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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 to nitrate contamination 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 conditions 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.   

In contrast, 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 and surface water.  

Ground water enriched with nitrates can still be suitable for drinking water purposes but still 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 sources of nitrate.  While the rate of atmospheric deposition of nitrogen has substantially increased due to man, 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 nitrogen and lessen subsequent transport to ground water.  Where there are concentrated sources or a lack of vegetation, the natural processes are not able to attenuate all the nitrogen, and as a result nitrates leach to ground water and accumulate.    

Nitrogen Cycle - Ammonia, Nitrite and Nitrate

Nitrite, nitrate and ammonia are interrelated forms of nutrients related to nitrogen.  To appreciate the complexity of ground water contamination by nitrogen, 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 deposition to the land surface 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 particulate or dissolved phases) and orthophosphate (inorganic dissolved phase) with the latter consisting of the most stable and reactive phase readily used by plants.  Phosphate (PO4 -3) is the most common form in natural waters and will bind to clays or minerals such as calcium, manganese and iron depending on the pH when found in soils.  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 due to contamination or where significant natural abundances exist, such as southwest Florida.    
Identifying Basin-wide Ground Water Quality Issues 
The Status Network randomly selected and sampled fifty-nine wells and one spring within the basin in the year 2000 (Appendix B).  There were one spring and 29 wells in the unconfined aquifer group and 30 wells in the confined aquifer group.  The spring data was not included with well data in this assessment.  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 78 wells from this basin sampled from 1989-1999, with 20 wells in unconfined aquifers and 58 in confined aquifers (Appendix C).  The Status Network samples were always filtered before obtaining the analytical results, while the Background Network samples were collected as both filtered and unfiltered.  The nitrates in filtered samples tended to be higher than the nonfiltered samples.  This is a filtration artifact that can be examined in Appendix B and C where the descriptive statistics for the Status and Background Network are provided. 
The ground water nitrate (10 mg/L), nitrate + nitrite (10 mg/L) and nitrite standards (1 mg/L) are based on health effects that can occur primarily to infants and small children.  Ammonia, phosphorus and orthophosphate do not have ground water standards.  To assess ground water quality for nutrient contaminants, the GRI for the basin was calculated based on “nitrates” (quantified as nitrate + nitrite (as N)), the only nutrient-related analyte with a ground water standard that was included in the Status Network.

Met GW Standards for Nutrient Contaminants 

Values below the detection limit (BDL) * and detections at or below the MCL. 

Exceeded GW Standards for Nutrient Contaminants

Values that exceeded the nitrate + nitrite MCL of 10 mg/L.

[* The lowest nitrate+nitrite (as N) method detection limit (MDL) reported for the Status Network and Background Network was 0.004 mg/100 mL. 

Status Network Total Coliform GRI Analyses (2000)

The majority of confined and unconfined wells randomly selected were not significantly impacted by nitrates, with 98% of the wells meeting the ground water standard for nitrates (Figure N1).  The only exceedance of the nitrates standard for Status Network wells in this basin was associated with a monitoring well at a sewage treatment facility.  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).  The Status Network GRI threshold of 10% was not exceeded for nitrates in this basin and there is little probability of a basin-wide nitrate issue related to the designated use of ground water as a potable supply in this basin.     

[image: image2.emf]Nutrient Contaminants*

Status Network Ground Water Quality

98%

2%

Met  Nutrient

Standards

Did Not Meet Nutrient

Standards

* Based on filtered nitrite + nitrate


Figure N1

Background Network Nitrate GRI Analyses (1989-1999) 
The Background Network GRI indicates that the confined and unconfined wells in the basin were not significantly impacted by nitrates with 100% meeting the ground water standard as quantified by the commonly used lab method for nitrate + nitrite (as N) (Figure N2).   

Nitrates were detected in wells in all three major aquifers (surficial, unconfined Floridan and confined Floridan), which is an expected result due to the extent of atmospheric deposition and leaching characteristics of nitrates.  The Background Network GRI threshold of 10% was not exceeded for nitrates in this basin.  
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Figure N2

Other forms of nitrates were also analyzed in the Background Network, including filtered and unfiltered nitrite (as N), nitrate (as N) and nitrite + nitrate (as N).  There were over 500 samples when considering all nitrate species with different pretreatment filtration for the wells in the Background Network.  With this expanded cumulative analyte group, there were 225 samples in unconfined aquifer wells with no exceedances (cumulative median of 0.029 mg/L) and 348 samples in confined aquifer wells with just two exceedances for nitrates (median of 0.050 mg/L).  The Background Network confirms the findings from the Status Network.  

Establishing the Natural Background or Typical Levels of Nitrates
The Status Network was designed to provide the typical range of values on a basin-wide scale while the Background Network was designed to provide a baseline representing the natural background levels for local areas of interest throughout the basin (Tables N1 and N2).  The distribution of the data indicates the median values are a better approximation of the central tendency than the mean.  In contrast to the previous coliform assessment, these data actually reflect the condition of ground water in the aquifer.  The GRI for the Status Network compared to the Background Network had similar results showing no indication of a basin-wide nitrate issue for ground water as a potable supply.  The descriptive statistics are also compared and show differences between the two data sources (Tables N1 and N2) (Appendix B and C).  The median values were generally similar between the networks for the surficial aquifer but different for the unconfined and confined Floridan aquifer.  Maximum values between the networks varied for the surficial and confined Floridan.  

