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Abstract

Maintaining the water quality of lakes and reservoirs is part of the 2030
Agenda for Sustainable Development, an initiative promoted by the United
Nations, including anthropogenic and natural factors that may influence wa-
ter quality. The water reservoirs of Puerto Rico were built in watersheds to
provide runoff control and for primary uses. The Cerrillos Reservoir is one of
the largest water reservoirs in southern Puerto Rico, and is used as a source of
potable water and for recreational activities. After hurricane Maria, in Sep-
tember 2017, many communities were without public water service and have
obtained their drinking water from local rivers or their tributaries, without
filtration or purification treatment. This research explored the physical-chemi-
cal parameters of Cerrillos Reservoir’s surface water from May 2018 to Janu-
ary 2019. The objective of the present study is to assess seasonal variations in
surface water quality with respect to physical (temperature, turbidity, and con-
ductivity), chemical (nutrient concentrations: (Phosphorus (P) (Soluble Reac-
tive Phosphorus, phosphate, or orthophosphate) and Nitrogen (N) (nitrate,
nitrite, and ammonia)), pH, and dissolved oxygen), and biological (total coli-
forms and Escherichia coli) parameters. Results suggest that Cerrillos Reser-
voir did not exceed the parameters of temperature, turbidity, conductivity,
pH and DO, established by the Puerto Rico Department of Natural and En-
vironmental Resources (PRDNER). The reservoir showed a stable trophic
state in relation to inorganic phosphorus and nitrogen as N and P concen-
trations did not increase sufficiently to disrupt this ecosystem. However,
total coliforms exceeded the maximum parameter (23 MPN/100mL - 994
MPN/100mL) established for the Puerto Rico Department of Natural and En-
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vironmental Resources and are likely to be the results of the disruption caused
by hurricane Maria.
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1. Introduction

Surface waters (lakes, reservoirs, rivers, oceans, and creeks) are protected by the
US federal Clean Water Act in order to mitigate the degradation of the water
quality of United States. The Clean Water Act requires each state to submit a
report (305(b)) about the quality of the state’s surface and groundwater and a
state’s list (303(d)) of impaired and threatened waters to the Environmental
Protection Agency, every two years. Surface water quality is impacted by both
natural and anthropogenic activities that can affect biological and physico-chemi-
cal properties of water. Physico-chemical parameters include pH, color, odor,
taste, heavy metals, nutrient concentrations (phosphorus and nitrogen), sulphate
concentrations, cations and anions, temperature, conductivity, hardness, turbid-
ity, total dissolved solids (TDS), acidity, chemical oxygen demand (COD), bio-
logical oxygen demand (BOD) and dissolved oxygen (DO) [1] [2]. Biological
contamination includes pathogenic bacteria, viruses and parasites that can cause
various water-borne diseases like diarrhea, cholera, malaria, skin diseases, typhoid,
dysentery, giardia, hepatitis, dysentery, bacillus, schistosomiasis, gastrointestinal
disease, respiratory conditions, and others [2] [3].

Anthropogenic factors that influence water quality include domestic sewage,
deforestation, industrialization, mining, pesticides, herbicides and fertilizers, plas-
tics and polyethene bags, population growth, urbanizations, weak management
system (e.g., toxic waste disposal, sewage leakages, oil spillage and drilling activi-
ties) [3] [4] [5]. Natural factors that influence water quality include geology, ve-
getation, morphology and catchment characteristics, atmospheric deposition asso-
ciated with precipitation and weathering process [1] [5].

The 2030 United Nations Agenda for Sustainable Development [6] contains
17 Sustainable Development Goals (SDGs), and of these, SDG Goal 6 “Clean
Water and Sanitation” focuses on the role of water and sanitation in the devel-
opment of economic, social, and environmental dimensions [7]. The actions to
achieve the sustainable development of surface freshwater, mainly lakes and re-
servoirs, strongly interlink with nine SDGs (Goal 1: No poverty; Goal 2: End hun-
ger; Goal 3: Good health and well-being; Goal 6: Clean Water and Sanitation; Goal
7: Affordable and clean energy; Goal 8: Decent work and economic growth; Goal
13: Climate action; Goal 14: Life below water; and Goal 15: Life on land) [7].

