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¢Qué es mucho?

¢Qué es poco?

¢ Cuales son las consecuencias?

¢Qué es lo deseable?



LLagos someros

dominados por fitoplancton
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Parece yerba...
pero son cianobacterias.

La contaminacion por nutrientes (eutrofizacion)
es el mayor problema ambiental de nuestros
ecosistemas acuaticos.




Lagos (templados)
dominados por fitoplancton



A tophic state Index for lakes'
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Abatacs
A numerical tmphlc ratn index for

lakes has beem developed that (mosrparmtes
hlulnﬁbuhul 0t mznhmmmuu 20, 30, de.| represents a doubling

, Minaespalis 55455

“rl bicenaex. The index numbes can be ulwhd from any of several parsmeters,
Secchi disk transparency, chlorophpll, and total phosphiars,

My purpose hexe Is to prasant 8 new ap-
proach to the kmp&ut :lanillnmn ui lakes.
This new apg WS
of frustratiom in oomuatcm»g to the pub.
lic hoth the current nature or status of lakes
and their future candition after yestaratl

sometimes cireumwontad by classifying
lakes that show characteristics of both oli-
wotrophy and ectrophy as mesotrophic.
Two or thres ill-defined trophic states
cannat meet oonternporary demnands for a

when the traditional traphic classification

systen is used, The cystem ented bare,

termed 2 trophic state index (TSI), in-

walves mew methods bath of defining
hic status and of determining that status
kes.

All trophic classification is based on the
division of the trophic continuum, however
this (s defined, into a serles of classes
termed trophic states. Traditional systems
divide the continuum into three classes:
oligotrophic, mesotrophic, and eutrophic,
There is often no clear delineation of these
divi Dreter thons of trophic state
are made from examination of several di.
verse criteria, such as shape of the oxygen
curve, specias compasition of the bottam
fanna or of the phytoplankton, concentra-
tons of nutrieats, and various measurcs of
biornass or p'odm:ban. A.lthnu.#l each
hanges from cligotrophy to the
changes do not occur at sharply ddmcd
places, nor do they all occur at the same
pl:m o ll l.he same rate. Some lakes may

hqu a2
.nd eutrophic hy nnn(bel. this problem Is

' Contribation 141 from the Lismological Re-
search Centar, Univenity of Minnsscta. This work
wii suggarted in part by Esvirosmestal Protes
tion Agracy training gramt umm

"Prasint  sddress: Department of Biokogics!
S-:Jge:u;ag Esat Stote Usivensity, Kant, Ohio
44

e, E. sys-
tem. The addition of other trophic states,
such as nlm—al(g;!mphic. mmeulmphit.

ete., could i the d of the
index, but at et these additional divi-
siots are oo defined than the fint

three and may actually add to the canfu.
shon by glving & false serse of socoracy and
sensitivity,

T acknowledge the advioe and encaurage-
ment of ]. Shapiro in developing this index
and In preparing the manuscript. [ also
thank C. Hedman and R. Armstrong for ad-
vice and H. Wright for help in manusoript
preparation.

Current approaches

The krge number of criterla that have
bean used to determine trophic status bhas
contributed to the contention that the
trophic concept is mubtidimensional, in
walving aspects of nutrient loading, nutrient
amcentration, productivity, faunal and
flaral quantity and quality, and even lake
marphometry.  As such, trophic status
cquld not be evaluated by examining ane or
two parameters. Soch reasoning may have
fastered multiparsmeter indices (e.g. Bre-
zondk and Shamnon 1971, Michaldd and
Conroy 1972). A multiparameter index ks
limited in its usefulness because of the num-
ber of parameters that must be measured.
In addition, the linear relationship assumed

LIMNOLOGY AND OCEANOGRAPHY 1 MARCEL 1997, V. 320%)

Carlson, R.E., 1977. A Trophic State Index for Lakes.
Limnology and oceanography 22, 361-369.
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and their future candition after yestaration
when the traditional waphie classification
swstem is used, The system presented hare,
termed 2 trophic state index (TSI), in-
wilves new methods bath of defining
trophic status and of determining that status
in lakes

All trophic classification is based on the
division of the trophic continuum, howevey
this (s defined, Into a sevies of classes
termed trophic stutes. Traditional systems
divide the continwum into three classes:
oligotrophie, mesotrophle, and eutrophic
There is often no clear delineation of these
divisians. Determinations of trophic state
ave made from examination of several di-
verse criteria, such as shape of the oxygen
curve, specias compasition of the bottom
fanna o of the phytoplankton, concentra-

tions of nutrieats, and various messures of
bic: or production. Althcugh each
changes from oligutrophy to eutrophy, the
changes do not occur at sharply defined
places, nor do they all occur at the same
place or at the same rate. Some lakes may
be cansidered aligotrophic by one cariterian
and eutrophic by anotber; this problam s
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and total phosphionus,

sometimes cireumvantod by  clasdfying
lakes that show characteristics of both obi-
gotrophy and ectrophy as mesotrophic.

