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ABSTRACT

KEYWORDS

Wastewater treatment is a problem that has plagued man ever since he
discovered that discharging his wastes into surface waters can lead to
many additional environmental problems. Strategiesfor control of water
pollution have focused mainly on implementation of expensive and en-
ergy intensive conventional treatment technologies. Thelimited successes
of such strategies can be attributed to the high capital investment re-
quirement, continual replacement and high operation costs. In recent
years, constructed wetlands systems have emerged as a low-cost high-
performing wastewater treatment technology compared to conventional
treatment systems. There is a growing interest to develop and adopt this
technology for water pollution control in Indiaaswell. This paper gives
some introductory information on the concepts, pollutant removal
mechanisms, engineering design, construction, vegetation and applica-
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tions of constructed wetlands for wastewater treatment.
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INTRODUCTION

Water, themost abundant and wonderful naturd re-
source, isextremey essentid for thesurviva of dl living
organisms. Rapidindustriaization and urbanization over
the past decades have generated i ncreasi ng amounts of
wastewater, resultinginenvironmenta deteriorationand
pressure on reliable water resources. The Water (Pre-
vention and Control of Pollution) Act, 1974 leadsto the
congtruction of many new wastewater treetment fecilities
acrossthe country to help control weter pollution. Inthe
futureadd-on processeswill be needed to upgrade many
of thesetreatment facilities

Variousmethodsareavailablefor wastewater treat-
ment starting from conventiona pondsto anaerobicla
goons. Recently advanced technol ogiesincluding physi-

cal, chemical and biological treatmentshave been de-
vel oped for the sewage water treatment like, ion ex-
change, filtration, coagul ation, precipitation, adsorption
etc. Among thebiological systems, constructed wet-
land technol ogy isanew technology and itisachegper
aternativefor waste water treatment asit useslocal
resources. Aesthetically it isamorelandscaped | ook-
ing wetland site compared to the conventiona waste-
water trestment plants. This system promotessustain-
ableuse of local resources, whichisamore environ-
ment friendly biologica wastewater trestment system.
Apart from, compared with conventiond trestment sys-
tems, this constructed wetland systems having advan-
tages such as. can be established in the same place,
wherethewastewater isproduced; can be maintained
by relatively untrained personnel; haverdatively low
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energy requirements; and arelow cost systems. Since
the publication of first research report on the use of
aguetic plantsfor pollution control®3, researchinto con-
structed wetlands has expanded rapidly, but thisnovel
approach remainsadeve oping technology even today
with many of thekey processesand their ratesand in-
teractionsare poorly understood and standardi zed.

CONSTRUCTED WETLANDS

Congtructed wetlands areengineered systemsthat
havebeen des gned and condtructed to utilizenaturd pro-
cessesinvolving wetland vegetation, soilsand the asso-
ciated microbid assemblagesto ass st intreating waste-
waterd®l. They are designed to take advantage of many
of the processesthat occur in natura wetlandsbut do so
within amore controlled environment. Some of these
systems havebeen designed and operated withthesole
purposeof treating wastewater, while othershavebeen
implemented with multiple-useobjectivesinmind, such
asusing treated wastewater effluent asawater source
for the creation and restoration of wetland habitat for
wildlifeuseand environmenta enhancement.

FLOW TYPESIN CONSTRUCTED
WETLAND TECHNOLOGY

Congructed wetlandshave positive characteristics
of anatura wetland and can also be controlled to elimi-
nate the negative aspects of natural wetlands. There
aresevera typesof constructed wetlands: surfaceflow
wetlands, subsurfaceflow wetlandsand hybrid systems
that incorporate surface and subsurface flow wetlands.

