
INTRODUCTION
On a given day in April, 7.8 million pounds nitrate,
from agricultural fertilizer, will spill from the Missis-
sippi River into the Gulf of Mexico (1). This over-
abundance of nitrate creates a “dead zone” in the Gulf
of Mexico of roughly 5,000 to 8,000 square miles, or
the size of New Jersey. This dead zone is caused by
algae blooms that are fed from the nutrient rich water.
The algae eventually die and decompose—removing
oxygen from the water.

Very little progress has been made in recent history
in methods for reducing the harmful effects caused by
agricultural runoff. Moreover, from 1990 to 2002,
fertilizer usage increased by 2 billion pounds in the
Mississippi River basin (1). Significant portions of
this fertilizer are not utilized and become the agricul-
tural runoff that is slowly choking the Gulf of Mexico
of its oxygen.

One method of reducing the contaminant load
in the agricultural runoff is to divert it through con-
structed wetlands. Wetlands are often referred to by
environmentalists as nature’s kidneys. Wetlands have
shown the potential and ability to remove various
contaminants and pollutants from a water flow in
an aesthetic, environmentally pleasing, and econom-
ical manner. 

OBJECTIVES
The goal of the Elliot Ditch Constructed Wetlands
was to find an economical and environmentally
friendly approach to reducing the nutrient load of a
ditch primarily used to convey agricultural runoff. El-
liot Ditch is part of the Indian River and Little Pine
Creek Watershed which flows into the Wabash River,
near Lafayette, IN.

Throughout the Indian River and Little Pine
Creek watershed, the concentrations of nitrates,
phosphorus, and total suspended solids in the water
are among the highest in the nation (2). The largest
inputs of chemicals to streams occur from March
through June, corresponding to spray irrigation of
lagoon water, agricultural cultivation, chemical ap-
plication to crop fields, and storm events. 

An effective method of treatment for the growing
problem of agricultural runoff pollution has remained
elusive (3). The agricultural lands surrounding Elliot
Ditch are drained by a tile system; therefore, a practi-
cal and economically feasible treatment process was
to construct wetlands.

The wetlands, sponsored by Purdue University
and a grant from the Indiana Department of Envi-
ronmental Management (IDEM), are located in un-
incorporated Tippecanoe County, Indiana.
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The purpose of this experiment was to determine the contaminant load reduction incurred using a constructed wetland
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tural runoff.

1Aaron Zambo, Civil Engineer, HDR Engineering, 1400 Centrepark Blvd., Suite 1000 | West Palm Beach, FL 33401-7412 Phone:
561.209.6624 | Fax: 561.209.6606 | Cell: 904-622-6882 | Email: aaron.zambo@hdrinc.com

JGB_Sum07_b02_zambo.qxd  9/25/07  4:37 PM  Page 79

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



THE CONSTRUCTED WETLAND DESIGN 
General Design and Planning Considerations
There are a host of variables that must be considered
in preparation for constructing a wetland. Care
should be taken to avoid creating adverse impacts to
the surrounding environment. These impacts can in-
clude: alteration of existing natural wetlands or adja-
cent surface water bodies, degradation of downstream
water quality and groundwater sources, and introduc-
tion and spread of undesirable species of flora and
fauna (4).

Constructed wetland cell designs should avoid
rectangular and/or rigid shapes and try to incorpo-
rate natural landscapes whenever possible. Gravity
should be used to the designers’ advantage and pre-
cautions should be taken to avoid stagnant waters
when possible (5). A dedicated water source should
be available for use in maintaining the wetlands in
times of drought (6).

The Elliot Ditch Constructed Wetlands were con-
structed on uplands adjacent to the Elliot Ditch, an
agricultural ditch the feeds the watershed. The wet-
lands were shaped in a way such to mimic the flow
pattern of the adjacent ditch. Gravity was incorpo-
rated into the wetland design wherever possible. The
flow of the agricultural ditch to the wetlands is sup-
plemented by a near-continuous flow of wastewater
from a nearby aquaculture center.

Surface or Subsurface Wetlands
Whether to construct a surface or subsurface wetland
is a consideration that must be made. Assuming water
levels are kept below the media surface, subsurface
wetlands can offer some distinct advantages. With a
subsurface wetland there is little risk of odors or in-
sect vectors. In addition it is believed that the media
provides a greater surface area for the treatment of
certain contaminants, as well as greater thermal pro-
tection in colder environments (5).