Two or thees ill-defined trophic states
cannot meet oontemnporary demands for a
sensitive, unambigucus classfication sys
temr. The addition of other trophic states,
sch & ultraoligotrophic, meso-eutraphic,
ete., could increase the diserindnation of the
index, but at presest these additional divi-
siotns are oo better defined than the first
three and may actually add to the cantu-
ston by glving & false serse of socuracy and
sensstivity.

1 acknowledge the advioe and encourage-
ment of ]. Shapiro in developing this index
and In preparing the manuscript. [ also
thank C. Hedman and R. Armstrong for ad-
vioe amd H. Wright f

preparation

help in manusoript

Current approaches

criterla that have
been used to determ status has
contributed to the o that the
trophic concept is mubtidimensional, in.
walving aspects of nutrient loading, nutrient
rentration, productivity, faunal and
flaral quantity and quality, and even lake
marphometry. As such, trophic status
cquld not he evaluated by examining ane or
ngg may have
fostered multiparemeter indices (eg. Bre
zondk and Shannon 1971; Michalskd and
Conroy 1972}, A multiparameter index ks
Limsited in s usclulness because of the num-
ber of parametecs that must be measured.
In addition, the linear relationship assumed

The lrge number

two paramcters. Soch reason

Carlson, R.E., 1977. A Trophic State Index for Lakes.
Limnology and oceanography 22, 361-369.
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A numerical traphlc riatn index for lakes has beem developed that (noicparsies most
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proach to the traphic classification of lakes.
This new approach was developed hecsuse
of frustration i copwnunicating to the pud.
¢ both the current nature or status of lakes
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when the traditional tophic classification
swstem is used, The system presented hare,
termed 2 trophic state index (TSI), in-
wolves mew methods bath of defining
trophic status and of determining that status
in lakes

All trophic classification is based on the
division of the trophic continuum, howevey
this (s defined, into a sevies of classes
termed trophic stutes. Traditional systems
divide the continwum into three classes:
oligotrophie, mesotrophle, and eutrophic
There is often no clear delineation of these
divisians. Determinations of trophic state
ave made from examination of several di-
verse criteria, such as shape of the oxygen
curve, specias compasition of the bottom
fanna o of the phytoplankton, concentra-
thons of nutrients, and various messurcs of
biomass or production. Although each
changes from oligutrophy to eutrophy, the
changes do not occur at sharply defined
places, nor do they all oc

at the same
pene lakes may
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and eutrophic by anotber; this probl
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sometimes cireumwantod by classifving
lakes that show characteristics of both
gotrophy and ectrophy as mesotrophic.

Two or thees ill-defined trophic states
cannot meet oontemnporary demands for a
sensitive, unambigucus classfication sys
temr. The addition of other trophic states,
sch & ultraoligotrophic, meso-eutraphic,
ete., could increase the diserindnation of the
index, but at present these additional divi-
siotns are oo better defined than the first
three and may actuslly add to the confu-
ston by glving & false serse of socuracy and
sensitivity.
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The krge number of criterla that have
been used to determ o status has
contributed to the contention that the
trophic concept is mubtidimensional, in.
walving aspects of nutrient loading, nutrient
potration, productivity, faunal and
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flaral quantity and quality, and even lake
marphometry. As such, trophic status
cquld not he evaluated by examining ane or
two paramcters. Soch reasoning may have
fostered multiparemeter indices (eg. Bre
zondk and Shamnon 1971 Michaldd and
Conroy 1972}, A multiparameter index ks
linsited in s uselulness because of the num-
ber of parametecs that must be measured.
In addition, the linear relationship assumed

Carlson, R.E., 1977. A Trophic State Index for Lakes.
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TSI(SD) = 60 — 14.41 In(SD)
TSI(CHL) = 9.81 In(CHL) + 30.6

TSI(TP) = 14.42 In(TP) + 4.15



A list of possible changes that might be expected in a north temperate lake as the amount of
algae changes along the trophic state gradient.

TSI

30

30

40

40

50

Chl(ug/L)

< 0.95

0.95— 2.6

2.6 -7.3

TP
SD
) Gug/L)
=8 <6
8-—-4 6—12
i 12 —
4 24

Attributes

Oligotrophy:
Clear water,
oxygen
throughout the
vear in the
hypolimnion.

