
�����������	
���

����
���	���������������������	
���

����
���	����������
���������
�	������
����
	��	�����	������������
�	������
����
	��	�����	���

������
����
���������
����
���

�
���������
��	��
���������
��	�
mbelmon@toronto.cambelmon@toronto.ca

�	����	��	�

����������	��������	����	��	�

����������	�������
����	������
�����

������	������
�����

��

�� ��!��"�#$$%�� ��!��"�#$$%



Pollution with wastewaterPollution with wastewater

� Lack of wastewater treatment in 
developing countries

� Pollution with nutrients and 
microorganisms

� pollution with toxic metals and organic 
compounds



Potential of wastewaterPotential of wastewater

� Lack of safe water in many developing 
countries

� Lack of money to purchase fertilizers
� Wastewater can be a source of safe water 

and nutrients



Municipal WastewaterMunicipal Wastewater

� Primarily commercial and residential
� Flows are continuous
� Low to high content of organic matter and 

nutrients
� Low content of toxic metals, pesticides 

and other organic pollutants



Organic pollutants in wastewaterOrganic pollutants in wastewater

� Pesticides
� PAHs and PCBs
� Hormones
� Pharmaceuticals
� Personal care products
� Surfactants (including NPEOs)



Natural Treatment SystemNatural Treatment System

� Uses natural sources of energy: sun, wind
� The wastewater is treated by natural 

physicochemical and biological 
processes

� Emulating natural ecosystems: retention 
ponds, wetlands, infiltration

� Therefore, low operational costs.



� Natural

– Land intensive
– Microbes
– Plants
– Soils
– Low energy inputs

� Conventional 
Systems
– Energy intensive
– Microbes
– Chemicals
– Structures with 

concrete and steel

Natural vs. Conventional wastewater Natural vs. Conventional wastewater 
treatment systemstreatment systems



Function of WetlandsFunction of Wetlands

� Although the value of 
wetlands for fish and 
wildlife protection has 
been known for 
several decades, 
some of the other 
benefits have been 
identified only 
recently.



Function of WetlandsFunction of Wetlands

� Wetlands are very rich ecosystems that 
support a large variety of plants and animals.

� Wetlands stabilize water supplies, thus 
ameliorating both floods and drought.

� They clean polluted waters, protect 
shorelines, and recharge groundwater 
aquifers.

� Wetlands are very important in the 
biogeochemical cycles of nutrients.



Function of WetlandsFunction of Wetlands

� Wetlands are sometimes described as 
“the kidneys of the landscape” because 
they function as the downstream 
receivers of water and waste from both 
natural and human sources.



Vegetation in WetlandsVegetation in Wetlands

� Types of vegetation.
– Emergent, submerged, and floating.
– Forested vegetation



Types of Treatment WetlandsTypes of Treatment Wetlands

� Natural Wetlands
� Constructed Wetlands

– Free water surface (FWS)
– Subsurface flow wetlands 

(SSF)
• Horizontal flow
• Vertical flow



Free Water Surface

Horizontal Subsurface Flow

Vertical Subsurface Flow

ConstructedConstructedWetlandsWetlands



WetlandsWetlandscan be can be usedusedforfor waterwaterpollutionpollution
controlcontrol



� Physical
– Straining and sedimentation

» Suspended solids,  particulate organic and inorganic 
C, N and P

� Chemical 
– Adsorption and precipitation

» Dissolved organic compounds
» Anions (PO4

3-) and cations (metals)

– Volatilization

Basic processes in wetlandsBasic processes in wetlands



� Microbial
– Oxidation-reduction reactions
– Assimilation into microbial biomass

� Plants
– Plant growth
– Gas transport
– Roots - support structures for microbial 

colonization

Basic processes in wetlandsBasic processes in wetlands



Flowers in a Flowers in a LabLab--ScaleScaleTreatment WetlandTreatment Wetland



LabLab--ScaleScaleTreatment WetlandTreatment Wetland

Subsurface Flow

Calla Lily (Zantedeschia
aethiopica)



Concluding RemarksConcluding Remarks

� Calla lily can live and grow well in subsurface 
flow wetlands.

� The presence of calla lily aided in removal of 
nitrogen in the subsurface flow wetland.

� The presence of calla lily did not affect the 
removal rate of COD in the SSFW.

� The SSFW reduced the concentration of NP and 
NPEO in the water, but calla lily did not affect 
the removal rate of NP and NPEO.



PilotPilot--Scale Treatment Wetland in Scale Treatment Wetland in TexcocoTexcoco



NativitasNativitas’’ Treatment WetlandTreatment Wetland



Study AreaStudy Area

� Close to Mexico City
� Upper: Agriculture & 

floriculture
� Lower: Urbanized
� Lack of waste water 

treatment facilities
� Water scarcity



URBANIZED AREAS

SAMPLING LOCATIONS

Treatment Wetland LocationTreatment Wetland Location

Treatment 
Wetland



NativitasNativitas’’ treatment wetlandtreatment wetland



TerracesTerraces



Stabilization PondStabilization Pond



Subsurface Flow Wetlands Subsurface Flow Wetlands 



Vertical Flow Wetland and Duckweed PondVertical Flow Wetland and Duckweed Pond



Concluding RemarksConcluding Remarks

� The treatment wetland significantly 
reduced COD (85%), TSS (95%) and 
Total Nitrogen (62%).

� NPEOs were found in moderate 
concentration in Nativitas’ waste water. 
The treatment wetland significantly 
reduced these compounds (78%-91%). 



Concluding RemarksConcluding Remarks

� The ornamental plants were as efficient as 
cattail in the waste water treatment. 

� The treatment wetland produced water 
suitable for irrigation.

� It is feasible to use ornamental plants 
such as calla lily in subsurface flow 
treatment wetlands in the central valley of 
Mexico.



Testing other species Testing other species –– OcotlOcotláánn, , JalJal..



Celda laboratorio

Testing other speciesTesting other species



Celda de laboratorio

Testing other species Testing other species –– Lab ScaleLab Scale



Celda de laboratorio

CannaCanna LillyLilly



AnturiumAnturium andrearumandrearumy y HemerocallisHemerocallisdumortieridumortieri



Testing other species Testing other species –– Pilot scalePilot scale



Testing other species Testing other species –– Pilot scalePilot scale



Testing other species Testing other species –– Pilot scalePilot scale



Testing other species Testing other species –– Pilot scalePilot scale



FloricultureFloriculture--AquacultureAquaculture. Real. Real--ScaleScale



La La CoralillaCoralilla, Valle del , Valle del MezquitalMezquital..



La La CoralillaCoralilla, Valle del , Valle del MezquitalMezquital..



La La CoralillaCoralilla, Valle del , Valle del MezquitalMezquital..



La La CoralillaCoralilla, Valle del , Valle del MezquitalMezquital..



La La CoralillaCoralilla, Valle del , Valle del MezquitalMezquital..



La La CoralillaCoralilla, Valle del , Valle del MezquitalMezquital..
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