Surfaceflow wetlands

These systemstypically cons st of basinsor chan-
nels, with some sort of subsurfacebarrier to prevent
seepage, soil or another suitable medium to support
theemergent vegetation, and water a ardatively sha-
low depth flowing through the system. The shallow
water depth, low flow velocity, and presence of the
plant stalksand litter regulate water flow and, espe-
cidlyinlong, narrow channelsminimizeshort circuit-
ing™. In surfaceflow wetlands, the near-surfacelayer
isaerobic whilethe deeper waters and substrate are
usually anaerobic. The advantages of surface flow
wetlandsarethat their capital and operating costsare
low, and that their construction, operation, and main-
tenance are straightforward. The main disadvantage

of surfaceflow systemsisthat they generaly requirea
larger land areathan other systems.

Subsurfaceflow wetlands

A subsurface wetlands system consistsof channels
(or) basinsthat contain gravel (or) sand mediawhich
will support the growth of emergent vegetation, the bed
of impermeablematerial isdoped typicaly between O-
2 per cent. Wastewater flows horizontaly through the
root zone of the wet land plants about 100-150 mm
below the gravel surface. Treated effluent iscollected
inan outlet channel or pipe?. Subsurfaceflow sys-
temsarecalled by several namesincluding vegetated
submerged bed, root zone method and microbial rock
reedfilter systems. Advantages of subsurfaceflow wet-
lands over the surface flow wetlandswere reported by
EPA manual*?,

e Aswater surfaceis maintained below the media
surface, thereislittlerisk of odor, direct exposure
andinsects

e Thefilter mediaprovidesgreater available surface
areafor wastewater treatment

e subsurfaceflow wetlandsgenerdly havesmdlerin
areathan surfaceflow wetlandsfor the samewaste-
water conditions

e Thesubsurface position of water and the accumu-
lated plant debris on the surface of the subsurface
flow wetlandsoffer gregter thermd protectionincold
climatethan surfaceflow wetlands.

Hybrid systems

Singlestagesystemsrequirethat al of theremoval
processes occur inthe same space. In hybrid or multi-
stage systems, different cellsaredesigned for different
typesof reactions. Effective treatment of wastewater
may require asequence of different wetland cellsto
promote aerobic and anaerobi c degradations.

WETLAND MACROPHYTES

The plantsgrowing in wetlands (often called wet-
land plants (or) macrophytes) are adapted to grow in
water saturated soils. Itisthusanintrinsic property of
wetlandsthat they arevegetated by wetland plants. Con-
structed wetlands for wastewater treatment may be
classified according to thelifeform of thedominating
meacrophyteinto systemswith free-floating, rooted emer-
gent and submerged macrophytes®. The macrophytes
have enormousfunctionin wastewater trestment such
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as, gastransport, release of oxygen by roots, influence
on soil hydraulic conductivity, uptake of nutrientsand
other functiong®. Themacrophytesaso providealarger
surface areafor attached microbia growth. Themac-
rophytes havean additiona function that isnot related
to thetreatment of the wastewater, which may besig-
nificant at specific sites. In large system, thewetland
vegetation may support adiversewildlife, including
birds, reptilesetc. It ispossibleto select nice-looking
wetland plantsliketheyellow flag (Irispseudacorus)
or canna-likesand in thisway making sewage water
treatment aesthetically pleasing.

TREATMENT TECHNOLOGIES

Thistechnology involvestheuseof plantsfor waste-
water treatmentsathough plantsdo not waysplay a
primary roleinthisprocess. Thepollutantsin such sys-
temsareremoved through acombination of physica
and biologica reactions, which occur intheaerobicand
anaerobic zones of wetlands.

Aeraobic process

In most wetlandswherethereisfreewater surface
aerobi c condition exist throughout the water column,
but condition quickly changeto anaerobic bel ow the
s0il surface, however, if thewater level isbe ow the soil
surface, theareaof the soil abovethewater leve isalso
aerobic. Under flooded conditions, diffusion of oxygen
through floodwater maintai nsaerobic conditionsat the
soil-floodwater interface’®. In addition when vegeta-
tionispresent an aerobic zoneexistsaround the roots
of each plant asthe plant transports oxygento itsroot
as reported by Grossel' and Michand and
Richardsoni?. Similarly Wieder® and Hedin[*® re-
ported that wetlands are typically constructed so that
flow occursacrossthe surface of an organic substrate,
which has been planted with cattails, and treatments
occur in the aerobic zone. Organic matter mainly re-
moved by the breakdown of soluble BOD during mi-
crobid respiration. Nitrification occursin agrobiczones
of soil water interface and root zone. Removal of metal
ionsoccursprimarily inthe aerobic zonethrough ava
riety of reactorsincluding adsorption, chelationandion
exchange. lon exchangereaction ofteninvolvestheex-
change of ahydrogenion for themetal ion, therefore
causing pH to decrease, asthe pH decreasesthe effi-
ciency of the aerobic process decreases.

