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e ™ Introduction

Stormwater runoff isaprimary factor in the degradation of many
IN THIS ISSUE streams and other water bodies. The adverse impacts of this and
other sources of pollution include shellfish closures, fish kills, and
reduction of aesthetics, which consequently hurts the fishing and
Project Spotlight.................. 1 recreational industries. Stormwater runoff containsavariety of pol-
lutantsfound at el evated level sincluding nitrogen, phosphorus, and
many metals (Barrett et al., 1998, and Wu et al., 1998). All imper-
Editor's Note .........cceevveeeeen. 2 meable surfaces including rooftops and parking lots contribute to
the pollution loads found in stormwater runoff.

In coastal areas of the eastern United States, nitrogen is a par-

Information ..........cccceeeeenn. 10 . .
ticular concern. Nitrogen, and to a lesser degree phosphorus,
imbalancesin coastal North Carolinaare blamed for spawning fish
MEEtiNGS «...vveeeeeeeeereeeee. 11 killsin NC estuaries (Gray, 2000). Similar impacts were noted in

the Chesapeake Bay. Chesapeake officials have declared anitrogen
L ) reduction goal of 50% in the next eight years. State and federal regu-
lations, such asthe National Pollutant Discharge Elimination System
(NPDES) Phasell force new devel opmentsto mitigate the effects of
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that can beintegrated into the design of parking lotsand neigh-
borhoods are particularly important. The use of bioretention,
essentially avegetated sand filter planted with shrubsand trees
(seeFigurel), ispoised to grow becauseit appearsto improve
water quality and can be designed to be aesthetically pleasing,
making it potentially ideal for residential and commercial set-
tings. Bioretention can be used to treat commercial site runoff,
particularly from parking lots and rooftops, because the cells
can be sited within parking lot medians. Many communities
require 10-15% of the area of large commercia development
sitesbe set aside for mediansand other open space (Avery, 2001,
Paletta, 2001).

Thefocusof thisarticleison pollutant removal capabilities
of bioretention designs. Davis et a. (2001) have shown that
bioretention did not substantially reduce level s of nitrate-nitro-
gen, especially compared to the performance standards some
stateswill require BMPsto meet. For example, NC requiresall
new stormwater practicesto havenitrateremoval rates approach-

/ \

EDITOR’'S NOTE

Bioretention units, otherwise known as rain gardens, are
becoming an increasingly popular best management practice
for communitiesinterested in alternative waysto managetheir
stormwater. Designed to not only detain and treat the first
inch of runoff but to be aesthetically pleasing as well,
bioretention is suitable for both residential and commercial
settings.

As arelatively new practice, numerous questions remain
as to the effectiveness of bioretention to reduce nonpoint
source pollutant loads and stormwater quantities. Included
in this uncertainty is the relationship of design features to
performance. In an effort to lessen the knowledge gap and
promote development of design standards for bioretention,
studieswere conducted in Maryland, Pennsylvaniaand North
Carolina to evaluate bioretention’s effectiveness at reducing
nutrients and metals in stormwater runoff. Also looked at
were effects of specific design considerationsincluding infill
soil depth, drainage configuration, and maturity of cover veg-
etation. Thisissue of NWQEP NOTES reports on the results
of these studies and discusses future research needs and op-
portunities for bioretention.

As aways, please feel free to contact me regarding your
ideas, suggestions, and possible contributions to this news-
letter.

LauralL ombardo

Editor, NWQEP NOTES

Water Quality Extension Associate
NCSU Water Quality Group

Campus Box 7637, NCSU

Raleigh, NC 27695-7637

Tel: 919-515-3723, Fax: 919-515-7448
\ Email: notes editor@ncsu.edu

ing 30%. Davis's laboratory study reported nitrate-nitrogen
removal rates of only 16%, however, levels of phosphorusand
several metals were significantly reduced. In comparison, re-
cent studies performed by the author and presented bel ow suggest
that bioretention is capable of significantly reducing nitrate-
nitrogen and total nitrogen levels 60 to 90%.
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Figure 1. Schematic of bioretention unit. Infill soil depth varies
based on cover vegetation. Underdrains typically required
with tight soils.

Bioretention: Development, Design, and
Function

Bioretention is a relative newcomer to the world of
stormwater treatment; however, its use hasgrown significantly
for reasons discussed below. Initial design standards for the
practicewererelatively sparse, but have since begun to be based
on standard engineering methods.

Bioretention Use

Bioretention wasfirst introduced in Prince George's County,
Maryland (Coffman et al., 1993a). The device wasinstalled to
treat parking lot runoff at ashopping center and has been moni-
tored sinceby Daviset al. (2000). I nitial reasonsfor bioretention
utilization were both water quality-based and aesthetic. Coffman
etal. (1993a) discussed the several mechanismsthrough which
bioretention removes pollutants and reduces stormwater runoff
intensity, including sedimentation, transpiration, evaporation,
infiltration, bio-decay, nutrient cycling, and bio-uptake. Because
bioretention also met important |andscape issues such as aes-
thetic enhancement, shade, windbreak, and noise reduction, it
appeared that its use would grow substantially.

