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Statement of Critical Regional or State Water Problems

Nitrogen compounds represent some of the most important pollutantsin water bodies.
Nitrate and ammoniain natural waters promote eutrophication--excess growth of aguatic
agd organiams--in lakes, rivers, and reservoirs. Decay of this excess growth depletes
water oxygen levels, sressng aquatic wildlife. Such deleterious effects were the impetus
for the development of nutrient reduction as a primary god in the Chesapeske Bay
restoration program, with year 2000 goals of 40% removal from 1985 basdline levels.
Additiondly, excess nitrogen and phosphorus in sormwater runoff to rivers have recently
been suggested as the triggers for severa outbreaks of Pfiesteria piscicidain riversin
Maryland and other East Coast states. Pfiesteriais a microorganism that produces atoxin
that is very toxic to fish and recent evidence has suggested a neurotoxic effect on
humans. Furthermore, there are other human health concerns associated with the presence
of nitrate in drinking water, in particular the development of methemoglobinemiain
infants.

Nitrate and nitrite are regulated in drinking waters by the Safe Drinking Water Act. Both
nitrate and nitrite have an enforceable MCL (maximum contaminant level) of 10 mg/L as
N. Other forms of nitrogen, such as ammoniaand organic N can be converted to
nitrate/nitrite within the water supply or during treetment. Consequently, al water

utilities are concerned with various nitrogen species in the source water, both from
surface and ground water supplies. Rather than focus on trestment of nitrate in drinking
water, a better dternative isto limit the input of nitrogen to the water supply. Thisisone
focus of watershed management by water utilities. A mgor portion of Maryland receives
drinking water from surface waters, especidly in the populous central aress of the Sate.



The Bdtimore-Washington corridor is dready greatly developed and mgor devel opment
pressures are being felt in areas surrounding these mgjor cities. Management of
sormwater runoff in developed areas is one important aspect of watershed management.
Non point source runoff in urban areasis a critica water quality issue. For example,
urban areas make up 10% of the Chesapeake Bay watershed and contribute 11% of its
nitrogen load. As aresult, addressing the quality of sormwater runoff from devel oped
aessis ariticd in minimizing the impacts of the development both on the loca
environment, and further downstream.

Statement of Results or Benefits

Increasingly, sormwater runoff is being implicated in water qudity problems. From
eutrophication, to Pfiesteria, to nitrates in drinking water supplies, nitrogen speciesarea
magjor water quality issue. Although nitrogen pollution of watersis usualy associated
with agriculture, recent investigations of urban sormwater runoff have shown high levels
of saverd nitrogen species, indicating the significance of this source. The control and
remova of nitrogen compounds from stormwater represent asignificant sep in
minimizing nitrogen concernsin natural waters. The proposed work focuses on the fate of
nitrogen in bioretention systems, which are smple, low impact runoff

trestment/infiltration facilities for usein developed areas. Bioretention is an integrd part
of low-impact development, and is being promoted as a sormwater Best Management
Practice by Prince George's County, MD. Nitrogen uptake, transformation and removd in
bioretention systems will be investigated in this proposed work. Specificaly, this work
will focus on the remova and biologicd transformation of nitrate.

Current versions of bioretention systems are plant- and soil-based infiltration areas to
provide trestment to stormwater runoff. Recently completed work by the Pl has shown
that these sysems are very efficient in the remova of heavy metds from runoff, but less
efficient for other pollutants, including nitrogen compounds. However, with proper
selection of bioretention media, plants, moisture levels, and flow path, these systems can
be engineered to remove and even assmilate nitrogen pollutants. Specificdly, a
modification to include a continuoudy submerged anoxic zone with an overdrain will be
evauated for its capacity for nitrate removad via denitrification. Nitrate is the focus of the
proposed research because it isthe mogt difficult of the nitrogen speciesto ded with and
is not attenuated in atypicd, conventiond bioretention system. Any nitrate that is carried
to lower anoxic portions of the bioretention system will be converted to N2 through
optimized denitrification reactions. The release of the nitrogen into the soil gas provides
nitrogen remova from the system. Although biologica denitrification has a proven

record in municipa wasteweater treatment, it has not been investigated in sormweter
runoff gpplications. Thus, conditionsided for the denitrification reaction must be
determined s0 that design parameters can be established for use in bioretention. Results
from the evduations of biologica transformations of nitrate will alow designsto
optimize nitrate remova from bioretention systems thet treet sormwater runoff.
Specificaly, experimenta results will select parameters such as the anoxic zone porous
media (which can affect water conditions and biofilm growth) and the eectron donor and
carbon source type and content to promote efficient denitrification. An additiona



congraint isthat the materials slected for use in bioretention are to be low maintenance
and low cogt. Thiswork will be integrated with future research on interactions of other
forms of nitrogen in bioretention (ammoniaand organic N). Thiswill provide not only
optimum treatment, but also multiple barriers againg nitrogen accrua in streams, lakes,
and reservoirs. Based on an overal andyss of project results, recommendations on
bioretention gpplication, design, operation, and maintenance will be made. Close ties
between the PI and the Prince George's County Government make it likely that
recommendations from this sudy will be implemented in field bioretention sudies.

Nature, Scope, and Objectives of the Resear ch

A low impact trestment facility to remove nitrogen species from stormweter runoff
before it enters receiving waters would be extremely beneficia. Effective use of such a
facility for the trestment of ormwater runoff can minimize impacts of land development
on locd water qudity. In particular, nitrate is the nitrogen compound of the most concern
in sormwater runoff. This concern sems from the fact that nitrate has near negligible
affinity for soil components due to its anionic form, and consequently it is very mohilein
soil/groundwater systems. This proposed work builds on previous work by the Pl on the
use of bioretention for pollutant remova from sormwater runoff. The focus of
bioretention has been in parking or roadway areas where ssormwater is concentrated into
severd collection areas or smdl individud facilities constructed on each lot. With
modifications, bioretention facilities can dso be employed in rurd aress.

Thiswork will sysematicaly examine methods to remove nitrate from urban runoff by
re-engineering the concept of bioretention. Specificaly, the facility will be modified to
Ccreste a permanent anoxic zone a the bottom (Figure 1). This anoxic zone will contain an
appropriate eectron donor and carbon source for denitrifying bacteriain order to promote
biologicd denitrification during sorm events. Important issues to be addressed include:

Determining an eectron donor and carbon source that will be stable for along
period of time in the subsurface, but ill not limit the denitrification process. This
could be either an organic subgtrate (e.g., sawdust (Schipper and Vojvodic-
Vukovic 1998)) for chemoorganotrophic denitrifying bacteria, or an inorganic
subdrate (e.g., a sulfur/limestone bed) for chemoalithotrophic denitrifying bacteria.
Evduating media that will support adenitrifying popuation, but not interfere with
the flow characteristics during astorm event. Media to be evaluated include
gravel of various Szes and porous solids that may dlow for a more stable fixed-
film bacterid population.

Investigating designs that will keep the anoxic areawet and the bacteria
population viable during the potentidly prolonged periods between storm events.
I nvestigating the optimum compromise between rapid sscormwater conveyance,
degree of trestment, and codts.



