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ACID RAIN AND LAKES 

A RECOMMENDED PROGRAM OF RESEARCH 

Eville Gorham 

ABSTRACT 

A mUlti-million dollar program of research on the effects 
of acid rain upon streams and lakes is described, based on 
recommendations contained in a recent report to the u.S. 
Council on Environmental Quality. The recommended studies 
are grouped under the following headings: (1) geochemical, 
(2) physiological, (3) ecosy~tem-related, (4) vulnerability, 
and (5) economic. 

INTRODUCTION 

Early in 1978 the U.S. Council on Environmental Quality (CEQ) 
appointed a committee to devise a research program on acid 
rain. Its charge was to assess the diverse problems caused 
by acid rain, and the types of research necessary to answer 
these questions: what is it, where is it coming from and in 
what amounts, how is it deposited on the landscape, what 
effects does it have on soils, waters and organisms, and to 
what degree may it be expected to degrade - now and in the 
future - the vital natural resources that constitute our life
support system? I had the honour to serve on that committee, 
and on behalf of my colleagues (J.N. Galloway, E.B. Cowling, 
and W.W. McFee) I should like to present to you those aspects 
of the report (published in December 1978) which deal with 
lakes and streams, and the plants and animals that inhabit 
them. 

First, what are the facts as we now know them? 

1 . Certain aquatic ecosystems, notably those on the Laurentian 
Shield and geologically similar terrains, are especially 
sensitive to acid rain. This is because rain and snow 
pass through the soils of such terrains with little 
alteration in the types and amounts of dissolved materials, 
so that the chemical quality of stream and lake waters is 
determined la~ely by the quality of the rain and snowfall. 

2. The atmospheric input of acidity to the waters in these 
terrains is increasing, along with associated inputs of 
several heavy metals and complex organic molecules that 
may be toxic. Aluminum, also a toxic metal, is being 
leached from soils in larger amounts than normal because 
of acid rain. 65 



3. At , the same time, inputs of certain nutrient elements, 
for instance nitrogen and sulphur from the atmosphere 
and calcium leached fram the sO.il, are also increasing. 
(Whether phosphorus - a limiting nutrient in many 
Laurentian lakes - is also increasing we are not sure, 
and the matter deserves more attention.) 

4. Once acid deposition to these already impoverished eco
systems reaches a certain level, the diversity and 
productivity of aquatic plant and animal communities 
begins to decrease, although individual tolerant organisms 
may increase. In extreme cases, the final link in the 
aquatic food chain - the fish population - may vanish 
altogether. 

5. In same cases, ch~ges in key species may have a profound 
influence on other associated plants and/or animals; and 
in this way greatly alter the cycles of l~iting nutrients 
and toxins in aquatic ecosystems. 

Given these established facts, what sorts of further research 
do we need in order to understand better the cumulative effect~ 
of acid rain, and to determine how best they may be countered 
or ameliorated? Because acid rain influences a broad array 
of chemical and biological processes, not only in aquatic 
ecosystems but also in the terrestrial and wetland ecosystems 
to which they are inextricably linked, we may be sure that 
the necessary studies will be diverse, camplex, and expensive _ 
though not unduly so in the light of the severe actual and 
potential future losses that can be caused by acid rain. In 
this.connection ;et me quote the detailed fact sheet accompanying 
Pres~dent Carter s second environmental message to the u.s. 
Congress, which recognized acid rain as "one of the most serious 
global pollution problems associated with fossil fuel combustion " 
rivalled only by the steady buildup of carbon dioxide in the ' 
atmosphere. 

The CEQ Repdrt's recommendations for research on aquatic eco
systems may be grouped under five headings. Many research 
studies are already under way along these lines; the aim here is 
to categorize them so that we may evaluate the work under way 
against that regarded as neces~ary. 

A. Geochemical studies 
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1. Determine the pattern of inputs fram acid precipitation 
over space and time, looking also at heavy metals, 
organi"C toxins and nutrients, and paying special 
attention to sudden, concentrated released fram 
snowmelt. 

2. Bxamine the effects upon interactions between acid 
inputs and sediments as they affect the release or 
absorption of toxins and nutrients, and influence 
the lIlicrobes that take part in biogeochemical cycles. 

3. Analyze, through 1ntegrated programs on ' entire 
calibrated watersheds, the effects on lakes and 
streams that result from the impact of acid 
rain on associated terrestrial and wetland' eco
systems. 

4. Determine the influence of acid ra~ upon the 
chemical quality of 'drinking water in various 
regions. 

B. Physiological studies 

1. Conduct laboratory and field studies of the impact 
of acid rain upon the metabolism, growth, development 
and reproduction of specific plants and animals, 
and determine the degree to which the various com
ponents of precipitation - acids, heavy metals, 
organic toxins, and nutrients - reinforce or antagonize 
one another in their effects upon plants and animaJs. 
In this connection, consider the possibility that 
small amounts of acid rain may do more good than harm 
to impoverished lakes and streams, owing to the 
nutrients they add to such ecosystems. 

