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TERTIARY WASTEWATER TREATMENT
THROUGH CONSTRUCTED WETLAND ECOSYSTEMS

Over the past decade, constructed wetlands have been increasingly used as a natural, low-cost and
energy-efficient alternative to more typical advanced wastewater technologies (AWT). Among the major
problems currently confronting advanced wastewater treatment are the high costs of constructing, operating
and maintaining a conventional facility. At the same time, there is continuous damage to and destruction of
wetlands steaming from the expansion of agriculture and construction projects into wetlands areas. The
growing interest in using constructed wetlands can help to address both these issues by providing a low-cost
treatment alternative and by adding to the inventory of wetlands.

This paper gives an introduction to the design of artifical wetland systems, and provides the results of
a research project undertaken on a large constructed wetland facilities in central Florida. The Experimental
System, comprised of 120 ha of artificial and natural wetlands, was designed as a receiver for secondary treated
wastewater, and has been monitored for five years (1988-1992). The physical and chemical water quality data
has been collected monthly under EPA regulations using the Quality Assurance/Quality Control (QA/QC)
procedure. Water quality sampling was conducted in the both the experimental and control wetlands. The
paper presents the results of this study.

1. INTRODUCTION

It is common knowledge among environmental engineers and scientists that
wetlands can play a major role in improving water quality through natural processes.
Over the past decade, constructed wetlands have been increasingly used as a natural,
low-cost and energy-efficient alternative to more typical advanced wastewater techno-
logies (AWT). The growing interest is exemplified by congressional hearing last year on
the role of constructed wetlands and other alternative technologies [1]. Further
indication is given by the rapid increase in the number of publications and conferences
devoted to this topic.
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Table
Advantages and disadvantages in operating of constructed wetlands [2]
Advantages Disadvantages
cheaper to build and operate
can be built almost everywhere need a larger area
energy efficient potential mosquito habitat
consistent and reliable no optimal design factors
simple operation unfamiliarity of technology
advanced technology phosphorus problems may arise in some cases
accept load variations poor operation may produce undesirable odours
may eliminate sludge handling some areas may be temperature and season dependent
eliminate chemical handling

attractive to wildlife may spread pathogens
aesthetically pleasing :

Among the major problems currently confronting advanced wastewater treatment
are the high costs of constructing, operating and maintaining a conventional facility. At
the same time, there is continuous damage to and destruction of wetlands stemming
from the expansion of agriculture and construction projects into wetland areas. The
growing interest in using natural and constructed wetlands can help to address both
these issues by providing a low-cost treatment alternative, and by adding to the
inventory of wetlands. A list of advantages and disadvantages of using constructed
wetlands is provided in table.

The transport and transformation of pollutants through the wetland ecosystem,
known as biogeochemical cycling, involve a great number of interrelated physical,
chemical and biological processes. Typically, a constructed wetland mimics the beha-
viour of natural wetlands in its design and functioning. Water entering the system ex-
periences settling as the primary physical process. Chemical action takes place as water
contaminants can be oxidized or bonded to the soil or other porous media selected as
a base for the wetland. The principal action occurs biologically as wetland plants and
soil, together with bacteria, further decompose and neutralize the contaminants.

This paper is an introduction to the design of artificial wetland systems, and
provides the results of a research project undertaken on large constructed wetland
facilities in central Florida. The Experimental System, comprising 120 ha of artificial
and natural wetlands, was designed as a receiver for secondary treated wastewater.
The facility is located in Orange County, Florida, on the periphery of Orlando.

2. DESIGN OF CONSTRUCTED WETLANDS

Constructed wetlands have been designed in a variety of sizes and shapes, but the
broad categories of design are free water surface (FWS) wetlands and vegetated
submerged bed (VBS) wetlands. The VBS system involves subsurface flow through
a porus material, whereas the FWS has surface flow similar to natural wetland. Both
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systems use aquatic plants and depend upon basic microbiological reactions for water
treatment [3].

Of the many possible uses of constructed wetlands, the two primary functions are for
treatment of stormwater runoff, and for tertiary treatment of municipal, and specific
industrial wastewaters. The FWS wetland, for example, is widely used as a low-cost
method for treating acid mine drainage, with over 20 such systems built in 1984-1985 in
four coal mining states [4].

