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ABSTRACT: Insufficient sedimentaffon, coupled with high rates of relative sea level rise (RSLR), are two
important factors contributing to wetland loss in coastal Louisiana. We hypothesized that adding
nutrient-rich treated wastewater effluent to selected coastal wetlands results in four benefits: (1) improved
effluent water quality; (2) increased accretion rates to help offset subsidence; (3) increased productivity of
vegetation; and (4) financial savings of capital not invested in conventional tertiary treatment systems. To
test these hypotheses,  we are currently monitoring several forested wetlands that are receiving
secondarily treated wastewater in coastal Louisiana. At one site where sedimentation accumulation was
measured, rates of accretion increased significantly after wastewater application began in the treatment
site (from 7.8 to 11.4 mm yr-1), and approached the estimated rate of regional RSLR (12.0 mm yr-1). No
corresponding increase was observed in an adjacent control site. In the same site, surface water nutrient
reduction, from the effluent inflow to outflow (1600 m), ranged from 100% for NO3

-N to 66% for total P. At
another site, a forested wetland that has been receiving wastewater effluent for 40 years,
dendrochronological analysis revealed that stem growth increased significantly in the treatment site after
wastewater water applicaffons began, and was significantly greater than an adjacent control. Preliminary
results indicate that these sites have the potential to assimilate all effluent nitrogen and varying
percentages of phosphorus. Results of avoided costs analyses to evaluate the economic implications
between conventional treatment and wetland treatment at three sites indicate savings range from
$500,000 to $1.5 million.

Introduction
.

Numerous studies have shown that wetlands can be effective tertiary processors of wastewater  effluent
(Kadlec and Knight 1996). Previous studies indicate that  both natural and constructed  wetlands have
been successfully used to purify effluent (Richardson and Davis 1987; Conner et al. 1989; Reed 1991;
Kadlec and Knight 1996). Wetlands are efficient at removing excess nutrients and pollutants by physical
settling and filtration, chemical precipitation and adsorption, and biological metabolic processes that result
in burial, storage  in vegetation, and denitrification (Conner et al.1989; Kadlec and Alvord 1989; Patrick
1990). These wetland functions can be especially critical for the coastal regions in Louisiana affected by
degraded water quality caused, in part, by inadequate sewage treatment (Louisiana DEQ 1988).

Wastewater effluent may also serve as a restoration tool in coastal wetlands impacted by high rates of
relative sea level rise (RSLR). Wetlands have been shown to persist in the face of RSLR when vertical
accretion and elevation gain equals or exceeds the rate of subsidence (Delaune et al.1983; Cahoon et al.
1995). Historically, seasonal overbank flooding of Mississippi river deposited sediments and nutrients into
the wetlands of the delta plain. Not only did these floods provide an allochthonous source of mineral



sediments, which contributed directly to vertical accretion, but the nutrients associated with these sediments
promoted vertical accretion through organic matter production as well as deposition (Nyman and Delaune
1991). This sediment and nutrient source to most forested  wetlands in coastal Louisiana has been
eliminated since the 1930s with the completion of levees along the entire course of the lower Mississippi
River, resulting in vertical accretion deficits (accretion < RSLR), prolonged periods of inundation, lowered
productivity and a lack of regeneration (Conner and Day 1988).

In these stressed systems, we hypothesize four primary benefits derived from wetlands wastewater
treatment in Louisiana: (1) improved effluent water quality; (2) increased accretion rates; (3) increased
productivity of vegetation; and (4) the financial savings of capital not invested in conventional tertiary
treatment systems (Breaux 1992; Breaux and Day l994). The high rate of burial due to subsidence and
higher than national average rates of denitrification due to warm temperatures are additional reasons for
the use of wetland treatment in Louisiana. Increasing vegetative productivity is especially crucial in many
parts of Louisiana where coastal subsidence intheMississippi Delta results in a relative sea level rise nearly
ten times greater than eustatic sea level rise (Conner and Day 1988; Penland et al.1988). Increasing
productivity results in greater root production leading to organic soil formation which can enhance the
accretion necessary to offset the subsidence that is contributing to wetland loss.

