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EXECUTIVE SUMMARY 

Biscayne National Park (BNP) is adjacent to the Miami-Dade County South Dade Landfill 
Facility and the Miami-Dade Water and Sewer South District Plant.  The base of the landfill 
is lined with a geotextile membrane to separate it from the underlying Miami Limestone, the 
host rock for the Biscayne Aquifer.  The sewer plant injects treated sewage into the lower 
Floridan Aquifer that is overlain by an aquitard termed the Middle Confining Unit.  The 
Biscayne Aquifer borders the western margin of BNP and the Floridan Aquifer underlies the 
entire park.  There is concern about leakage of contaminated aquifer water into BNP and its 
potential effects on water quality. 

Water samples from shallow nearshore and offshore wells in BNP have been analyzed to 
characterize the groundwater beneath the park and to assess the potential for contaminants 
entering the park from subsurface flow.  Samples from seven well sites were collected 
approximately quarterly from August 2002 until March 2004.  The well sites form a transect 
from the western shore of Biscayne Bay at Black Point southeastward across the shelf to 
Pacific Reef.  Samples were analyzed for conductivity (salinity), dissolved oxygen, 
temperature, redox potential, nutrients, metals, strontium isotopes, radon, sulfate, and 
wastewater compounds. 

Low-salinity water was present in nearshore wells and indicates either some leakage from the 
Biscayne Aquifer or surface-water intrusion.  Elevated nutrients indicate surface-water 
exchange is more likely than groundwater flow.  Lack of seasonal variation in groundwater 
salinity indicates minimal exchange either with the surface water or with fresh groundwater 
flow, both of which exhibit seasonal variation.  The groundwater beneath the Florida shelf can 
be characterized as reduced (anoxic) seawater, modified by microbial respiration to remove 
oxygen and interaction with sediments and minerals in the host limestone.  Analyses of 109 
water samples collected from wells across the Florida shelf beneath BNP between August 2002 
and March 2004 show no consistent evidence of wastewater contaminants occurring in 
groundwater beneath BNP. In addition, no significant upward leakage from the Floridan Aquifer 
was detected in the shallow groundwater beneath BNP. The western edge of Biscayne Bay is 
influenced by surface water and perhaps Biscayne Aquifer water, whereas the rest of the Florida 
shelf is underlain by uncontaminated marine groundwater. 
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INTRODUCTION 


Coral reefs worldwide are suffering a decline.  This decline is a result of damage from ship 
groundings, point-source pollution, dynamite fishing, and ubiquitous but poorly understood 
effects of disease, coastal nutrification, and global warming.  The Florida reef tract exemplifies 
reef decline in the Atlantic-Caribbean region with many reefs now exhibiting less than 10% live 
coral cover (Florida Fish and Wildlife Conservation Commission, 2004).  As part of the Florida 
reef tract, the coral reefs of Biscayne National Park (BNP) have not been immune to the general 
decline, and great concern has been expressed by Department of Interior (DOI) managers and in 
the public media about the issue of continued degradation of reef ecosystems. 

Coastal pollution has been of particular concern in south Florida because of the great increase in 
population and urban development. Reef decline during the past three decades has paralleled the 
growth of the Miami metropolitan and Florida Keys areas. This growth, and associated pollution 
and fishing pressure, have placed BNP among the top 10 endangered National Parks (National 
Parks Conservation Association, 2004). Pollutants can enter BNP through many pathways.  BNP 
is connected to the surrounding urban area by roads, canals, waterways, water pipes, and 
electrical grids. Less apparent are the connections through wet and dry atmospheric deposition, 
surface seawater circulation, and groundwater flow.  This study addresses the threat of pollutants 
entering BNP along the groundwater-flow path. 

Groundwater in two south Florida aquifers, the shallow Biscayne and the deeper Floridan, is 
known to flow east and southeast from the mainland toward BNP (Fish and Stewart, 1991; 
McNeill, 2000). In addition, the Biscayne Aquifer is immediately overlain by both 
decommissioned (OSDL) and active landfills that lie on the western edge of BNP (Figure 1). 
Near the active landfill, a deep portion of the Floridan Aquifer is used for wastewater injection. 
Historically (prior to 1900), fresh groundwater from the Biscayne Aquifer discharged along the 
western shore of Biscayne Bay at greater volumes than those observed today. To simulate 
modern-day groundwater flow from the Biscayne Aquifer to the bay, a hydrogeologic model 
(SEAWAT) has been developed (Langevin, 2001).  Connectivity between the Floridan Aquifer 
and surface water of BNP is unknown, although wells drilled to the Floridan are artesian and 
historically have had wellhead pressures of 10-20 psi at sea level (Bush and Johnson, 1988).  The 
pressures have been decreasing over time with changing climatic conditions and aquifer 
withdraws. 

Small brackish-water lenses occur beneath the larger islands of the Florida Keys such as Elliott 
Key, Key Largo, and Big Pine Key (Halley and others, 1997).  Perhaps more importantly, the 
islands (keys) act as a barrier to tidal flow due to a large separation between tidal inlets (up to 
several kilometers). The presence of the keys causes a difference in tidal cycles and hence water 
levels, creating a hydraulic head gradient. The gradient constantly changes as the tide changes, 
setting up a phenomenon known as tidal pumping. Tidal pumping is the primary control or 
forcing factor for groundwater flow near the islands (e.g., Halley and others, 1997; Reich and 
others, 2002). 

The objective of this study is to determine whether the shallow groundwater beneath Biscayne 
Bay and the outer-shelf reefs is being affected by activities on the mainland. 
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Figure 1.  Study area and well-cluster sites indicated by yellow circles.  Goulds Canal exits into the bay near Black 
Point. Landfills are marked with orange dots; active landfill is the South Dade Landfill Facility and the Miami-Dade 
Water and Sewer South District Plant. The Old South Dade Landfill (OSDL) is an inactive landfill. 
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The scope of this study included installation, sampling, and analyses of water from sub-sea 
monitoring wells aligned along a transect from the western shore of Biscayne Bay southeastward 
to the reef tract.  Surface water at each well site was also collected. The water samples were then 
analyzed for potential and known contaminants in the Biscayne and Floridan Aquifers. 