Disadvantages to subsurface wetlands include: in-
creased construction costs, increased time for initial
flora development, and a decrease in aerobic condi-
tions which are often desired for nutrient uptake.

In the Elliot Ditch Constructed Wetlands, three
surface flow wetlands and one subsurface flow wetland
were built. This was done in order to analyze the effec-
tiveness of both subsurface and surface wetlands, cut
our initial construction costs, and shorten the length
of time before useful data could start to be collected.

Substrates
Substrates used in the construction of wetlands in-
clude soils, sand, gravel, rock, and organic materials.
The substrate is important for several reasons:

• It supports many of the living organisms as well
as a large number of the chemical and biological
transformations that take place in the wetlands

• Substrates permeability affects the movement of
water through the wetlands and may have adverse
implications on groundwater 

• Substrates provide a place of storage for many
contaminants flowing through the wetland

It is important to note that the physical and chem-
ical characteristics of a substrate are often altered
upon saturation. Pore spaces are filled with water and
microbial metabolism consumes the available oxygen.
Since the available oxygen is consumed more quickly
than it can be replaced, the substrate becomes anoxic.
This reducing environment is important in the re-
moval of nitrogen and other pollutants (7). 

The soils of the Elliot Ditch watershed are gener-
ally fine-grained, with over 50% by weight finer than
the no. 200 sieve. The soils are considered “prime
farmland” due to their relatively low porosity and
good water storage capacity. The soils are not subject
to flooding during any season of the year.
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FIGURE 1. Aerial view of Elliot Ditch Constructed
Wetlands.
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Flora
The plants are the lifeblood of most constructed wet-
lands. Both vascular and nonvascular plants are impor-
tant. The nonvascular variety (algae) tend to affect the
dissolved oxygen content of the water; while the vascu-
lar plants play more of a role in the reduction of chem-
ical loads through conversion to cell tissue and gas
transfer with the atmosphere. Other benefits of vascu-
lar plants are that they tend to stabilize the substrate,
slow water flow velocities, and provide sites for micro-
bial attachment (microorganisms aid in conversion of
contaminants into innocuous or insoluble substances). 

A disadvantage of both types of plants is that as
they die they tend to accumulate on the floor of the
wetland as organic materials; thus increasing BOD
and potentially building up undesirable chemical
loads in the substrate .

The type of vegetation to establish depends on the
goals and objectives for the wetland. Ideally, vegeta-
tion should include a variety of species, however,
many plant species have a habit of trying to ‘take
over’, and thus choosing the one or two most appro-
priate species may be beneficial. Practicality might
dictate limiting plant species to the most hardy, com-
monly found, and easily managed. 

Cattails and reed canary grass have proven to be
low cost, easy to establish, low maintenance, and tol-
erant of a wide range of climatic and contamination
conditions. Cattails and reed canary grass (Phalaris
arundinacea) can both tolerate drought conditions for
several weeks. Broadleaf cattails (Typha latifolia) can
withstand water depths up to 18 inches and narrow

leaf cattails (Typha angustifolia) up to 12 inches. This
makes control of water levels less critical for vegeta-
tion. The next most versatile and easily managed
plants would be common reed (Phragmites australis)
and various species of bulrush (Scirpus). 

After determining the type of vegetation desired,
thought should be given to the method of establish-
ment. The common three choices for vegetation es-
tablishment, include: transplantation of rhizomes,
stolons, or entire plants; mechanical seeding; and nat-
ural evolution. It has been suggested that a con-
structed wetland left to naturally evolve for a period
of three years or more, will produce vegetation sur-
passing wetlands that were deliberately seeded or
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FIGURE 2. Construction of Wetlands.

FIGURE 4. Cattails dominate Elliot Ditch Constructed
Wetland.

FIGURE 3. Emergent Flora.
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planted (8). The success of this method depends
greatly on the source of the water used for wetland es-
tablishment and the proximity of naturally occurring
wetlands and other aquatic vegetation. 

In 1999 a combination a plant species were
planted in the Elliot Ditch constructed wetlands
(River Bulrush, Hard-stem Bulrush, Soft-stem Bul-
rush, Reeds and Cattails). However, it soon became
evident that the bulrush and the reeds were the dom-
inant species; and were, within several years, the only
remaining plant species. 

