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ABSTRACT 

Nitrogen removal efficiency is one of the major focuses in the application of 

animal wastewater to wetland systems. Nitrification and denitrification are the two major 

nitrogen transformation processes that require aerobic and anaerobic conditions 

respectively, for maximum transformation rates. Providing aerobic and anaerobic 

conditions alternatively would help maximize the nitrogen transformation and hence 

removal from wetlands. The fi-equency of keeping the wetland system dry (primarily 

aerobic) and wet (primarily anaerobic) becomes a critical aspect in maximizing nitrogen 

removal. Using a commercial nitrogen source resulted in 50% TN removal for 1:1 

(weeks) hydroperiod (wet:dry) that was significantly different (p<0.05) fi*om the 25% 

removal when continuously loaded. The ammonia-nitrogen percentage removal in the 

same case was 50% for a 1:1 hydroperiod as compared to 32% when continuously 

loaded. The average TKN accumulated in the cattails biomass was 50%) more in 

hydroperiod ratio of 1:1 compared to when continuously wetted. Therefore, if maximum 

nitrogen removal is designed from a wetland system treating wastewater, installing a unit 

that is two times larger and operated with a wetting and drying cycle of 1:1 week would 

be more beneficial as compared to a continuously wet system. Another advantage is that 

the wetland plants could easily be harvested and used for beneficial purposes, such as an 

animal feed. 
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CHAPTER 1 

INTRODUCTION 

Although federal agencies, states, and text book authors vary in the way in which 

they define wetlands, in general terms, wetlands are lands on which water covers the soil 

or is present either at or near the surface of the soil or within the root zone, all year or for 

varying periods of time during the year, including during the growing season (Yuhas, 

1996). The recurrent or prolonged presence of water (hydrology) at or near the soil 

surface is the dominant factor determining the nature of soil development and the types of 

plant and animal communities living in the soil and on its surface. Wetlands can be 

identified by the presence of those plants (hydrophytes) that are adapted to life in the 

soils that form under flooded or saturated conditions (hydric soils) characteristic of 

wetlands (NAS, 1996; Mitsch and Gosselink, 1993). There also are wetlands that lack 

hydric soils and hyrdrophytic vegetation, but support other organisms indicative of 

recurrent saturation (NAS 1996). 

Defining a Wetland 

There is not a single definition of wetlands that all agencies, scientists, 

policymakers, or landowners use for all purposes. Although there is a single definition 

that has evolved in Federal agencies regulating wetlands, the process of delineating 

wetlands on the ground and deciding what wetlands are subject to what policies is a 

matter of continuing controversy. 

The Federal regulations implementing Section 404 of the Clean Water Act define 

wetlands as: 

Those areas that are inundated or saturated by surface or ground water 
(hydrology) at a frequency and duration sufficient to support, and that under 
normal circumstances do support, a prevalence of vegetation (hydrophytes) 
typically adapted for life in saturated soil conditions (hydric soils). Wetlands 
generally include swamps, marshes, bogs, and similar areas. (40 CFR 
232.2(r)) 



Jurisdictional wetlands, those that are regulated by the U.S. Army Corps of 

Engineers (Corps) under Section 404, must exhibit all three characteristics: hydrology, 

hydrophytes, and hydric soils (US ACOE, 1987). It is important to understand that some 

areas that function as wetlands ecologically, but exhibit only one or two of the three 

characteristics, do not currently qualify as Corps jurisdictional wetlands and thus 

activities in these wetlands are not regulated under the Section 404 program. Such 

wetlands, however, may perform valuable fimctions. 

Another Federal agency, the U.S. Fish and Wildlife Service, defines wetlands as: 

lands that are transitional between terrestrial and aquatic systems where the water table is 

usually at or near the surface or the land is covered by shallow water, and that have one 

or more of the following attributes: 

1. at least periodically, the land supports predominantly hydrophytes; 

2. the substrate is predominantly undrained hydric soil; and, 

3. the substrate is non-soil and is saturated with water or covered by shallow 

water at some time during the growing season of each year (Cowardin et al., 

1979). 

This definition differs from the EPA and U.S. Army Corps of Engineers definition used 

for jurisdictional wetlands which requires that all three attributes (hydrophytes, hydric 

soils, and hydrology) be evident. The 1987 Corps of Engineers Manual on wetland 

delineation does not consider unvegetated aquatic sites such as mudflats and coral reefs 

or vegetated shallow water to be wefland areas, whereas the Cowardin classification does 

(US ACOE, 1987). 

Wetland Types 

Based on whether the wetlands are affected by oceans, they are grouped as 

follows. 

Tidal Wetlands 

Tidal wetlands are those affected by ocean tides (Marble, 1992). 



1. Saltwater marshes: Salt marshes usually occur behind beaches and barrier 

island. They are generally dominated by sofl-stemmed plants such as cord 

grass, salt hay, and glasswort. 

2. Brackish water marshes: Brackish marshes are generally found along the 

coast where fi-eshwater fi-om rivers and streams meet and mixes with 

saltwater. Salveson (1990) listed the following plants that are mostly 

found in these areas; tide marsh water hemp, pickerel weed, arrow-arum, 

and cattail. 

3. Mangrove swamps: Mangrove swamps occur along the coast in tropical 

Florida. Black mangroves occupy the upper areas of the swamp and red 

mangroves occupy the lower, commonly flooded areas. 

4. Intertidal flats: Intertidal flats are muddy, sparsely vegetated areas that are 

regularly inundated by tides. They are usually found seaward of tidal 

marshes and mangrove swamps. 

Non-Tidal Wetlands 

Non-tidal wetlands generally occur inland along streams, lakes, and ponds. 

Salveson (1990) identified three general categories: emergent, scrub-shrub, and forested. 

1. Emergent marshes: Marshes are usually dominated by emergents, grasses 

and grass-like plants that grow partly under and partly above water. 

Freshwater marshes may contain standing water throughout the year or 

may be flooded only a few times each year. 

2. Scrub-shrub wetlands: Scrub-shrub wetlands are dominated by woody 

vegetation (shrubs and small trees less than 20 feet tall). 

3. Forested wetlands: Forested wetlands include wooded swamps and 

bottom-land hardwood forests. They are usually found along rivers and 

streams. Trees that tolerate prolonged wet conditions are found, such as 

willow, red maple, black gum and northern white cedar in the northern 

U.S. and bald cypress, tupelo gum, and various oaks in the southern U.S. 



Wetland Classification 

A number of classification schemes have been developed for identifying wetlands 

by type. 

Cowardin svstem 

Cowardin (1979) recognizes the following five major wetland classifications: 

marine, estuarine, lacustrine, riverine, and palustrine. Marine and estuarine wetlands are 

associated with the ocean and include coastal wetlands, such as tidal marshes. Lacustrine 

wetlands are associated with lakes, while riverine wetlands are found along rivers and 

streams. Palustrine wetlands may be isolated or connected wet areas and include marshes, 

swamps, and bogs. 

Definitions fi-om the U.S. Fish and Wildlife Service (Tiner, 1984) include the 

following: 

Marine: All wetland and deepwater habitats contained within a channel, with two 

exceptions: (1) wetlands dominated by trees, shrubs, persistent emergent, emergent 

mosses, or lichens; and (2) habitats with water containing ocean derived salts. 

Estuarine: Deepwater tidal habitats and adjacent tidal wetlands that are semi-

enclosed by land but have open, partly obstructed, or sporadic access to the open 

ocean, and in which ocean water is at least occasionally diluted by freshwater runoff 

from the land. 

Lacustrine: Wetlands and deepwater habitats with all of the following characteristics: 

(1) situated in a topographic depression or a dammed river channel; (2) lacking trees, 

shrubs, persistent emergent, emergent mosses or lichens with greater than 30 percent 

area coverage; and (3) total area exceeds 8 ha (20 acres). 

Riverine: All wetland and deepwater habitats contained within a channel, with two 

exceptions: (1) wetlands dominated by trees, shrubs, persistent emergents, emergent 

mosses, or lichens; and (2) habitats with water containing ocean derived salts. 

Palustrine: All non-tidal wetlands dominated by trees, shrubs, persistent emergents, 

emergent mosses, or lichens, and all such wetlands that occur in tidal areas where 

salinity due to ocean derived salts is below 0.5 percent. 



Wetland Policv and Regulation: An Overview 

Because of the frinctions that wetlands play in the natural ecosystem and the value 

they have to society, there are numerous regulations and policies pertaining to the 

management and use of wetland areas in the United States. This was not always the case. 

In the mid 1800's the federal government was encouraging conversion of wetlands to 

agricultural land (Salveson, 1990). While inland wetlands have been primarily drained 

for agricultural land, coastal wetlands are under intense pressure for housing and 

commercial development. The U.S. Fish and Wildlife Service (Tiner, 1984) estimates 

that about 50% of U.S. wetlands have been destroyed in the last two centuries. 

Policy pertaining to the regulation of wetlands is administered both at the federal and 

state levels. The major federal policies and acts that pertain to wetlands are listed below 

(Salveson, 1990). 

The Swamp Lands Acts (̂ 1849. 1859. 1860Y These acts gave 60,000,000 acres of 

Federal wetlands to 15 states for "reclamation", land destined to be drained for 

agriculture. 

The River and Harbors Act (1899). This act gave the U.S. Army Corps of 

Engineers the responsibility of keeping the waterways of the U.S. open and navigable. 

Dredging or discharging of materials in U.S. Waterways is prohibited by section 10 of the 

act, unless a permit is obtained from the Corps. The Corps has generally been associated 

with dam building, canal digging, and maintenance of shipping canals and harbors in 

support of intrastate commerce. With growing environmental awareness in the 1960's 

however, the Corps began to include consideration of environmental values in its permit 

review process. The increased environmental awareness at this time prompted the U.S. 

government to pass a number of acts dealing with the protection of the environment, 

including wetlands. 

The National Flood Insurance Act (1968). The National Flood Insurance Act 

provides financial incentives for communities to adopt federally approved flood 

management programs. This program indirectly affects weflands since it protects 

floodplain areas from development, and most weflands occur in floodplains. 



The National Environmental Policv Act (1969). The National Environmental 

Policy Act (NEPA) was enacted to reconcile conflicts between economic growth and 

environmental protection. NEPA requires all federal agencies to consider the 

environmental impacts of a project before a project is undertaken. That is, agencies must 

prepare an environmental impact statement or an environmental assessment for all 

federally permitted projects. 

The Coastal Zone Management Act (1972). The Coastal Zone Management Act 

provides financial incentives for states to adopt federally approved coastal zone 

management programs to protect coastal resources. Great Lakes States are considered 

"coastal states" and are eligible for this program. In essence, this act gives the state 

control over management of its coastal resources. States can delineate the coastal zone 

boundary and indicate which activities are permissible within the coastal zone. States 

have the right to veto federal programs if it does not conform to the policy set by the 

state. 

The Endangered Species Act (19731 The Endangered Species Act prohibits any 

action that will jeopardize endangered or threatened species, including the destruction of 

their habitat. In cases where wetlands provide habitat for such species, this act indirectly 

protects wetlands. 

The Clean Water Act (1977). The Clean Water Act is the major piece of 

legislation affecting wetlands. Section 404 of the act prohibits the discharge of fill 

material in waters of the U.S. without a permit from the Corps. This is broader in scope 

than the River and Harbors Act, which was restricted to "navigable" waters. There are 5 

significant subsections of the Clean Water Act which define its role in wetland 

protection: 

• Section 404(a) authorizes the Corps to issue permits for filling waters, including 

wetlands. 

• Section 404(b) requires that the Corps follow guidelines developed by the U.S. 

Environmental Protection Agency when issuing permits. These guidelines 

indicate that no dredging or fill can occur if a practical alternative exists which 

would have less impact on the aquatic ecosystem. 