GEOLOGIC SETTING 

The Miami Limestone composes the Biscayne Aquifer in large part, making it one of the most 
permeable aquifers in the U.S. (Fish and Stewart, 1991).  In contrast, the modern sediments are 
generally less permeable (Enos and Sawatsky, 1981).  The relative difference in permeability 
between sediment and rock, and the juxtaposition of sediment above the limestone, have led to 
the hypothesis that modern sediments may act as a partial aquiclude or seal over more permeable 
limestone on the seaward shelf.  The surficial Pleistocene limestone of the mainland and the 
Florida Keys has been shown to be approximately 125,000 years old (Multer and others, 2002).  
Younger Pleistocene reef deposits, approximately 80,000 years old, have been identified along 
the shelf edge farther south in the Keys (Lidz and others, 1991; Toscano and Lundberg, 1998).  
Similar relations may exist in the Pacific Reef area, and the limestone below modern reef 
sediments may be as young as 80,000 years but has not been dated by appropriate techniques to 
verify that age. The Pleistocene limestone in the region has been exposed to weathering and 
karstification during periods of lowered sea level (Multer and others, 2002), evidenced 
particularly well in the Cutler Ridge area where karst surfaces and small sinks and caves occur 
south of the Deering Estate Preserve.  Within Biscayne Bay, many of the seagrass patches grow 
in sediment-filled solution holes, similar to those documented by Ziemann (1972) in Florida 
Bay. Although the influence of karst on water flow has been recognized for many years (Parker 
and others, 1955; Shinn and Corcoran, 1987), only recently are attempts being made to integrate 
detailed knowledge of limestone dissolution with hydrogeology (Cunningham and others, 2003).  
About 15 miles south of BNP, a large, sediment-filled sinkhole occurs on the shelf behind a reef 
known as The Elbow (Shinn and others, 1996).  No evidence of groundwater flow was observed 
from the sinkhole during study of this particular karst feature. 

The Upper and Lower Floridan (Boulder Zone) Aquifers, respectively, are roughly 1000 to1800 
ft and 2500 to 3000 ft below the surface of BNP.  Historically, the aquifers are believed to be 
flowing slowly toward the shelf edge where they empty into the Florida Straits.  Locally, these 
aquifers deepen eastward, and there is concern about leakage from the deep aquifer that is used 
for sewage disposal (McNeill, 2000).  Regional changes in hydraulic head play the major role in 
flow of the Upper Floridan that has its recharge area in northwestern Florida.  Lower Floridan 
flow is driven by an additional component of geothermal warming that causes warmer, less-
dense water to rise beneath the Florida Platform and flow outward both on the Atlantic and Gulf 
of Mexico sides of the peninsula (Kohout, 1965).  In Dade and Monroe Counties, artesian flow 
from wells drilled into these aquifers was encountered during exploratory well drilling.  Natural 
springs and seeps from these aquifers are known to occur in north and central Florida as far south 
as 27o N, but not south of that latitude. Mud Hole Submarine Spring, believed to emanate from 
the Lower Floridan Aquifer, occurs in the Gulf of Mexico off Ft. Myers at 26o 15’ 50” N 
(Fanning and others, 1981). No natural springs flowing from the Floridan Aquifer are known in 
Dade or Monroe Counties (Rosenau and others, 1998). 
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METHODS


Four tasks were undertaken to create the datasets for this study.  (1) Sub-sea monitoring wells 
were installed along a transect from near shore to offshore.  (2) Samples from wells and surface 
waters were collected approximately quarterly as weather allowed.  Surface-water samples 
were collected immediately above the well-cluster sites.  (3) Samples were analyzed using 
standard operating procedures wherever possible.  (4) Water-level (well-pressure) data were 
collected at selected sites using submersible pressure sensors. 

Well Locations 

Six well-cluster sites have been established in a 25-km-long transect leading from onshore to 
offshore (Figure 1 and Table 1).  The near shore site 1 (Black Point Inshore) is a single well 
located south of Black Point. The well head is approximately 2 ft below sea level, and the well 
penetrates to a depth of 17 ft below seafloor (fbsf), terminating in a quartz-sand zone of the 
Miami Limestone (Fish and Stewart, 1991). Site 2 (Mid-Bay) is located in the middle of 
Biscayne Bay approximately 9 ft below sea level and consists of three monitoring wells to 
depths of 15, 33, and 42 fbsf.  Sites 3 and 4 are located on opposite sides of Elliott Key.  Site 3 
(Billy’s Point), the bayside site, consists of two wells at 6 and 22 fbsf.  Site 4 (Petrel Point), the 
seaward site, consists of two wells at 20 and 45 fbsf.  Site 5 (Alina’s Reef) is located on a patch 
reef where diverse reef research and monitoring is continuing and is a site where BNP staff have 
recorded low conductivity (salinity) on a moored instrument (Porter and Porter, 2002, p. 12-13).  
Three wells installed at Alina’s Reef provide sampling access to 12, 32, and 60 fbsf. Site 6, 
located south of the Pacific Reef light structure, consists of two monitoring wells to depths of 10 
and 41 fbsf. Procedures used to complete all monitoring wells are described below.  For 
comparison, a pre-existing shallow (80 ft, below land surface) onshore well in the Biscayne 
Aquifer was sampled, as well as an additional well (BkP, 20 fbsf) located just offshore of the 
Black Point site. 

Well Installation 

Well installation was accomplished by SCUBA divers with surface support. A USGS work 
boat, hydraulic-powered drill, and standard 5-ft NQ-2 wire-line core barrels and drill rods were 
used for core drilling. SCUBA divers drilled most of the offshore wells.  Wells can range 

in depth from 10 to 60 ft (3-20 m) and can be installed both 
on land and offshore in water depths up to 20 ft (6 m) 
(Figure 2). Rock cores obtained during drilling are 2 in. (50 
mm) in diameter. Each hole drilled was completed as a 
water-quality monitoring well (see Shinn and others, 1994, 
for diagrams of well completion).  A flush-threaded 5-ft­
long, 2-in.-ID PVC well screen with 0.01-in. slots was 
attached to enough PVC casing (flush threads) such that 
between 1 and 2 ft of casing protruded from the open hole. 
Two well sites, at Alina’s Reef and Pacific Reef, were 
completed using 1-in.-ID PVC screen and casing due to  
caving of the borehole. Coarse quartz sand (20-40 silica 
sand was poured into the annulus of the borehole to fill the 

Figure 2. Drilling on Alina’s Reef 
     using SCUBA. 
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space between the screen and formation.  Too coarse to clog well-screen slots, the sand allows 
unrestricted passage of fluid from the porous limestone to the screen. 

