



Controlling excess nutrients inputs is one of the keys to restoring the health of the Chesapeake Bay.  Multiple sources have been identified including sewage treatment plants, air deposition, and agricultural runoff.  Onsite wastewater treatment systems (OSWTS), such as a septic tank with a drainfield, are also an identified source of nutrients, contributing just under 5% of the Virginia load.  
A total of 682, 098 homes are estimated to be on septic systems in the Chesapeake Bay watershed by the Chesapeake Bay model with a delivered load of about 3.5 millions pounds of nitrogen per year. While the total load of nutrients from onsite systems is small compared to other sources, steps must be taken to control that load to the lowest practicable amount.
There are two primary nutrients in wastewater, nitrogen and phosphorus.  Phosphorus is not considered to be a nutrient of concern from onsite systems because phosphorus readily binds to most soil particles. When the treated wastewater is disposed into soil in an onsite system, the bulk of the phosphorus is immobilized on the soil.  Nitrogen, however, can be mobile in a soil environment so nitrogen is a nutrient of concern for onsite systems.
Nitrogen is a naturally occurring nutrient that is essential to life for growth and reproduction.  Our atmosphere contains about 80% nitrogen gas.  The nitrogen cycle is complex and nitrogen exists in many forms.
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Too much nitrogen in an aquatic environment can lead to over-enrichment or eutrophication of the receiving water.  In the Chesapeake Bay, this leads to excessive growth of algae in the water column which reduces sunlight penetration and dissolved oxygen content.  This in turn affects the balance of the ecosystem resulting in the poor water quality that the Bay is currently exhibiting.
Nitrogen in wastewater primarily comes from the proteins and amino acids that are excreted as waste from humans. There are two ways to address nitrogen removal in an onsite wastewater treatment system (OSWTS): (1) remove it in the treatment system prior to disposal to the soil or (2) remove it in the soil before it has a chance to leach to groundwater.  Most designs would utilize a combination of these two approaches.

Since nitrogen is not immobilized in the soil like phosphorus, it will readily leach through soil to the groundwater below unless it is removed or immobilized by some method.  There are two main mechanisms by which to remove/immobilize nitrogen.  Plant uptake is the most well known of these mechanisms.  The second is a two step biological process that is carried out by bacteria: nitrification and then denitrification.  In step 1, nitrification, ammonia nitrogen is converted to nitrate nitrogen under aerobic (with oxygen) conditions.  Once the nitrate nitrogen is formed, it can be converted to nitrogen gas during denitrification which occurs under anoxic (nitrate but no oxygen conditions) conditions.
Before a discussion of how to apply these to an OSWTS, a review of the nitrification and denitrification process is needed.  As discussed previously, nitrogen in raw wastewater occurs in an organic form like proteins and urea or in an inorganic form like ammonia.  In order for step 1, nitrification, to occur, the organic nitrogen has to convert to ammonia.  This process, ammonification, is a breaking down of the more complex compound (again facilitated by bacteria) which creates ammonia as one of the byproducts. In a septic tank, this ammonification process works very well so that ammonia is the primary nitrogen form in the effluent from a septic tank.  
Nitrifiers are a group of bacteria (chemical autotrophs) who use the ammonia as an energy source and who use the carbon in alkalinity sources and not organic carbon.  They must have aerobic conditions, sufficient alkalinity and are sensitive to pH and temperature. Below is the overall nitrification process.  Intermediate steps are not shown.  
NH4+ + 2 HCO3-  + 2 O2 =   NO3- + 2 CO2 + H2O

Nitrification process
Nitrifiers are slow growing and often the more prolific organisms out compete the nitrifiers until the organic carbon supply is reduced.  In an OSWTS, nitrification can occur in an aerobic treatment unit that follows a septic tank.  It can and does also occur in the soil as long as the soil environment has aerobic periods.  
Denitrification occurs when there is no or very low oxygen.  Certain groups of bacteria can use the oxygen on the nitrate molecule in place of pure oxygen.  As they sequentially strip oxygen molecules off, the nitrate molecule goes through a series of conversions and ultimately is converted to nitrogen gas. 