Since 1988, the Coastal Ecology Institute at Louisiana State University has been working with the U.S.
Environmental Protection Agency (EPA), the Louisiana Department of Environmental Quality (DEQ), and
several dischargers to assess the impact  of forested and  marsh wetland wastewater assimilation projects
in coastal Louisiana (for a general policy review see Breaux and Day 1994). The dischargers include two
municipalities, Thibodaux and Breaux Bridge, and one food processor, Zapp's potato chip factory in
Gramercy (Fig. l). Two additional municipalities (Amelia and St. Bernard) are in the final stages of the EPA-
mandated Use Attainability Analyses prior to formal discharge permitting. A feasibility study was recently
conducted for wetland treatment of shrimp processing effluent in Dulac, Louisiana. All of the potential and
actual receiving wetlands have been hydrologically altered by some combination of levees, spoil banks,
highways, oil and gas access roads, or railroad lines. In addition, prior to wetland treatment, all effluent was
discharged directly into open water bodies. Wetland discharge provides additional treatment by removing
further nutrients from the effluent before entering open water bodies.



To examine the effect of wetland treatment on effluent water quality, sediment accretion, productivity,
and economic savings, we review results of studies conducted at Amelia, Breaux Bridge, Dulac, Thibodaux
and St. Bernard (Conner and Day 1989; Day et al. 1994; Day et al. 1997a,b; Day et al. 1998; Cardoch et
al. 2000). Throughout this review, when we use the term significant, it implies a statistical significance which
is documented  in the references. Sampling of benthic invertebrate and nekton communities did not
indicate any clear effects due to wastewater discharge and results are not presented here. For more
information, refer to Conner and Day (1989), Breaux and Day (1994), Day et al. (1994), Day et al. (1997a),
Day et al. (1997b) and Pratt (1998). Additional project information can be found in Breaux (1992), Hesse
(1994), Delgado-Sanchez (1995), Zhang X. 1995, Blanick (1997), Boustany et al. (1997), Rybczyk (1997).

Improved Effluent Water Quality

We hypothesized that effluent water quality will be improved through efficient nutrient uptake and removal
pathways within forested wetlands. Loading rates and percent nutrient reductions for municipal wastewater
treatment wetlands are listed in Table 1. Data from the Point au Chene treatment wetland for the City of
Thibodaux offers an example for the impact of effluent on water quality.

The Thibodaux site consists of two almost permanently flooded, subsiding, forested  wetlands, separated
by a slightly elevated bottomland hard-wood ridge. Since 1992, the 231 ha wetland on the western side of
the ridge has received secondarily treated municipal wastewater at the average rate of 15,140 m3 d -1. The



wetland on the eastern side of the ridge, which is not impacted by the effluent, serves as a control site.
Baseline monitoring of vegetation, soils, surface water, hydrology, and fauna, at both sites, began in 1988.
Extended inundation was documented during the baseline studies (Conner and Day 1989). A
comprehensive site description is provided by Breaux and Day (1994) and Rybczyk et al. (1995).

Measurements taken at Thibodaux by Zhang (1995) indicate that effluent water quality was improved as
nutrients were significantly reduced and assimilated. The effluent stream was highly nitrified, with NO3

-N
being the dominant form of N and soluble PO4

-P accounting for about 77% of the total P in the effluent.
After passage through the treatment swamp the concentrations of many water quality parameters at the
output station were significantly reduced compared with the influent concentrations. From 1992 through
1996, the mean annual reduction (from inflow to outflow) of NO3

-N the dominant form of nitrogen in the
effluent, ranged from 96% to 99% (Fig. 2). At the output station, the NO3

-N concentration was below the
detection limit (<0.1 mg l-1) during most sampling periods, indicating that the swamp system  was removing
NO3-N. Figure 3 illustrates reductions of NO3

-N concentrations as a function of distanced traveled in the
swamp. Within 800 m, concentrations were comparable to those found in the control site. NO3

-N was taken
up by growing plants, immobilized to organic N, or removed by denitrification (Boustany et al.1997).
Concentrations of total P in the treatment site varied during the study period. From l992 through l994, the
mean annual reduction of total P in the treatment site ranged from 33% to 71 % from inflow to outflow (Fig.
4, Zhang 1995).