Since 1998, several North Carolina communities, particu-
larly Cary, Chapel Hill, Greensboro, and Wilson have had 5 to
10 bioretention devices designed and installed. The second most
commonly planned stormwater practicein Greensboro (North
Carolina’sthird largest city with apopulation over 200,000) is
bioretention (Bryant, 2001).

Bioretention usein North Carolinaistriggered not only by
current and upcoming water quality standards, which force all
runoff from sitesas small as 0.4 disturbed hectare (1.0 acre) to



be treated, but also by community landscape ordinances. Very
few stormwater practices can be neatly sited on small, 0.4 to
2.0ha(1to5 acre), watersheds. The most common areinfiltra-
tion trenches and sand filters. When comparing the costs of sand
filtersto those of bioretention, theimpending use of bioretention
becomes apparent (Hunt, 2002). On a per-acre treated basis,
Hunt found that bioretention construction costsranged between
5% and 20% of the cost of sand filters. Only in areas where
land costsare very high ($200,000 per hectare or $500,000 per
acre) would total sandfilter costscompareto that of bioretention.
Developers are finding that bioretention areas can potentially
serve double duty: (1) potentially meeting water quality stan-
dards, and (2) fulfilling landscape requirements that many
communitiesimpose.

Bioretention Design

Bioretention design standardswereinitially sparse. Coffman
et al. (1993a and 1993b) mentioned that bioretention areas
should occupy at |east 5% of the drainage area of impermeable
land draining toit. Additionally, aminimum width of 4.5m (15
ft) and length of 12.2 m (40 ft) were specified to provide an
adequate microclimatefor vegetation. Fill soil requirementswere
simply amaximum volume of clay around 15-25% of thetotal
soil volume and an adequate amount of organic matter. State-
issued BMP manuals, such as North Carolina’s (1997) and
Pennsylvania's (1998), quickly seized upon these relatively
scant design guidelines. The Pennsylvania Handbook of Best
Management Practices for Developing Areas (1998) specifi-
cally states that there are no bioretention design requirements
for regulatory compliance. More recently, a North Carolina
Cooperative Extension design manual (Hunt and White, 2001)
now providesadditional design guidanceasdetailedin Table 1.

While design recommendations are more detailed now than
they werefiveyearsago, thereisstill asubstantial gap in knowl-
edge with regards to several critical questions facing a
bioretention designer, such asthefollowing:

Table 1. Summary of bioretention design guidance from Hunt
and White (2001).

Design
Parameter | Design Guidance
Runoff volume from 25 mm (1.00 in) rainfall,
Capture based on SCS Curve Number. From
Volume impermeable surfaces, 25 mm (1.00 in) is
expected to produce about 20 mm (0.80 in).
Surface Divide the Capture Volume by average depth of

Area bioretention (suggested 230 mm or 9 in).
Sandy Loam or Loamy Sand. Hydraulic
conductivity of soil to range between 0.007 to

Al sl 0.014 mm/sec (1-2 in/hour). Max clay content of
15% of volume.
Dependent upon cover vegetation — 0.46 m to
Depth of 0.61 m (1.5-2.0 feet) for grassed bioretention

Soil areas. 1.2 m (4.0 feet) optimum for bioretention
constructed of shrubs and trees.

Based on gravity flow through drains using the
Manning equation. Factor of safety is 10. A
minimum of two pipes required for redundancy.

Underdrain
sizing

1. What isthe required depth of fill soil for pollutant
removal?

2. What material isbest suited for mulch (e.g., hardwood
or pine straw)?

3. What soilsare best suited for backfill (e.g., very sandy
or sandy/clay loam mix)?

4. How much organic matter isrequired in fill soil for
pollutant removal ?

5. Isthe current aerobic drainage configuration most
appropriate?

6. Dobioretention areasact asasink for water, reducing
the amount of water leaving adevel oped site?

7. Ishioretention performance enhanced in the summer
similar to other BMPsthat rely in part on vegetation
and microbial action, such aslevel spreaders)?

Recent studies at the University of Maryland provide an-
swers to questions #1 and 3. Field studies in North Carolina
and alaboratory study at Penn State University attempt to an-
swer questions#1, 5, 6, and 7. Additionally, the North Carolina
studies comprise thefirst long term study of bioretention cells
and will be used to estimate annual |oading reductions of total
nitrogen, phosphorus, and various metals. The studiesare dis-
cussed below.

Review of University of Maryland Research

Dr. Allen Davis of the University of Maryland’s Depart-
ment of Civil Engineering has published a pair of studies
principally describing metalsremoval by bioretention devices.
Thefirst (Daviset al., 2001) used synthetic runoff with pollut-
ant loadings determined from literature, applied to bioretention
prototypeboxesin alaboratory. Davis shioretention unitswere
found to remove over 90% of Zn, Cu, and Pb that was applied.
TPremovalsranged from 71 to 81%; Total Kjeldahl Nitrogen
(TKN) and NH,* removal percentages ranged from 68 to 75%,
and 60 to 79%, respectively. Bioretention performance with
NO,, however, waspoor. Nitrate-nitrogen effluent levelsranged
from asubstantial increase of 205% to amoderate decrease of
24%.

