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Preface 

Limnological studies of the San Juan Bay and Estuary, Puerto Rico, were 
conducted during the period June through September 1995. These studies 
were part of the United States Environmental Protection Agency's (USEPA) 
National Estuary Program.  The study was managed by the U.S. Army Engi- 
neer District, Jacksonville, and was sponsored by the USEPA Region II 
through San Juan Bay and Estuary Program (SJBEP), San Juan, Puerto Rico. 
Mr. A. J. Salem was Chief, Planning Division, Jacksonville District. 
Ms. Susan Osofsky was Project Officer, USEPA, and Ms. Tere Rodriquez 
was Director, SJBEP. 

Dr. Mark S. Dortch, Chief, Water Quality and Contaminant Modeling 
Branch, Environmental Processes and Effects Division (EPED), Environ- 
mental Laboratory (EL), U.S. Army Engineer Waterways Experiment Station 
(WES), was the study manager.  The Principal Investigator for work reported 
here was Dr. Robert H. Kennedy, Ecosystem Processes and Effects Branch 
(EPEB), EL.  The report was prepared by Dr. Kennedy, Mr. William A. 
Boyd, and Dr. John J. Hains, EPEB; Messrs. John Lemons and Frank 
Herrmann, DynTel Corporation, Vicksburg, MS; Mr. David Honnell and 
Dr. Patrick Howell, AScI Corporation, McLean, VA; Dr. Carl Way and 
Mr. Felix Fernandez, Barry A. Vittor and Associates, Mobile, AL; Dr. Tina 
Miller-Way, University of Mobile, Mobile, AL; and Dr. Robert R. Twilley, 
University of Southwestern Louisiana, Lafayette, LA. 

This investigation was performed under the supervision of Dr. John W. 
Keeley, Director, EL; Mr. Donald L. Robey, Chief, EPED; and 
Dr. Richard E. Price, Chief, EPEB. 

At the time of publication of this report, Director of WES was 
Dr. Robert W. Whalin.  Commander was COL Bruce K. Howard, EN. 
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1     Introduction 

San Juan, Puerto Rico, a metropolitan area with a population of approxi- 
mately one million people, is located on the northeastern coast of the island of 
Puerto Rico.  The metropolitan area encompasses five municipalities, all of 
which are located within the San Juan Bay and Estuary (SJBE) system.  The 
SBJE consists of five major water bodies (see Figure 1): Bahia de San Juan, 
Laguna del Condado, Laguna San Jose, Laguna la Torrecilla, and Laguna de 
Pinones.  The bay and lagoons are connected by narrow channels.  Laguna 
San Jose (San Jose Lagoon), the most interior of the lagoons, is characterized 
by poor flushing. 

Much of the SBJE system has been significantly modified by dredging, 
sand mining, channelization, and sedimentation.  In addition, anthropogenic 
influences from metropolitan areas of San Juan markedly impact water quality. 
Water quality problems of concern include high concentrations of coliform 
bacteria, low dissolved oxygen concentrations, eutrophication, and the pres- 
ence of toxic substances. 

The Environmental Quality Board of Puerto Rico obtained funding from 
the U.S. Environmental Protection Agency's National Estuaries Program to 
study possible alternatives to improve circulation and water quality in the 
SJBE. A hydrodynamic and water quality modeling study was subsequently 
undertaken to evaluate proposed remediation alternatives. The study includes 
application of numerical hydrodynamic and water quality models, and the 
collection of supporting data describing water quality and hydrodynamics. 

This report describes the water quality data collection program and pres- 
ents resulting data.  The data collection program was designed to estimate 
material loadings from selected tributary streams, estimate sediment/water 
interactions, and characterize water column conditions for selected open-water 
portions of the SJBE system. Data collection efforts included (1) tributary 
sampling, (2) water column sampling, (3) fecal coliform bacteria enumeration, 
and (4) sediment/water material flux measurement. 
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2    Field Sampling Procedures 

Tributary Sampling 

Tributaries were monitored to characterize material loadings and to estab- 
lish water quality model boundary conditions. Initial efforts involved weekly 
monitoring of 8 tributary streams (Table 1; Figure 2). A ninth stream, Rio 
Puerto Nuevo, was not sampled due to the backwater nature of this site.  The 
study design required weekly monitoring for a period of 8 weeks. Initial 
sample collection began July 5, 1995. 

