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Abstract Wetlands provide many valuable ecosystem functions such as sediment and nutrient retention,
high biological productivity and biodiversity, flood
control, and opportunities to recreate. Despite their
importance, estimating the value of wetlands is
difficult as the worth of these functions and services
is not easily quantified. The overall objective of this
study was to estimate the value of freshwater wetlands
in the Saint Johns River (SJR) watershed, Florida
based on their ability to remove nutrients, namely
nitrogen (N) and phosphorus (P). We used a combination of literature review, geospatial analysis of land
cover, and regression analysis to determine the total
wetland area in the SJR watershed and the rates of
nitrogen and phosphorus burial in the wetlands. We
then estimated the economic value of these wetlands
based on the replacement cost of nutrient removal by
wastewater treatment plants. Nitrogen burial rates

ranged from 27 g/m2/year to a background rate of
6.56 g/m2/year, and phosphorus burial rates range
from 1.31 g/m2/year to a background of 0.11 g/m2/
year. Using these rates, we calculate wetlands of the
SJR catchment remove 79,873 MT of nitrogen annually just from burial in the soil, with a replacement cost
of between $240 million to $150 billion per year. The
amount of phosphorus buried yearly is more than 2400
MT with an annual replacement cost of $17 to $497
million. Though they are based on limited data and
include a variety of watershed-scale research limitations, these findings highlight the significant potential
value of conserving functional wetlands based solely
on their nutrient retention functions. If we were to
consider the benefits associated with other wetland
functions such as flood control, biological productivity, and biodiversity in addition to their ability to retain
nutrients, the value of the SJR wetlands would be even
greater.
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Introduction
Wetlands contribute to water quality improvement by
sequestering and removing N and P. Nitrogen is
removed by wetlands primarily through the biological
processes of denitrification, plant uptake, and accumulation of soil organic matter (Saeed and Sun 2012;
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Lee et al. 2009; Woltermade 2000; Craft 1997), which
provides long-term storage (Craft 1997). Phosphorus
is removed primarily through geochemical processes
of adsorption, precipitation, sedimentation (Woltermade 2000; Nichols 1983), and biological processes of
plant uptake and incorporation into soil organic matter
(Dierberg et al. 2002; Craft 1997). Nitrogen is
removed by wetlands at a greater rate than P and
removal rates are on the order of 10 g N/m2/year
(Craft 1997). Despite low long-term phosphorus
removal rates of around 1 g/m2/year (Richardson
and Qian 1999), wetlands serve an important role in
reducing the amounts of N and P that ultimately end up
in inland and coastal waters.
While the amounts of N and P removed by wetlands
can be measured and quantified, it is more difficult to
estimate the economic value of nutrient removal. One
method of direct market valuation regarding wetlands
and water quality regulation is the replacement cost of
using wastewater treatment plants to remove N and P
(Russell and Greening 2015; de Groot et al. 2002).
Russell and Greening (2015) define replacement cost
as the amount of money people would have to pay to
maintain the level of ecosystem services (i.e., water
cleanliness) provided by the wetlands through other
means (in this case, wastewater treatment plants).
Polluters in the watershed do not need to be participating in cap and trade for these services to have value.
Generally wastewater treatment plants involve
multiple steps of treatment, which vary depending
on the level of reduction required to meet water quality
standards. It begins with primary treatment when large
solids are removed, followed by secondary treatment
which begins removing organic matter using biological processes such as attached and suspended microbial and algae growth processes, and finally advanced
treatment options, such as biological nutrient removal
(USPEA 2008; USEPA 2004). Biological nutrient
removal enhances the processes used in secondary
treatment, and is used by most modern treatment
plants to reach their NPDES discharge limits (USEPA
2008; Hartman and Cleland 2007; Metrohm Applikon
2017). Biologically available nitrogen is typically
removed in three steps -ammonification, nitrification,
and denitrification- requiring a series of aerobic and
anoxic areas, and often activated sludge tanks
(USEPA 2008). Depending on the type of treatment
system and amount of water treated, the cost of
nitrogen removal can range from $628 to $1698 per
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kilogram N (CCC 2013). Phosphorus is removed
chemically, where it is precipitated out of the water
using trivalent metal cations, such as ferric chloride or
alum (aluminum sulfate; USEPA 2008). Phosphorus
treatment costs range from $6.60 to $205 per kilogram
P (Ribaudo et al. 2008; Jiang et al. 2004, 2005). Due to
the high cost associated with water treatment, many of
the studies quantifying the cost of nutrient removal by
treatment plants aim to show the savings possible with
other treatment options, such as wetlands and nutrient
trading programs.
Despite the nutrient removal benefits associated
with wetlands (Craft 1997), there are few studies
estimating the cumulative (i.e. landscape) economic
value of wetlands’ water quality improvement functions (but see Russell and Greening 2015). To address
this lack of research, we estimated the value of
wetlands in the Saint Johns River (SJR) watershed,
Florida, by (1) conducting a geospatial analysis to
estimate the total wetland area; (2) deriving estimates
of N and P burial by wetlands as a function of distance
from nutrient sources; and (3) performing a literature
review of costs of N and P removal by wastewater
treatment plants. As anthropogenic impacts on our
water resources increase, documenting the replacement costs of N and P removal by conserving wetlands
is key to protection, management, restoration, and
placement of these systems in the landscape.