Zhang (1995) described the effects  of wastewater effluent on effluent water quality, sediment nutrient
concentrations, and the chemical composition of floating aquatic vegetation at the Pointe au Chene site.
This study assessed the long term ability of the swamp to treat secondarily treated  wastewater effluent
from the city of Thibodaux. In general Zhang found that, within the immediate 231 ha treatment  zone, N
and P concentrations in the water were reduced 100% and 66%, respectively, From effluent inflow to
outflow Table 1. In a related review, Rybczyk et al. (1996) concluded that the effective tertiary processing of
effluent at this site could be attributed to the following: (1) The dominant species of N in the effluent was
the oxidized NO3-N form and not the reduced species, NH4-N. These naturally dystrophic wetlands readily
denitrify NO3-N, resulting in a net loss of N to the system as N2 or N2O gas (see Boustany et al.1997); (2)
Loading rates are low compared to other wetlands treatment sites. For example, the State of Florida has
adopted regulations for wetland wastewater management that established maximum P loading rates of 9
gm-2 yr-1 for hydrologically altered wetlands (Harvey 1988), an order of magnitude higher that at most of our
sites, and; (3) High rates of accretion and burial of sediments in these subsiding systems provide a
permanent sink for phosphorus. Two other studies also documented the high rates of denitrification at this
site (Crozier et al. 1996; Boustany et al. 1997).







Similar water quality improvements have been documented for the treatment wetlands at Amelia, Breaux
Bridge, and St. Bernard (Table 1). High reduction rates of N and P indicate that the wetlands there act as a
net nutrient sink and that the sites are effective providers of tertiary treatment. For comparison, in Florida,
the tertiary advanced waste treatment (AWT) standards for total N and total P are 3 mg l-1 and 1 mg l -1,
respectively. For many of these sites, nutrient concentrations have been well below that limit, indicating that
tertiary treatment was achieved.

Increased Sediment Accretion

Current evidence indicates that rising water levels are leading to wetland loss, coastal erosion, and salt
water intrusion in a number of coastal areas (Stevenson et al. 1988; Sestini 1992). If coastal wetlands,
especially those in deltas, do not accrete vertically at a rate equal to the rate of RSLR, they will become
stressed due to waterlogging and salt stress, and ultimately disappear (Mendelssohn and McKee 1988).
Many wetlands in Louisiana suffer from accretion deficits; that is, they are not keeping pace with RLSR.
Discharge of secondarily treated effluent can stimulate biomass production and enhance sediment
accretion rates. Maintaining vegetation is crucial to wetlands survival.

Subsidence in deltas leads to a relative sea level rise (RSLR} rate that is often much greater than eustatic
rise. For example, while the current rate of eustatic rise is between 1-2 mm yr-1 (Gornitz et al. 1982), RSLR in
the Mississippi delta is in excess of 10 mm yr-1, thus eustatic sea level increase accounts for only 10-15% of



total RSLR in this delta. We hypothesized that adding nutrient rich effluent can increase rates of sediment
accretion by promoting production of organic matter and trapping of mineral matter. Evidence from the
Pointe au Chene treatment wetland at Thibodaux supports this hypothesis.

The relative sea level rise (RSLR) rate at the Thibodaux treatment wetland (Fig.5) derived from tidal gauge
analysis (Penland et al. 1988), is 1.23 cm yr-1 for the period 1962 through 1982. To maintain elevation, soil
accretion must equal this rate of RSLR. However, by analyzing 137Cs activity in the soil profile (see Delaune
1978 for a description of methods), it was estimated that background accretion rates in the Thibodaux site
averaged only 0.44 ± 0.04 cm yr -1 for the same period, leading to an accretion deficit of O.79 cm yr-1

(Rybczyk l997).

To determine whether wastewater applications stimulated accretion, a feldspar horizon marker technique
(Cahoon and Turner 1989) was utilized to estimate accretion rates in the site receiving effluent and in an
adjacent control site, both before (1988 - 1991) and after (1992 - 1994) wastewater applications began in
the treatment site. Pre-effluent accretion rates averaged 0.78 cm yr-1 in the treatment site and 0.52 cm yr-1

in the control site and were not significantly different (Fig. 1). After application began, accretion rates in the
treatment site (1.1 cm yr-1) were significantly higher than accretion rates measured at the control site (0.14
cm yr-1).







Additionally, estimated accretion rates in the treatment site fell within one standard deviation of the
estimated rate of RSLR in the region (Rybczyk 1997).