Lakes are naturally occurring low points in the landscape that contain stand-
ing water, predominantly in the form of year-round open water habitat [8]. While

reservoirs are defined as any human-made lake whether it be embedded within a
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river network or not and may or may not have an outflow control structures or a
dam [8]. Reservoirs provide multiple benefits to society, allowing power genera-
tion, providing biodiversity, and enhancing recreation opportunities, navigation,
and offering protection against damaging floods because they regulate river flow
and domestic, industrial and irrigation use [7] [8] due to their storage function.
Reservoirs are constructed with a dam for storing water during rainy seasons
and use it in the drought seasons [9] [10] in response to water crises, but this in-
frastructure will alter the status of rivers by changing their connectivity and flow
regime [11].

Climate change is one important factor that affect the aquatic ecosystem func-
tioning, because it impacts the hydrologic regime and changes air temperature
[1] [12], and therefore water temperature. Variations in water temperature change
most physical, chemical, and biological properties of water [13].

Hurricane Maria was a category 5 hurricane that devastated Puerto Rico in
September 2017. After hurricane Maria, many communities in Puerto Rico were
without public water service and obtained their drinking water directly from lo-
cal lakes, reservoirs, rivers or their tributaries without any filtration or purifica-
tion treatment, increasing the conditions related to unclear water, such as vo-
miting, diarrhea, conjunctivitis, scabies, asthma, and leptospirosis [14]. Sewage
treatment plants were out of service allowing the leaching of raw sewage or other
contamination into drinking water resources [15].

In the watershed of our study site, the Cerrillos Reservoir (Lago Cerrillos) in
southern Puerto Rico about 6 km northeast of the municipality of Ponce, for
example, the potential sources of pollution are agriculture, minor industrial
point source, collection system failure, onsite wastewater systems, urban runoff
and storm sewers and surface mining [16] [17]. The Puerto Rico Department of
Natural and Environmental Resources (PRDNER) establishes Water Quality
Standards (WQS) for the waters of Puerto Rico according to the designated uses
to be protected.

Water quality data for this site before hurricane Maria in September of 2017
are scarce. However, from February to December 2010, Cerrillos Reservoir pre-
sented the following water quality: 28.2°C for temperature, 8.61 mg/L for dis-
solved oxygen (DO), 24.2 NTU for turbidity, 8.5 for pH, 197.9 uS/cm for con-
ductivity and had overall very low nutrient concentrations [18]. The Puerto Rico
2016 305(b) and 303(d) Integrated Report suggested that the causes of impair-
ment at the Cerrillos Reservoir were low dissolved oxygen and pH [16], and ex-
cessive coliforms were not reported.

From October to December 2017, faculty and students from the Public Health
Program at Ponce Health Sciences University in Ponce, Puerto Rico, provided
educational interventions to improve people’s understating of key concepts after
a disaster or emergency. The educational interventions included information
about water management and disinfection, handling, and use of a water purifica-
tion system for disaster relief, personal hygiene, hand washing, and proper han-

dling of food safety and sanitation. Until December 2017, we had impacted around
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2871 people (including 20 communities, 10 shelters and 19 schools), mainly from
the southern region of Puerto Rico. Also, we analyzed total coliforms and Esche-
richia coli (E. coli) in water surface (rivers or their tributaries) of communities
without public water service. In May 2018, we began regular monitoring to as-
sess the water quality of Cerrillos Reservoir.

The Objective of the present work is to assess seasonal variations in surface
water quality with respect to physical (temperature, turbidity, and conductivity),
chemical (nutrient concentrations: (Phosphorus (P) (Soluble Reactive Phospho-
rus, phosphate, or orthophosphate) and Nitrogen (N) (nitrate, nitrite, and am-
monia)), pH, and dissolved oxygen), and biological (total coliforms and Esche-
richia coli) parameters and thereby characterize conditions at Cerillos Reservoir

in the aftermath of hurricane Maria.