Methods
Site description
The St. John River (SJR) is the longest river in Florida,
stretching 499 km as it meanders northward from its
source in St. Johns Marsh, Indian River County, to its
mouth in Jacksonville, Duval County (Fig. 1). The
SJR watershed is divided into the Lower, Middle, and
Upper Watershed Basins, totaling approximately
17,278 km2. The area comprises 10% of Florida’s
total area and includes the major cities of Jacksonville
and Orlando. The SJR watershed contains a variety of
water features, including lakes, streams, and wetlands.
Literature review: wetland N and P burial
We reviewed published papers describing N and P
accumulation (i.e., burial) in freshwater marsh soils in
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Fig. 1 The location of the St. Johns River watershed in Florida and its location within the United States

the Blue Cypress Lake area of the upper SJR
watershed (Brenner et al. 2001; Table 1). Brenner
et al. (2001) measured N and P accumulation by
collecting soil cores (ranging from 72 cm to 92 cm
deep) with increasing distance from canals draining
citrus fields. The dataset included both nutrientenriched areas (i.e., those near the nutrient-enriched
agricultural drainage) and unenriched areas. Due to the
high variability of nutrient loading in urban areas
(Yang and Toor 2017; Petrone 2010) and the fact that
agricultural land use contributes much more nutrient
runoff than urban areas do (Bennett et al. 2004), urban
areas were not considered a major source of nutrients
compared to agriculture in this region. Brenner et al.
(2001), Craft and Richardson (1998) and Reddy et al.
(1993) all found a gradient of decreasing N and P
accumulation with distance downstream of agriculture, demonstrating that wetlands in the area have a

greater ability to remove nutrients when they are in
proximity to agriculture. Therefore, we calculated
regressions to estimate nutrient burial rates in proximity to high- and medium-intensity agriculture and
we included other land use types (such as urban and
woodland) in a ‘‘background’’ nutrient accumulation
rate category along with low-intensity agriculture
(more explanation in ‘‘Regressions of Nutrient Burial
versus Distance from Agriculture’’ section below).
Similar to the northern Everglades, the Blue
Cypress marsh suffered from hydrologic alteration
and P eutrophication linked to water management for
agricultural development. Beginning in the 1960s,
nutrient-enriched surface runoff from surrounding
agricultural land was channeled through a breach in
the levee into the northeast region of the marsh. This
alteration continued to the 1990s, when the levee was
repaired and nutrient inputs to the marsh were largely
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Table 1 Distance from high-intensity agriculture and published rates of N and P accumulation (g/m2/year) in freshwater wetlands of
the upper SJR watershed based on Pb-210 dating of soil cores
Sampling location

3B

Distance from high-intensity
agriculture (m)

N accumulation
(g/m2/year)

P accumulation
(g/m2/year)

