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Introduction

A WaterResourceAny of the entirerangeof naturalwaterthatoccuron the earth
andthatareof potentialuseto humans
A FreshwateBourcesGlacierandice caps,GroundwaterSurfaceWater
U Groundwater Locatedin aquifersbeneathhesurface
U SurfacéMNaterSourcesRiver, Streams|.akes,PondsWetland

J A - Surface Water Flow B - Surface Runoff
C - Wetland Water Storage D - Groundwater Discharge
J \ [ E - Groundwater Recharge F - Regional Aquifer Level
XS G - Water Table Position  H - Soil Moisture Level
e 520 | - Tile Drain Discharge J - Evapotranspiration

(Tariq Aziz, 2025)



Introduction (continued)

A Water ResourceConservations a sustainablemanagemento provide both the volume
(quantity)andcleanlinesgquality) of waterto supporthumanlife andecosystems

A Quantity Constructedwetlandsact as naturebasedsolutions that simultaneouslyfilter
stormwaterpolishreclaimedwater,andrechargdocal aquifers

Natalia Mesa 2025



Introduction (continued)

A Quality: Constructedwetlandsare treatmentsystemsthat use natural processesnvolving
wetlandvegetationsoils,andtheir associatednicrobialactionto improvewaterquality.
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Objective of Presentation

A To share technical knowledge about the treatment of water and wastewater usin
constructed wetland systems
A To mention about the contribution of constructed wetland systems for conservati

water resources.



Constructed Wetland

A Constructedwetlands are artificial wastewatertreatmentsystemsconsistingof shallow
pondsor channelavhich havebeenplanteawith aquaticplants andwhich rely uponnatural
microbial,biological,physicalandchemicalprocesseto treatwastewater

A Constructedvetlandsare now usedto improvethe quality of point andnonpointsourceof
water pollution, including stormwater runoff, domestic wastewaterand agricultural
wastewater

Source: Marginpar.com
!



Components of Constructed Wetlands

A A constructedvetlandconsistsof a properlydesignedasinthat containswater,a substrate
and vegetation Other important componentsof wetlands, such as the communities of
microbesandaquaticinvertebratesgevelopnaturally

x \Water

U Wetlandsare likely to form landformsdirect surfacewater to shallow basinsand
where a relatively impermeablesubsurfacelayer preventsthe surface water from
seepingnto theground

U Theseconditionscanbe createdo constructa wetland A wetlandcanbe built almost

anywheren the land scapeby shapingthe land surfaceto collect surfacewaterandby
sealingthebasinto retainthewater

Source: USEPA, 2017



Components of Constructed Wetlands

X Substrate
U Substratesusedto constructwetlandsinclude soil, sand, gravel, rock, and organic
materialssuchascompost
U The substratesand sedimentsare importantfor severalreasonsecause they support
manyof theliving organismsn wetlands
U Its permeabilityaffectsthe movementof waterthroughthe wetlandand many chemical

andbiological(especiallymicrobial) transformationsake placewithin the substrates
Source: USEPA, 2017

Papu Yadav, 2026



Components of Constructed Wetlands
X \Vegetationfor FreeSurfacélMetlandSystem

Constructedvetlands(CWs) utilize four primary categorie®f wetlandvegetation
1. EmergenmacrophytesPlantsrootedin the substratavith stemsandleavesabovethewater

2. SubmergednacrophytesPlantsthatremaincompletelyunderwater
3. Freefloating plants Plantsdrifting onthe surfacewith rootshangingfreely.
4

. Floatingleavedplants Rootedplantswith largeleavesestingon thewater'ssurface

Source: USEPA, 2017



X Vegetationfor FreeSurfacéletlandSystem

Water lettuce (Pistia stratiotes)is a
highly effective, costefficient aquatic
macrophyteusedin free watersurface
constructedwetlands for wastewater
phytoremediation Its dense root
systems absorb heavy metals and
nutrients, achieving removal rates of
up to 83.5% for B O Dand97.53% for

ammonia (maijid Alietal. 2024)




x  Waterhyacinth(Eichhorniacrassipes)s a highly B4
effective, greenphytoremediatiortechnologyfor [ ;
constructedwetlands Its rapid growth rate and
dense root system filter out organic matter,
absorb excess nutrients like nitrogen and
phosphorus,and remove over 80% of heavy SSS====
metals such as Lead and Cadmium from gt

municipalandindustrialwastewaters
(Siti Noor Hajjar Md Latip et al. 2022)