2. Materials and Methods
2.1. Description of the Study Site

Cerrillos Reservoir is one of the largest reservoirs in south Puerto Rico. It is used
for drinking water, recreational activities and provides flood control. Cerrillos
Reservoir dam is situated in the municipality of Ponce in southern Puerto Rico
(Figure 1). The construction of the Cerrillos dam began in 1984 and was

_ :» Cerrillos Reservoir,
v s Ponce, Puerto Rico

Figure 1. Location of Cerrillos Reservoir in the municipality of Ponce, Puerto Rico. Sampling points of Cerrillos Reservoir: the
“Inlet” corresponded to the entry of the main river that provides water to the Cerrillos Reservoir; the “Center” was located at the
approximate midpoint of the reservoir (the deepest part of the reservoir); and the “Outlet” was located near the dam.
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completed in 1991 by the US Army Corp of Engineers [19]. The dam is a rockfill
structure with a height of 98.45 meters and a length of 473.96 meters [19]. The
reservoir receives streamflow from the Cerrillos River and an unnamed creek
that enters Cerrillos Reservoir [19]. Cerrillos Reservoir had an original storage
capacity of 38.03 million cubic meters at maximum conservation pool elevation
of 174.65 meters above mean sea level and a drainage area of 174.65 square ki-
lometers [19]. The available capacity of this reservoir is rapidly diminishing due

to sedimentation.

2.2. Sampling and Processing

Water samples were collected in triplicate at surface from the inlet, center, and
outlet of the Cerrillos Reservoir (Figure 1). The inlet corresponded to the en-
try point of the main river that provides water to the Cerrillos Reservoir. The
center was located at a midpoint of the reservoir, at the deepest part of the re-
servoir. The outlet was located near the dam. Sampling occurred once or twice per
month from May 2018 to January 2019. Phosphorus (P) (Soluble Reactive Phos-
phorus (SRP)), Nitrogen (N) (nitrate (NO;), nitrite (NO,) and ammonia
(NHs)), temperature (°C), turbidity (cm), conductivity (uS/cm), pH and dis-
solved oxygen (DO, mg/L) were measured in the field for each sampling event.
Instruments used to measure these parameters were a HACH SL1000 portable
colorimeter for SRP, NO;, NO,, NH;, and pH; HACH 2100Q for turbidity.
Temperature, conductivity and DO were determined with a YSI 556 Water
Quality Sonde. A Garmin GOS Oregon 650T was used for sample site identifica-
tion.

Rainfall data were recorded from June 2018 to January 2019 with a rain gauge
located at the Department of Natural and Environmental Resources office at the
Cerrillos Reservoir. All samples for biological parameters (total coliforms and
Escherichia coli) were collected in glass bottles and stored at a low temperature
and analyzed within 24 hours using the Colilert test and Quanti-Tray System.
The most probable number (MPN) was determined for total coliforms while E.

coliwas assessed as presence/absence.

2.3. Statistical Analyses

Mean SRP, nitrate, nitrite, ammonia, temperature, turbidity, conductivity, pH
and DO values were calculated for each sample (triplicate sampling, n = 3 for
each sample). ANOVA (Analyses of Variance) was used to determine significant
differences between SRP, nitrate, nitrite, ammonia, temperature, turbidity, con-
ductivity, pH and DO for the three sampling points of Cerrillos Reservoir. Pear-
son Correlation analyses were used to evaluate the possible correlations of SRP,
nitrate, nitrite, ammonia, total coliforms with rainfall one week and two weeks
prior sample collection. We also used Pearson Correlation to evaluate the possi-
ble relation of total coliforms with nutrient concentrations. Results were consi-

dered significant when a p-value was less than 0.05.
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3. Results
3.1. Rainfall Conditions

Monthly rainfall (mm) for Cerrillos Reservoir recorded from June 2018 to Janu-
ary 2019 (Figure 2) indicated heavy rainfall during the month of August and al-
lowed identification of specific rainfall events that occurred one and two weeks

prior to water sample collection.

