
CHAPTER 14

Physical and Chemical Changes in the
Environment with Indirect Biological
Effects

R. E. MUNN*

Atmospheric Environment Service, Environment Canada, 4905 Dufferin Street,
Downsview, Ontario, Canada, M3H 5T4

14.1 INTRODUCTION.
14.2 CLIMATIC CHANGE.

(i) Introduction.
(ii) Impact of climate on man and other biota.
(iii) Human activities modifying local climate
(iv) Human activities modifying regional climate
(v) Human activities modifying global climate.

14.3 STRATOSPHERIC OZONE DEPLETION: BIOLOGICAL EFFECTS
14.4 ACID RAINS

(i) Freshwater ecosystems.
(ii) Forest ecosystems.

14.5 THERMAL POLLUTION OF WATER BODIES
14.6 THE CONSTRUCTION OF LARGE ENGINEERING WORKS.
14.7 CONCLUSION.
14.8 REFERENCES.

. 295

. 296

. 296

. 296

. 297

. 298

. 298

. 301

. 301

. 303

. 304

. 305

. 307

. 308

. 308

14.1. INTRODUCfION

Previous chapters have dealt with the direct effects of pollutants, usually
chemical or radioactive, released to the environment as a result of man's activities.
In this chapter, a brief overviewis given of some of man's impacts on the physical
and chemical environment that can indirectly cause biological effects, including
those that have been the subject of speculation.

Man is responsible for physical and chemical changes in the environment which
have indirect biological effects. The following five examples have been chosen for
consideration in this chapter:

- climate change;
- biological effects of stratospheric ozone depletion;

*Present affiliation: Institute for Environmental Studies, University of Toronto, Toronto,
Ontario, Canada M5S lA4.
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296 Principles of Ecotoxicology

- acid rains;
- thermal pollution of water bodies; and
- the construction of largeengineeringworks.

The relations between causes and indirect effects such as these are usually
difficult to quantify because the phenomena can take place over large distances
(global, atmospheric, or stratospheric) and against a background of large natural
variations. However, if the chapter alerts the reader to the need for quantitative
cause and effect data (to permit assessmentof the real magnitude of the hazard)
and provides him with some current viewsin this subject area, it will have served its
purpose.

14.2. CLIMATICCHANGE

(i) Introduction

Weather and climate affect man and other forms of life. Man, on the other hand,
affects climate, mainly on the local scale but also regionally and possibly globally.

(ii) Impactof Climate on ManandOtherBiota

Biometeorology is the study of the interrelationships between living organisms
and weather or climate. The subject is so vast that it cannot be summarized, and the
reader is referred to the texts by Landsberg (1969) and Munn (1970) and to the
International Journal of Biometeorology. Only a few examples will be mentioned
by way of illustration.

Meteorological stresses are often severe and irreversible. Figure 14.1 shows a
schematic dose-response curve for frost damage to tobacco or oranges. In many
industrialized regions, the agricultural losses due to frost are in fact much greater
than those due to air pollution.

Not only cold but also heat is of concern. In particular, summer heat-waves
cause excess mortality (Bridger and Helfand, 1968;Clarke and Bach, 1971; Clarke,
1972). During such spells, cities are hotter and have less natural ventilation than
surrounding rural areas, particularly at night; in addition, low-incomefamilies,who
are generally without air-conditioning equipment, often live near the centre of
cities, which may be as much as 5 to 8°C warmer than the surrounding countryside.
Clarke and Bach (1971) presented some data on deaths caused by heat in St. Louis,
Mo. in July 1966 as a function of averagedaily temperature laggedby one day. The
number of deaths rose from zero at a temperature of 32°C (assumed to be the
threshold) to 73 casesat a temperature of 35°C.

Other meteorologically induced stresses are caused by wind, humidity (too high
or too low), and precipitation (too much or too little). Livingthings often modify
their own microclimate, e.g. man builds shelters, small animals burrow, trees grow
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Figure 14.1 Schematic dose-response curve for frost damage to
tobacco or oranges
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closer together (thus reducing wind speeds, providing shade, etc.). Sometimes,
however, a rare weather event (hurricane, drought, flood, etc.) is too severe for life
to survive. Major shifts in climate (to an ice age in the most extreme case) also cause
biological stress but in these situations the biosphere often has time to adapt
through various mechanisms including species selection. The rate of change of
climate is an important factor in the degree of possible adaptation.

