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ABSTRACT : post-treatment of effluent in
wastewater treatment, management of stormwater and restoration of aquatic ecosystems. However, the removal mechanisms
for water pollutant in constructed wetlands are not clearly understood because they are affected by climate, influent
characteristics and local constraints.

Therefore, this paper is focused on the process that the pollutant, especially nitrogen and phosphorus, of the wetland is
removed by. In this study, the main nitrogen removal is performed by nitrification/denitrification mechanism in the rhizosphere
of constructed wetlands. And the majority of the phosphorus is removed by adsorption on the substrate of wetland. However
the fate of phosphorus in wetlands can be diverse depending on the Oxidation Reduction Potential(ORP), adsorption/desorption,
precipitation/dissolution, microbial effect, etc.

Key Words : Constructed wetland, Free water surface, Nitrogen, Phosphorus, Subsurface-flow, Removal mechanisms

In these days, constructed wetlands are applied in Korea for various purposes ;
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Table 1. The four requirement of wetlands, >

Requirements

O Areas where the water table is at or near the surface or the land

is covered by shallow water

O Areas supporting predominantly hydrophytes (water—tolerant plant
species)

O Areas with predominantly undrained hydric soils

o

Areas with non—soil substrate such as rock or gravel that are
saturated or covered by shallow water at some time during the
growing season of plants
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Table 2. Application of constructed wetlands'® = 759 FRe AARoJof k= L HEAS F7, &, A
Objective Constituent removed lﬂ/\ioﬂ E}'ﬂ' UH_C,)_ E}Ookva};ﬂ /%_ijﬂE]OiX]E]' 0]?;"1?__ 01—*7, f:l\
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Al= 4 I 73 O
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= 12)
Advanced treatment Heavy metals and refractory organics 1}‘ ?ﬂ'ﬁh{:—!o] 9&21]:]‘
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organics o] AFFA7E 7] T 24A7A9] et ~EA=

Ago1] Wl 7Lkl ol L oI Ao
o woh AAloln AE gl ATt Wad Aow B

[§) o  r 2.3. 2135 X|9 MO A

o ~ ~ _ —od ?O-I-L—l—
Ay e 2 F-REae Aoz 285 gL OlFLA L 2 4|3t AlEo| Malgg) EoF bzt
o Ollfq FAEY AAAHE AlFst] feiAE A o] 7)1A, HA el Aete HAAER LAFE o)t
AL AT R AR A SRR Reverse - a9 nze iz BYzom EAishs Ao] ohx A2
Osmosis) T lE5A1S Aeste] 2hgulle A2 $ 7 Qeke Zyuton A Sr| TS FAeH}
o BEAG FaA7le FHo] dEar ek

53] AE5AlE FEAGY TSR E A2 A vE 231, $al8t

U= efeha] AR g of AMEe e A0 7

Table 3. Advantages and disadvantages of constructed wetlands'?

Advantages Disadvantages

O They require large land area for the same level of treatment by

O They operate on ambient solar energy and require low external energy conventional systems making them unsuitable for centralised treatment
input for sources that generate large quantities of wastewater, such as large
cities

O They achieve high levels of treatment with little or no maintenance, . . . .
) . . ) ) O They require long period, typically two or three growing seasons, for
making them especially appropriate in locations where no . . . . .
. . the vegetation before optimal treatment efficiencies are achieved
infrastructure support exists

O They are relatively tolerant to shock hydraulic and pollutant loads that O The process dynamics of the CTW systems are yet to be clearly

ensures the reliability of treated wastewater quality understood leading to imprecise design and operating criteria

O Unlike the conventional treatment systems, no specific design life
period is generally prescribed for CTWs and as such they tend to O These systems typically lie outdoor and spread over large area, their
have increased treatment capacity over time, by setting up feedback performance is susceptible to storm, wind, and floods
loops that result in selfrepairing systems

O Wetland vegetation generate oxygen and consume carbon dioxide, O There are possibilities of problems due to mosquitoes and other pests
thereby help improving air quality and fight global warming and insects that may use these systems as their breeding ground