3.2. Temperature, Turbidity, Conductivity, pH, and
Dissolved Oxygen

Physicochemical parameters (Table 1) at Cerrillos Reservoir showed significant
differences between temperature and turbidity for the three sampling points at
the Cerrillos Reservoir (One Way ANOVA: p = 0.000 and p = 0.005, respective-
ly) (Table 2). The inlet had the highest turbidity (6.1 NTU) and the lowest
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Figure 2. Total monthly rainfall for Cerrillos reservoir, from June 2018 to January 2019.

Table 1. Means of physicochemical parameters monitored from 15 May 2018 to 23 Jan
2019 at Cerrillos reservoir.

Physicochemical parameters

Inlet 25.0+2.2 6.1 £3.5 241 + 41 6.6 +4.1 7.5+0.3
Center 27.8£0.6 25+1.3 249 + 53 7.7+1.3 75+ 1.1
Outlet 27.7 £0.7 27%+19 259+ 15 7.8 1.1 7.1£1.0

(*) Temp: Temperature was measured with a YSI 556 Water Quality Sonde; (*) Turbidity:
The turbidity was determined with a HACH 2100Q; (°) Conductivity: Conductivity was
determined with a YSI 556 Water Quality Sonde; (%) pH: pH was determined with a
HACH SL1000; () DO: Dissolved oxygen was determined with a YSI 556 Water Quality
Sonde.
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Table 2. ANOVA for physicochemical parameters (temperature, turbidity, conductivity,
pH, and dissolved oxygen) for the three sampling points of Cerrillos reservoir Fand p
values determined via ANOVA.

Physicochemical parameters

Turbidity =~ Conductivity

T °C H DO (mg/L
emp ("C) (NTU) (uS/cm) p (mg/L)
F=11.80, F=6.68, F=0.89, F=267, F=0.52,
ANOVA
p=0.000  p=0.005 p=0423  p=0.09 p=0.602

temperature (25.0°C). For conductivity, pH and DO there were no significant
differences between sampling points (One Way ANOVA: p = 0.423, p = 0.090
and p = 0.602, respectively). Values for pH are considered optimal (according to
regulatory guidelines) on all but two occasions, when the pH at the inlet sam-
pling point was extremely acid (5.7 (July 24, 2018) and 1.6 (August 22, 2018)).
Mean DO for the three sampling points ranged from 5.0 to 8.9 mg/L. Mean
temperatures for all locations ranged from 23.0°C to 28.6°C, and conductivity
ranged from 172 to 271 (uS/cm).

3.3. Phosphorus (P) and Nitrogen (N) Concentrations in the
Cerrillos Reservoir

SRP (Soluble Reactive Phosphorus) ranged between 37 ug/L and 243 ug/L (Figure
3). SRP showed significant differences for the three sampling points (One Way
ANOVA: p =3.94 and p = 0.028, respectively) (Table 3). Nitrite concentrations
were below the HACH SL1000 range (0.005 - 0.6 mg/L or 5 - 600 pg/L), except
for one occasion in the center of Cerrillos Reservoir (May 15, 0.334 ug/L). Ni-
trate and ammonia ranged between 0 ug/L to 6417 pg/L and 50 ug/L to 540 ug/L,
respectively (Figure 4 and Figure 5). For 10 samples, ammonia concentrations
were below the instrument’s (HACH SL1000) range (0.05 - 1.5 mg/L or 50 - 1500
ug/L). Neither nitrate nor ammonia showed significant differences for the three
sampling points (One Way ANOVA: p = 0.14 and p = 0.057) (Table 3). We do
not have nitrate data for May 15 and May 29.

3.4. Phosphorus (P), Nitrogen (N), and Total Coliforms
Linkage with Heavy Rainfall Precipitation Events

Neither SRP nor ammonia were significantly correlated with rainfall events at
Cerrillos Reservoir (inlet, center, outlet) (Table 4). Nitrate at the outlet was sig-
nificantly correlated with rainfall both one week before sampling, and two weeks
before sampling (r= 0.859, p = 0.000 for one week and r= 0.798, p = 0.001 for
two weeks, respectively) (Table 4). Total coliforms at inlet, center and outlet
were not significantly (p > 0.05) correlated with rainfall at one or two weeks

prior to sample collection.