Hypolimnia of
shallower lakes
may become
anoxic.

Mesotrophy:

Water moderately
clear; increasing

probability of
hypolimnetic
anoxia during
sumimer.

Water
Supply

Water may
be suitable
for an
unfiltered
water
supply.

Iron,
manganese,
taste, and
odor
problems
worsen.
Raw water
turbidity
requires
filtration.

Fisheries &

Recreation

Salmonid
fisheries
dominate.

Salmonid
fisheries in
deep lakes
only.

Hypolimnetic
anoxia
results in loss
of salmonids.
Walleye may
predominate.



50

60

6o

w0

w0

8o

8o

7.1 — 20

20 — 50

56 —155
=155

0.25 —
0.5

< 0.25

24 —

192

192 —
384

Eutrophy:
Anoxic
hypolimnia,
macrophyte
problems possible.

Blue-green algae
dominate, algal
scums and
macrophyte
problems.

Hypereutrophy:
(light limited
productivity).
Dense algae and
macrophytes.

Algal scums, few
macrophytes

Episodes of
severe taste
and odor
possible.

Warm-water
fisheries
only. Bass
may
dominate.

Nuisance
macrophytes,
algal secums,
and low
transparency
may
discourage
swimming
and boating.

Rough fish
dominate;
summer fish

Idlls possible.



Tabla 10.- Comparacion de los valores promedio de las variables (px, Cla)
utilizadas para la clasificacion réfica de lagos calidos
tropicales (CEPIS) y la clasificacion trofica de lagos
templados (Vollenweider y Kerekes, 1981)

Variable Oligotrofico Mesotrofico Eutrofico
(Valores promedio anuales)
CEPIS —
Fasforo total
X 213 396 1187
(ma/m?) log = o, 1,328 £ 0,165 1,598 + 0,137 2,074 +0316
n 10 9 16
Clorofila "a"
X 3.56 6.67 17.39
(ma/m?) logx o, 0552 +0,234 0,824 + 0,225 1,240 + 0,255
n 8 7 8
"
——
QECD
Fasforo total
X 80 2.7 844
(mg/m?) logx +a, 0903 +0,.22 1427+ 053 193+£035
n 21 19 71
Clorofila "a"
X 17 a7 143
(mg/n?’) log x g, 023+0,31 0,672+0,20 1,155+0,33
n 2 16 70

— Lagos tropicales
Salas & Martino, 2001.

__ Lagos templados
Vollenweider & Kerekes 1981.

Salas, H., Martino, P, 2001. Metodologias simplificadas para la evaluacion de
eutrofizacion en lagos calidos tropicales. OPS/CEPIS, p. 63 pp.

Vollenweider, R.A., Kerekes, J.J,, 1981. Background and summary results of the
OECD cooperative program on eutrophication., Restoration of lakes and inland

waters. EPA/440/5-81-010., pp. 25-36.
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Salas, H., Martino, P, 2001. Metodologias simplificadas para la evaluacion de
eutrofizacion en lagos calidos tropicales. OPS/CEPIS, p. 63 pp.
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Salas, H., Martino, P, 2001. Metodologias simplificadas para la evaluacion de
eutrofizacion en lagos calidos tropicales. OPS/CEPIS, p. 63 pp.
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TSI =

0

Laguna del Cisne

4 I
Sinregistro
de ocurrencia
de floraciones
toxicas

Condiciones de
altoriesgo
de ocurrencia
de floraciones
toxicas

\
& | Estado
tréfico
Estado tréfico Segun
segun valores de valores
Clorofilaa ' de
Fésforo
40 50-60 70-80 total 1100
oligotrofia mesotrofia eutrofia hipereutrofia
! ]
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de ocurrencia
de floraciones
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4 I
Sin registro
de ocurrencia
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discrepancia

= /
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Estado tréfico Segun
segunvalores de valores
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1SI= 0 40 50-60 /0-80 total 1100
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Clorofila a +
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4 I
Sinregistro
de ocurrencia
de floraciones
toxicas

discrepancia

o

Estado trofico
segun valores de
Clorofilaa

40 50-60

/0-80

TSI= 0
eutrofia

oligotrofia mesotrofia
|

Condiciones de
altoriesgo
de ocurrencia
de floraciones
toxicas

A

Estado
trofico
Segun
valores
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Fésforo
total

100

hipereutrofia
]

|
Carga de nutrientes

-+

-+

Clorofila a

E—

Riesgo de floraciones toxicas

Discrepancia entre el estado tréfico de la Laguna del Cisne asignado en funcion de la variable “concentracion de fésforo total en agua”
y “concentracién de Clorofila a en suspension” (TSI: trophic state index o indice de estado tréfico, Carlson 1977).
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Laguna del Cisne

Por su nivel de nutrientes
el sistema puede ser clasificado como:

hiper-eutroéfico

Por su nivel de concentracion de
materia organica coloreada disuelta
el sistema puede ser clasificado como:

distrofico
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Diagndstico del

I de los Si as Acuati Superficiales del Departamento de Canelones

Estrategias para la conservacion de la calidad ambiental de la Laguna del Cisne:

Se considera que en la actualidad los principales riesgos a los que se ve sometido el sistema son:

Vulnerabilidad frente a intervenciones que generen disminuciones en la turbidez/aumento de |la transparencia del agua.