	TABLE N1.   COMPARISON OF UNCONFINED AQUIFER POPULATIONS 

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

	
	
	
	
	
	
	
	

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

	Sampling Years
	 
	Background
	Status
	Background
	Status
	Background
	Status

	
	 
	1989-1999
	2000
	1989-1999
	2000
	1989-1999
	2000

	Minimum *
	 
	0.002
	0.002
	0.002
	0.005
	0.002
	0.002

	1st Quartile * 
	 
	0.014
	0.007
	0.033
	0.007
	0.014
	0.007

	Median
	 
	0.032
	0.029
	0.100
	0.214
	0.040
	0.029

	3rd Quartile
	 
	0.280
	0.395
	0.655
	0.690
	0.558
	0.500

	Maximum
	 
	2.100
	19.000
	1.130
	1.000
	2.100
	19.000

	Mean
	 
	0.360
	1.350
	0.370
	0.370
	0.370
	1.150

	Relative Standard Deviation
	 
	184.90%
	297.00%
	120.70%
	118.70%
	161.30%
	312.20%

	Total Wells
	 
	13
	23
	7
	6
	20
	29

	Number BDLs
	 
	1
	2
	1
	0
	2
	2

	Number MCL Exceedances
	 
	0
	1
	0
	0
	0
	1

	Percent MCL Exceedances
	 
	0.0%
	4.4%
	0.0%
	0.0%
	0.0%
	3.5%


		 

	Surficial

	Surficial

	Unconfined Floridan

	Unconfined Floridan


	Sampling Years

	 

	Background

	Status

	Background

	Status


		 

	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


	Relative Standard Deviation

	 

	147%

	297%

	119%

	107%


	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 N2.   COMPARISON OF CONFINED AQUIFER POPULATIONS 

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

	
	
	
	
	
	
	
	

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

	Sampling Years
	 
	Background
	Status
	Background
	Status
	Background
	Status

	
	 
	1989-1999
	2000
	1989-1999
	2000
	1989-1999
	2000

	Minimum *
	 
	0.002
	0.002
	0.002
	0.002
	0.002
	0.002

	1st Quartile * 
	 
	0.003
	0.002
	0.008
	0.002
	0.006
	0.002

	Median
	 
	0.017
	0.002
	0.200
	0.250
	0.061
	0.175

	3rd Quartile
	 
	0.063
	0.002
	0.468
	0.483
	0.425
	0.415

	Maximum
	 
	2.300
	0.002
	4.140
	1.900
	4.140
	1.900

	Mean
	 
	0.250
	0.000
	0.430
	0.370
	0.390
	0.340

	Relative Standard Deviation
	 
	254.40%
	0.00%
	170.20%
	134.50%
	183.30%
	141.60%

	Total Wells
	 
	14
	2
	44
	28
	58
	30

	Number BDLs
	 
	4
	2
	11
	11
	15
	13

	Number MCL Exceedances
	 
	0
	0
	0
	0
	0
	0

	Percent MCL Exceedances
	 
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%


[ * NOTE:  The lower range of data for both Status and Background Network datasets are censored, with the same method detection limits of 0.004  mg/L.  For values reported as below the MDL, ½ the reported MDL is typically used in the dataset.]
The Unconfined Aquifers’ Natural Background Range of Values (Background Network) for nitrates (nitrate+nitrite (as N)) ranged from below detection to 2.1mg/L, with a mean value of 0.37 and a median of 0.04 mg/L.  The Confined Aquifers’ Natural Background Range of Values (Background Network) for nitrates (nitrate+nitrite (as N)) ranged from below detection to 4.1 mg/L, with a mean value of 0.39 and a median value of 0.06 mg/L.  

The Unconfined Aquifers’ Typical Range of Values (Status Network)) for nitrates (nitrate+nitrite (as N)) ranged from below detection to 19 mg/L, with a mean value of 1.15 and a median of 0.03 mg/L.  The Confined Aquifers’ Typical Range of Values (Status Network) for nitrates (nitrate+nitrite (as N)) ranged from below detection to 1.9 mg/L, with a mean value of 0.34 and a median value of 0.18 mg/L.  

