
Puerto Rico: water issues and sustainable drama

Puerto Rico is the second most densely populated island in the Caribbean and the one with the

highest GDP of the neotropics. Its rapid socioeconomic development was supported by intensive

development of its surface water resources. There is a growing concern that existing rates of

water use are ecologically unsustainable under plausible scenarios of population growth and

climate and land use change.

Towards an understanding of human influences on the biogeochemistry of inland 

waters in a tropical coastal city

Project 1. Trace metals in the bottom sediments of Cienaga Las Cucharillas, an industrialized coastal
wetland in Cataño, Puerto Rico (Aristides Martinez)

Urban runoff is one of the leading sources of water pollution of particular concern at Cienaga Las
Cucharillas marsh watershed, an urban coastal landscape with a high density of residential and
industrial activities. Unfortunately, trace metals speciation is poorly documented for the Las Cucharillas
marsh. The main purpose of this investigation is to describe and characterize relationship between land
cover/use patterns and present trace metal content in bottom sediments in the Canal de la Malaria
drainage system to assess soil environmental quality. Utilizing a Geographic Information System, a
photogrammetric analysis of historical and topographic maps, aerial and satellite images from 1936 to
2010 was conducted. These analyses will be complemented with soil sampling analyses for trace
metals by inductively coupled plasma atomic emission spectroscopy and mass spectrometry. Besides
filling fundamental gaps concerning trace metals in the coastal urbanizing tropics, results and findings
are expected to serve as an early warning of threats to ecosystem resilience, in the form of information
flow between stake holders and decision-makers, to determine the potential threats to both the
environment and human health in a changing climate.

Project 3. Nitrogen fluxes in an urban tropical coastal lagoon (Hamlet Perez)

The San Jose Lagoon (SJL) is the largest coastal lagoon  of the San Juan Bay Estuary.  Historically, it had 

suffered the impacts of unplanned urbanization around its periphery.  Today, it is still considered highly polluted.  A 

study was initiated in 2005 to assess the fluxes of nitrogen through this lagoon.  As part of this study, a nitrogen 

inventory was developed.  The net nitrogen inventory showed SJL as a system with nitrogen release from 

sediment prevailing over the uptake.  Apart from the nitrogen loads from runoff and ground water, the budgeted N 

for the SJL was exclusively released from sediments to the water column, and predominately remineralized as 

ammonium.  This N inventory also estimated that 23.9 % of the dissolved inorganic nitrogen input to SJL was lost 

through denitrification, which is almost twofold lower than minimum percentage reported in the literature for 

estuaries (between 40-50 % of DIN input).  So, although our denitrification fluxes in ambient cores were in average 

high and despite the high water residence time (54 days), it seems like nitrogen loss through denitrification 

constituted a relative small percentage of the high nitrogen loads entering the SJL.

Project 2. Assessing riparian structure and composition in a restored tropical creek.: the case of Quebrada Chiclana in Caimito, Puerto Rico.
(Harold Manriquez-Hernandez)

We aimed to assess the ecological success of a river restoration project conducted in Quebrada Chiclana, a first-order creek located at the
headwaters of the Rio Piedras in San Juan, Puerto Rico. In 2000, the creek was buried during the expansion of an existing residential
complex. In 2003, the Puerto Rico Department of Natural and Environmental Resources ordered its restoration to its original condition,
which was completed in 2004-2005. This study was mainly focused in the reforestation element of the restoration plan. We selected forest
structural variables such as basal area, species diversity, and land cover as reforestation success indicators. In addition, aerial photos from
before and after the impact were compared.

Land cover analysis showed a loss in the watershed natural landscape of 11% between the period of 1998-2010. Today, the watershed of the
impacted area is comprised by 57% of forest cover. For the impacted and later restored area, we concluded that eight years after the
restoration, the area is dominated mostly by range lands (71%). We encountered a riparian vegetation community composed of 119
species, 35 tree species and 84 non-tree species. A. procera and S. campanulata are the most abundant tree species within the study area.
We concluded that the reforestation plan has yet to meet its objectives. However, our results showed a favorable recovery of the
vegetation community eight years after the impact.

The San Juan ULTRA benefits from an applied limnology research approach

We have identified four projects in our research group that are aligned with the goals of the San 

Juan ULTRA Project.  Already, some of these students interested in applied limnological research 

have been able to define research questions to address some of the most pressing issues 

affecting the water resources and the aquatic ecosystems located in the San Juan Metropolitan 

Area, The outcome of these projects have direct management applications
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Project 4. Detection of estrogenic activity in a tropical urban watershed (Sheila Soler)

There is a growing concern that many environmental and industrial chemicals may interfere with the endocrine 

system of both humans and wildlife.  These compounds are called endocrine disrupting compounds (EDCs). 

EDCs have been found to be present in surface waters and often at mixtures of high concentrations of low-potency 

disruptors and low amounts of very powerful ones, making both wildlife and humans are at risk of exposure. They 

are capable of interacting with the estrogen receptor in the cell causing effects even at trace-level concentrations.  

We are conducting a project to test a new bioassay technique designed to detect estrogenic activity in natural 

waters.  To test this technique, water samples from the Rio Piedras were collected at the eight San Juan Ultra river 

stations located in the Rio Piedras.  The data revealed estrogenic activity just over the picomolar range in all 

stations.  Of all sites, the Barriada Venezuela site showed the highest activity.  Water samples are going to be 

analyzed with GC-MS for the chemical concentration of known EDC’s such as phatalates to determine the identity 
of chemicals responsible for the high estrogenic activity in the Rio Piedras.  In addition, water samples from 

influents and effluents of wastewater treatment plants of different technologies will be sampled to assess the 

efficacy of conventional wastewater treatment in removing  these compounds.

Summary of San Juan ULTRA’ s New Science Plan

For more information contact Jorge Ortíz-Zayas (jorgeortiz.ites@gmail.com)
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