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Introduction 

 

The following information describes work and results related to the Water Quality Component 

of the 2012 Biological Monitoring Project Plan and Mitigation Activities.   The work responds to 

feedback received from USEPA  Region 2 during the presentation of 2011 BMPP results (May 

31, 2012).    

According to data reported by EcoElectrica, the average discharge of water was approximately 

25.8 m
3
d

-1
 (ca.   6.8 MGD) or approximately half of the water used for cooling, thus, significant 

modification of the chemical and physical characteristics of the water disposed to the coastal 

sea are expected.   “Section 403 of the Clean Water Act provides that point source discharges to 

the territorial seas, contiguous zone, and oceans are subject to regulatory requirements with the 

goal to minimize degradation of the marine environment to reasonable levels and thus 

protecting sensitive ecological communities”,( http:/water.epa.gov/aboutow/owow/programs 

/403.cfm; Downloaded 1
st

 June 2013).   The sensitive communities of concern adjacent to 

EcoElectricas outfall (serial number 001) can be described as benthic, pelagic and planktonic 

communities of organisms represented in coral reef and seagrass habitats.   This organism 

contain various key species which are specially managed such as seagrasses, seaturtles, 

manatees, groupers and snappers, and corals some of which are listed in the Endangered 

Species Act, Magnuson-Stevens Fishery and Conservation Act or international agreements (i.e.   

CITES). 

Local state regulation outlines water quality standards to ensure the conservation of the 

resource according to the expected use of the aquatic environment.   According to the Puerto 

Rico Environmental Quality Board  (PREQB) classification, the waters of Guayanilla and Tallaboa 

Bay fall within the category Type SC waters.   These coastal waters are designated to support 

primary human contact from the intertidal zone to 3 miles seaward and secondary recreational 

contact from 3-10 miles seaward.   In addition water within this classification should be suitable 
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for the propagation and preservation of desirable species including those threatened or in 

danger of extinction (PREQB, 2010)These standards dictate that waters classified as such meet 

the following water quality: dissolved oxygen > 4 mg/L; pH of 7.3-8.5; temperature <32.2 °C.   

Although there are no salinity standards, this variable is monitored since it can influence the 

propagation of certain marine organisms.   According to Vicente and Associates (2001) 

modeling of the diffuser system suggests that under normal operational conditions, any salinity 

deviations from background values should not be detected at about 6.1 m from the 

”hypersaline plume or brine” and thus should have minimal or no overall effect on marine 

community at the site. 

 

General Goal 

 

The goals of this work are to examine the variability in general water quality variables in 

Guayanilla Bay including sites nearby EcoElectrica cooling water system intake and outfall.    

 

Specific Goals 

1. Determine fluctuations in temperature in 6 sites (EcoElectrica’s Outfall and intake sites) 

using long-term continuous techniques.; 

2. Determine fluctuations of turbidity, pH, pghotosynthetically active radiation, salinity and 

dissolved oxygen using long-term continuous monitoring using YSI 6600 Sonde; 

3. Conduct multiple determinations of water quality variables (turbidity, chlorophyll a, 

phycoerythrin, fluorescence of dissolved organic matter, salinity and temperature) 

during Guayanilla/Tallaboa Bays-wide surveys of surface and subsurface waters. 

4. Compare water quality results between intake and outfall sites and among those farther 

away from EcoElectrica’s pier. 

5. Evaluate water quality changes associated with EcoElectricás outfall. 

 

 

Methods 

 

Sampling 

 

Sampling was conducted on board a 22 ft boat (Boston Whaler) operated by EcoEléctrica.   The 

approach was multipronged in order to accomplish the goals mentioned above.   Longterm and 

discrete sampling methods were used, as described below. 

 



 

BMPP 2012 Water Quality Report  Prepared E.   Otero, DMS-UPRM Page 4 of 23 

 

Long-term continuous temperature determination 

 

HOBO pendant submersible temperature recorders were installed close to the bottom at 6 

different locations (Fig.   1).   The latitude and longitude of each site are indicated in Appendix 

1.   The station at the Outfall was located between the diffusers and the pier.   An additional 

recorder was installed mid water at the outfall station to evaluate the possibility of 

temperature stratification.   These instruments were programmed to record temperature every 

15 minutes from 27 September- 17 December 2013. 