In situ measurements (temperature, dissolved oxygen, specific conductance, 
and pH) were taken from a representative location within the stream cross- 
section.  Grab water samples were also collected from a representative loca- 
tion within the stream cross-section. 

Stream discharge (mVsec) was estimated for three tributaries during each 
routine sampling event using manual stream gauging methods (World Meteo- 
rological Organization 1980).  Since successive sampling events included the 
gaging of different tributaries, each tributary was to be gaged at least twice 
during the study period. Daily flow measurements for Rio Piedras were 
obtained from the U.S. Geological Survey gage at Hato Rey (USGS Station 
Number 50049100). 

Identification of the potential impacts of storm-runoff events on water and 
material loads led to a redesign of the tributary sampling program.  The rou- 
tine weekly monitoring of all tributaries was terminated after the first two 
sampling events (July 5 and 17, 1995) and the remaining sampling effort was 
directed at collection of storm runoff on two tributaries, Juan Mendez and Rio 
Piedras. The sampling site on Juan Mendez was located at Central Avenue; 
the sampling site on Rio Piedras was located approximately 1 km upstream' 
from the USGS gage at Hato Rey. 

Storm event sampling involved collection and storage of multiple samples 
throughout the storm hydrograph. Following completion of sampling, a sub- 
set of samples was saved for subsequent analyses.  Samples were chosen so as 
to adequately represent both the rising and falling portion of the hydrograph. 
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Water Column Sampling 

Water quality samples were collected and in situ measurements taken five 
times at 25 stations distributed throughout the SJBE system (Figure 1; 
Table 2).  All sample locations were determined using a Magellan Promark X 
Global Positioning System.  The five sampling events occurred at intervals of 
approximately two weeks over a period of eight weeks.  Because of logistical 
considerations, different portions of the system were sampled on consecutive 
days.  Sampling event duration was 3-4 days. 

In situ measurements included temperature, pH, specific conductivity or 
salinity, dissolved oxygen (DO) concentration, Secchi Disk transparency, and 
water column depth.  Temperature, pH, conductivity/salinity, and DO mea- 
surements were taken throughout the water column at 1-m intervals at loca- 
tions having depths less than 10 meters.  For stations with depths greater than 
10 meters, in situ measurements were taken at 2-m intervals.  Near surface 
(0.5 m depth), mid-depth, and near bottom (0.5 m up from bottom) in situ 
measurements were taken at the offshore sampling stations. 

Water samples were collected at all sampling stations.  Discrete samples 
were taken at mid-depth for all stations with depths less than 3 meters and 
near-surface (0.5 m) and near-bottom (0.5 m up from bottom) for all stations 
with depths greater than 3 meters. 

Diel Sampling 

Diel in situ measurements of DO, temperature, pH, specific conductivity, 
and turbidity were recorded at 15-minute intervals at two locations in San Jose 
Lagoon during the period 1200 hr, 23 August 1995, to 1745 hr, 24 August 
1995.  A recording Hydrolab sonde was deployed at a depth of 1.0 m using 
an anchor-buoy system at a central location near the highway bridge.  A 
second recording Hydrolab sonde was secured at a depth 0.5 m at a boat dock 
located along the south shore of the lagoon.  Due to equipment failure, data 
collection at the dock site was terminated at 0915 hr, 24 August 1995.  Equip- 
ment was calibrated prior to and following deployment.  Data were down- 
loaded to a notebook computer following equipment retrieval. 

Sediment-Water Flux Sampling 

Core samples were collected and returned to a field laboratory for incuba- 
tion and analysis.  Intact sediment-water microcosms were collected at eight 
stations (Figure 3; Table 3) during the period 10-14 August, 1995, by SCUBA 
divers. At each site, three 5-inch diameter acrylic sample cores were col- 
lected. Difficulties in obtaining samples were encountered at stations in 
San Jose Lagoon due to the presence of large rafts of bivalves, identified as 
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Perna perna (Per. Comm., D. Sheldon, Barry A. Vittor and Associates, 
Mobile, AL). Locations of these stations were adjusted to avoid bivalve 
shells. 

Approximately 70 liters of overlying water were also collected using a 
submersible pump.  Care was taken to minimize aeration during sample col- 
lection and transport.  A light profile was recorded using a LiCor light meter 
at the two stations (SJW5/6 and PL9/10) for which coincident light and dark 
incubations were to be performed. 
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3    Sample Collection, Handling 
and Preservation 
Procedures 

Water Samples 

Water samples were obtained at all stations using a bilge pump.  Samples 
were obtained from mid-depth for all open-water stations with depths less than 
three meters, and near-surface (0.5 m) and near-bottom (0.5 m up from bot- 
tom) for all stations with depths greater than three meters. 