(ill) HumanActivitiesmodifyingLocalClimate

Mankind modifies local climate. The modifications are so well known that it is
only necessary to include a list, without explanatory comments: (see, for example,
Geiger, 1965).

(a) construction of houses and buildings;

(b) pavingof roads and parking lots;

(c) cutting of trees;

(d) ploughing of fields;
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(e) erection of snow fences and shelter belts;

(f) frost protection;

(g) drainage of swamps;

(h) irrigation;

(i) water vapour emissions from cooling towers and chimneys (fog and ice fog;
deposition of trace saltsin adjacent agriculturalfields);and

G) heat emissions.

Climate modifications on the local scale are not in general irreversible.

(iv) Human Activitiesmodifying RegionalClimate

Mankind modifies regional climate by changing the earth's surface over a large
area, e.g. by cutting forests, ploughing fields, building cities, emitting pollutants,
and releasingheat. In some cases, the regional impact is almost irreversible;after a
tropical forest has been cut, for example, soil erosion may proceed rapidly and the
land may quicklybecome too impoverishedto permit forest regeneration.

Climatic modification may be significant on this scale, although the usual
controls are still the dominant ones - latitude, altitude, global weather systems,
and proximity to large bodies of open water. There is no evidence that climatic
modifications on the regional scale have had any effect on global weather patterns.

(v) Human Activities modifying Global Climate

Impacts on hemispheric and global climate are difficult to detect. Nevertheless,
this is a widely discussed topic, partly because of the fact that if one waits for
evidence of significant effects, the changes in world climate may already have
progressed to the irreversiblestage. The implications for world food production and
energy requirements are of particular concern.

There are a number of well-established climatic research activities, including
those associated with GARP, the ICSU-WMOGlobal Atmospheric Research
Programme (Bolin, 1975). One of the GARP objectives is to seek an increased
understanding of the physical b~is of climate.

Recent speculation about mankind's impact on global climate has focussed on
four themes:

(a) the effects of increasesin concentrations of CO2;

(b) the effects of increasesin concentrations of suspended particulate matter;
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(c) disruption of the stratospheric ozone layer by a number of substances; and

(d) thermal pollution.

The four themes will be discussed briefly in the following paragraphs.

(a) CO2Increases

Atmospheric CO2 concentrations have been rising in recent years at a rate of
about 0.6 to 1,0 ppm per year. This increase is due to (a) the combustion of fossil
fuels, releasing CO2 at greater rates than can be taken up by the oceans and land
plants, and (b) the destruction of vegetation with consequent reduction in CO2
fIxation.

The present concentration of CO2 is about 330 ppm. If the rate of increase in
the use of fossil fuels were to continue at 4% per year, a CO2 concentration of
about 375 to 400 ppm would be expected by the year 2000. Various scenarios
about consumption of fossil fuels during the twenty-fIrst century suggest that
within the next 200 years, there could be a fourfold and perhaps even an eightfold
increase in the concentrations of atmospheric CO2 (Bacastow and Keeling, 1973).

Atmospheric CO2 causes a 'greenhouse' effect, trapping the outgoing long-wave
radiation emitted from the surface of the earth, but having no effect on the
incoming short-wave radiation. A simulation model of the atmosphere predicts that
a doubling in CO2 concentrations would cause an averagesurface temperature rise
of about 2.5°C (Manabe and Wetherald, 1975), However, the model does not
include important mechanisms such as a rise in sea temperature, which would
reduce the oceanic uptake rate of CO2 and tend to increase further the atmospheric
concentration. There is therefore a great need for additional investigations on the
climatic effects of the predicted increasesin CO2 concentrations.

Added to the concern about CO2 is the fact that chlorofluorocarbons (from
aerosol spray cans, refrigerants, etc.) also cause a greenhouseeffect, but in different
'windows' of the long-wave radiation spectrum. These man-made gases are also
accumulating in the atmosphere, and so could reinforce the CO2 effects.

(b) Suspended ParticulateMatter

Suspended particulate concentrations have been decreasing in cities during
recent decades, but have been increasing in the surrounding countryside. However,
there is little information on trends in the Third World, where slash burning is
important.

Suspended particulates intercept solar radiation, reducing the amount reaching
the ground. They also intercept the returning long-waveradiation from the earth.
The net result is believed to be a cooling of the earth's surface, although this
inference is still somewhat uncertain.
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(cI StratQsphericOzone

A layer of ozone exists in the stratosphere at a height of about 20 km. This has a
major effect on the radiation balance of the stratosphere, and thus on the general
circulation of the entire atmosphere.