 

 

 
Figure 1.   Location of HOBO Temp stations.   Photo shows the instrument installed at Caribe 

T. 

 

Long-term continuous water quality measurements at the Outfall Site 

 

An YSI 6600V2 Sonde was installed on a bottom using a PVC frame, temporarily anchored to the 

bottom, south and in close proximity to the outfall middle diffuser from 9 November – 17 

December 2013 (Fig. 2).   Attempts to deploy the instrument earlier during the season were not 

possible due to instrument malfunction and shipment to the manufacturer for diagnosis and 

repairs.    
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Figure 2.   Sonde view from the west southwest (A) and from the south southwest (B) 

showing the middle outfall diffuser.   Conditions were exceptionally clear during the 

inspection of the instrument. 

 

This location was selected to evaluate the exposure of benthic biota to water quality 

fluctuations potentially attributable to the operation of the outfall.   The sensor head include 

probes for pH, conductivity (Cond), temperature (T), salinity (Sal; calculated using T and Cond), 

depth, dissolved oxygen (DO) and turbidity (Turb).   The instrument was positioned at 4m from 

the surface, ca.   1m from the bottom.   In addition the Sonde was fitted with two upward 

looking cosine photosynthetically active radiation (PAR) sensors, vertically separated by 0.45m.   

These sensors were used to calculate the diffuse attenuation coefficient of PAR (KdPAR) and the 

percent subsurface light availability with at depth (5m) using the following as in : 

 

KdPAR = [ln(Ez1/Ez2)]÷( ∆d);    (equation 1) 

 

 where: 

 

KdPAR is the attenuation coefficient of PAR; 

∆d = the vertical distance between the shallow and deep PAR sensor (defined as 0.45m); 

EZ1 and EZ2 are underwater PAR measurements (µmoles photons m
-2

 s
-1

) of the shallow 

and deep sensors, respectively. 

 

The daily decrease of light availability at depth, estimated at 5m (%PAR5m) is calculated for 

every sun-lit period as: 

 

%PAR5m = 100e
-(5Kd

PAR
)   

 (equation 2)
 

 

All optical probes were wiped clean automatically by mechanized wipers.   Visual inspection of 

the optics indicated no biofouling interfered with optics throughout the deployment period. 
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Guayanilla Bay-Wide Water Quality  

 

A total of 13 stations were visited during 30 November, 14 and 17 December 2012 (Fig.   3).   

Temperature and salinity profiles (subsurface to a maximum depth of approximately 9 m) were 

collected using a CastAway (YSI) free fall CTD.   A subsurface to 2-3 m deep determinations of 

the water quality indicators of Turb, chlorophyll a (Chla), phycoerythrin and colored dissolved 

organic matter fluorescence (PhyFl and CDOMFl, respectively) using a multi-optical package 

(C6; Turner Designs) were conducted.    

 

 

 
Figure 3. Location of the 13 stations visited during the bay wide survey. Stations 6 and 7 are the intake and outfall stations. 

 

Comparisons of water quality results between intake and outfall sites and 

among those farther away from EcoElectrica’s pier to evaluate water quality 

changes associated with EcoElectrica’s outfall. 

 

Comparisons between outfall and intake and other stations was conducted using a graphical 

approach.   The average long term patterns among different stations where HOBO pendants 

were deployed were be examined.   Daily fluctuations and long-term patterns of the YSI 6600V2 

Sonde dataset were assessed   In the case of turbidity, a comparison between the levels found 

by the Sonde and the C6 instrument was conducted to evaluate intercomparability and possible 

instrumental drift, since this could be significant during long term deployments of these types 
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of instruments.   The Castaway profiles were examined to determine general patterns of salinity 

and temperature as well as patterns of stratification that may suggest the presence of distinct 

water masses (for instance the intrusion of freshwater).   The C6 data was evaluated to 

determine the potential for stratification of water quality variables and the presence of water 

quality provinces in Guayanilla Bay.   Data patterns were perused considering the working 

hypothesis of “outfall operation causes observable patterns of water quality distinct to those of 

other locations in the Guayanilla/Tallaboa Bay area”. 