Location 
ID Station Name 

Longitude 
(W) 

Latitude 
(N) Date 

Method 
Lat/Long 

Datum 
Lat/Long 

Water 
Depth 

(ft) 

Drilled 
Depth 
below 

Seafloor 
BPI-1A Black Point 

Inshore -80.330 25.526 06/02/02 PLGR P-code WGS 84 1 17 

BkP-1A Black Point-1A -80.324 25.526 05/11/96 PLGR P-code WGS 84 2 20 

MB-1A Mid Bay -1A -80.267 25.484 06/10/01 PLGR P-code WGS 84 9 45 

MB-1B Mid Bay -1B -80.267 25.484 06/13/01 PLGR P-code WGS 84 9 55 

MB-1C Mid Bay -1C -80.267 25.484 06/13/01 PLGR P-code WGS 84 9 15 

ByP-1A Billy's Point -1A -80.212 25.428 06/07/01 PLGR P-code WGS 84 3 22 

ByP-1B Billy's Point-1B -80.212 25.428 06/09/01 PLGR P-code WGS 84 3 16 

PP-1A Petrel Point-1A -80.204 25.415 06/05/01 PLGR P-code WGS 84 
1 
.5 45 

PP-1B Petrel Point-1B -80.204 25.415 06/06/01 PLGR P-code WGS 84 1.5 20 

AR-1A Alina's Reef-1A -80.163 25.386 06/16/01 PLGR P-code WGS 84 9 60 

AR-1B Alina's Reef-1B -80.163 25.386 06/16/01 PLGR P-code WGS 84 9 32 

AR-1C Alina's Reef-1C -80.163 25.386 06/16/01 PLGR P-code WGS 84 9 12 

PR-1A Pacific Reef-1A -80.142 25.371 06/01/02 PLGR P-code WGS 84 12 42 

PR-1B Pacific Reef-1B -80.142 25.371 06/01/02 PLGR P-code WGS 84 12 10 

Location 
ID 

Top of 
Screen 

Bottom of 
Screen 

Sed. 
Thickness 

Casting 
Type 

Casting 
 Diameter 

Cores Core Location 

BPI-1A 12.0 ft 17.0 ft 1 ft PVC 2.0 in yes St. Petersburg, FL 

BkP-1A 15.0 20.0 1 PVC 1.5 yes St. Petersburg, FL 

MB-1A 28.0 33.0 0 PVC 2.0 yes St. Petersburg, FL 

MB-1B 36.5 41.5 0 PVC 2.0 yes St. Petersburg, FL 

MB-1C 10.0 15.0 0 PVC 2.0 yes St. Petersburg, FL 

ByP-1A 17.0 22.0 0 PVC 2.0 yes St. Petersburg, FL 

ByP-1B 1.0 6.0 0 PVC 2.0 yes St. Petersburg, FL 

PP-1A 40.0 45.0 0 PVC 2.0 yes St. Petersburg, FL 

PP-1B 15.0 20.0 0 PVC 2.0 yes St. Petersburg, FL 

AR-1A 55.0 60.0 0 PVC 1.0 yes St. Petersburg, FL 

AR-1B 27.0 32.0 0 PVC 1.0 yes St. Petersburg, FL 

AR-1C 7.0 12.0 0 PVC 1.0 yes St. Petersburg, FL 

PR-1A 36.0 41.0 0 PVC 1.0 yes St. Petersburg, FL 

PR-1B 5.0 10.0 0 PVC 1.0 yes St. Petersburg, FL 

Table 1.  Location and drilling details for wells used in the study. 
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A slurry of Portland cement was then poured into the annulus to fill voids and irregularities in 
the rock. The cement prevents water in the annulus, higher in the well, from entering the 
screened zone. Quick-setting hydraulic cement, composed of 1 part molding plaster (plaster of 
Paris) and 7 parts type II Portland cement, was mixed with water to form a stiff ball.  The ball 
of cement was quickly taken to the bottom and hand-molded into the annulus around the PVC 
pipe. The plug of cement in the top of the hole creates a barrier between the borehole and 
surface water. Hydraulic cement sets in approximately 5 min and is very hard in a few hours. 
Next, the excess PVC pipe was sawed off with a hacksaw, leaving 15 to 30 cm protruding 
above the surface.  A tight-fitting PVC end cap sealed the wells. Once the cement had 
hardened, the wells were developed by pumping until the water ran clear.  Purging was 
accomplished by fitting a PVC end cap (equipped with 3/4-in. by 50- ft-long, 15-m, Tygon 
hose) over the 2-in.-diameter PVC wellhead.  The other end of the hose was attached to a small 
12-VDC-rubber impeller pump aboard the boat.  The water pump, with a discharge rate of 
approximately 5 gal/min, was run for 5 to 10 min or until the water ran clear.  The completed 
wells were allowed to equilibrate for 90 days before sampling commenced. 

Water Sampling 

Ground- and surface-water samples were collected using USGS water-quality sampling 
protocols that follow clean procedures for all constituents, whether constituents are nutrients, 
trace elements, wastewater compounds, or pesticides (Wilde and others, 1998). The following 
sections describe preparation, collection, preservation, and cleanup procedures. 

Preparation 

The bottles for each constituent went through a four-step cleaning process.  The bottles (except 
baked-glass bottles) were first washed in Liquinox, then rinsed in tap water, followed by soaking 
in a 10% HCl solution for 30 min, and finally rinsed in de- ionized (DI) water.  The same 
procedure was followed for all tubing, fittings, and equipment (the acid rinse was not used on 
metallic equipment).  Bottles were capped, and labels placed on the bottles.  Prior to field 
collection, bottles were pre-rinsed twice with de-ionized (DI) water to save time in the field. 
Bottles were sorted for each well site and placed in double zipper bags. The same double-
bagging method was used for tubing and other equipment and supplies that would come in 
contact with water samples. Three or four days prior to field sampling, Gelman capsule filters 
(0.45-µm) were pre-conditioned with DI water. As long as pre-conditioned filters are kept on ice 
or refrigerated, the shelf life is up to 2 weeks. 