Intensificacidn y cambios en el régimen de uso del suelo en la cuenca.

— e D b AR G e S e 188 N e e ASE A O e o o e o e o . o e . e - -

Vulnerabilidad frente a intervenciones que generen disminucicnes en |a turbidez/aumento de la transparencia del agua. |

Utilizacion de agrotoxicos.
Variabilidad y cambio climatico

Inexistencia de un Comision de Cuenca

Utilizacion de agrotdxicos.
Variabilidad y cambio climatico

Inexistencia de un Comision de Cuenca

Plan Estratégico Departamental de Calidad de Agua (PEDCA)

2011
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Diagndstico del Estado Ambiental de los Sistemas Acuaticos Superficiales del Departamento de Canelones

Estrategias para la conservacién de la calidad ambiental de |a Laguna del Cisne:

Se considera que en la actualidad los principales riesgos a los que se ve sometido el sistema son:

e Vulnerabilidad frente a intervenciones que generen disminuciones en la turbidez/aumento de la transparencia del agua. |

— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
e |ntensificacion y cambios en el réegimen de uso del suelo en |a cuenca.
e Disminucion de la cobertura de los humedales asociados
e Aumento de la carga de nutrientes.

e Utilizacion de agrotdxicos.

e Variabilidad y cambio climatico

e [|nexistencia de un Comision de Cuenca

Diagnéstico del Estado Ambilental de los Sistemas Acuaticos
Superficiales del Departamento de Canelones

Vetunrn L Layums 1 Comne

aleghon Departamanbal de Culbdul de Agaa (PIDCA)

Plan Estratégico Departamental de Calidad de Agua (PEDCA)
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Laguna del Cisne

"FOSOFORO TOTAL CISNE"; LS Means
Current effect: F(2, 15)=29,834, p=,00001
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Laguna del Cisne

"FOSOFORO TOTAL CISNE™; LS Means
Current effect: F(2, 15)=29,834, p=,00001
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
850

Laguna del 800 r
Cisne

750 +
Reporte abreviado

Eesamea. _ 700 |
650
600 |
550 |
500 |
450
400
300 |

250 " i i
Oct-21 Mar-22 Nov-23

> salto d& 300 unidades

FOSORO TOTAL




Laguna del Cisne

"FOSOFORO TOTAL CISNE™; LS Means
Current effect: F(2, 15)=29,834, p=,00001
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
850

800
750

Laguna del
Cisne

Reporte abreviado

s e e o ettt ; 700

650 -
600
550 -
500 -
450
400
350
300

250 " i i
Oct-21 Mar-22 Nov-23

Maximo valor
istorico alcanzado

salto de 300 unidades

FOSORO TOTAL




1000
900
800
700
600
500

400

Color aparente {Pt-Co)

300
200

100

0

2016

2017

2019

2020

2021

2023

2024

100

%0 |

60

40

transparencia de Secchi (cm)

10

0
2006

80 |

70 |

S50 ¢

30 |
20 |

2009

2012

2014

2017

2020

2023

2025

Fig. 1- Cambio del color aparente y la transparencia de Sechi en Laguna del Cisne a mediano largo
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¢ Cual es la respuesta ecosistémica esperable en sistemas I6ticos?

Dodds, W.K., Jones, J.R., Welch, E.B., 1998. Suggested classification of stream trophic state: distributions of
temperate stream types by chlorophyll, total nitrogen, and phosphorus. Wat. Res. 32, 1455-1462.
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Table 1. Suggested boundaries for trophic classification of streams from cumulative frequency distributions in Figs 1-3, The boundary
between oligotrophic and mesotrophic systems represents the lowest third of the distribution, and the boundary between mesotrophic und
eutrophic marks the top third of the distribution

Oligotrophic-mesotrophic Mesotrophic—eutrophic
Variable (units) boundiry boundary N
Mean benthic chlorophyl) (mg m )" 20 70 286
Maximum benthic chloroph{ll (mg m™)°* 60 200 176
Sestonic chlorophyll (ug 17" 10 30 292
TN (pg 17y 700 1500 1070
TP (pug 17"y*P< 25 75 1366

