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Abstract: Level spreader–vegetated filter strips (LS–VFSs) and swales are versatile, low cost 
stormwater control measures (SCMs). The purpose of this study was to determine the runoff 
volume and pollutant reductions of four LS–VFSs and a swale in eastern North Carolina 
(NC). Two vegetated filter strips (VFSs) of 8 m long by 6 m wide (26 ft long by 20 ft wide), 
two VFSs of 20 m by 6 m (66 ft by 20 ft), and a trapezoidal swale with 3:1 side slopes (0.15 
m [0.5 ft] bottom width and 10.4 m [34 ft] long) were constructed. One VFS of each size 
was amended with a mixture of sand and ViroPhos, a proprietary phosphorus (P) sorptive 
aggregate. Hydrologic data were collected for rainfall events during the 11-month sampling 
period. Influent and effluent samples were collected from select rainfall events and analyzed 
for concentrations of nitrogen (N) and P species, total suspended solids (TSS), cadmium 
(Cd), copper (Cu), and zinc (Zn).

Significant runoff volume reductions averaging 36%, 59%, 42%, 57%, and 23% were found 
for the small and large unamended VFSs, the small and large amended VFSs, and the swale, 
respectively (n = 30). In general, concentrations of total nitrogen (TN) and TSS were reduced, 
while total phosphorus (TP) increased in nearly all treatments. The reductions in TN con-
centrations were significant in the amended VFSs and the swale, and TN was found to be 
irreducible at influent concentrations <1 mg L–1 (<1 ppm). TN load reductions in all treatments 
exceeded the 30% reduction credit assigned by NC, while only the amended VFSs and the 
swale exceeded the 35% load reduction credit assigned for TP. TN and TP load reductions were 
not significantly different between the VFSs and the swale. All treatments exceeded 75% TSS 
load reduction, far exceeding the 40% TSS removal credit that these systems receive in NC. In 
general, swale and VFS performance was similar in terms of TN and TP load reduction, while 
the VFSs significantly outperformed the swale in average volume and TSS load reduction.

Key words: best management practice—nutrients—particle size distribution—sediment—
stormwater—stormwater control measure 

Stormwater can be controlled using 
various structural or nonstructural storm-
water control measures (SCMs), also 
known as best management practices, to 
retain, detain, infiltrate, attenuate, and 
treat runoff. One such SCM is the level 
spreader–vegetated filter strip (LS–VFS) sys-
tem. The level spreader disperses stormwater 
along a contour to reduce the potential of 
erosion. The downslope vegetated filter strip 
(VFS) provides a stable area for infiltration, 
sedimentation, and filtration. Infiltration 
occurs at the ground surface, making LS–
VFSs valuable in areas with shallow water 
tables, like those commonly found in eastern 

North Carolina (NC). According to the NC 
Department of Environment and Natural 
Resources (NCDENR) (2007a), LS–VFSs 
are growing in popularity because they (1) 
are inexpensive to build and maintain, (2) 
are typically well received by landowners, 
and (3) function in areas with shallow water 
tables. Swales, which are grass-lined convey-
ances, share many of the benefits of LS–VFSs 
(NCDENR 2007a).

Two LS–VFS studies in the Piedmont 
region of NC found total nitrogen (TN), 
total phosphorus (TP), and total suspended 
solids (TSS) load reductions of 49% to 62%, 
46% to 48%, and 73% to 89%, respectively 

(Line and Hunt 2009; Winston et al. 2011). 
Because water generally infiltrates in LS–
VFSs and swales at the soil surface rather 
than below the surface as is typical in other 
SCMs (i.e., bioretention or permeable pave-
ment), a seasonal high water table is less 
likely to affect volume and pollutant load 
removal efficiency (Line and Hunt 2009). 
Similar nutrient load reductions were found 
in grass swales studies, with an average of 
45% TN, 52% TP, and 72% TSS removal 
rates (Deletic and Fletcher 2006).

VFSs and swales remove sediments and 
pollutants from runoff via filtration through 
the vegetation, sedimentation, infiltration, 
and biological and chemical activity within 
the plants and soil (Barrett et al. 1998; Wu 
et al. 1998; Walsh et al. 1998; Deletic 2005). 
Deletic and Fletcher (2006) found sediment 
concentrations decreased exponentially with 
VFS width (or swale length). Additionally, 
particle sizes coarser than 57 cm (22 in) 
were significantly reduced through the 
VFSs (Deletic and Fletcher 2006). Though 
VFSs and swales effectively reduce sediment 
concentrations, pollutants such as nutrients, 
metals, and polycyclic aromatic hydro-
carbons associated with fine particles in 
stormwater runoff (Charlesworth and Lees 
1999; Vaze and Chiew 2004; Zanders 2005; 
Lau and Stenstrom 2005) were not as effec-
tively reduced through the systems (Deletic 
2005). Particle size distributions (PSDs) offer 
insight into pollutant removal mechanisms.

Infiltration of runoff is one avenue of 
pollutant load mitigation in LS–VFS sys-
tems and, to a lesser extent, swales. Hunt et 
al. (2010) reported high volume reductions 
(85%) and subsequent pollutant load reduc-
tions via infiltration from a LS–VFS in the 
Piedmont region of NC. Volume reductions 
of 41% to 49% were observed at other NC 
Piedmont sites despite variations in soil 
types, loading ratios, and slopes (Line and 
Hunt 2009; Winston et al. 2011). Studies 
have reported slightly lower average volu-
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metric reductions of 33% to 47% in swales 
(Bäckström 2002; Barrett 2005).

This study sought to determine the hydro-
logic impacts and pollutant removal efficacy 
of four LS–VFSs and a swale in the Coastal 
Plain of NC, a region typically marked by 

Table 1
Level spreader–vegetated filter strip (LS–VFS) characteristics.

