Maintenance of Water Standards in Biscayne Bay: An Investigation of the Stable Isotopes of Nitrogen

Abstract

Biscayne Bay, including Biscayne National Park has been designated as an Outstanding Florida Water (OFW).  Water quality standards associated with both OFW and Class III water quality criteria are principally narrative rather than numeric.  The isotopes of nitrogen in benthic organisms and inorganic and organic components in the water have been widely used to ascertain the presence of anthropogenic influences in coastal estuaries.  However there are no OFW and Class III standards for the nitrogen isotopic composition of waters or organic materials in the waters or links to absolute concentrations of nitrogen.  This proposal aims to conduct a thorough investigation of one of South Florida’s most important estuarine bays, Biscayne Bay in order to establish standards, sources of nitrogen contaminants, and potential existing impacts in the area.

Problem Statement

The stable isotopes of nitrogen have been often quoted in the literature and popular press as indicator of anthropogenic nitrogen and have even been dubbed the ‘DNA’ of sewage nitrogen.  However there are no OFW and Class III (F.A.C. 62-400.) standards for the nitrogen isotopic composition of waters or organic materials in the waters.  Furthermore there is little understanding of the processes which cause the variation in the water and the organic material associated with the water.  Efforts are currently underway by Biscayne National Park and Florida International University to establish Class III standards for nutrients, in light of potential serious threats to Biscayne Bay. This project will conduct a thorough study of the nitrogen isotopic systematics of Biscayne Bay, and will attempt to establish sources of contaminants and downstream fate of these contaminants.  This will serve as an important component to understand how the Bay is affected and impaired by these compounds.  It will also be used in the work to establish criteria to associate with OFW and Class III standards. 

Issues of concern to the Park include a wastewater re-use component of the Comprehensive Everglades Restoration Plan, accelerated urban development and consequent input of sewage derived nutrients, agricultural nutrients, leakage from the Miami-Dade landfill, and a US Army Corps of Engineers dredging project on the Miami River. These issues potentially pose a serious threat to the water quality and biota of the Park and greater Biscayne Bay.  Working with Miami-Dade County, Florida International University, University of Miami, and the State of Florida, this project will provide an understanding of the impacts of nutrients upon the bay.  Specifically we will;

· Conduct a thorough study of the nitrogen isotopic composition of benthic organisms within Biscayne Bay and on some of the Park reef tract to identify spatial and temporal trends which might be related to point sources of pollution.

· Investigate temporal and spatial patterns in the nitrogen isotopic composition of particulate organic material within the water column as well as the nitrogen isotopic composition of sedimentary organic material.

· Measure all components of the nitrogen isotopic composition in the water column and pore water including the composition of nitrate, ammonia, and dissolved organic material.

· Measure the nitrogen isotopic composition of the inputs into BNP including canal waters, groundwaters, rainwater, and water upwelled off the shelf edge.

These data will provide baseline geochemical data with which to assess changes in the input of nutrients into Biscayne Bay.

There have been significant increases in population in South Dade County adjacent to both Biscayne and Everglades National Parks.  These population pressures, as identified in Science Plan in Support of Ecosystem Restoration, Preservation and Protection in South Florida p.72 -74 (2004), not only mean there increased usage of the resources offered by the two national parks, but this growth also threatens the supply and quality of water within the parks, a feature which is vital to their survival.  The input of nutrients into these areas is of prime importance as such nutrients detrimentally impact the water quality in a number of ways.  First they promote the growth of both micro and macro algae impacting water clarity and habitat available for benthic organisms.  In turn the algal growth reduces the concentration of oxygen in the water causes dysoxia and the death of other organisms.  It is necessary to understand what the current and potential sources of nutrients within the [image: image1.png]e Dissolved Inorganic
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South Florida area are.  

