[image: image1.png]Table44 fa) Chemical composition ofaverage river water. Source: all river water concentrations and discharge values
from Meybeck 1979) except‘actual’ concentrations by continent, which were calculated by Berner & Berner 1996)
from Meybeck's data.)

By continent Riverwater concentration* (mg 1) Waterdischarge  Runoff
(10kmiyr’)  ratiot
@* Mgt Na K CF SOF  HCO; SO, DSt
Afica:
acal 57 22 44 14 41 42 263 120 605 341 028
natural 53 22 38 14 34 32 267 120 578
i
acal 78 46 87 17 100 133 611 10 1346 1247 LE
natural 166 43 66 16 76 97 662 10 1235
South America:
acal 63 14 33 10 41 38 244 103 546 .04 04l
natural 63 14 33 10 41 35 244 103 543
NorthAmerica:
acal 22 43 84 15 92 180 723 72 1426 553 LEC)
natural 201 49 65 15 70 148 74 72 135
furope:
acal N7 67 165 18 200 355 80 68 2128 256 042
natural 242 52 32 M1 47 151 801 68 1403
Oceania:
acal 152 38 76 11 68 77 656 163 1253 240 -
natural 150 38 70 11 53 65 651 163 1203
World average:
acal 14737 72 14 83 N5 530 104 T0d 374 046
newal(uipoltes) 134 34 52 13 58 83 520 104 996 374 046

* Actual concentrationsinclude pollution; ratural concentiations are corrected for pollution.
+ Runoffratio= average runoffperunit area/ average rainfal(calculated from Meybeck 1979).
+ Total issolved solics




Fuente: Stumm W. (2004) Chemical Processes Regulating theComposition of Lake Waters En The lakes Handbook. Volume 1. Limnology and limnetic Ecology (O’Sullivan y Reynolds eds.). Blackwell. Oxford. 

[image: image2.png]Table4.4 (b Chemical composition of lakes [selected from 2 tabulation by Meybeck 1995). Cations and anions are

expressed inmol % o their sum.
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Fuente: Stumm W. (2004) Chemical Processes Regulating theComposition of Lake Waters En The lakes Handbook. Volume 1. Limnology and limnetic Ecology (O’Sullivan y Reynolds eds.). Blackwell. Oxford. 

[image: image3.jpg]'CONCENTRATIONS (mg liter ') OF SOLUBLE MAJOR NUTRIENTS (OTHER THAN NITROGEN AND PHOSPHORUS) IN THE

SURFACE WATERS OF VARIOUS LAKES AND RIVERS

The very dilute lakes, such as Tahoe or the Experimental Lakes Area (ELA) lakes in Ontario, contrast with terminal lakes such as Mono, where the
conservative elements accumulate. Note how conservative elements increase downstream in rivers, indicating that dilute lakes need small watersheds to

remain low in conservative elements.

Conductivity,

Lake or river pmhocm”™ Si0, Ca Mg Na K S0,—S Ci HCO, References*

Tahoe 92 — 9.4 25 6.1 1.7 25 1.9 40 1

Castle, Calif. 30 1.3 1.6 2.6 1.1 0.2 0.2 0.1 20

Clear, Calif. 250 14 23 15 10 2.0 9 6 145 3
English Lake

District, average — — 45 1.0 3.9 0.5 6.3 71 7.8 4
South Basin,

Windemere — — 6.2 0.7 3.8 0.6 7.6 6.7 11 4
Erie 6 0.3 38 8.5 7.2 22 15 118 5
Superior 79 2 12.4 2.8 11 0.6 3.2 1.9 28.1 5
ELA lakes, '

average 19 ~1 1.6 0.9 0.9 0.4 3.0 1.4 3.8 6
Cayuga, N.Y. 56 — 44 10 51 26 36 81 122 7
Mono, Calif. — — — 60 28,000 1400 9000 17,500 18,800 8
George, Uganda 223 20 17.2 7.4 20 4.2 14.6 8.4 99 9
Biwa, Japan — ~1 =10 ~2 ~5 ~2 ~6.8 ~7 - 10
Titicaca, Andes - 0.07-1.1 66 34 176 14 282 260 — 11
Tanganyika —_ 0.3 11 39 63 33 6.3 26 — 12
Baikal, Siberia — = 15 4.2 6.1 4.9 1.8 ~60 13
World average

lakes and rivers — 12 15 41 6.3 2.3 11.2 7.8 58.6 14
North American

rivers, average — 9 21 5 9 1.4 20 8 68 14
European

rivers, average — 7.5 31 5.6 5.4 1.7 24 7 95 14
Nile, Khartoum — 26 17.4 5.2 30.7 11.8 0.44 8 149 14
Rhine, Netherlands — 5.7 42 6.1 10.1 6.4 19.5 1.3 113 14
Amazon