• Section 404(c) authorizes the EPA to veto permits that have been issued by the 

Corps to fill wetlands. 

• Section 404(f) exempts certain activities from the permit requirements such as 

normal farming, silviculture, minor drainage, or upland soil and water 

conservation practices if these activities are currently established activities. 

Farmers cannot drain and fill a wetland if it has never been farmed without first 

obtaining a permit from the Corps or the administering state agency. 

• Section 404(g) authorizes states to assume the permit program from the Corps if 

their program is approved by the EPA. That is, states can administer their own 

permitting policy if it is stricter than the federal regulations. 

The Coastal Barriers Resources Act (1982). The Coastal Barriers Resources Act 

restricts or prohibits federal subsidies for building on undeveloped coastal barriers. 

The Wefland Conservation provision of the Farm Bill (1985. 1990). The Wefland 

Conservation provision of the 1985 and 1990 farm bills (known as "Swampbuster") 

requires all agricultural producers to protect the wetlands on the farms they own or 

operate if they want to be eligible for USD A farm program benefits. Producers are not 

eligible if they plant an agricultural commodity on a converted wetland that was 

converted by drainage, leveling, or any other means after December 23, 1985. Prior 

converted wetlands (those converted before December 23, 1985) are not regulated under 

Swampbuster or Section 404 of the Clean Water Act. However, if prior converted 

wetland is not planted to an agricultural commodity for more than 5 consecutive years, 

the cropland is then considered abandoned and becomes a wefland subject to regulation. 

Federal Agencies. In addition to the roles of the U.S. Army Corps of Engineers 

and the U.S. Environmental Protection Agency Federal discussed above, other agencies 

operate programs that impact weflands. The U.S. Department of Agriculture's Natural 

Resource Conservation Service (NRCS, previously SCS) works with local conservation 

districts to provide technical assistance for wefland management. The NRCS also 

provides cost-sharing assistance for the acquisition of wefland easements to prevent 

flooding, improve water quality, and improve fish and wildlife habitats. Other related 

programs are the Rural Abandoned Mines Program, the Grreat Plains Conservation 



Program, and the Plant Materials Program. The Wetlands Reserve Program administered 

by the Agricultural Stabilization and Conservation Service (ASCS) is a voluntary 

program that targets weflands that are currently being farmed or are former wetlands. 

Financial incentives are offered by ASCS up to the lands agricultural value and a plan is 

developed to restore the wefland. The Agricultural Conservation Program also 

administered by ASCS provides cost-sharing to landowners who apply conservation 

practices to their land. 

With so many policies and regulations, it certainly makes one curious about the 

potential benefits that wetlands can provide. Understanding the benefits and their 

limitations will equip us better to work with them and make their best use keeping in 

view the environmental concerns. 

Wetlands: Their Need 

River valleys and their floodplains have been the focus of human civilizations for 

over 6,000 years. Many other wetland systems have been equally critical to the 

development and survival of human communities. This simply reflects the key role that 

water and wetlands have played throughout human life. Our advancing technological 

skills may seem to have supplanted the role of nature, but recent environmental 

catastrophes suggest otherwise. The reality is that we still depend on our natural 

ecosystems to sustain us. Wetland ecosystems are part of our natural wealth. A recent 

assessment of the dollar value of our natural ecosystems esflmated them at US$ 33 

trillion (Costanza et al, 1997). The study estimated the global value of wetland 

ecosystems at an amazing US$ 14.9 trillion, 45% of the total. The multiple roles of 

wetland ecosystems and their value to humanity have been increasingly understood and 

documented in recent years. So it is in our best interests that we understand the 

importance of wetlands and the values associated with them. 

Nitrogen enrichment of water supplies and aquaflc ecosystems is a widespread 

environmental problem in the United States (Glover and Kolm, 2000). Wetlands have key 

roles in storing and chemically transforming nitrogen. Runoff of nitrogen-enriched water 

from agricultural lands and other non-point sources, sepflc wastewater discharge, and 
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atmospheric deposition can lead to increased biological producflvity with corresponding 

increases in biomass, rates of vegetation decay, and oxygen consumption (Glover and 

Kolm, 2000). 

The ability of wetlands to adapt to changing conditions and to acceleraflng rates 

of that change will be crucial to communities and wildlife everywhere as the flxll impact 

of climate change on our ecosystem lifelines is felt. Weflands are hugely diverse. But 

whether they are ponds, marshes, coral reefs, peat lands, lakes or mangroves, they all 

share one fundamental feature: the complex interacflon of their basic components - soil, 

water, animals and plants - that fulfils many functions and provides many products that 

have sustained humans over the centuries. Of course not every wetland performs all these 

functions - but most wetlands perform many of them. 

A recent ecosystem study valued the ecosystem services of different wetland 

types as follows (Table 1.1). 

Table 1.1. Comparative value of ecosystem service of different wetland types. 
Annual value Annual global flow value 

(US$ per hectare per year) (million US$ per year) 

Estuaries 22,382 4,100,000 

Seagrass/algae beds 19,004 3,801,000 

Coral reefs 6,075 375,000 

Tidal marsh/mangroves 9,990 1,648,000 

Swamps/floodplains 19,580 3,231,000 

Lakes/rivers 8,498 1,700,000 

A dollar value on wefland fimctions is powerfiil ammunition to convince 

decision-makers that wetlands should be conserved and wisely used. Wetlands perform a 

variety of functions. An overview of some of the major functions is provided below. It is 

important to recognize that not all weflands perform these functions at the same level. 

Some may provide excellent flood control, but not offer recreational opportunities. 

Others may provide wastewater treatment capability, but not offer good wildlife habitat. 
9 



The determination of the functions a given wefland provides is the goal of a wefland 

functional evaluaflon. Wetlands are well worth looking after for the following reasons. 

Flood Control. Weflands "hold" heavy rainfalls, preventing possible flooding 

downstream. Weflands reduce flood damage by storing flood waters and slowly releasing 

the stored water. In this sense, weflands perform the role of a natural flood reservoir. 

Schwab et al. (1992) points out the significant impact on peak flow reduction that a series 

of flood reservoirs can have on a small watershed. In much the same way, wetlands can 

reduce the peak flow of excessive flooding. The storage potential of the wetland and the 

rate at which it can release stored water are the primary factors determining a wetlands 

ability to control floods (Amman and Stone, 1991). By storing the water in the soil or 

retaining it in the surface waters of lakes, marshes, etc., wetlands reduce the need for 

expensive engineered structures. Wefland vegetation also plays a role in slowing down 

the flow of flood water. A recent study in the USA estimated that 0.4 hectares of wefland 

can store over 6,000 cubic meters of floodwater. 

Groundwater Replenishment. Groundwater recharge is the movement of surface 

water to groundwater by percolation to the underlying water table (Adamus et al., 1990). 

Given the right conditions (porous substrates), wetlands can serve as groundwater 

recharge areas, although they more commonly serve as groundwater discharge areas. The 

relationship between groundwater and wetlands is rather complicated. Many wetlands 

help recharge underground aquifers that store 97% of the world's unfrozen freshwater. 

Groundwater is of critical importance to billions of people as their only source of 

drinking water. Groundwater is the only source of water for many irrigation programs -

17%) of the world's cropland is irrigated (Ramsar, 2001). 

Shoreline Stabilization and Storm Protection. Salt marshes, mangroves and other 

forested wetlands act as the fronfline defense against incoming storms. They help 

minimize the impact of storms by reducing wind action, wave action and currents. 

Wetlands also reduce shoreline erosion, and store and convey floods because their 

interlocking root systems stabilize soil at the water's edge, enhance soil accumulation 

through sediment trapping, and reduce erosion by damping wave action and slowing 

water currents (Carter, 1996). Weflands also act as a huge sponge, temporarily storing 
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flood waters and releasing them slowly, thus reducing flood peaks and protecting 

downstream property owners from damage. Wetlands are often natural flood 

conveyances, channeling flood waters from upland areas into receiving waters and 

damping extreme flood events. Coastal wetlands play a critical role in many parts of the 

world in protecting the land from storm surges and other weather events; they reduce 

wind, wave and current action, and coastal vegetation helps to hold sediment in place. 

Sediment and Nutrient Retention and Export. Weflands tend to slow down the 

force of water, encouraging the deposition of sediments carried in the water. This is 

beneficial further downstream where deposition of sediments may block waterways. 

Nutrients are often associated with sediments and can be deposited at the same time. 

These nutrients, mainly nitrogen and phosphorous from agricultural sources but also from 

human wastes and industrial discharges, may accumulate in the sub-soil, be transformed 

by chemical and biological processes or be taken up by wetland vegetation which can 

then be harvested and effectively removed from the system. This capacity for nutrient 

retention makes many wetland ecosystems among the most productive recorded, rivaling 

intensive agricultural systems. Weflands slow the passage of water and encourage the 

deposition of nutrients and sediments carried in water. Nutrient retention in wetlands 

makes them among the most productive recorded, rivaling even intensive agricultural 

systems. Coastal dehas are dependent on riverine sediments and nutrients for their 

survival; engineered structures that interfere with the natural movement of sediments and 

nutrients can degrade deltas. Of course wefland ecosystems are complex biological and 

hydrological systems and the retention of nutrients and sediments is often a seasonal 

characteristic: at certain times of the year weflands flinction as a "source" rather than a 

"sink" of sediments and nutrients. Intemperate wetlands, for example, nutrient retention 

is greatest during the growing season when microbial activity is highest in the water and 

when wetland plants are at their most productive. 

Wetlands preserve water quality, functioning as living filters by removing 

nutrients and sediments from surface and ground waters (Carter, 1996; Williams, 1996). 

Wetlands retain or remove nutrients through uptake by plant life, adsorption into 

sediments, deposition of detritus, such as organic matter, and chemical precipitation. 
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Vegetation and flat topography in wet-lands slow waters, causing sediments to be 

deposited in the wefland, reducing siltation of rivers, lakes, and streams. 

Climate Change Mitigation Wetlands play at least two critical but contrasting 

roles in mitigating the effects of climate change: one in the management of greenhouse 

gases (especially carbon dioxide) and the other in physically buffering climate change 

impacts. Wetlands act as significant carbon sinks and so the destruction of wetlands will 

release carbon dioxide, a greenhouse gas, while wetland restoration and creation will 

increase the sequestering of carbon. Wetlands will play a further role as the frontline 

defenders of coastal and inland areas as countries deal with the full effects of climate 

change: increasing frequency of storms, changing rainfall patterns, rising sea-levels and 

sea surface temperatures. 

Wetlands have been identified as significant storehouses (sinks) of carbon. This 

may amount to as much as 40%) of global terrestrial carbon. Peat lands and forested 

wetlands are particularly important as carbon sinks. Although covering only 3% of the 

world's land area, peat lands are estimated to store over 25% of the soil carbon pool 

(Ramsar, 1993). 

Water Purification. Plants and soils in wetlands play a significant role in purifying 

water because of their ability to trap sediments (Adamus et al, 1990). As the velocity of 

incoming water is slowed, sediments are deposited. These sediments may contain 

physically or chemically attached toxicants (heavy metals, pesticides, and toxic organic 

substances). These toxicants may be "removed" by chemical breakdown, burial in the 

substrate, or assimilation into plant tissues (Boto et al., 1979). Wetlands that retain water 

for long periods of time and have a low water velocity are best for sediment trapping. The 

surrounding vegetation, gradient, and outlet characteristics influence water velocity. High 

levels of nutrients such as phosphorous and nitrogen, commonly associated with 

agricultural run-off, are effectively removed by wetlands. This is important in preventing 

eutrophication flirther downstream, a process that leads to rapid plant and algal growth 

followed by depleted oxygen levels that affect other species. It can also be important in 

preventing high concentrations of these nutrients reaching groundwater supplies or other 

water sources that may be used for drinking water. 
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Marble (1992) discussed the nutrient removal and transformation function of 

weflands. This includes the retention of nutrients within sediments and plant tissues, the 

transformation of inorganic nutrients to organic form, and the transformation of nitrogen 

to gaseous form. Nitrogen and Phosphorous are generally the nutrients in greatest 

abundance (Kadlec et al., 1979). These nutrients are taken up and stored by wetland 

vegetation. Nitrogen can be removed permanently through transformation to gaseous 

form by the processes of denitrification and ammonia volatilization (Adumus et al, 

1991). Again, this function improves downstream water quality by filtering out these 

potential pollutant substances. Some communities are using natural weflands to treat 

tertiary wastewater or storm water (Salveson, 1990). Houghton Lake, WI and Areata, CA 

are examples. 