Parameter Details

LS–VFS location Jones Elementary School, Wilson, North Carolina
Latitude and longitude 35°43'22.4" N, 77°58'53.9" W
Watershed area (ha) 1.23
Watershed portion impervious (%) 56
Watershed hydraulic length (m) 138
Depth to seasonal high water table (m) ~0.6
Soil type* (unamended VFSs) Sandy loam (0 to 30 cm)/loam and clay loam (30 to 61 cm)
Soil type* (amended VFSs) Sand and sandy clay loam (0 to 30 cm)/sandy clay loam (30 to 61 cm)
Median infiltration rate (cm h–1)† 0.1 (unamended)/14.2 (amended)
Soil compaction (kPa; top 5 to 20 cm) 772 to >7,000 (unamended)/490 to 1,893 (amended)
VFS and swale longitudinal slope (%) 1
Blind swale storage (L) 1,530 (SmUnAm), 3,710 (LgUnAm), 1,270 (SmAm), 3,340 (LgAm)
VFS vegetation Warm season grass sod; Eremochloa ophiuroides (centipede) and Cynodon 
    transvalensis × Cynodon dactylon (Bermuda grass)
Median VFS pH (0 to 15 cm) 5.5 (unamended), 9.9 (amended)
Median VFS cation exchange capacity (0 to15 cm) (meq 100 cm–3) 3.5 (unamended), 65.3 (amended)
Median VFS P index (0 to 15 cm) 85 (unamended), 20 (amended)
Median VFS Cu index (0 to 15 cm) 17 (unamended), 20 (amended)
Median VFS Zn index (0 to 15 cm) 39 (unamended), 17 (amended)
Notes: VFS = vegetated filter strip. SmUnAm = small unamended. LgUnAm = large unamended. SmAm = small amended. LgAm = large amended. P = 
phosphorus. Cu = copper. Zn = zinc.
* Gee and Bauder 1986.
† Average in top 30 cm (Klute and Dirksen 1986).

lower slopes and generally sandier soils 
than the Piedmont and Mountain regions. 
Despite many studies on VFSs in agricultural 
settings and along highways, few studies are 
specific to urban LS–VFSs, none of which 
incorporated high water tables common in 

Coastal Plain areas. Though some studies 
have reported loading ratios (ratio of drain-
age area to VFS area), there have been no 
side-by-side studies conducted with differing 
loading ratios and similar vegetation types. 
Additionally, a swale was included in this 
study as a control. The literature and the 
generally empirical nature of NC’s stormwa-
ter design standards lack site-specific factors 
such as infiltration rate, depth to water table, 
soil type, and condition on pollutant removal 
rates for LS–VFSs.

Materials and Methods
Four LS–VFSs and a swale were constructed 
at Jones Elementary School in Wilson, NC 
(35°43´22.4˝ N, 77°58´53.9˝ W) (figure 1). 
The drainage area to the LS–VFSs measured 
1.23 ha (3.03 ac) and was 56% impervious, 
the majority of which was an asphalt park-
ing area (table 1). Soils investigation showed 
the seasonal high water table was located at 
approximately 0.6 m (2 ft) below the sur-
face. Stormwater runoff filled a riprap-lined 
forebay before being pumped to the four 
LS–VFSs and swale (figure 2).

Figure 1
Location of this study (star) and previous level spreader–vegetated filter strip studies in  
North Carolina.
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Two sizes of VFSs were studied: 8 m (mea-
sured parallel to the level spreader) by 6 m (26 
by 20 ft) (small VFSs) and 20 m by 6 m (66 ft 
by 20 ft) (large VFSs) (figure 2). One VFS of 
each size was amended to a depth of 0.3 m (1 
ft) with a 30:70 ViroPhos:sand mixture (table 
2 and figure 3). ViroPhos is a specialized 
phosphorus (P) sorptive aggregate derived 
from alumina byproduct and marketed by 
EnviRemed LLC (Ocean Isle Beach, NC) 
to reduce concentrations of metal cations, 
orthophosphate (orthoP), and acidity in 
industrial wastewater, solids, and drink-
ing water (Fergusson 2009). Henceforth, 
the four treatments will be referred to as 
small, unamended VFS (SmUnAm, #1); 
large, unamended VFS (LgUnAm, #2); 
small, amended VFS (SmAm, #3); and large, 
amended VFS (LgAm, #4). The VFSs were 
constructed at a 1% longitudinal slope with 
no cross slope (figure 3). Some settling of 
fill material occurred within the amended 
VFSs after construction, forming depressions 
where water ponded during rain events. A 
trapezoidal swale with 3:1 side slopes (0.15 m 
[0.5 ft] bottom width, 0.3 m [1 ft] depth, and 
a 1% slope) was designed to meet NC design 
guidelines (NCDENR 2007a). The swale 
was monitored 10.4 m (34 ft) downslope 
of the beginning of the swale. The VFSs 
and swale were vegetated with warm season 
grasses: centipede (Eremochloa ophiuroides) and 
hybrid Bermuda grass (Cynodon transvalensis 
× Cynodon dactylon) sod.

Soils Analysis. The infiltration potential 
of the soil was measured using the constant 
head hydraulic conductivity test per the 
Methods of Soil Analysis protocol (Klute and 
Dirksen 1986). Soil compaction was mea-
sured on October 12, 2010, using a cone 
pentrometer, and soil texture was deter-
mined using the hydrometer method (Gee 
and Bauder 1986) to explain the effects 
of soil properties on infiltration. In addi-
tion, soil samples within the amended and 
unamended VFSs were analyzed for pH, 
cation exchange capacity, base saturation, P 
index, Zn index, and Cu index to determine 
the potential of the soil to bind nutrients 
or for the nutrients and metals to solubilize 
from the soil solution.

Monitoring Hydrology. Runoff volumes 
into and out of each system were monitored 
from September of 2010 to May of 2011. 
Stormwater volumes into each LS–VFS and 
the swale were monitored using inline DLJ 
200 water meters and recorded manually 

Figure 2
Site layout (#1 through #4 refer to the small unamended, large unamended, small amended, 
and large amended vegetated filter strips, respectively).
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after rain events. Additional runoff volumes 
due to direct rainfall on the systems were cal-
culated using the initial abstraction method 
(Hawkins et al. 2002). Outflow runoff from 
the VFSs was collected in polyvinyl chloride 
(PVC) troughs 6 m (20 ft) downslope of each 
level spreader (figure 3). The PVC troughs 

Table 2
Summary of construction dimensions of level spreader–vegetated filter strips (small  
unamended [SmUnAm], large unamended [LgUnAm], small amended [SmAm], and large  
amended [LgAm]) and the swale at Jones Elementary School, Wilson, North Carolina.

 Figure 2  Phosphorus sorptive
Treatment reference Dimensions (m) amendment?

SmUnAm #1 8 × 6  No
LgUnAm #2 20 × 6  No
SmAm #3 8 × 6  Yes
LgAm #4 20 × 6  Yes
Swale Swale 10 × 0.15 (bottom width) No

were sloped 0.5% toward weir boxes, where 
the water passed under a baffle to create 
laminar flow, then over a sharp-crested 45° 
V-notch weir. An ISCO 730 bubbler flow 
module (Teledyne Isco, Lincoln, Nebraska) 
measured depth of flow over the weir, which 
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Figure 3
Cross section of level spreader–vegetated filter strips (LS–VFS).