X \Vegetationfor FreeSurfaceWetlandSystem

x  Waterlily wetlandsare highly effective, low-
maintenance&onstructedreatmentsystemgor
phytoremediation ponds) used to purify
municipal,agricultural,or greywater They act
as natural biological filters that break down
complexpollutants,removeheavymetals,and
absorb excess nutrients like nitrogen and
phosphorus AliMarefat, 2021




X \Vegetationfor FreeSurfaceWetlandSystem

x  Pontederiacordata(Pickerelwee(l is an exceptional
emergent aquatic plant for water treatment in
constructedvetlands ponds,andbio-filters.

x |t highly efficiently absorbsheavy metals (like
copper, lead, and cadmiun), rapidly draws down
excess nitrogen and phosphorus,and naturally
Inhibits harmfulalgalblooms y




X Vegetationfor FreeSurfacélMetlandSystem

v, —
.

Microsorum pteropus commonly known as Javafern
after the Indonesianisland of Java,can be found in
Malaysia, Thailandandsomeregionsof China

Java Fern is a highly effective, low-maintenance

freshwateraquariumplant usedto naturally improve
water quality. It absorbsharmful waste (like nitrates

andammonia)from thewatercolumn

15



X \Vegetationfor FreeSurfaceWetlandSystem

x  Azolla (afastgrowing floating waterfern) is a highly effective,naturebasedagent
for watertreatmentandphytoremediation

X It acts as a natural biofilter, rapidly removing heavy metals, excessnitrogen,

phosphorus,and other pollutants from wastewater,while generatingvaluable,
nutrientrich biomasgshatcanbe usedfor biofertilizer.

16



X \Vegetationfor FreeSurfaceWetlandSystem

X Duckweed is a highly effective, low-cost
phytoremediation tool used to purify
municipal, industrial, and agricultural
wastewaterThesetiny floating aquaticplants
rapidly absorbmassiveamountsof nitrogen
and phosphorus while reducing overall
biological oxygendemand,resultingin high-
quality effluent

17



X Subsurfac&VetlandSystem

Subsurface wetland macrophytes are emergent aguatic plants rooted in a gravel, sand,
bed through which wastewater flows beneath the surface.

Horizontal subsurface flow constructed wetland (HSSFCW) is the most commonly used
system.

Macrophytes

Substrate Wetland
Outflow

Saloni Sachdeva, 2023
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X Subsurfacé&\VetlandSystem

Table 1. Treatment efficiency of vegetated beds of HF CWs - worldwide experience

Parameter Inflow (mgi™1) Outflow (mgl™1) Efficiency (%)
BODs 108 16.0 85
CoD 284 72 75
TSS 107 18.1 83
TP 8.74 5.15 41
TN 46.6 26.9 42
NH4*-N 38.9 20.1 48

Saloni Sachdeva, 2023
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X Subsurfac&VetlandSystem

A In averticalflow subsurface wetland system, the influent percolates downward through

gravel and sand matrix to a drainage pipe. It is highly effective at aerating water and
converting ammonia to nitrates.
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X \egetationfor SubsurfacéVetlandSystem

A Typha latifolia (broadleaf cattails a powerful, lowcost wetland plant heavily utilized in
constructed wetlands for phytoremediation.

A lts extensive root system absorbs heavy metals, stabilizes soil, and supports bacteria

break down organic waste, making it highly effective for treating domestic and industr
wastewater

21



X \egetationfor Subsurfacé\VetlandSystem

= A

Tiger grass Thysanolaena
maximg is utilized in water
treatment as a natural, eco
friendly phytoremediation
tool.