2. Develop indices of physiological stress from measure
ment of phenomena such as reduced life-span or 
lowered fertility~ 

3. Examine the methods by which organisms detoxify or 
adapt to the harmful effects of acid rain. 

4. Develop dose/response curves for sensitive and 
tolerant organisms through experimental additions 
of simulated acid precipitation to aquatic micro
cosms and .. ~hole lakes ana streams. The various 
components of acid rain should be tested both 
separately and in combination. 

C. Ecosystem-related studies, 

1. Conduct detailed seasonal analyses of the effects 
(both good and bad) of the diverse components of acid 
rain, singly or in combination, upon ecosystem 
p:x;oduct-ivity ana: decomposition at all trophic levels. 

2. Make concurrent studies of the interactions of important 
species, for instance, of predators and prey, hosts 
and parasites, and symbionts of various kinds. 

3. Set up long-term programs to monitor the effects' of 
acid rain upon species replacement, loss of species 
diversity (bioti~ impoverishment) and upon ecosystem 
resilience and stability. 
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4. Attempt to develop dose/response curves for 
v~ious properties of whole ecosystems by means 
of experimental additio.ns of acid rain and its 
single components to aquatic microcosms and 
whole streams and lakes. 

5. Study, in a series of calibrated watersheds, the 
impact of acid rain upon lakes and streams resulting 
from its influence upon associated terrestrial and 
wetland ecosystems. 

6. Make stratigraphic studies of the microfossils and 
chemistry of sediment cores fr~ ~~es affected for 
a long time by acid precipitatisn, so that its long
term effects upon species replacement and biotic 
impoverishment may be elucidated. 

7 . Experiment upon means of avoiding or ameliorating 
the effects of acid rain, by means such as liming, 
fertilizing or otherwise ·treating whole lakes, 
streams, and watersheds. 

D. Vulnerability-related studies 

E. 
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1. Further develop and refine indices of ecosystem 
vulnerability to acid rain, for instance the Calcite 
Saturation Index of Conroy, Jeffries, and Kramer. 
Table I provides a list of factors deserving con
sideration. Air and satellite photos, topographic 
maps, soil and forest surveys, may all assist in 
developing the indices. 

2. Focus attention on worst-case situations such as 
metal smelters, large power plants, etc., on igneous 
terrains with thin sandy soils. Transects away from 
these point sources may be especially valuable in 
providing the dose/response data ne.eded to establish 
vulnerability conclusively. 

3. Examine tqe effects of acid rain upon the community 
of organisms living in or on the surface film in lakes 
(the so-called UneustonU). This community is par
ticularly vulnerable because rain acids are first 
neutralized in the surface film. More significant 
still, both the heayy metals and organic micro
pollutants associated with acid rain reach concen
tratiens in the surface film that may be orders of 
~9D!:tude: greater than in the bulk water beneath. 

1- .. _ ; 
1. ~t~ine . t:he ¥verse commercial, environmental, and 
~tb~~~r ncas~ qf .various levels of acid dePosition 
to lakes and streams. 

r 

2. Develop a series of criteria to determine what 
actions should be taken in response to di fferent 
levels of aci d deposition. 

As I have already suggest ed, research on such a scale wil l not 
_cOllIe cheap. The program that we recommended to the CE 
reck~n7d to cost almost $9 million per year , wi th someQa:;:cts 
~~~r~ng ten years or more for the development of a satis-

dry ~ata ~ase. The costs of various parts of that program 
are eta~led ~n Table 2. The annual cost of the aquatic 
aspects of the CEQ program amount to $1,630,000, broken down 
:~ !~llOWS: geochemical studies $300,000, phYSiologi cal 
~ 7es $395,000, ecosystem-related studies $665 000 ln 

ab~l~ty-related stud ' $170 ' , vu er-
~es ,000, and econOlllic studes $100,000. 

At least partly in response to advice from 
Carter recently directed th t the CEQ, President 
identify and mitigate the e;fe~t:e:;y:~~dPro?ramtbe devised to 
funding level of $10 ' II ' ra~n a an annual 
initiati ' II m~ ~on. It is my sincere hope that this 

ve w~ not be blunted by budget cuts in the U 5 
Congress It' 1 ' • • 
the kind', ~tS a so my f~rm belief that public attention of 

g~ven 0 the problem by th' At' , ' 
Precipitation, is of the utmost imp~:t~c~o~o~~:~~~,ACid d 
eventual success of th h =g an 
has directed th F d elresearc program that PreSident Carter 

e e era Government to set in motion. 
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