Cell Layout
The cell layout and type of a constructed wetland is
another feature that is often site specific and thus
needs to be considered carefully. Planning should be
done in order to effectively utilize land. Care should
be taken to avoid placing the wetlands in floodplains.
Wherever possible, a multiple cell layout should be
used. Advantages of multiple cell layouts include:

• Flexibility to manage different individual cells for
different stated purposes (sediment settling,
Phosphorus removal, algae stripping)

• Ability to shut down flow to individual cell for
maintenance (residuals clean-out, embankment
repair) without the disruption of the overall 
system operation

• Minimization of “short circuiting” of water
flows (5).

The Elliot Ditch Constructed Wetlands consist of
three 400′ × 40′ × 1.5′ surface-flow cells and one

400′ × 40′ × 1.5′ subsurface flow cell. This was done
so that a cell could be shut down for maintenance
with little effect on the treatment efficiency of the
raw water and in order to test and study the treat-
ment efficiencies of the two wetland types (surface
and subsurface).

Water Budget 
A water budget reflects the relationship between input
and output of water through a system. Water inputs
into the system can include inflows (wastewater and
supplemental) and precipitation. Evapotranspiration,
seepage, and outflows are the system outputs. 

Residence time refers to the amount of time water
spends in the wetlands system. In planning a con-
structed wetland analysis must be place upon the
water budget. Literature suggests that it is necessary
to have a minimum of 12 days (5) residence time to
remove the necessary contaminants.

Water levels in a wetland need to remain relatively
stable in order to facilitate plant growth.

The total, weir controlled, inflow/outflow of the
Elliot Ditch Constructed Wetlands is approximately
0.25 cubic feet per second (cfs). The inflow of the
wetland system consists of two sources (approxi-
mately 0.2 cfs being pumped from Elliot Ditch and
approximate constant inflow of 0.05 cfs from a local
aquaculture center). The varied sources allow the wet-
lands to remain relatively charged even in times of
drought when the natural flow of the Elliot Ditch is
stunted. The average flow of the ditch at the wetland
inflow structure is approximately 0.50 cfs. The total
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FIGURE 5. Cell Layout.
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size of the wetlands is approximately 96,000 cubic
feet and the hydraulic residence time of the wetlands
system is approximately five days.

Due to the relatively low porosity of the soils and
smaller size of the wetland system; limited attention
was placed on seepage and precipitation in design
calculations.

Primary Control Structure, Piping, and Pumps
If a primary control structure is to be used in order to
provide a constant flow; care must be used in deter-
mining the size of both the primary control structure
(PCS) and the pump(s).

Flow rates and head requirements need to be care-
fully determined in sizing both the PCS and the
pumps. Special attention may also be required for any
piping used in locations with the potential for cold
weather. If the piping is placed to near to the surface,
there is the potential for the pipes to freeze and crack;
reducing or eliminating the fluid flow to and through
the wetlands. In order to prevent this potential haz-
ard, pipes should be placed a minimum of 3 feet
below ground surface in geographic areas with mod-
erate winters and the potential to freeze, such as the
Midwest. In colder areas, constructed wetlands may
not be recommended for remediation purposes, with-
out more detailed analysis.

The Elliot Ditch wetlands utilized an adjustable
and removable PCS and one five horsepower pump.
A combination of two and six inch PVC piping was
used throughout the project. Wherever possible, pip-
ing was laid three feet below the ground surface in
order to prevent overall system damage during times
of inclimate weather.

ANALYTICAL METHODOLOGY
Samples were taken daily for 21 consecutive days at
six points in the wetland system

• Elliot Ditch near the intake structure 
• Post sedimentation pond entering the surface

wetlands
• Post sedimentation pond entering the

surface/subsurface wetlands 
• The surface wetlands outflow
• The surface/subsurface wetland outflow
• Elliot Ditch just downstream of the wetlands 

outfall. 

Water samples were collected at middle water col-
umn depths utilizing a peristaltic pump and stored in
sterilized glass containers. Total phosphorus (TP)
samples were acidified with ultra-pure concentrated
sulfuric acid. Water samples were preserved with ice
until being transferred to a 4˚ Celsius refrigerator. Ni-
trate concentrations were determined by the colori-
metric method (9). Total Phosphorus concentrations
were determined by the automated ascorbic acid re-
duction method (10).

