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Introduction to Nutrients and Ground Water Quality

Nutrients (nitrogen and phosphorus) are one of the most common ground water contaminants in the state and occur in both the unconfined and confined aquifers.  U.S. EPA estimates that 52 percent of the community water wells and 57 percent of the domestic water wells in the country contain nitrate (USEPA, 2003).  Subsurface conditions that make aquifers particularly vulnerable are described as porous, water-producing limestone that is overlain by sandy beds and lacking clay or organic components.  The long-term accumulation effect of nitrates reaching deep ground water is a concern for Florida’s aquifers and springs.  

The fate and transport of nutrients is dependent on both the form and presence of various microorganisms that play crucial roles in the natural cycle including decomposition.  The two primary forms of nitrogen that are of concern to ground water contamination include ammonium (NH4 + ) and nitrate (NO3 -2 ).  Ammonium ions will readily adsorb to negatively charged soil particles under anaerobic condition or be reduced to ammonia by microbial action.  Unlike ammonium ions, nitrate ions are not attracted and will not adsorb to soil particles due to a negative charge.  Nitrates that are not used in the root zone by vegetation or crops readily leach to the subsurface and accumulate in ground water where they can migrate significant distances (Cantor and Knox, 1986).  The decomposition of nitrates after they leach to deep aquifer systems is limited.   Phosphorus will readily bind to soil particles and is much less mobile than nitrates.  While nitrates migrate away from contamination zones, phosphorus concentrations can remain elevated because of slow desorption from the sediments (USGS, 2003).   Given the right conditions such as sewage leaching fields becoming anaerobic, phosphorus can become soluble and leach to ground water.  

Ground water enriched with nitrates and suitable for drinking water purposes can impact surface water bodies.  Proposed EPA ecoregional nutrient criteria for surface waters are much lower than the MCLs for ground water standards (EPA, 2000).  An EPA study found as many as half the nation's waters do not adequately support aquatic life because of excess nutrients (EPA, 2000).  The Agency further identified nitrogen and phosphorus as the primary causes of eutrophication and resulting algal blooms.  This will be discussed further in the ground water and surface water interaction section of this report.  
Inorganic forms of nitrogen that include nitrate, nitrite and ammonium can be related to human activities.  EPA cites the primary causes for nitrate contamination in ground water as failed, overloaded, improperly constructed or located septic systems, animal waste and fertilizer (EPA, 2003).  However, there are natural processes such as atmospheric deposition that are also important.  Although this atmospheric component of nitrogen loading is substantial, the impacts to ground water are usually not significant since the nitrogen is distributed over large areas where plant uptake and soil processes can attenuate the contamination.  Where there are concentrated sources or a lack of vegetation, the natural processes are not able to attenuate all the nitrogen and nitrates accumulate in the ground water.    

Nitrogen Cycle - Ammonia, Nitrite and Nitrate

The natural cycles of nitrogen and phosphorus are very different and will be discussed separately.  Nitrite, nitrate and ammonia are interrelated forms of nutrients related to nitrogen.  To appreciate the complexity of nutrient ground water contamination, some understanding of the nitrogen cycle is essential (modified after http://www.geog.ouc.bc.ca )  (Figure N1).  
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Figure N1

Nitrogen gas makes up 80% of the atmosphere and its subsequent deposition is an important transport mechanism to ground water.  Most of the ambient nitrogen found in soils enters through the “fixation” of atmospheric gas with a small proportion from rainfall or effects of lightning.  Only a specialized group of bacteria, actinomycetes or cyanobacteria can “fix” the largely inert nitrogen gas into biologically useful compounds.  Nitrogen continues its cycle as it moves downward through the soil toward ground water with losses to plant consumption or gaseous diffusion back to the atmosphere from denitrification that occurs under anaerobic conditions.  Mineralization, also known as ammonification, is one of the microbial decomposition processes where organic nitrogen is transformed to ammonia (NH3 -)or ammonium salts (NH4+) by decomposers in the soil such as bacteria, actinomycetes and fungi.  Ammonium (NH4+) can be adsorbed onto clay particles in the soil or undergo nitrification.  Nitrification or chemical oxidation occurs in aerobic conditions when there is a carbon source and autotrophic bacteria (genus Nitrosomonas) present to change ammonia and ammonium to nitrite (NO2 -).  Another type of bacteria (genus Nitrobacter) quickly changes the nitrite (NO2 -) to nitrate (NO3 -).  Once the nitrogen is in the form of nitrates it is very soluble and easily leaches from the soil system to ground water.