Concrete level spreader

1 m (long) х 76 mm (deep) no. 57 stone
underlain with Geotextile

Blind swale

254 mm diameter PVC collection 
trough at 0.005 ft ft–1 toward weir box

Centipede/Bermuda grass sod

1% slope

Unamended soil (VFS #1 and #2)

0.3 m deep amended soil (VFS #3 and #4)

6 m vegetated filter strip

was converted to flow rate using the weir 
equation (Grant and Dawson 2001):

Q = 571.4H2.5, (1)

where Q = flow rate (L s–1); and H = head (m).
Rainfall. Rainfall depth was measured 

using a manual rain gauge and an ISCO 674 
tipping bucket rain gauge (table 3). Rainfall 
data was combined for storms in close tem-
poral proximity to correlate with runoff 
volume analyses. Rainfall depths ranged 
from 1.0 to 42.4 mm (0.04 to 1.67 in), with 
a median rainfall event size of 9.1 mm (0.36 
in), similar to the 50% rainfall event depth 
from 30-year daily rainfall data of 10.7 mm 
(0.42 in) cited by Bean (2005) for Greenville, 
NC, approximately 58 km (36 mi) to the 
east of Wilson.

Water Quality. Flow proportional storm-
water samples were collected from the 
forebay, from each VFS outlet, and from the 
swale outlet during rainfall events from July 
of 2010 to April of 2011 using ISCO 6712 
portable samplers. Influent samples were col-
lected based on rainfall depth, which was 
used as a surrogate for runoff volume. The 
first aliquot was obtained after 0.43 cm (0.17 
in) of rainfall, and samples were collected 
every 0.08 cm (0.03 in) of rainfall thereaf-
ter. Effluent samples were collected based on 
flow volume over the weirs. Each of the five 
effluent samples was collected using a separate 
ISCO 6712 portable sampler. Samplers were 
manually reset and the sample bottles were 
cleaned before each monitored rain event.

Sampling Protocol. Flow volumes were 
calculated by ISCO 6712 portable samplers 
by integrating calculated flow rates with time. 
Each sampler was programmed to collect 
200 mL (6.8 oz) flow proportional aliquots 

composited in a 10 L (2.6 gal) polyethyl-
ene sample jar. The composite samples were 
recovered within 24 hours of the end of 
rainfall. Nitrite and nitrate nitrogen (NO2-

3-N), total Kjeldahl nitrogen (TKN), total 
ammoniacal nitrogen (TAN), and TP samples 
were preserved with sulfuric acid (H2SO4). 
Orthophosphate samples were filtered imme-
diately upon collection through a 0.45 micron 
(1.8 × 10–5 in) filter and were not preserved. 
The nutrient and TSS samples were immedi-
ately placed on ice. Cadmium (Cd), copper 
(Cu), and zinc (Zn) samples were preserved 
with nitric acid (NHO3). All samples were 
analyzed using US Environmental Protection 
Agency and Standard Methods (USEPA 
1993; APHA 1998) (table 4). TN concentra-
tions were calculated by summing TKN and 
NO2-3-N concentrations. Organic N (ON) 
concentrations were determined as the differ-
ence between TKN and TAN. The difference 
between TP and orthoP was equal to the par-
ticle bound phosphorus (PBP) concentration.

Samples for PSD analysis were collected in 
1 L (0.26 gal) plastic bottles after the nutrient 
and TSS samples were collected from four 
storm events in February to April of 2011. 
They were preserved with ice and analyzed 
using a Beckman-Coulter Laser Particle Size 

analyzer LS13-320 with a universal liquid 
module capable of measuring particle sizes 
ranging from 0.04 to 2,000 microns (1.6 × 
10–6 to 0.08 in) after being concentrated via 
a drying oven at 70°C (158°F) for 24 hours 
(Beckman Coulter 2009). A standard oper-
ating procedure with a beam obscuration of 
40% was developed by the lab, and samples 
were sonicated for 15 seconds before analyz-
ing for particle size.

Pollutant load reductions were calculated 
for rainfall events after the water meters 
were installed in September of 2010. The 
number of samples collected was influ-
enced by the available outflow volume as 
some treatments had no outflow in smaller 
rainfall events and by the availability of the 
lab to process the samples within the hold-
ing time. Concentrations below detection 
limits were replaced with one-half of the 
laboratory detection limit for statistical 
analysis (Gilbert 1987).

Data Analysis. Water quality was 
assessed using three metrics. First, the event 
mean concentration (EMC) efficiency (%) 
was calculated for rain events by the fol-
lowing equation:

EMC Efficiency (%) =                     × 100
Concin

⎛

⎝
⎜

⎛

⎝
⎜

(Concin – Concout) , (2)

where Concin was the average inlet EMC 
and Concout was the average outlet EMC 
(mg L–1 or µg L–1).

The second method, pollutant load reduc-
tion (%), was calculated by:

Load Reduction (%) =                     × 100
SOLin

⎛

⎝
⎜

⎛

⎝
⎜

(SOLin – SOLout ) , (3)

where SOLin (summation of loads) was the 
summation of pollutant loads in the inflow 
and SOLout was the summation of pollutant 
loads in the outflow (µg or mg), calculated by:

SOL = ∑Load = ∑(Conc × Q), (4)

where Conc is defined above and Q was 
flow volume (L).

The final method of assessing SCM effi-
ciency was a direct comparison of outlet 
pollutant concentrations to established water 
quality benchmarks or ambient water quality 
measurements in close spatial proximity.

Statistical Analysis. Statistical analysis 
was performed using SAS 9.2 software (SAS 
2008) to compare volume and pollutant 
reduction within and between the treat-
ments. All statistical tests were two-sided and 

Table 3
Summary of rainfall data corresponding to 
runoff volume analyses. Number of rainfall 
events = 30.

Parameter Rainfall depth (mm)

Range 1.0 to 42.4
Mean 13.1
Median 9.1
50% event depth 10.7
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Table 4
Methods of analysis, preservation, and method detection limit for nutrients (total Kjeldahl nitrogen [TKN], nitrite and nitrate nitrogen [NO

2-3
-N],  

total ammoniacal nitrogen [TAN], total phosphorus [TP], and orthophosphate [orthoP]), metals (cadmium [Cd], copper [Cu], and zinc [Zn]), total 
suspended solids (TSS), and particle size distribution (PSD).