RESULTS
Sampling and monitoring continue to show impres-
sive results at these constructed wetlands. Results of
this experiment and analysis have shown:

• An average 64.8% nitrate reduction in water
flowing thru the two surface wetland system

• An average 56.7% nitrate reduction in water flow-
ing thru the surface/subsurface wetland system

• A reduction of more than 60 parts per million in
nitrate concentration in the water treated by the
system after an intense rain event 

• An average 53.2% phosphorus reduction in water
flowing thru the two surface wetland system

• An average 45.5% phosphorus reduction in
water flowing thru the surface/subsurface wet-
land system

• A reduction of near 70 parts per billion in phos-
phorus concentration in the water being treated
by the system after an intense rain event

The reduction in nitrate and phosphorus concen-
tration varies depending on spray irrigation timing
and precipitation. The surface wetland system was fa-
vored over the subsurface/surface system; as it had
lower initial costs, a more expedited start-up time,
and appealing analytical results. Monitoring the suc-
cess of this project in terms of the nonpoint source
pollution mitigation continues. Various wildlife
species, including reptiles and amphibians, birds, and
mammals, have colonized the wetlands, showing their
value as habitat.

THE SPILL 
In August of 2001, a hydraulic line on a manure
spreader located upstream of the Elliot Ditch wetlands
was ruptured. The result was a manure spill that went
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directly into Elliot Ditch, the ditch that the wetlands
get the majority of their water from. The hydraulic
line rupture led to a major excess of nitrogen poten-
tially flowing into the Indian Creek and Little Pine
watershed. Officials from the Indiana Department of
Environmental Management (IDEM) came to assess
the damage and determine ways to minimize the envi-
ronmental damage from the spill. The ammonia con-
centrations in the water upstream of the wetlands were
as high as 83 mg/L (11). The IDEM officials opted to
build a temporary dam in the ditch and divert all the
flow into the wetlands. Fortunately, the wetlands
worked. The wetlands absorbed the high levels of ni-
trogen from the contaminated water. Following the
spill, analysis of water samples by area laboratories
showed that outflow from the wetland contained dra-
matically lower nitrogen concentrations (30-90%, de-
pending on various factors, including the timing of
sampling) than the contaminated inflow (11). 

CONCLUSIONS AND FUTURE RESEARCH
The results of this experiment show that constructed
wetlands have their place in the solution to the seri-
ous problems posed by nutrient laden agricultural
runoff. Furthermore, the results show that a residence
time of as little as five days in a constructed wetland
can produce a significant improvement in water qual-
ity. The main contaminants of agricultural runoff
(phosphorus and nitrogen) showed dramatically
lower concentrations after being run through a con-
structed wetland. Additional research is still needed to
ascertain the effectiveness and advantages of
surface/subsurface wetlands and varieties of flora.
However, constructed wetlands, built with contami-
nant load reduction in mind, have a great future in
the restoration of waterways around the world.

ACKNOWLEDGEMENTS
The author would like to acknowledge Dr. Ron
Wukash (Professor of Civil Engineering at Purdue
University) for his seemingly endless help and guid-
ance during the course of this experiment.

REFERENCES
1. “Dead in the Water.” Environmental Working Group. 2006.

Nov.-Dec. 2006 http://www.ewg.org/reports/deadzone/exec-
summ.php. 

2. “Little Pine Creek and Indian Watersheds.” Success Stories, Vol-
ume 3. 2004. EPA. Nov.-Dec. 2006 http://www.epa.gov/nps/
Section319III/IN.htm. 

3. Reed, S, R. Crites, and E. Middlebrooks. Natural Systems
for Waste Management and Treatment. New York: McGraw
Hill, 1995. 

4. Mitsch, William, and Renee Wilson. “Improving the Success
of Wetland Creation and Restoration with Know-How, Time,
and Self-Design.” Ecological Applications Feb. 1996: 77-83. 

5. Davis, L. A Handbook of Constructed Wetlands. Vol. 1. Wash-
ington, DC: United States Department of Agriculture, 1992. 

6. Mitsch, W., Global Wetlands: Old World and New. Amster-
dam: Elsevier, 1994. 

7. Knight, Ruble, Kadlec, and Reed. Constructed Wetlands for
Water Quality Improvement. Boca Raton, FL: Lewis, 1993. 

8. White, Reddy, and Moustafa. Influence of Hydrology and Vege-
tation on Phosphorous Retention in Everglades Stormwater
Retention Wetlands. Hydrological Processes, 2004. 343-355. 

9. Standard Methods for the Examination of Water and Waste-
water. 20th ed. Washington, DC: American Waterworks
Association, 1998. 