Reservoirs of Biodiversity. Freshwater weflands hold more than 40%) of the all 

world's species and 12% of all animal species (Ramsar, 1993). Some wetlands (those 

with open water) provide habitat for fish species and other aquatic invertebrates. Water 

quantity and quality are important factors in determining the suitability of a wetland for 

fish habitat. Wolfson et al. (1995) pointed out that no single wetland provides all habitat 

requirements for any species, and that adjacent uplands, wetlands, buffers and corridors 

are also important in determining the wetlands ability to function as wildlife habitat. 

Wetland biodiversity is a significant reservoir of genes that has considerable economic 

potential in the pharmaceutical industry and in commercial crop plants such as rice. Coral 

reefs rival tropical rainforests in terms of biological diversity; they may contain 25% of 

all marine species. Reefs hold an estimated 4,000 species offish and 800 species of reef-

building corals; total number of species associated with reefs may be over one million. 

Some wetlands contain significant numbers of endemic species - such as Lake 

Tanganyika with 632 endemic animal species and the Amazon river with an estimated 

1,800 endemic species offish. 

Wetlands are the most biologically productive ecosystems in the temperate 

regions, rivaling tropical rain forests (Mitsch and Gosselink, 1993). Their biological 

productivity derives from their ability to recycle nutrients and energy. Wetlands provide 

habitat for fish and wildlife. Some species spend their entire lives in wetlands, while 
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others use them intermittenfly for feeding or rearing their young. Most freshwater fish 

depend on weflands. Fresh and saltwater fish feed in wetlands, or on food produced in 

wetlands. Weflands also serve as nursery grounds for many species (alewife, blueback 

herring) whose young take cover there, and many important sport fishes (pike, pickerel, 

muskellunge, large mouth bass, striped bass) spawn in or near weflands. Amphibians and 

reptiles depend on weflands. Over one-thu-d of all bird species in North America rely on 

wetlands for migratory resting places, breeding or feeding grounds, or cover from 

predation (Kroodsma, 1979). 

Wetland: Products, recreation and cultural value. The list of products from 

wetlands exploited by humans is immense. Exploitation is carried out at all levels from a 

commercial scale to cottage industries to subsistence levels (Table 1.2). One billion 

people eat fish as their primary source of protein. The majority are marine fish, two thirds 

of which rely on coastal wetlands at some stage in their life cycle. 

Table 1.2. Wetland bio-economic linkages (Bergstrom and Brazee, 1991). 

WETLAND 

Function 

Service 

Economic 

value 

PRIVATE VALUES 

FORESTRY 

Tree growth 

medium 

Commercial 

timber harvest 

Net economic 

value of 

timber 

nSHERIES 

Fish habitat 

Commercial 

fish harvest 

Net economic 

value of 

commercial 

catch 

MIXED 

VALUES 

RECREATION 

WUdlife 

habitat 

Recreational 

waterfowl 

harvest 

Net economic 

value of 

hunting 

experience 

FLOOD 

CONTROL 

Flood 

retention 

Reduced 

flood 

flows/peaks 

Net 

economic 

value of 

reduced 

damages 

PUBLIC VALUES 

WATER 

QUALITY 

Water 

filtration 

Cleaner 

water 

Net option 

and 

existence 

values 

ENDANGERED 

SPECIES 

Wildlife habitat 

Biodiversity 

Net economic 

value of reduced 

damages 
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Many weflands are prime locations for tourism; some of the finest are protected as 

National Parks, Worid Heritage Sites or Biosphere Reserves. Many wetland sites 

generate considerable income locally and nationally. Recreational activities such as 

fishing, hunting and boating, etc., involve millions of people who spend billions of 

dollars on their activities. Wetlands offer ideal locations for involving the general public 

and school children in hands-on learning experiences, in an essentially recreational 

atmosphere, to jaise awareness of environmental issues. 

This is a relatively poorly documented function of wetlands, yet there are many 

instances where wetlands have significant religious, historical, archaeological or other 

cultural values for local communities, representing a part of a nation's heritage. Although 

largely an unexplored, poorly documented subject, wetlands are frequently of religious, 

historical, archaeological or other cultural significance at the local or national level Over 

30% of a sample of 603 sites recorded some archaeological, historical, religious 

mythological or cultural significance at either local or national level. 

Constructed Weflands: An Overview 

Interest in the use of natural physical, biological, and chemical aquatic processes 

for the treatment of polluted waters have increased steadily in the United States over the 

last two decades. This interest has been driven by growing recognition of the natural 

treatment functions performed by wetlands and aquatic plants, by the escalating costs of 

conventional treatment methods, and by a growing appreciation for the potential ancillary 

benefits provided by such systems. Aquatic treatment systems have been divided into 

natural wetlands, constructed wetlands, and aquatic plant systems (USEPA, 1988b). Of 

the three types, constructed wetlands have received the greatest attention for treatment of 

point source pollution. Constructed wetlands are a subset of created wetlands designed 

and developed specifically for water treatment (Fields, 1993). They have been defined as: 

"Engineered systems designed to simulate natural wetlands to exploit the water 

purification functional value for human use and benefits. Constructed wetlands 

consist of former upland environments that have been modified to create poorly 
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drained soils and weflands flora and fauna for the primary purpose of contaminant or 

pollutant removal from wastewaters or runofE"(Hammer, 1992, p.49). 

Constructed wetlands can provide many of the water quality improvement 

functions of natural wetlands with the advantage of control over location, design, and 

management to optimize those water quality functions. Constructed weflands are not 

typically intended to replace all of the functions of natural weflands, but emphasize 

certain features to maximize pollutant removal efficiency and to minimize point source 

and non-point source pollution prior to its entry into streams, natural wetlands, and other 

receiving waters. Weflands created for habitat, water quantity, aesthetic and other 

functions as well as water quality functions typically call for different design 

considerations than those used solely for water quality improvement. 

This tailored design approach to constructed systems generally makes them less 

suitable as wildlife habitat than natural wetlands. Nevertheless, constructed wetlands are 

often designed with ancillary wildlife values in mind, for example, incorporating open 

water for waterfowl usage. While species diversity of vegetation and micro flora and 

fauna are lower in treatment wetlands, bird usage can be higher than that in adjacent 

natural wetlands because of the more eutrophic, and hence more productive, aquatic 

conditions in the loaded systems (McAllister, 1993; Kadlec, 1994). A major concern with 

the use of constructed wetlands for wildlife habitat is the potential for concentrating 

accumulated pollutants up the food chain, with deleterious effects to birds and other 

consumers. While wildlife impacts have been observed in several instances with wetlands 

created for habitat, these appear related to agricultural irrigation return flows in the West 

or hazardous waste site releases (Knight, 1993). So far, no similar problems are 

documented for constructed treatment wetlands (Kadlec, 1994; Knight, 1993), but the 

potential for harm exists with some metals and other compounds (Knight, 1993), and the 

issue requires continued evaluation. 

Constructed wetlands are becoming an increasingly common method for 

treatment of all forms of water pollution, including confined animal wastewater, cropland 

runoff, urban storm water, septic tank effluent, municipal wastewater effluent, acid mine 

drainage, industrial process waters, and landfill leachate (Kadlec and Knight, 1996; 

16 



Bastian and Hammer, 1993). The beginnings of constructed wefland technology are dated 

to the 1950's in Germany for municipal wastewater treatment (Brix, 1993). This use is 

the most established and advanced, with hundreds of systems in place in Europe and the 

United States (Kadlec and Knight, 1996; Brix, 1993; Bastian and Hammer, 1993). Most 

constructed wetlands installed to date are used for advanced (nutrient reduction) 

treatment of municipal wastewater, with a large number also in place for secondary 

(solids and BOD) wastewater treatment. Use of these systems for primary wastewater 

treatment without prior or adequate settling and solids removal quickly overloads them 

and degrades performance capabilities, and is largely avoided (Reaves et al, 1994). Other 

than primary wastewater uses, the range of potential applications for constructed 

wetlands is great and the record of actual applications is rapidly expanding. 

Performance of constructed wetlands is good for a number of pollutants. In 

general, the greatest and most consistent reductions have been those of suspended solids, 

BOD, and fecal coliforms, with common discharge values of 10-20 mg/1 for the first two 

and 50-100 fecal colonies/100 ml (Hammer, 1992). Phosphorus and nitrogen reductions 

are typically good, but less than efficiencies in the first three categories given the same 

conditions, with nitrogen usually more efficiently and consistently reduced than 

phosphorus. Strong nutrient reductions generally require greater area or lower application 

rates than do the first three constituents. Metals and some synthetic organic chemicals can 

also be reduced effectively, but results are more variable (Kadlec and Knight, 1996; Brix, 

1993; Bastian and Hammer, 1993; Reed and Brown, 1992). 

While construction costs can vary significantly, constructed wetlands provide 

treatment at significantly lower installation and maintenance costs than conventional 

municipal wastewater treatment options (Hammer, 1992). Hammer (1992) estimated that 

construction costs range from 1/10 to 1/2 of the cost of comparable conventional 

treatment systems. Constructed wetlands do, however, typically require significanfly 

more land than conventional facilities. The major construction costs are associated with 

land purchase, pumping water to the weflands, earthwork, possible impermeable liner, 

and planting (Kadlec, 1994; Reed et al, 1994; USEPA, 1988b). Using data from 

municipal systems, Kadlec (1994) cited construction costs from 18 North American 
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surface flow weflands ranging from $4,500 to $203,000 per hectare (1994), with a mean 

of $68,000. Reed et al. (1994) gave a range of $75,000 to $170,000 per hectare for the 

same type of system. Once up and running, operation and maintenance costs for 

constructed wetlands can be lower than for alternative treatment options, generally less 

than $l,000/ha/year (Kadlec, 1994), including the cost of pumping, mechanical 

maintenance, and pest control. 

Constructed Weflands for Animal Wastewater Treatment 

Use of constructed wetland systems for confined animal wastewater has gained 

momentum in recent years, yet is still largely in the experimental stages. The major 

treatment concerns for these systems are BOD, ammonia, suspended solids, phosphorus, 

fecal coliforms, and sometimes metals added to feeds. The most problematic constituent 

seems to be ammonia; because of very high influent BOD levels, practically the entire 

wetland water column is essentially anoxic, inhibiting the aerobic nitrification step that 

must take place before denitrification and gaseous nitrogen release can occur. Very good 

nitrogen removals can occur with prior dilution or some form of aeration. 

Although animal wastewater systems can borrow much from the municipal 

wastewater experience, an important difference is the need to keep capital costs and 

operation requirements to a minimum on the farm compared to municipal constraints. 

Also, minimizing wetland acreage is not as much a driving force with animal producers, 

since they often have significant area dedicated to lagoon application, and wetlands can 

replace much of that disposal need in a fraction of the area. Municipal wastewater 

wetland design efforts toward increasing technical sophistication to maximize efficiency 

and minimize land requirements are of little assistance to animal facility operators. 