   Method detection Maximum
Constituent Method of analysis Preservation limit (mg L–1) holding time

TSS SM 18th 2540 D† <4°C 1.0 7 d
TKN EPA 351.2* H2SO4 (<2 pH), <4°C 0.140 7 d
NO2-3-N SM 20th 4500-NO3-F† H2SO4 (<2 pH), <4°C 0.0056 7 d
TAN SM 20th 4500-NH4-H† H2SO4 (<2 pH), <4°C 0.007 28 d
TP SM 20th 4500-P-E† H2SO4 (<2 pH), <4°C 0.010 28 d
OrthoP SM 20th 4500-P-F† <4°C 0.006 48 h
Cd EPA 200.8* HNO3 (<2 pH) 0.001 6 mo
Cu EPA 200.8* HNO3 (<2 pH) 0.002 6 mo
Zn EPA 200.8* HNO3 (<2 pH) 0.010 6 mo
PSD SOP <4°C 0.04 microns —
Notes: SM = standard method. EPA = environmental protection agency. H2SO4 = sulfuric acid. HNO3 = nitric acid. SOP = standard operating  
procedure.
* USEPA 1993.
† APHA 1998.

used a significance level of α = 0.05. Each 
rain event was considered a replicate for 
statistical purposes.

PROC UNIVARIATE was used to 
determine differences in paired data: inflow 
vs. outflow. The difference between each set 
of pairs was checked for normality using 
the Shapiro-Wilk, Kolmogorov-Smirnov, 
Cramer-von Mises, and Anderson-Darling 
goodness-of-fit tests on both nontrans-
formed and log transformed data. If the data 
were normally distributed in at least three 
of the four goodness-of-fit tests, the paired 
t-test was used. When the data were not 
normally distributed, they were log trans-
formed, and the goodness-of-fit tests were 
reevaluated. If log transformation resulted in 
normally distributed data, the paired t-test 
was used. When the data were not log-nor-
mally distributed, the sign or signed rank 
tests were used; the sign test was used in favor 
of the signed rank test when two or more 
outliers were found while examining box 
plots of the data.

To test the comparisons between treat-
ments and main effects of size, amendment, 
and differences between the swale and the 
VFSs, PROC FREQ was used to perform 
a Friedman test, the nonparametric equiva-
lent to an analysis of variance for repeated 
measures with a blocking factor of rainfall 
event and a Bonferroni adjustment for mul-
tiple comparisons. The block allowed data 
from the same rainfall event to be analyzed 
together, similar to a paired t-test. To deter-
mine the main effects, a nested model was 

used since the swale did not share the factors 
of size and amendment with the VFSs.

Results and Discussion
Hydrology. In some cases, measured outflow 
volumes from the SmUnAm VFS, SmAm 
VFS, and swale exceeded the correspond-
ing measured inflow volumes. Some of the 
volume inconsistencies may have been due 
to instrument precision or accuracy; how-
ever, 14 of the 150 measurements indicated 
greater than 5% volume increases through 
the VFSs or swale. In these cases, it was 
assumed that the DLJ 200 was not accu-
rately measuring volume, most likely due to 
clogging or unmonitored flow entering the 
treatment areas. When measured outflow 
volumes exceeded corresponding inflow 
volumes, the outflow volume was set equal 
to the inflow volume and 0% volume reduc-
tion was assumed for calculation purposes. 
Adjusted inflow volumes were used to cal-
culate loading ratios for each VFS, which are 
the ratio of contributing area to VFS area. 
The contributing area for each VFS was 
determined based on the average portion of 
total volume entering each VFS during the 
monitoring period (table 5).

Volume reductions ranged from 0% to 
100% for all VFSs and from 0% to 80% for 
the swale. All VFSs and the swale significantly 
reduced runoff volumes. The average volume 
reduction of the swale was 23%, significantly 
less than the collective VFSs (36% to 59%). 
However, volume reductions in the swale 

were not significantly different than those 
observed in either small VFS.

The large VFSs reduced significantly more 
volume than their smaller counterparts. The 
amended VFSs reduced significantly more 
volume than the unamended VFSs, though 
the magnitude of the difference appeared 
small (table 5). The soils in the unamended 
VFSs had a much lower median hydraulic 
conductivity (0.1 cm h–1 [0.04 in hr–1]) than 
that of the amended VFSs (14.2 cm h–1 [5.59 
in hr–1]) (table 1). The unamended soils were 
finer textured than the 70:30 sand:ViroPhos 
mixture in the amended VFSs. Soil compac-
tion tests showed unamended soils exceeded 
the “excessively compacted” threshold of 
2,070 kPa (300 psi) (Murdock et al. 1995; 
Fulton et al. 1996; Pitt et al. 2008) in the 
top 5 to 20 cm (2 to 8 in), while the median 
compaction of the amended soil was 1,227 
kPa (178 psi).

Despite the variation in soil characteris-
tics between the amended and unamended 
VFSs, the volume reductions of both small 
VFSs were similar to each other and near 
the low range of those observed in studies in 
the Piedmont region of NC (table 5) (Line 
and Hunt 2009; Winston 2009; Hunt et al. 
2010). Volume reductions in the larger VFSs 
were similar to each other and the reductions 
reported in the Piedmont studies. Runoff 
storage within the blind swale upslope of the 
LS–VFSs accounted for approximately one-
third of the runoff volume associated with 
the median rainfall depth. At maximum 
available storage capacity, the blind swales 
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upslope of the VFSs may have accounted for 
the difference in volume reduction between 
the VFSs and the swale.

The Wilcoxon rank sum test was used to 
test for seasonal differences between inflow 
and outflow volumes and the volume reduc-
tions in the spring/summer and fall/winter. 
No significant difference was found, indicat-
ing the dormancy period of the grass did not 
have a significant effect on volume reduction.

Event Mean Concentration Efficiency of 
Each Treatment. Concentrations of all N 
species, PBP, TSS, Cd, and Zn generally 
decreased between the inlet and the outlet in 
nearly all treatments, while TP, orthoP, and 
Cu generally increased, though not always 
significantly (table 6). Significant decreases 
in TAN and TSS concentrations occurred 
in all VFSs and the swale. All N species sig-
nificantly decreased in the amended VFSs 
except TKN and ON, while only TAN sig-
nificantly decreased in the unamended VFSs. 
Significant increases of TP and orthoP were 
found in the unamended VFSs.

The Wilcoxon rank sum test was used to 
test for seasonal differences between influ-
ent and effluent pollutant concentrations 
in the spring/summer and fall/winter. No 
significant difference was found, indicating 
the dormancy period of the grass in the VFS 
and swale did not have a significant effect 
on pollutant reduction or export. Similarly, 

Winston et al. (2011) did not find a significant 
effect of seasonality on nutrient reduction in 
LS–VFSs in Apex and Louisburg, NC.