The principal components that have some influence on the wetland treatment
process include plants, soils, bacteria and other organisms. The performance of the
systems is affected by water temperature, depth, pH and dissolved oxygen. Aquatic
plants used in constructed wetlands vary widely, depending upon climate and soils, but
the most common emergent plants are reeds, cattails, rushes, bulrushes and sedges.
Regardless of which plant type is selected, ultimately natural processes will cause certain
plants to become dominant [5]. The emergent plants have the ability to absorb oxygen
and other need gases from the atmosphere through their leaves and stems above water,
and conduct those gases to the roots. Thus the soil zone in immediate contact with the
roots can be aerobic in an anaerobic environment. The plants can uptake nutrients and
other constituents. Perhaps the most important plant function in FWS wetland is
fulfilled by the submerged portions which serve as the substrate for attached microbial
growth.

Constructed wetlands can reduce high levels of BOD, suspended solids, nitrogen and
phosphorus, as well as lower significantly the concentration of trace metals, organics and
pathogens [6]. The performance of wetlands is discussed below with respect to our
experimental system.

3. ANALYSIS OF EFFECTIVENESS OF A CONSTRUCTED WETLAND

The particular example analyzed in this paper is the Phase III Experimental
Wetlands Exemption System in Orange County, Florida, which has been monitored for
five years (1988-1992). The paper presents results of a study of this system, which is
a combination of created and natural wetlands designed for treatment and recycling of
wastewater (figure 1). The overland-flow type of constructed wetland, planted with
selected herbaceous plants and trees, is integrated with a natural, forested wetland. The
whole system is divided into two major halves. The primary function of the first part is
treatment of discharged wastewater; the second part provides a final polishing of water,
and serves as a buffer zone. Recycled wastewater is ultimately released into a small creek.
The construction of the system was completed in 1987, and the secondary treated
wastewater flowed into wetlands for the first time in March 1988.

Figure 1 shows a general view of the site, location of the stations and flowing
direction. Reclaimed wastewater is distributed to an overland flow system (IF), the major
function of which is dechlorinating of wastewater, increasing concentration of dissolved
oxygen and providing vegetative uptake of nutrients. This part is adjacent to the
distribution (created) wetlands (DA, DB). The wastewater passes through this section
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into a natural pond of cypress dominated swamps (TW), and is then recollected and
dispersed in the redistribution, created wetlands (RA, RB). Reclaimed water flows next to
a natural, jurisdictional, mixed hardwood-swamp wetland (W), then to a natural, cypress
dominated swamp (the exit wetlands — XW) and ultimately to the Little Econlockhatchee
River. The control wetland (CW), similar to the monitored system, but separated from it,
provides background information about quality of water in this area, and depends on the
type of weather and wet/dry season during the study period.

Primary objectives for the research were: 1) the evaluation of the chemical and
hydrological responses of the experimental system to increased hydraulic input; 2) the
development of scientifically valid data to answer major questions regarding the future
reduction of operational and capital cost, and 3) future minimization of the treatment level
in the wastewater plant to provide acceptable nutrient concentrations at the discharge
from the wetland.

4. METHODOLOGY

The water and wastewater samples were collected on a monthly basis and analyzed to
determine the concentration of nutrients (nitrite + nitrate, ammonia, Kjeldahl-N, total-P),
minerals (conductivity), organic matter (BOD) and metals (Fe, Cu). Supplementary to this,
the field measurements of temperature and dissolved oxygen were performed at all
sampling locations during each designated water collection at the three water levels: 1) top
— just below the surface, 2) approximate middle of the water column, and 3) bottom, at the
water—sediment interface. Measurements of pH and conductivity were performed in the
field also. Additional analyses of the total residual chlorine, total and fecal coliform, and
five metals (Pb, Zn, Cd, Ni, K) were made seasonally, three times during the year.

The methods used for the determination of physical and chemical water quality
parameters were those approved by the Florida Department of Environmental Regulation
(DER) or the US Environmental Protection Agency (EPA). As a part of the laboratory’s
overall Quality Assurance (QA) Program, various Quality Control (QC) actions were
taken during the study to insure data validity. These actions included the analysis of
standard and “unknown” EPA performance evaluation samples as well as the routine
analysis of duplicates and “spikes” to determine accuracy and precision of performed
analyses [6], [7].