Constructed Weflands for Non-Point Source Treatment 

Wetlands constructed to treat storm water runoff must be designed somewhat 

differently than wastewater weflands. These constructed non-point source (NPS) 

wetlands can provide high removal efficiencies for storm water pollutants and can be 

used to reduce storm water runoff peak discharge rates. Constructed storm water and 
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other NPS treatment weflands that mimic natural systems have been successful at many 

sites (Bingham, 1994; Mitsch and Gosselink, 1993). Constructed weflands can also 

provide a pleasing natural area. Wetlands are highly valued by many landowners and can 

serve as attractive centerpieces to developments and recreation areas; wetlands also 

typically increase property values (Shaver, 1992; Schueler, 1987). Constructed wefland 

systems can provide ground water recharge in the area, thus lessening the impact of 

impervious surfaces. This recharge can also provide a ground water subsidy to the 

surficial aquifer, which can benefit local vegetative communities and decrease irrigation 

needs. 

Constructed Wetlands for Mine Drainage 

Acid mine drainage (AMD) is a major water pollutant associated with various 

types of mining operations, especially coal mining. AMD characteristically has low pH 

and high concentrations of iron, sulfate, and trace metals. Conventional treatment of acid 

mine drainage with alkaline reagents is "active" in nature, cosfly, and must be continued 

indefinitely (Skousen et al, 1994; Brodie et al, 1993). 

The use of constructed weflands for treatment of AMD is a "passive" technology, 

and provides a potential alternative to the conventional, active methods of chemical 

treatment. Thriving wefland communities have been observed despite acid mine drainage 

inputs. Closer inspection has revealed that outflow from such wetlands was of higher pH 

and did not contain, or contained only low concentrations of iron, sulfate and trace 

metals. This rapidly led to the use of constructed wetlands to treat acid mine drainage 

(Skousen et al, 1994). It is estimated that over 400 wetlands are now in use in the U.S. 

for treatment of acid mine drainage (Weider, 1993). Wetlands treatment of AMD is still 

an emerging technology. 

Constructed Wetlands: Proven Dimensions and New Horizons 

Over the past two decades, wetlands have been recognized for their inherent 

capability to act as nitrogen sinks through the processes of denitrification, sedimentation, 

and plant uptake of nitrogen. Constructed wetlands have received considerable attention 
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in the last decade as a new method for treating animal waste. For many years constructed 

weflands have been used successfully to treat lower strength municipal wastewaters. 

Characteristics of these municipal constructed wefland systems that appeal to livestock 

producers include: 

Low construction cost. 

High waste treatment efficiency. 

Small land area requirement, 

Low energy requirement. 

Little or no maintenance. 

Good odor control. 

Natural waste degradation. 

Properly applied to animal waste treatment, constructed wetlands can be a very 

important part of a total animal waste treatment plan. When combined with grass filter 

strips of cattails or bulrushes, constructed wetlands have demonstrated over 95 percent 

removal of nitrogen at a loading rate of slightly over 15 pounds of nitrogen per acre per 

day. 

Constructed wetlands have been increasingly designed for nitrogen removal and 

have been shown to remove nitrate, mainly through denitrification, at rates of 200 to 

5,000 mg N m" d' (Hunt et al, 1996). These reported rates are 1-3 orders of magnitude 

greater than denitrification rates in natural lake, estuarine, and wetland sediments. 

Despite this, average reported nitrate removal efficiencies for constructed wetlands range 

broadly, from 30 to 95%. 

Two basic types of constructed wetlands are: (1) surface flow in layer and (2) 

subsurface flow. The surface flow system is the one most applicable to treatment of 

animal waste. Surface flow constructed wetlands are flat, pond-type structures holding 

very shallow water (2 to 10 inches of water depth is typical) and supporting growth of 

bulrushes, cattails, and other aquatic plants. Wastewater is piped into one end of the 

constructed wefland. It travels slowly through the plant stand and eventually flows out of 

the wetlands. 
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Limitations of Constructed Wefland.s 

Constructed weflands have limitations for treating animal waste. Some potential 

problems that can limit the success of this treatment method are: 

• High nutrient levels in wastewater (e.g., at 5-10 kg N ha"̂  yr'̂  nutrient load, 

cattails begin to die due to high nitrogen load. Gregor, 1996) 

• High ammonia levels that can kill aquatic plants on which the wetlands depend. 

For example, cattails can tolerate ammonia in ranges from 30 to 80 mg/L. (SCS, 

1992) 

• Reduced treatment efficiency during the winter. For example, ammonification 

rate reduces by half for a temperature decrease of 10 °C (Kadlec and Knight, 

1996). 

• High flows during heavy spring rainfalls. 

• Plant residue buildup in the wetlands which can contribute to the establishment of 

a potential nutrient sink. 

• Zero discharge requirements for animal waste systems. 

• Potential for muskrats and mosquitoes. 

Wastewater Treatment in Constructed Wetlands: Mechanisms Involved 

Wastewater treatment in constructed wetlands occurs by several mechanisms: 

• Dilution with rainfall, 

• Chemical reactions, 

• Biological activity that transforms and filters the wastewater. 

Wastewater "strength" is generally measured by how much oxygen is required to 

reduce wastewater contents to chemical compounds that are stable or nearly stable in the 

environment. Oxygen is necessary for most of the chemical and biological processes that 

"treat" or reduce animal wastewater biochemical oxygen demand (BOD) and nutrient 

content to more desirable levels. 

Wetland plants transport oxygen from leaves through stems to roots and thus into 

the wastewater solution. This routing of oxygen helps satisfy the high BOD of the 

wastewater introduced into the pond. Therefore, the selection of appropriate plants for 
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constructed weflands is critical The Natural Resources Conservation Service (formerly 

Soil Conservation Service) has conducted extensive work on appropriate plant material 

and recommends the use of emergent plants-those that grow above the water line. 

The most commonly used emergent plants in constructed weflands for animal waste 

treatment are the reeds, bulrushes, and cattails {Juncus, Scirpus, and Typha, respectively). 

Saturation culture soybean and flooded rice also successfully treat swine wastewater. The 

roots of the plants play an important role in the treatment process, providing surfaces for 

bacterial growth, filtration of solids, nutrient uptake, and oxygen to promote the 

processes of nitrification and denitrification. 

Most animal wastewater has such a high BOD demand that it must be either 

diluted with fresh water or pretreated in some manner to reduce the oxygen demand on 

the wetland system. During different seasons, weather conditions, and times of day the 

oxygen concentration in wetlands will vary. The cooler the water temperature, the lower 

the oxygen demand. These daily and seasonal changes affect the biological processes that 

remove carbon, nitrogen, and phosphorus along with reducing the high BOD demand in 

animal wastewater. 

Constructed Wetlands and Animal Waste Treatment: Future Outlook 

Animal waste treatment is a major agricultural and environmental concern. As the 

number of confined animal facilities grows in specific watersheds and river basins, the 

proper treatment of animal wastewater becomes more critical. In municipal wastewater 

treatment, wetland systems are operated to meet extreme discharge requirements. To 

ensure safety, the strict monitoring of discharge water is required. At this time, the 

Environmental Protection Agency does not allow discharge of animal waste effluent to 

the waters of the United States. Therefore, the main goal of animal wastewater treatment 

with wetlands is reduction of contaminant mass. Constructed wetlands can transform and 

assimilate large quantities of carbon, nitrogen, and phosphorus from wastewater and 

dramatically reduce required land application area. Because constructed wetlands have 

been very successful in treating municipal wastewater, they hold great promise as part of 

a complete system for animal waste treatment. 
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Wetlands - Associated Issues 

Threats To Wetlands 

Wetlands suffer from over-extraction of fresh water, overuse of their resources, 

drainage and pollution. They are blocked by dams or turned into agricultural land. 

Already 50% of the worid's wetlands have been lost (Dugan, 1990). The degradation of 

wetlands puts the livelihoods of communities and the biological diversity at risk. Over 

800 freshwater species woridwide are now threatened with extinction (Dugan, 1990). 

Ecosystems provide an estimated 33 Trillion US$ per year to societies, of which an 

estimated 26% comes from freshwater ecosystems (Dugan, 1990). Wetlands are being 

destroyed at an alarming rate. In the past century, already 50% of the world's wetlands 

have been lost. A total of 2465 species is currently threatened with extinction, of which 

an estimated 25 % or more than 800 species are related to freshwater ecosystems. After 

the Pak Mun Dam was built in the early 1990s on Thailand's Mun River, a Mekong 

tributary, all 150 fish species that had inhabited the river virtually disappeared. 

Experiments in Europe and America indicate that a large portion of the extra nitrogen 

retained by forest, wetland, and tundra ecosystems stimulates carbon uptake and storage. 

On the other hand, this nitrogen can also stimulate microbial decomposition and thus 

releases of carbon from soil organic matter. On balance, however, the carbon uptake 

through new plant growth appears to exceed the carbon losses, especially in forests. 

Human Activities that Affect Weflands 

Various human activities affect wetlands. A few of them are: 

1. Agriculture: Wetlands are destroyed by agriculture due to infilling, grazing and 

chemicals. 

2. Development, Sprawl and Polluted Runoff: Highway construction, urban expansion, 

and other human developments threaten wetlands. Buildings and roads block normal 

flooding and drainage. 

3. Stream Channelization: Streams are moved by modifying the land around them. 

Water no longer collects in weflands, but rushes through a stream, bringing along 

pollutants and causing flooding. 
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4. Forestry: Once valuable hardwoods are cleared from a wefland, foresters sometimes 

replace the trees with pinewood forests or other fast-growing trees, destroying the 

hydrology and productivity of the wetland. 

5. Global Climate Change: Coastal wetlands in particular are under threat from climate 

change as the sea level rises. 

6. Grazing: Grazing removes virtually all of the vegetative cover except for short 

grasses, which provides little cover or food for wildlife. Livestock waste pollutes 

wetlands with too much organic material. 

7. Mining: Mining seeps toxic chemicals into the water system. Strip mining produces 

acid mine drainage and physically destroys streams and wetlands. Hard rock mining 

leaves toxic waste and can lower water tables, drying up groundwater-fed wetlands. 

8. Non-Native Species: Non-native species have no natural predators in a wetland, so 

they take over the area from native species. However, the native species were there 

for a reason, whether to prevent flooding or as a food source. When the natural 

species disappear, the wetland cannot fiinction. 

9. Structural Flood Control: From dams to dredging, when people change the way water 

flows, they damage wetlands. 

The Nitrogen Cycle 

Nitrogen is an essential component of proteins, genetic material, chlorophyll, and 

other key organic molecules. All organisms require nitrogen in order to live. It ranks 

fourth behind oxygen, carbon, and hydrogen as the most common chemical element in 

living tissues. Until human activities began to alter the natural cycle, however, nitrogen 

was only scantily available to much of the biological world. As a result, nitrogen served 

as one of the major limiting factors that controlled the dynamics, biodiversity, and 

functioning of many ecosystems (Vitousek et al, 1997). 

The Earth's atmosphere is 78 percent nitrogen gas, but most plants and animals 

cannot use nitrogen gas directly from the air as they do carbon dioxide and oxygen. 

Instead, plants — and all organisms from the grazing animals to the predators and 

decomposers that ultimately secure their nourishment from the organic materials 
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synthesized by plants — must wait for nitrogen to be "fixed," that is, pulled from the air 

and bonded to hydrogen or oxygen to form inorganic compounds, mainly ammonium 

(NHtO and nitrate (NOa'), that they can use (Galloway et al, 1995; Berendse et al, 

1993). 

The amount of gaseous nitrogen being fixed at any given time by natural 

processes represents only a small addition to the pool of previously fixed nitrogen that 

cycles among the living and nonliving components of the Earth's ecosystems. Most of 

that nitrogen, too, is unavailable, locked up in soil organic matter — partially rotted plant 

and animal remains — that must be decomposed by soil microbes. These microbes 

release nitrogen as ammonium, allowing it to be recycled through the food web. The two 

major natural sources of new nitrogen entering this cycle are nitrogen-fixing organisms 

and lightning. 

