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PREFACE

Institutt for Atomenergi (IFA) and
Norwegian Institute for Air Research
(NILU) have undertaken a joint
project with the ultimate purpose

of comparing the relative air pol-
lution health effects of gas-fired,
oil-fired, and uranium-fueled
electric power generating plants.

This report covers Phase I of the
project, and includes a literature
review on pollutant emissions and
their related health effects. It
also presents a review of the
methods which have been used pre-
viously to compare the relative
health effects. In this respect,
one particular piece of work by
L.B. Lave and L.C. Freeburg has
been extensively evaluated.

David L. Brenchley has been the
project leader at NILU, and is
responsible for Chapters 1, 3, 4
and the Appendix in this report.
(Dr. Brenchley is now at Battelle
Memorial Institute, Pacific North-
west Laboratory, Richland,
Washington.) Ulf Tveten and Karen
Garder at IFA are responsible for
Chapter 2.
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The following is a summary of the results reported by various
investigators in Chapters 2, 3, 4 and the Appendix. In addition
conclusions from Phase I of this project are given, together
with a list of recommendations for the tasks to be performed

in Phase II. In all cases these comments must be considered

in view of the scope and limitations of this project which are
described in Chapter 1.

SUMMARY OF FINDINGS BY OTHER INVESTIGATORS

Pollutants Emitted

- Fossil-fueled power plants emit mainly
particulate matter and oxides of carbon,
nitrogen and sulfur. In addition, various
hydrocarbon species and many different
types of trace metals can also be emitted:
benzo(a)pyrene, nickel, cadmium, cobalt,
chromium, mercury, iron, zinc, copper,
and others. The type and amount of pol-
lutants emitted depend upon fuel proper-
ties, plant operation conditions, and
the pollution control equipment in use.
(Chapter 3, references 1, 2, 3 and

others.)
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- Chemical species emitted by fossil-fueled
power plants undergo atmospheric chemical
and/or photochemical reactions and form
other types of pollutants. (Chapter 3,

references 7 and 27 - 31.)

- Nuclear power plants emit radioactive
noble gases and iodine to the atmosphere.
The exact composition and amount emitted
depends upon the type of plant and the
type of off-gas equipment utilized.
(Chapter 2, references 8, 10, 11 and 12.)

- Noble gases do not undergo chemical
reactions and the exposure pathway is only
by external radiation. The iodine exposure
may be the result of direct inhalation or
by the food chain pathway, e.g. air-grass-
cow-milk-man. (Chapter 2, references 18
and 20.)

Health Effects of Air Pollutants

- The biological mechanisms whereby chemical
air pollutants and ionizing radiation impair
human health are not well-known. (Chapter 3,
references 37 - 46 and Chapter 2,

references 18 and 20.)

- Statistical relationships have been found
which strongly correlate total mortality
and morbidity with chemical air pollution
variables. (Chapter 3, references 36, 38,
90 and others.)
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- Investigators have had limited success
in finding statistical correlations
between chemical air pollution and
disease-specific mortality. (Chapter 3,
references 36, 90, 91, 92 and 100.)

- The health effects caused by ionizing
radiation have been studied since early
in this century and the knowledge com-
piled is extensive. (Chapter 2, references
18, 20 and others.)

- The health effects of air pollution
exposure may be latent, i.e., they may
not become evident until years after the
period of exposure. However, for some
types of pollutants, human health will
improve quickly if the exposure is
reduced or eliminated completely.
(Chapter 2, references 18 and 20 and

Chapter 3, references 38 and others.)

- The genetic effects of chemical air
pollutants have not been systematically
studied in human populations of any
appreciable scale. (Chapter 3,

references 41, 90 and others.)

- Statistical correlation analyses have
revealed no connection between total
mortality or malignant mortality and
increased radiation level, except for
very high radiation doses and dose
rates (atomic bomb survivors and medical
patients). (Chapter 2, references 18,
20, 27, 28, 29, 38 and others.)
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- Statistical correlation analyses in
human populations have revealed no
connection between genetic damage and
increased radiation level, even among
atomic bomb survivors. These experiences
are, however, not inconsistent with
the theory of radiation induced genetic
effects, since the expected genetic
effects extrapolated from animal data
would be low compared to the load of
natural mutations. (Chapter 2,

references 24, 36 and 37.)

Estimating Health Effects

- Investigators have developed statistical
predictor equations which relate air
pollution variables to total mortality.

They have been less successful in relating
air pollution variables to specific mortality
causes. (Chapter 3, references 90, 97 and

others.)

- By international agreement, linear pre-
diction models for estimating the health
response of low-level doses of radiation
have been established. This method was
developed for worker radiation protection
purposes and it uses health effects data
obtained after exposures to high doses
and high dose rates. (Chapter 2,

references 18, 20, 43 and others.)



- The likelihood of finding a statistical
correlation between chemical air pollution
and human health effects is quite dependent
upon the statistical method used and the
way the data is stratified. (Chapter 3,

reference 93.)