(Narrow Santarem) —_ 111 12.5 1.5 1.1 1.4 4.3 2.3 M1 14
Truckee at km 10 — — 8.5 43 6.1 1.7 2.9 ~3 — 15
Truckee at km 15 — 16 9.5 4.8 124 1.8 35 59 48 14, 15
Lower Congo

River, Kinshasa 105 75 10.8 3.9 14.2 — 7.8 6.1 e 16
Hubbard Brook, N.H. =25 4.5 1.7 0.38 9.1 0.21 6.3 5.4 <1 17

* References: (1,2) Goldman, various sources; (3) Horne, 1975; Lallatin, 1972; (4) Macan, 1970; (5) Schelske and Roth, 1973; Dobson et al., 1974; Ragotzkie, 1974; Bennett,
1978; (6) Armstrong anld Schindler, 1971; (7) Oglesby, 1978; (8) Mason, 1967, Livingstone, 1963; (9) Viner, 1973; Ganf and Viner, 1973; (10) ltasaka and Koyama, 1980; (11)
Richerson et al., 1977; (12) Hecky et al., 1978; (13) Livingstone, 1963; Kozhov, 1963; (14) Livingstone, 1963; (15) McLaren, 1977; (16) Visser and Villeneuve, 1975; (17) Likens

et al., 1970.



 Fuente: Horne, A. J. & CH. R. Goldman (1994) Limnology. Second edition. McGraw-Hill, Inc.575 pp.
[image: image4.jpg]CONCENTRATION OF SOLUBLE MINOR NUTRIENTS (n.g liter ') IN THE SURFACE WATERS OF
VARIOUS LAKES AND RIVERS

Although present in relatively low concentrations, most are not limiting or toxic to the biota. Both ionic and chelated
metals are present in unknown proportions in the soluble, or filterable, fraction.

Lake or

river Fe Mn Cu Zn Co Mo References*
Tahoe <10 2.6 Trace <14 <0.6 0.5 1
Castle, Calif. <10 <1 <0.5 <2 <1 <0.5 2
Clear, Calif. 5-20 4.6 2-30 <14 <14 <0.3 3
Windermere 5 8.5 2.2 3.1 >0.1 >0.1 4
Cayuga, N.Y. 3-80 1-30 0.6 27 0.005 — 5
Biwa, Japan 40 5-17 >25 5.30 0.03 - 6
Titicaca,

Andes — — 2.5 28 — — 7
Schohsee,

Germany 15 4.5 1.0 1.8 0.038 0.2 8
World ave. ~40 35 10 10 0.9 0.8 9
Sacramento, )

Calif. — 6.3 2.9 — <1 0.4 9
Truckee, peds

atkm 10 110 9 4 5 2 >10 10

* References: (1,2) Goldman, various sources; (3) Goldman and Wetzel, 1963; Horne, 1975; (4) Macan, 1970 and Hamilton-Taylor and
Willis, 1990; (5) Oglesby, 1978; (6) ltasaka and Koyama, 1980; (7) Richerson, et al., 1977; (8) Groth, 1971; (9) Livingstone, 1963; (10)
McLaren. 1977.




Fuente: Horne, A. J. & CH. R. Goldman (1994) Limnology. Second edition. McGraw-Hill, Inc.575 pp.