Phosphorus Cycle – Total Phosphorus and Orthophosphate

There is a distinction between total phosphorus (inorganic + organic) and orthophosphate (organic) with the latter having a higher plant uptake rate.  Phosphate (PO4 -3) will bind to clays or minerals such as calcium, manganese and iron depending on the soil pH.  Favorable conditions for phosphorus leaching to ground water include anaerobic conditions and/or sandy soils where the adsorption capacity is minimal.  Phosphorus can be found at elevated concentrations in ground water especially where natural abundances exist, such as southwest Florida.    

Ground Water Quality Analyses 

The evaluation of ground water quality is currently based on available data from the Department’s two major statewide ground water sampling programs, the Background Network and the Status Network (Maddox, et al, 1992; Copeland, 2001).  The Status Network randomly selected and sampled fifty-nine wells and one spring within the basin in the year 2000 (Appendix A).  There were a total of one spring and 29 wells in the unconfined aquifer group and 30 wells in the confined aquifer group.  The Status Network nutrient analytes for this basin included filtered ammonia, ammonia + organic nitrogen, nitrate + nitrite, phosphorus and orthophosphate and these analytes were also included in the Background Network sampling.  The Background Network included a total of 74 nonrandom wells from this basin sampled from 1989-1999 with 18 wells in unconfined aquifers and 56 in confined aquifers (Appendix C).  Descriptive statistics for the Status and Background Network are provided in Appendix B and C.  

The data analyses for nutrient contaminants begins with nitrates so that the ground water standard can be applied.  The ground water standard is based on health effects that can occur to infants and small children if the nitrate or nitrite level (separately or combined) is over 10 mg/L.  Ammonia, phosphorus and orthophosphate do not have ground water standards.  The Groundwater Resource Index (GRI) for nutrients is designed to evaluate the quality of ground water for the basin using two categories and the highest designated use as a potable water supply.  The GRI is defined as follows for nutrient contaminants that include nitrite and nitrate:

Met GW Nutrient Standards
–
Detections at or below the MCL/GCL.

Did Not Meet GW Nutrient Standards  –  
Exceeds the MCL of 10 mg/L for nitrates.

The lowest nitrate + nitrite (nitrates) method detection limit (MDL) is 0.0040 mg/L for both the Status and Background Network.   

Status Network Nutrient Analyses (2000)
The nitrite + nitrate (as N and filtered) data were analyzed for the Status Network wells in this basin.  The majority of confined and unconfined wells randomly selected were not significantly impacted by nitrates.  There were 98% of the wells that Met the Nutrient Standards and 2% that Did Not Meet the Nutrient Standards for ground water (Figure N1).   The Unacceptable for Designated Use category consists of one Status Network facility monitoring well that exceeded the ground water standard for nitrates in this basin (Table N1).  The location of this exceedance is shown on Figure N3.  The analyses by aquifer indicate nitrates were detected in all three major aquifers (surficial, unconfined Floridan and confined Floridan) but are below the nitrate GRI threshold of 10% exceedances.  There is little probability of a basin-wide nitrate issue when considering the designated use of ground water as a potable supply in this basin.     
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Figure N1

	TABLE N1.  WATER QUALITY IN STATUS NETWORK WELLS (2000)

	
	
	
	
	
	
	