Collection 

Once on site, a diver was sent to connect a fitting to the wellhead.  The fitting provided a tight 
seal so that surface water could not enter when pumping commenced. The fitting was attached to 
Polytetrafluoroethylene (PTFE) tubing that reached from the wellhead to the boat.  The PTFE 
tubing was connected to peristaltic tubing (C-flex), which passed through a peristaltic pump and 
was then split, with one tube leading to a multi-probe (temperature, pH, oxygen-reduction 
potential (ORP), salinity, and dissolved oxygen) and the other to the sampling chamber. Several 
well volumes of water were pumped from the well. After readings on the probe stabilized, values 
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were recorded in a notebook.  The tubing to the probe was clamped and flow to the chamber 
commenced. Throughout water collection, ‘clean hands/dirty hands’ procedures were followed.   

Figure 3.  Equipment and collection-chamber layout on the R/V Halimeda in Biscayne National Park.

Collection chamber, peristaltic pump, and flow-through multi-parameter probe can be seen on the table. 


A collection chamber was assembled, which was constructed of a PVC frame with a clear 
Polyethylene bag clipped to the frame (Figure 3).  The chamber created an enclosure where 
samples were collected in bottles and helped assure that atmospheric deposition or other possible 
sources of contamination did not enter the sample.  The person designated ‘dirty hands’ opened 
the outer zipper bag and the person designated ‘clean hands’ pulled the inner zipper bag out and 
placed it in the chamber. Only the ‘clean-hands’ person touched the bottles and tubing inside the 
chamber.  Bottles were rinsed once and then filled to the appropriate level.  This procedure was 
conducted for all bottles for each well. Finally, the bottles were removed from the chamber for 
preservation (acidification). 

Preservation and Cleanup 

Some studies require a second chamber called a preservation chamber for acidification of 
samples.  After each well site was sampled and before anchor is pulled to move to next well site, 
the tubing was rinsed with a 0.1% Liquinox solution and followed by a DI rinse until Liquinox 
soap residual was unnoticeable. 
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Sample Analyses 

Salinity (specific conductance), temperature, dissolved oxygen (DO), oxidation- reduction 
potential (ORP or Redox), and pH were measured in the field using a multi- parameter probe 
(YSI model 556MP).  Hydrochemistry for 64 trace elements (Table 2) were analyzed by 
inductively coupled plasma mass spectrometry (ICP-MS) at Actlabs- Skyline in Tucson, 
Arizona. 

Element 

Detection Limit 

IPC/MS    ICP/OES 
Li 0.1 0.05 mg/l 
B 1** 1 
Be 0.05 2 
Na 5 0.1 mg/l 
Mg 1 0.1 mg/l 
Al 2 0.1 mg/l 
Si 50 0.1 mg/l 
K 10 0.1 mg/l 
Ca 50 0.1 mg/l 
Sc 1 
Ti 0.1 10 
V 0.05 10 
Cr 0.5 20 
Mn 0.05 0.1 mg/l 
Fe 5 0.1 mg/l 
Co 0.005 2 
Cu 0.1 2 
Ga 0.01 
Ge 0.01 
Se 0.2 20 
Rb 0.01 
Sr 0.04 10 
Y 0.003 10 
Zr 0.01 
Nb 0.005 
Mo 0.01 5 
Ru 0.01 
Pt 0.01 
Pd 0.01 
Ag 0.05 5 
Cd 0.01 2 
In 0.001 

Element 

Detection Limit 

IPC/MS  ICP/OES 
Sn 0.05 10 
Sb 0.01 10 
Te 0.01 10 
I 1 

Cs 0.002 
Ba 0.1 20 
La 0.001 
Ce 0.002 30 
Pr 0.001 
Nd 0.004 
Sm 0.002 
Eu 0.001 
Gd 0.002 
Tb 0.001 
Dy 0.001 
Ho 0.001 
Er 0.001 
Tm 0.001 
Yb 0.001 
Lu 0.001 
Hf 0.002 
W 0.02 10 
Re 0.001 
Os 0.002 
Au 0.002 
Zn 0.5 5 
Hg 0.2 (0.006+) 
Ti 0.005 10 
Pb 0.1 10 
Bi 0.01 20 
Th 0.001 
U 0.001 0.05 mg/l 

Table 2. Hydrochemistry of water samples run by Actlabs-Skyline. Samples within normal ranges were run on

ICP/MS while others at high concentrations were run on ICP/OES (Optical Emission Spectrometry). Detection 

limits are in micrograms per liter (ppb) unless noted otherwise. 


Three elements (arsenic, nickel and bromine), typically determined in fresh water by this method, 
had serious interferences from the high concentrations of calcium and magnesium in seawater 
and had to be excluded from the results.  Groundwater and surface-water nutrients (ammonium, 
nitrates, nitrites, total soluble nitrogen, total soluble phosphorus, and soluble reactive 
phosphorus) were analyzed on a nutrient auto-analyzer at the University of Florida. Dissolved 
organic carbon (DOC) was analyzed at the USGS Water Quality Laboratory in Ocala, FL, on a 
Shimadzu TOC-5050A analyzer with an ASI-5000A auto sampler. Determination of 66 
wastewater compounds in ground- and surface-water samples were conducted at the U.S 
Geological Survey National Water Quality Lab in Denver, CO.  USGS analytical procedures for 
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wastewater compounds (USGS schedule 1433) were by solid-phase extraction (SPE) and 
subsequent gas-chromatograph mass spectrometry (GC-MS) analyses (Zaugg and others, 2002). 
Radium and radon samples were analyzed at the USGS Center for Coastal and Watershed Studies 
(CCWS) office in St. Petersburg.  The St. Petersburg lab used an alpha-scintillation counter for 
measuring the four isotopes of radium (223, 224, 226, and 228).  Strontium-isotope ratios (87Sr to 
86Sr) were determined for selected samples by the University of Florida in Gainesville (August 
2002) and Geochron Laboratories in Cambridge, MA (March 2004) using thermal ionization 
mass spectrometry (TIMS). 

