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Background / Problem
• Decentralized wastewater systems still face performance limitations 
• Micropollutants (e.g., BPA) increasingly detected in wastewater 
• Conventional systems are not designed for emerging contaminants 
• Need for compact, sustainable, urban-compatible solutions 

From Detection to Removal of BPA 2



Research Objectives

✓Evaluate a Living 
Wall Garden (LG) 
system for septic 
effluent treatment

✓Assess removal of 
conventional 
pollutants and BPA

✓Investigate effects of 
hydraulic retention 
time (HRT)

✓Examine role of 
media and plant 
species
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System Design (Methodology)

• Vertical multi-layer 
system with 4 
reactors in series

• Media: clayey soil + 
zeolite + gravel

• Planted with 
ornamental species 
(e.g., Pandanus, 
Chlorophytum)

• Operated under HRT 
= 3–12 hours From Detection to Removal of BPA 4



System Design (Methodology)
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Pandanus sanderi Sander ex M.T. Mast

Hydrocotyle umbellata 

Chlorophytum comosum  



Key Results – Conventional Pollutants

• COD removal: up to ~87% 
• BOD removal: up to ~63.7% 
• TSS removal: 58.5–92.1% 
• Effluent met Thai & international 

standards 
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Key Results – BPA Removal
• BPA removal efficiency: 67.1–89.7%

• Average ~75% at 12 h HRT

• Effective under both 6 h and 12 h conditions

• Demonstrates capability for emerging contaminant 
removal



Role of HRT (Important Insight)
• Short HRT (3–6 h) → better nutrient removal (TKN, TSS)
• Long HRT (12 h) → better organic removal (COD, BOD)
• Trade-off → system can be optimized based on objective
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Role of Media
• Clay soil showed 

highest BPA adsorption

• Fine particles - higher 
surface area and 
retention

• Upper layers captured 
most BPA

• Media selection - 
critical design factor
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Role of Plants
• Plants support:

• Microbial activity
• System stability

• Limited direct BPA uptake
• Suitable species: Chlorophytum and Pandanus
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Treatment Mechanisms
✓Physical: filtration and sedimentation

✓Chemical: adsorption (especially in clay)
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✓ Biological: microbial degradation

✓ Plant–microbe interactions support system 
stability



Implications
• Compact solution for urban and land-limited areas
• Suitable for decentralized wastewater systems
• Supports nature-based and circular approaches
• Potential for real-world application and scaling
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Key Message 

✓Living wall systems can bridge the gap between detection and 
removal 

✓Effective for both conventional and emerging pollutants 

✓A promising nature-based solution for sustainable water 
management 
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Thank you
Future Research Directions

✓System Optimization

✓Advanced Contaminant 
Removal

✓Media Development

✓ Integration with Nature-
Based Solutions
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Nouveau Design Solar Septic Tank: Reinvented Toilet 
Technology for Sanitation 4.0 Vertical Garden Constructed Wetland vs Vertical Garden 

Multi-Soil Layer-based Constructed Wetland

Performance Evaluation of Modified Living 
Wall Garden (LW) for Treating Septic Tank 
Effluent 

Vertical Garden Constructed Wetlands (VGCWs) with 
Diverse Plant Species and Modified Media
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