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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
\
The Biological Overload ‘ The Chemical Threat The Micropollutant Challenge: BPA

The Chemical Profile

Bisphenol A (BPA) is a highly persistent organic
compound heavily utilized in polycarbonate
| plastics and epoxy resins.
/

The Biological Danger

A universally recognized endocrine disruptor.

| Direct exposure is strongly linked to fetal
development complications and severe childhood
health risks.

|2

The Urban Reality

Highly prevalent in domestic greywater (leaching
from food containers and personal care products).

the physical or b

| sanitation. (COD) and nitrogen, rapidly and blackwater. ) g a
required to capture or degrade it.

overwhelming local environments.

getoEne [ERESHANISMOF FAILURE ‘ EMERGIE THREA ! DEUANL OE DARIET BPA is notoriously difficult to capture via traditional
| Over 4.2 billion people Short retention times and variable Increasing, ubiquitous BPAs 31?9{9??:"‘ e"d‘ticfinle-disruming short-retention septic tanks, passing straight into
S ic loadi tes | tic effluent | SRSy 7 micropollutant, Conventional
g'Oba”y lack sufficient gﬁm \:/)i?h II':i%;I?y?'Za?i\:/iiigalgiss o detection in domestic grey decentralized ‘end-of-pipe’ systems lack the ecosystem.
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Research Objectives

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

\\

v Assess removal of
. conventional
pollutants and BPA

R I\nvestigate effects of
ydraulic retention
time (HRT)

L
- v'Examine role of
\\ edla and plant

Value Pillar: Spatial Efficiency

A vertical-flow constructed wetland
designed specifically to overcome land-
scarcity in dense urban centers without
sacrificing treatment volume.

Biological Filtration

Leverages deep plant root lattices and
diverse substrate microbiomes to passively
degrade high-load organics.

L
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Micropollutant Trapping

'/ O \w
&6
"("0’0 0“

Engineered with built-in physical and chemical
adsorption capacities spefifically targeted to
halt endocrine disruptors like BPA.
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System Desigh (Methodology)

* Vertical multi-layer

system with 4
reactors in series

-\«Media: clayey soil +
zeolite + gravel

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

\\
2\

O\

"*‘-T\\\’Qpe rated\uhd_er HRT

=3-12 hours
) \\

1. Source

Wastewater collection from an
active university septic tank (3+
years operational).

1. Source

Wastewater collection from an
active university septic tank (3+
years operational).
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2. Distribution X

Pumped to a holding tank and
distributed via perforated pipes to
ensure uniform surface application.

3. Vertical Flow

Gravity feeds the effluent
sequentially downward through
four stacked, rectangular biological
reactors.

4. Effluent Capture B

Final treated water is collected at
the base for measurement,
regulatory analysis, and discharge.
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Layer 1: Clay Loam

Void Space: 51%.

| Larger aggregate sizes on top ensure even
water distribution, prevent clogging, and
create a highly aerated zone for primary root
growth and aggressive microbial activity.

Layer 2: Zeolite

Void Space: 57%.

Clinoptilolite type minerals (3-5mm).

Acts as a dense chemical ion-exchange

layer specifically calibrated for nutrient
| Capture,

.;_"_ >

£,/

Layer 3: Lightweight Gravel
Void Space: 75%.
Coarse rocks (3-5cm).
Functions as a high-flow physical underdrain
to prevent waterlogging and facilitate smooth
 gravitational transit to the next reactor,




Key Results - Conventional Pollutants

Removal Efficiency by HRT

e COD removal: up to ~87% o
« BOD removal: up to ~63.7% g
* TSS removal: 58.5-92.1% B_:;oo
* Effluent met Thai & international % 50

o

standards

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
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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 /

3h HRT 6h HRT 12h HRT

. The Nutrient Zone (3h - 6h)

T = o

TSS (Solids) peaks at 92.1%.
Optimal balance of physical settling
time and solid separation flow.