The fragility of the stratosphere has recently been debated, and the following
mechanismsthat could affect the ozone balance have been proposed:

(a) Natural processes
I. volcanicemissions
2. solar flares

(b) Man-madeprocesses
I. supersonic aircraft emissions
2. chlorofluoromethanes from aerosol spray cans and refrigerants
3. nitrous oxide from fertilizers
4. nuclear bomb debris

The World Meteorological Organization has issued a statement (WMO,1976) on
man-made modification of the ozone layer. The principal conclusions are as
follows:

(I) A large fleet of supersonic aircraft flying above 17 km would have a
noticeable effect on the ozone layer, and emissionstandards may have to be
accepted internationally. The numbers of currently planned SST flying at
and below 17 km do not present a problem.

(2) If present emission rates of chlorofluoromethanes continue, the long-term
effect would be about a 10%ozone depletion, with an uncertainty of about
a factor of two.

(3) Problemsassociated with fertilizerswarrant attention.

(4) Although a 10% decrease in stratospheric ozone may decrease the upper
stratosphere's temperature by as much as 100e, the climatic consequences
cannot be reliably estimated because of th~ complexity of stratospheric-
tropospheric interactions.

(5) An intensified monitoring programme for stratospheric trace substances
(including ozone) is needed in order to distinguishbetween trends caused by
man's influence and those arising from natural variability of the strato-
sphere.

(d) ThermalPollution

Although the heat arrivingon the earth from solarradiation far exceedsman's heat
output when averagedoverthe world, the two quantities canbe comparableon a local
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and sometimes on a regionalscale,e.g. within the Bostonto Washingtonmegalopolis.
The Great Lakes, which are sources of heat in winter and heat sinksin summer,

have a major influence on the movement and intensity of weather systems crossing
eastern North America. There has therefore been considerable speculation that
anthropogenic thermal releases could cause similar effects. Sawyer (1974) has
estimated that the heat output from an area the sizeof western Europe would have
to increase 50-fold before there were climatic changes comparable to natural
year-to-year variations on the global scale, and this view is supported by Machta
(1975).

14.3. STRATOSPHERICOZONEDEPLETION:BIOWGICAL EFFECTS

The stratospheric ozone layer shields the surface of the earth from ultraviolet
sunlight, preventing excessive sunburn, skin cancer, and cellular and subcellular
damagein people, animals and plants.

A number of mechanisms have been postulated that could affect the strato-
spheric ozone layer (see section l4.2.v) and quantitative estimates have been
made of the resulting depletion. In addition, there are experimental data on skin
cancer incidence for various levels of ultraviolet light. Machta (1976) has examined
these predictions in terms of the concepts of dose commitment and harm
commitment, to provide estimates of the numbers of cases of skin cancers for
several scenarios of stratospheric disruption. His results are givenin Table 14.1. The
estimates are rather uncertain but the methodology is of particular interest because
it suggests a way of quantifying the harmful effects of a complex global
phenomenon in which the dose-response relations involvea chain of environmental
circumstances.

There are, of course, other possible biological effects of a depletion in strato-
spheric ozone and ultraviolet radiation:

(a) on people (e.g.reduction in the incidenceof rickets);

(b) on animals;

(c) on vegetation;

(d) on marine life; and

(e) on terrestrial and aquatic ecosystem behaviour.

Many of the predicted impacts are still speculativebut there has been a major surge
of research in this field in the last five years. A recent review has been given in a
U.S. National Academy of Sciencesreport (NAS, 1976).

14.4. ACIDRAINS

Monthly precipitation samples in Scandinavia have been analysed for pH and for
the concentrations of various trace substances since the 1950's. These samples



Table 14.1 Estimated Incidence of and Mortality from, Skin Cancers from Steady-state Release of Selected ChemicalsQ.
(Reproduced by permission of MARC Chelsea College from Machta, 1976)

QEstimates assume a constant world light-skinned population of 109 persons.
bBased on current non-melanoma skin cancer incidence of 150/100,000 light-skinned persons per year, melanoma incidence of 4/100,000,

melanoma mortality of 1.5/100,000.

