media supporting plant growth 
comparable to the conventional soil control.

The  results  demonstrate  that  charcoal-based  growing  media  can  outperform  conventional  soil  media  for 
greywater treatment in arid environments by improving effluent quality while sustaining healthy vegetation. These  
findings  support  the  adoption  of  low-organic  media  in  vertical  green  wall  systems  targeting  safe  non-potable 
greywater reuse.
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Table 1. Characteristics of the individual and mixed media used in the pilot green wall.
Material Specific surface area (m2/g) Bulk density (g/cm3) Porosity (%)
Potting soil 4.15 1.200±0.002 68.3±2.5
Peat moss 1.38 0.108±0.003 92.4±0.3
Perlite 1.38 0.081±0.001 87.8±0.5
Vermiculite 5.78 0.154±0.003 93.1±0.6
Charcoal 2.68 0.219±0.002 65.5±3.2
Media 1 - 0.163±0.020 83.7±2.0
Media 2 - 0.104±0.001 90.2±0.1
Media 3 - 0.136±0.030 86.4±3.1

*From manufacturer
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Figure 1. Box plots of feed greywater quality (n = 7) collected over the study period, showing (a) pH, EC, and  
turbidity; (b) COD, TOC, and UV254; (c) TN, TKN, NH₄ , and NO₃ ; and (d) PO₄³  and K.⁺ ⁻ ⁻

Figure 2. NDVI color map comparison of the green wall system: (a) at the initiation of the pilot testing phase and (b) 
at the conclusion of the pilot study, illustrating vegetation health and growth under greywater irrigation over the 
study period; Red indicates higher NDVI values, while blue represents lower NDVI values