 

Calibration 

 

Standards of Cond and Turb were used to evaluate the performance of instruments.   In 

addition, the Chla and Turb calibrations were conducted according to Otero (2009).   The 

CastAway CTD and light sensors factory calibrations were used. 

  

Data Management 

 

Raw data sets were copied and two backup copies maintained at UPRM facilities.   Datasets 

were evaluated and spurious data deleted from working copies of the data sets considering 

sampling schedules and other data set cues.   For instance, in the case of the YSI Sonde, battery 

voltage was always checked as well as depth.   Data with depths not corresponding to that of 

the station were eliminated.   In the case of C6 data, the last 10 records corresponding to each 

depth at each station were used for all calculations, providing opportunity for instrument 

stabilization between sampling stations.   All data are provided in a separate CD.  

Results and Discussion 

 

Long-term continuous temperature determination. 

 

Figure 4 shows the temporal variation of temperature in 3 of the 6 sites.   Other sites had 

indistinguishable patterns to this.   The graphs show the smaller daily range of change within 

large shift towards lower temperatures in December, similar to the pattern shown during 2011 

(Otero, 2012).   Larger daily fluctuations were observed at Cayo Caribe followed by Maria 

Langa, the two reef related sites.  In addition, no appreciable difference was observed at the 

discharge (Outfall) station suggesting a lack of temperature stratification in association with the 

outfall operation, a lack of thermal pollution at the site, thus no thermal impact on the benthos.   

Figure 5 summarizes all temperature time series and indicates no significant temperature 

differences in all locations with a minor dip in temperature in Cayo Caribe, which contain 

waters less influenced by the local shallow water temperature patterns.  The data indicate that 

the temperature variation responds overwhelmingly to a more regional pattern rather than to a 
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local.  This is confirmed by the general temperature pattern observed at the CariCOOS Ponce 

Buoy located in the insular shelf near Caja de Muertos Island,  to the east of the present study 

area (CariCOOS Buoy A Caja De Muertos). 

 

 

Long-term continuous water quality measurements at the Outfall Site. 

 

Temperature 

 

As indicated in the Methods section, the temperature data was collected to the north of the 

location of the YSI Sonde.   However, the temperature pattern observed at this outfall location 

is similar to those shown before (Fig.   6).   No temperature datum was over 30.3 °C during the 

deployment period.   This suggests that no outfall temperature effects were detected at this 

site.   This is in accordance to previous reports (Otero, 2012) and present visual inspections of 

the plume characteristics that indicate its dispersal towards the surface.    
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Figure 4.   Temperature pattern at 3 of the 6 HOBO Pendant sampling sites. 

 

 

Figure 5.   Average Temperature (+/- 1SD) at the different locations. 
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Figure 6. Temperature pattern at the Outfall station. data was collected using a YSI 6600V2 

Sonde. 

 

Salinity 

 

Salinity suffered daily fluctuations mostly <1 PSU (Fig. 7).   Larger fluctuations may be related to 

local rain events.   Those observed during November occurred after significant increases of 

Guayanilla River flow (Fig. 7).   However, no decrease was observed during December after 

increments in river flow while other larger decreases were observed between 15-18 December.   

These fluctuations may be explained by other riverine inputs.   For instance Tallaboa River flow 

may be involved with these fluctuations however; no river flow data is available for this river.    

At a larger temporal scale, the data show a general decrease from 35-36 to 33 PSU.   This 

pattern is different to that of the region based on the CariCOOS Buoy at Ponce (CariCOOS SBE 

data), thus indicating the dominance of local conditions at the study site and its inherent 

estuarine environment.   The general decrease in salinity observed during this term was not 

observed during 2011 by Otero (2012) when, on the contrary, an increase in salinity was 

observed towards the end of that year. This difference is probably due to inter-annual 

variability since the spatial Sal distribution was uniform throughout the stations sampled in 

2011. 
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Figure 7. Temporal salinity record derived from YSI 6600V2 Sonde. The lower graph is a a qualitative representation of 

Guayanilla River flow derived from USGS station (http://waterdata.usgs.gov/nwis/dv?cb_00060=on&format= 

html&begin_date=2011-09-01&end_date=2011). Arows indicate the relationship of discharge events with sudden shifts in 

Sal. 