One of the most important nutrients acting as a contaminant is nitrogen.  Nitrogen, unlike phosphorus has an active redox cycle in which nitrogen is present in a combination of redox states.  Transformations between these states are mediated by a restricted group of microorganisms.  Starting with nitrogen in the organic form, organic material is decomposed by bacteria to produce CO2 and ammonia.  Origins and transformation process can be understood using the naturally occurring isotopes of nitrogen.
Nitrogen has two stable isotopes, 15N and 14N.  The atmospheric ratio of these isotopes is generally considered to be constant and the abundance of these isotopes is measured relative to the composition of the atmosphere and is expressed in parts per thousand relative to air.   The nitrogen isotopic composition (15N) of an organism's tissues approximates the 15N of its diet.  In addition there is in most cases a slight enrichment as 15N depleted nitrogen in the form of urea and ammonia is lost.  Field studies show that there is an average of 3.2 ‰ enrichment in 15N per trophic level.  Nitrogen in excreted waste is mainly in the form of urea which is hydrolyzed to ammonia and converted to nitrate.  During hydrolysis 15N depleted ammonia is lost by volatilization, causing the residual ammonium to be enriched in 15N.  This ammonium is converted to 15N-enriched nitrate with 15N values from +10 to +20‰ (Heaton ,1986).  The extent of enrichment in 15N is influenced by a range of factors and it is therefore not practical to assign a precise value for 15N in sewage.  However, values are invariably higher than +10‰ (Heaton, 1986).  

The nitrogen isotopic method has been used to distinguish nitrogen derived from fertilizers (0‰) (Shearer et al. 1974; Kreitler, 1979; Heaton, 1986), nitrates produced from the oxidation of nitrogen waste (+10 to +22‰) (Kreitler ,1979), and nitrates produced from the oxidation of organic nitrogen in the soil (+4 to +9‰) (Gormley and Spalding, 1979, Mariotti ,1974).  In the absence of significant anthropogenic input, the most important source of nitrogen to the oceanic euphotic zone is in the form of upwelled nitrate (Altabet and McCarthy 1985, Altabet 1989).  The nitrogen is frequently isotopically enriched as a result of the process of denitrification.  Hence the 15N is often quite high in oxygen depleted waters (Cline and Kaplan 1975, Liu and Kaplan 1989) and it is likely that high15N will be found in organisms from these areas.  Although the nitrogen isotopic composition has not been measured in waters from the Florida Keys, tropical North Atlantic water has nitrogen isotopic compositions between +7 and +10 ‰ (Liu and Kaplan, 1989).  

An alternative explanation for the enrichment of surface waters arise becauses phytoplankton preferentially utilize the lighter isotope of nitrogen.  Hence as the NO3- concentration of the surface waters decrease, the 15N becomes more positive.  This is the explanation suggested by Sigman et al. (1997)  for the pattern attributed by Cline and Kaplan (1975) to denitrification.   Regardless of the explanation, the low nutrient surface waters are enriched in 15N as a result of normal processes.  

In the case of South Florida there have been no published measurements on the 15N of DIN in natural waters, although data from our group at the University of Miami seem to support the notion that the nutrient poor surface waters  are enriched in 15N, while the deeper waters are depleted in 15N.  However a recent paper by Leichter et al. (2003) observed that the 15N of Codium isthmocladium from around Crocker Reef in the Florida Keys increased with increasing depth contrary to what would be expected if the algae were obtaining their nutrients directly from the surrounding water and the 15N of the algae were cotrnolled directly by the 15N of nitrate in the surrounding environment. This species of algae was also studied several years earlier by Lapointe (1997).  These workers  measured 15N values in C. isthmocladium tissues from one site over a five-month bloom period in 1995 and  reported 15N values from +10.0 to +12.0 ‰ (vs. atmospheric N2 std.).  They concluded that the primary nutrient source was from wastewater-contaminated groundwater. 

In spite of the large amount of work which has been carried out in South Florida on the concentration of ntirogen (Figure 1), there are hardly any measurements on the nitrogen isotope systematics of the water or the benthic components in a systematic manner.  Hence there is no data which accompanies data shown in Figure 1 which would provide information on where the nitrogen is coming from.