Nitrogen-fixing organisms include a relatively small number of algae and 

bacteria. Many of them live free in the soil, but the most important ones are bacteria that 

form close symbiotic relationships with higher plants. Symbiotic nitrogen-fixing bacteria 

such as the Rhizobium, for instance, live and work in nodules on the roots of peas (Pisum 

sativum), beans (Phaseolus lunatus), alfalfa {Medicago saliva) and other legumes. These 

bacteria produce an enzyme (nitrogenase) that enables them to convert gaseous nitrogen 

directly into plant-usable forms (Berendse et al, 1993). Lightning may also indirectly 

transform atmospheric nitrogen into nitrates, which rain onto soil (Galloway et al, 1995). 

Nitrogen exists in three forms: inorganic, organic, and gaseous. Organic N 

consists of carbon based compounds such as protein and is not available to plants. Soil 

microbes convert organic N to inorganic N (mineralization). Plants use inorganic N for 

nutrition in the form of nitrate (NO3") and ammonium (NKt^) ions, which are the plant 

available forms. Ammonium, which can be absorbed by clay and organic matter, is 

converted to nitrate by soil microbes (nitrification). Nitrate is very mobile in water. 

Microbes and plants convert inorganic N back to organic N (immobilization). N2 gas 

comprises about 80%) of the soil atmosphere, and can be used as a source of N for 

legumes but is not used by other plants. N2 is the end product of denitrification, which 

occurs under anaerobic conditions when microorganisms convert nitrate to N2 and N2O 
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gases that escape to the atmosphere. Figure 1.1 shows the nitrogen cycle in a wetland 

setting. 
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Figure 1.1. Nitrogen cycle depicted within a wetland system as shown by Kadlec and 
Knight (1996). 

It is suspected that organic nitrogen nitrification rates in the wetland environment 

are considerably less than in the agricultural environment (Reddy and Patrick, 1984). 

Reducing conditions are seen under anaerobic conditions when inorganic compounds 

(such as nitrate) are used for electron exchange instead of oxygen. Reducing conditions 

not only inhibit nitrification, but also promote denitrification. It is also believed that the 

lack of oxygen in the wetland setting will inhibit the mineralization of nitrogen into plant 

available forms. Nitrification rate decreases with decrease in oxygen concentration 

(Patrick, 1982). Thus lack of oxygen inhibits the conversion of nitrogen into plant 

available forms. Some oxygen will be introduced into the soil through the root zones of 
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the plants, so mineralization will occur at a slow rate. N-transformation mechanisms of 

greatest importance in wetlands provided in Appendix A. Understanding the N-

transformation mechanisms indicate that altering nitrification and denitrification 

enhances nitrogen removal. This can be achieved by altering the wetting and drying 

cycles. 

Constructed wetlands are well known to be very efficient in the removal of BOD 

and TSS from wastewater. However, their performance for nitrogen removal is rated as 

poor (or at best fair), generally ranging from 20%) to 70%). Sequential nitrification-

denitrification is the major process for nitrogen removal in constructed wetlands, while 

other mechanisms such as plant uptake and ammonia volatilization are generally 

considered to be of less importance. 

Choice of Wefland Plant: 

Wetland plants are hydrophytes, which simply means that they are water (hydro) 

lovers (phytes). They can grow in water or in soils that are anoxic (without oxygen). This 

is a good thing because wetlands have so much water in the soil that there is very little 

oxygen available to plant roots. One way many plants have adapted to this condition is by 

having hollow tubes. These tubes carry oxygen from the air down to the roots. The 

wetland plants are classified as (Best, 1987) 

Emergents: Plants that grow out of water are called emergents. Some emergents 
are the broadleaf arrowheads named for the arrowhead shape of its leaf Cattail is 
also a good example of this kind. (p. 103) 

Floating Plants: Some aquatic plants have adapted to the water so that their leaves 
float on top of the water. These plants, like the floating pondweeds, spatter dock, 
and duckweed tend to occur in ponds and in places along streams and rivers 
where there is little or no current, (p. 103) 

Submergents: A third group of plants have become so well adapted to water that they 
grow completely under the surface of the water. The roots of this water milfoil anchor 
it into the bottom of the pond. Coontail is also a submerged plant but one that is not 
rooted, (p. 104) 
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Figure 1.2. Emergents grow out of water (e.g. cattails) 

Emergent plant species are the most important to treat wetlands because they 

provide surface area for microbial growth; therefore, making these plants important sites 

of chemical assimilation in the wetland environment. Cattails are capable of stabilizing 

shorelines, preventing soil erosion, and also keep down bottom sediments, so the water is 

not clouded. Cattails have nitrogen-fixing bacteria in their roots and help to return this 

valuable mineral to the soil. Cattails absorb nitrogen, calcium, magnesium, phosphorus 

and heavy metal salts that are toxic to humans (Kesselheim et al, 1995). Clean water 

flows out of the marsh and back into our water supply. Water teeming with bacteria as it 

enters the marsh is cleaned to zero bacteria by the time it leaves. Many viruses are 

eliminated. The wetlands efficiently and thoroughly decontaminate runoff. Cattails are a 

key to the beneficial processes of the marsh. 

Cattail: Features 

Among the range of prevalent wefland plants, cattails grow in wet areas in dense 

groups. One can see the 2-10 foot tall sword-like leaves pointing up to the sky with a 

hearty stalk standing between them. Atop the stalk you will see its signature long oval 

brown spike. Above the spike will appear a yellowish flower between May and July. In 

September or October, after the flower has been pollinated, you will see the brown flower 

head pop open and get very fluffy. This means that the seeds are ripe and ready to float 

through the air in cotton ball-like clumps of seeds ready to start new plants (Larson, 

1997). 
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Cattails: Added Values 

Cattails are very important for many animals. They provide a place for the red-

winged blackbird to build a nest to hide their young, a place for fish to hide or nest under 

the water, and a food source for young ducklings and muskrats. Cattails also give us 

humans many products. Their starchy rhizomes (a horizontal root-like stem that sends out 

roots and leaves) are ripe for eating in fall and winter, all you have to do is peel and cook 

them like potatoes. The rhizomes can also be pounded into flour to make other foods. If 

you're looking for a tasty spring treat, try the young shoots raw or cooked. Immature 

flower spikes are great boiled and eaten like com. The slender tall leaves aren't for 

eating, but they made excellent material for weaving baskets, floor mats, and home-

building materials in days past. If you're ever in a bind for something warm or soft, use 

the soft-fluffy fruits to stuff a pillow, or insulate a sleeping bag or jacket (Larson, 1997). 

The above mentioned features of cattails appear quite suitable for it to be a good 

wetland plant for experimental purposes as well as for field applications. The added 

values it provides act as incentives for using cattails. This makes cattails a choice as the 

constructed wetland plant. 

Managing Animal Wastes 

Managing the waste produced by confined animal feeding operations is a major 

agricultural and environmental challenge. Confined animal feeding operations 

continually generate huge amounts of animal waste and must have waste management 

systems adequate to handle these large amounts of waste. In addition, waste management 

systems for different animal operations must process various types of waste. For dairy 

and swine farms the animal waste system must process both liquid and solid waste; for 

poultry layer farms, primarily liquid waste; for poultry broiler farms, mostly solid waste. 

Most confined animal feeding operations apply both solid and liquid waste to 

nearby fields. Applying liquid animal waste to land has unique problems, including odor, 

high solids content, high nutrient concentrations, and limited pumping distances. In 

addition to these technical problems, other factors such as new regulations, more and 

closer residential neighbors, and increased animal numbers often cause existing land 
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treatment sites to become rapidly inadequate. Livestock producers constanfly search for 

animal waste treatment systems that are more efficient or less labor intensive or that 

requires less land. 

Objectives 

In the application of animal wastewater to wefland systems, one of the major 

focuses is the nitrogen removal efficiency. Factors which alter this efficiency include 

temperature, pH, oxygen supply or alterations in wetting and drying periods. Among 

these, aheration of wetting and drying periods for improved nitrogen removal has 

achieved a lot of attention in recent years. This appears to be a very feasible and justified 

approach as controlling factors like pH and temperature are much more difficult and 

expensive as compared to aUering the hydroperiods to facilitate nitrification and 

denitrification. Practical approaches for application of animal wastewater has always 

been the prime goal but care should be taken to maintain the consistency in the 

constituents of the raw wastewater. Under such circumstances, it is judicious in using a 

nitrogen source with consistent component ratios for experimental purposes. 

The facts presented earlier prompted an attempt to study cattle wastewater in 

wetlands. The overall objective was to study the variation in nitrogen removal efficiency 

in a constructed wetland system operated with a varying hydroperiod. More specifically, 

the overall objective was separated into the following sub-objectives. 

• To determine the nitrogen removal from cattle wastewater that has already 

undergone facultative lagoon treatment. 

• To determine the nitrogen removal from a consistent and controlled nitrogen 

source (such as an inorganic nitrogen source). 

The number of cycles for each wetting cycle varied depending on the ratio of wet 

to dry period. Experiments were continued until steady state conditions appeared to have 

been reached. 
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CHAPTER n 

MATERIALS AND METHODS 

The experiments in this study were conducted in two phases. The experimental 

setup for carrying out the experiments existed in a greenhouse. The setup comprised of a 

set of 23 tanks, each of which were 0.6 m (2 ft) wide, 3m (10 ft) long and 0.6 m (2 ft) 

deep. The layout of the tanks is shown in Figure 2.1. The 23 tanks formed 11 systems of 

the constructed weflands. All systems had 2 tanks except system 6, which had 3 tanks. A 

combination of 2 tanks formed a system. Each system was designed such that the effluent 

from the first tank in a system entered the second tank in that system. The effluent from 

the second tank in each system was released into the storage ponds (Figure 2.2). The 

entry points of wastewater and fresh water in each system were maintained as close as 

possible to point A (Figure 2.3) of the first tank in the system. 

If needed, the effluent from both the tanks could be drained by removing the stand 

pipes. The option of altering between draining and passing the effluent from the first to 

the second tank was controlled with a ball-valve placed on the pipe connecting the two 

tanks. The stand pipes could be tilted to maintain a particular water level in each tank. 

The setup was so adjusted that about 0.1 m (4 inches) of water stood over the wetland soil 

level. A small gradient in the level of the stand pipe was maintained between two tanks in 

a system. The level of the standpipe was reduced slightly in the order of 1, 2, 3 and 4 

shown in Figure 2.3. This was done to ensure that the flow continued from the influent 

entry side (point 1 in Figure 2.3) towards the effluent discharge end (point 4 in Figure 

2.3). 

A baffle was installed at the loading end. A, and another at the effluent (exit) end 

of each tank (Figure 2.4). This was to eliminate any potential soil subsidence due to flow 

of the wastewater and to provide space for tilting the standpipes to maintain the water 

level at each end of the wetland tank. 

Adequate care was taken to ensure that the soil level was more or less uniform. 

The numbers of cattails in each tank were approximately between 55-60 distributed 

equally across each tank (about 35 rhizomes/m ). 
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Wastewater Collection. Storage and Distribution 

The wastewater source was collected from the effluent from the Lubbock cattle 

feedlot lagoon. The wastewater was transported using a 2000 L tank to the greenhouse. 

The wastewater was drained into a circular tank and pumped up to 760 L overhead tank 

from where the wastewater could flow by gravity. The wastewater from the main 

overhead tank flowed down into the smaller overhead tanks (115 L capacity) above each 

system. 