“Data from Dodds er af. (1997).
"Data from Van Niewenhuyse and Jones (1996).
“Data from Omermk (1977}

Dodds, W.K,, Jones, J.R,, Welch, E.B., 1998. Suggested classification of stream trophic state: distributions of
temperate stream types by chlorophyll, total nitrogen, and phosphorus. Wat. Res. 32, 1455-1462.
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ould be | d .06 mg /L. Lower levels
for nutrient criteria should be considered for re-
gions with more pristine systems (e.g., TN and
TP levels of 0.3 and 0.02 mg/L, respectively,

Dodds, W.K.K., Welch, E.B., 2000. Establishing nutrient criteria in streams.
Journal of the North American Benthological Society 19, 186-196.
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El caso del perifiton

Stream Periphyton
Monitoring Manual

Biggs, B. J. F. and C. Kilroy (2000). Stream Periphyton Monitoring
Manual, NIWA, Ministry for the Environment, New Zealand.
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¢ Floraciones perifiticas en sistemas I6ticos oligotréficos?

¢ Es posible? L

Sundareshwar, P. V., Upadhayay, S., Abessa, M., Honomichl, S., Berdanier, B., Spaulding, S. A., ... Trennepohl, A. (2011).
Didymosphenia geminata: Algal blooms in oligotrophic streams and rivers. Geophysical Research Letters, 38(10), n/a-n/a.
doi:10.1029/20109/046599



¢ Floraciones perifiticas en sistemas I6ticos oligotréficos?

¢ Es posible? L

¢ Como es posible?

Sundareshwar, P. V., Upadhayay, S., Abessa, M., Honomichl, S., Berdanier, B., Spaulding, S. A., ... Trennepohl, A. (2011).
Didymosphenia geminata: Algal blooms in oligotrophic streams and rivers. Geophysical Research Letters, 38(10), n/a-n/a.
doi:10.1029/20109/046599



Table 2. Lower one-third and upper one-third of the distribution
of stream total N and total P pooled across 14 ecoregions according
to reference values determined for each individual ecoregion by
Smith et al. (2003). 13 ecoregions for total P. and 12 ecoregions for
total N from Dodds and Oakes (2004) and the relationship of the
boundary numbers from Smith et al. (2003) data to cumulative fre-
quency distribution of benthic chlorophyll (Chl) as a function of”
total N or total P (Fig. 1) expressed as the percentage of benthic
chlorophyll mean or maximum values exceeding 100 mg m ? when
nutrient values were less than the boundary value. For example.
when seasonal mean of total N was <714 mg m3, then 10% of"
the streams had mean benthic chlorophyll values exceeding 100 mg
m ? and 29% had maximum values exceeding that amount.

Concentration Cases
(mg m?) exceeding 100
Dodds & m? (%)
Autotrophic Smith  and Maxi-
state et al. Oakes Mean mum
Nutrient boundary 2003 2004 Chl Chl
Total N Lower one-third 285 370 7 ¥4 4
Upper one-third 714 659 10 29
Total P Lower one-third 29 23 5 17
Upper one-third 71 48 13 25

Dodds, W.K., 2006. Eutrophication and trophic state in rivers and
streams. Limnology and oceanography 51, 671-680.
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Dodds, W.K., 2006. Eutrophication and trophic state in rivers and
streams. Limnology and oceanography 51, 671-680.
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Autotrophic state

Controlling factors Intermediate response Final response
variables variable

Inorganic nutrients

/

Biomass specific
rates

Ecosystem primary
production rate
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(chlorophyll)

Light

N\

Removal (grazing/floods)

Heterotrophic state
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Ecosystem respiration
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(total of all

organisms)

Allochthonous and
autochthonous
carbon input

\/

N

Removal (grazing or floods)
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Dodds, W.K., 2007. Trophic state, eutrophication, and nutrient criteria in streams. Trends in Ecology
and Evolution 22, 670-676.
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Table 1. Suggested trophic boundaries for rivers and streams (from Dodds et al. 1998). Note these were based on current nutrient distributions
in the United States at the time. not corrected for anthropogenic influence (an unknown proportion of the sites used to create these distributions

were true reference sites).

Variable (units) Oligotrophic ~ Mesotrophic Eutrophic
mean benthic chlorophyll (mg m>) <20 20-70 =70
maximum benthic chlorophyll (mg m=) <60 60-200 =200
suspended chlorophyll (ug L) <10 10-30 >30
Total N (ng L) <700 700-1500 >1500
Total P (ug L) <25 25-75 >75

Dodds, W., Smith, V.H., 2016. Nitrogen, Phosphorus, and Eutrophication in Streams.