Planted in constructed
wetlands and vertical
helophytefilter systems, its
deep, dense root systems
absorb heavy metals,
organic waste, and excess
nutrients from wastewater
while filtering out
pollutants.
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X \egetationfor Subsurfacé\VetlandSystem

Juncus effusus
(commonly known as Soft Rush or Common Rush)

A

A

Soft Rush is a highly effective,
resilient emergentplant frequently
usedin constructedvetlands

It filters suspendedolids, takesup
excess nutrients, and transfers
oxygen to its roots to cultivate
purifying microorganisms

It typically achieves over 80%
removal rates for biochemical
oxygen demand (BOD) and
chemicaloxygendemand(COD) in
wastewater
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X \egetationfor SubsurfacéVetlandSystem

A Using MiscanthussinensigChinesesilvergras}
In a constructedwetland systemis an ecc
friendly approachto wastewatertreatmentthat
combines phytoremediation with biomass
production

M A The plantsabsorbheavymetals,reduceorganic

' pollutants, and regulate oxygen transfer to

promotebiofilm growth,which naturallydigests

waste

Miscanthus sinensis
(Chinesesilvergras$
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Vegetationfor Subsurfac&VetlandSystem

AR

A Eleocharisdulcis (commonly known as purun tikus
or Chinesewater chestnt) is a highly effective,
native emergentmacrophyteused in Constructed
Wetlands

A Its robustroot systemsand high biomassproduction
make it an excellent agent for phytoremediation,
capable of reducing organic loads, nutrients, and
heavy metals from Industrial and domestic

wastewater

Eleocharis dulcis
(Chinese water chestnut)

25



Vegetationfor Subsurfac&VetlandSystem

-~ . {_O

A Xanthosoma sagittifolium (commonly known as
Tannia or Cocoyan) is an effective plant for
constructedvetlands

A It is typically usedin subsurfaceflow or Floating
TreatmentWetlandswhere its denseroot network
filters pollutants, breaksdown organic matter, and
facilitates beneficial microbial growth to treat
wastewater

Xanthosoma sagittifolium
(commonly known as Tannia or
Cocoyam) 26



X \egetationfor SubsurfacéVetlandSystem

- Far

A Cannaindica is a highly resilient, fastgrowing
wetland macrophytewidely utilized in Constructed

Wetlands (CWs) and Floating TreatmentWetlands
(FTW5s)

while facilitating robust microbial activity in the
rhizospheremakingit an excellentnaturalfilter for

removing heavy metals, nitrogen, and organic
pollutantsfrom wastewater

Canna indica
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X \egetationfor SubsurfacéVetlandSystem
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&' A Cannaindica is a highly resilient, fastgrowing
wetland macrophytewidely utilized in Constructed
Wetlands (CWs) and Floating TreatmentWetlands
(FTWs).

A Its long, fibrous root systemstrap suspendedolids
while facilitating robust microbial activity in the
rhizospheremaking it an excellentnaturalfilter for

removing heavy metals, nitrogen, and organic
pollutantsfrom wastewater

Canna indica
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X \egetationfor SubsurfacéVetlandSystem

sedgewidely usedin ConstructedWetlands (CW)
and Floating Treatment Wetlands (FTW) for
e Dbioremediatiorandwastewatetreatment

; A It Is highly efficient at reducingChemicalOxygen
Demand (COD), Biological Oxygen Demand
(BOD), Total Suspendedsolids (TSS), and heavy
metals

CyperusHaspan
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X Vegetationfor Subsurfacé\VetlandSystem

A Lepironia articulata (often called Grey Sedge or
Purundanauy is a highly effective, native Southeast
Asianwetlandplantusedin constructedvetlandand
phytoremediatiosystems

A It naturally thrivesin tropical climatesand purifies
wastewatethrougha combinationof root filtration,
oxygenreleaseandmicrobialbreakdown

CyperusHaspan
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X \egetationfor Subsurfacé\VetlandSystem

A TheCommon ReedPhragmites australis) is an incredibly resilient aquatic plant
widely used in "reed bed" systems to naturally filter wastewater. It purifies water by
transporting oxygen down into the gravel or soil, which cultivates beneficial
microorganisms that actively digest organic pollutants and reduce harmful bacteria



Vegetationfor Subsurfac&VetlandSystem

A Constructed wetlands (CW) are being explored as an alternative treatment for boron removal.

A This study explored the capacity of this residue to treat bichrwastewaters as main wetland substra
in laboratory constructed wetland microcosms.