Water was initially retained in rinsed, 1-liter polyethylene (PPE) bottles 
(3 bottles/station), placed on ice, and stored in the dark. An appropriate 
fraction of each sample was filtered (0.45-/mi membrane) and stored in PPE 
and amber glass bottles within 6 hours of collection.  The remaining unfiltered 
fraction was stored in PPE and amber glass bottles.  Samples for selected 
analyses were acidified with 1:1 H2S04 to pH<2.  Sample water were filtered 
(Gelman A/E) for pigment analyses; filter pads were stored in polystyrene 
petri dishes and frozen.  All samples were stored in coolers, refrigerated with 
ice packs, and shipped via overnight delivery to the analytical laboratories. 
Sample handling and preservation procedures for water samples are presented 
in Table 4. 

Fecal Coliform Bacteria Samples 

Grab samples for fecal coliform bacteria enumeration were obtained at all 
water column and tributary stations. Samples were collected in 300-ml whirl- 
pak containers and immediately placed on ice in the dark. Samples were 
delivered to Environmental Quality Laboratory, San Juan, Puerto Rico, for 
bacterial enumeration within 6 hours of collection. 
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Sediment-Water Flux Samples 

Care was taken to ensure that approximately 2 L of overlying water was 
retained in each core following collection.  Cores were capped, placed in 
coolers to minimize light exposure and temperature changes, and returned to 
the field laboratory. 

All water samples collected coincident with core collection were stored in 
cubitainers for transport to the laboratory in coolers.  Samples collected in the 
laboratory during incubations were handled and preserved using procedures 
identified in Table 5. 
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4    Analytical Procedures 

Water Samples 

Laboratory equipment and instruments used for analyses included a Water's 
HPLC System with an anion column, a Shimadzu UV160 double-beam spec- 
trophotometer, a Shimadzu Carbon Analyzer, an Orion 940 expandable ion 
analyzer in conjunction with specific-ion-electrode methods, an OIC bench top 
centrifuge, a Lindberg Blue M Model OV480A drying oven, and various 
analytical electronic balances.  All equipment and instruments were calibrated 
prior to use, and checked periodically for baseline drift. 

Chemical and physical analyses follows standard methods (American Public 
Health Association 1992); pigment analyses followed methods described by 
Strickland and Parsons (1972).  Specific analytical procedures are listed in 
Table 6. 

Quality Control (QC) included the analysis of 10% of the total number of 
samples collected. In addition, for each collection set analyzed, blanks, blank 
spikes and sample spikes were analyzed. If erroneous results occurred with 
the QC samples, analysis was halted until proper corrective action was taken. 
When necessary, samples were reanalyzed. 

Fecal Coliform Bacteria Enumeration 

Fecal coliform bacteria enumeration was performed by the membrane 
filtration method in accordance with standard methods (American Public 
Health Association 1992). 

Sediment-Water Flux Measurements 

Sediment-water material fluxes were measured using short term incubations 
of intact core samples.  Fluxes were estimated based on changes in DO, 
ammonia, nitrate-nitrite, and phosphate concentrations of water overlying each 
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core.  Specific analytical procedures for estimating these variables are listed in 
Table 7. 

Cores were carefully flushed with approximately 20 L of overlying water 
in the laboratory.  Flushing rates were such that the sediment-water interface 
remained undisturbed.  The cores were then be capped and the overlying 
water sampled for chemical analyses.  A water-filled core (blank) was used to 
correct for water column changes not related to sediment-water exchanges. 
Sampling of the cores followed a standard static (batch) protocol with 5 sam- 
ples equally spaced in time over the 6-hour incubation period. 

Incubations were conducted in a circulating water bath in the dark with the 
exception of samples collected at SJW5/6 and PL9/10, which were also incu- 
bated in the light. Light levels for the latter incubations were adjusted to 
ambient levels (measured in the field at the time of sample collection) using 
multiple layers of shade cloth. Light levels were continuously monitored 
during incubation using a LiCor light meter with the underwater sensor 
located in the incubation chamber. 

Thirty-milliliter samples were collected from the overlying water column in 
each core prior to incubation and at equal intervals throughout the incubation 
for chemical analyses. An initial 60-ml sample was also withdrawn for deter- 
mination of dissolved oxygen.  Withdrawn water was replaced with an equal 
volume of bottom water collected at each corresponding sample site. 