In the second study, Davis et al. (2003) applied synthetic
runoff to portions of bioretention cells that were at the time
fiveand two yearsold, respectively. From the experiments, Dr.
Davis and his colleagues found metal removal rates (Cu, Pb,
and Zn) exceeded 95% at the more mature of the two sites
studied, the Greenbelt mall parking lot. Removal rates were
lower at the second study site, Largo, with mean removal rates
of 43%, 70%, and 64% for Cu, Pb, and Zn, respectively. The
differences are attributed to two factors: (1) A larger fraction
of finesin soilsat the Greenbelt site than the Largo site, which
contained ahigher amount of course soils (construction sand).
Fines have a higher level of pollutant adsorption and hence,
removal dueto agreater surface area; and (2) Perhapsthe more
mature asiteis (Greenbelt) with adenser vegetative root zone,
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the better the pollutant removal efficiencies, as
more grass roots could have aided in metal attenu-
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ation. (Daviset al, 2003).
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Another noteworthy finding from Davis'sstud- oo
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metalsremoval (greater than 90%) within thefirst
20 cm (8”) of soil depth. This suggeststhat if the

bioretention areais being designed for metalsre- 0%
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moval, a deep soil depth, such as four feet, may
not be needed, particularly if asoil with alimited,
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Review of Research Conducted at

Pennsylvania State University 13-Jul

A team of researchers led by Dr. Albert R.

14-Jul

17-Jul 18-Jul  19-Jul  20-Jul  21-Jul

Date

15-Jul 16-Jul 22-Jul

Jarrett and W.F. Hunt conducted a series of col-
umn studies to determine the importance of
establishing an aerobic layer for TN removal. Dr. Davis (2000)
noted inthe University of Maryland studiesthat in caseswhere
there was positive NO,-N removal, there were apparent zones
of saturation, which may have aided in the conversion of nitrate
to nitrogen gas. Jarrett and Hunt decided to force anaerobic
zones by designing asaturated layer into the bioretention cells
(Hunt et al., 2002). Figure 2 showsfour cylinders used for test-
ing. The following parameters were tested using the columns:
(2) theimpact of having asaturated zone; (2) theimportance of
saturated zone thickness; (3) the impact of rainfall frequency;
and (4) theimportance of soil temperature. The soil used to fill
the columns was the A Horizon of a Cecil soil (sandy loam to
sandy clay loam), imported from North Carolina. The percent
of fines in the soil was relatively high, approximately 25%.
Hydraulic conductivity tests were run on four of the columns
after they were constructed, and each had a conductivity rang-
ing from 0.003 to 0.010 mm/s (0.5 in/hr to 1.5 in/hr), whichis
at the lower end of design standards. A synthetic runoff based
upon that used by Davis et al. (2001) was applied to the col-

Figure 2. Columns tested at Penn State included the ability to
create an anaerobic zone using flexible tubing. Each was filled
with four feet of Cecil Sandy Loam.

Figure 3. TN removal efficiencies from PSU lab study—anaerobic layer thickness

umns. The concentrations of the effluent were compared to those
of theinfluent. Theresultsfor each experiment were very posi-
tivetowardtheremoval of TN and NO,. Independent of drainage
configuration (aerobic or anaerobic), anaerobic zone depth, tem-
perature, or rainfall frequency, nearly every bioretention
microcosm reduced TN outflow levelsat least 55% of their in-
fluent levels. The reduction of NO, levels was even more
pronounced, asthe concentration of NO, wasreduced by at least
90% during every experiment.

Figure 3 shows results from an experiment in July 2002
where varying anaerobic zone soil depths (0, 12, and 18") were
tested. As shown, TN removal rates all exceeded 60%. While
theremoval efficienciesfor columnswithout an anaerobic zone
may appear dightly lower, there is no statistical significance.
Conclusions from this experimentation are similar to those
reached by Davis et al. (2003), except with a different pollut-
ant. A fill soil with ahigher amount of fines appearsto remove
TN and NO, at ahigh rate, regardless of a designed anaerobic
zone. Jarrett and Hunt concluded that pocket anaerobic zones
devel oped independent of the design, but were perhaps depen-
dent on fill soil.

Review of Field Research in North Carolina

Four bioretention areas at two sites have been monitoredin
North Carolinasince the summer of 2002. At each site, several
guestions are being investigated including the importance of
soil depth, change of drainage configuration, and the seasonal
performance of bioretention with respect to the removal of ni-
trogen, phosphorus, zinc, lead, and copper. Bioretention's
potential role as a sink for water, reducing runoff volume, is
also being evauated. The studiesare presented bel ow, followed
by preliminary results.