- The statistical correlations which have
related air pollution to adverse health
effects do not necessarily prove that
these air pollutants are "true causal
parameters". (Appendix, references 1
and 5.)

- Data from recent epidemiologic studies
have been used to estimate the extent
of morbidity caused by sulfur dioxide
and particulate sulfates. (Chapter 3,

references 38 and 99.)

Comparing Health Effects of Electric Power Generation Methods

- Investigators have attempted to compare
the relative health impacts of power
plants by four methods: 1. Comparing
pollutant mass emission rates.

2. Comparing specific health effects.
3. Comparing air quality standards.
4, Comparing overall risks. (See
Chapter 4.)
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NILU/IFA CONCLUSIONS FROM THIS WORK

- Air gquality standards should not
be used to compare the relative
impact of various types of power
plants. (See Chapter 4.)

- Any comparison method which con-
siders only total mortality does
not consider morbidity effects
and possible genetic effects due
to chemical air pollutants.

(See Chapter 4.)

- Regression analyses, such as those
used by Lave and Freeburg, may be
used to quantify air pollution health
effects. However, the ultimate use-
fulness of such a method is limited
by the nature and gquality of the
data available. (See Appendix.)

- Any further statistical correlation
work should use a greater variety of
specific air pollution variables than
those used by Lave and Freeburg.

(See Appendix.)

- The specific results of the work by
Lave and Freeburg probably could not
be applied to Norway. However, if
similar work were performed for Norway
it is likely that relevant chemical
air pollution variables would be found
to be significantly related to adverse
health effects. (See Appendix and

Chapter 3, reference 98.)
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- Bir poellution health effects can be

estimated by regression analyses

even though the "true causal factors"
for adverse health are not positively
known. This remains valid as long as

the variables used remain related to

the true causal factors. (See Appendix.)

- No adequate procedure has been developed

for comparing the air pollution health
impacts of various types of power plants
for a particular location. Although a
calculation method has been developed
and agreed upon by international organi-
zations for use on nuclear power plants,
this has not been done for fossil fuel

power plants. (See Chapter 2 and 3.)

If air pollutants emitted from power plants
undergo transformations in the atmosphere
and produce additional pollutants, then
these resulting secondary pollutants must
also be included in any health effects
evaluation. For example, particulate sul-
fates formed from the oxidation of sulfur
dioxide and ozone produced by photochemical

reactions. (See Chapter 3.)

The results from many air pollution
health effects studies are of questionable
usefulness because the investigators did
not account for variations in relevant
parameters, e.dg., smoking habits and

occupation. (See Chapter 3.)



The present measurement technology

enables pollution emissions from nuclear
power plants to be monitored with greater
accuracy than those from fossil-fueled
power plants. (See references on pollutant

emissions in Chapters 2 and 3.)

RECOMMENDATIONS FOR FUTURE WORK IN NORWAY

Regression analysis methods should be used
to develop health effects predictor equations

where adequate data are available.

A procedure should be developed for com-
paring the relative air pollution health
impacts of various types of power plants.
The procedure should account for control,
dispersion, and population exposure for
various pollutants. Special attention should
be given to identifying the wvarious probable

exposure pathways.

Calculations should be made to estimate
air pollution emissions and health effects
from the types of nuclear and fossil fuel
power plants which may be constructed in
Norway. These calculations should consider
the fuel properties and include estimates
of emissions of reactive and polycyclic
hydrocarbons and heavy metals, in addition

to oxides of carbon, nitrogen and sulfur.

Progress in further phases of the project
requires participation by professionals
from medical and other health related

sciences.



RECOMMENDED
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TASKS FOR PHASE II OF THE PROJECT

The Norwegian Health Directorate
should be informed about the work
in Phase I, and asked to contribute
to further work either directly or
through establishing contacts with
interested medical professionals

who can contribute to the project.

Examine and evaluate present methods for
calculating pollutant dose and health
effects.

This work follows from the material

presented in Chapter 2, 3 and 4.

Ascertain if adequate data exists for
using regression techniques to develop

health effects predictor equations.

Investigate the possibility of using
health effects data from Denmark and
Sweden in conjunction with any develop-
ment of any health effects predictor
equations. The following individuals
have been involved in epidemiological
studies by the World Health Organization

and have already been contacted:

Dr. B. Holma
Institute of Hygiene
Faculty of Medicine
Copenhagen, Denmark

Dr. P.O. Petersson
Department of Pediatrics
Chief Medical Office
University Hospital
S-750 14 Uppsala

Sweden
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-—- The U. S. Environmental Protection Agency
is presently conducting epidemiological
health effects studies. (CHESS Project.)
A follow up of this work should be encouraged
as it may provide some of the data on health

effects needed for Phase II of this project.

-- NILU and IFA should maintain close contacts
and exchange information and ideas with
individuals and organizations in other
countries engaged in ongoing work on the
evaluation of health effects from air pol-
lution. For example, Dr. L. B. Lave, and
other investigators (as reported in
Chapter 4).