700

25.8

1.13

2XII936

1850

12.5

0.24

2XII931

2160

22.1

0.85

2B

2870

16.1

0.22

2XII932

3200

15.8

0.42

2XII933

3600

10.6

0.14

2XII935

3950

8.8

0.14

2XII934

4190

10.6

0.12

1B

4440

11.1

0.13

From Brenner et al. (2001)

GIS analysis

watershed (Fig. 2). Fresh marsh accounts for 41% of
the wetland area (2572 km2), forested swamp 38%
(2340 km2) and cypress forest 21% (1311 km2).
Estuarine wetlands consist of brackish marsh, located
in the lower SJR watershed. There is very little salt
marsh in the watershed except at the mouth of the SJR.
Because they make up a very small proportion of the
total wetland area in the St. Johns River watershed
(\1%), we chose to exclude estuarine wetlands from
this analysis.
For the wetland layer, FNAI data were classified
into a manageable number of wetland classes by crosswalking the FNAI wetland site classes into the
classification system of the Sea Level Affecting
Marshes Model (SLAMM; Clough 2008) (Fig. 2).
The agricultural layer was produced by cross-walking
the relevant FNAI classes with fertilizer use intensity
classes (discussed below).

Wetland and land cover

Agriculture intensity

Florida Natural Areas Inventory (FNAI) geospatial
land cover data was used in Esri ArcGIS 10.3.1 to
identify land cover types, including wetland, water,
and agriculture use within the SJR watershed (FNAI
2012). Agricultural land occupies 26% of the watershed, while freshwater and estuarine wetlands make
up 20% of the watershed. Non-tidal freshwater marsh
and forest (swamp) account for most of the wetland
area (99%) with estuarine wetlands accounting for
only 1%. Non-tidal wetlands are found throughout the
watershed, though most marsh is located in the upper

We derived agricultural land use categories from the
FNAI land cover data (Fig. 2) and used estimates of
crop fertilizer use to identify areas of high-, medium-,
and low-intensity agriculture. We obtained N and P
fertilization rates for citrus, sod, corn, and wheat
(Wright et al. 2004, 2007; Obreza et al. 2006; Sartain
1988; Table 2). We classified citrus and sod as highintensity agriculture and classified corn and wheat
(representing row and field crops, respectively) as
medium-intensity agriculture. The remaining agriculture types were sorted based on our best professional

eliminated (Bostic et al. 2010; Bostic and White 2007;
Ipsilantis and Sylvia 2007). Olila and Reddy (1995)
measured total P in impacted (northeastern corner) and
unimpacted (central) portions of Blue Cypress marsh,
in the same area where Brenner et al. (2001) collected
their cores. They found that total P was two to ten
times greater in the impacted area. Labile (KCl
extractable) P also was greater in the impacted area
(Reddy et al. 1999). Concurrent with P enrichment
was a shift in vegetation with native sawgrass
(Cladium jamaicense Crantz) and maidencane (Panicum hemitomon Schult.) being replaced by cattail
(Typha latifolia L., Typha sp.) and willow (Salix
caroliniana Michx.; Bostic et al. 2010; Ipsilantis and
Sylvia 2007; Prenger and Reddy 2000), a phenomenon
that also occurred in the northern Everglades.
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Agricultural Land Classification

Swamp
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Cypress Swamp

Citrus
Feeding Operations
Floriculture
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Inland Fresh Marsh
Inland Open Water
Riverine Tidal Open Water

Medium Intensity

Estuarine Open Water

Field Crops
Orchards/Groves
Ornamentals
Row Crops
Vineyard & Nurseries

Irregularly Flooded (usually Brackish) Marsh

USGS Watershed Boundary
St. Johns Watershed (HUC6=030801)

Low Intensity
Agriculture
Cropland/Pasture
Improved Pasture
Unimproved/Woodland Pasture
Fallow Cropland
Fallow Orchards
Coniferous Plantations
Tree Nurseries
Specialty Farms