Inland Waters 6, 2.
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mean benthic chlorophyll (mg m) <20 20-70 =70
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Graus de trofiaem corpos d' agua
do Estado de Sao Paulo:

Avdiacao dos métodos de monitoramento.
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de monitoramento. (PhD). Universidade de Sao Paulo, 238 pp.
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Graus de trofiaem corpos d' agua
do Estado de Sao Paulo:

Avdiacao dos métodos de monitoramento.

Marta Condé L amparail]

- Rios
IET (CL) = 10x(6-((-0,7-0,6x(In CL))/In 2))-20
IET (PT) = 10x(6-((0,42-0,36x(In PT))/In 2))-20

- Reservatoérios
IET (CL) = 10x(6-((0,92-0,34x(In CL))/In 2))
IET (PT) = 10x(6-(1,77-0,42x(In PT)/In 2))

CETESB - COMPANHIA AMBIENTAL DO ESTADO DE SAO PAULO

«

aienfopdx Dra Glsela¥. Shimizu

Lamparelli, M. C. (2004). Grus de trofia en corpos d'dgua de Estado de Sao Paulo: availacao dos métodos
de monitoramento. (PhD). Universidade de Sao Paulo, 238 pp.
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Estado trofico concentracion de PT valor IET__|color asignado concentracion de PT
ultraoligotrofico <123 |ET <47 <6
oligotréfico 12.3-32.2 47<IET =52 <12
mesotrofico 32.2-125 52<IET=59 [ 12<IET <24
eutrofico 125-270 S9<IET =63 24 <|ET. <96
supereutrofico 270 - 585 63<IET=67

hipereutréfico >585 IET > 67 IET.>96

Goyenola, G, Vidal, N., Acevedo, S., Cabrera, S., Fosalba, C., Teixeira-de Mello, F., Calvo, C., Gaucher, L., Iglesias, C.,
Lépez-Rodriguez, A., Burwood, M., Corrales, N., Olsson, D., Levrini, P, Pacheco, J.P, Capuccio, L., Urtado, L., 2017.
Sistemas Acuaticos Canarios. Estado del conocimiento y gestion ambiental. Informe Ambiental Estratégico.

Centro Universitario Regional Este/Universidad de la Republica; Comuna Canaria, p. 53.
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Cunha, D. G. F, Finkler, N. R., Lamparelli, M. C., Calijuri, M. D. C., Dodds, W. K., & Carlson, R. E. (2021). Characterizing Trophic
State in Tropical/Subtropical Reservoirs: Deviations among Indexes in the Lower Latitudes. Environmental Management, 68(4),
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Table 5

Comparison between the trophic state boundaries for total phosphorus and chlorophyll a (j.g/L) presented by this research and those proposed for temperate (Carlson,1977;

D.G.F. Cunha et al. / Ecological Engineering 60 (2013) 126-134

Carlson and Simpson, 1996; Vollenweider and Kerekes, 1982) and tropical (Salas and Martino, 1991) aquatic systems.

Trophic state category Total phosphorus (pg/L)
Carlson (1977), Carlson Vollenweider and Salas and Martino (1991)" Lamparelli (2004) Our study™
and Simpson (1996) Kerekes (1982)’
Ultraoligotrophic - <2.5 - <8.0 <159
Oligotrophic <120 2.6-8.0 <213 8.1-19.0 16.0-23.8
Mesotrophic 12.1-240 8.1-25.0 21.4-396 19.1-52.0 23.9-36.7
Eutrophic 24.1-96.0 25.1-80.0 39.6-118.7 52.1-120.0 36.8-63.7
Supereutrophic - - - 120.1-233.0 63.8-77.6
Hypereutrophic >06.1 =80.1 >118.8 =233.1 >77.7
Trophic state category Chlorophyll a (p.g/L)
Carlson (1977), Carlson Vollenweider and Salas and Martino (1991)” Lamparelli (2004) Our study”
and Simpson (1996) Kerekes (1982)
Ultraoligotrophic - <0.7 - <1.2 <2.0
Oligotrophic <26 0.8-2.1 <36 1.3-3.2 2.1-39
Mesotrophic 2.7-64 2.2-6.3 3.7-6.7 3.3-11.0 4.0-10.0
Eutrophic 6.5-56.0 6.4-19.2 6.8-174 11.1-30.6 10.1-20.2
Supereutrophic - - - 30.7-69.1 20.3-27.1
Hypereutrophic >56.1 =>19.3 >115 >69.2 >27.2

° Annual arithmetic means.
" Annual geometric means.