	NITRATES                                    (Nitrite + Nitrate)
	Surficial
	Unconfined Floridan
	Confined Intermediate
	Confined    Floridan
	Total Wells
	Wells (%)

	Nondetections
	2
	0
	2
	11
	15
	25%

	Detections < = MCL
	20
	7
	0
	17
	44
	73%

	Exceedances MCL
	1
	0
	0
	0
	1
	2%

	Total Wells
	23
	7
	2
	28
	60
	100%

	Percent MCL Exceedances
	4%
	0%
	0%
	0%
	2%
	 


Background Network Nutrient Analyses (1989-1999)

The nitrite + nitrate (as N and filtered) data were analyzed for the Background Network wells in this basin.  The majority of confined and unconfined wells in the basin were not significantly impacted by nitrates.  There were 100% of the wells that Met the Nutrient Standards and 0% that Did Not Meet the Nutrient Standards for ground water (Figure N2).   The GRI threshold of 10% was not exceeded for nitrates in Background Network wells in this basin.  The analyses by aquifer indicates that nitrates were detected in wells in all three major aquifers (surficial, unconfined Floridan and confined Floridan) but there were no MCL exceedances for nitrite + nitrate (as N).  Other forms of nitrates were also analyzed in the Background Network that include filtered and unfiltered nitrite (as N), nitrate (as N) and nitrite + nitrate (as N).  There were over 500 observations when considering all nitrate species for the wells in the Background Network.  The expanded Background nitrate data indicate there were 225 observations in unconfined aquifer wells with no exceedances (median of 0.029 mg/L) and 348 observations in confined aquifer wells with just two exceedances (median of 0.050 mg/L).  The Background Network confirms the findings from the Status Network that there is little probability of a basin-wide nitrate issue when considering the designated use of ground water as a potable supply in this basin.
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Figure N2

	TABLE N2.  WATER QUALITY IN BACKGROUND NETWORK WELLS (1989-1999)

	
	
	
	
	
	
	

	NITRATES                                    (Nitrite + Nitrate)
	Surficial
	Unconfined Floridan
	Confined Intermediate
	Confined    Floridan
	Total Wells
	Wells (%)

	Nondetections
	1
	1
	4
	11
	17
	23%

	Detections < = MCL
	10
	6
	10
	31
	57
	77%

	Exceedances MCL
	0
	0
	0
	0
	0
	0%

	Total Wells
	11
	7
	14
	42
	74
	100%

	Percent MCL Exceedances
	0%
	0%
	0%
	0%
	0%
	 


There is no significant difference between the GRI for the Status and Background Network.   However, the levels of nitrate found in the ground water in certain areas of this basin are of greater importance to ground water interacting with surface water.  This will be explored further in the Ground Water to Surface Water Interaction section of this report.
Other Sources of Data

Other sources of data were researched and the stations that represent locations of nitrate sampling are illustrated with Figure N3.  Markers locate all stations that were sampled for nitrates between 1989 – 2003 and exceedances are shown.  There were four private wells that exceeded the nitrate standard from the WSRP private well sampling and HRS Study.  The only exceedance of the nitrate standard for Status Network wells in this basin was associated with a monitoring well at a sewage treatment facility (Figure B3 and Table B3 in the Biological Section).  
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l 
Status Network Unconfined Wells with Nitrate MCL Exceedances

u
Private Wells with Nitrate MCL Exceedances

c
HRS Private Well with Nitrate MCL Exceedance

Figure N3

The historic data supports the Status Network results and confirms that on a basin-wide scale, ground water meets its designated use as a potable water supply for nitrates with a low incidence of exceedances.  

· The Water Supply Restoration Program samples private wells when there is a possible contamination issue.  Private wells in the basin have been sampled for nutrients during the sampling years of 1989 to present.  From 1989 to the present, there have been 2164 exceedances of nitrates statewide in private wells with three nitrate private well exceedances occurring in this basin.