Greensboro Battleground Crossing Shopping Center

Battleground Crossing Shopping Center in Greensboro was
constructed in 2000 and 2001. The county soil survey indicates
that the soil on site is a Madison clay loam, relatively tight,
with avery low permeability (0.2to0 0.6 in/hr) and ahydraulic
conductivity lessthan 0.42 mm/s (0.06 in/hr) below the A soil
horizon. The soil typically has a perched water table near the
surface (0.15-0.46 m or 6-18 inches). This bioretention design
included underdrains due to the soil’s low conductivity. The
watershed’s useis commercial with nearly al site visits com-
ing from leisure-commercial traffic (Figure 4). The shopping
center isimmediately upstream from Horsepen Creek, which
eventually drainsinto the Cape Fear River, animportant water
supply for Fayetteville and Wilmington, NC. Two bioretention
areas were constructed at the site. Both are 1.2m (4 feet) deep
soil layers. One cell wasretrofitted to create an anaerobic layer
as seen in Figure 5. An upturn in the drainage pipe forces the
bottom two feet of the bioretention cell to be saturated. The
second cell is conventionally drained. The watersheds of the
bioretention areas are nearly 0.5 acres each and the watershed
sizeto bioretention surface arearatio are nearly the same (5%).
An organic sandy soil was backfilled over theunderdrains. The
soil’s hydraulic conductivity was tested two years after con-
struction and was found to be around 0.11 mnmv/s (15 in/hr),
which ishigher than standard design guidelines.

Figure 4. Bio-retention Cell #1 completed and outfitted for
monitoring at Battleground Crossing Shopping Center in
Greensboro, NC.

Chapel Hill University Mall

TheUniversity Mall in Chapel Hill hasbeen open sincethe
early 1970's. The county soil survey showsthat the soil on site
isrelatively tight: clay, clay loam, and silty clay (White Store-
urban complex). The soil has avery low permeability with a
hydraulic conductivity lessthan 0.42 mm/s (0.06 in/hr) below
the A soil horizon. The soil typically has a perched water table
near the surface (0.15-0.46 m or 6-18 inches). Two separate
bioretention areaswere constructed at the mall during the sum-
mer and fall of 2001. As with the Greensboro site, the
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Figure 5. Underdrain with upturned elbow to induce anaerobic
conditions in bioretention cell.

bi oretention designed hereincluded underdrainsdueto the soil’s
low conductivity. Thelocation of one cell’sunderdraintied into
theoverflow inlet structureisshownin Figure 6. Thewatershed's
useis primarily commercial with nearly all site visits coming
from leisure-commercial traffic. The shopping center drainsto
Little Creek, which eventually drainsinto Jordan Lake, anim-
portant water supply for the Raleigh-Durham metropolitan area.
The watershed of the bioretention areas varies from 0.09 hato
0.23 ha (0.2 acresto 0.5 acres) each, but the watershed to sur-
face area ratio of each BMP is somewhat consistent (5% to
8%). The design parameter tested at the Chapel Hill siteis soil
depth, as nominal depths of 0.6 and 1.2 m (2 and 4 feet) were
tested. No anaerobic conditionswere designed into the system.
The bioretention cells each had imported sandy soil that was
placed over the underdrains. The hydraulic conductivity of fill
soil cores was calculated 18 months after the sites were con-
structed using the constant head permeability test and werefound
to range from 0.009 to 0.021 mm/s (1.3 to 3.1 in/hr). This per-
meability isinthetarget rangefor design purposes. Thefill soil
was sandy to sandy loam. Figure 7 shows cell #1 eight months
after it was constructed.

Figure 6. Sediment basin at Chapel Hill, NC site, 2001, before
conversion to bio-retention. Manhole cover (A) will serve as
overflow, and site where skimmer is connected (B) will be
location of underdrain pipes.
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Figure 7. Bio-retention cell #1 eight months after construction
during a hydraulic test.

Initial Field Results

Seasonal Effect: Bioretention’s impact on outflow is sub-
stantialy different in the summer/fall and winter. The modified
hyetograph and hydrographs shown in Figures 8 and 9 illus-
tratethe difference. At the Greensboro site, during each 21-day
period, approximately the same amount of rain fell on the wa-
tershed (4.16” in September 2002 and 3.76” in February-March
2003). In late summer/early fall (Figure 8), outflow occurred
only 4 times for maximum periods of 1.5 days. In the winter,
when evapotranspiration rates are very low, outflow persisted
the entire 21-day period. The resulting mass removal efficien-
ciesweresubstantialy different, asthe nutrient and metal masses
directly entering the storm drainage network from the
bioretention outflow in September 2002 were much lower than
that of February-March 2003. Consequently, the massremoval
efficiencies of September 2002 are much higher than those of
February-March 2003. Thisishighlighted in Table 2.

Rainfall and Outflow: 11Sep-30Sep 02
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Figure 8. Rainfall and Outflow 11Sept — 30 Sept 02
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Figure 9. Rainfall and Outflow 18 Feb — 09 Mar 03

Table 2 shows the mass removal efficiencies for severa
stormsfrom Greensboro. It illustratesthe outstanding massre-
movals for Zn, Cu, and TN during the summer and fall. TP
removal rates are variable. In the winter, removal efficiencies
aremuch lower, asonly Curemoval efficienciesremain high. A
strong seasonal effect is obviously present. All removal effi-
ciencies shown are for afour feet deep conventionally drained
bioretention device (Greensboro Cell #2).