Flux rates were determined using a regression approach in which the slope 
of the change in concentration versus time estimates the flux rate.  The slope 
from the "blank" core was subtracted from the slope of each core. The flux, 
in umols/m2/h was calculated as: 

(slope - blank slope)(umols/L/min)*60(min/h)*depth(m)*1000(L/m3) 

where: 

depth = [total water volume in core (ml)/core area (cm2)]/100(cm/m) 

If the concentration change during the incubation period was less than 
2 times the standard deviation of analyses of standards, the flux was reported 
as zero. If the concentration was greater than 2 times the standard deviation 
but the regression was not statistically significant, the flux was reported as 
non-interpretable. Individual fluxes were calculated for each of three replicate 
cores and then averaged to yield a mean flux estimate. 
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5    Data Management 

Field and laboratory data were reviewed for completeness and entered into 
a database.  Data files were reviewed by the collecting or analyzing investiga- 
tor to insure accuracy.  Data files were created and stored in three formats; 
Excel spread sheets, comma-delimited ASCII text and SAS datasets.  Result- 
ing data are presented in the following appendices: 

Appendix A Sample station locations 

Appendix B In situ data for tributary and open-water sampling 
stations 

Appendix C Water chemistry and biological data for tributary and 
open-water sampling stations 

Appendix D Sediment-water flux data 

Appendix E QA/QC data for laboratory analyses 

Appendix F Glossary of variable names 
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Table 1. 
Tributary Water Quality Sampling Locations 

ID Tributary Name Location 

T1 Blasina Canal Hwy. 3 (65 De Infanteria 
Ave.),  next to Carolina 
Regional Hospital 

T2 Quebrada San Anton Bustamante Street and 
Garcilaso Street; Carolina 

T3 Quebrada Juan Mendez Hwy. 17 (Pifiero Ave.); 
near Balbosa Ave. Exit, Rio 
Piedras 

T4 Rio Piedras Pascasio Sancerrit Bridge, 
Notre Dame Street, Rio 
Piedras 

T5 Quebrada Margarita Ebano Street; Guaynabo 

T6 Malaria Canal Hwy. 28; Pueblo Viejo; by 
Fort. Buchanan; Guaynabo 

T7 Quebrada San Fernando Discharge pipe onto San 
Juan Bay; Catafio 

T8 I  Rio de Bayamon Hwy. 869; Catafio 



Table 2. 
Water Column Sampling Locations 

ID Station Description 

A01 Atlantic Ocean offshore, west 

A02 Atlantic Ocean offshore, east 

LC1 Mid Laguna del Condado 

MP1 Martin Pena Canal, west end, near highway 22 bridge 

MP2 Martin Pena Canal, mid-length, near highway 1 bridge 

PL1 Mid-length of canal to Pinones Lagoon 

PL2 Central Pinones Lagoon 

PN1 Rio Puerto Nuevo Channel 

SA1 Mid San Antonio Canal near cruise ship berths 

SC1 Suarez Canal, midlength 

SJ1 Mid Los Corozos Lagoon 

SJ2 West San Jose Lagoon off of Martin Pena Canal 

SJ3 South San Jose Lagoon 

SJ4 Central San Jose Lagoon 

SJ5 East San Jose Lagoon off of Suarez Canal 

SJB1 Northwestern San Juan Bay, in channel inside bay entrance 

SJB2 Northwestern San Juan Bay, between Bayview and man-made 
peninsula 

SJB3    . Central, mid-bay of San Juan Bay 

SJB4 Southeastern San Juan Bay, mid-bay south of the airport 

SJB5 San Juan Bay near mouth of Martin Pena Canal 

TL1 Torrecilla Lagoon inside ocean outlet 

TL2 Torrecilla Lagoon northwest of Punta Larqa 

TL3 Southwest Torrecilla Laqoon 

TL4 Torrecilla Lagoon southeast of Punta Mosquitos 

TL5 Mouth of Blasina Canal 



Table 3. „«,.-. ♦■ Sediment-water Flux Sampling Stations 

ID 

SJC3 

SJS4 

SJW5/6 

S0S1 

S0C2 

SC8 

TL7 

PL9/10 

Station Description 

Central San Juan Bay 

Southeastern San Juan Bay, mid-bay south of the airport 

Western San Juan Bay 

South San Jose Lagoon 

Central San Jose Lagoon 

Suarez Canal, midlength 

Southwest Torrecilla Lagoon 

Central Pinones Lagoon 
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Table A1 
Water Column Sample Station Locations 