 

Dissolved Oxygen 

 

As DO is derived from atmospheric exchange and in situ production, daily fluctuations are 

expected.   These fluctuations are observed in the long term record (Fig.   8).   Overall, the 

minimum DO was 5.80 and the maximum 7.15 mg/L, well within the limits established by 

PREQB for these waters (Class SC).   Thus, according to the established standards no deleterious 

effect is expected from outfall operation due to oxygen depletion. 

 

Figure 8. Dissolved oxygen time distribution at the outfall station. data was collected using a YSI 6600V2 Sonde. The lower 

limit allowed by PREQB for this site is 4.0 PPM. 
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pH 

 

A stable level of pH (7.88-7.95) was observed from the deployment day through 7 December. 

This stable pattern was observed even through the incursion of fresher water observed at the 

beginning of the period.   A sudden shift of this stable pattern was observed afterwards.   A 

higher pH was observed at the end of the period coincident with the drop in Salinity mentioned 

previously.   All observations were lower than those of Otero (2012;  pH= 8.1-8.3).  Overall, all 

observations fall within the normal range of seawater and within the limits established by 

PREQB (7.3-8.5). 

Turbidity 

 

The turbidity record showed regular daily fluctuations reaching up to 3 NTU until 19 November.   

These fluctuations may be related to changes in the wind and tidal regime.   (Fig.   9).   A slight 

increase reaching 10 NTU was observed after the increased flow period of Guayanilla River 

indicated previously.   That peak was ephemeral, as turbidity reached lower levels immediately 

afterwards.   A change in the trend of turbidity was observed after 26 November.   There was a 

shift in baseline values indicative of changes in the prevailing turbidity pattern in the Bay which 

with incursions of further turbid waters (>100NTU).    

 

 

Figure 9. Turbidity Record at the Outfall (001) Station. 

 

Inspection of the sensor indicated that the sensor wipers were able to handle biofouling, 

therefore biofouling is ruled out as a possible explanation of the observed shift.   These shift in 

turbidity is supported by the consistent decrease in salinity during the same period of time, that 

suggests a local but persistent intrusion of riverborne turbidity into the area.   CariCOOS wind 

data (CariCOOS Wind) was examined to evaluate a significant change in wind pattern during 

this second half of the Sonde deployment; A slight increase in wind speed was observed and 

wind direction was more frequently from the west-southwest during this period.   This change 

in wind pattern might have brought changes in water currents; however, the observed speeds 

are much lower than those observed during the period when water current measurements 
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were conducted by Canals (2013) as part of the 2012 BMPP and thus seem unlikely that 

sustained water current reversals were present during the period discussed here. 

 

Photosynthetically Active Radiation 

 

The amount of maximum solar radiation detected at about 1m over the bottom fluctuated from 

ca.   200-700 µmoles photos m
-2

 s
-1

 (Fig.   10).   The variation in PAR is related to both, water 

attenuation and cloud cover.   The average attenuation coefficient was calculated using 

equation 1 for all data collected during the peak light water penetration period of 10:00 to 

14:00.    

Because PAR sensors were positioned vertically too close to each other for these coastal 

waters, under clear water conditions, some of the individual attenuation coefficients were 

negative.   The negative values were substituted by a low value of 0.01 m
-1

 and the resulting 

average KPAR = 0.121 m
-1

.   The light penetration at depth during the period was calculated using 

as reference a depth of 5m and an average subsurface solar irradiance penetration of 6% 

(Dixon, 2000).   Under this assumptions, the % daily PAR penetration at the outfall stations 

fluctuated from close to 95% to <20%.   Regression analysis indicates a significant decrease with 

time explaining approximately 34% of the variability (Fig.   11).   As a reference, sustained PAR 

penetration <20%  

have been 

considered as a 

threshold indicating significant shading for seagrasses (Dixon, 2000).  Such low levels were 

rarely observed,  while values close to 40% were frequently observed in these shallow areas, 

indicating that seagrasses at this site might be subjectedin occasions to partial light limitation, a 

situation supported by the low  seagrass cover found at this site (Otero 2012; 2013). 