Table 2. Mass pollutant removal efficiencies for a
Conventionally Drained bioretention cell in Greensboro. The
cell has soil that is nominally four feet deep.

Rainfall Removal Efficiencies (%)
(in) TN TP Zn Cu

24Jun02 1.36 88.9 50.6 NS NS
17Sep02 2.16 57.9 -535 99.5 99.5
27Sep02 2.12 73.9 12.2 99.9 100
170ct02 2.76 63.3 -87.8 99.5 99.9
15Feb03 0.66 -235 -1000+ 30.1 97.0
01Mar03 3.54 -636 -242 98.7 100

Date

Effectiveness of Anaerobic Zone: A comparison of anaero-
bic and conventional drainage designs in the field at the
Greensboro site was made by examining concentration data.
Two bioretention cells, each with nominally four feet of soil,
were tested. As seen in Table 3, pollutant concentrations are
generally lower in the anaerobic design (G1) than in the con-
ventional (G2) drainage configuration. Thisdoesnot necessarily
indicate total mass removal, however, as flow was not mea-
sured at the outfall from G1. Of interest, the anaerobic design
hasneither clearly higher nor lower TN removal levels, the pur-
posefor which it was designed. Because each device sharesthe
same watershed, it is assumed that the inflow concentrations
were the same for each device.

Continued on p. 9
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WQ-26 Appropriate Designs for Documenting Water Quality Improvements from Agricultural NPS

Control Programs (USEPA) (1985) (5]0) «-.x.exueeveeruerereruereeuesteesueneesesseessessesesseessessesessensssessessssensasessensssessessssssees Free
WQ-27 Increasing Sensitivity of NPS Control Monitoring Programs (Water Res. Assoc. Proc.) (1987) (15p) ......cc....... Free
WQ-30 Pollution From Nonpoint Sources: Where We Are and Where We Should Go

(J. Env. Science & Technology) (1987) (BP) ....cvevereerereeerrerierieieesiesiesesteseesessesessessesessesessessesessessssessesassessesessassases Free
WQ-32 Determining Statistically Significant Changesin Water Pollutant Concentrations

(J. Lake & Reservoir MgML.) (1987) (710) «eceeuereerereeereeneeuereeeeieseeueseeesseseeneseeesseseesessesessessesesseeesessenessessesesseneanen Free

* new addition to publication list
** Also available by calling EPA’s National Service Center for environmental publications at 1-800-490-9198
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Publication
Number Reports & Journal Articles (CONTINUE) ......eiiieiieeiiee et Price($) Quantity Total($)
WQ-33 Water and Sediment Sampler for Plot and Field Studies (J. Environmental Quality) (1987) (6p) «....eoeeverereruenns Free
WQ-34 Extension’s Role in Soil and Water Conservation (J. Soil & Water Conservation) (1988) (4P) .....cvveerervereerervenens Free
WQ-35 Agricultural Nonpoint Source Control: Experiences from the Rural Clean Water Program

(J. Lake & Reservoir Management) (1988) (B0) ......ceereruererrereeereeerseneeseseeesseseesesssessesessessssessessssessessssessesessessanes Free
WQ-36 Determining the Statistical Sensitivity of the Water Quality Monitoring Program in the Taylor

Creek Nubbin Slough, Florida, Project (J. Lake & Reservoir Management) (1988) (12D) ...voeeveererereererereenenn Free
WQ-65 Determining and Increasing the Statistical Sensitivity of Nonpoint Source Control Grab Sample

Monitoring Programs (Colorado Water Resources Research Institute) (1990) (171) ..cvevevevvereeereeeneesierisrenienens Free
WQ-70 North Carolina's Sediment Control Program (Public WOrKS) (1991) (3) -eeververerrererereeeriererieseeesieseseeseeseseeenes Free
WQ-06 Best Management Practices for Ag. Nonpoint Source Pollution Cntrl: |. Animal Waste (1982) (67p) .............. 8.00
WQ-07 Best Management Practices for Ag. Nonpoint Source Pollution Cnitrl: 1. Commercial Fertilizer (1982) (55p). 6.00
WQ-08 Best Management Practices for Agric. Nonpoint Source Pollution Cntrl: [11. Sediment (1982) (47P) ...c.covnee.. 5.00
WQ-09 Best Management Practices for Agric. Nonpoint Source Pollution Cntrl: V. Pesticide (1984) (87p) -...c.vceueen.. 8.00
WQ-98 Farm* A* Syst Fact Sheets (7 fact SNEELS) (1997) .....oveuiiieieieiieieeseee ettt s s Free

(on the World Wide Web at http://h2osparc.wg.ncsu.edu/info/farmassit/index.html)
WQ-99 Home* A* Syst Fact Sheets (5 fact sheets) (1997) (on the World Wide Web at http://h2osparc.wg.ncsu.edu/info/far massit/homeindx.html)