The sampling stations (total 57) were located at the wastewater discharge to the
wetland areas, the distribution, treatment, jurisdictional and exit wetlands, at the area of
outflow from the system, and at the control wetland side.

5. NUTRIENTS REMOVAL

5.1. NITROGEN

As is well known, one of the major focuses of tertiary wastewater treatment is removal
of compounds that contain nitrogen and phosphorus, which can cause eutrophication of




18 D. LESZCZYNSKA, A. DZURIK

lakes and streams and deterioration of water quality. Several studies have investigated
possibilities, conditions and efficiency in removal of nitrogen and phosphorus by various
wetlands, located in different climate zones. Depending on the type of the wetland,
climate, soil and biota, one of the four general processes would dominate: 1) vascular
plant uptake, 2) algal uptake, 3) bacterial and fungal uptake and transformation and 4)
sediment processes (sorption, ion exchange, precipitation, etc.) [9]-{11].

The reduction in nutrient concentration in the wastewater at various wetland
treatment facilities in Florida varies widely from 6.9% to 96% for nitrogen and from
6.4% to 94% for phosphorus [12]-{14].

Generally, most wetlands have the natural ability of generating a certain level of total
nitrogen (TN) through nitrogen fixation, in which specific plants and algae convert
atmospheric nitrogen into the organic form. The average, natural background of TN
concentrations recorded in a wetlamd’s water is in the range from 0.5 to 3 mg/dm3 [15],
with some fluctuations, depending on the season and weather conditions.
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Fig. 2. Average total nitrogen concentration (1988-1992)

For Experimental Wetland System, the effluent limitations on an annual average
that were established by “Condition 4 of the Wetland Exemption” were 3 mg/dm? of
total nitrogen [16]. The yearly averages of the TN for each part of the System are
displayed in figure 2. The decrease of TN concentration with the distance is
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compared between background, the first, second and fifth year of monitoring. The
measurements obtained in February 1988 are treated as a background for Ex-
perimental Wetland. It was the last month before the first discharge of wastewater
into the System, in March 1988, that the level of TN was even lower than that for
Control Wetland (1.1 mg/dm? in the treatment area and 0.5 mg/dm3 in XW). The
total nitrogen concentration recorded in Control Wetland (CW) showed a great
stability during those years because the level of TN remained similar, in the range
1.68 mg/dm? in the first year, and 1.82 mg/dm? after 5 years. The comparison of the
available data shows that after 5 years of receiving of wastewater, the concentration
of total nitrogen in the water collected in the Exit Wetlands was comparable with
that in the control site, and below permitted limit. The characteristic pattern of
decreasing initial concentration of TN shows that major removal occurs in the first
artificial part of the System (DA and DB). However, the concentration of TN
increases temporarily in the treatment area (TM), but comparison with the data of
February 1988 and other parameters recorded at the time of monitoring (DO, BOD,
higher concentration of ammonia, odour of H,S) clearly indicates anaerobic
processes dominating at this site.

5.2. PHOSPHORUS

The other plant nutrient of interest in the present study was phosphorus. This
element behaves differently from nitrogen in wetland systems. Nitrogen, depending
on conditions, can be transformed into nitrogen gas and released to the atmosphere,
or can be absorbed from the atmosphere and converted to the organic forms. Such
transformations are not possible in the phosphorus cycle, but its dissolved inorganic
forms can be readily converted into organic forms by plant uptake, and following
plant death, may be transformed into inorganic form again and recycled to the water
column or deposited into sediment.

The highest annual concentration of inorganic and organic compounds measured
as Total Phosphorus (TP) in the effluent from Experimental System was limited by
the wetland Exemption to 1 mg/dm? [16].