Major Divisions of Freshwater Algae: Biochemical and Cytological Characteristics
	
	Photosynthetic pigmentsa
	Chloroplast Fine-structure
	

	Algal Division            (phylum)
	Chlorophylls
	Carotenes
	Diag.* Carotenoids
	Outer membranes
	Thylakoid associations
	Starch-like reserve
	External covering
	Flagella (vegetative cells & gametes)

	Cyanophyta(Cyanobacteria)
	a
	β
	zea-
	0
	0
	Cyano-phyceanα
	Pepitoglycan matrices or walls
	0

	Chlorophyta (Green algae)
	a,b
	α,β,γ
	viola-
	2
	2–6
	Trueα
	Cellulosic walls, scales
	0 – many.Similar (isokont)

	Euglenophyta (Euglenoids)
	a,b
	β,γ
	
	3
	3
	Paramylonβ
	Protein Pellicle
	1–2emergent

	Xanthopyta (Yellow–green algae)
	a,c1,c2
	α,β
	
	4
	3
	Chrysolaminarinβ
	Pectin or pectic acid wall
	2 unequal. If present(heterokont)

	Dinophyta (Dinoflagellates)
	a,c2
	β
	peri-
	3
	3
	Trueα
	Cellulose Theca (or naked)
	2 unequal (heterokont)

	Cryptophyta(Cryptomonads)
	a,c2
	α,β
	allo-
	4
	2
	Trueα
	Cellulose Periplast
	2 equal (isokont)

	Chrysophyta (Chrysophyte) 
	a,c1,c2,c3
	α,β,ε
	
	4
	3
	Chrysolaminarinβ
	None, scales, lorica (pectin, plus minerals and silica)
	2 unequal (heterokont)

	Bacillariophyta (Diatoms)
	a,c1,c2,c3
	β,ε
	fuco-
	4
	4
	Chrysolaminarinβ
	Siliceous frustule
	1, reproductive cells only

	Rhodophyta (Red algae)
	a
	α,β
	
	2
	0
	Florideanα
	Walls with a galactose  polymer matrix
	0

	Phaeophyta (Brown algae)
	a,c1,c2,c3
	β,ε
	
	4
	3
	Laminarinβ  alginate matrices
	Walls with alginate matrix
	2 unequal (heterokont) reproductive cell only


*Diagnostic carotenoids, used for HPLC analysis: zea-(Zeaxanthin: also present in chlorophytes, cryptophytes), viola-(violaxanthin), peri-(peridin), allo-(alloxanthin), Fuco-(fucoxanthin, also present in chrysophytes).Starch-like reserves α:α-1,4 glucan; β:β-1,3 glucan. Modificado de Bellinger & Sigee, 2010

[image: image5.jpg]Correction factors for oxygen
saturation at various aititudes

Altitude Pressure ]
ft m mm Factor

0 o] 760 1.00
330 100 750 1.01
655 200 741 1.03
980 300 732 1.04
1310 400 723 1.08
1840 500 714 1.06
1870 600 7085 1.08
2300 700 696 1.09
2630 800 687 1.11
2950 900 679 1.12
3280 | 1000 671 1.13
3610 | 1100 663 1.1%
3840 | 1200 655 1.16
4270 | 1300 647 1.17
4600 | 1400 639 1.19

4930 | 1500 631 1.2
5250 1600 623 1.22
5580 | 1700 615 1.24
5910 | 1800 608 1.25
6240 | 1900 601 1.26
6560 { 2000 594 1.28
6900 | 2100 587 1.30
7220 | 2200 580 1.31
7550 | 2300 573 1.33
7880 | 2400 566 1.34
8200 | 2500 560 1.36
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FIGURE 7-6 Nomograph for calculating the percent dissolved oxygen at various temperatures,
pressures, and altitudes. To obtain, for example, the amount of oxygen at saturation at 6°C, place a

straight edge to cover both 6°C and 100 percent. The line extends down to 12.5 mq liter™' for a

freshwater lake at sea level. If the measured oxygen level was only 5 mg liter ™', then the straight line
between 5 mgq liter ™' and 6°C intersects the percent saturation line at about 50. This indicates that
the water was only 40 percent saturated with oxygen and that some pollution or high rate of respira-
tion might be suspected. If the lake was at 1500 m (about 5000 ft), where air pressure is lower, the
water would be fully saturated at a lower oxygen concentration. Altitude correction factors are shown
in a table in the upper left; for 1500 m the correction is about 1.2. Thus a measured value of 10 mg
liter~" (as shown for Standley Lake in Fig. 7-8) is muitiplied by 1.2 to give 12 mg liter~'. This shows
that 10 mg liter™' at 5000 ft represents full saturation, not a situation where poliution has reduced the
surface oxygen level. Drawn from data of Truesdale, Downing, and Lowden (1955). A more precise

nomograph is in Mortimer (1981).
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Tabla1 Valores límite para un sistema concreto de clasificación trófica.
[image: image6.jpg]Chi mixima
Categoria trifica | TP_| Chi media
Ultraoligotrdfico | <4.0 | <10 <23 5120 560
Oligotrofico <100] <25 <80 >60 >30
Mesotrofico 1035 [ 258 525 63 315
Eutréfico 35-100] 825 2575 315 1507
Hipertrofico >100 | >25 >75 <15 <07