The majority of TN in the influent and 
effluent of each treatment was in the ON 
form (figure 4a), similar to other NC studies 
(Line and Hunt 2009; Winston et al. 2011). 
ON was only significantly reduced through 
the small amended VFS. This is potentially 
due to transformation or settling of organic 
material and sediment in the depressions in 
the amended VFS formed by subsidence of 
the fill material. The depression in the small 
amended VFS was more pronounced than in 
the large amended VFS, potentially the factor 
in significant ON removal.

TAN concentrations were signifi-
cantly reduced throughout each treatment. 
Mechanisms for TAN reduction under 
neutral pH levels are plant uptake, sorp-
tion to clay particles, evaporation as the 
soil dries, and oxidation to NO2-3 by soil 
bacteria (Brady and Weil 2004). The large 
VFSs reduced significantly more TAN than 
the small VFSs, and each VFS reduced more 
TAN than the swale. Since seasonal differ-
ences were not significant, plant uptake and 
biological activity were most likely insig-
nificant TAN removal mechanisms. Nitrite 
and nitrate nitrogen concentrations signifi-
cantly decreased through the amended VFSs, 
potentially due to a reaction with the soil 

amendment or through denitrification, as 
the soil appeared saturated after even small 
rainfall events. Nitrite and nitrate nitrogen 
may also have been assimilated by plants. TN 
concentration reductions in the unamended 
VFSs were similar to the Piedmont NC 
studies (table 7), whereas reductions in the 
amended VFSs were high compared to 
Piedmont NC studies (Line and Hunt 2009; 
Winston et al. 2011). In general, the swale 
was more effective than the unamended 
VFSs at reducing TN concentrations, but less 
effective than the amended VFSs.

The increase in TP effluent concentrations 
was due to an increase in orthoP (figure 4b). 
Significant increases in orthoP concentra-
tions were found in all treatments except 
the small amended VFS and were potentially 
due to solubilizing from the high soil test 
P unamended soils or decaying vegetation. 
Soil test P index values of 83 to 90 (100 to 
108 ppm) were found in the top layer of the 
unamended soils on the site, similar to the 
86 to 100 P index values (103 to 120 ppm) 
found in the Hunt et al. (2006) study. Values 
above 50 (60 ppm) are considered high 
(Hardy et al. 2003). Hunt et al. (2006) found a 
positive correlation between soil test P values 
and exfiltrate TP concentrations from biore-
tention, with the increase in TP potentially 
due to iron (Fe) reduction in saturated con-
ditions and the subsequent release of orthoP. 

Table 5
Vegetated filter strip (VFS) and swale properties and volume reductions.

 Line and Hunt Hunt et al. Winston
 (2009) (2010) (2009)  This study
 North Carolina Charlotte, Louisburg,
Parameter 42 and I-40 North Carolina North Carolina Wilson, North Carolina

     SmUnAm LgUnAm SmAm LgAm Swale 
Loading ratio (__:1) 28 9 45 20.2 23 12 32 19
 
Slope (%) 5.2 1.25 4.9 7.0 1 1 1 1 1

Amendment None SL None None None None ViroPhos ViroPhos None
                and sand    and sand
Underlying soil type Fine sand SL L/SL L/SL SL/CL SL/CL SL/SCL SL/SCL SCL
       and topsoil                    
Blind swale length (m) 7.3 19.4 4 4 8 20 8 20 —
VFS width (m) 17.1 46 7.6 15.2 6.1 6.1 6.1 6.1 —
Blind swale Not reported 6340 400 350 1530 3710 1270 3340 —
   volume (L)    
Hydraulic conductivity Not reported 6 to 16.5 5.5 4.8 0.1 0.1 14.2 14.2 —
    (cm h–1)     
Volume reduction (%) 49 85 48 41 36 59 42 57 23
Notes: SmUnAm = small unamended. LgUnAm = large unamended. SmAm = small amended. LgAm = large amended. L = loam. SL = sandy loam. CL = 
clay loam. SCL = sandy clay loam.
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Table 6
Median pollutant concentrations and event mean concentration (EMC) efficiencies for the level spreader–vegetated filter strips (small unamended 
[SmUnAm], large unamended [LgUnAm], small amended [SmAm], and large amended [LgAm]) and the swale.

  Median concentration (mg L–1)	 	 	 	 EMC	efficiency	(%)

 Number of          
Parameter samples Inlet SmUnAm LgUnAm SmAm LgAm Swale SmUnAm LgUnAm SmAm LgAm Swale

TKN 20 to 24 0.98 1.05 0.85 0.73 0.96 0.86 15 22 39 24 24
NO2-3-N 20 to 24 0.18 0.17 0.21 0.11 0.12 0.18 2 –18 43 38 20
TN 20 to 24 1.21 1.16 1.13 0.93 0.98 1.02 13 15 40 27 24
TAN 20 to 24 0.16 0.08 0.05 0.07 0.04 0.08 56 74 64 77 54
ON 20 to 24 0.83 0.92 0.80 0.68 0.86 0.75 3 6 32 9 16
TP 20 to 24 0.14 0.33 0.28 0.17 0.17 0.17 –126 –102 2 –46 –21
OrthoP 17 to 20 0.06 0.26 0.21 0.08 0.09 0.09 –345 –304 –45 –161 –76
PBP 17 to 20 0.07 0.05 0.05 0.04 0.04 0.06 46 46 53 55 28
TSS 17 to 21 33 8 8 5 5 10 81 84 89 91 81
Cd 8 BDL BDL BDL BDL BDL BDL 19 19 19 19 19
Cu 10 to 11 0.0031 0.0048 0.0059 0.0041 0.0046 0.0027 –115 –82 –40 –52 –147
Zn 10 to 11 0.019 BDL BDL BDL BDL 0.015 –77 83 89 89 72
Notes: Bold parameters are significant at α = 0.05. BDL = below detection limit. TKN = total Kjeldahl nitrogen. NO2-3-N = nitrite and nitrate nitrogen. 
TN = total nitrogen. TAN = total ammoniacal nitrogen. ON = organic nitrogen. TP = total phosphorus. OrthoP = orthophosphate. PBP = particle bound 
phosphorus. TSS = total suspended solids. Cd = cadmium. Cu = copper. Zn = zinc.

The ViroPhos amendment is composed of 
both Fe oxides and aluminum (Al) hydrox-
ides. Though Fe oxides may release P when 
saturated, Al does not become reduced and 
thus does not release P in anoxic conditions.

The amended soils had low soil test P val-
ues (19 [23 ppm]) and high cation exchange 
capacity (53.6 meq 100 cm–3) and are there-
fore an unlikely source of orthoP. Line and 
Hunt’s (2009) LS–VFS study attributed 
the decreases in dissolved and TP loads 
to soils with low soil test P index values, 
though increases in concentrations were still 
observed (table 7). Winston et al. (2011) also 
reported low soil test P index soils (<43 [52 
ppm]) in VFSs and significant orthoP and 
TP load reductions. Collins (2007) found 
increases in TP exfiltrate from permeable 

pavement sites in NC, and Rushton (2001) 
found swales in conjunction with stormwa-
ter basins increased the P loads in the basin 
effluent, indicating solubilization from the 
soil or vegetation.