A Two plants;Typha angustifolia anBuccinelliafrigida, were used to evaluate their capacity to increase

boron removal. .



Utilization of Harvested Macrophytes

1. Composting these plants creates a natural, nuttemfertilizer because plant tissues
hold rich stores of nitrogen and phosphorus taken from the wastewater.

2. Heating the plant matter in a leaxygen environment creatbschar This is a
charcoallike substance used to filter polluted water or improve farm soil.

3. Some harvested plant species can serveughage or feefbr certain farm animals.

4. Dried reeds and grasses work well as animal bedding, which later turnamioe

based fertilizer.




Mechanism of Constructed Wetlands
PhysicalFiltration

A The wetland is lined and filled with substrate (filter media) like sand, gravel and soil.
A The loose, porous material physically traps large suspended solids and particulate m:
as water flow through.

Inlet Pipe and Wetland Plants (Macrophytes)
Gravel for Effluent Outlet

and Cover

Wastewater (Height Variable)
Distribution | ' ' ' ' '
Wet Well
. ' ‘

St ST

Outlet

Tilley et al., 2014
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Mechanism of Constructed Wetlands
Adsorption ‘ Y

A Itis a primary for removing contaminants like i,
heavy metals, phosphorus, and trace organics

Wiy [Transport

@TPhotolysis

bind to the surfacesf substrate media (e.g.,
gravel, sand, zeolite, biochar).

A This processemporarily immobilizeshe
pollutants, allowing time for plant uptake and
microbial degradation.

35



Mechanism of Constructed Wetlands

Microorganisms

A Microorganismsaerobicallyor anaerobicallydecomposeorganic matter to reduce
the concentrationof biochemical oxygen demand(BOD) and chemical oxygen
demand COD).

A In nitrogenremoval,nitrifying bacteriaturnstoxic ammoniainto nitratesin oxygen
rich zones

A In anoxic/ anaerobiczones,denitrifying bacteriaconvertsnitratesto nitrogen gas
thatescapeo atmosphere

Nitrification Denitrification
. \ A >< 2 A ‘"‘» o ' ] Inert Nitrogen Gas

Nitrites (NO,"-) and Nitrates (NO,") Soil Bacteria Atmosphere

Ammonium (NH *) il Bacteria Nitrites (NO,~) and Nitrates (NO;")



Mechanism of Constructed Wetlands
Phytoremediation

A Itis a technigue that uses plants and associated microbes to remove toxi
pollutants like heavy metals, pesticides and hydrocarbons from soil and v
A Distinct Mechanisms

C Phytoextraction

¢ Phytostabilization

C Phytodegradation

C Phytofiltration



A Phytoextraction
Plantsabsorbcontaminants through their roots and transport them to their ste
and leaves, which are then harvested and safety disposed of.

A Phytostabilization

Plantstrap contaminantsn the soi] preventing them from spreading via wind,
rain, or groundwater

A Phytodegradation

Plants and their microbese enzymes toreak dowrorganic contaminants into
harmless byproducts.

A Phytofiltration

Contaminants argltered and absorbeflom contaminated water or wastewater
using plants grown hydroponically.



Mechanisms of Constructed Wetlands
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Design Considerations

of Constructed Wetland System



Hydrological Factors

A A hydrologicbudgetshouldbe preparedo properlydesigna constructedvetlandtreatment
system Changesin the detentiontime or water volume can significantly affect the
treatmenperformance

For a constructed wetland, the water balance can be
expressed as follows:

Q -Q, + P-ET = [dV/di] (3-1)
where,

_— influent wastewater flow. volume/time,
Q, = effluent wastewater flow, volume/time,

P = precipitation, volume/time
ET = evapotranspiration, volume/time
V = volume of water, and

t = time. (USEPA, 1988)
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BOD; removal in a wetland has been described by a
first-order model as follows (1):

[CJ/C, = exp (Krt) (3-2)
where,

C. = effluent BOD;, mg/L

C, = influent BODs;, mg/L

K, = temperature-dependent 1fire.t-::nrcler
reaction rateconstant, d’

t = hydraulic residence time, d Hydraulic residence time can be represented as:
t = LWd=Q (3-3)
where,
L = length
W = width
d depth