WQ-89 Rural Clean Water Program Technology Transfer Fact Sheets (10 fact sheets) (1995) ......covereerenenieneeiereenennens Free
(on the World Wide Web at http://h2osparc.wg.ncsu.edu/info/concepts.html)

WQ-91 Watershed Management: Planning and Managing a Successful Project to Control Nonpoint Source

Pollution (contains a list of resources specific to North Caroling) (1995) (8) -.«vxvereevereruereeererereneeeseseneeseenens Free

(on the World Wide Web at http://www.bae.ncsu.edu/bae/programs/extensi on/publicat/wowm/ag522.html)
WQ-86 Paired Watershed Study Design (EPA 841-F-93-009) (1993) ......ccvvirieirieiiierierisieesie st e e essenes Free
WQ-48 Pesticide Fact Sheets (10 fact SNEELS) (1988) .......cueururuiuiuiuiuiiiiiieieieieieiereieieesei et 4.00

Literature Reviews and Bibliographies
WQ-121  Nonpoint Sources (Review of 1998 Literature) (Water Environment Research) (1999) (16p) .....eoeververerereeennes Free
WQ-118  Nonpoint Sources (Review of 1997 Literature) (Water Environment Research) (1998) (17p) ...occoevvvveveererverennes Free
WQ-106  Nonpoint Sources (Review of 1996 Literature) (Water Environment Research) (1997) (17P) «.evevveervereneneeennes Free
TOTAL = Total AMOUNE OF PUICNASE ....ooiiiiiiiiii ettt et e e e e et e e e e e e n et e e e e e e naae e e e annnneeaeeannns $

IMPORTANT NOTES ABOUT ORDERING PUBLICATIONS:

Prices include postage within the U.S. Prices for publications to be sent outside the U.S. may be higher. Please call or write for thisinformation.
All prices are subject to change without notice. The price list is updated with each issue of NWQEP NOTES. Requests are filled while supplies last.
Only one copy of each free publication is available. FEIN #56-6000-756

To order: Fill out order form and enclose with payment. Check here if requesting we bill your institution
Please make checks payable to NCSU Water Quality Group Check here if enclosing payment
Please note: Only institutions can be billed. I ndividuals must enclose payment with order form.

Send order to: Publications Coordinator, NCSU Water Quality Group, Campus Box 7637, North Carolina State University, Raleigh, NC 27695-7637
Fax: 919-515-7448, email: wq_puborder@ncsu.edu. An electronic order form is also available on the World Wide Web at: http://www.bae.ncsu.edu/
bae/programs/extension/wqg/issues/pub_order.html.

Orderedby: ~ Name:
Institution:
Street Address:
City, State, Zipcode:
Telephone:

Please place my name on the mailing list for NWQEP NOTES, the quarterly newsletter on nonpoint source pollution published
by the NCSU Water Quality Group (with support from the U.S. Environmental Protection Agency) (subscriptions are free).

NCSU Water Quality Group home page: http://www.bae.ncsu.edu/bae/programs/extension/waqg
U.S. Environmental Protection Agency’s Office of Water publications list: http://www.epa.gov/OW/info
WATERSHEDSS — Water, Soil, Hydro-Environmental Decision Support System, Internet-based management tool: http://h2osparc.wg.ncsu.edu
Understanding the Role of Agricultural Landscape Feature Function and Position in Achieving Environmental Endpoints: Final Project Report
(to the U.S. Environmental Protection Agency) (1996) (118p) (abstract and instructions for downloading the report available on the World Wide
Web at: ftp://ftp.epa.goviepa_ceam/wwwhtml/software.htm
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Table 3. Comparison of pollutant concentrations from Anaerobic (G1) (3) There is no apparent difference in the concentration

and Conventional (G2) drainage systems in Greensboro, NC.

of pollutantsleaving bioretentionfill soilsthat are only

two feet thick compared to fill soilsthat are four feet

thick. Davis et al. (2003) and findings from North

Carolinapresented hereinindicatethat adeep soil may

not be required to maintain high pollutant removal

rates. These studies, however, do not compare the

Outflow Concentrations (mg/L)
Date G1-TN | G2-Tn | G | ©% | Gicu | G2—cu
Zn Zn
15Sep02 | 9.25 2.85 | 0.019 | 0.019 | 0.0037 | 0.0073
160ct02 | 6.25 2.65 | <0.02 | <0.02 | <0.01 | 0027
29Dec02 | 3.45 2.95 | <0.01 | <0.01 | 0.023 | 0031
24Feb03 | 1.95 300 | <0.01 | 0033 | 0.014 | 0.034

amount of flow leaving bioretention areas comprised

Soil Depth: Concentration results from the field study in
Chapel Hill were used to compare the effectiveness of soil
depths. Two conventionally drained cells, one with a nominal
soil depth of two feet deep, the other with anominal soil depth
of four feet deep, have been monitored since July 2002. Dueto
some short circuiting of the 2 foot cell, it has been difficult to
obtain resultsfrom all storms. Theresultsdisplayed in Table 4
do not provide an indication that the deeper soil depth reduces
concentrations of pollutantsin the outflows. While thisdatais
still preliminary, the measures are consistent with data gath-
ered by Davis et al. (2003).