Fig. 2 Wetland and water cover of the SJR watershed (a) based
on the Florida Natural Areas Inventory (FNAI). Freshwater
wetlands in the FNAI were converted to the classification

system of the Sea Level Affecting Marshes Model (SLAMM).
High-, medium-, and low-intensity agriculture cover in the SJR
watershed (b). See Table 3 for a breakdown of the cover classes

Table 2 The amount of N and P (kg/ha/year) applied to major
agriculture crops in Florida

Regressions of nutrient burial versus distance
from agriculture

Crop type
Corn (row crop)

N

P

67–101a
b

0–50a

Citrus
Wheat (field crop)

11–269
101–135c

–
–

Sod

135–359d

0–90d

a

Wright et al. (2004)

b

Obreza et al. (2006)

c

Wright et al. (2007)

d

Sartain (1988)

judgment, with the rest of the high- and mediumintensity agriculture types accounting for less than 2%
of the agricultural area in the watershed (Table 3).

We estimated N and P burial rates for wetlands
proximal to high-, medium-, and low-intensity agriculture using regression equations derived from the
Brenner et al. (2001) data in Table 1 in combination
with GIS-based analysis. We excluded two cores from
our dataset: core 21-I-94-8 due to its distance
([15 km) from the other sampling locations and
agriculture, and 21-I-94-10 which was collected in
Blue Cypress lake. Distance from high-intensity
agriculture was calculated as the linear distance
between where each core was collected and a ditch
that drains large-scale citrus farming (see Fig. 1 of
Brenner et al. 2001), resulting in distances that ranged
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Table 3 Classification of
agricultural land into high-,
medium-, and low-intensity
agriculture based on
fertilizer use of crops

Land use
Citrus
Sod farms
Feeding operations

Agricultural intensity

34,945

High

9599

High

378

High

Floriculture

6

Field crops

25,654

Row crops

High
Medium

17,001

Medium

Ornamentals

8786

Medium

Orchards/groves
Vineyards and nurseries

1125
550

Medium
Medium

Coniferous plantations

258,372

Low

Improved pasture

197,772

Low

Specialty farms

32,662

Low

Unimproved/woodland pasture

23,395

Low

Cropland/pasture

22,861

Low

Tree nurseries

2362

Low

Agriculture (other)

1350

Low

Fallow orchards

432

Low

Fallow cropland

278

Low

from 700 to 4440 m (Table 1). We used these data to
construct exponential regressions for N and P accumulation rates in proximity to high-intensity
agriculture.
Because there was no medium-intensity agriculture
in close proximity to where Brenner et al. (2001)
collected cores, we modified the regressions for N and
P accumulation rates in proximity to high-intensity
agriculture to construct the regressions for N and P
burial near medium-intensity agriculture. Since the
maximum amounts of N and P applied to representative high-intensity crops (citrus and sod) are about
twice as high as the maximum amounts applied to
representative medium-intensity crops (corn and
wheat), we assume that wetlands bury approximately
half as much nitrogen and phosphorus at a given
distance from medium-intensity agriculture as they do
at the same distance from high-intensity agriculture.
We calculated the proximity to agricultural nutrient
source (PTANS) categories for all wetlands in the land
cover layer, using buffers based on distance from highand medium-intensity agriculture (Fig. 3). We
assumed that distance from agriculture was the only
factor driving nutrient removal rates and that wetland
type (marsh, forested swamp, or cypress swamp) did
not have an effect on nutrient removal rates. Distance
increments of 500 meters were used, ranging from
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Area (hectares)

wetlands directly bordering agriculture lands to wetlands located a maximum of 3500 m away, the
distance at which N and P burial declined to
background/low intensity values (Table 1). The categorization was performed two times, once for proximity to high-intensity agricultural lands, and once for
proximity to medium-intensity agricultural lands,
resulting in fourteen distinct PTANS categories. In
cases where a wetland was located within 3500 m of
both a high-intensity and a medium-intensity agricultural area, the high-intensity PTANS category was
assigned. A fifteenth ‘‘background’’ PTANS category
was assigned to all wetlands that were more than 3500
m distant from medium- and high-intensity agricultural land. We assumed that wetlands in this category
bury the same amount of N and P as wetlands
3000–3500 m from medium-intensity agriculture.
We used the midpoint of each 500-m increment as
the x value in the appropriate exponential equation to
find the predicted nutrient burial rate. The set of
predicted nutrient removal rates for the 15 wetland
PTANS categories were then scaled to the SJR
watershed. Scaling was accomplished by multiplying
the predicted accumulation flux rate (mass/area/time)
by the PTANS area to obtain the yearly mass of
nutrients buried by that category (see Table 4 for an
example). We then summed the nutrient removal rates
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Inset from large PTANS category map (left).
Legend
PTANS Categories
Medium Intensity
Agriculture