10. Standard Methods for the Examination of Water and Waste-
water. 19th ed. Washington, DC: American Waterworks
Association, 1997. 

11. “Cultivating the Next Crop of Environmental Engineers.”
National Science Foundation. 2002. 1 Nov.–Dec. 2006
http://www.nsf.gov/eng/engnews/2002/0102environmental-
engineers.jsp.

86 Journal of Green Building

JGB_Sum07_b02_zambo.qxd  9/25/07  4:37 PM  Page 86

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



APPENDIX—RAW DATA

Volume 2, Number 3 87

Nitrate Levels (mg/L): Sample Point

Elliot Ditch Surface Sub/Surface Surface Sub/Surface Elliot Ditch 
Date (at intake) CW inflow CW inflow CW Outflow CW Outflow (at outflow)

24-Aug 80.1 69.7 69.1 23.5 30.1 33.6
25-Aug 82.2 71.5 64.8 24.5 30.9 34.6
26-Aug 77.3 63.3 63.8 21.7 23.9 29.6
27-Aug 69.4 61.4 59.4 22.4 27.6 30.7
28-Aug 85.2 71.1 69.2 23.5 30.7 34.5
29-Aug 70.4 61.2 57.2 21.6 26.5 29.9
30-Aug 68.8 57.9 60.9 20.7 25.8 29.0
31-Aug 67.8 58.0 58.1 22.0 25.1 29.1
1-Sep 77.4 67.3 62.9 23.8 25.3 31.2
2-Sep 74.7 65.0 65.6 22.9 28.4 31.9
3-Sep 71.3 62.0 59.9 22.6 26.8 30.6
4-Sep 73.5 64.9 59.8 22.6 26.9 30.9
5-Sep 79.3 69.0 64.4 22.3 29.8 33.7
6-Sep 84.8 72.9 68.1 23.1 24.7 31.6
7-Sep 72.1 62.7 68.6 23.9 28.5 32.9
8-Sep 73.9 64.3 60.0 22.7 27.8 31.4
9-Sep 69.9 60.8 59.8 22.6 26.3 30.2
10-Sep 64.3 55.9 52.2 17.8 24.2 26.5
11-Sep 58.4 50.8 57.4 21.7 22.3 26.6
12-Sep 71.5 62.2 62.1 21.5 26.9 31.0
13-Sep 73.5 63.9 64.1 22.6 27.6 31.2

AVERAGE 73.6 63.6 62.3 22.4 27.0 31.0

Total Phosphorus Levels (mg/L): Sample Point

Elliot Ditch Surface Sub/Surface Surface Sub/Surface Elliot Ditch 
Date (at intake) CW inflow CW inflow CW Outflow CW Outflow (at outflow)

24-Aug 0.074 0.047 0.046 0.023 0.021 0.031
25-Aug 0.067 0.039 0.040 0.022 0.017 0.026
26-Aug 0.044 0.038 0.040 0.018 0.021 0.025
27-Aug 0.039 0.037 0.033 0.022 0.017 0.024
28-Aug 0.075 0.064 0.062 0.030 0.030 0.042
29-Aug 0.047 0.029 0.027 0.016 0.041 0.031
30-Aug 0.046 0.039 0.039 0.018 0.023 0.026
31-Aug 0.049 0.042 0.044 0.020 0.015 0.027
1-Sep 0.051 0.042 0.044 0.027 0.021 0.029
2-Sep 0.082 0.052 0.055 0.025 0.026 0.034
3-Sep 0.058 0.050 0.043 0.019 0.021 0.032
4-Sep 0.058 0.066 0.050 0.016 0.030 0.043
5-Sep 0.047 0.046 0.048 0.023 0.023 0.030
6-Sep 0.091 0.037 0.033 0.018 0.022 0.024
7-Sep 0.058 0.058 0.037 0.027 0.036 0.038
8-Sep 0.061 0.054 0.051 0.026 0.019 0.035
9-Sep 0.054 0.047 0.046 0.022 0.023 0.031
10-Sep 0.061 0.052 0.038 0.023 0.019 0.034
11-Sep 0.055 0.045 0.047 0.024 0.022 0.029
12-Sep 0.072 0.062 0.062 0.029 0.037 0.040
13-Sep 0.047 0.040 0.040 0.021 0.027 0.026

AVERAGE 0.059 0.047 0.044 0.022 0.024 0.031
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