O Wetland vegetation provide indirect benefits such as green space, O Steep topography and high water table may also limit the adoption of
wildlife habitats, and recreational and educational areas these systems for wastewater treatment
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Table 4. Comparison of the behavior of sand, gravel, and rock
filters operated at various suspended solids loading

rates'?
. . Nominal TSS
~ Typical particle )
Material ) loading rate, Performance
size, mm B
g/m?-d
5 Clogging in ) 5 years
0.17 10 Clogging in 50 days
30 Clogging in { 10 days
10 Clogging in ) 0.5 years
Sand 0.40 30 Clogging in 35 days
70 Clogging in 10 days
20 Clogging in ) 0.5 years
0.68 40 Clogging in 50 days
80 Clogging in 20 days
5—10(inlet) 40 Infiltration for 3+ years
5—10(w/g) 200 Clogging in 3 months
Grav@| = s
40(inlet) 18 Infiltration for 3+ years
40(inlet—primary) 80—-160 Infiltration for 1+ year
9-25 13—-464 Clogging in 11 months
Infiltration for 17+ months,
10-50 113-629
Rock but poor TSS removal
Infiltration for 14+ months,
63-127 102

but poor TSS removal

o]2 °13]] HRT(hydraulic retention times)”} Z+4s}al
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Table 5. The major roles of macrophytes in constructed treatment
wetlands®

Macrophyte property Role in treatment process

O Light attenuation — reduced growth of
phytoplankton
O Influence on mircoclimate — insulation during
winter
Aerial plant tissues . . .
Reduced wind velocity — reduced risk of
resuspension
Aesthetic pleasing appearance of system

Storage of nutrients

Filtering effect — filter out large debris

O O|O0 O

Reduce current velocity — increase rate of
sedimentation, reduces risk of resuspension
Plant tissue in water O Provide surface area for attached biofilms

O Excretion of photosynthetic oxygen — increases
aerobic degradation

O Uptake of nutrients

o

Stabilizing the sediment surface — less erosion
O Prevents the medium from clogging in vertical
flow systems
Roots and rhizomes . .
. . Release of oxygen increase degradation(and
in the sediment o
nitrification)
O Uptake of nutrients

O Release of antibiotics
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Fig. 1. aerobic soil-floodwater interface and root—soil—water
interface in wetlands.'®
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Table 6. Principal removal and transformation mechanisms in constructed wetlands for the constituents of concern in wastewater_m)

Constituent

Free water system

Subsurface flow

Bioconversion by aerobic, facultative, and anaerobic bacteria on plant

Biodegradable organics
sedimentation of particulate BOD

and debris surfaces of soluble BOD, adsorption,

o Bioconversion by facultative and anaerobic
filtration and , )
bacteria on plant and debris surfaces

Suspended solids Sedimentation, filtration

Filtration, sedimentation

Nitrogen

Nitrification/denitrification, plant uptake,

Nitrification/denitrification, plant uptake, volatilization

volatilization

Phosphorus Sedimentation, plant uptake

Filtration, sedimentation, plant uptake

Heavy metals

Adsorption of plant roots and debris surfaces,

Adsorption of plant and debris surfaces, sedimentation

sedimentation

Trace organics Volatilization, adsorption, biodegradation

Adsorption, biodegradation

Natural decay, predation, UV irradiation, sedimentation, excretion of

Pathogens L
antibiotics from roots of plants

Natural decay, predation, sedimentation,

excretion of antibiotics from roots of plants
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Fig. 2. Carbon transformations in wetlands.”
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Fig. 3. Nitrogen transformation in wetlands.®

Nitrogen transformations at the soil-water interface
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Table 8. Pathogen removal mechanisms in constructed wetlands'?

Pathogen removal mechanisms

O Natural die—off OUnfavorable water chemistry
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O Ultraviolet radiation
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Heavy metals removal mechanisms

O Binding to soils, sediments and particulate matter

O Precipitation as insoluble salts

O Uptake by bacteria, algae, and plants
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