NO3- → NO2- → NO → N2O → N2 ↑
Denitrification process
For denitrification to occur, the organisms need an organic carbon source and very low to no free oxygen present because the organisms will preferentially use oxygen over nitrate if available.  Overall then, to remove nitrogen in this manner, the wastewater must first be exposed to an aerobic, oxygen rich environment  with an inorganic carbon source to convert the ammonia to nitrate.  Then the nitrate laden wastewater must be exposed to an anoxic, low oxygen environment that has an organic carbon source in order to convert the nitrate to nitrogen gas.
A conventional onsite wastewater treatment system (OSWTS) consists of a septic tank and gravity drainfield.  In this type of a system, nitrogen moves out of the septic tank and into the soil as ammonia and organic nitrogen. (2001, IDEQ)
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With this type of system of traditional system, there are minor losses of N (10-15%) due to capture in the solids in the septic tank, conversion to biomass in the septic tank and drainfield, some denitrification occurring on microsites in the soil, and plant uptake. 
 When the drainfield is placed shallower in the soil column, the plant uptake can be increased significantly.  

Drip irrigation systems optimize plant uptake by delivering the wastewater directly to the root zone in small doses that the plants can absorb.  
Higher levels of denitrification can occur in a standard drainfield if the wastewater is applied in doses with a pump through low pressure distribution.  Immediately after the pump cuts off, the drainfield bottom is flooded creating an anoxic environment.  Between doses, the drainfield reaerates and nitrate forms.  When dosed again, the carbon in the septic tank effluent fuels the denitrification process.  Research funded by VDH supports this theory and found that applying the wastewater to surface horizons (i.e. shallow placed systems in an A horizon) provided the highest level of denitrification in limestone derived soils with rates of 40 to 100% of nitrogen removed.  Denitrification in subsoil applications was reduced to 2-43% removal of the applied nitrogen.
A mound system is also an effective system for nitrogen removal.  Harkin et al (1979) evaluated 33 field installations of sand mounds. Nitrogen losses in mounds that maintained a fluctuating aerobic/anoxic environment removed on average 44% of nitrogen applied up to a maximum of 86% through denitrification alone.  However, the 2002 EPA onsite manual notes inconsistent removals of nitrogen reported ranging from 18 to 33%.  The efficiency of the mound system is dependent on nitrate being formed as it travels through the sand mound and that an anoxic environment is formed at the base of the mound due to ponding at the interface with the existing soil surface.  

Treatment to remove nitrogen prior to loading to the soil disposal field is gaining more popularity.  In all of the treatment systems, they have to incorporate a fluctuating aerobic/anoxic environment in order to create the nitrification/denitrification cycle.

Some systems accomplish this by turning aeration on and off at specified intervals.  If there are sufficient alkalinity and carbon to fuel both processes, this can be effective in an OSWTS.  The timing of the aerobic to anoxic phase must be manipulated to optimize the nitrogen removal, but nitrogen removals of up to 70% have been reported by some manufacturers (Biomicrobics).  In these systems the limiting factor is often nitrification.  You can only denitrify as much nitrate as you can make through nitrification.  If nitrification is inhibited, then nitrogen removal overall is inhibited.

An easy way to incorporate nitrogen removal is to add a recirculation line to a standard septic tank-aeration tank system which recirculates nitrified effluent from the aeration tank back to the septic tank.  The septic tank then contains the carbon needed and the low oxygen environment for denitrification to occur.  Generally a recirculation rate of 3 to 4 times the design flow is optimum. 
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In Maryland they have retrofitted some existing two compartment septic tanks with aeration zones and recirculation lines at a cost of about $3000 and reported nitrogen losses of 36 to 67%.  
Recently the National Sanitation Foundation (NSF) created a new standard for treatment plants to certify a baseline nitrogen removal. In order for a treatment system to receive this NSF 245 rating, the system must pass a testing protocol and verify a minimum of 50% reduction of influent nitrogen.  This will simplify identifying potential nitrogen removal technologies for OSWTS.  Products that have received certification are listed on their website: http://www.nsf.org/Certified/Wastewater/Listings.asp?TradeName=&Standard=245
EPA has also evaluated a number of standard treatment processes used in onsite and estimated the nitrogen removal capabilities. (EPA, 2002)
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Controlling nitrogen leaching to groundwater is critical to the health of the Chesapeake Bay.  Options are available to encourage nitrogen removal in an OSWTS on a practical level that include using a wastewater treatment system that removes at least 50% of the influent nitrogen; installing the drainfield as high in the soil column as practicable; and dosing the field using a pump.
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