 

Overall, the effect of outfall operation on light penetration, as in the case of turbidity, is not 

evident from the light attenuation data collected.   Furthermore, other effects of EcoElectrica 

related operations such as the docking of NG tankers was not evident neither.   The dates 

provided by EcoElectrica (Negrón pers comm.) did not correspond with changes of light 

penetration (nor 

turbidity), thus it is 

expected that 

resuspension of 

bottom sediments 

during 

docking/undocking 

operations is either not 
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present or is not capable to disrupt the natural patterns observed at this site.   Further work is 

recommended on this topic. 

 

Figure 11. Estimates of Surface PAR at 5m depth. The solid line indicates the shading effect threshold suggested by Dixon 

(2000). The data suggests a general decreased in light availability towards the end of the sampling period. 

 

Guayanilla Bay-Wide Water Quality  

Discrete Sampling of Temperature and Salinity 

Intake and Outfall Comparison 

Temperature and Salinity profiles at the intake and outfall stations show water column 

stratification at both sites and two different scenarios (Fig.   12).   The temperature profiles 

showed a uniform temperature distribution with the exception of the intake during 14 

December 2012, when a 0.4 deg C decrease was observed below 3m. Salinity showed most of 

the vertical structure. Salinity at the Outfall was consistently higher than that found at the 

intake, especially close to the surface where salinity was more than 1PSU higher than close to 

the bottom.  This distinct feature of the outfall data is the consistent shallow water salinity 

increase that can be attributed to the input of saltier water from the outfall diffusers.   Also the 

data shows a distinct signature of fresher water and decreased temperature during Nov 30 in 

the top 3m that underscores the periodic inputs of river water  to the eastern portion of the 

study site probably derived from the Tallaboa Bay basin. 

  

Maria Langa Control Station 

Maria Langa (ML) shallow waters showed temperatures slightly higher than the outfall during 

30 November and 14 December.   Salinity was always below 35 PSU in contrast to the outfall 

station and only slightly lower during 30 November.   This suggests that the effect of water 

masses associated to areas closer to the immediate coast is limited to regional wide weather 

patterns. 
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Figure 12. Temperature (Blue Dots) and Salinity (Red X's) at the Outfall and Intake stations during periodic visits. 

 

Other Stations 

The temperature pattern (the average of profiles and their standard deviation) is dominated by 

station 10, the thermal cove of Costa Sur, being higher than the rest of the stations by 4-9 deg C 

and well over PREQB’s temperature standards (Fig.   13). The overall temperature pattern 

shows two other patterns.   The first, a general decrease from November to December that 

agrees with the pattern showed in earlier sections.   Secondly, the slightly lower temperatures 

associated to stations 1, 3, 4, and 6 (Intake) and probably due to the presence of freshwater.   

This is consistent with the increased variability of salinity at these stations that is related to 

significant stratification.   The exceptions are stations 7 (Outfall) and 8 (Punta Berraco Basin).    

The increased variability of salinity at the Outfall is due to the “permanent” increase in salinity 

at this station, not to a decrease; while the variability in salinity in the Berraco Basin reflects a 

strong shallow freshwater intrusion due to the isolation of this basin from the rest of the Bay 

and the nearby inputs of fresh water (i.e. Yauco River) that lowers salinity to <33 PSU.   This 

isolation of the Berraco Basin probably causes longer residence times of water and thus an 

increase in temperature due to increased time to absorb heat (longer exposure to solar 

irradiance).   Salinity also shows an overall increase towards the latter dates in most of the 

stations indicating decreased pluviosity. 
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Figure 13. Surface to 3m average temperature and salinity  at the 13 stations sampled. The bars represent ±1SD that respond 

mostly natural variability at each station. 

 

Discrete Samplings of other Water Quality Indicators  

 

Appendix 1 shows turbidity, chlorophyll, phycoerythryn and CDOMFl for the thirteen stations 

sampled.   The range of values fall mostly within the endpoints defined by station 8 (Punta 

Berraco Basin) and station 12 (outside Guayanilla Bay).    

