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En depit d'arguments scientifiques sur le mecanisme et la vitesse d'aci
dification des lacs par les depots acides, il serait a la fois possible 
et approprie d'aborder les mesures de reduction de fa~on empirique. Les 
emissions d'anhydride sulfureux doivent etre suffisamment diminuees pour 
eviter que les depots humides de sulfates de l 'atmosphere ne depassent 
une charge limite determinee de fa~on empirique afin de proteger les 
lacs de l'acidification et de la perte des populations naturelles de 
poissons. 

Selon une analyse recente de la chimie des precipitations de l'est de 
l 'Amerique du Nord, une charge limite d'environ 15 kilogrammes par hec

tare par annee (kg/ha/an) serait appropriee. Selon des experiences ef
fectuees en Suede, des charges limites encore moins elevees pourraient 
s'averer necessaires en Scandinavie pour proteger les lacs extremement 

sensibles qui ont une faible capacite de neutralisation des acides. 
Neanmoins, la charge limite de 20 kilogrammes par hectare par annee de
mandee recemment par les scientifiques canadiens representerait une pre
miere etape importante, a partir de laquelle on pourra, apres examen, 
perfectionner des scenarios de reduction si d'autres restrictions sont 

souhaitables. 
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ACID RAIN AND AQUATIC ECOSYSTEMS: THE TARGET LOADING QUESTION 

Eville Gorham, Ph.D. 
University of Minnesota 

Because the sources of acid deposition are widespread, and 

emissions from such sources are transported over hundreds of kilometers 

within a few days, "acid rain" is clearly an international problem 

requiring joint action by Canada and the United States. The prerequi

site for action is agreement on a target substance, and emission and 

deposition standards for that substance, as a focus for control. 

Sulphur dioxide - the major pollutant emitted in the combustion of 

fossil fuels and the smelting of metal ores, and the sulphate to which 

it is transformed in the atmosphere, are clearly the best targets for 

emission and deposition standards. First, the free hydrogen ions that 

are the measure of acidity are much more closely associated with 

sulphate than with nitrate, the product of nitrogen oxides that are also 

emitted- but to a lesser extent- during the combustion of fossil 

fuels. Second, techniques for reducing emissions of sulphur dioxide are 

better researched and more readily available than are methods for the 

control of nitrogen oxides. 

If a sulphur deposition standard is to be set up for the 

protection of our lakes and streams (as demonstrated chiefly by the 

maintenance of native fish populations), then sulphate falling as wet 

deposition (i.e., in rain and snow) is the only component that can 

presently serve our purpose. Dry deposition of sulphur dioxide and the 

impaction of sulphate aerosols upon forest canopies cannot now be 

measured with sufficient accuracy to allow the setting of a standard for 

total sulphur deposition. The question, then, is whether a reasonable 

standard for wet sulphate deposition can be agreed upon by the two 

countries. 
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Despite considerable argunent among scientists about the 

applicability and effectiveness of several models for the process of 

lake acidification (e.g., those of Henriksen, Thompson, Gallow:ly and 

Schnoor), it is relatively straightforward to establish an 811pirical 

basis for a target loading of \'tet sulphate deposition. To the best of 

our present knowledge, the recent acidification of clearwater lakes on 

rocks and soils with a low capacity for neutralizing acids is observed 

only in areas where the annual weighted average acidity of atmospheric 

precipitation is below a pH of 4.6, or perhaps 4. 7 in the opinion of 

sane scientists. If 4.6 is taken as the annual average pH below which 

atmospheric precipitation should not fall, then a recent analysis of \'tet 

deposition in the United States east of the Mi ssi ssi ppi River indicates 

that \'tet sulphate deposition should not rise above 16 kilograms per 

hectare per year. If pH 4.7 is the chosen figure, then wet sulphate 

deposition should be restricted to no more than 14 kg/ha/yr. Both 

figures are well below the 1 imit of 20 kg/ha/yr sought by Canadian 

m811bers of the joint task force set up under the Canada/U.S. Memorandun 

of Intent on Transboundary Air Poll uti on, but rejected by the U.S. 

m811bers- apparently under severe political pressure. Swedish expe

rience also suggests the desirability of a target loading well below 20 

kg/ha/yr. Nevertheless, the figure of 20 kg/ha/yr represents a very 

substantial first step, following which the desirability of further 

restrictions can be debated and determined. 