All samples were shipped immediately (via FedEx) upon return to the CCWS office in St. 
Petersburg. Holding times for nutrients were <28 days per USGS protocols when kept frozen; 
223Ra and 224 Ra were run in house as soon as possible due to their short half-life (11.4 days and 
3.7 days, respectively); trace elements were shipped to Actlabs and run within 4 to 6 weeks; and 
wastewater compounds were run in the order in which they were received at the USGS National 
Water Quality Laboratory (Denver, CO). Turn-around time ranged from 6 to 8 weeks. 

Potentiometric Measurements 

Our fourth task was to investigate the hydrology of the region by installing pressure transducers 
in many, if not all, of the wells.  The transducers were started, placed in the wells, and left to 
collect data on pressure variations within the wells. A transducer was also mounted to the outside 
of the well to collect data on surface water-level changes (tides). Well- and surface-pressure data 
were compared to determine if potentiometric gradients occurred between subsurface and surface 
that would indicate either positive vertical flow (discharge) or negative vertical flow (recharge). 
This part of the study is ongoing, funded by the USGS Eastern Region, and is not reported here. 
The information will be useful for calculating nutrient or other chemical-enrichment loading of 
surface water by groundwater. 

RESULTS 

Water Analyses 

Results of analyses of surface- and groundwater samples are tabulated in Appendix A and shown 
graphically in Appendix B.  Here we show the results for salinity, dissolved oxygen, pH, 
nutrients, metals, and wastewater indicators. 

Basic Characterization 

Salinity is arguably the most obvious indicator of Biscayne (salinity near 0 parts 
per thousand, ppt) or Floridan Aquifer (salinity about 2 ppt) water entering seawater 
(salinity about 35 ppt). Salinity of coastal surface water can also be affected by precipitation, 
evaporation, and surface-water runoff.  The range of surface-water salinity encountered during 
the study period (Figure 4A and Appendices A2 and B1) was consistent with the known 
variability of salinity in the bay and offshore as shown by surface-water quality monitoring sites 
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(http://serc.fiu.edu/wqmnetwork/).  The lowest salinity and greatest variability were observed at 
the near shore sites, which are most affected by rainfall and runoff.  Variability diminishes 
greatly offshore to normal seawater salinity of the reef tract that is maintained primarily by the 
salinity of the Gulf Stream.  Groundwater salinity ranges are shown in Figure 4B. Samples from 
an onshore well (G-3613) in the shallow Biscayne Aquifer are shown for comparison.  Only the 
Black Point Inshore (BPI) well consistently exhibited a pronounced and consistent low salinity of 
about 21 ppt, indicating possible dilution by Biscayne Aquifer water.  The offshore Black Point 
(BkP) and Petrel Point wells showed slight decreases in salinity (32- 33 ppt), perhaps reflecting 
some brackish-water mixing from the Biscayne Aquifer and the lens beneath Elliott Key, 
respectively. 

The range of surface-water temperatures (Figure 4C) reflected seasonal temperature change, also 
moderated by the temperature of the Gulf Stream to the east. Maximum ranges were recorded in 
the western bay, and minimum variation occurred on the reef tract.  Groundwater wells all 
showed an expected decrease in seasonal temperature variation, but their variation was greater 
than that of the onshore well (G- 3613, Figure 4D). 

Figure 4. Statistical box plot of (A) surface-water salinity, (B) groundwater salinity, (C) surface-water 
temperature, and (D) groundwater temperature for the five sampling rounds. 

DO, DOC, and Nutrients 

Dissolved oxygen (DO) was depleted in groundwater relative to that of overlying seawater.  
Surface waters were generally near saturation with respect to oxygen, but groundwater generally 
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exhibited only a fraction of a percent saturation, nearing 2-3% in a few samples. 

Dissolved organic carbon (DOC) in surface water was concentrated near the western shore of the 
bay (Appendices A1 and B2).  In groundwater samples, DOC was also greatest along the western 
shore of the bay, with a secondary enrichment at Petrel Point.  At the other well sites, surface-
water and groundwater values were similar. 

With the exception of near shore sites, surface water contained very little soluble silicate (SiO2). 
Groundwater typically contains an order of magnitude more silica, perhaps as a result of 
groundwater interactions with quartz sand, than that observed in surface waters.  Similarly, the 
onshore well exhibited high concentrations of nitrate, nitrite, dissolved inorganic nitrogen, and 
total soluble phosphorous. In contrast, relatively little ammonium exists in Biscayne Aquifer 
water compared to some surface-water samples from the Black Point Inshore site. Farther 
offshore in the bay and on the reefs, surface-water nutrient concentrations were low (compared to 
near shore values), but groundwater was consistently elevated relative to overlying seawater. 

Metals 

Of the 64 elements analyzed, 19 were found to be above detection limits.  The distributions of 
these elements in groundwater are listed in Appendices A1 and A2 and shown graphically in 
Appendix B3.  Also shown is an average value from ocean water from Millero (1996).  Some 
obvious differences occurred in the nearshore wells as a result of mixing seawater with the 
Biscayne Aquifer.  These included low values of boron, calcium, lithium, magnesium, sodium, 
potassium, strontium, and vanadium in the Black Point wells. Farther offshore, these metals 
have similar values in seawater and groundwater, with a slight tendency toward higher values in 
surface water, perhaps as the result of surface evaporation. 

Wastewater Compounds 

Results of analyses for wastewater compounds are listed in Appendices A3 and A4.  Of the suite 
of compounds analyzed, none were found to occur consistently at any sample site.  Only three 
compounds (DEET, acetophenone, and total para-nonylphenol) were encountered above the 
method-reporting limits (MRL) during this study.  All of these compounds were also 
encountered in field blank samples (de-ionized water samples that have undergone similar 
collection procedures as ground and surface water samples). 