 

Turbidity 
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Surface turbidity was higher during November 30 at station 4 and 5 while during 14 December 

stations 2, 6, 7,9, 10 had higher values (Fig. 14).   Increments in turbidity were observed in 

surface waters of station 7 and 8.   Frequently turbidity levels at depth were lower than at the 

subsurface (i.e.   stations 1, 2, 12 during 30 November) suggesting surface transport of more 

turbid water at the surface via buoyant plumes.   Station 7 (outfall station) shows significantly 

higher turbidity at the surface only during 17 December, when bottom turbidity was low.   In 

contrast to the rest of the stations, turbidity at station 8 was consistently higher at depth.   The 

presence of this nephelometric layer may be due to the isolation of this station (Punta Berraco 

station) from the rest of Guayanilla Bay  that provides the opportunity for the accumulation of 

suspended flocculants at depth. 

Chlorophyll a 

Chlorophyll a (Chla), a proxy of phytoplankton biomass and productivity showed a distinct 

pattern to that of turbidity (Fig.   15).   Overall, Chla was dominantly higher at depth than at the 

subsurface and showed a seaward decrease.   This is clearly the case during the 30 November 

sampling, excepting station 12 (offshore station).   Station 8 also reflects a surface Chla 

maximum.   As turbidity can reach exceedingly high values at this station, phytoplankton 
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production are limited to subsurface water thus explaining findings at station 8 during 

December 2012.   Also, fluorescence measurements are susceptible to fluorescence quenching 

under high turbidity, thus possibly explaining lower Chla estimates at depth (see turbidity 

results above).   These cannot be circumvented by the technology used during this study.   

Further studies should include preliminary work using solvent extraction techniques (i.e.   

Otero, 2000) to verify these possibilities.    

 
Figure 15. Average Spatial and temperature Chla pattern at the 13 stations sampled at Guayanilla and Tallaboa Bays. solid 

blue lines represent a proposed threshold for eutrophication in coral reef systems (Bell et al. 1993). 

 

Phycoerythrin 

 

The cyanobacteria indicator, phycoerythrin fluorescence, showed very few differences between 

shallow and deeper waters (Fig.   16).   Stations 8, 9 and 10 showed prominent increases of 

phycoerythrin with depth during the sampling period.   Other locations had similar within-

station levels throughout the sampling period with a slight increase at stations 4, 5 and 6 during 

14 December.   The overall stability of this indicator suggests that changes in the nutrient 

regimes during the sampling period did not elicit substantial changes in this subcomponent of 

the phytoplankton community in contrast to the bulk of the community (see Chla data above), 

excepting locations mentioned above. 
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Figure 16. Average spatial and temperature Chla pattern at the 13 stations sampled at Guayanilla and Tallaboa Bays. 

 

CDOM Fluorescence 

Levels of fluorescence CDOM (CDOMFl; Figure 17) indicate overall subsurface water enrichment 

of terrestrially derived material during 30 Nov with the exception of 5 and 7.   The levels of 

these station are similar to that found at subsurface station 12 (offshore) and could be a 

resultant of mixing of surface and deeper water from the latter.   The almost absence of vertical 

differences during 14 and 17 December further confirms minimal inputs from local river 

systems during those dates.   As expected from the previous data, station 8 is can be 

characterized as an isolated system from the Guaynilla Bay proper, containing a high 

enrichment of terrestrially derived material in its waters and may provide substantial spillover 

enrichment to the adjacent station 9 and 13.   These data also shows evidence for the 

significant incursions of Tallaboa Bay waters that influences the water quality westerly from 

station 4 through staions 3, 6, and 2 in the navigation channel of Guayanilla Bay after events of 

pluviosity.   Considering CDOMFl, which can be used as a tracer of dissolved organics species 

within short periods of time (hours), significant deviations of CDOMFl are observed between 

the intake and outfall stations.   Higher similarity was observed between station 5 (SE of the 
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outfall) suggesting connectivity between the two sites supported by previous observations of 

water currents.   However the data is too scarce to be conclusive. 

 
Figure 17. Average spatial and temperature CDOMFl pattern at the 13 stations sampled at Guayanilla and Tallaboa Bays. 

 

Covariation between CDOMFl and Turbidity. 