This indirect approach to a target loading for wet sulphate 

deposition through its relationship to the pH of atmospheric precipita

ation, which is related in turn to the occurrence of lake acidification 

bel ow pH values of 4. 6-4. 7, should be compl811ented in l'brth An eric a by a 

more direct approach of the kind 811ployed by Willian Dickson in Sweden. 

He has developed a series of graphic relationships bet~en lake-water pH 

and wet sulphate deposition fran the atmosphere that take into account 

the acid-neutralizing capacity of the 1 ake water as indicated by its 
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content of non-marine calcilJTl and magnesium. Jn pristine landscapes 

these ions are largely balanced by bicarbonate, the chief buffer against 

acidification in lakes of circlJTlneutral pH. Dickson provides a series 

of four curvilinear relationships between average lake pH and wet 

sulphate deposition (with estimates of total deposition added), each 

curve representing waters of differing acid-neutralizing capacity. For 

extrenely sensitive lakes of the lo'nest capacity (non-marine Ca + Mg = 
20-90 microequivalents per litre), lake pH declines below 6.0 when 

annual \'tet sulphate loading exceeds 6 kg/ha. Lakes in the next lo'nest 

group (non-marine Ca + Mg = 110-160 ueq L-1) acidify below pH 6.0 when 

sulphate loading exceeds 15 kg/ha. In lakes of the highest acid-neu

tralizing capacity (non-marine Ca + Mg = 320-370 ueq L-1), pH does not 

decline bel ow 6. 0 until sulphate 1 oading exceeds 34 kg/ha. There are of 

course lakes in calcareous terrain that can tolerate much higher levels 

of acid deposition without their waters becoming acidified. Lakes in 

these three of Dickson's four groups reach a pH of 5.5 - often regarded 

as a danger threshold for serious losses of fish populations- at annual 

wet sulphate depositions of about 8, 21 and 36 kg/ha respectively. 

1-b'never, it may be very difficult to hold lake pH at this level, because 

as a lake's base-neutralizing capacity is titrated away by acid 

deposition, pH can fall rather suddenly from above 6.0 to near 5.0, 

rna king the maintenance of an i ntenned i ate value rather d iffic ul t. 

M empirical approach of this kind to environmental problens 

such as "acid rain" must not be ignored while researchers attanpt to dot 

the last "i" and cross the last "t" in the scientific chain of cau-

satioo. Even if control 1 egi slat ion were enacted today, it VAJul d 

probably take at 1 east five and more, probably ten years to begin having 

a really significant effect upon anissions. In the meantime, as we have 

1 earned with our 1 akes and as the t£nnans are 1 earning with their 

forests, fragile parts of the nat ural environment that supports us all 

are 1 i kel y to suffer serious damage that 'ne can ill afford. Moreover, 
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the damage will not be restricted to our lakes, streams and forests, but 

will include very substantial and expensive corrosion danage to metals, 

building stone, mortar and other materials close to the sources of 

enissions. We must also be greatly concerned about the unproven but 

likely danage to human health from air pollutants released by 

fossil-fuel combustion near to the enission sources. 

It is not too soon to act; the scientific evidence is 

overwhelming as regards actual and potential danage, and all that is 

needed is the political will - and goodwill - of our t~ countries. Let 

us agree now to legislate both deposition and enission standards, and to 

put them into effect. We can then fine- tune our contro 1 strategies in 

line with the research data that will continue to cane in on both sides 

of the border. In that way \IE can remain good friends, and our 

environment will recover to the healthy state that is surely the shared 

hope of Canadians and lmericans alike! 
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