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ABSTRACT

Denitrification rates in aquatic sediments from three sites upland
of high salinity estuaries were measured to compare nitrate (NO;)
removal by sediment bacteria. The study sites included two blackwater
creeks that drain to coastal inlets (one in an undeveloped coastal
forest and the second in a suburban residential development) and a
drainage pond on a golf course. Two to 20 mmol NO; kg™! soil was
added to microcosms and the acetylene block technique was used to
estimate denitrification. Nitrate, nitrous oxide (N,0) and ammonium
(NHY) concentrations were monitored over time, The rate and effi-
ciency of denitrification was low at the 2 mmol NO; kg! addition
and increased proportionally with NO; added. Across all treatments,
the golf course sediment that received consistent N inputs in situ had
the most rapid and greatest N,O production, while the salt marsh in
the undeveloped area had the least, The NH{ concentrations remained
constant and low (2 mmol N kg ') except at the undeveloped, forested
Oyster Creek (8 mmol NH{-N kg™). In most cases, the majority of
NO; removal did not occur until 24 to 48 h of incubation, regardless
of N,O production. During typical low- and no-flow periods, this time
frame may be adequate for slow diffusion of nutrients and removal
of NO; prior to transport to coastal estuaries or ground water, particu-
larly at the golf course site. However, this time frame may not be
adequate during rapid water and nutrient transport due to severe
storm events typical of this region.

HE influence of anthropogenic activities on micro-
bial nitrate removal has implications for potential
contamination or mediation of nitrate contamination of
ground water, surface waters, and estuaries. The coast
of South Carolina was relatively undeveloped until the
1970s and is currently undergoing rapid residential and
tourism-related development. This has increased nutri-
ent loadings from nitrogenous fertilizers, particularly in
recreational areas such as golf courses, and increased
runoff from impermeable surfaces such as roads and
parking lots (Vernberg et al., 1992; Wahl, 1996). Chan-
nelization projects to drain land may further concentrate
contaminants and reduce residence times in streams
(Smock and Gilinsky, 1992: Wahl et al., 1997). Sedi-
ments underlying coastal creeks and periodically
flooded estuaries may be receiving areas for highly solu-
ble contaminants. Anthropogenic activities affect not
only nitrate loading, however, but also microbial pro-
cesses and may increase or decrease the capacity of
native bacteria to remove nitrate.
Nutrients affect the amount of primary productivity
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in aquatic ecosystems and excess nutrient inputs corre-
spond to areas of eutrophication (Radach, 1992; Valiela
etal., 1992; Nixon, 1995). Nitrate is of particular concern
because it is water soluble, can be carried through runoff
into surface waters, and can migrate rapidly through
sediments and reach ground water. Ground water in
turn can discharge nitrate contamination to surface wa-
ters (McMahon and Bohlke, 1996) and coastal embay-
ments (LaPointe and Clark. 1992; Millham and Howes,
1994; McClelland et al., 1997; McClelland and Va-
lieta, 1998).

Microbial denitrification is a primary mechanism for
removing excess nitrate (Seitzinger, 1988) and occurs
primarily in sediments under anaerobic conditions
(Atlas and Bartha, 1993). The objectives of this study
were to compare rates of denitrification by bacteria in
water-saturated sediments collected from three sites in
South Carolina’s coast that differ in the level and type
of land development and anthropogenic NO; addition.
The study sites included two blackwater creeks, one in
an undeveloped forested site (Oyster Creek) that drains
to North Inlet estuary and the second in a suburban
residential subdivision bordered by uncultivated farm-
land (Dog Creek) that drains into Murrells Inlet estuary
(Fig. 1). The third site was a small drainage pond on a
golf course in Pawleys Island, SC that received fertilizer
and pesticide applications. All sites were in slow-moving
or nonflowing aquatic systems (creek or small artificial
pond) and all the sediments were completely water-
saturated. It was hypothesized that bacteria associated
with the golf course sediments that received regular
anthropogenic inputs of nitrogenous fertilizers in situ
would remove NO; at a greater rate relative to the
other two sites, because they would be adapted to the
nitrate inputs and a denitrifying community would be
more established. Dog Creek was expected to have less
denitrification than the golf course, followed by the un-
developed low-gradient Oyster Creek, which has lower
average nitrate concentrations in ground water and sur-
face water than Dog Creck (Aclion et al, 1997;
Wahl, 1996).