Waschbusch et al. (1999) and Easton and 
Petrovic (2008) associated P concentrations 
with throughfall from tree canopies. The 
unamended VFSs ranged from approxi-
mately 3 to 5.5 m (10 to 18 ft) to the tree 
line, while the amended VFSs and the swale 
were 9 to 32 m (30 to 105 ft) from the tree 
line, which potentially affected the amount 
of P contributed by leaf litter or throughfall. 
The plots closer to the treeline appeared to 
have more vegetative debris than those far-
ther away. The particle-bound P significantly 
decreased through the SCMs, except the 

small unamended VFS, suggesting sediment 
was not the source of the increased TP con-
centrations. Increases in TP concentration 
in the amended VFSs were similar to those 
found in previous Piedmont studies, but the 
increases in the unamended VFSs exceeded 
those in the Piedmont studies (table 7) (Line 
and Hunt 2009; Winston et al. 2011). The 
swale contributed less TP to the runoff than 
all but the small amended VFS.

The TSS concentration reductions 
exceeded those found in other NC studies 
(table 7) (Line and Hunt 2009; Winston et 
al. 2011). TSS concentration may be a func-
tion of the physical properties of the VFS, 
such as low slope (table 5), or related to 
the influent particle sizes. PSDs were ana-
lyzed for four rainfall events in February to 

Table 7
Comparison of Wilson, North Carolina, level spreader–vegetated filter strips (LS–VFS) and swale event mean concentration (EMC) efficiencies of 
total nitrogen (TN), total phosphorus (TP), and total suspended solids (TSS) to previous LS–VFS studies.

 Line and Hunt Winston et al.
 (2009) (2011)    This study
 North Carolina Louisburg,  Apex, 
Parameter 42 and I-40 North Carolina  North Carolina  Wilson, North Carolina
Loading ratio 28:1 51:1 23:1 49:1 26:1 23:1 12:1 32:1 19:1 Swale
Amendment None None None None None None None ViroPhos ViroPhos None
               and sand    and sand
Slope (%) 5.2 4.9 7.0 6.2 7.3 1.0 1.0 1.0 1.0 1.0
TN EMC reduction (%) 14 –17 18 16 32 13 15 40 27 24
TP EMC reduction (%) –11 –27 –2 33 40 –126 –102 2 –46 –21
TSS EMC reduction (%) 70 51 67 65 72 81 84 89 91 78
Note: Bold values indicate significance at the α = 0.05 level. 
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March of 2011 from the unamended VFSs 
and the swale. Each rainfall event had low 
concentrations of TSS both entering and 
leaving the SCMs (table 8). Particle size dis-
tributions were reported as volume fractions 
for discrete particle sizes ranging from 0.04 
to 2,000 µm (1.4 × 10–9 to 7.1 × 10–5 oz). 
The 10th, 50th, and 90th percentile particle 
diameters have been abbreviated as d10, d50, 
and d90.

The influent median particle diameters 
ranged from 30 to 140 µm (0.001 to 0.006 
in) (table 8), similar to findings of Kim and 
Sansalone (2008). Effluent median particle 
size from the VFSs ranged from 13 to 56 µm 
(0.0005 to 0.0022 in). Deletic (2005) found 
particles >57 µm (>0.0022 in) were sig-
nificantly reduced through VFSs. The swale 
consistently outperformed the VFSs, reduc-
ing median particle diameter to 11 to 20 µm 
(0.0004 to 0.0008 in) for the rainfall events 
studied, potentially due to the uniformly 
thick vegetation in the swale. Though no 
erosion was visible within the VFSs, the veg-
etation appeared less dense and healthy than 
that in the swale.

Hydraulic retention time (HRT) is 
exponentially related to particle removal in 
grassed swales (Bäckström 2003), and sedi-

ment concentration decreases exponentially 
with VFS width until a maximum removal 
is reached (Deletic 1999). Bäckström (2003) 
found a 110 m (361 ft) swale in Sweden ade-
quately removed particles <25 µm (<0.001 
in) and suggested a residence time of 5 to 
7 minutes. Hydraulic retention times of 2.9 
minutes and 29 seconds were calculated for 
the VFSs and the swale, respectively, using 
Manning’s Equation. The VFSs and swale 
herein were shorter in both length and HRT 
than the aforementioned studies, but smaller 
particles were trapped in both the VFSs and 
swale. Bäckström (2002) determined that 
mean residence time and particle settling 
velocity could be used to predict trapping 
efficiency. Coarse particles associated with 
the sandy soils in the Coastal Plain region 
of NC settle more quickly than fine parti-
cles; therefore, sediment load removal goals 
may be reached in Coastal Plain systems with 
shorter HRTs and lengths.

Event Mean Concentration Efficiency as 
a Function of Influent Concentration. Event 
mean concentration efficiency in an SCM 
is influenced by the influent pollutant con-
centration (Strecker et al. 2001; McNett et 
al. 2011). Median influent concentrations of 
1.21 mg L–1 (1.21 ppm) TN and 0.14 mg L–1 

(0.14 ppm) TP were observed in this study 
(table 6), slightly less than the mean concen-
trations of 1.57 mg L–1 (1.57 ppm) TN and 
0.19 mg L–1 (0.19 ppm) TP in runoff from 
eight parking lots in NC (Passeport and 
Hunt 2009). Winston et al. (2011) suggested 
irreducible influent concentrations in LS–
VFS systems because an influent sample with 
0.75 and 0.06 mg L–1 (0.75 and 0.06 ppm) 
of TN and TP, respectively, had the largest 
increase in concentration of those sampled. 
Herein, influent TN concentrations less than 
approximately 1 mg L–1 (1 ppm) were found 
to increase, while influent TN concentrations 
of greater than 1 mg L–1 appeared to decrease 
(figure 5a). TSS concentrations were reduced 
at all observed influent concentrations (fig-
ure 5b), most likely due to the filtration and 
sedimentation in the VFSs and swale.