The variation of CDOMFl and turbidity  (Figure 18) was examined since it could provide 

evidence for different independent source of variability for these two indicators.   For instance, 

turbidity may be the result of a mix between river or resuspension or in situ productivity 

particles, while DOMFl have been found to be useful as a tracer for terrestrial sources of 

materials other sources such as bacterial degradation of particles, flow from porewater 

sediment sources degradation of detritus from coastal wetlands may be other possible sources 

(Chen et al 2004).   Regression analysis of log transformed data indicate a highly significant 

covariation between both variables (Fig.   18) that suggests an intimate link between particle 

and dissolve matter biogeochemical processing.  
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Figure 18. Covariation of log transformed CDOMFl vs Turbidity. Samples from all samples were pooled. LArger scatter was 

detected in estimates related to deeper samples. 

 

Conclusions 

 

Most of the water quality signatures near the EcoElectrica’s outfall are not significantly 

modified by the outflow from the diffusers.    

Intensive continuous sampling showed that the temperature regime at the outfall station was 

indistinguishable from that of other sites covering a wide range of environments within the 

study area and followed the normal daily and seasonal pattern. 

Turbidity showed regular daily fluctuations up with levels <3NTU close to the bottom at the 

outfall during the first half of the deployment period.   Much higher levels were observed 

during the second half of the deployment, probably due to natural conditions.   These high 

levels could not be confirmed during visits to the station using other instrumentation.   The 

difference between sampling approach should be assessed in the future.   Based on discrete 

sampling, the overall turbidity was lower than the PREQB standard (10NTU). 

% Daily PAR penetration using long-term PAR measurements were mostly 40% of that at 

surface suggesting moderate light limitation at the site and thus explaining the scarce seagrass 

coverage at the outfall site. 

Temperature and salinity profiles show the presence of freshwater intrusion into the sites close 

to EcoElectrica’s pier, including the outfall site, thus providing evidence for the transport of 
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terrestrially derived material into the study site.   Temperature and salinity stratification was 

generally more noticeable at the Punta Berraco Basin.   Temperature reached was highest in 

Costa Sur thermal cove, clearly contrasting those found elsewhere (including the Outfall 

station).   However, surface water salinity was consistently higher at the outfall station, a 

pattern missed by the YSI sonde since the sensors were located  approximately 1m above the 

bottom.   This pattern is consistent with the field observations of the diffusers dispersion 

pattern.   Based on these observations the increase of higher salinity close to the bottom should 

be minimal due to the dispersion caused by the diffusers, and the significant water currents at 

the site. 

Chlorophyll a showed good agreement with increased biomass towards inland waters while 

maintaining higher levels in deeper samples as well as station dependent temporal fluctuations.    

Phycoerythrin showed higher concentrations with depth frequently and high temporal stability 

suggesting that cyanobacterial abundance at the sites studied was stable, thus, changes in 

water quality conditions did not modify the behavior of these subcomponent of the 

phytoplankton community. 

The CDOMFl patterns suggest the presence of significant inputs of organic matter, including 

that from riverine sources.   Regression analysis suggests a tight link between naturally 

occurring suspended sediments and CDOMFL. 

Suggested Future Work 

• Intercalibration of longterm deployment of moored instrumentation with those used 

during discrete sampling to assess differences observed in this study and expand the 

capacity of EcoElectrica for long term continuous sampling by expanding this approach 

to a second monitoring location, close to the intake station.   Using EcoElectricás pier as 

an operational platform, these instruments could be lowered from the pier using small 

winches.   These deployment strategy increases the access to the instruments, resulting 

in a more frequent maintenance cycle and downloading of data.   Furthermore, profiles 

may be performed at these stations during regular intervals, complementing the long-

term data set at a specific depth.    

 

• Relocation of some of the discrete water quality sampling stations based on results 

presented.   This will allow to expand the spatial coverage to include locations 

associated with other endpoints, such as the Tallaboa River and other offshore 

locations.   These latter stations can be coordinated with working groups focusing on 

other aspects such as zooplankton and corals. 

 

• Assessment of the role of sponges as sentinels for changes in water quality and for trace 

element pollution.   Sponges are important members of the benthic community of the 



 

BMPP 2012 Water Quality Report  Prepared E.   Otero, DMS-UPRM Page 23 of 23 

 

study area.   The community composition of these sponges responds to environmental 

cues and thus can be useful as bioindicators of the general water quality of their habitat.   

Being filter feeders, these organisms provide a unique opportunity to evaluate the 

bioavailability of trace elements in the study area.    
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