3.5. Total Coliforms and E. coli

Mean concentrations of total coliforms range between 23 MPN/100 and 994
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Figure 3. Phosphate concentrations (ug/L) from the inlet, center, and outlet of the Cer-
rillos reservoir from May 15, 2018 to January 23, 2019.
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Figure 4. Nitrate concentrations (ug/L) from the inlet, center, and outlet of the Cerrillos
reservoir from June 12, 2018 to January 23, 2019.

MPN/100 (Table 5). All water samples showed presence of E. coli (Table 5).

3.6. Total Coliforms Linkage with Nutrient Concentrations

Total coliforms were not significantly correlated with SRP, nitrate or ammonia
(p > 0.05 for each, Table 6).

4. Discussion

4.1. Physico-Chemical Parameters

Before hurricane Maria devasted Puerto Rico, the Puerto Rico 2016 305(b) and

303(d)Integrated Report indicated that the Cerrillos Reservoir was impaired by
low dissolved oxygen and pH [16].
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Figure 5. Ammonia concentrations (ug/L) from the inlet, center, and outlet of the Cer-
rillos reservoir from May 15, 2018 to January 23, 2019.

Table 3. ANOVA for SRP, nitrate, and ammonia for the three sampling points of Cerril-
los reservoir. Fand p values determined via ANOVA.

Nutrients
SRP Nitrate ( NO; ) Ammonia (NH3)
ANOVA F=3.94, p=0.028 F=2.07, p=0.140 F=3.09, p=0.057

Table 4. Correlations (r) of Soluble Reactive Phosphorus (SRP), nitrate ( NO, ), ammonia

(NH3), total coliforms at the Cerrillos Reservoir with rainfall events.

Rainfall SRP® Nitrate Ammonia Total
ainfa
(NG;) (NHs) Coliforms
. 7 =0.266, r=0.103, r=-0.201, r=0.518,
One week prior
pF=0357 p=0.727 p=0.490 p=0.233
Two weeks r=0.217, r=0.046, r=-0.211, r=0.414,
prior p=0.457 p=0.877 p=0.470 p=0.356
Center
. r=0.091, r=-0.010, r=0.065, r=-0.158,
One week prior
p=0.756 p=0.972 p=0.826 p=0.738
Two weeks r=20.101, r=-0.080, r=0.236, r=-0.098,
prior p=0.732 p=0.785 p=0.417 p=0.834
Outlet
. r=-0.117, r=0.859, r=-0.002, r=-0.212,
One week prior
p=0.691 p=0.000 p=0.993 p=0.648
Two weeks r=-0.141, r=0.798, r=0.332, r=-0.160,
prior p=0.631 p=0.001 p=0.246 p=0.731

*Soluble Reactive Phosphorus; "Pearson correlation coefficient; °p-value for the correla-
tion.
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Table 5. Mean of total coliforms.

Mean of MNP?*/100

Sampling E coli
Total Coliforms Presence (Jr.)ZO\lI)sence (=)

1 49 +
2 52 +
3 23 +
4 994 +
5 36 +
6 367 +
7 36 +

*Most probable number.

Table 6. Correlations of total coliforms with nutrient concentrations.

Bacteriological Correlations

Parameters SRP? Nitrate (NOs’) Ammonia (NH3)

Total Coliforms

’=-0.518, r=-0.327, r=-0.346,
Inlet

pF=0.234 p=0.474 p=0.447
r=0.131, r=-0.123, r=0.614,

Center
p=0.779 p=0.793 p=0.142
r=0.186, r=-0.521, r=0.161,

Outlet
p=0.689 p=0.230 p=0.730

*Soluble Reactive Phosphorus; "Pearson correlation coefficient; <p-value for the correla-
tion.