Experiment Phase 1 

The first phase of the experiment used cattle wastewater effluent generated at the 

Lubbock feedlot. Each wefland tank subsystems are loaded with 115 L (30 gals) of the 

wastewater every alternate day (57.5 L/day or 15 gal/day). Besides this, to bring about a 

dilution in the total nitrogen (TN) level in the raw wastewater, a constant flow of fresh 

water at the rate of 3.785 L/hr (Igal/hr) was added to each system. The wastewater and 

the fresh water were mixed in the overhead tanks. This brought down the TN 

concentration to approximately 100 mg/L. The diluted and mixed wastewater entered 

each system at point A (Figure 2.3). 

The variation in the experiment was with respect to the wetting and drying 

periods for each system. Six variations were tested. The duration of wet period and dry 

period are shown in Table 2.1. The first variation was applied to system 6 only. It was 

maintained wet for a period of 1 week and kept dry for 6 weeks. In each of the 

subsequent variations, the number of wet weeks was increased by one week and the 

number of dry weeks was reduced by one week. The total duration for each variation was 

kept constant at 7 weeks. System 11 was maintained in the continuous flow mode. 

Samples were withdrawn from each system at the end of the wet period. After the sample 

collection, the tanks were drained marking the starting of the dry period. For example, 

sample collection to test the water quality from system 4 (the third variation) was done at 

the end of the third week and then system 4 was drained. The following 4 weeks were 

maintained in the dry state. Samples were taken from system 11 every week to keep a 
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check on the effluent discharge concentrations and to compare the same with other 

systems that were drained in the same week. 

Table 2.1. Schedule of hydroperiods (wet and dry times) in the constructed wefland tanks 
loaded with lagoon wastewater effluent for a total cycle time of 7 weeks. 

Wet period Dry period 
(weeks) (weeks) 

Harvesting of Cattails 

The cattails were trimmed to a height of 0.15 m (6 inches) above the soil level. At 

the end of each cycle (7 weeks for the first cycle), the cattails were harvested. They were 

trimmed to the same initial height. The harvested cattails from each tank were weighed. 

The weights were used for calculations pertaining to biomass generated in the wetland 

tanks. Sample of the harvested cattails was collected from each tank for performing the 

TKN analysis. The samples were weighed immediately and dried. After drying, they 

were reweighed to calculate the moisture content in the cattails. The moisture content was 

used in calculation of TKN accumulated in the generated biomass. 

Laboratory Analvsis of Wastewater 

Samples of wetland influent wastewater were analyzed for TN, Ammonia, Nitrate 

and COD for each batch of wastewater collected from the cattle waste lagoon and 

completed prior to loading the constructed wefland tanks. Based on the TN in the raw 

wastewater, the dilution rates were determined in order to maintain the influent TN level 

of approximately 100 mg/L. The procedures followed for the laboratory analysis is as 

described in Hach procedures. Samples of the stored influent wastewater were also 
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analyzed for TN, Ammonia, Nitrate and COD during the cycle to monitor their variation 

in the raw wastewater. Such variations were accounted for while justifying the removal 

rates in the wetland tanks. 

Sample of the treated wastewater is collected from the exit point (point D) of the 

second tank in each system. Appropriate precautions were taken to store the samples until 

the quantitative analysis of the wastewater was completed. The samples were analyzed 

for TN, Ammonia, Nitrate and COD. Suitable dilutions were made within the limits of 

the measuring instrument. 

Table 2.2. Schedule of sampling in the constructed wefland tanks loaded 
with lagoon wastewater effluent for a total cycle time of 7 
weeks. 

Week Sampling from Tank # 

1 6,11 

2 5,7,11 

3 4,11 

4 3,8,11 

5 2,9,11 

6 1,10,11 

7 11 

Experiment Phase 11 

Based on the results obtained from the experiments in phase I, it was found that 

there was a significant variation in the treatment efficiency. A large part of this could be 

due to the variations in the TN, nitrate and ammonia levels in the influent wastewater. So 

the use of a nitrogen source that had uniform nitrogen content was chosen. The choice of 

a new N-source was Miracle-Gro. The analysis of Miracle Gro for TN, nitrate and 

ammonia content was done to determine the dilution level that would result in a TN 

concentration of 100 ppm. Also, the diluted nitrate and ammonia concentrations could be 

determined. The Miracle Gro used for the experiments was the same as that commercially 

available (N:P:K=15:30:15). The primary constituents that contributed to the N 

composition were urea and ammonium nitrogen. Miracle Gro was added (120 gm) every 
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day into each system. Fresh water was added (100 L or 26 gal) to dissolve the Miracle 

Gro in the 115 L (30 gal) overhead tanks. To produce a solution that contained 100 mg/L 

of TN, a constant flow of fresh water at the rate of 3.9 L/hr (1 gal/hr) was continuously 

added. Thus the total volume added to a system was 190 L/day (50 gaVday). Since the 

volume of a system was approximately 380 L (100 gal), the detention time was about 1 

day per tank for a total of 2 days for each system. 

Miracle Gro Loading Schedule 

The experiment schedule for phase II is given below in Table 2.3. A total of four 

variations with one control (continuous mode) were tested. The variations were with 

respect to the period wet. The dry period was kept uniform at one week. For each 

variation, two systems were allocated (to have duplicate results). As a result, a total of 10 

systems (20 tanks) were used. To avoid variations, if any, due to sunshine, for each 

variation one system was used from the east side while the duplicate was in the west side. 

All the tanks were loaded with Miracle Gro at the pre-decided concentration (TN = 100 

mg/L) for 2 weeks to flush out the systems. Then they were all drained out and 

maintained dry for 1 week. After that the wet and dry periods were varied for each 

system as designed in the experimental plan. 

Table 2.3. Schedule of hydroperiods in the constructed wetland tanks loaded with a 
commercial N-source. 

Experiment # 

1 

2 

3 

4 

Control 

Harvesting of Cattails 

Wetting period 
(weeks) 

1 

2 

3 

4 

Continuous 

Drying period 
(weeks) 

1 

1 

1 

1 

0 

System # 

1,7 
2,8 

3,9 

4,10 

5,11 

The cattails were trimmed to a height of 0.15 m (6 inches) above the soil level. 

The cattails were harvested at the end when steady state conditions were reached with 
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respect to nitrogen removal efficiency. They were trimmed to the same initial height. The 

harvested cattails from each tank were weighed. The weights were used for calculations 

pertaining to biomass generated in the wefland tanks. Sample of the harvested cattails 

was collected from each tank for performing the TKN analysis. The samples were 

weighed immediately and dried. After drying, they were reweighed to calculate the 

moisture content in the cattails. The moisture content was used in calculation of TKN 

accumulated in the generated biomass. 

Laboratory Analysis of Wastewater 

Samples of diluted N-source were analyzed for TN, Ammonia and Nitrate before 

loading the samples in the constructed wetland tanks. Based on the TN in the raw 

wastewater, the dilution rates were determined so as to maintain the inflow TN level of 

approximately 100 ppm. The procedures followed for the laboratory analysis are as 

described in the Hach manual. 

Samples of the treated wastewater were collected from the exit point (point D) of 

the second tank in each system. Appropriate precautions were taken to store the samples 

until the quantitative analysis of the wastewater was completed. The samples were 

analyzed for TN, Ammonia and Nitrate. Suitable dilutions were made within the limits of 

the measuring instrument. 

Table 2.4. Schedule of sampling in the constructed wefland tanks loaded 
with a commercial N-source. 

Week Sampling from tank # 

1 1̂ 7 

2 2,8 

3 3,9 

4 4,10 

5 5,11 
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CHAPTER m 

RESULTS AND DISCUSSION 

The studies related to nitrogen removal efficiency of wetlands based on varying 

hydroperiods were planned in sequential phases. The preliminary work involved the use 

of cattle wastewater for estimating the nitrogen removal efficiency in wetlands with 

cattails as the wetland plants. Due to the variations in the components in the raw 

wastewater, further experiments were conducted using a consistent and controlled 

nitrogen source (inorganic nitrogen). The number of cycles for each wetting cycle varied 

depending on the ratio of wet to dry period. Experiments were continued until steady 

state conditions appeared to have been reached. 

Nitrogen Removal Efficiency in Constructed Wetlands 

The results of the preliminary experiment and the analysis are presented here. The data 

presented include: (1) average percentage reduction in total nitrogen, ammonia-nitrogen, 

nitrate-nitrogen and chemical oxygen demand (COD); (2) average mass removal of 

nitrogen wastewater components; and (3) percentage nitrogen removal attributed to plant 

uptake. The COD data have been presented to give an indication of the availability of 

carbon compounds for denitrification. 

Nitrogen Removal from Cattle Wastewater 

Tables 3.1, 3.2, 3.3 and 3.4 summarize the average influent and effluent 

concentrations of total nitrogen, nitrate-nitrogen, ammonia-nitrogen and COD, 

respectively. The average percentage removal of these wastewater constituents for each 

hydroperiod is also presented. Analysis of these results indicates that the percentage 

removal for each constituent slowly decreases with an increase in the wet period. The 

nitrogen removal efficiency would decrease as the system gets transformed from an 

aerobic to a more anaerobic system with the increase in wet period. This can be 

explained by the lowering of nitrification rate due to the fransformation of the initially 

aerobic environment to an anaerobic one due to the increase in wet period. The 
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Table 3.1. Influent and effluent total nitrogen concentration summary for the constructed 
wetlands tested. 

Weeks Wet 

(Hydroperiod) 

1 

2 

3 

4 

5 

6 

Continuous 

Average TN 
Concentration(mg/L) 

Influenf^ 

103 

103 

103 

103 

103 

103 

103 

Effluent 

25 

42 

63 

71 

83 

75 

100 

Average TN 
Mass Flux (kg/ha/day) 

Influent* 

113.3 

113.3 

113.3 

113.3 

113.3 

113.3 

113.3 

Effluent 

27.5 

46.2 

69.3 

78.1 

91.3 

82.5 

110 

Average TN 
Removal 

( % ) 

75.7 

59.6 

39.4 

31.3 

19.2 

27.2 

3.0 

Note: Percent Removal = ((Influent - Effluent)/Iiifluent) x 100 
* Value represents average of all influent data throughout the testing period. 

Table 3.2. Influent and effluent nitrate-nitrogen concentration summary for the 
constructed wetlands tested. 

Average NOs'-N 
Weeks Wet Concentration(mg/L) 

Average N03"-N Average NOa'-N 
Mass Flux (kg/ha/day) Removal 

(Hydroperiod) Influent* 

1 21.3 

Effluent Influent* Effluent 

23.4 2.2 92.4 

Continuous 

21.3 

21.3 

21.3 

21.3 

21.3 

21.3 

8 

23.4 

23.4 

23.4 

23.4 

23.4 

23.4 

5.5 

4.4 

6.6 

9.9 

8.8 

9.9 

77.3 

82.9 

74.1 

57.6 

61.6 

58.8 

Note: Percent Removal = ((Influent - EfQuent)/Influent) x 100 
* Value represents average of all influent data throughout the testing period. 
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Table 3.3. Influent and effluent ammonia-nitrogen concentration summary for the 
constructed wetlands tested. 

Average NH3 -N Average NH3 -N Average NH3 -N 
Weeks Wet Concentration(mg/L) Mass Flux (kg/ha/day) Removal 

(Hydroperiod) Influent* Effluent Influent* Effluent 

1 

3 

4 

5 

Continuous 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

8 

14 

8 

19 

22.7 

22.7 

22.7 

22.7 

22.7 

22.7 

22.7 

2.2 

3.3 

6.6 

8.8 

15.4 

8.8 

20.9 

89.1 

83.8 

70.9 

63.6 

30.5 

61.2 

7.9 

Note: Percent Removal = ((Influent - Effluent)/Influent) x 100 
* Value represents average of all influent data throughout the testing period. 

Table 3.4. Influent and effluent COD concentration summary for the constructed 
wetlands tested. 