Cadmium, Copper, and Zinc Event Mean 
Concentration Efficiency. Median influ-
ent and effluent concentrations of Cd, Cu, 
and Zn were all well below the NC limits 
for wastewater treatment plants discharging 
to freshwater (0.002, 0.007, and 0.050 mg L–1 
[0.002, 0.007, and 0.050 ppm], respectively) 
(table 6) (NCDENR 2007b). Slight increases 
in Cu concentrations were observed in all 
VFSs and the swale. The Cu index of the 

Figure 4
(a) Average event mean concentrations of total nitrogen constituents (nitrite and nitrate nitrogen [NO

2-3
-N], ammonium nitrogen [NH

4
-N], and organic 

nitrogen [ON]) and (b) average event mean concentrations of total phosphorus constituents (particle bound phosphorus [PBP] and orthophosphate 
[orthoP]) for the the level spreader–vegetated filter strips (small unamended [SmUnAm], large unamended [LgUnAm], small amended [SmAm], and 
large amended [LgAm]) and swale.
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unamended soil averaged 17 (0.34 ppm), 
which is considered low for vegetative 
viability (Hardy et al. 2003), therefore solubi-
lizing from the soil was unlikely. A potential 
source of Cu was the treated plywood col-
lection boxes. A Cu based preservative is 
applied to most treated plywood to prevent 
rot and decay (Hingston et al. 2001). Copper 
has been found to solubilize from wood in 
solutions up to a pH of 8.5, with increasing 
solubility at lower pHs (Warner and Solomon 
1990; Hingston et al. 2001). Near neutral pH 
readings were found in the treated plywood 
outlet boxes. Higher Cu concentrations were 
found in the unamended VFS effluent than 
the amended VFS effluent, potentially due to 
the soil amendment’s sorption of Cu.

Zinc concentrations were reduced by 70% 
or more in all treatments except the small 
unamended VFS (table 6). Removal of the 
July 24, 2010, outlier concentration of 1,300 
µg L–1 (1,300 ppb) from the small unamended 
VFS data set yielded a mean effluent con-
centration of 10 µg L–1 (10 ppb) for Zn and 
an EMC efficiency of 84%, similar to the 
other VFSs and swale. Concentration reduc-
tions were similar to that of Line and Hunt 
(2009), 74%.

Table 8
Rainfall events sampled for particle size distribution (PSD) analysis with rainfall depth, total 
suspended solids concentrations, and d10, d50, and d90 (10th, 50th, and 90th percentile parti-
cle diameters, respectively) for PSDs.

  SmUnAm LgUnAm Swale
Parameter	 Influent	 effluent	 effluent	 effluent

Feb. 4, 2011, rainfall = 3.30 cm 
 Concentration (mg L–1) 20 12 6 9
 d10 (µm) 2.12 1.75 6.13 1.16
 d50 (µm) 29.75 29.11 56.70 17.58
 d90 (µm) 161.06 89.10 248.71 60.77
Feb. 28, 2011, rainfall = 2.08 cm

Concentration (mg L–1) 25 — — 13
d10 (µm) 6.78 N/A N/A 1.20
d50 (µm) 56.38 N/A N/A 11.73
d90 (µm) 276.73 N/A N/A 41.49

Mar. 6, 2011, rainfall = 2.13 cm
 Concentration (mg L–1) 33 10 8 14
 d10 (µm) 11.48 2.69 4.44 1.47
 d50 (µm) 94.88 48.92 51.95 19.92
 d90 (µm) 656.58 440.51 373.71 158.69
Mar. 30, 2011, rainfall = 2.54 cm
 Concentration (mg L–1) 24 8 4 5
 d10 (µm) 18.29 0.63 1.96 0.95
 d50 (µm) 139.83 13.50 13.40 17.24
 d90 (µm) 587.41 111.25 47.93 73.52
Notes: SmUnAm = small unamended. LgUnAm = large unamended.

Figure 5
Reductions in (a) total nitrogen (TN) and (b) total suspended solids (TSS) as a function of inlet TN and TSS concentrations, respectively, for the the 
level spreader–vegetated filter strips (small unamended [SmUnAm], large unamended [LgUnAm], small amended [SmAm], and large amended 
[LgAm]) and swale.
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Event Mean Concentration Effluent 
Concentrations. Effluent pollutant concen-
trations ultimately impact water quality at 
the discharge location. Several studies and 
regulations have established target effluent 
concentrations. McNett et al. (2010) cor-
related benthic macroinvertebrate health to 
ambient water quality in each of the three 
ecoregions in NC. In the Coastal Plain, sig-
nificant correlations were found between a 
“good” health of benthic macroinvertebrate 
populations and 0.23 mg L–1 (0.23 ppm) of 
NO2-3-N and 0.09 mg L–1 (0.09 ppm) of 
TP (McNett et al. 2010). Macroinvertebrate 
populations associated with the “good” 
characterization are intolerant species 
such as Drunella allegheniensis (mayfly) and 
Rhyacophila fuscala (caddisfly). A significant 
correlation was found between TN and 
macroinvertebrate health in the adjacent 
Piedmont region, with “good” water qual-
ity corresponding to a concentration of 0.99 
mg L–1 (0.99 ppm) (McNett et al. 2010). 
Barrett et al. (2004) found median effluent 
TSS concentration from roadside VFSs of 25 
mg L–1 (25 ppm), leading to this threshold to 
be accepted by the Sustainable Sites Initiative 
(2009). Cadmium, Cu, and Zn concen-
trations for wastewater treatment plant 
discharge to freshwater in NC are capped at 
2, 7, and 50 µg L–1 (2, 7, and 50 ppb), respec-
tively (NCDENR 2007b), though they are 
not mandated for stormwater discharges. 
Influent and effluent concentrations are 
compared to these concentration thresholds 
in figure 6.

Median influent and effluent concentra-
tions of NO2-3-N did not exceed the “good” 
water quality threshold for the Coastal Plain, 
while only the amended VFS median effluent 
TN concentrations did not exceed the TN 
threshold (figure 6). Both influent and efflu-
ent median concentrations of TP exceeded 
the target concentrations. All median effluent 
TSS concentrations were below 25 mg L–1 
(25 ppm). Copper and Zn median influent 
and effluent concentrations did not exceed 
the NC Redbook standards of 7 and 50 µg 
L–1 (7 and 50 ppb), respectively (figure 6) 
(NCDENR 2007b).

Load Reductions. Loads of N species, PBP, 
TSS, Cd, and Zn decreased while those of TP, 
orthoP, and Cu increased between inlet and 
the outlet in nearly all treatments (table 9). 
The large VFSs were more effective at reduc-
ing loads of N species than the small VFSs. 
The amended VFSs were more effective than 

the unamended VFSs at reducing loads of all 
N species but TAN (p = 0.0509). However, 
the VFSs were not significantly better than 
the swale at reducing TKN, TAN, ON, and 
TN loads. The VFSs reduced significantly 
more NO2-3-N loads than the swale.