During our study, Cerrillos Reservoir did not exceed the parameters of tem-
perature (22.7°C - 28.6°C), turbidity (1.0 NTU - 10.2 NTU), pH (1.6 - 8.37) nor
DO (5.0 to 8.9 mg/L), established by the Puerto Rico Department of Natural and
Environmental Resources (PRDNER). Water Quality Standards Regulations set
by the PRDNER establish limits for surface waters to not exceed 30°C of tem-
perature, not exceed 50 NTU for turbidity, maintain a pH range of 6.0 to 9.0 and
a DO of 5 mg/L or more [20]. PRDNER does not establish limits for conductivi-
ty but if for TDS (not exceed 500 mg/L).) Conductivity increases with increasing
ion content, which means that in most cases it provides a good approximation of
TDS using the conversion factor of 1 mg/L (ppm) = 2 uS/cm [21]. Thus, the
conversion of conductivity to TDS revealed a range of 121 mg/L (ppm) to 130
mg/L (ppm), which does not exceed the limit of 500 mg/L.

SRP (inorganic P) ranged between 37 ug/L and 243 pg/L in the reservoir’s
surface water. Under natural conditions SRP concentrations usually are equiva-

lent to about 5% - 20% of total P concentration [22]. Total phosphorus concen-
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trations include organic and inorganic P. Total phosphorus shall not exceed 26
pg/L in any reservoir or lake according to PRDNER [20]. Thus, we conclude that
Cerrillos Reservoir showed a general behavior of eutrophic/hypereutrophic be-
cause total phosphorus concentrations of eutrophic and hypereutrophic lakes are
between 30 to 100 pg/L and > 100 pg/L, respectively [22].

Nitrate concentrations ranged between 0 ug/L to 6417 pg/L, and nitrite con-
centrations were below the instrument’s (0.005 - 0.6 mg/L or 5 - 600 ug/L), ex-
cept for one occasion in the reservoir’s (May 15, 0.334 ug/L). Nitrite concentra-
tions in the reservoir are low, and the presence of high dissolved oxygen (DO)
may be oxidizing to nitrate. Ammonia range between 50 pg/L to 540 ug/L, re-
spectively. In general, the level of lake productivity due to inorganic nitrogen in-
cludes ultra-oligotrophic (<200 ug/L), oligo-mesotrophic (200 - 400 pg/L), me-
so-eutrophic (300 - 650 ug/L), eutrophic (500 - 1500 pg/L) and hypereutrophic
(>1500 pg/L) [22]. Cerrillos Reservoir showed a general behavior of meso-eutro-
phic/eutrophic in relation with inorganic nitrogen. However, on two occasions
we observed concentrations above 1500 pg/L (or hypereutrophic) for inorganic
nitrogen. Sources of nitrogen in surface water include: 1) precipitation falling
directly onto the lake surface, 2) nitrogen fixation both in the water and the se-
diments, and 3) inputs from surface and groundwater surface [22].

N and P concentrations in Cerrillos Reservoir were not sufficient to disrupt
the balance of this ecosystem. This lake does not experience algal blooms, exces-
sive aquatic plant growth or oxygen depletion. The deep lakes are less productive
[23] and the hydrodynamic allowing the transport of sediments, toxics, and nu-
trients through Cerrillos Reservoir Lake geometry, vertical stratification, hydro-
logical conditions, and meteorological conditions are factors that can influence
the balance of ecosystems [23].

Reservoirs can be classified as riverine, transition and lacustrine zones [23].
The riverine zone is narrow, well mixed and shallow allowing an aerobic envi-
ronment [23]. Also, in this zone advective forces transport significant quantities
of finer particles, sediments, toxic substances and nutrients and light penetration
is minimal [23]. In our study, the inlet (or the riverine zone) receives the input
of the main river that provides water to the Cerrillos Reservoir, so it is expected
that the natural flow regime affects other environmental factors including pH,
turbidity, temperature and SRP.