Average COD Average COD Average COD 
Weeks Wet Concentration(mg/L) Mass Flux (kg/ha/day) Removal 

(Hydroperiod) Influent* Effluent Influent* Effluent 

1 2209 358 2430 394 83.8 

4 

5 

Continuous 

2209 

2209 

2209 

2209 

2209 

2209 

830 

655 

992 

1550 

1310 

1540 

2430 

2430 

2430 

2430 

2430 

2430 

913 

721 

1091 

1705 

1441 

1694 

62.4 

70.3 

55.1 

29.8 

40.7 

30.3 

Note: Percent Removal = ((Influent - Effluent)/Influent) x 100 
* Value represents average of all influent data throughout the testing period. 
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percentage removal of nitrate-nitrogen (Figure 3.1) is observed to be the highest in case 

of hydroperiod ratio of 1:7 (wet:dry). This could be due to the conversion of nitrates to 

another form of nitrogen such as atmospheric nitrogen (N2). The possibility of nitrate -

nitrogen diffusing into the sediments also exists. The probable reason for the variation in 

the nitrate removal rates could be the rates of denitrification of nitrate to atmospheric 

nitrogen (Kadlec and Knight, 1996). Oxygen gradient occurs between the surface water 

and bottom sediments in the constructed wetlands, allowing both aerobic and anaerobic 

reactions to proceed. Nitrate tends to diffuse into anaerobic soil layers where it is 

effectively denitrified. Also denitrifying bacteria are more abundant than the nitrifiers in 

surface flow constructed weflands (Kadlec and Knight, 1996). It is assumed that as the 

duration of the wet portion of the hydroperiod increases with each variation in the 

experiment, the diffusion of nitrate into the bottom sediments reduces due to the 

equilibrium concentration (since diffusion is based on concentration gradient; as 

hydroperiod increases, the concentration gradient of nitrate between the influent and soil 

sediment decreases). So the percentage removal of nitrate reduces with increased 

hydroperiod duration. Part of the nitrate removal could also be attributed to plant 

assimilation though nitrate is not the preferred form of nitrogen for wetland plants 

(Kadlec and Knight, 1996). 
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Figure 3.1. Percent nitrate-nitrogen removal vs. time the wefland received cattle 
wastewater (wetted period) for a given cycle. 
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Kinetically, under anaerobic conditions, ammonification proceeds faster than 

nitrification (Kadlec and Knight, 1996). This creates the potential for increasing ammonia 

concentrations. Under aerobic conditions, it is more likely that the ammonia formed 

during ammonification will undergo nitrification or volatilization. As a result ammonia-

nitrogen is more likely to accumulate in an anaerobic system because of decreased 

nitrification rates. This explains the lower percentage removal of ammonia in the system 

as we have increased the wet period, which makes the system more anaerobic from its 

initial aerobic environment. 

Figures 3.5 and 3.6 show the TKN distribution in the plant (cattails) biomass. 

Figure 3.5 represents the TKN concentration in the biomass based on dry weight. The 

numbers denote a relative TKN concentration present in the plant biomass. This number 

sometimes could be misleading if the average TKN concentration and total plant biomass 

is not taken into account. It has been mentioned earlier that the number of plants in each 

tank was approximately the same to avoid any imbalances in the TKN concentration 

distribution. To make the statistics clear, the total TKN assimilated by the plants in each 

system has been presented in Figure 3.6. The plot clearly shows that the assimilation of 

TKN increases steadily from the hydroperiod ratio of 1:7 (wet:dry) till 4:4 (wet:dry) and 

then levels off. This indicated that a steady state condition is reached for hydroperiod 

ratios 4:4, 5:3, 6:2, and 7:1. This implies that there is little change in TKN assimilation 

beyond 4 weeks of a wetting period. This also accounts for the lowering in the TN 

removal percentage after the 4:4 hydroperiod ratio. Since the assimilation of nitrogen by 

wetland plants becomes more or less steady, the removal of TN from the cattle 

wastewater also decreases after that. On an average the TKN assimilated levels off at 8 

g/tank or 44.4 kg/ha. This assimilated nitrogen accounts for about 1.6 to 8.5 percent of 

the total nitrogen that goes into the system. A major portion of the nitrogen that goes into 

the system can be accounted for by adding the TN that is removed in the effluent and the 

TKN in the plant biomass. 
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Figure 3.5. Comparative plot of Total Kjeldahl Nitrogen (TKN) per mass of cattail 
biomass for varying hydroperiod using cattle wastewater effluent. 
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Nitrogen Removal from a Consistent Nitrogen Source 

Practical approaches for application of animal wastewater have always been the 

prime goal but care should be taken to maintain the consistency in the constituents of the 

raw wastewater. Some of the observed trends in the experiments conducted with cattle 

waste as the source of nitrogen cannot be explained. These are mainly due to the 

variations in the influent nitrogen concentration and the variation in the ratio of different 

forms of nitrogen in the raw wastewater. As a resuh, the reactions cannot be completely 

explained. Under such circumstances, it is judicious to use a nitrogen source with 

consistent component ratios for experimental purposes. 

The results presented earlier were an attempt to study cattle wastewater in 

wetlands. The overall objective was to study the variation in nitrogen removal efficiency 

with varying hydro cycles. Due to the highly variable levels of nitrogen in the lagoon 

effluent wastewater, further experiments were conducted using a consistent and 

controlled commercial nitrogen source. The ratios of the various forms of nitrogen (TN, 

NO3" -N, and NH3 -N) remain consistent and the ratios in the effluent can also be better 

explained. The number of cycles for each wetting period varied depending on the ratio of 

wet to dry period. Experiments were continued until steady state conditions appeared to 

have been reached. 

Presented in Tables 3.5, 3.6 and 3.7 are the summaries of the average influent and 

effluent concentrations of total nitrogen, nitrate-nitrogen, and ammonia-nitrogen, 

respectively. Tables 3.8 and 3.9 present the summaries of the average percentage removal 

(after steady state conditions exist) of total nitrogen, and ammonia-nitrogen, respectively. 

The average percentage TN removal rates in this wastewater for varying hydroperiod are 

presented in Figure 3.7. Analysis of these results indicates that the percentage removal 

for each constituent slowly decreases with an increase in the wet period. The trends 

observed in Figure 3.7 indicate that the percentage TN removal is an exponential 

decrease. The nitrogen removal efficiency would decrease as the system gets transformed 

from an aerobic to more and more anaerobic system with an increase in wet period. This 

is attributed to the nitrification process which becomes the rate limiting step. The rate of 

formation of nitrate decreases due to the lack of oxygen (anaerobic environment with 
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Table 3.8. Steady state TN removal from the constructed wetlands using a commercial 
N-source with varying hydroperiods. 

Hydroperiod (wet:dry) TN Removal (%) 

1:1 63 

2:1 50 

3:1 38 

4:1 26 

Continuous 26 

Table 3.9. Steady state NH3-N removal from the constructed weflands using a 
commercial N-source with varying hydroperiods. 

Hydroperiod (wet:dry) TN Removal (%) 

1:1 51 

2:1 34 

3:1 39 

4:1 34 

Continuous 34 
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increased wet period). So the amount of nitrate available for denitrification becomes 

limited and ultimately decreases the nitrogen removal efficiency. The percentage 

removal of total nitrogen is observed to be the highest in the experiment with the 

hydroperiod ratio of 1:1. The influent TN concentration was always maintained at 100 

mg/L. 

As mentioned earlier, the major factors that affect the total nitrogen removal rates 

are total nitrogen loading rate, climate, plant community composition and soil 

characteristics. Since all these factors do not alter (as the experiments were conducted 

under controlled conditions of a greenhouse), the variation in the percentage TN removal 

with varying hydroperiod cannot be accounted to these factors. Among the other possible 

factors that affect TN removal, the one that holds relevance to the current setup, is the 

insufficient oxygen to support nitrification. Other factors such as short detention times 

and high hydraulic loading, low temperatures, pH too high or low (inhibits nitrification 

and denitrification), oxygen depletion due to preferential carbon oxidation, insufficient 

alkalinity to support nitrification and insufficient carbon to support denitrification remain 

at a fairly steady state condition (Kadlec and Knight, 1996). As the duration of the 

hydroperiod increases (wet period), the environment changes from aerobic to anoxic. 

This causes a hindrance in the nitrification process. This results in the accumulation or 

lower removal rates of TN in the system. This reasoning is justifiable from the results 

obtained and trends visible due to variation in TN removal rates. 

The ratio of 1:1 hydroperiod (wet:dry) results in maximum TN removal. The 

percentage total nitrogen removal reduces gradually as the wet period increases. At ratios 

of 4:1 (wet:dry), the percentage TN removal is almost same as that in continuously 

loaded tanks. The TN removal in each variation of hydroperiod levels off between the 5* 

and 7**̂  week. Beyond that, there is no significant variation in the TN removal. This 

indicates that the system has reached a steady state condition. 

Ammonification in weflands occurs through microbial breakdown of organic 

tissues containing amino acids, excretion of ammonia directly by plants and animals and 

by hydrolysis of urea and uric acid (Kadlec and Knight, 1996). The possibility of 

hydrolysis of urea holds maximum prominence under the present setup since a primary 
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constituent of the influent was urea. The consistent nitrogen source used for this 

experiment is primarily composed of urea. Urea is readily hydrolyzed resulting in the 

release of ammonia. This explains the high amounts of ammonia in the effluent in the 

initial weeks compared to the input ammonia-nitrogen concentration (Figure 3.8). The 

reason for the dramatic decline in the removal of NH3-N around week 2 were due to a 

power loss at the facility followed by a subsequent drop in water temperature to near 

freezing. The following increase in NH3-N removal occurred during the recovery period 

where the average water temperature returned to background conditions of 16-18 °C. 

Based on kinetics, ammonification proceeds faster than nitrification (Kadlec and 

Knight, 1996). This creates the potential for increasing ammonia concentrations. Under 

aerobic conditions, it is more likely that the ammonia formed during ammonification will 

undergo nitrification. As a result ammonia-nitrogen is more likely to accumulate in 

anaerobic systems because of decreased nitrification rates. As the system is subjected to 

longer wet periods, the initial aerobic environment becomes more and more anaerobic. 

This explains the lower percentage removal of ammonia in the system as we have 

increased the wet period. 

Figure 3.8 represents the percentage ammonia-nitrogen removal from the system. 

The variation in ammonia removal is supported by the justification presented earlier. The 

percentage ammonia removal was maximum with hydroperiod ratio at 1:1. The other 

hydroperiod ratios resulted in lower but similar ammonia removal. The achievement of 

steady state condition is not as clearly visible as it was in the case of percentage TN 

removal. Nevertheless, steady state conditions appear to have been reached 

approximately around week 10 in all cases of the hydroperiods. 

The removal of nitrate-nitrogen has not been discussed much. The reason was 

primarily due to the nitrate-nitrogen concentration. Both the input and output level were 

not of an appreciable amount. The resuhs observed indicate that the output nitrate-

nitrogen concentrations were higher than the input nitrate-nitrogen concentration. This 

could be explained as the ammonium-nitrogen formed after ammonification is 

transformed into nitrate-nitrogen by nitrification. This approach can be justified because 

nitrification can occur under anaerobic conditions although it normally occurs under 
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aerobic conditions (Kadlec and Knight, 1996). The process of denitrification also may not 

be contributing much to the process of converting nitrate-nitrogen to nitrogen gas. The 

current regulatory limit for nitrate-nitrogen in groundwater and drinking water supplies in 

the US is 10 mg/L (US EPA, 1986b). The maximum observed nitrate-nitrogen 

concentration in the present set of experiments was 0.3 mg/L. There is no significant 

difference between the resuhs obtained due to variation in hydroperiod. The influent 

nitrate-nitrogen concentration was 0.1 mg/L. The lowering of nitrate-nitrogen is further 

reduced by the less likelihood of it being used by wetland plants in the presence of higher 

concentration of ammonia, the preferred form of nitrogen uptake (Kadlec and Knight, 

1996). 