· The HRS Private Well Survey (1986-1997) for nutrients in this basin consisted of 46 wells in Leon County (November, 1986) and 50 wells in Wakulla County (July, 1997) that were sampled for nitrates (nitrate, nitrite and nitrate + nitrite - all with primary standard of 10 mg/L).  There were numerous nitrate detections in both counties with ground water at or above 1 mg/L.  Only one well located in Wakulla County exceeded the nitrate standard.  

· The South Tallahassee VISA comprises an area of approximately 64 square miles Southwest of the city of Tallahassee. Twenty-nine existing wells were selected for ground-water sampling. Current landuse within the VISA consists primarily of small businesses, a regional airport, and light industry. The VISA and adjacent Background Network wells were sampled in spring of 1990, 1991 and 1997 for field parameters, nutrients, and major ions.   There were no VISA wells that exceeded the nitrate ground water standard.  

· The NWFWMD targeted study on nitrogen loading in the Lower St. Marks-Wakulla River watersheds further illustrates local areas with nitrate enriched ground water and springs from sampling periods 1999-2000 (Appendix D) (Chelette and Pratt, 2002).

Microlanduse and Sources of Nutrients

The NWFWMD nutrient study (Chelette and Pratt, 2002) evaluated the sources of nutrient loading in the St. Marks and Ochlockonee Basin (Figure N3).  Almost 50% of the nitrogen loading in this basin is due to atmospheric deposition.  Therefore even pristine Background Network wells are expected to have nitrate detections due to atmospheric deposition.  After atmospheric deposition, other important nitrogen sources in this basin include commercial fertilizer (16%), wastewater treatment (17%) and OSDS – on site disposal systems (11%).  Regarding these potential sources, only 15% of the land area in this basin is categorized as either urban and built-up or agricultural (Figure 6 in Land Use).  

	



Figure N3

Long-term accumulation and trends in water quality are very important considerations when evaluating sources of nitrogen.  Trend data since the 1980’s for nitrogen loading indicate there have been increases for atmospheric deposition and on-site disposal systems coincident with decreases for livestock, wastewater treatment and commercial fertilizers (Chelette and Pratt, 2002).

Changes in Basin’s Ground Water Resource

There is no significant difference between the GRI for the Status and Background Network and descriptive statistics also show very little difference between the median nitrate levels in the Status and Background Network in most aquifers (Tables N3 and N4).

	 
	 
	 
	 
	 
	 

	
	
	
	
	
	

	TABLE N3.   COMPARISON OF UNCONFINED AQUIFER POPULATIONS 

	BACKGROUND NETWORK (1989-1999) TO STATUS NETWORK (2000)

	
	
	
	
	
	

	NITRATES                              (Nitrite + Nitrate)
	 
	Surficial
	Surficial
	Unconfined Floridan
	Unconfined Floridan

	Sampling Years
	 
	1989-1999
	2000
	1989-1999
	2000

	Minimum
	
	0.01
	0.00
	0.00
	0.01

	1st Quartile
	
	0.03
	0.01
	0.04
	0.01

	Median
	
	0.04
	0.03
	0.10
	0.40

	3rd Quartile
	
	0.63
	0.40
	0.66
	0.60

	Maximum
	 
	2.10
	19.00
	1.13
	1.00

	Total Wells
	
	11
	23
	7
	7

	Number BDLs
	
	1
	2
	1
	0

	Number MCL Exceedances
	
	0
	1
	0
	0

	Percent MCL Exceedances
	 
	0%
	4%
	0%
	0%

	
	
	
	
	
	

	 
	 
	 
	 
	 
	 


	 
	 
	 
	 
	 
	 

	
	
	
	
	
	

	TABLE N4.   COMPARISON OF CONFINED AQUIFER POPULATIONS 

	BACKGROUND NETWORK (1989-1999) TO STATUS NETWORK (2000)

	
	
	
	
	
	