Anaerobic process

In most wet lands anaerobic condition developin
the saturated zone, below the soil / water surface, a-
though exchangereactionscan still occur in anaerobic
zone, the primary reaction of importancefor metd re-
moval in sulphatereduction. Boliset a. reported that
sulfatereducing bacteriaare ubiquitousand toleratea
widerangeof environmenta condition. Denitrification
al so occursin anaerobic zones of soil water column.

Microbial process

Microorganismsintheroot rhizosphereregionplay a
major roleinwastewater trestment, the passage of waste
water treetment, through themediumformsbacterid film
on the bed medium surface, smilar to sewagedudgein
wastewater trestment plants, and hasagreat diversity of
bacteriacapable of breaking downawidevariety of or-
ganicmolecules, adsorption of moleculesontothehighly
reactive surfaceisthemost likely first step followed by
accumul ation of the bacteriaif necessary, leadingtothe
breskdown of the organic moleculestosmpleintermedi-
ates and in many cases complete breskdown to CO,,
methane and water wasreported by Gray!¢l.

Jensen et a.? reported that purification of the
wastewater occursthroughthemicrobia interactions
on the plant stalks aswell asthrough reaction in the
water and upper sediment zone. Microbia growth on
plant roots, chemica processandfiltrationsof the sub-
drateitself combineto providethewater cleaning prop-
ertiesinthesystem®!, Themicrobid populationinthe
rhizosphere region of the plant root system isdomi-
nated by bacteria, however bacteriahasrelatively low
enzymatic activitieswithintheorganic substratestested
and would therefore, be expected to degrade most of
thesimpler organic materid i.e. thosecontributing most
to the biochemical oxygen demand. By contrast, the
fungi and actinomycetes, dthough fewer innumber, have
awider rangeof hydrolytic activities. Consequently they
would be expected to degrade many of thelarger mol-
ecul esthat contributeto thechemica oxygen demand®.

POLLUTANT REMOVAL MECHANISM IN
CONSTRUCTED WETLANDS

In areed bed treatment system pollutantsarere-
moved from wastewater by acombination of physica,
chemical and microbiological processes. Reed beds
have more diverseactivitiesthan conventiond biologica
trestment systems. Although themechanismsof reed bed
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treatment arenot yet fully understood, someinteresting
discoverieshave been madeover thepast few years. The
mechanisms(physicd, chemicd and biologicd) involved
inthepurification of effluent by reed bed sysem arepre-
sentedinTABLE 1.

The sugpended solidsremova mechanism conssts
of sedimentation, filtration and adsorption.
Tchobanoglousand Eliassent™ reported straining asthe
mechanism of removal of suspended solidswhich ap-
pearsto be more pronounced in conventiona sand fil-

TABLE 1: Pollutant removal mechanismsin constr ucted wetlands

Pollutant Removal mechanism
Suspended solids Impaction, filtration, settling, sorption and autofl occul ation.
Biochemical oxygen  Sedimentation, degradation to CO,, H,O and NHs by microorganiams attached to plant and
demand sediment surfaces.
Nitrogen Nitrification and denitrification, NH; volatilization, sedimentation and plant uptake.
Ph Sedimentation, adsorption, complexation, precipitation reactions within bed matrix and plant
osphorus uptake.
Heavy metals Precipitation, sedimentation and adsorption onto biomass films on plant stems and bed matrix.
Pathogens Sedimentation and filtration, competition and natural die-off, excretion of antibiotics from roots

of plants and from composting of plant litter on bed surface.