 Using an integrated field and modeling approach, Rybczyk et al. (1996), Rybczyk (1997) and Rybczyk et al.
(1998) focused on the use of wastewater effluent at Pointe au Chene for wetland enhancement and
restoration. Their studies revealed that neither aboveground tree production nor annual rates of
decomposition were affected by wastewater effluent. Because of increased floating aquatic vegetation
production, however, rates of sediment accretion increased significantly after wastewater applications
began and fell within one standard error of the estimated rate of relative sea level rise. A site- specific
wetland elevation model revealed that wetland elevation in this subsiding region was more sensitive to the
uncertainty surrounding estimates of eustatic sea level rise and deep subsidence than to possible
effluent-related changes in autogenic processes such as decomposition and primary production (Rybczyk
1997). The model also indicated that nutrient addition alone was not sufficient to lead to long term
restoration of the forested wetland and that some mineral sediment input was necessary.

Increased Productivity

Secondarily reated effluent delivers nutrient-rich water to wetlands, stimulating vegetative productivity. Long
term impacts on forested wetlands can be assessed by evaluating data from the Breaux Bridge treatment
wetland. The treatment wetland at Breaux Bridge is unique because of its long history of discharge to the
receiving wetland. The town of 6,000 has been discharging its effluent from an oxidation pond (3,785 m3

d-1) to a 1475-ha cypress-tupelo wetland for almost 50 years (Breaux and Day 1994). Monitoring of the
effluent impact site and an adjacent reference site began in 1992. A comprehensive site description is
provided by Day et al. (1993).

A dendroecological analysis was conducted (Hesse 1994; Hesse et al. 1997) to determine the long term
impacts of wastewater effluent on aboveground productivity (Fig. 6). Stem wood growth from 1920 to 1992
was measured at the treatment site and an adjacent control site. An annual diarneter increment ratio was
calculated by comparing stem wood growth from the treatment site versus the stem wood growth at the
control site. Records indicate that the city began discharging into the forested wetland between 1948 and
1953. Before wastewater application began, Hesse et al. (1997) found statistically significant higher growth
in the control site than at the treatment site. However, after onset of treatment, there was  increased growth
in the treatment site, resulting in statistically significant higher annual diameter incrementratios (Hesse et al.
1997). A spike in the annual diameter increment ratios coincides with the onset of treatment. The sustained
elevated trend of ratios in the treatment site illustrates the long term benefits of wetland treatment in this
site.

Short term records at this site also confirm these findings. In January 1994, the effluent discharge was
switched from the historic wetland (old treatment site), to a new site that had not previously received
effluent (new treatment site). In 1992, permanent plots were established at both sites to measure annual
litterfall and stem growth (Table 2). There was no statistically significant difference in the total aboveground
production between the old treatment site and the new treatment site during 1993 (Delgado-Sanchez
1995). However, during 1994 and 1995, when effluent discharge was switched to the new treatment site,
total production was significantly higher at the new treatment site compared to the old treatment site
(Delgado-Sanchez 1995). Most of this difference was due to increases in stem wood biomass in the new
treatment site and not leaf production.

Similar results have been reported for the other treatment wetlands. For example, a study conducted at
Amelia also indicates an increase of primary productivity. The City of Amelia is investigating the ecological
feasibility of incorporating the Ramos et al. (1993).forested wetland as part of its treatment system to polish
secondarily treated sewage effluent (Day et al. 1997a). A year long study on primary productivity indicates
enhanced growth in the treatment sites (Table 3). Productivity, as expressed in mean litterfall for one year,
was statistically significantly higher in the treatment site than in one of the control sites (Day et al. 1997a).

Economic Savings



Conventional wastewater treatment is often very expensive for the loads generated from many of the small
communities in southern Louisiana. Wetland assimilation can providean affordable and effective waste
treatment option. In a series of papers, Breaux (1992), Breaux and Day (1994) and Breaux et al. (1995),
conducted economic cost bene fit analyses of the wastewater treatment operation at Breaux Bridge and
Thibodaux (Table 4). They conservatively estimated a capitalized cost savings, using natural wetland
wastewater treatment rather than conventional tertiary treatment. At Breaux Bridge, the estimated costs
savings was approximately $1.4 million, over a 30-year period. At Thibodaux, there is a potential savings of
approximately $500,000. However, it is further noted that capitalized savings could be as high as
$1,300,000 over a 30-year period, depending upon the disinfection system employed prior to wetland
discharge.

