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Nutrient over envichment of surface waters is a major source of water poliution in
the United States. Approximately half of the water pollution cases reported in the United
States is atiributed to excess nutrients and related biological growth (Parry, 1998). Re-
medial action from regulatory agencies is becoming more forceful as the link between
eutrophication and public health becomes more evident. The presence of elevated triha-
lometane levels in chlorine-treated eutrophic reservoirs and concerns over toxin-
producing algal blooms sugpest that nutrient pollution is net only an aesthetic issue but
a public heatth problem as wel (USEPA, 2000).

To address this issee the United States Environmental Protection Agency (USEPA)
instituted the National Nutrient Criteria Program. Through this program the USEPA
will establish numerie nutrient criteria for different water body types (e.g., rivers, lakes,
estnaries). As an imitial effort, USEPA is developing criteria for total phosphorus (TP}, to-
tal nitrogen {TN), aigal chlorophyll, and Secchi depth (511 Secchi disk transparency, or
Secchi depth, is commonly used in limnological studies to estimate algal turbidity. Tt con-
gists of a 20-cm diameter disk that is all while or has alternating black and white
quadrants. The disk is lowered inte the waler until it disappears and then it is raised
again until it can be seen, The average depth between the depth of disappearance and the
depth of appearance is called the Secchi depth ({JSEPA, 2000).

States and territories of the ULS. will use the numeric criteria developed by USEPA
as a basis for the development of site-specific criteria to protect the designated uses of
those waters. Once developed, nutrient criteria should become part of the State water
guality standards (NALMS, 1992).

There are two approaches to establishing numeric nutrient criteria (Figure 1). The
first uses data only from lakes that are considered minimally impacted hy human activity.
The upper 25th percentile value of the frequency distribution of these lakes for each pa-
rameter (ie., TN, TP, 8D, chlorophyll a) is selected as the reference condition. Another
option is to plot the frequency distribution of all of the lake data available (regardless of
trophie conditions) for each parameter and o select the lower 25th percentile as the refer-
ence condition {or each case (USEPA, 2000). The USEPA expects a given lake o meet the
nameric eriteria for at least TP, TN and one of the two response variables (i.e., 3D and chio-
ruphyll a), and that a scientifically valid explanation be given for the remaining exception.

Because different regions in the U.S. differ greatly in terms of the parameters that
define the limnology of a particuiar water body (e.g., soil type, parent malerial, precipi-
tation regimes, water body morphometry), USEPA adopted a regional approach to
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FIGURE 1. T'wo approaches for establishing reference conditions using total phospho-
rus as example {adapted from USEPA, 2000).

develop their nutrient eriteria. Initially, the continental U.S. was divided into 14 separate
ecoregions {ER) of similar geological and geographieal characteristies. Iawail, Alaska
and U5, Trust Territories (including Puerto Rico} will he covered under separate ecore-
gions. Beveral ecoregions have already published their numeric eriteria (Table 1), The
process for establishing the nutrient eriteria for Puerto Rico has yet te be started. Herein
I present the results of an exercise carried out to estimate the potential values for nutri-
ent, eriteria in lakes of Puerto Rico.

The analysis was performed with water quality data from the USGS (United States
Geological Survey} database. Specifically, I used data from lourteen lake water stations
of Puerto Rico that had been continually menitored throughout the 1990 to 1999 period
for the parameters of interest (Table 2).

The values for the lowest 25th percentile of frequency distribution of the different pa-
rameters evaluated in this study are 19.5 ng/l, for TP, 0.48 mg/E for TN, and 7.3 pg/L. for
chlerophyll . These values represent an estimate of the nnumeric eriteria for lakes of Puerto
Rico. The values fall within the range established by other ecoregions of the TLS. In the case
of phosphorus the value differs greatly from the water quality standard established by the
Environmental Quality Boared of P.R. {1,000 pg/lL) {Junta de Calidad Ambiental, 1980). A
concenlration of 1,000 pg/L P corresponds to the discharge limit established by EPA for wa-
ter lreatment plants. Adepting this value as a standard for lakes will underestimate the
impact of phosphorus on water quality and the sustainability of the gystems.

TABLE 1.—Lahe nutrient criterica for five of the 14 USEPA ecoregions' (refer to wwiw.epa.gov
for details on the ecoregions report),

Parameter ER IE ER VI ER V1L ER VIIL ERIX
TP ng/L 8.75 37.50 14.75 8.60 20.0
TN mg/l 0.10 1.68 0.66 .24 0.36
Chl i pg/L 1.90 859 5.23 2.39 5.18
5D (m) 4.50 1.36 3.33 4.93 1.53

ER IE {(Western Forested Mountainsi; ER Vi (Com Belt and Northern Great Plains;
ER VII (Mostly Glaciated Dairy Region); ER VIII {Nufvient Poor Largely Glaciated Upper
Midwest and Northeast), ER IX (Southeastern Temperate Forested Plains and Hills).
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TABLE 2.- Description of the water stations used to determine the numeric nutrient
eriteria for lakes of Puerto Rico.