MATERIALS AND METHODS
Study Locations and Sediment Collection

Sediment samples were collected from three coastal South
Carolina sites within 30 km of each other (Fig. 1). Two of the
sites are slow-moving, low-gradient blackwater creeks (ap-
proximately 2 to 4 m wide) that drain to high salinity estuaries
characteristic of the Coastal Plain of the southeastern United
States. Blackwater streams tend to have high dissolved organic
carbon concentrations and low concentrations of dissolved
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Long-Term Wastewater Treatment Effectiveness of a Northern Wisconsin Peatland

Dale S. Nichols* and Dale A. Higgins

ABSTRACT

Secondary effluent from the Drummond, W1 wastewater stabiliza-
tion lagoon system was applied to an acidic, nutrient-poor, 8.3-ha
peatland for the purpose of advanced wastewater treatment. Applica-
tion occurred from June through October at an average rate of 10
cm yr~! from 1979 to 1982, 24 cm yr ! from 1983 to 1988, and 40 cm
yr ! from 1989 to 1996, increasing surface flow from the application
area by 47, 78, and 154%, respectively. The pH of the peatland outflow
increased from 4.2 to 6.7, chloride rose from 1.1 mg L™ to 80 mg
L', and total phosphorus increased from 0.05 mg L' to 0.6 mg L™
Because raw sewage input was only one-half of the lagoon system’s
design capacity, the lagoons provided a high degree of sewage treat-
ment, removing 95% of suspended solids ($8), biochemical oxygen
demand (BOD), and nitrogen from the wastewater stream. Phospho-
rus removal in the lagoons, which was 98% in the first years of opera-
tion, declined to 85% by 1995. The peatland contributed little addi-
tional treatment, removing only 37% of the nitrogen and 17% of the
phosphorus remaining in the lagoon effluent. The peatland’s capacity
to retain phosphorus was exhausted after a few years of application.
Increased pH, nutrient availability, and water levels altered the peat-
land vegetation community. The Sphagnum ground cover was reduced
or eliminated in many places, and dense stands of cattail (Typha sp.)
developed in some areas. Small peatlands such as this one seem poor
candidates for use as tertiary treatment systems.

INCE 1979, secondary effluent from the sewage stabi-
lization lagoon system at Drummond, W1, a town

of about 225 people in the northwestern part of the
state, has been applied to a small peatland for advanced
treatment before disposal of this wastewater into a high-
quality trout stream. Northern Wisconsin, adjacent por-
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tions of Minnesota and Michigan, and parts of Canada
abound in such peatlands. The potential of these peat-
land areas to provide simple and cost-effective wastewa-
ter treatment for small communities is the subject of
recurring interest. A considerable body of knowledge
exists on the basic processes occurring in wetlands that
could influence the capacity of wetlands to provide
wastewater treatment (for example, Nichols, 1983; God-
frey et al., 1985). However, relatively little research has
been done to quantify this capacity in specific types
of wetlands over extended periods of time. This paper
describes some of the effects on the Drummond peat-
land of almost 20 yr of secondary effluent application
and evaluates the capacity of this peatland and similar
peatlands to provide long-term tertiary treatment of
municipal wastewater.

Due to heavy texture and slow permeability, many
of the soils in and around Drummond have severe limi-
tations for use in septic tank adsorption fields. Because
failure of individual septic systems was a continual prob-
lem, the Wisconsin Department of Natural Resources
(WDNR) ordered that a municipal system for secondary
treatment of sewage be designed for the community.
Construction of sewers and a waste stabilization lagoon
system was completed in 1978.

The original permit for operation of the sewage treat-
ment facility called for disposal of the stabilization la-
goon effluent into the nearby Long Lake Branch of the
White River. The Long Lake Branch is designated by
the WDNR as a Class 1 trout stream and supports self-
sustaining populations of brook trout (Salvelinus fonti-
nalis) and brown trout (Salmo trutta).

Concerns about potential adverse effects on this high
quality stream caused by nutrients, organic materials

Abbreviations: BOD. biochemical oxygen demand; SS, suspended
solids; WDNR, Wisconsin Department of Natural Resources.