Cunha, D.G.F., Calijuri, M.d.C., Lamparelli, M.C., 2013. A trophic state index for
tropical/subtropical reservoirs (TSltsr). Ecological Engineering 60, 126-134.
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Eutrophic 24.1-96.0 25.1-80.0 39.6-118.7 52.1-120.0 36.8-63.7
Supereutrophic - - - 120.1-233.0 63.8-77.6
Hypereutrophic >06.1 =80.1 >118.8 =233.1 >77.7
Trophic state category Chlorophyll a (p.g/L)
Carlson (1977), Carlson Vollenweider and Salas and Martino (1991)" Lamparelli (2004) Our study”
and Simpson (1996) Kerekes (1982)
Ultraoligotrophic - <0.7 - <12 <2.0
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Eutrophic 6.5-56.0 6.4-19.2 6.8-174 11.1-306 10.1-20.2
Supereutrophic - - - 30.7-69.1 20.3-27.1
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DECRETO 253/79

DECRETO 253/79

(Con las medificaciones de los Decretos 232/88, 698/89 y 195/91
incluidas)

SE APRUEBAN NORMAS PARA PREVENIR LA CONTAMINACION AMBIENTAL
MEDIANTE EL CONTROL DE LAS AGUAS.

MINISTERIO DE TRANSPORTE ¥ OBRAS PUBLICAS,

MINISTERIO DEL INTERIOR,

MINISTERIO DE DEFENSA NACIONAL.

MINISTERIO DE INDUSTRIA ¥ ENERGIA.

MINISTERIO DE SALUD PUBLICA.

MINISTERIO DE AGRICULTURA ¥ PESCA.,

MINISTERIO DE VIVIENDA ORDENAMIENTO TERRITORIAL V MEDIO AMBIENTE.

Montevideo, 9 de maye de 1979,

VISTO: La ley N® 14,859 del 15 d diciembre de 1978 que aprobé = Codigo de Aguas y
&l informe producide par |2 Comisién designada por 2l Decreto N7 324/978 de 8 de junio
de 1978.

RESULTANDO: T) Que el Cédigo de Aguas establece en su Titulo ¥ - Capitula 12,
"Normas relativas a la defensa de las aguas, dlveos y zonas aledafias”, en las que se
incluye facultades 3l Ministeric Competents para dictar providencias y aplicar medidas
que impidan el deterioro de los recursos hidricos, asi coma para sancionar lss
infracciones de dichas normas.

1II) Que la citada Comisian indics en su informe las medidas a adoptar, para prevenir la
contaminacién de los cursos de agua, las que se refieren a clasificacion de cuerpos
racapeores segiin sus usos preponderantes, limites de los parsmetros de
contaminacién, normas para vertimients de efluentes y sanciones derivadas de la
aplicacién de dichas medidas.

111} Que de acuzrda con lo dispuesto per la Ley N° 16,112 del 30 de mayo de 1990  los
articulos 436 y 457 de |z Ley N0 16.170 del 28 da diciembre de 1990 el Ministerio
Competente serd el Ministeric de Viviends, Ordenamiento Territorial y Medio Ambiente.

CONSIDERANDO: T) Que constituye una especial preocupacion del Poder Ejecutivo
Facilitar los medios para la estncta aplicacién del Cadigo de Aguas, en particilar en lo
que conclerne = los aspactos da conservacidn y preservacién de los recursos hidricos,
habida cuenta de los peligros de deterioro, pérdida o mengua de los mismos provocades
por la accién del hombre,

II) Que es necesario definir y poner en prictica las normas para prevenir Iz
contaminacién de los curses de agua,

Pigina 1
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ARTICULO 3°- Los cursos o cuerpos de agua del Pais se clasificaran segun sus usos
preponderantes actuales o potenciales en cuatro clases de acuerdo a lo siguiente:

CLASE 1
Aguas destinadas o que puedan ser destinadas al abastecimiento de agua
potable a poblaciones con tratamiento convencional.

CLASE 2

a) Aguas destinadas al riego de hortalizas o plantas fruticolas u otros
cultivos destinados al consumo humano en su forma natural, cuando éstas
son usadas a través de sistemas de riego que provocan el mojado del
producto.

b) Aguas destinadas a recreacion por contacto directo con el cuerpo
humano.

CLASE 3

Aguas destinadas a la preservacion de los peces en general y de otros
integrantes de la flora y fauna hidrica, o también aguas destinadas al nego
de cultivos cuyo producto no se consume en forma natural o en aquellos
casos que siendo consumidos en forma natural se apliqguen sistemas de
riego que no provocan el mojado del producto.