(USEPA, 1988) Q average flow rate = (flow;, + flow,,) + 2

42



Dimension Factors

A SurfaceAreacanbe estimatedy usingfollowing equation

A=[Q (INC, -InCy] = (Kydn)  (3-7)

where
C. = effluent BODs, mg/L
C, = influent BODs, mg/L
K, = temperature-dependent F rst-order
reaction rate constant, d”
t = hydraulic residence time, d
Q = average flow rate through the system, m*/d
d = depth of submergence, m
= porosity of the bed, as a fractlnn
A. = surface area of the system, m°

(USEPA, 1988)
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Dimension Factors

AWidth

Thereis no hard andfast rule on the optimum width of the wetland, however,it Is
recommendedhat if the width of the wetlandis more than 15 m, the wetlandcell
should be partitionedinsidethewetland

It shouldalsobe keptin mind thatit is betterto useat leasttwo parallelcells instead
of asinglewetlandcell for the easan operationandmaintenancef thewetland

ASlope
A slopeof 0.5 to 1% is recommendetbr easeof constructiorandproperdraining

(UNHABITATE, 2008)



Dimension Factors

WaterDepth

AThewaterlevel in the systemandthe durationof flooding canbe importantfactorsfor the
selectiomandmaintenancef wetlandvegetation

A Cattails grow well in submergedsoils and may dominatewhere standingwater depthis
over1l50mm (6 in)

AReedsccuralongthe shorelineof waterbodieswherethe watertableis belowthe surface
butwill alsogrowin waterdeepethanl.5 m (5 ft).

A Bulrushescantoleratelong periodsof soil submergencandoccurat water depthsof 7.5
250mm (0.3-101n)

(USEPA, 1988)



Media Selection

AThemediaperformseverafunctions

AThey are (i) rooting materialfor vegetation,(ii) help to evenly distribute/collectflow at
Inlet/outlet,(iil) providesurfaceareafor microbialgrowth,and(iv) filter andtrap particles

AFigure showsthe recommendedsubstratesizes, which uses40 i 80 mm media at the
Inlet/outletzonesand5 1T 20 mm atthetreatmentzone

Inlet Pipe

e
PRERL 7 40-80mm
<Er. ) ) gravel

o 'Y Y :

4 A . ‘-f:‘ e | : 4.,'33“ l; / E .
40-80mmA,_, L A 5 = J‘ outlet pipe
gravel : |m|n. | : —Plastic Liner —5-20mm gravel j—

0.75m

Substrate arrangement in a HF wetland

(UNHABITATE, 2008)
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Media Selection

AThereis not oneuniform standardsubstratelesignfor the constructiorof VF wetland

AVarious literaturesreportseffective grain size shouldbe 0.2 < d10 < 1.2 mm, uniformity
coefficient3 to 6 andhydraulicconductivityKf 10-3to 10-4 m/s

AThefilter mediausedat Dhulikhel Hospitalhadd10= 0.4 mmandd60/d10= 1.5

5-10mm gravel

1-4mm thk. sand

)
45¢m

b, o 5 Ty s A ey b ._ "

5-10mm gravel — B R iy i : ; ;
= @le. Gl @ = @lw @lw Ol= @ = Ol= o Hl o @l= gle. @l= O= O le. §le.0 =0 =4 Iy

0000 0:90-0:9> SP-00-9-90-0:90:0: 1

20-40mm gravel CALILILIALALINALAA R LILII LI LA A
X R

Substrate arra ngement inaVF wetland |

70cm

(UNHABITATE, 2008)
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Hydraulic Loading Rate

A Hydraulic loading ratesof 150500 m3/had (16,000-54,000 gpd/ac),have beenreportedand, in
general, the site-specific conditions of weather, soil conditions (permeability especially), and

vegetatiortype mustbe consideredn establishinghe hydraulicloadingrate

A Fromtheresultsobtainedat Listowel, Ontario,it appearshathydraulicloadingratesof 200ma/ha

d (21,000gpd/ac)will providemaximumtreatmenefficiencies

(USEPA, 1988)



Hydraulic Detention Time
A detentiontime of 6-7 dayshasbeenreportedto be optimal for the treatmentof
wastewater