Water station {J5(35 Nao. Descriplion

ia 50010720 Lake Guajataca No. 3 NR mouth NR Quebradillas
ib 50010790 Lake Guajataca No. 1 NR DAM NR Quebradillas
2a 50020050 Lake Garzas No. § NR DAM NR Adjuntas

3a 50025110 Lake Dos Boeas No. 3 At West Branch NR Utueado
3h 50027690 Lake Dos Baeas No. I NR DAM NR Utuado

4a 50039900 Lake Carite No. 3 on La Plata river NR Cayey

4h 50039950 Lake Carite No. 1 NR DAM NR Cayvey

Ha 50044400 Lake La Plata No, 5 NR mouth NE Naranjito

5h 50044950 Lake La Plata No. 3 NR DAM NR Naranjite

Ba 50047537 Lake Cidra NR Bayamén river mosth

b 50047549 Lake Cidra NR DAM

Tn 50057500 l.ake Loiza Ne. 4 NR mouth NR Caguas

7h 50058800 Lake Loiza No. 7 NR DAM NR Trujillo Alto

Te 30059000 Lake Lofza at DAM SITE NR Trujilla Alta

A coser look at the phosphorus status of different lakes of Puerto Rico reveals a con-
trasting scenario {Figure 2). Among the lakes evaluated, Lakes Garzas, Guajataca, and
Carite appear to be the least impacted by human activity, in that order. On the other
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FIGURE, 2. Total phosphorus distribution in dilferent lakes of Puerto Rico, Water sta-
tions’ descriptions correspend to those from Table 2.
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hand, Lakes Lofza, La Plaia, Dos Boeas and Cidra denote certain degrees of contamina-
Lion, with Loiza and La Plata the most severely impacted. A similar situation is observed
with chlorophyll ¢ (Figure 3). However, on the basis of the chlorophyll-total P relation ex-
hibited by most lakes (Carlson, 1977), the levels of chlorephylt a in Lake Loiza are lower
than would be expected if phosphorus were the limiting factor for biomass growth. It ap-
pears that the high turbidity of this lake, as well as low N/P ratios may be limiting algae
growth {(data not shown). It is important to note the great improvement in water quality
exhibited by Lake Carite in the last five years.

In addition to estimating the numenrie eriteria for different nutritional parameters,
I evaluated the trophic status of the different lakes with the purpose of identifying
sutrophic conditions, Butrophication of most fresh waters is dependent upon supplies of
nitrogen and phesphorus. Efforis to control nutrient loadings 1o surface waters focus pri-
marily on phospherus since evidence from Iimnological studies suggests that phospherus
is the limiting nutrient for algal growth in rvivers and lakes (Carison, 1977). During the
past three decades scientists have developed a quantitative framework that allows the
prediction of algal biomass response to nutrient loading and water column nutrient con-
centrations in lakes and reservoirs (Dodds et al., 1997).

I follewed the approach established by Carlson (1977), whao developed a quantitalive
{ool that correlated algae biomass growth with the depth of light penctration in lakes as
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FIcure 3. Chlorophyll a levels of different lakes of Puerto Rico. Water stations’ de-
seriptions corvespond to those from Tabie 2.
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an index of their trophic status, An initial estimate revealed that, contrary to what Cazl-
son ohserved, Secchi depth was not a good indicator of biomass growth in Puerte Rico,
This result is probably due to the higl: sedimentation prevailing in most of our lakes (data
nol shown). However, the relationship between tolat ' and chloraphyll e in our lakes was
similar Lo that found by Carlson (Figure 4). On the basis of that finding, we decided to use
the range of chlorophyll @ values considered to be indicative of lake eutrophication by
maost scientists (14 Lo 25 ug/L chlorophyll a) te calculale the correspimding concentration
of total P in Puerto Rico. The result, 37 to 63 ng TP/L represents an estimate of the total
P concentration that may promole Iake eutrophication in Puerto Rico.

An evaluation of the trophic status of our lakes indicates lakes Lofza and La Plata
are the most likely to exhibit symptoms of eutrophication (Figure 5), Chlorophyll a results
suggest that Lake Dos Boeas is also in danger of becoming cutrophic (data not shown.

The resulls indicate the need to moenitor move intensively (increase frequency of
sampling and number of stations) the chemistry of our lakes. 1t is important that studies
be conducted to gain more insight into the factors controlling the refalion between the
nutrient status of our lakes and biomass growth. Specifically, there is need to evaluate
the impact of turbidity, contaminant source, and waler retention time.
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Fioure 4. Comparison of the relation between ehlorophyll a and total P levels in
lakes for Carlsen’s study and different lakes of Puerto Rico. The Puerto Rico data exclude
highly eontaminated lakes (e.g., Lofza).
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FiGure b, Relation between level of phosphorus and a propesed estimate of eutroph-
ication for different lakes of Puerte Rico. Water stations’ descriptions correspond to those
{rom: Tabie 2.
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