Entire St. Johns
watershed
boundary, with the
extent of large
PTANS category
map (above)
displayed
as a red box.

High Intensity
Agriculture

M3500

M1500

H3500

H1500

M3000

M1000

H3000

H1000

M2500

M500

H2500

H500

M2000

Agricultural Land
Classification

H2000

FNAI Land Cover

High Intensity

Inland Fresh Marsh

Medium Intensity

Drainage Ditches (along roads)

USGS Watershed Boundary
St. Johns Watershed (HUC6=030801)

Fig. 3 Example of how PTANS categories were assigned to wetland areas. Map shows inland fresh marsh in proximity to medium- and
high-intensity agriculture

for each PTANS category to obtain the total amounts
of N and P removed by freshwater wetlands in the
watershed annually.

Results and discussion

Cost estimates for N and P removal

High- and medium-intensity agriculture occupy 1.8
and 2.2% of the watershed, respectively, while lowintensity agricultural land accounts for the remaining
22%. The regressions between proximity to highintensity agriculture and rates of N and P accumulation
were statistically significant (p = 0.001). For highintensity agriculture, N burial rates determined from
the regression ranged from 27.0 g/m2/year at a
distance of 250 m to 13.1 g/m2/year at a distance of
3250 m (Fig. 4). P burial rates determined from the
regression for high-intensity agriculture ranged from
1.31 g/m2/year at a distance of 250 m to 0.23 g/m2/

The literature we reviewed pertaining to nutrient
abatement costs included technical papers discussing
the cost of wastewater treatment plant equipment
upgrades required to sufficiently remove phosphorus
(Jiang et al. 2005), regional reports detailing the
expenses associated with treating excess nutrients
(CCC 2013), a review of N abatement costs (Compton
et al. 2011), and a study that estimated the nutrient
removal benefits of wetlands in Tampa Bay, Florida
(Russell and Greening 2015).

Regressions of nutrient removal
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Table 4 Example of N and P burial calculations for a subset of wetlands pictured in Fig. 3
PTANS
category

Wetland area
(ha)

N accumulation (g/
m2/year)

P accumulation (g/
m2/year)

Cumulative N Burial
(kg/year)

Cumulative P Burial
(kg/year)