This proposal aims to study sytemtatically the 15N  of  all possible components within BNP .  Specifically we will have three tasks.

Task 1:  Conduct a thorough study of the nitrogen isotopic composition of benthic organisms within Biscayne Bay and on the Florida Reef tract to identify spatial and temporal trends which might be related to point sources of nitrogen pollution.  Samples will be located using GPS and samples analyzed in the conventional manner.  Data will be provided as GIS maps.

Task 2: Investigate temporal and spatial patterns in the nitrogen isotopic composition of particulate organic material within the water column as well as the nitrogen isotopic composition of sedimentary organic material.  Samples will be collected from BNP boats at GPS located sites, four times year.  Data will be analyzed as in Task 1.

Task 3:  All components of the nitrogen isotopic composition in the water column and pore water, including the composition of nitrate, ammonia, dissolved organic material will be sampled.  Samples will be collected quarterly at the same locations as from which the POM samples are collected.  Samples will be processed using state of the art methods for analyzing low concentration of inorganic nitrogen. Sediment core samples will be taken from appropriate locations and the water from the cores squeezed to obtain porewaters.

Task 4: Measure the nitrogen isotopic composition of the inputs into BNP including canal waters, groundwaters, rainwater, and water upwelled off the shelf edge.

Principal Project Managers

Dr. Peter Swart is the Director of the Stable Isotope Laboratory at the University of Miami’s Rosenstiel School of Marine and Atmospheric Science.  He is widely experienced in the analysis of stable isotopes in South Florida and is currently involved in a study of the nitrogen isotopes of the Florida reef tract.

Dr. William Anderson is in charge of the stable isotope laboratory at Florida International University.

Deliverables

Deliverable 1:


Implementation Plan developed in conjunction with BISC personnel.

Due 2months after contract execution

Deliverable 2
Mid Year Report

6 months after contract execution

Deliverable 3

End of first year  Report
12 months after contract execution

Deliverable 4
Second Mid Year Report
18 months after contract execution

Deliverable 5

Conduct a thorough study of the nitrogen isotopic composition of benthic organisms within Biscayne Bay and on selected areas of Biscayne National Parks reef tract to identify spatial and temporal trends which might be related to point sources of nitrogen pollution.  Samples will be located using GPS and samples analyzed in the conventional manner.  Data will be provided as GIS maps.  GIS Maps and a report describing these results will be provided.

Deliverable 6

Investigate temporal and spatial patterns in the nitrogen isotopic composition of particulate organic material within the water column as well as the nitrogen isotopic composition of sedimentary organic material.  Samples will be collected from BNP boats at GPS located sites, four times year.  Data will be analyzed as in Task 1.  

Deliverable 7:All components of the nitrogen isotopic composition in the water column and pore water, including the composition of nitrate, ammonia, dissolved organic material will be sampled.  Samples will be collected quarterly at the same locations as from which the POM samples are collected.  Samples will be processed using state of the art methods for analyzing low concentration of inorganic nitrogen. Sediment core samples will be taken from appropriate locations and the water from the cores squeezed to obtain porewaters.  All Results will be provided to NPS Staff in Electronic Format and Summarized in a report.

Schedule

	Time after contract execution
	Task
	RSMAS
	FIU

	One Month
	Collect benthic samples
	X
	X

	
	POM
	
	X

	
	Water Samples
	X
	

	
	Sediment Cores
	X
	

	Four Months
	Collect benthic samples
	X
	

	
	POM
	
	

	
	Water Samples
	X
	

	Seven Months
	Collect benthic samples
	X
	

	
	POM
	
	

	
	Water Samples
	X
	

	Eleven Months
	Collect benthic samples
	X
	

	
	POM
	
	

	
	Water Samples
	X
	

	14-18 Months
	Analyze Data and write report
	X
	X
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Figure 1: Data collected by SERC on the distribution of inorganic nitrogen in the waters of South Florida,