Radium and Radon Isotopes 

During two field efforts in August 2002 and June 2003, we analyzed several groundwater and 
surface-water samples from select sites within BNP for radium-223 (223Ra) and excess radium­
224 (xs224Ra) as well as water-column radon-222 (222Rn) activities (Appendix A5).  During 
August 2002, average groundwater activities of 223Ra and xs224Ra were 113.6 and 633.3 
disintegrations per minute (dpm) 100L-1, respectively, while the average groundwater 
xs224Ra/223Ra-activity ratio was 10.2. In contrast, surface waters had expectedly much lower 
xs224Ra and 223Ra activities (10.9 and 24.1 dpm 100L-1 respectively) and an activity ratio 
(xs224Ra/223Ra) of 2.8. The xs224Ra/223Ra ratio value is in close agreement with an average 
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Biscayne Bay surface water xs224Ra/223Ra activity ratio of 2.0 in water collected during a 
subsequent submarine groundwater investigation of Biscayne Bay (Swarzenski and others, 
2004). 

In August 2002, excess 222Rn activities were determined in select groundwater samples from 
wells within BNP. From five offshore wells, the average excess 222Rn activity was 256.8 dpm L­

1, whereas an onshore well had an activity of 939.2 dpm L-1. From a recent 2004 surface-water 
radon survey, Biscayne Bay had an average background surface-water 222Rn activity of 2-3 dpm 
L-1 (Appendix A5; Swarzenski and others, 2004). 

Strontium Isotopes 

Strontium-87/86 for 19 water samples was determined (Appendix A6). One sample was 
collected from an approximately 1500-ft-deep well on Elliott Key that supplies a BNP reverse-
osmosis plant with water from the Upper Floridan Aquifer.  The other 18 samples are from the 
onshore-to-offshore transect of shallow wells.  Plotting the 87/86Sr of these samples against 
salinity (Figure 5) shows how low-salinity samples fall along a mixing line between Biscayne 
Aquifer water and seawater. No samples were encountered that have low salinity as a result of 
mixing with Floridan Aquifer water. 

Figure 5.  Most well samples had 87/86Sr typical of seawater (red circle).  Water samples from nearshore wells 
fell along a mixing line between seawater and Biscayne Aquifer water (green line).  Samples indicating mixing 
between Floridan Aquifer water and seawater (blue line) were not found. 
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DISCUSSION 


Langevin (2001) estimated that groundwater discharge from the Biscayne Aquifer to the bay is 
approximately 6% of the surface-water flow into the bay.  Nearly 100% of the groundwater 
contribution enters the bay north of the Cutler Drain Canal, about 5 miles north of the Black 
Point wells, where there is significant topography onshore that helps maintain hydraulic head and 
groundwater flow. Brackish water was consistently encountered only in the Black Point Inshore 
(BPI) well.  There is little seasonal variability in groundwater salinity, in contrast to surface 
waters that vary strongly between seasons, implying that the inshore wells are not subject to 
exchange with surface water on a seasonal basis.  This effect is particularly apparent in wells 
BPI and BkP (Figure 4B). A relatively small temperature variation at the BPI site may be the 
result of moderation by groundwater discharge prominently from the Biscayne Aquifer. 

The Black Point well (BkP) farther offshore consistently maintained greater salinity than surface 
water during the study.  The higher salinity may indicate that the depth and distance of this well 
is beyond the influence of the Biscayne Aquifer. The BkP well and the other wells contained 
only marine groundwater during the course of the study.  Although consistently marine, the 
Petrel Point well was 1 to 2 ppt less saline than other bay or offshore wells.  The lowered salinity 
may be the result of mixing seawater with the brackish lens beneath Elliott Key and subsequent 
eastward flow due to tidal pumping, similar to that described at Key Largo (Reich and others, 
2002). 

One of the factors controlling groundwater flow to the bay is the geologic framework of the 
region. Knowledge about variability through the Biscayne Aquifer was accomplished by drilling 
that produced rock cores and allowed observations to be made on the geologic materials that 
compose the shallow subsurface of BNP. Lithologic core logs are shown in Appendix C.  The 
cores, together with the well-known geology of the mainland (Fish and Stewart, 1991) and 
previous studies of the shelf geology (Perkins, 1977; Shinn and others, 1989; Lidz and others, 
1997), provide the basis for a schematic cross section illustrating the various rock types and 
sediments beneath the seafloor (Figure 6). The cores show that along the transect from NW to 
SE, Biscayne Bay is underlain by the uppermost marine stratigraphic units (Q3 – Q5; Quaternary 
units described by Perkins, 1977) of the Miami Limestone. These units are separated by 
exposure horizons, surfaces that were weathered during low stands of sea level during the mid-
to-late Pleistocene.  In this part of the bay, the limestone is typically overlain by less than 6 in. of 
modern carbonate sediment (Wanless, 1967).  A facies change occurs at Elliott Key to more 
reefal limestone as the Miami Limestone grades laterally into the Key Largo Limestone. The 
Billy’s Point core did not encounter reefal limestone, which indicates the transition is laterally 
abrupt here, perhaps only a few tens of meters from this well to the Key Largo Limestone 
exposed on Elliott Key.  The Key Largo Limestone is veneered with modern sediments east of 
Elliott Key and is increasingly buried by modern sediment east of Hawk Channel. Assuming this 
area of the reef tract is similar to the shelf margin off central Key Largo (Lidz and others, 1997) 
modern sediment in the vicinity of Alina’s Reef may be 12-18 ft thick and 20-30 ft thick at 
Pacific Reef. 

Taken together with the strontium-isotope analyses (Figure 5), the salinity of groundwater wells 
in BNP indicates that there may be very limited flow from the Biscayne Aquifer along the 
extreme western shore of Biscayne Bay near Black Point. There is no evidence from the 87/86Sr 
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Figure 6. Geologic cross-section showing core sites and interpretations across the southeast Florida shelf. 
(vertical exaggeration is 1:650; for key to lithologic patterns see Appendix C) 

measurements that the Floridan Aquifer is significantly contributing water to BNP.  The ratio of 
Sr isotopes with atomic weight 87 to 86 (87/86Sr) has been steadily increasing in seawater for the 
past 40 million years (Howarth and McArthur, 1997), during the time when the carbonate rocks 
of the Floridan and Biscayne Aquifers were being deposited. Carbonate aquifers, in turn, often 
transfer their strontium isotopic values to pore water, because there is much more strontium in 
the rock matrix than in the pore fluid.  Strontium isotope values from the Floridan Aquifer are 
distinctly less (older) than those of modern seawater (Schmerge, 2001).  The Biscayne Aquifer 
rocks are so recent in origin (geologically speaking) that they may appear only slightly older than 
modern seawater. Mixing of a few percent Floridan Aquifer with surface water would be evident 
because isotopic compositions are markedly different.  Porter and Porter (2002) suggested that a 
conductivity record from Alina’s Reef was evidence of polluted groundwater beneath the reefs. 
We did not observe low- salinity water at the reef or abnormally elevated chemical constituents 
that might indicate a source of land-based pollution.  It is possible that some other processes 
were affecting the conductivity reported by Porter and Porter (C.D. Langevin and J. Wang, 
personal communication, 2004). 