TKN (Nitrogen) peaks at 92.3%. |
- Exceptionally high nutrient capture. |

54
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. The Organic Zone (12h)

BOD peaks at 63.7%.
COD peaks at 85.2%. ) >
Extended contact time is absolutely mandatory for progressive biological
degradation and deep physical filtration of high-load organics.




Role of Media

.« Clay soil showed
. highest BPA adsorption

\

retention

\
Upper layers captured

\" Media selection -
ritical des@factor

Stacked BPA by Media + Total Mass Flow per Layer
Each bar shows BPA per media; dashed line shows total BPA across layers

Media Type
- Coarse gravel
- Fine gravel

0 soil

o 500 1000

Particle Size: 0.05-0.002 mm.

Adsorption Rate: 0.005 mg/g (Fine) | 0.009 mg/g (Coarse).

Adsorption Rate: 0.060 mg BPA/g.

Mechanics: Low permeability forces water to stall. Mechanics: Highly porous structural matrices. Excellent for

The massive microscopic surface area chemically and rapid water transit to prevent surface flooding, but provides 8
1 physically binds BPA molecules to the soil matrix. negligible surface area for micropollutant retention.




Role of Plants

* Plants support:
* Microbial activity
* System stability

* Limited direct BPA uptake
* Suitable species: Chlorophytum and Pandanus

Chlorophytum comosum
(Spider Plant)

Hydrocotyle umbellata

AR B ==L 1

G

all COD Removal: 52.2% (Top Performer) “

' COD Removal: 45.8% ; - COD Removal: 23.7%

Highly resilient to septic toxicity. ‘r Exceptional biological adaptability.

Dense, creeping stems provide | Thrives equally well in severe dry

massive surface area for microbial ‘ T conditions and highly waterlogged or
- | '

An aquatic herbaceous creeper.

Offers lower direct organic removal
contribution but provides excellent
canopy shading and aesthetic integratiorh

community colonization. saline effluent zones. -




Treatment Mechanisms

v'Physical: filtration and sedimentation v’ Biological: microbial degradation
\ v'Chemical: adsorption (especially in clay) v' Plant-microbe interactions support system /
\  stability Vi

v/ | Hydraulic Target /| Media Configuration

Maximize Clay Loam volume in
the topmaost tiers to
aggressively drive early-stage
BPA physical adsorption.

Set the HRT dial rigidly to 12
Hours for maximum organic
stabilization and regulatory
compliance.

v/ | Operational Mandate

/" | Botanical Engine

Implement a strict 6-8 week
biomass harvesting schedule to
prevent structural root clogging
and maintain system equilibrium.

Plant highly resilient C.
comosum (Spider Plant) and
P. sanderi for unparalleled
microbial root-support.




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 p
THE PARADIGM SHIFT IN DECENTRALIZED TREATMENT
PHASE 1: PHASE 2: PHASE 3:
END-OF-PIPE DECENTRALIZED ON-SITE SANITATION 4.0

\ \
\,,,;\ B =] . =] | — i R I [=1E3
A = Linear disposal. Focuses purely Better localized management, The integration of nature-based post-treatment |
¢ on moving waste out of sight. but inadequate for resource systems into dense urban spaces to mitigate climate
Fails entirely under urban recovery or high-tier organic impacts, protect ecosystems, and neutralize
y densification and modern stabilization. complex modern pollutants. . 11
A chemical micropollutant loads. ’




Key Message o i

v'Living wall systems can bridge the gap between detection and
removal

v Effective for both conventional and emerging pollutants

v'A promising nature-based solution for sustainable water
management ,
//
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Thank you

Nouveau Design Solar Septic Tank: Reinvented Toilet

Technology for Sanitation 4.0 Vertical Garden Constructed Wetland vs Vertical Gard /

Multi-Soil Layer-based Constructed WetlalpLd . [
Future Research Directions S e i

Solar heated water system

v’ System Optimization

v Advanced Contaminant
Removal

Up-flow solar septic tank

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

Effluent
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