INNOVACIONES EN LOS HUMEDALES PARA EL
TRATAMIENTO DE AGUAS RESIDUALES: TENDENCIAS A
FUTURO
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What is a wetland?

Es un porcion de tierra dela napa de agua esta cerca o en la superficie
durante algin periodo del afio y se caracterizan por la presencia de

vegetacion adaptada especificamente para sobrevivir en estas

condiciones y el suelo ha desarrollado condiciones como respuesta a las

condiciones de humedad y sa'ruracuon
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QUE ES UN HUMEDAL (NATURAL)?
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WHATIS A (NATU RAL) WETLAND?

<©> Los humedales son ecosistemas altamente

_— A
productivos

Con una lata capacidad de transformar y

VIAA" NUTRIENTS almacenar material organica y nutrientes
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Tipos humedales para tratamiento de aguas

Free-Water Surface Flow (FWS) Horisontal Subsurface Flow (HSSF)
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Presenter
Presentation Notes
There is many different types of systems – here are the four of the first systems.
FWS: Common in north America 

Free-floating macrophyte system: Commonly used in tropical or subtropical areas, as the floating macrophytes don't tolerate temperature below zero.

HSSF: water flowing trough a matrix (soil, sand, gravel etc.) where plants are growing. Especially coarse sand in start and end. Water is flowing/moving horizontal through the root zone/bed.

VF: Water is discharge on the surface and percolates through the matrix, thereby moving vertically. 
Non-water saturated conditions, so a variation in water and air, allowing higher oxygen content in the matrix. 

Mangler på slide, men bliver præsenteret: 
Floating treatment wetland
Willow
Reed bed systems 
Intensified systems


LIMITACIONES DE LOS HUMEDALES TRADICIONALES

Disponibilidad y tasas de transferencia de O2 limitadas

e Difusion a traves de
e Difusion a traves de

a interface aire agua
as plantas

Son procesos lentos y con tasas de nitrificacion limitadas (NH,2>NO,)

Capacidad de ab-adsortcidn (e.q. para eliminar P o metales pesados)
« Capacidad finita en los procesos de Sorcion
« Gravas/ arena tiene capacidad limitada de Sorcidny se saturaen 1 a 2

anos

« > No es una solucion definitiva para la eliminacion de P (algunas veces

liberan P)
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Los humedales para trataamiento son sistemas basados en la natrualeza
que tradicionalmente considerados sistemas extensivos cuando se
compgaran con los sistemas convencionales

* Exigen bajo a nigun aporte de electricidad o productos quimicos (part of the
appeal of TWs)

* Sin embargo son procesos pasivos y considerados menos eficientes y exigen mas
ared

* “Intensification” Son modificaciones operacionales o estructurales
que se aplican a humedales para tratamiento para aumentar la
eficiencia y/o para superar limitaciones de procesos (aumentar las
tasa de transferencia de oxigeno)
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INTENSIFICACION DE HUMEDALES PARA TRATAMIENTO

Intensificacion

Tipo de intensificacion

Ejemplo

/v

Energeticos Aireacion Humedales con aireacién
Bombeo Sistemas reciprocos, de llenado y vaciado
Fisicoquimicos Ab-adsorpcion Limaduras metalicas, arcillas expandidas,
zeolitas, bauxsol, materiales quitinosos,
materiales modificados
Precipitaciones quimica PAX, cloruro férrico, agentes oxidantes
Bioelectricos Bacteria bioléctricas Metlands
Operational Cosecha de plantas Sistemas basados en plantas flotantes,
evaporativos
Ciclos de carga Alternacién secuencial entre lechos paralelos
Recirculacion de caudales Sistemas de flujo vertical con recirculacion
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Nuevos desarrollos

En los ultimos anos algunos han aflorado algunos desarrollos
iIntensificar y por ende mejorar la eficiencia de los humedales para
tratamiento de aguas, estos incluyen

= Sistemas aireados

= Sistemas evaporativos

= Sistemas combinados

= Micro- contaminantes orgdnicos emergentes
» Eliminar contaminantes especificos

= Recuperacion de recursos

= Sistemas electroactivos
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AERATED TREATMENT WETLANDS

 Typically designed to satisfy high oxygen demand via aeration
- high rate BOD; removal and nitrification
—> Denitrification can be increased managing operation

* Are established for treating troublesome effluents with high
O, demand,

* Where surface available is a constrain
* When seasonal changes are extreme

* Where a high-rate green technology is desired
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Free-Floating Macrophyte system
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Presenter
Presentation Notes
Free-floating macrophyte system: Commonly used in tropical or subtropical areas, as the floating macrophytes do not tolerate temperatures below zero.