Table 4. Pollutant concentrations from bioretention areas that have
soil depths that are nominally 2 feet (C2) and 4 feet (C1) deep. Both
bioretention cells are in Chapel Hill and utilize conventional drainage.

of varying soil depths. If more flow were to pass
through the shallower soil depth, the shallow soil
depth’s performance would be reduced.

Anaerabic zones appear to devel op regardless of the
drainage configuration of the bioretention cell. This
was observed in Maryland, Pennsylvania, and at the
field studiesin North Carolina. There does not appear
to be grounds to recommend a change in drainage
configuration in order to increase TN removal rates,
at this current time.

Future Research Opportunities

There are still many questions left to be answered re-
garding bio-retention function and design. Research will
continue not only at N.C. State and the University of Mary-

(4)

land, but also other mid-Atlantic schools, such as Clemson

University and the University of Virginia. In North Caro-

lina, the two field sites described will continue to be

monitored through summer of 2003. A third set of bioretention
cellsin Wilson, NC, are just beginning to be monitored by

Date QOutflow Pollutant Concentrations (mg/L)
C1-TN C2-TN Cl-Zn C2-Zn C1-TP | C2-TP
29Aug02 0.05 0.02 0.028 0.226 0.44 0.2
(NH4) (NHa4)
26Dec02 1.72 0.64 0.13 0.09 0.13 0.09
(GP) (GP)
22Mar03 0.83 0.65 0.01 0.059 0.05 0.06

NCSU faculty, with data being collected from 6 cells until

Conclusions and Recommendations

Therearefour main conclusionsthat can bedrawn fromthe
studied sites. These conclusions impact design guidance and
can be used to revise state standards for bioretention removal
efficiencies.

(1) Bioretention areasremovemost pollutants, particularly
metals, at a very high rate. Studies by Davis et al.
(2003) show very high pollutant removal levels for
metals, with ratesin excess of 90%. Laboratory studies
at Penn State illustrate TN removal rates over 60%.
Field studies from North Carolina support much of
thesefindings.

Bioretention areas appear to reduce the amount of
runoff, particularly in the summer months, when
evapotranspiration is high. The effect is much less
pronounced in thewinter. Assuming much of the runoff
islaterally exfiltrating the bioretention cell, entering
thein-situ soil, and travelling to surface water bodies
as shallow groundwater, the importance of urban
buffer zonesfor additional treatment cannot be stressed
enough.

)

the Fall of 2004. These cells will test the importance of an

anaerobic layer in shallow (2 feet deep) soils. Additional
studies are being carried out in Cary, NC, and will beinitiated
thisfall in Louisburg, NC, wheretheimportance of ground cover
(shrubs/mulch v. grass) will be monitored. Asthe research re-
sults continueto accrue, bioretention design standards are sure
to be adjusted.

For More Information

Bill Hunt, PE

Extension Specialist

Department of Biological & Agricultural Engineering
N.C. State University

Box 7625

Raleigh, NC 27695-7625

919-515-6751

bill_hunt@ncsu.edu
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Information

Release of New Guide for
Stakeholder Involvement

EPA announces the publication and release of anew guide
entitled  Getting in Step: Engaging and Involving Stakeholders
inYour Watershed.” The guide, which isthe second inthe Get-
ting in Sep series, features information on how to generate
interest and participation in watershed assessment, planning,
and management. A web-based version of the new guide (along
with the previous Guide to Effective Outreach in Your Water-
shed) is posted on the EPA’s server at: http://www.epa.gov/
owow/water shed/outreach/documents/

New Research from the Center For
Watershed Protection: Impacts of
Impervious Cover on Aquatic Systems

The Center’s newest report is a comprehensive examina-
tion of more than 225 multi-disciplinary research studies
documenting theimpact of urbanization and the associated im-
pervious cover on aquatic systems. Thisreport isthe Center’s
most extensive exploration of imperviousness to date, and re-
views the available scientific data on the myriad ways
urbanization influences hydrologic, physical, water quality, and
biological indicators of aquatic health.

Thereport isavail able electronically at the Center For Wa-
tershed Protection website: http://www.cwp.or g. Price: $25.

Natural Approaches to Stormwater
Management, Low Impact
Development in Puget Sound

A book offering innovative techniquesfor builders and de-
velopers, local planners, engineers and othersto better protect
Puget Sound from the harmful effects of development is now
available. The Puget Sound Action Team (Action Team) recently
compiled examples of morethan 30 projects, programsand or-
dinances using an innovative approach to develop land and
manage stormwater. Theinnovative approaches, known aslow
impact developments, are highlighted in Natural Approaches
to Sormwater Management, Low Impact Development in
Puget Sound.