Shorterdetentiontimes do not provide adequatdime for pollutantdegradatiorto

occur, longerdetentiontimescanleadto stagnantanaerobiconditions



Permissible Influent Concentration

X Constructedvetlandsare generallydesignedor secondanor tertiary treatment meaning
Influent concentrationsshouldn't exceedtypical municipal or agricultural wastewater
loads Exceedingthesethresholdscausesclogging and plant toxicity. Standardmaximum
recommendedhfluent concentrationgclude,

« BODg: Up to 250 — 300 mg/L

« COD: Up to 500 — 800 mg/L

« TSS: Upto 200 — 300 mg/L

« Total Nitrogen (TN): Up to 50 — 80 mg/L

+ Ammonia (NH, — N): Up to 20 — 50 mg/L

« Total Phosphorus (TP): Up to 15 — 20 mg/L (G. Mancuso, 2023)



Lifetime of Macrophytes

A Thelifetime of macrophytegaquaticplants)is critically importantfor contaminanuptake

In constructedwetlands While plants directly absorbsome pollutants, their life cycle
heavilydictateshewetland'sabllity to filter andstorecontaminants

A Their uptakechangesit eachgrowthstages

1.

2.

Seedlig stage The plantis youngandjust startingto grow in the wetlandandrootsare
small,sodirectplantuptakeis low.

Vegetativestage The plant grows quickly, makingleaves,stems,andlong roots This is
the plant'sfastestgrowing time. It absorbdarge amountsof nutrientsfrom the waterto
build newplantparts

NISIFESEag: The plantis fully grown It stopsgrowing quickly andmay makeflowersor
seedsThetotal amountof nutrientsstoredin the plantis at its highest However,therate
of newuptakeslowsdown Old plant partsdie andsink. This trapspollutantsin the mud
If theyarenot cleanedut, sometrappedpollutantscanleakbackinto thewaterastheold
plantsrot. If left in the watertoo long, the plant reachedts maximum capacity Older
plantsstartto decayAs theydie, theyreleasdhe storedpollutantsbackinto thewater




Optimum Uptake Lifetime of Common Macrophytes

A The optimum uptake lifetime (from starting date of planting macrophytesin new
environmenbdf constructedvetlandsystem)of commonmacrophytesreasfollows,

No. | Macrophytes Lifetime Type of constructed
(days) wetland

1. water hyacinth 14- 21 Free surface
2. water lettuce 7-12 Free surface
3. duckweed 3-7 Free surface
4, water lilies 90-120 Free surface
5.  Common reeds 90-120 Subsurface
6. Cattall 60- 120 Subsurface
7. Tiger Grass 60- 120 Subsurface
8. Canna Indica 45-90 Subsurface
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Performance Expectation

A Wetland systemscan significantly reducebiological oxygen demand(BOD5), suspendedolids (SS), and
nitrogen,aswell asmetals traceorganicsandpathogens

Table 3-2. Performance of Pilot-Scale Constructed Wetland Systems (1)

Effluent Concentration, mg/L

Wetland Type BOD; SS NH, NO;, TN TP

Open water, channel 10 8 6 0.2 8.9 0.6
Open water, channel <20 <8 <10 0.7 11.6 6.1

Gravel-filled channels <30 <8 <5 <0.2

Seepage basin wetland 2 1.2 6.2 2.1

(USEPA, 1988)
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Constructed Wetlands for Lake Water Treatment (Case Study I)

Variation of Macrophyte’s Surface Area

throughout the Treatment Process

Hydraulic Surface Area ~ Vegetation

Detention Time (ft?) Covered (%)
0 Day 1.7 60%
5 Days 2.3 80%
10 Days 2 70%
15 days 2.1 75%
20 days 2.4 85%
25 days 2.8 98%

(c) 10 Days (d) 25 Days (May Ingyine 2024) 54



Constructed Wetlands for Water Treatment (Case Study 1)

(May Ingyine, 2024)



Constructed Wetlands for Water Treatment (Case Study Il)

Figure A.15 Phragmites (common reeds)

Wetland Unit

S PN Treated water
AT O

contamner

Lab-scaled Vertical Flow
Treatment Unit

(Me Me Khine, 2024)
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