The only sites within the study area, where soluble orthophosphate was evident
at noticeable levels, were at IF, DA and DB. The annual average of TP at Control
Wetland was almost the same for the first, second and fifth year of monitoring (0.05,
0.03 and 0.06 mg/dm?, respectively), (figure 3). By comparison, the highest concent-
ration of TP was seen in the wastewater discharged to the System (IF). Thereafter,
the concentrations decreased rapidly through DA, DB and TW, reaching the Control
Wetland level at the second part of the System. The background data from February
1988 shows that in the natural wetlands (treatment — TW, jurisdictional — JW and
exit — XW), the concentration of TP has slightly increased compared with
constructed parts. This anomaly was observed with the same pattern during the first,
second and five years od discharging of wastewater, and did not depend on the initial
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concentration of TP found in wastewater influent (IF). This can be explained by the
different type of mechanisms generated in different type of soil (mostly organic in the
natural wetlands, against mineral at the constructed sites).
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6. MINERALS REMOVAL

The total concentration of cations and anions from dissolved ionic composition
can be measured as conductivity. As might be expected, the highest annual averages
for conductivity were seen in the wastewater influent (figure 4). The conductivity
generally decreases through the wetland system as the treated effluent is diluted with
ambient waters, but the comparison of the five year data shows a dramatic increase of
dissolved minerals in the whole System. The average annual conductivity recorded in
February 1988, as well as in the Control Wetland during the five year period remains
in the narrow range of 99 to 122 umhos/cm, and 86 to 102 umhos/cm, respectively.
The conductivity measured in the water collected from the Exit Wetland shows almost
double value (comparing with the background) after the first year of discharging of
wastewater, triple value after second year, and quadruple increase after five years. This
situation can be explained by increasing ratio of wastewater flow to ambient waters,
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as well as by limited possibilities of precipitation of chloride and sulfate anions,
which are mainly responsible for this increase.
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7. CONCLUSIONS

The use of constructed wetlands for tertiary wastewater treatment may be
a feasible and cost-effective alternative under certain design and loading constraints.
At appropriate levels of pH, DO, conductivity and other design parameters,
constructed wetlands can reduce pollution level substantially.

Analysis of data from five years of measurements in newly constructed ex-
perimental wetlands, adjacent to the existing natural wetland, led us to the following
conclusions:

The constructed wetland works well in reducing levels of phosphorus and
nitrogen. Compared with control wetland, concentrations of phosphorus are similar
or slightly higher in the experimental system, and nitrogen concentration generally
lower in the experimental system. Both of these results occur in spite of a much
higher concentration in the influent (IF) of the experimental system.
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A major difference between constructed and control wetlands is especially
apparent with conductivity and pH. As seen in figure 4, conductivity increases over
time, and after five years there is only a 25% decrease between inflow and outflow.
There is essentially no reduction in the initial created wetland (from IF to DA to
DB), but it takes a large drop in the natural wetland (TW, TM). Conductivity
increases in the constructed wetland (RA, RB), then improves again in the natural
jurisdictional and exit wetland (JW, XW). This pattern cannot be explained by
dilution with ambient water; if dilution occurred, we would show only decreases. We
can conclude that the organic soil in the natural parts may provide sorption of those
ions, but the amount is small because the second and fifth year shows almost the
same conductivity of effluent, and it decreases from year two to year five in the
remainder of the system. _

We can reasonably conclude that constructed wetlands are effective for tertiary
treatment of wastewater. They can provide substantial reductions in concentration of
nitrogen, phosphorus and minerals.
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ZASTOSOWANIE SZTUCZNYCH BAGIEN
DO TRZECIEGO STOPNIA OCZYSZCZANIA SCIEKOW

W ostatnim dziesigcioleciu coraz czgsciej wykorzystuje si¢ sztuczne bagna do oczyszczania $ciekow.
W poréwnaniu z typowymi, zaawansowanymi technikami oczyszczania metoda ta jest naturalna,
oszczgdna i niskoenergetyczna. Energochtonne urzadzenia do trzeciego stopnia oczyszczania $ciekéw sa
kosztowne w budowie i eksploatacji. Z drugiej strony, obserwuje si¢ postepujace wyniszczanie natural-
nych bagien, osuszanych dla celow rolniczych lub pod zabudowe. Wzrost zainteresowania kompleksowym
wykorzystaniem sztucznie stworzonych bagien moze byé pomocny w rozwigzaniu wspomnianych
probleméw: powigkszajac liczbe juz istniejacych bagien, bagna takie moga stuzy¢ do taniego doczysz-
czania Sciekow.