Effluent TSS, TP, orthoP, and PBP loads 
were relatively lower in larger and amended 
VFSs. However, the VFSs were not signifi-
cantly better at reducing TP and PBP loads 
than the swale. The swale was significantly 
more effective at reducing orthoP loads than 
the VFSs. TSS reduction was significantly 
greater in the VFS, potentially due to greater 
contact time with soil and vegetation.

NCDENR regulates load reductions of 
TN, TP, and TSS and assigns pollutant load 
reduction credit to each SCM. All treatments 
exceeded the TN load reduction of 30% 
assigned by NCDENR (2007a) (table 9). 
Only the amended VFSs exceeded the 35% 
TP load reduction credited by NCDENR. 
All treatments surpassed the 40% TSS load 
reduction credit. TN and TSS load reductions 
were similar to those found in other studies 
in the Piedmont region of NC (table 10) 
(Line and Hunt 2009; Winston et al. 2011). 
TP load reductions in the unamended VFSs 
were less than those observed in Piedmont 
NC studies, but load reductions from the 
amended VFSs were similar to those studies 
(Line and Hunt 2009; Winston et al. 2011).

Vegetated Filter Strips Compared to Swale 
Performance. No significant differences 
in TN or TP loads were found between 
VFS and swale treatments despite signifi-

cant differences in volume reduction. TSS 
load reduction was only slightly less effec-
tive in the swale than the VFSs. Particle size 
distribution analysis indicated the swale con-
sistently reduced median particle diameters 
to less than 20 µm (0.0008 in), which may 
account for the swale’s pollutant reduction 
since pollutants are disproportionally associ-
ated with smaller particles (Charlesworth and 
Lees 1999; Vaze and Chiew 2004; Zanders 
2005; Lau and Stenstrom 2005). The lack 
of a blind swale and decreased contact time 
with the soil limits the potential for solubi-
lization, infiltration, and plant uptake in the 
swale. Therefore the swale must rely on dense 
vegetation to filter and slow water to provide 
treatment. Swales typically do not receive 
pretreatment from a forebay as in this study, 
which may have had an important impact 
on pollutant removal, especially for pollut-
ants associated with sediment. Though swales 
provide similar pollutant concentration and 
load reductions to LS–VFSs, they still release 
water as a point source, which may lead to 
stream bank erosion at the discharge point.

Summary and Conclusions
Four LS–VFSs and a swale were evaluated 
as stormwater control measures in eastern 
North Carolina. The following is a summary 
of the results:
1. Outflow volumes were reduced for all 

treatments. Larger VFSs (59% and 57%) 
produced greater volume reductions 
than small VFSs (36% and 42%), which 

Table 9
Load reduction summary for the the level spreader–vegetated filter strips (small unamended 
[SmUnAm], large unamended [LgUnAm], small amended [SmAm], and large amended [LgAm]) 
and swale.

 Number of
Parameter	(%)	 samples	 SmUnAm	 LgUnAm	 SmAm	 LgAm	 Swale

TKN 13 to 15 39 66 58 68 43
NO2-3-N 13 to 15 27 42 56 71 39
TAN 13 to 15 68 88 74 89 61
ON 13 to 15 33 61 54 63 38
TN 13 to 15 38 62 58 69 43
TP 13 to 15 –42 22 53 56 32
OrthoP 12 to 15 –156 –57 39 32 20
PBP 12 to 15 50 79 66 76 41
TSS 12 to 14 82 93 90 94 75
Cu 4 to 5 –50 –51 19 38 43
Zn 4 to 5 85 85 89 91 81
Note: Bold parameters are significant at α = 0.05. TKN = total Kjeldahl nitrogen. NO2-3-N = nitrite 
and nitrate nitrogen. TN = total nitrogen. TAN = total ammoniacal nitrogen. ON = organic nitro-
gen. TP = total phosphorus. OrthoP = orthophosphate. PBP = particle bound phosphorus.  
TSS = total suspended solids. Cu = copper. Zn = zinc. 
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Figure 6
Influent and effluent nutrient ([a]nitrite and nitrate nitrogen [NO

2-3
-N], [b] total nitrogen [TN], and [c] total phosphorus [TP]), (d) total suspended sol-

ids (TSS), and metals ([e] copper [Cu] and [f] Zinc [Zn]) concentrations for each treatment (large amended [LgAm], large unamended [LgUnAm], small 
amended [SmAm], small unamended [SmUnAm], and swale). Horizontal lines represent pollutant thresholds.
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were more effective than the swale (23%). 
Effects of seasonality were not significant.

2. Concentrations of TN were generally 
unable to be reduced when influent con-
centrations were less than 1 mg L–1 (1 
ppm). All treatments marginally improved 
TN discharge concentrations; however, 
only the amended treatments and the 
swale did so significantly.

3. Reduction of TP in the VFSs was 
affected by VFS type, with amended 
VFSs outperforming the alternatives. TP 
concentrations significantly increased in 
the unamended VFSs. Orthophosphate 
became a major constituent of TP as 
runoff traveled through all VFSs and the 
swale, potentially due to the high soil 
test P index of the unamended soils 
or solubilizing from vegetation. Future 
research on different types of amend-
ments is needed.

4. TSS concentrations and loads were signifi-
cantly reduced by all treatments. Large and 
amended VFSs reduced TSS significantly 
more than the small and unamended VFSs, 
and the VFSs were significantly more 
effective at reducing TSS than the swale. 
Median effluent concentrations from each 
treatment were 10 mg L–1 (10 ppm) or 
less, and median particle diameters were 
reduced to <60 µm (0.002 in).

5. Larger VFSs are a more land-intensive 
means of improving VFS performance 
(than small VFSs). Large VFSs reduced 
(or increased to a lesser extent) all 
nutrient and TSS loads more effec-
tively than the smaller VFSs. Size and 
amendment significantly affected VFS 

pollutant load reduction for all pollut-
ants except Zn and TAN. In the future, 
modeling is needed to provide a means 
of evaluating relative sizes of filter strips 
(and their dimensions).

6. The current pollutant removal crediting 
system in NC tends to under value VFSs 
and swales, particularly for TN and TSS 
(NCDENR 2007a). This is especially 
evident when combining this research 
with that of Line and Hunt (2009) and 
Winston et al. (2011).

7. VFSs and swales performed comparably 
at this site. No significant differences in 
TN or TP loads were found between 
VFS and swale treatments despite sig-
nificant differences in volume reduction. 
TSS load reduction was only slightly less 
effective in the swale than the VFSs. Thus 
from a pollutant load discharge perspec-
tive, swales may be a favorable alternative 
SCM in the Coastal Plain.
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