H500

20.0

27.0

1.307

5405

261

H1000

57.4

24.0

0.977

13,748

561

H1500

47.9

21.2

0.731

10,173

350

H2000

31.9

18.8

0.547

6015

175

H2500

19.2

16.7

0.409

3212

79

H3000

7.4

14.8

0.306

1094

23

7.1

13.1

0.229

H3500
Subtotal

190.9

932

16

40,578

1464
9

M500

2.9

16.0

0.308

472

M1000

3.0

13.7

0.229

416

7

M1500

6.9

11.7

0.170

804

12

Subtotal
Total

12.9

1693

28

203.8

42,272

1492

Fig. 4 Regressions of wetland N (a) and P (b) accumulation
with distance from high-intensity agriculture based on the work
of Brenner et al. (2001) in the upper SJR watershed, near Blue
Cypress Lake
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year at a distance of 3250 m (Fig. 4). The rates of N
and P burial in proximity to medium-intensity agriculture were half of those at the same distance from
high-intensity agriculture, ranging from 13.52 g N/
m2/year and 0.65 g P/m2/year at a distance of 250 m to
6.56 g N/m2/year and 0.11 g P/m2/year at a distance
of 3250 m. The background rates of N and P burial
were 6.56 and 0.11 g/m2/year, respectively. The
regression exponents for N and P, -0.0002 and
-0.0006 respectively, suggest that the amount of N
removed by wetlands is not as strongly tied to distance
from agricultural nutrient sources as P removal is,
likely because denitrification removes N (in addition
to burial) and there is no comparable removal process
for P in wetlands (Craft 1997).
The rate of P burial in wetlands within 3500 m of
high-intensity agriculture in the upper SJR watershed
(0.23–1.31 g P/m2/year) is comparable to that found in
nutrient-enriched areas of the northern Everglades,
0.46 g/m2/year (Craft and Richardson 1993). Our
background rates of N and P burial also are comparable to 210Pb-based measurements of 5–10 g N/m2/
year and 0.06–0.09 g P/m2/year in low-nutrient areas
(WCA 3A, Everglades National Park) of the Florida
Everglades to the south that are far removed from
agricultural nutrient sources (Craft and Richardson
1998). Our background burial rates are also comparable to accumulation rates measured in low-nutrient
areas of the St. Johns River watershed, which ranged
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from\1 to 15 g/m2/year for N and from 0.03 to 0.5 g/
m2/year for P (Brenner et al. 2001).

Table 6 Abatement cost estimates (rounded to nearest dollar)
for N and P removal

Landscape nitrogen and phosphorus removal

3–96a

7–75d
9–40e

507–650
c

150–205f

1885

Economic analysis
A study similar to this one (Russell and Greening
2015) estimated the cost of N removal from point
sources at $18/kg, though Compton et al. (2011) found
that nitrogen removal costs could range from $3 to $96
per kg N and Roeder (2007) estimated that the cost
could be as high as $1885/kg N. Based on the cost of
removing N in wastewater, ranging from $3 to $1885/
kg (Table 6), we calculate that the removal of 79,873
MT N/year through burial in wetlands has a value of
$240 million to $150 billion each year.
The cost of P removal at wastewater treatment
plants ranges from $7 to $205/kg (Table 6), valuing
the ability of SJR wetlands to remove 2423 MT P/year
at $17 to $497 million each year.

a

Compton et al. (2011)

b

CCC (2013)

c

Roeder (2007)

d

Jiang et al. (2004)

e

Ribaudo et al. (2008)

f

Jiang et al. (2005)

have investigated the scale, distribution, and ecosystem effects of P enrichment (Craft and Richardson
1993; Reddy et al. 1993). They demonstrated that P
enrichment and accumulation in soil is inversely and
significantly related to distance from nutrient-enriched
inflow water (r2 = 0.98; Craft and Richardson 1993;
r2 = 0.94; Reddy et al. 1993), suggesting that P
accumulation in soil is determined primarily by
distance from its source (i.e. agricultural drainage)
and hydrologic connectivity.
Our regression-based estimates of background N
and P burial rates are supported by data from three
cores (one marsh, one shrub-, and one forested
wetland) collected from an unenriched area of the
Upper St. Johns River downstream of Blue Cypress
marsh near Lake Winder. Rates of N accumulation of
the three cores based on 137Cs and 210Pb dating
averaged 6.7 ± 1.9 g N/m2/year (C. Craft unpublished data) and were similar to the background value
of 6.6 g N/m2/year used in this analysis. The measured rates of P accumulation (C. Craft unpublished
data), however, were somewhat higher (0.2 ± 0.07 g
P/m2/year) than the background rate used in our
analysis (0.11 g P/m2/year), so our watershed-wide
estimates of P burial may be on the low side.

Assumptions and limitations
We make several assumptions that lead to some
uncertainty in our valuation of SJR wetlands for N and
P removal. First, we assume that the nutrient burial
rates measured by Brenner et al. (2001) in the Blue
Cypress area are representative of nutrient burial rates
in the whole watershed. A number of factors may
affect nutrient burial including proximity to nutrient
inputs, hydroperiod, plant community composition,
and soil type, with proximity to source being the most
important variable (Craft and Schubauer-Berigan
2006; Craft 1997). In the northern Everglades, especially Water Conservation Area 2A, several studies

Wetland type

Phosphorus ($/kg)

b

Wetlands in the SJR watershed remove 79,873 MT of
N and 2423 MT of P each year from burial/accumulation in soil (Table 5).