Harm commitment:
additional cases per yearb

incidence mortality
Dose commitment

Altitude non-
Input of input % ozone % increase melanoma melanoma melanoma

Chemical (g/yr) (km) Source depletion u.v.-B skin cancers skin cancers skin cancers

NO 156 x lOll 10.5 400 wide-bodied 0.082 0.12 2,000 40 10
subsonic aircraft

NO I x 1011 16-18 100 Concorde 0.11-0.57 0.17-0.86 2,500 50-250 10-50
TU-144 aircraft 15,000

NO 164 X lOll 19.5 100 large super- 3.27 4.91 75,000 1,500 300
sonic aircraft

N20 2 x 1014 0 Fertilizers in <1.8-23 <2.7-35 <40,000 <900 <150-2,000
(N2) 2000 A.D. and 500,000 10,000

constant
thereafter

F-II} {2X lOll}
0 Aerosols, 6.5-18 9.8-27 150,000 30,000 600-1,500

F-12 2x lOll refrigerants, etc. 400,000
at 1973 rate
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show increasing acidity while many of the Scandinavian'rivers and lakes have
become more acid.

There is strong circumstantial evidenceto suggestthat the cause of these changes
is the increasing consumption of fossilfuels, increasingthe emissionsof S02. After
entering the atmosphere, S02 is gradually transformed into particulate sulphates
and then scavengedby precipitation.

Scandinaviais particularly sensitiveto acid rains for two reasons:

(1) orographic precipitation: Rain is often triggered by lifting of air masses over
the high ground of Scandinavia, delivering pollution in high concentrations
to small target areas.

(2) podsol soils: The soils and lakes of Scandinavia have low buffering capacities
and so are sensitive to slight changes in acidity. In areas suffering from
salinization, on the other hand, acid rains would be beneficial.

In recent years, the concern about acid rainshas spread to the Laurentian Shield
of North America and to some podsolized regionsin the tropical rain forests. There
are in fact increasing numbers of international researchand monitoring activities as
well as international meetings dealing with these questions. A recent conference on
the effects of acid precipitation was held in Telemark, Norway, June 1976,
sponsored by the Government of Norway. The main conclusions of that meeting
provide a balanced view of the present state of knowledgeof the biologicaleffects
of acid rains in Scandinavia (Norway, 1976). They are quoted below without
change by permission of Dr. Lars Overrein, Director SNSF-project, Oslo, Norway.

(i) Freshwater Ecosystems

Water quality has changed during the last decades in numerous lakes and
rivers in southern Scandinavia and eastern North America, pH often falling
below 5, with sulphate becoming the most important anion. There is strong
evidence that this changeis due to acid precipitation. It is associatedwith the
loss of buffering capacity, and the occurrence of additional short-term
decreases in pH, related to meltwater from snow or episodic inputs of acid
precipitation from polluted air masses.

The acidification of freshwater ecosystemsleads to many changes,most of
which involve decreases in biological activity and important changes in
nutrient cycling. For example, decomposer organismsare less active in acid
waters, resulting in increased accumulations of organic matter. When the pH
drops below 6, numbers of species in several groups of organisms (phyto-
plankton and zooplankton, bottom fauna and several other groups of
invertebrates),decreaseconsiderably, thus affecting the variety of food for
fish and other animals depending on freshwater ecosystems. Shifts have been
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observed from higher aquatic plants toward mosses,which influence notonly
the bottom fauna but alsonutrient exchangewith the sediments.

High acidity (pH< 5.5) seriously affects fish populations, particularly
when occurring in waters of low ionic strength. Rapidextinction rates of fish
populations inhabiting acidified waters have been observed during the past
few decades in southern Scandinavia as well as in parts of eastern North
America.

Case studies of several fish populations and experiments clearly indicate
that the elimination of fish is often a result of chronic reproductive failure in
acid conditions and of damage done to sensitive stages, especially the newly
hatched larvae. Such a process is insidious and not readily evident in terms of
fishery yield until extinction is imminent. In lakes and streams with soft
waters acid stress has also been shown both experimentally and in field
studies to cause mortality among adult fish as a result of interference with
physiological mechanisms regulating active ion exchange across gill mem-
branes. In this case factors such as size, age, acclimatization history, genetic
background and ionic strength of the water interact in complex ways to
determine the relativeacid tolerance of the fish.

There is strong eviaence that the increased acidity of precipitation is
now the main cause of these extensivelossesof salmonid fish stocks as well as
other populations of economic importance both in southern Scandinaviaand
the northeastern part of the United States and parts of southeastern Canada.