4.2. Biological Parameters

The total coliforms exceeded (23 MPN/100mL - 994 MPN/100mL) the parame-
ter established for the Puerto Rico Water Quality Standards (PRWQS). For total
coliforms, the PRWQS establishes that the median of the waters taken sequen-
tially, shall not exceed 14MPN/100mL, and not more than 10 percent of the
samples shall exceed 43 MPN/100mL [20]. Total coliform concentrations are
considered to be hygiene indicators and in surface water imply the presence of

bacterial genera Enterobacter, Escherichia, Klebsiella, and Citrobacter among
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others [24]. All water samples showed presence of E. colj, an indicator of recent
fecal pollution [25] that can cause human diseases. Although, total coliforms
were not significantly (p > 0.05) correlated with nutrients (SRP, nitrate and am-
monia) it is important to note that the nutrients dissolved in the water help the
microorganisms synthetize their main biomolecules, obtain energy and growth.
After hurricane Maria, many reports presented an increase in conditions related
to untreated water, including vomits, diarrhea, conjunctivitis, scabies, asthma,

and leptospirosis [14].

4.3. Phosphorus (P), Nitrogen (N) and Total Coliforms in
Relation to Rainfall

SRP, ammonia and total coliforms were not significantly (p > 0.05) correlated
with rainfall events at Cerrillos Reservoir (inlet, center, outlet). During the study,
Cerrillos Reservoir and its surrounding did not receive extreme precipitation
events (more than 78 mm of rain per 24 hours in Puerto Rico (3 inches/24hours)
[26]. Nitrate at the outlet was significantly correlated with both rainfall at one
week before sampling, and two weeks before sampling (r = 0.859, p = 0.000 for
one week and r=0.798, p = 0.001 for two weeks, respectively) due to nitrates are
characterized by a high degree of mobility.

After hurricane Maria, the Puerto Rico 2018 305(b) and 303(d) Integrated Re-
port presented that the causes of impairment at the Cerrillos Reservoir were low
dissolved oxygen and Total Phosphorus [27]. The same report for 2020, added
Total Nitrogen to the list of causes of impairment at the reservoir [17]. We con-
clude that after hurricane Maria, nutrient (phosphorus and nitrogen) concentra-

tions at Cerrillos Reservoir have increased.

5. Conclusions

In this work, 3 monitoring sites were sampled from May 2018 to January 2019 in
the Cerrillos Reservoir, Puerto Rico, with the objective of determining the water
quality and the temporal and spatial variations of water quality variables includ-
ing temperature, turbidity, conductivity, pH, dissolved oxygen, phosphorus (P)
or Soluble Reactive Phosphorus (SRP), nitrogen (N) (nitrate, nitrite, and ammo-
nia) and biological parameters (total coliforms and Escherichia coli). Analyses
suggested that Cerrillos Reservoir has normal conditions of temperature, turbid-
ity, conductivity, pH, and dissolved oxygen. Current P and N concentrations are
high, but the lake does not show symptoms of eutrophication.

Water quality, in terms of DO, has likely improved temporary in the after-
math of the hurricane. However, total coliforms exceeded the maximum levels
(23 MPN/100mL - 994 MPN/100mL) established for the PRWQS as a conse-
quence of the hurricane. Non-compliant coliform levels were not known prior to
hurricane Maria, and therefore, we surmise that these high coliform levels are
the result of the abrupt inflow of water to the reservoir from both stream flow

and overland flow. In the case of coliforms, inputs of may include coliforms
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from disrupted septic systems as well as animal coliforms in overland flow from
pastures (livestock, probably cattle). These disruptive impacts of the hurricane
are a public health concern because the local human population has both pri-
mary and secondary contact with rivers, and reservoir’s water and may still use it
as a source of untreated drinking water. These disruptions may be temporary
and will dissipate (or will already dissipate) or may continue.

Further investigation of Cerrillos Reservoir should be conducted and streng-
thened by sampling during at least one (annual) seasonal cycle. Such study also
should compare the water quality of the two main tributaries that enter the re-
servoir, which lie in different catchment areas and conditions in southern Puerto
Rico. Such studies may determine whether the disruption caused by the hurri-
cane was temporary or the beginning of a new and ongoing trend. Also, we can
investigate the potential sources of coliforms using caffeine as a possible indica-

tor of human versus animal inputs.
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