The book emphasizes a natural approach versus conven-
tional development that involves clearing, grading and paving
sites. Intraditional development, engineerstypically designand
build stormwater facilities such as retention ponds to hold
stormwater and remove pollutants. The low impact devel op-
ment designs usethe natural features of apiece of property and
special management practices to manage stormwater in resi-
dential neighborhoods, retail centersand more.



Low impact devel opment projectsincluderain gardenswhich
involvelayering different typesof gravel, soil and mulch; natu-
ral drainage systems that use native plants; sidewalks, patios
and driveways with permeable pavements and other projects
that filter oil, grease, dirt and other contaminants from
stormwater runoff.

The document is available at: http://www.psat.wa.gov/
Publications/L1D_studies/L1D_approaches.htm For more
information, visit http://www.psat.wa.gov/.

[ |

Meetings

Call For Papers

WATERSHED 2004: July 11-14, 2004, Dearborn, M1. Ab-
stracts are invited on the following topics: Program
Devel opment; Assessment and M odeling; Restoration and Pro-
tection; and Regional Topics. For moreinformation, visit web
site: http://www.wef.org/pdffiles/WatershedO4Call.pdf. Ab-
stracts dueAugust 1, 2003.

Meeting Announcements — 2003

June

Society of Wetland Scientists 24" Annual Meeting: Wet-
land Stewardship: Changing Landscapes and
Interdisciplinary Challenges: June8-13, 2003, New Orleans,
L A. Contact the Program Committee Co-chairs Doug Meffert
(dmeffert@tulane.edu) or Robert Twilley (ceet@l ouisiana.edu).
Web site: http://www.sws.org/neworleans/.

Environmental Satistics Short Course; June 16-18, 2003.
Colorado Sate University, Fort Collins, CO. For informa-
tion contact Jim L oftis, loftis@engr.col ostate.edu.

TheFourth National Workshop on Constructed Wetlands/
BMPs for Nutrient Reduction and Coastal Water Protec-
tion: June 23-25, 2003, Wilmington, NC. Contact Dr. Frank
Humenik, Waste Management Programs, College of Agricul-
tureand Life Sciences, Campus Box 7927, North Carolina State
University, Raleigh, NC 27695-7927. Tel: 919-515-6767; Fax:
919-513-1023; Email: frank_humenik@ncsu.edu.

Riparian Ecosystems & Buffers: Multi-Scale Sructure,
Function & Management: June 28-30, 2004, Olympic Val-
ley, CA. Web site: http://mww.awra.org/meetings/Olympic2004/
summer2004.doc

AWRA’s2003 I nter national Congress: Water shed Manage-
ment for Water Supply Systems: June 29-July 2, 2003, New
York City, NY. Contact Peter E. Black, International Congress
Organizing Chair, SUNY ESF, 1 Forestry Dr., Syracuse, NY
13210. Tel: 315-470-6571; Fax: 315-470-6956; Email:
pebchair @esf.edu; web site: www.awra.org.
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July

National Forum on Water Quality Trading: July 22-23,
2003, Chicago, I L. Web site: http://www.wef.org/conferences/
cosponsevents/; Email: Wynn.Lynda@epamail .epa.gov

Soil and Water Conservation Society 2003 Annual Confer-
ence: July 26-30, 2003, Spokane, WA. Web site: http://
WWW.SWCS.0rg.

September
e N
11th National Nonpoint Source M onitoring Wor kshop:
Monitoring and Modeling the Urban Environment
September 8-11, 2003, Dear born, Michigan.
http://ctic.purdue.edu/NPSWor kshop.html

The 11" year of this workshop will once again bring to-
gether land managersand water quality speciaiststo share
information on the effectiveness of best management prac-
tices in improving water quality, effective monitoring
techniques, and statistical analysisof watershed data. The
workshop will focus on the successes of Section 319 Na-
tional Monitoring Program projects as well as other
innovative monitoring projectsfrom throughout the U.S.
Theagendawill includethree days of workshop sessions/
presentations and a one-day field trip to visit nonpoint
source project sitesrelating to the workshop.

(G J

October

Wetlands 2003 L andscape Scale Wetland Assessment and
Management: October 20-24, 2003, Nashua, NH. Associa-
tion of State Wetland Managers web site: http://aswm.org/
calendar/2003am/.

Getting It Done: The Role of TMDL Implementation In
Water shed Restoration Conference: October 29-30, 2003,
Stevenson, WA. Web site: http://www.swwrc.wsu.edu/
conference2003/index.html; Email: watercenter @wsu.edu.

November

AWRA 2003 Annual Water Resour ces Conference: Novem-
ber 3-6, 2003, San Diego, CA. Web site: http://www.awra.org/
meetings/California2003/index.html

Production of NWQEP NOTES is funded through U.S.
Environmental Protection Agency (EPA) Grant No. X825012.
Project Officer: Tom Davenport, Office of Wetlands, Oceans,
and Watersheds, EPA. 77 W. Jackson St., Chicago, IL 60604.

Website: http://www.epa.gov/OWOW/NPS
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