Sensitivity is related to the tolerance of the differing species (reflecting
their genetic diversity), to the timing of episodic acid precipitation in
relation to the stage in the life cycle, and to the influence of the geological
environment, e.g., lakes and rivers on bedrock, overburden and soils highly
resistant to chemical weathering. This may alsobe the casein geologicalareas
of this type elsewhere in the world. Special consideration should be givento
the preservation of unique gene pools and habitats. There may be complex
interactions with other environmental factors, including some organic
compounds. In waters of low pH the adverseeffects of heavy metals on fish*
and other organismscan be enhanced, whereas at pH values nearer neutrality
thesesubstanceswouldhavebeentolerated. .

(ii) Forest Ecosystems

For a long time the effects of sulfur compounds have been observed near
sources of emission. Recently, however, interest has also been devoted to
regional effects at sites remote from these sources where vegetation is
influenced by both 'wet' and 'dry' deposits of sulfur compounds. However,

*Editor's note. Landner and Larsson (1976) found that the methylmercury concentration in
the fish of Swedish lakes was proportional to the acidity of the water in which they lived.
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instead of being exposed to mean annual sulfur dioxide concentrations of up
to 200 Jlg/m3, which are associated with the development of obviousfoliage
blemishes, e.g., chlorotic spots, they are subject to annual averageconcentra-
tions of possibly 25-30 p.g/m3 which normally would not be expected to
cause blemishes, although other physiologicaldisturbances may occur.

Because tree growth has been shown to be directly related to base
saturation - a widely accepted indicator of soil fertility - adverse effects of
acid could be expected - base saturation being inversely related to acidity.

In field and/or laboratory experiments, it has been found that acid
precipitation:

(a) decreased soil respiration, an indicator of microbial activity;

(b) affected nitrogen mineralization;

(c) increased amounts of minerals leachingfrom soil;

(d) affected the germination and establishment of conifer seeds and
seedlingswhich were maximal at about pH 5.0;

(e) accelerated cuticular erosion ofleaves;

(f) enhanced the leaching of nutrients and organic compounds from
leaves;

(g) decreased the activities of associated pathogens, of some beneficial
symbionts, also of saprophytes;

(h) produced leaf damageat pH 2.5-3.5.

Although many of these factors might be expected to adversely affect tree
growth, it has not yet been possibleto demonstrate unambiguouslydecreased
tree growth in the field. However it is possible that acid damage might have
been offset by the nutritional benefits gained from nitrogen compounds
commonly occurring in acid precipitation. Changes already detected in soil
processes may as yet be too small to affect plant growth. Forests are
complex. It has been shown that through-fall and stemflow are affected
differently by different tree species. Thus the composition of 'precipitation'
reaching soil, possibly affecting soil processes and transfer to freshwater
systems, could be influenced by the nature of the tree cover.

14.5. THERMALPOLLUTIONOF WATERBODIES

Figure 14.2 illustrates the effect on surface water temperature of the warm
effluent from a power generating station on the shore of Lake Huron (Kenney,
1973).On this occasion (March 2, 1971), the lake was frozen except in the vicinity
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Figure 14.2 Douglas Point generating station, Lake Huron. Temperature contours, °c - March 2,
1971,14:30 EST. (Reproduced with permission, from Kenney, 1973)
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of the station. The dashed line indicates the edge of the ice pack, which had
receded as much as one-halfkilometre.

Figure 14.2 reveals a very large modification of the physical environment but
this is not unusual in lakes where water currents are weak. In rapidly movingrivers
and in tidal estuaries, on the other hand, the magnitude is much less, the heat being
dissipated more quickly.

The biological effects associatedwith thermal pollution are mainly local in scale,
although a series of effluents on the same watershed could have a wider influence.
A survey of the main effects (Dickson, 1975) indicates that they are site-specific,
depending on the organisms living in the body of water and on the physical
characteristics of the area. In organically enriched waters, chronic exposures to
temperatures elevated by a few degrees cause an increase in productivity. There is
also a shift towards more heat-tolerant species, but often with a decrease in
diversity.

Secondary physical effects may of course modify these general conclusions in
particular situations. For example, a thermal plume may have the beneficial effect
of preventing the usual winter oxygen depletion from taking place by keeping a
lake open.

14.6. THE CONSTRUCTIONOF LARGEENGINEERINGWORKS

The construction of large engineering works causes a multitude of biological
impacts. Quite often, major effects take place during construction when heavy
earth-moving equipment transforms the landscape, and when construction workers
roam the area in search of recreational fish and game. On the other hand, some
impacts may not become apparent for several decades. For example, a temporary
clearingof trees may create a frost pocket, preventingregeneration of the stand.

Environmental impacts occur over three space scales:

(1) locally;
(2) regionally;
(3) continentally.