Table 5 Cumulative N and
P burial by freshwater
wetlands in the SJR
watershed

Nitrogen ($/kg)

Area (km2)

N burial (MT/year)

P burial (MT/year)

Swamp

2340

28,690

850

Cypress Swamp

1311

17,299

543

Inland Fresh Marsh

2572

33,884

1031

Total

6223

79,873

2423
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We assume that land use in the upper SJR
watershed, around Blue Cypress marsh, has not
changed appreciably from 1992, when Brenner et al.
(2001) collected their data, to 2009. Distances from
the more recent FNAI agricultural land locations
(polygons) were used to establish the regression
relationships (Fig. 4) with the sampled data from
Brenner et al. (2001). The FNAI land cover data is
derived from a large number of sources and is
nominally representative of 2009 conditions given
the primary orthoimagery upon which it was verified,
and therefore our watershed-scale estimates should be
considered to be applicable to the 2009 landscape
matrix and its specific configuration. According to SJR
Water Management District, the governmental agency
that manages water and water quality in the St. Johns
River, land use around Blue Cypress WMA has not
changed appreciably since the early 1990s when
Brenner et al. (2001) conducted their sampling
(Kimberly Ponzio, SJRWMD, personal communication). However, beginning in 2013, land use practices
changed as pasture and hayfields on the western side of
the marsh began to receive applications of biosolids.
So, nutrient inputs today (2013 and later) to western
areas of Blue Cypress marsh may be greater than in the
past. As a result, our estimates of nutrient burial may
underestimate the actual amounts of N and P buried by
wetlands in the SJR watershed.
The uncertainty of the role denitrification plays in
N removal also leads to some uncertainty in our
valuation. In wetlands receiving high N loadings
from agricultural runoff, denitrification removes
even more N than burial (Craft 1997). We could
reasonably assume that denitrification would
remove as much N as burial in SJR wetlands (Craft
1997), effectively doubling the N removal rates
we’ve reported here. However, some N
(0.01–17 g N/m2/year) enters wetlands via biological fixation, with negligible N fixation in environments with high N loadings (Howarth et al. 1988). If
we assumed that half of denitrification was countered by fixation, N removal rates would be 50%
higher than what we’ve reported. However, the
uncertainty of how much denitrification and N-fixation occur in SJR wetlands leads us to only report
N removal through burial, at the risk of underestimating the nutrient removal services of the wetlands. Even with this assumption, the value of
wetlands for N removal is substantial, in the billions
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of dollars per year. Organic N and P accumulation
and denitrification provide sustainable nutrient
retention for the lifetime of the wetlands, as opposed
to geochemical means of removal such as sorption
that can become saturated over time (Craft 1997).
However, it is important to recognize that long-term
sustainable N and P removal is likely to be affected
by future land use and climate change.
Greater uncertainty is associated with the wide
range in estimates for the cost of N and P removal.
Based on the literature we reviewed, the value of N
removal ranged from $240 million to $150 billion/year,
while the value of P removal ranged from $17 million
to $497 million/year. However, we must point out that
wetlands would not be able to replace the nutrient
removal functions of wastewater treatment plants
entirely. We merely use these costs to estimate the
value of the wetlands’ nutrient removal capabilities.

Conclusions
In conclusion, wetlands in the SJR watershed remove
almost 80,000 MT of N and more than 2000 MT of P
each year through burial. They likely remove even
more N through denitrification, though we were not
able to estimate denitrification rates. The estimated
replacement value of the SJR wetlands reveals their
importance in the maintenance and protection of water
quality. Even by our most conservative estimates, it
would cost $240 million to achieve the same nitrogen
removal rates and $17 million to achieve the same
phosphorus removal rates using conventional wastewater treatment plants. Though nutrient loads in the
watershed are not currently capped, the wetlands are
providing tangible benefits by maintaining clean
water. Their value cannot be overstated.
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