(Gray and Biddlestone 1995)

ters, and al so suggested that transport and attachment
(by various process, sedimentation, adsorption etc.,)
arethemechanismin deep bed filtration wherefull bed
depthisutilized for removal of residua suspended sol-
ids. Suspended solidsremoval isamost entirely dueto
physica processesrather than biologica processesas-
sociated with the microbial community or with the
plantg¥. Metcaf and Eddy!? reported that the surface
forcesrespons blefor thereduction of suspended sol-
idsincludeVander Wad ’sforceof atractionsanddectric
forces, which may beattractive or repul Sive depending
onthesurfacechargers, particlessmaller than poresize
may be trapped within the filter by chance contact.
Gersherg et a.[*®¥ and Bavor et a.[? reported that
unplanted systemsacting as controlswereas efficient
astheplanted system in reducing the suspended solids
from primary and secondary treated effluent.

All thethreebiodegradation process, namely, aero-
bic, anoxic and anaerobic areexpectedin the wetlands.
The extend of each process depends on the process
configuration, wastewater characteristics, plant pecies,
temperature and other environmental conditions. BOD
remova may bedueto sedimentation and degradation by
microorganismsattached to plant and sedimentati on sur-
face. According to Reddy and Angel 0% in wetlands,
BOD removed by settling of particulate BOD and
breakdown of soluble BOD during microbia respira-
tion. Organic matter in the wastewater, represented by
BOD isremovedinareed bed mainly through aerobic
biologica decomposition by microorganismsgrowing
inthematrixi*3. Theavailability of oxygeninthereed
bed matrix is often assumed to be the key factor re-

gtricting theremova ratesof BOD, COD and NH,- N.
Ciriaet a.® reported that the BOD removal in wet-
landsisdueto physical and biological processesthat
invol ve sedimentation and microbia degradation prin-
cipaly by aerobic bacteria attached to plant roots.
Macrophytesby providing asuitable habitat for many
decomposing microorganismsin therhizosphere play
anindirect but improvement rolein reducing organic
matter from varioustypes of wastewater. The bed me-
dium and therootsand rhizomes of theplantsprovidea
largereactivesurface on which bacteria growthissup-
ported. Theability of theaguatic plantsto transfer oxy-
geninto the bed creates aerobic micro zones around
therootsand anaerobic zones away from them®,
The primary nitrogen remova mechanism from
wastewater isnitrification-denitrification, the second-
ary remova mechanisminclude uptake by subsequent
harvesting of plants, voltilization of ammoniaand sedi-
mentation. The principa remova mechanismsof phos-
phorusare plant uptake and subsequent harvesting and
chemica andbiochemicd fixationinthesediments. Phy-
toplankton, floating macro a gae and emergent macro-
phytes areimportant storage compartments contribut-
ing to pretentionin wetlands. Duetoitslarge surface
areaand short reproduction timefinely dispersed phy-
toplanktonisableto eiminate phosphorusefficiently
fromthewater®. Many studieshave demonstrated that
subsurfaceflow of wastewater through beds of porous
rooting media planted with aquatic macrophytescan
resultin effectiveremova of mgor inorganic pollutants
from wastewater®!. Oxygen diffusion from roots sub-
mergedinthewastewater isthought tofacilitatethere-
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mova of organic Cand minera N by enhancing micro-
bial processesat aerobic/anaerobicinterfaces?!. Arti-
ficial wetlandsareknownto offer asuitablecombina-
tion of physical chemica and biological factorsfor re-
moval of bacteria. Physical factorsinclude mechanica
filtration and sedimentation. Chemical factorsinclude
oxidation, exposureto biocide excreted by some plants
and absorption to organic matter™ biol ogical removal
mechanismindudeantibios =, ingestion by nematodes
and ciliatesand natural die-offl*4,