CLASE 4

Aguas correspondientes a los cursos o tramos de cursos gue atraviesan
zonas urbanas o suburbanas que deban mantener una armonia con el
medio, o también aguas destinadas al riego de cultivos cuyos productos no
son destinados al consumo humano en ninguna forma.

https://www.impo.com.uy/bases/decretos/253-1979
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ARTICULOQ 5:- Las caracteristicas de los cursos o cuerpos de agua del pais seran, de
acuerdo a su clasificacion, las siguientes:

https://www.impo.com.uy/bases/decretos/253-1979
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ARTICULO 5:- Las caracteristicas de los cursos o cuerpos de agua del pais seran, de
acuerdo a su clasificacion, las siguientes:

d) CLASE 3
PARAMETRO ESTANDAR

- OLOR No perceptible

- MATERIALES FLOTANTES Y ESPUMAS NO NATURALES |Ausentes

- COLOR NO NATURAL Ausente

- TURBIEDAD Max 50 UNT

- pH Entre65y 85

-0D Min 5 mg/L

- DBO5 Max 10 ma/L

- ACEITES Y GRASAS Virtualmente ausentes

- DETERGENTES Max 1 mg/L en LAS

- SUSTANCIAS FENOLICAS Max 0,2 mg/L en C6H50H

- AMONIACO LIBRE Max 0,02 mg/L

- NITRATOS Max 10 mg/Len N

- FOSFORO TOTAL Max 0,025 mg/L en P

- COLIFORMES FECALES No se debera exceder el limite de 2000 CF/100 mL en n
de al menos 5 muestras, debiendo la media geomeétrica
mismas estar por debajo de 1000 CF/100 mL

- CIANURO |[Max 0,005 mg/L

- ARSENICO Max 0,005 mg/L

- CADMIO Max 0,001 mg/L

- COBRE Max 0,2 mg/L

- CROMO TOTAL Max 0,05 mg/L

- MERCURIO |Max 0.0002 mg/L

- NIQUEL Max 0,02 mg/L

- PLOMO |Max 0,03 mg/L

- ZINC |Max 0,03 mg/L

https://www.impo.com.uy/bases/decretos/253-1979
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El limite de 25 ug PT L'l, establecido en la normativa, puede considerarse
exigente para las caracteristicas locales. Con variaciones segun las caracteristicas
climaticas, la geologia y la estructura de las tramas troficas acuaticas en cada
sistema, en general los sintomas de la eutrofizacion son evidentes a partir del

entorno de 50-60 pg. PT L1, mientras que a partir de concentraciones

cercanas a 100 pg.L™1 los sintomas pueden expresarse en toda su magnitud
(Dolman, et al., 2012). Esto es particularmente notorio en cuerpos de aguas
quietas, ya que el impacto es mayor cuando el tiempo de residencia del agua es
mayor. Al mismo tiempo, el riesgo de eutrofizacion y la magnitud de los
sintomas es mayor en lagos someros que en lagos profundos (Carlson, 1977;
Dodds, 2006).

Goyenola, G., Kruk, C., Mazzeo, N., Nario, A., Perdomo, C., Piccini, C., & Meerhoff, M. (2021). Produccion, nutrientes, eutrofizacidon y
cianobacterias en Uruguay: armando el rompecabezas. INNOTEC, 22(e558), 1-33. https://doi.org/10.26461/22.02
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Tabla 6. Valores de referencia de nitrégeno total (NT), fésforo total (PT) y clorofila —a (Clo-a) para los
diferentes tipos de ambiente propuestos.

s | TIPO DE AMBIENTE NIVEL GUIA

ol NT (ug/L) |PT (ug/L) | Clo-a (ug/L)
rreee | Sistemas lénticos y sus tributarios 500 30 10

rovvest | Cursos de agua de hasta orden 3 650 50 30

i Cursos de agua mayores a orden 3 1000 70 30

Se recogen aqui los planteos recabados en la propuesta de modificacién del Decreto
253/79 elaborada en 2014 por el Grupo de Estandares Ambientales para el agua (Gesta
Agua), el cual fue creado por la COTAMA. La propuesta no ha sido aprobada por las
autoridades. En este sentido, se comparte el mismo criterio de establecer una Gnica
categoria de calidad de agua para todos los cuerpos naturales con el objetivo de
conservacion del ecosistema acuatico y para ello (entre otros) se limitan los valores de
los principales nutrientes en el agua dulce.

Aubriot, L., Chalar, G., Ledn, L. D., Goyenola, G., Lizarralde, C., Miguez, B., ... Mello., F. T. d. (2017). Informe de
asesoria a la mesa técnica del agua. Establecimiento de niveles guia de indicadores de estado trofico en cuerpos de
agua superficiales. Montevideo. 45 pp.
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