The concentrations of nutrients found in marine groundwater are not excessive. Similar 
concentrations are found to the south off the Florida Keys (Shinn and others, 1994) and beneath 
Florida Bay (Reich and Shinn, 2003).  High concentrations of nutrients in brackish water near 
shore appear to be more closely related to surface water than to groundwater flow.  Although the 
Biscayne Aquifer samples from the onshore well are elevated in nutrients, there are insufficient 
concentrations in groundwater beneath the bay to implicate a significant contribution from 
onshore groundwater.  For nitrate and nitrite, the surface water at BPI and BkP is consistently 
enriched relative to groundwater. This observation, together with surface-water analyses 
conducted by Meeder and Boyer (2001) and Brand (2002), indicates that nitrate and nitrite levels 
in the near shore wells are more the result of local denitrification than direct flow from Biscayne 
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Aquifer water. Nutrients determined in these wells appear to be within the range of groundwater 
values reported by D’Elia and others (1981) for groundwater influx to the reefs in Discovery Bay, 
Jamaica. 

The greater concentrations of silica in near shore surface water may be an indication of 
interaction of groundwater with quartz sand encountered at BPI or co- mixing of groundwater 
and surface water. The relatively high concentrations of these nutrients found at near shore sites 
may, in part, reflect the groundwater contribution to the bay along its western margin.  The 
concentrations indicate that near shore ammonium (NH4

+) may be primarily associated with 
runoff to the bay or with decaying organic matter. 

Biscayne Bay sediments are known to contain elevated levels of some heavy metals, primarily 
north of BNP (Hoare, 2002). In particular, lead, silver, copper, zinc, and mercury have been 
identified as contaminants in some sediment samples (Corcoran 1984; Corcoran and others, 
1984; Hoare, 2002). Shinn and Corcoran (1987), however, did not find significant concentrations 
of heavy metals in groundwater from onshore wells near Goulds Canal.  Results from this study 
did not find excessive concentrations of these metals in bay surface water.  The common heavy 
elements are enriched in groundwater because they have a source in the surrounding rocks and 
sediments and they become more soluble in lower pH (reduced) groundwater.  These elements 
include aluminum, barium, copper, iron, lead, and zinc. There are no standards for most metals 
determined during this study, particularly for seawater.  Although heavy metals are often 
enriched and more soluble in reduced groundwater, their surface-water concentrations do not 
appear to be excessive when compared to oceanic waters (Millero, 1996).  In coastal waters, 
metal concentrations can be considerably greater than in the open ocean but are much less than 
those acceptable for drinking water. For example, copper, lead, and zinc guidelines for drinking 
water are 1000, 15, and 5000 ppb. In Biscayne Bay surface water, these metals are about 150, 2, 
and 10 ppb, respectively. 

Shinn and Corcoran (1987) found traces of pesticides, plasticizers, and aliphatic hydrocarbons in 
samples from shallow wells (15 and 30 ft) in the Biscayne Aquifer south of the Goulds Canal.  
Concentrations at 30 ft were about half that of the 15-ft sample.  The contaminants were not 
found in a well on the north side of Goulds Canal, nearer the landfill.  This distribution indicates 
that contamination may be local, on the south side of the canal, and may be the result of surface 
water entering the Upper Biscayne Aquifer. During this study, wastewater compounds in 
groundwater (G-3613, BPI-1A, MB-1B, and AR-1B) were encountered in 3.5% of the samples 
and in 5.2% of the surface-water samples (BPI and Gulf Stream).  Twenty-two different 
compounds were recognized in samples and field blanks.  Nineteen of the 22 compounds were 
detected below the method-detection limit (MDL), indicating that while present, they are not of 
sufficient concentration to be measured accurately by the methods used in this study.  Eight of 
the compounds occurred in blanks, six of those occurred below MDL.  Twelve of the 
compounds were single occurrences.  The most commonly recognized compound was DEET, 
occurring in nine surface-water samples, 16 groundwater samples, and four blanks. Only DEET, 
acetophenone, and total para-nonylphenol were encountered above the MDL. DEET and 
acetophenone are components of personal-care products, and total para-nonylphenol is used in 
detergents. Although QA/QC procedures were carefully followed, the unusual field conditions 
during sample and blank collections may have resulted in contamination.  It is also possible that 
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because of the extremely low detection limits for these compounds, generally in the range of 0.5­
1 ppb, some contamination could occur during transport and analyses.  No contaminants were 
detected consistently at any sample locations.  Nor were any contaminants found to be above the 
MDL that did not also occur in blanks (sampling/transport/analysis contamination). A recent 
study statistically comparing results from 13 study units across the United States has shown that 
similar compounds and concentrations as found in this study (e.g., acetophenone, phenol and 
DEET) have also been found in field  and source-solution blanks (de-ionized water samples that 
have not come into contact with sampling equipment) (J. Kingsbury, pers. comm., 2004). 

The limestone beneath BNP is very porous and permeable and is expected to exchange water 
with the surface.  Whereas this exchange may occur quickly in high-energy offshore settings 
(Tribble and others, 1992), the exchange may take as long as a few decades in similar inshore 
sites (Böhlke and others, 1997). In particular, the modern sediments of the middle shelf form a 
comparatively low-permeability layer, restricting limestone beneath from surface exchange and 
creating a leaky trap for groundwater rising from below.  Wells at Alina’s Reef should have 
encountered low-salinity groundwater if it were present.  Our measurements do not exclude the 
possibility of springs acting as point sources of contaminants in BNP.  But until such springs are 
located, sampled, and analyzed, they remain hypothetical. Based on this study, no regional 
groundwater contamination is evident in the BNP area sampled. 