Associations Between Water Quality and Hydrogeology

As expected, nitrates in Status Network wells are more variable, with higher maximum values in unconfined aquifer wells when compared to confined aquifer wells (Tables N1 and N2).  The highest median for nitrates (0.25 mg/L) occurred in Status Network confined Floridan wells and these nitrate levels are considered suitable ground water quality for potable water supply.  The Intermediate aquifer did not have sufficient data to be included in the evaluation.
Integrating Other Data Sources

Other sources of data were also assessed to determine if they support the initial findings based on the Status and Background Network data.  The stations that were sampled from other sources of data and have exceedances for nitrates are shown in Figure N3.  The exceedance frequency rate for the private wells was very different with the highest (18%) occurring in private wells from the Water Supply Restoration Program sampling.  The lowest exceedance frequency rate (1%) occurred in the private wells from the HRS Study.  This is an expected result since WSRP wells are usually associated with targeted sampling near suspected areas of contamination.  Also shown is the one exceedance of the nitrate standard for Status Network wells, associated with a monitoring well at a sewage treatment facility.  There were no nitrate exceedances in the Background, VISA or Trend Networks [ ? check after new data retrievals].  
Other sources of data support the Status Network results and confirm 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 34 private wells sampled for nitrates with six nitrate private well exceedances resulting in a 18 % exceedance frequency rate.
· 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).  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 resulting in a 1% exceedance frequency rate.  

· The South Tallahassee VISA comprises an area of approximately 64 square miles Southwest of the city of Tallahassee. 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.  Thirty-two existing wells were selected for ground-water sampling and in 1990 and 1997 and there were no exceedances in VISA wells for nitrates.  
· 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 E) (Chelette and Pratt, 2002).

Spatial Distribution of DEP Exceedances (1989-2000)

The few nitrate exceedances from the Department’s various data sources are spatially distributed throughout the basin (Figure B4).  
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Figure N3

Microlanduse and Sources of Nitrates

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, or septic tanks) (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 OSGSs coincident with decreases for livestock, wastewater treatment and commercial fertilizers (Chelette and Pratt, 2002).

Is the Resource Improving or Degrading

The analytical results for nitrates in wells are considered an accurate representation of the actual ground water in the aquifer and not just water in wells.  However, since there are only two sampling events represented in the data for the Background and Status Networks, these data are insufficient to establish overall trends with certainty.  Low rates of exceedances and low median values were found in both of the Department’s data sources, confirming the ground water resource does not have a basin-wide issue for nitrates with regard to potable water supply.  We can conclude that median nitrate levels in the unconfined and confined Floridan aquifer system in the basin have slightly increased but are still near their relative background levels (Table N3).   As a preliminary indication of resource improvement or degradation with respect to nitrate contamination, the medians of the two networks are compared relative to the confining strata and individual aquifers.  These data indicate possible degradation may be occurring in the unconfined Floridan aquifer and to a lesser extent in the confined Floridan aquifer.  

	TABLE N3.   RESOURCE PRELIMINARY EVALUATION

	
	
	
	
	
	
	

	NITRATE LEVELS                             (Nitrite + Nitrate)
	 
	Background Network
	Status        Network
	RESOURCE DEGRADATION INDICATED

	 
	 
	1989-1999 *
	2000 *
	Basin-wide Medians
	Basin Trend Wells

	Surficial
	
	0.03
	0.03
	NO
	POSSIBLE

	Unconfined Floridan
	
	0.10
	0.21
	POSSIBLE
	NO

	All Unconfined Aquifers
	 
	0.04
	0.03
	NO
	LOCALIZED

	Confined Intermediate
	
	0.02
	0.002
	NO
	POSSIBLE

	Confined Floridan
	
	0.20
	0.25
	POSSIBLE
	NO

	All Confined Aquifers
	 
	0.06
	0.18
	POSSIBLE
	LOCALIZED

	
	
	
	
	
	
	

	*  Based on basin-wide median values (mg/L)          NSD = Not Sufficient Data


The Trend and Temporal Variabilty Network consists of over 46 wells located throughout the state to identify major spatial trends.  There are 10 stations from the Trend/TV Network that are located within the basin boundaries.  A trend analysis of nitrate data was performed for these local wells to identify ground water resources with degrading conditions (Appendix D).  The results are shown in Table N3 and Figure N4.  
We can conclude by this trend analysis that basin-wide nitrate levels in the unconfined and confined Floridan aquifer system in the basin have increased and are above relative background levels.  There is also an indication that the degradation is more significant in local areas where established trend wells indicate that both unconfined and confined aquifers are being affected.  This is particularly relevant for the Wakulla Park Recreational confined Floridan well where ground water concentrations are above 3.0 mg/L and the Louis Rothman confined Intermediate well with concentrations above 2.0 mg/L.  As the new Status Network progresses, future cycles of random data will be compared to previous data.  This refinement will improve our ability to evaluate and demonstrate significant changes that may be occurring in a basin-wide scale.  Where there are indications that the resource is degrading locally, a targeted trend network of wells with increased sampling frequency may be recommended to monitor changing resource conditions over shorter periods of time.
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Figure N4.

Conclusions of THE NUTRIENT Assessment 

The GRI for nutrients indicates no significant ground water issue exists 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.  We can conclude from a trend analysis that on a basin-wide scale, the unconfined and confined Floridan aquifer systems have degraded due to nitrates and are above relative background levels.  There is also an indication that the degradation is more significant in local areas where a longer record of trend data has been established, with impacts to both unconfined and confined aquifers.  

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 especially for unconfined and confined Floridan wells that have a median value elevated over expected background ground water concentrations.  Nitrate and other nutrient levels in ground and surface water will be explored further with the Ground Water to Surface Water Relational Assessment (SRA) included in a later section of this report.
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