TREATMENT OFDIFFERENT TYPESOF
WASTEWATER USING CONSTRUCTED
WETLAND TECHNOLOGY

Congructed wetland technol ogy isextensively used
for treating variety of wastewater like, domesticwaste-
water, textiledyewaste, anaerobic swinelagoon, piggery
effluent, poultry lagoon effluent, and dairy farmwaste.
Many of thesystemscurrently in usearound theworld
have been designed to treat domestic wastewater and
generdly usethe conceptsoriginaly given by Kickuth,
operatingin Germany since 1972. Theseinvolved hori-
zonta subsurfaceflow through aninert porousmedium
planted with suitable aguatic plantssuch as Phragmites
australis. Constructed wetlands have been very suc-
cessful intresting municipa wastewater trestment, wet-
land systemsare operated to meet extreme discharge
requirements. Juwarkar et .1 studied the efficiency
of congtructed wetland, which cong stsof emergent mac-
rophytes Typha latifolia and Phragmiteskarca grown
incement pipeshaving 0.1256 m? areaand 0.8 m deep
filled with 30% soil and 70% sand. It wasfound that the
constructed wetland showed asignificant removal of
BOD (65-75%), nitrogen (30-50%) and phosphate (75-
85%) from thedomestic wastewater. Sub-surface hori-
zontal flow constructed wetland with indigenous
Phragmites karka covering an area of 41.8 m? was
installedin 1997 for trestment of domestic wastewater
at Vikram University, India. The system hasbeenre-
ported to perform well with BOD removal of 65%,
TSS, 78%, NH4 N, 78%, TP, 56-65. Theeffuent is
reported to have adissolved oxygen level of 34%,
Theefficiency of constructed wetlandsreceiving primary
treated domestic wastewater was studied by Coleman
et al .l with three common A ppal achian plant species
(Juncus effusus L., Scirpus validus L., and Typha
latifoliaL.). Theexperimenta designincludestwo wet-
land gravel depths(45and 60 c) and fiveplanting treet-
ments(each speciesin monoculture, an equa mixtureof

thethree species, and control swithout vegetation), with
two replicates per depth x planting combination. The
resultsshowed a 70% reduction in total suspended sol-
idsand BOD, 50t0 60% reductionin nitrogen (TKN),
ammonia and phosphate, and areduction of fecal
coliformsby three orders of magnitude.

Performance of pilot-scal e subsurface flow con-
structed wetland with 450 m? inlandfill leachatetreet-
ment wasmonitored by Bulcet .. Theresultsshowed
that thereduction of COD, BOD, NH_-N, Feand bac-
teria were 68, 46, 81, 80 and 85%, respectively
achieved. Eichhornia crassipeswould aso remove
slver fromindustrial wastewater for subsequent recov-
ery with high efficiency in ashort time?l. Muramoto
and OKi(?® reported that the Eichhornia crassipesis
capablein bioaccumulation of heavy metalsviz., Pb,
Cr, Cu, Cd and Zn from contaminated water. Con-
structed wetlandshaveapotential for treating industria
effluentscontaining normally difficult organicmolecules
such aspriority pollutantsand dyes. Textiledyescreate
major water pollution, Sinceitimpartscolour tothewater
let out from theindustries. Constructed wetland tech-
nology havethe capability of 100 per cent dyereduc-
tionwith 6 mtravel through the bed by tregtingthepol -
lutantslike phenols, cresol sby processes such as ab-
sorption and bacterid break down, chemica oxidation,
adsorption onto the bed matrix and sedimentati on(*Y,
Hill et a.* reported that the free water surface con-
structed wetland systemswas used for theremoval of
COD, BOD, PO,andK fromthe poultry Iagoon efflu-
ent with Phragmites, Sagitarius, Scripus spp €etc.

CONCLUSION

Constructed wetlandsareaviable aternativefor
wastewater trestment for reducing theorganicsand sus-
pended solidswith low-cost. The design should take
into account the type of wastewater and the loading
rate, theclimatologica setting of thedesigned wetland,
the sediment and plant typesto be used and the man-
agement needed for operation of thewetland.
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