Sometimes the impact is focussed sharply within a few hectares. On the other hand,
the effects may be widely distributed. For example, the diversion of a river to
another watershed could have significant biological effects if the 'hardness' of the
water were different in the two areas.

The number of biological effects associated with the construction of large
engineering works is too large to catalogue. In another SCOPEpublication (Munn,
1975), the scientific basis of an environmental impact assessment has been
described, as well as the operational procedures to be followed. It should be
emphasized that large engineering works should not be constructed until the
environmental impacts have been evaluated by biologists and ecologists, as well as
by physical scientists.
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The underlying principles associated with environmental impact assessmentsare
relevant to all the examplesof environmentaldisruption given earlier in this
chapter.

14.7. CONCLUSION

In conclusion, the modifications in the biological environment from climatic
change, thermal pollution, and large engineeringworks are multifold. The changes
are not always harmful. For example, the effect of draining a swamp or building a
reservoir will be to alter the flora and fauna, a result that may be perceived to be
beneficial by many people. Similarly a change in climate would influence the
biosphere in favourable as well as unfavourable ways, depending on the point of
view.

14.8. REFERENCES

Bacastow, R. and Keeling, C. D., 1973. Changes from A.D. 1700 to 2070 as
deduced from a geochemical model. In Carbon and the Biosphere (Eds. G. M.
Woodwell and E. V. Pecan), Nat. Tech. Inf. Service, U.S.A. pp. 86-133.

Bolin, B. (Ed.), 1975. The physical basis of climate and climate modelling. GARP
Pub., No. 16, WMO, Geneva, Switzerland, 265 pp.

Bridger, C. A. and Helfand, L. A., 1968. Mortality from heat during July 1966 in
Illinois. Int. J. Biometeorol., 12, 51-70.

Clarke, J. F., 1972. Someeffects of the urban structure on heat mortality. Environ.
Res., 5, 93-104.

Clarke, J. F. and Bach, W., 1971. Comparison of the comfort conditions in
different urban and suburban micro-environments. Int. J. Biometeorol., 15,
41-54.

Dickson, D. R., 1975. Waste Heat in the Aquatic Environment" ISSN 0316-0114,
NRCC 14109, National Res. Council, Ottawa, Canada, 39 pp.

Geiger, R., 1965. The Climate Near the Ground, Harvard University Press,
Cambridge, Mass., 611 pp.

Kenney, B. C., 1973. The physical effects of waste heat input to the Great Lakes.
Scientific Series, No. 28, Inland Waters Directorate, Canada Centre for Inland
Waters, Burlington, Ont., Canada.

Landner, L. and Larsson, P.O., 1976. Biological effects of mercury fall-out into
lakes from the atmosphere. Rep. BllS, Swedish Inst. for Water and Air Res.,
IVL, Stockholm, 8 pp.

Landsberg, H. E., 1969. Weather and Health, Doubleday and Co. Inc., Garden City,
New York, 148 pp.

Machta, L., 1975. Trends in atmospheric properties, Preprint, WHO Can!. on Env.
Sensing and Assessment, Las Vagas, Nevada, Paper 32- 2, 2 pp.

Machta, L., 1976. The ozone depletion problem: an example of harm commitment.
MARC Chelsea College Report, 459A Fulham Rd., London, U.K. 33 pp.

Manabe, S. and Wetherald, R., 1975. The effects of doubling the CO2 con-
centration on the climate of a general circulation model. J. Atmos. Sci., 32,
3-15.



Physical and Chemical Changes in the Environment 309

Munn, R. E., 1970. Biometeorological Methods, Academic Press, New York,
336 pp.

Munn, R. E. (Ed.), 1975. Environmental impact assessment: principles and
procedures. SCOPE 5, ICSU-SCOPE, 51 Blvd. de Montmorency, Paris, France,
160 pp.

NAS, 1976. Halocarbons: Environmental Effects of Chlorofluoromethane Release,
U.S. Nat. Research Council, Washington, D.C., 75 pp.

Norway, 1976. Report from the International Conference on the Effects of Acid
Precipitation, Telemark, Norway, June, 1976, Tellus, 5, 200-1.

Sawyer, J. S., 1974. Can man's waste heat affect the regional climate? Preprin t,
IAMAP First Special Assembly, Melbourne, Australia, Int. Ass. Meteorol. and
Atm. Physics.

WMO, 1976. Statement on anthropogenic modification of the ozone layer and
some possible geophysical consequences. WMO, Geneva, Switzerland.