Non-toxic, industrial processors, such as shrimp processors, can benefit from using wetlands for their highly
seasonal loads. A study was recently conducted to determine the feasibility of using wetlands for treatment
of shrimp processing waste water in Dulac, Louisiana (Cardoch et al. 2000). The avoided cost estimate
approach was used to compare costs from conventional on-site treatment of the shrimp processing effluent
with costs for wetlands treatment.  Conventional treatment  would cost approximately $200,000 per year for
25 years, as compared to wetland treatment costs of $64,000 per year for 25 years. This is a potential cost
savings of $1.5 million dollars over 25 years (Table 4).

Much wetland treatment has focused on constructed  wetlands primarily to provide a high degree of control
for treatment.  In Louisiana, the dense network of canals and levees have left many wetlands hydrologically
isolated and confer the same degree of control as constructed wetlands. With many natural systems
plentiful, it is unnecessary to build artificial wetlands in Louisiana, although many have been built. These
isolated wetlands provide a practical economic solution for the small communities that are widely dispersed
in the coastal zone.

Conclusions

Results from several ongoing and completed studies of wastewater treatement in wetlands indicate that
they are achieving the ecological goals of enhancing effluent water quality, stimulating vertical accretion,
and increasing productivity. Economically, the savings are substantial for small communities and non-toxic
industrial processors. Calculations of nutrient retention and loss via denitrification, plant uptake, and burial
indicate that the receiving wetlands should assimilate all of the NO3-N and more than 50% of the
phosphorus given the current loading rates. As water quality regulations become more stringent, and
federal grants for sewage treatement improvements become less available, it will be increasingly difficult for
small coastal communities to meet the water quality standards. Wetland wastewater treatment could provide
an economically viable and effective alternative to expensive conventional tertiary treatment. Additionally, it
potentially serves as a means for wetland restoration in the subsiding coastal zone.
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Legends

Fig. 1. Wetlands treatment study sites.

Fig. 2. Mean annual concentrations of NO3 for the effluent inflow pipe, the treatment outflow, and within
the first 100 m of the control site. Inflow concentrations are reduced 96-99%. Note: Logarithmic scale.

Fig. 3. Mean concentrations of NO3-N along sample transects in the treatment site during sa~nple years
1994 and 1995, and in the control site for sample year 1995. Nitrate concentrations are reduced 99%.

Fig. 4. Mean annual concentrations of Total P for the effluent inflow pipe, the treatment outflow, and within
the first lOO m of the control site. Inflow concentrations are reduced 35-71%.



Fig. 5. Background (from t37Cs measurements), pre-effluent, and post-effluent accretion rates, relative sea
level rise (RSLR) and accretion balance deficits for treatment (T) and control (C) at the Thibodaux site. T
and C were not significantly different during the pre-treatment period, but T was significantly greater during
the post-effluent period.

Fig. 6. The ratio (treatment/control) of annual wood stem growth (measured as growth in diameter) for bald
cypress trees at Breaux Bridge. Before wastewater applications to the treatment site began in the late
1940s or early l950s, growth in the control site was significantly higher than growth in the treatment site
(P>0.05). After wastewater applications began, stem growth was significantly higher in the treatment site.
Both sites were similar in size and structure (Hesse et al. 1997).

Table 1. Loading rates and percent nutrient reductions in at four wastewater treatment forested wetlands in
coastal Louisiana. All concentrations are reported as mg l-1.
Table 2. Aboveground production (g m-2yr-1 ±se) measured at Breaux Bridge treatment site.1
Table 3. Total mean litterfall (g m-2) collect at the Amelia treatment wetland from Sept. 1995-Sept. 1996.
Those means with different letter are statistically different (Day et al. 1997a).
1 The treatment site is adjacent to Lake Palourde. Lake Site 2 is connected directly to the treatment site by
a small channel. Thus measurements were taken at the lake edge where there is potential influence from
the effluent.
Table 4. Cost comparisons for three wetlands treatment projects.
1 Costs reported in 1992 dollars as per Breaux and Day (1994) and Breaux et al. (1995). Capitalized costs
are discounted at 9% for 30 years.
2 Costs reported in 1995 dollars as per Cardoch et al. (2000). Capitalized costs are discounted at 8% for 25
years.