Station LATDIR LATDEG LATMIN LONDIR LONDEG LONMIN 

AO-1 N 18 28.9 W 66 6.5 
AO-2 N 18 28.03 W .   65 59.96 
SJB-1 N 18 28.18 w 66 7.73 
SJB-2 N 18 26.77 w 66 7.94 
SJB-3 N 18 26.8 w 66 6.59 
SJB-4 N 18 26.33 w 66 6.32 
SJB-5 N 18 26.63 w 66 5.35 
SA-1 N 18 27.61 w 66 5.88 
LC-1 N 18 27.26 w 66 4.56 
PN-1 N 18 26.1 w 66 4.66 
MP-1 N 18 26.23 w 66 4.34 
MP-2 N 18 25.95 w 66 3.71 
SJ-1 N 18 26.46 w 66 2.17 
SJ-2 N 18 25.72 w 66 2.11 
SJ-3 N 18 25.07 w 66 1.58 
SJ-4 N 18 25.61 w 66 1.47 
SJ-5 N 18 25.42 w 66 0.71 
SC-1 N 18 25.62 w 65 59.91 
TL-1 N 18 27.5 w 65 59.62 
TL-2 N 18 27.03 w 65 59.01 
TL-3 N 18 26.61 w 65 59.11 
TL-4 N 18 26.47 w 65 58.25 
TL-5 N 18 25.97 w 65 58.03 
PL-1 N 18 26.06 w 65 57.89 
PL-2 N 18 26.34 w 65 57.21 

A2 Appendix A      Sample Station Locations 
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Appendix B 
In Situ Data for Tributary and 
Open-water Sampling Stations 
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Variable Description Units 

CHLA Chlorophyll A ug/L 
DAY Day day(l-31) 
DEPTH Depth m 
DIC Dissolved Inorganic Carbon mg/L 
DIP Dissolved Inorganic Phosphorus mg/L 
DISCHARGE Tributary Discharge mVsec 
DO Dissolved Oxygen mg/L 
DOC Dissolved Organic Carbon mg/L 
DOSAT Dissolved Oxygen, Saturation percent 
DTKN Total Dissolved Kjeldahl Nitrogen mg/L 
EVENT Event Counter 
FECCOL Fecal Coliform MPN/100mL 
FECSUB Fecal Coliform Limit of 

Measurement 
MPN/100mL 

INCUB Type of Incubation 
LATDEG Latitude degrees 
LATDIR Latitude Direction (N=North) 
LATMIN Latitude minutes 
LONDEG Longitude degrees 
LONDIR Longitude direction (W=West) 
LONMIN Longitude minutes 
MONTH Month 
NH3N Ammonia Nitrogen mg/L 
NH4 Ammonia Nitrogen Flux /Ug-at/m2 per hour 
N02 Nitrite Nitrogen Flux jug-at/m2 per hour 
N03N Nitrate Nitrogen mg/L 
N03N02 Nitrate-Nitrite-Nitrogen Flux /ug-at/m2 per hour 
PH pH pH units 
P04 Ortho Phosphate Flux ^g-at/m2 per hour 
RECOV Percent Recovery 
REP Sample Replicate 
ROUND Sampling Round 
SALINITY Salinity ppt 
SAMVOL Pre-spike Sample Concentration 
SECCHI Secchi Disk Transparency m 
SI Silica Flux /^g-at/m2 per hour 
SOC Sediment Oxygen Consumption Rate //g-at/m2 per hour 
SPCOND Specific Conductivity uS 
SPKAMT Effective Spike Concentration 
SPKVAL Concentration of Sample 
SPLIT Laboratory Replicate Number 
STATION Station Name 
SULFIDE Sulfide ppt 
TC Total Carbon mg/L 
TDC Total Dissolved Carbon mg/L 
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TDP Total Dissolved Phosphorus mg/L 

TEMP Water Temperature degrees C 

TIC Total Inorganic Carbon mg/L 
TIME Time of Day military time 
TKN Total Kjeldahl Nitrogen mg/L 
TOC Total Organic Carbon mg/L 
TP Total Phosphorus mg/L 
TSS Total Suspended Solids mg/L 
TURB Turbidity, Nephalometric NTU 
TYPE Type of Sample Observation 

(l=routine; 2=storm) 
VSS Volatile Suspended Solids mg/L 
YEAR Year 
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