Presented in Figures 3.9 and 3.10 are the TKN concentration in the plant (cattails) 

biomass. Figure 3.9 represents the TKN concentration in the biomass based on dry 

weight. The numbers denote a relative TKN concentration present in the plant biomass. If 

the average TKN concentration and total plant biomass is not taken into account, this 

number could be misleading. It has been mentioned earlier that the number of plants in 

each tank was approximately the same to avoid any imbalances in the TKN concentration 

distribution. To make the statistics clear, the total TKN assimilated by the plants in each 

system has been presented in Figure 3.10. 

The plot clearly shows that the assimilation of TKN increases with a decrease in 

the wet period. The maximum TKN assimilated was found for the wet:dry cycle of 1:1 

and reduces gradually with the lengthening wetting period from 2:1 to 4:1 and continuous 

loading. Results of the t-test conducted to prove that there was a significant difference 

(P<0.05) in the means of these data. The results of these t-tests are given in Tables 3.10 

and 3.11. This analysis indicated that there was a significant difference in each of the 

paired sample's means. 

Analysis of variance (ANOVA) resuhs are presented in Tables 3.12 and 3.13 for 

TKN concentrations in the plant tissue and the total mass of TKN accumulated in the 

harvested biomass, respectively. The alpha value is 0.05. The P value obtained from 

ANOVA was less than alpha. This cleariy proves that the wetting and drying cycle in the 

ratio of 1:1 resuhs in maximum removal of nitrogen assimilation through plant biomass. 
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Figure 3.9. Comparative plot of Total Kjeldahl Nitrogen (TKN) per mass of cattail 
biomass for varying hydroperiod using a commercial nitrogen source. 
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cattails based on the biomass generated for varying hydroperiod using 
commercial nitrogen source. 
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Table 3.10. T-test result of the mean TKN concentration in the biomass harvested from 
cattails in wetlands loaded with the commercial nitrogen source 

Hydroperiod 

A 

Continuous 

Continuous 

Continuous 

Continuous 

1:1 

1:1 

1:1 

2:1 

2:1 

3:1 

Hydroperiod 

B 

1:1 

2:1 

3:1 

4:1 

2:1 

3:1 

4:1 

3:1 

4:1 

4:1 

t Value 

(one-tailed) 

10.79 

8.42 

4.87 

2.70 

3.81 

4.69 

5.80 

1.60 

3.06 

1.41 

P(x>t) 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

Difference in 

sample means 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

An F test on the sample variances indicates that they could be from tiie same population, (alpha < 0.05). 
Accordingly, the t-test Avas set up for samples with equal population variance. 

Table 3.11. T-test resuh of the mean accumulated mass of TKN in the biomass harvested 
from cattails in wetlands loaded with the commercial nitrogen source 

Hydroperiod Hydroperiod 

A B 

t Value 

(one-tailed) P(x>t) 

Difference in 

sample means 

Continuous 

Continuous 

Continuous 

Continuous 

1 

1 

1 

2 

2 

3 

1 

1 

1 

1 

1 

:1 

1:1 

2:1 

3:1 

4:1 

2:1 

3:1 

4:1 

3:1 

4:1 

4:1 

9.49 

3.69 

2.03 

1.84 

4.52 

4.48 

4.40 

0.87 

0.87 

0.09 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

An F test on the sample variances indicates that they could be from the same population, (alpha < 0.05). 

Accordingly, the t-test was set up for samples with equal population variance. 
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Table 3.12. ANOVA (single factor) resuh of TKN concentration in the biomass harvested 
from cattails in wetlands loaded with the consistent nitrogen source 

Groups Count Sum Average Variance 

Continuous 8 

1:1 

2:1 

3:1 

4:1 

Source of Variation 

Between Groups 

Within Groups 

Total 

8 

8 

8 

8 

SS 

11381836 

3924316 

15306152 

21563 

34313 

29438 

27375 

25125 

df MS 

2695 

4289 

3680 

3422 

3141 

F 

39551 

134975 

69685 

138114 

178292 

P-value 

4 2845459 25.38 6.34E-10 

35 112123.3 

39 

F crit 

2.64 

Table 3.13. ANOVA result of accumulated mass of TKN in the biomass harvested from 
cattails in wetlands loaded with the consistent nitrogen source 

Groups Count 

Continuous 8 

1:1 

2:1 

3:1 

4:1 

Source of Variation 

Between Groups 

Within Groups 

Total 

8 

8 

8 

8 

SS 

87.39 

65.20 

152.59 

Sum 

56.311 

92.194 

71.934 

67.209 

66.637 

df 

4 2 

35 ] 

39 

Average 

7.039 

11.524 

8.992 

8.401 

8.330 

MS 

1.85 1 

1.86 

Variance 

0.760 

1.027 

1.484 

2.852 

3.191 

F P-value 

1.73 3.8E-06 

F crit 

2.64 
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Similar results obtained from the wastewater analysis also indicate that the 1:1 

ratio would be preferred for maximizing nitrogen removal from wetlands. Since the 

assimilation of nitrogen by wetland plants at the 4:1 wet to dry ratio is close to that in the 

continuously loaded tanks, we can assume that a steady state will be reached beyond a 

hydroperiod of 4:1. On an average the TKN assimilated remains at 7 g/tank or 38.9 kg/ha 

for the continuously loaded tanks. This average is about 11.5 g/tank or 63.9 kg/ha for the 

1:1 hydroperiod ratio. The increase in the nitrogen accumulation through biomass is 

about 50% from the continuously wetted system compared to the hydroperiod of 1:1. A 

major portion of the nitrogen that goes into the system can be accounted for by adding the 

TN that comes out in the effluent and the TKN in the plant biomass. The amount that is 

deficient can be attributed to volatilization of ammonia and accumulation the soil 

sediments. 
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CHAPTER rV 

SUMMARY AND CONCLUSION 

A constructed wefland was operated in a greenhouse to analyze the nitrogen 

removal efficiency from a lagoon receiving cattle wastewater with varying hydroperiods. 

The experiments for phase I (with cattle wastewater as influent) was conducted over an 8 

week period with a control (continuously wet) and seven variations in the hydroperiod. 

Variations in the constituents of the cattle wastewater lead to the use of a commercial N-

source. This made the interpretations of resuhs more consistent without having to make 

continuous adjustments in the influent wastewater source due to the variations in the 

lagoon effluent. 

The removal of nitrogen from weflands is determined ehher by transformation or 

translocation processes. In the present study pertaining to comparing the nitrogen 

removal efficiency, factors such as ammonia volatilization might contribute to variations 

depending on the temperature and pH variations, which are assumed to be uniform for all 

experiments. 

The transformation processes are the major contributing factors for variation in 

nitrogen removal with varying hydroperiods. Varying wetting and drying periods causes 

the change of environment from aerobic (when dry) to anaerobic (when wet). The 

alternating aerobic and anaerobic environments cause variations in the ammonification, 

nitrification, and denitrification levels. This in turn leads to variation in nitrogen 

assimilation level, which is reflected from the TKN studies and resulting statistical 

analyses. In case of the commercial nitrogen source, at steady state conditions, the 

percentage TN removal was about 50 % for 1:1 hydroperiod as compared to 25% when 

continuously loaded. The ammonia-nitrogen percentage removal in the same case was 

50% for 1:1 hydroperiod as compared to 32% when the hydroperiod ratio is 4:1 or 

continuously loaded. The average TKN accumulated in the cattails biomass was 50% 

more in hydroperiod ratio of 1:1 compared to when continuously wetted. 
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Nitrogen removal in a constructed wefland where the substrate was cattle waste 

effluent from an integrated facultative pond shows that total nitrogen, nitrate-nitrogen, 

ammonia-nitrogen and COD percent removal followed an exponential decay function. 

• Maximum TN removal was observed with the hydroperiod option of one week 

wet (75.7 %). The Revalue was 0.94 with D =0.95. 

• Maximum nitrate-nitrogen removal was observed with the hydroperiod option of 

one week wet (92.4 %). The R^ value was 0.85 with D =0.95. 

• Maximum ammonia-nitrogen removal was observed with the hydroperiod option 

ofone week wet (89.1 %). TheR^value was 0.75 with D =0.95. 

• Maximum COD removal was observed with the hydroperiod option ofone week 

wet (83.8%). The R2 value was 0.85 with D =0.95. 

• TKN assimilation by cattails varies from 1.6 to 8.5 % of the TN that goes into the 

system. 

Nitrogen removal in a constructed wetland where the substrate was a commercial 

nitrogen source shows that total nitrogen and ammonia-nitrogen removal followed similar 

exponential decay functions. 

• After steady state conditions were reached, maximum TN removal was observed 

with the hydroperiod ratio of 1:1 week (56 %). Minimum TN removal was 

observed in continuously wet wetland tanks (25 %>). 

• Nitrate-nitrogen percent removal was of little significance as the concentrations 

were very low (0.3 ppm compared to the drinking water standard of 10 ppm) in all 

tests. Based on statistics there was no significant difference (p<0.05) between the 

variations. 

• After steady state conditions were reached, maximum ammonia-nitrogen removal 

was observed with the hydroperiod ratio of 1:1 week (51 %). Minimum TN 

removal was observed in continuously wet wetland tanks (34 %). 

• TKN assimilation in cattails varies from 7.5 to 12.0 % of the TN that goes into the 

system. Maximum TKN assimilation is achieved when the hydroperiod ratio is 

1:1 (wet:dry) weeks. Minimum TKN assimilation is achieved when continuous 

loading occurs. 
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Results obtained from the experiments and inferences drawn from them, indicate 

that varying hydroperiods alter the nitrogen removal efficiency in constructed wetlands. 

Trends obtained from the results suggest that when the hydroperiod is 1:1 week 

(wet:dry), the nitrogen removal efficiency (TN as well as NH3-N) is maximized with 

other conditions remaining the same. The same hydroperiod is similar for TKN 

assimilation of plants also. 

When the hydroperiod ratio of 1:1 weeks (wet:dry) is implemented, the nitrogen 

removal efficiency levels are over twice that found in continuously loaded systems. 

Therefore, if maximum N removal is designed from a wetland system treating 

wastewater, it would be more beneficial to install a unit that is two times larger and 

operated with a wetting and drying cycle of 1:1 week as compared to a continuously wet 

system. An advantage of the hydroperiod system is that the wetland plants could now 

easily be harvested and used for beneficial purposes, such as an animal feed. In general, 

we can conclude that nitrogen removal efficiency from constructed wetlands can be 

increased by utilizing a wetting and drying cycle and providing periods in each phase just 

enough for nitrification and denitrification to occur alternatively. 
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APPENDIX A 

NITROGEN TRANSFORMATION MECHANISMS 
OF GREATEST IMPORTANCE IN WETLANDS 

Ammonification: is the biological transformation of organic nitrogen into ammonia. This 

process required aerobic conditions to allow the ammonification bacteria to 

function. 

Nitrification: Microbial mediated process converts the NH4-N into NO3-N. This reaction 

occurs in two steps with the involvement of Nitrosomonas and Nitrobacter 

bacteria. The nitrifying bacteria are slow growing, self-dependent micro

organism. Aerobic conditions, pH range of 7.5-8.5 and temperature of 30 °C are 

required to optimize their activity. 

Denitrification: Biological reduction-process which convert NO2-N and NO3-N to 

nitrogen gas under anaerobic or anoxic conditions and proper pH range of 7-8. In 

addition, a carbon source is needed to complete this process which may come 

from wetland vegetation, suspended solids, or added material such as methanol. 

The bacteria involved in this process include a variety of facultative bacteria such 

as Bacillus, Micrococcus, Pseudomonas and Spirillum. 
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