Prezentowana praca zawiera wstgpne dane pomocne w projektowaniu sztucznych bagien oraz wyniki
monitorowania duzego zespolu bagien zbudowanego w centralnej czesci Florydy. Eksperymentalny
system o powierzchni 120 ha, sktadajacy si¢ z istniejacych i dobudowanych bagien, przystosowany do
przyjmowania $ciekéw po biologicznym oczyszczaniu, znajdowal si¢ pod ciagla kontrola przez 5 lat.
Analizy probek wody pobieranej raz na miesigc wykonywane byly wedtug norm okreslanych przez EPA.
Wyniki analiz wody pobieranej z eksperymentalnego terenu poréwnywane byly z wynikami analiz prob
wody pobieranej z kontrolnego bagna. W pracy przedstawiono korcowe wyniki poréwnawcze.

IIPUMEHEHME HNCKYCCTBEHHBIX BOJIOT
JJIs1 TPETBEW CTEIIEHM OYUCTKHW CTOYHKIX BOJI

B nmocnenmee necsTHIETHE BCE Halle MCHOJB3YIOT HCKYCCTBEHHBIE GOJOTA ISl OYHCTKH CTOYHBIX
BoA. Ilo cpaBHEHMIO C THIOHYHBIMHA, MPOMBUHYTHIMH TEXHHKAMH OYHCTKH 3TOT METOH AaBJISIETCS
HATYpPa/JbHbIM, 3KOHOMHBEIM H HH3KO3HEPreTHYECKHM. DHEPrOoeMKHE YCTAHOBKH ISl TPEThell CTENeHH
OYHCTKH CTOYHBIX BOJ SIBJSIOTCS AOPOrOCTOSINAMH B NOCTpoiike W 3kcuryatanud. C Apyroif Cropossl,
Ha6TIOJaeTCsl MOCTYMAKOIIee YHHITOXEHHE HATYPAJIbHBIX GOJIOT, OCYLIMBAEMBIX U1 3€MIIEEIbYECKHX
H CTPOMTENLHBIX Hejeil. PocT mHTEpECca K KOMIUIEKCHOMY HCIOJIb30BAHHIO HCKYCCTBEHBIX 60J0T MOXET
[OOMOYb PELIHMTH BBHILIENPENCTABICHHBIE BOIPOCK!: YBEIAYABAS KOJHYECTBO CyIIECTBYIOLIAX yx)e B0JIOT,
Takae 60JI0TA MOTYT CIyXUTh HELUEBOH MOYHCTKE CTOYHBIX BO/.

Hacrosunas pabora cCOnepXHT NpeaBapHTE/IbHbIE NAHHbIE, [IPUTOIHLIE B MPOEKTHPOBAHHH HCKYC-
CTBEHBIX 0O0JIOT, a TaKkKe pe3yJbTATHl MOHHATODHHra GOJBIIOrO KOMILIEKCA 6GOJIOT, MOCTPOSHHOTO
B LEHTpagbHOH 4YacTH Propunabl. ODKCIEPAMEHTAIBHBINA KOMILIEKC MOBEPXHOCTHEO B 120 rekTapos,
COCTOSINEI H3 CYIIECTBYFOLIHX M MPHUCTPOCHHBIX GOJIOT, MPUCHOCOBIEHHBIN K NMPHUHATHH CTOYHBIX BOJ
nocie OHOIOrHYeCKOi OYHCTKH, OBII MOCTOSIHHO KOHTPOJIMPOBAH B TEYEHHE 5 JI€T. AHAIA3LI MPOG BOMIBI,
oTbHpaeMBIX pa3 B MECsL, BBIIOJIHLIA COIJIACHO HOpMaM, onpeneneHdbiM EPA. Pe3yabTaThl aHATH30B
BOJBI, OTOMPaeMOH M3 3KCIEPHMEHTAILHOH MECTHOCTH, CPABHUBAJIMA C Pe3y/bTATAMH AHAIHM30B Mpob
BOJbI, OTOHPaEMOIi U3 KOHTPOILHOro 600Ta. B paboTe mpeacTaBieHsl 3aBEPIIAOIIME CPABHUTEILHbIE
pe3yJIbTaThI.