CONCLUSIONS 

No significant evidence of contamination from groundwater into Biscayne Bay was found during 
this study. Low-salinity water was identified from nearshore wells and may indicate some 
leakage from the Biscayne Aquifer and/or surface-water intrusion into the rocks along western 
Biscayne Bay. Elevated nutrients in wells along the western shore indicate surface-water 
exchange is more likely than groundwater flow.  Both ammonium and total soluble nitrogen were 
greater in nearshore wells than in the Biscayne Aquifer.  Nitrite and nitrate were greater in 
Biscayne Aquifer water than in nearshore Biscayne Bay wells, indicating the possibility of 
nitrogen reduction along the shore.  Lack of seasonal variation in groundwater salinity points to 
sluggish exchange with surface water.  The groundwater beneath the shelf can be characterized as 
reduced seawater, modified by microbial respiration to remove oxygen and interaction with 
sediments and minerals in the host limestone.  Analyses of 109 water samples collected from 
wells across the Florida shelf beneath BNP between August 2002 and March 2004 show no 
consistent evidence of wastewater contaminants occurring in groundwater beneath BNP.  In 
addition, no significant leakage from the Floridan Aquifer was detected in the groundwater 
beneath BNP. At Black Point, the western edge of Biscayne Bay is influenced by surface water 
and perhaps by Biscayne Aquifer water, but the bulk of BNP is underlain by uncontaminated 
marine groundwater. 
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St

Appendix A-5. Radium and radon isotope data for August 2002 and June 2003. 

ation Name Sample Latitude Longitude Date 223 Ra 224 Ra 223/224 Ra 222 Rn 
Location N W (dpm/100L) (dpm/100L) (dpm/100L) (dpm/L) 

Waldin West G-3615 GW 25.500 -80.386 Aug-02 ns ns ns 940.00 

Coconut Palm G-3613 GW 25.537 -80.365 Jun-03 183.9539 701.1389 0.2624 ns 

Black Point Inshore BPI-1A GW 25.526 -80.330 Aug-02 87.4246 174.9620 0.4997 100.00 

Black Point Inshore BPI-1A GW 25.526 -80.330 Jun-03 146.2576 282.2963 0.5181 ns 

Black Point BkP-1A GW 25.526 -80.324 Aug-02 ns ns ns ns 

Black Point BkP-1A GW 25.526 -80.324 Jun-03 205.6494 442.1031 0.4652 ns 

Mid Bay -1B MB-1B GW 25.484 -80.267 Aug-02 134.2317 372.9585 0.3599 310.00 

Mid Bay -1B MB-1B GW 25.484 -80.267 Jun-03 59.7298 95.5452 0.6251 ns 

Billy's Point -1A ByP-1A GW 25.428 -80.212 Aug-02 148.7208 396.0486 0.3755 ns 

Billy's Point -1A ByP-1A GW 25.428 -80.212 Jun-03 350.9743 871.6261 0.4027 ns 

Petrel Point -1A PP-1A GW 25.415 -80.204 Aug-02 171.2744 424.6765 0.4033 230.00 

Petrel Point -1A PP-1A GW 25.415 -80.204 Jun-03 243.3771 239.0409 1.0181 ns 

Alina's Reef -1A AR-1A GW 25.386 -80.163 Aug-02 12.1096 204.1080 0.0593 390.00 

Alina's Reef -1A AR-1A GW 25.386 -80.163 Jun-03 223.4845 147.9601 1.5104 ns 

Pacific Reef -1A PR-1A GW 25.371 -80.142 Aug-02 128.0227 155.2491 0.8246 250.00 

Pacific Reef -1A PR-1A GW 25.371 -80.142 Jun-03 114.7479 49.4262 2.3216 ns 

Black Point Inshore BPI-SW 25.526 -80.330 Aug-02 2.5790 3.4504 0.7475 ns 

Black Point Inshore BPI-SW 25.526 -80.330 Jun-03 17.0601 42.3151 0.4032 ns 

Black Point BkP-SW 25.526 -80.324 Aug-02 ns ns ns ns 

Black Point BkP-SW 25.526 -80.324 Jun-03 8.9059 13.4043 0.6644 ns 

Mid Bay MB-SW 25.484 -80.267 Aug-02 6.4150 14.1839 0.4523 ns 

Mid Bay MB-SW 25.484 -80.267 Jun-03 7.9897 6.0647 1.3174 ns 

Billy's Point ByP-SW 25.428 -80.212 Aug-02 0.1990 1.6618 0.1197 ns 

Billy's Point ByP-SW 25.428 -80.212 Jun-03 3.5900 9.5784 0.3748 ns 

Petrel Point PP-SW 25.415 -80.204 Aug-02 0.8638 3.7956 0.2276 ns 

Petrel Point PP-SW 25.415 -80.204 Jun-03 1.1018 4.3289 0.2545 ns 

Alina's Reef AR-SW 25.386 -80.163 Aug-02 ns ns ns ns 

Alina's Reef AR-SW 25.386 -80.163 Jun-03 0.4784 9.0291 0.0530 ns 

Pacific Reef PR-SW 25.371 -80.142 Aug-02 0.0426 1.0562 0.0404 ns 

Pacific Reef PR-SW 25.371 -80.142 Jun-03 0.1066 1.1217 0.0950 ns 
note: half lives are: 223 Ra = 11.4 days; 224 Ra = 3.7 days; 222 Rn = 3.8 days; ns = no sample 
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Appendix B1 – B3 


Hydrochemistry Graphs 
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Appendix C 


Lithologic Well Logs 
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As the nation’s principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources. This includes fostering 
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks and historical places; and 
providing for the enjoyment of life through outdoor recreation. The department assesses our 
energy and mineral resources and works to ensure that their development is in the best interests 
of all our people by encouraging stewardship and citizen participation in their care. The 
department also has a major responsibility for American Indian reservation communities and for 
people who live in island territories under U.S. administration.   
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