Water Hyacinth
(Eichhornia crassipes)
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Presenter
Presentation Notes
The picture to the right lower corner is from Vietnam, with cleaning of water. very simple.


Disney World Florida
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Presenter
Presentation Notes
Treating water and also recover some of the nutrients by harvesting - fodder for cattle as pellets and / or biogas production.
Lemna = duck weed, 
Problem - during summer there will be a high algae biomass, that will cause problems when discharged to rivers (as OM). By using duck weed as a cover, the algae dies and the problem will be removed. duck weed has a high protein content, so a its good as a fodder supplement. 



Evapotranspirative systems with willows

. All wastewater is evaporated to the atmosphere on an annual basis, i.e. there is no
outflow
O weBizing of beds is determined by the difference-between P and ET
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Presenter
Presentation Notes
One big basin with willow - all wastewater will be evaporated, so no outlet. Evaporation is highest during summer, and during winter the water accumulate.
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Sistemas de plantas flotantes
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Presenter
Presentation Notes
floating islands on the water - more roots in the water, easy to remove the plants from the system. But the oxygen conditions can become very low under these systems, etc. for fish and other wildlife, but still, if this is a treatment system.

This system is often used when treating storm water, because the plants can follow the changes in water level. 
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 p———— Slide borrowed from Tom Headley




Intensificacion fisico-quimica

USQO Y DESARROLLO DE MATERIALES CON ALTA CAPCIDAD DE AB-
ADSORCION (MATERIALES REACTIVOS )

e Agregados de arcillas expansivas

e limaduras metalicas

e zeolites

e bauxsol

e Agregados con alto contenido de calcio, aluminio y hierro

eElectrochemically active media...
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DESARROLLO DE RECUBIRMIENTOS PARA COSECHAR P
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Tech area

Solar disinfection
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Humedales de flujo vertical

R e

i

* Good oxygen conditions: » Nitrificacion > 90%
— Flujos no saturados

. NH, > NO,

— Carga secuencial

/Iy — Aireacion pasiva ;



Presenter
Presentation Notes
The standards for effluents was more strict. Nitrification was demanded for the systems in 1997, hence, ammonium (NH4) above 5 mg L-1 was no allowed and at least 90 % of nitrification was demanded. 

These standards was meet by having a vertical subsurface flow system, hence, having a system that was not water saturated.

Blue = air supply, which can occur from but air and below. 

This system is the most commonly used!



RECIRCULACION DE EFLUENTES PARA ELIMINAR TN

Org.—C I N,
NH,—N

Enhance denitrification
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SWINGS-project - India
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SLUDGE TREATMENT RED BEDS (STRB)
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ELECTROACTIVE BIOFILM-BASED
CONSTRUCTED WETLAND (EABB-CW)

Bacteria
consortia

Outflow
H.O
N, + H,O
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EAB Wastewater
inflow

C.A. Ramirez-Vargas et al., 2019.
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Task 3.1: N, P and K recovery in
constructed wetlands
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Facility number Kg Fresh Matter / m2 | Kg Dry Matter / m2
Facility 5 Phragmites Raw wastewater (only
rotor screened)
Facility 4 Arundo 14.4 5.06 HRAP outlet water
Facility 3 Phragmites 0.6 0.25 HRAP outlet water
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PRODUCCION DE PROTEINA Y NITROGENO

NITROGEN AND PROTEIN CONTENT
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W iris pseducorus CW WMl Phragmites australis CW g cai viminalis CW W Juncus effusus Nat

I Typha latifolia Nat
Juncus effusus CW s~ Typha latifolia CW

Iris pseducorus Nat =~ Phragmites australis Nat ™ Salix viminalis Nat
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- 480 Ha SURFACE FLOW WETLAND - ONE
OF THE BIGGEST!

TREATING UP TO 200,000 M*/D OF OILFIELD WASTEWATER IN THE DESERT ON OMAN
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Presenter
Presentation Notes
Visible : 1/3 of total area


El area necesaria depende segun el tipo de Sistema
seleccionado
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Sistemas Intensificados
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Presenter
Presentation Notes
Less area is needed to treat the same amount of wastewater in the different systems, but at the same time, all the red factors increase!


COMENTARIOS FINALES

—— Intensified designs have been developed to overcome TW
orocess limitations (e.g. O, availability)

ntensification can achieve very high treatment efficiencies
In relatively small surface areas

- compact systems (e.qg. arid climates, built-up areas)

- difficult wastewaters

However, this comes at a cost SE£¥! e.q:
-> higher electricity consumption
- higher maintenance/labour inputs
- costly media (energy and/or chemical inputs during production)
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