Fuente: modificado de OCDE (1982)

Referencias
i ‘media anual de la concentracion de fisforo total en el agua (ug/l)
Chl media ‘media anual de la concentracion de clorofila a en aguas superficiales (ng/l)
Chl mixima pico anual de la concentracion de clorofila a en aguas superficiales (ug/)

Media de Secchi  media anual de transparencia de la profundidad de Secchi (m)
Minimo de Secchi minimo anual de transparencia de la profundidad de Secchi (m)





Tabla 2.Valores límite de la OCDE para un sistema abierto de clasificación
 trófica (valores medios anuales)*(modificado de OCDE, 1982)

[image: image7.jpg]Parametro Oligotréfico Mesotréfico  Eutréfico  Hipertréfico
Fosforo X 8,0 26,7 84,4
total xt1SD  4385-133 14,5-49 48-189
(ug P/D x+2 SD 2,9-22.1 7,9-90,8 16,8-424
Rango 3,0-17,7 10,9-95,6 16,2-386 750-1.200
n 21 19(21) 71(72) 2
Nitrégeno 3 661 23 1.875
total xt1 SD  371-1.180 485-1.170 861-4.081
(pg N/D x+2 SD  208-2.103 313-1.816 395-8.913
Rango 307-1.630 361-1.387 393-6.100
n 11 8 37(38)
Clorofila a X 1,7 4,7 143
(ug/h x*1 SD 0,8-3,4 3,0-7,4 6,7-31
x£2 SD 04-7,1 19-11,6 3,1-66
Rango 0,3-45 3,0-11 2,7-78 100-150
n 22 16(17) 70(71) 2
Valor méaximo X 42 16,1 42.6
de clorofila a x+1 SD 2,6-7,6 89-29  16,9-107
(ug/D x+2 SD 1,5-13 49-525 6,7-270
Rango 1,3-10,6 49-495 9,5-275
n 16 12 46
Profundidad X 99 42 2,45
de Secchi x+1 SD 5.9-16,5 2,4-74 1,45-4,0
{(m) X*2 SD 3,6-27,5 1,4-13 0,9-6,7
Rango 5,4-28,3 1,5-8,1 0,8-7,0 0,4-0,5
n 13 20 70(72)

* Las medias geométricas (después de transformarse a logaritmos decimales) se calcularon
tras eliminar valores superiores o inferiores a dos veces la desviacidn estindar obtenida
(donde fue posible) en un primer calculo.

X = media geométrica.

SD = Desviacion estandar.

() =los valores entre paréntesis se refieren al nimero de variables (n) utilizadas en el primer

calculo.




Fuente: Fredes D.Relación de la calidad del agua del embalse La Paloma con el volumen embalsado y su evolución en el tiempo. Ministerio de Obras Públicas, Dirección General de Aguas, Departamento de Conservación y Protección de Recursos Hídricos, Universidad de Chile. SIT; No.190
El  índice trófico de la OCDE  otorga valores límites específicos  de fósforo total, nitrógeno total, clorofila a y de la profundidad de Secchi, en el ámbito de lagos de zonas templadas. 


 La dificultad de usar “límites cerrados” para clasificar un lago  (tabla1) es el grado de superposición existente, es decir, que el lago puede ser clasificado en un estado trófico por una variable y en otro estado por otro. 


 Para subsanar este problema la OCDE aplicó un cálculo estadístico a su base de datos..La tabla de clasificación de “limites abiertos” resultante se muestra en la tabla 2.


La masa de agua en estudio se clasifica correctamente si no hay más de una variable de la tabla 2 que se desvíe de su valor medio geométrico por un valor de desviación estándar de ± 2.




