	NITRATES                              (Nitrite + Nitrate)
	 
	Confined Intermediate
	Confined Intermediate
	Confined    Floridan
	Confined    Floridan

	Sampling Years
	 
	1989-1999
	2000
	1989-1999
	2000

	Minimum
	
	0.00
	0.00
	0.00
	0.00

	1st Quartile
	
	0.00
	0.00
	0.01
	0.00

	Median
	
	0.02
	0.00
	0.21
	0.25

	3rd Quartile
	
	0.06
	0.00
	0.50
	0.48

	Maximum
	 
	2.30
	0.00
	4.14
	1.90

	Total Wells
	
	14
	2
	42
	28

	Number BDLs
	
	4
	2
	11
	11

	Number MCL Exceedances
	
	0
	0
	0
	0

	Percent MCL Exceedances
	 
	0%
	0%
	0%
	0%

	
	
	
	
	
	

	 
	 
	 
	 
	 
	 


As expected, nitrates are more variable with higher maximum values in unconfined aquifer wells when compared to confined aquifer wells.  The highest median for nitrates (0.40 mg/L) occurred in Status Network unconfined Floridan wells and is considered suitable ground water quality for potable water supply.  The intermediate aquifer did not have sufficient data to be included in the evaluation.  

Conclusions of THE NUTRIENT Assessment 

The GRI for nutrients indicates no significant ground water issue exists for nitrates in surficial, unconfined Floridan and Floridan aquifer wells with respect to the designated use of potable supply.  There were few exceedances of the ground water nitrate standards in recent and historic data sources.  However, the levels of nitrate found in the ground water of this basin are of greater importance to ground water interacting with surface water.  With regard to environmental conditions in springs, lakes and streams, these ground water nitrate levels could be described as enriched.  Nitrate and other nutrient levels in ground and surface water will be explored further with the Ground Water Environmental Index in a later section of this report.

APPENDIX A

SITE DESCRIPTIONS

APPENDIX B

STATUS NETWORK 

DESCRIPTIVE STATISTICS

APPENDIX C

BACKGROUND NETWORK

DESCRIPTIVE STATISTICS

APPENDIX D

NWFWMD STUDY

NITROGEN LOADING 

Additions to Bibliography
Garrett, C., A. Reich, and A. Priest, 1986-1997, Private Well Survey – Assessment of Water Quality in Florida Private Wells, Department of Health, Tallahassee, Florida.

Chelette, A. and T. R. Pratt, 2002, Nitrate Loading as an Indicator of Nonpoint Source Pollution in the Lower St. Marks-Wakulla Rivers Watershed, Northwest Florida Water Management District Water Resources Special Report 02-1.

USEPA, 2003, Ground Water Contamination in the United States, http://www.epa.gov/seahome/groundwater/src/overview.htm.







Nitrogen Gas


(N2)








Ammonia (NH3)








� EMBED Excel.Sheet.8  ���








PAGE  
11

_1118733548.xls
pie

		OSDS

		WWTF

		commercial fertilizer

		livestock

		stormwater

		landfill

		Industrial

		atm dep



Mkg-yr

St. Marks and Ochlockonee Basin
Nitrogen Loading

0.2833583239

0.4346552711

0.3884697789

0.166368

0

0

0.011793

1.21829822



pie (no atm)

		OSDS

		WWTF

		commercial fertilizer

		livestock

		stormwater

		landfill

		Industrial



Mkg-yr

Nitrogen Load

0.2833583239

0.4346552711

0.3884697789

0.166368

0

0

0.011793



Sheet2

				kg-yr		Mkg-yr

		OSDS		283358.323875		0.28

		WWTF		434655.271143065		0.43

		commercial fertilizer		388469.778900823		0.39

		livestock		166368		0.17

		stormwater		0		0.00

		landfill		0		0.00

		Industrial		11793		0.01

		atm dep		1218298.22		1.22





Sheet3

		






