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Executive Summary

The participants represented several specialities: medicine, physiology, plant biology, physical science, and engineering. They
had one interest in common: all were concerned with CO2 and its biologica1 effects on both animals and plants. Their research
interests were also varied, from cell culture to carcinogenesis and plant senescence, and they came from universities, private
1aboratories, government agencies, and industry.

The Basic Question

The potential climatic and greenhouse effects of increased atmospheric CO2 were excluded from the agenda so as to focus
attention on the basic question. Although the participants never forgot that increased CO2 may cause contradictory effects in
the coming centuries (for example, excess warming accompanied by melting of polar ice and flooding of lowlands at sea level;
causing another ice age; or over-stimulating or destroying p1ant life and, with that, agriculture as well), they confined their
discussion to the basic question:what harmful effects may be expected or what is likely to be the cost of survival for mammals
as individuals or species when breathing increased but “low level” percentages of CO2 for long periods? The ultimate question
may be: can mammalian life survive breathing increased concentrations of  CO2 for a long enough time so that the potentially
adverse climatic and greenhouse effects may become the controlling factor?
The Department of Energy needs to have as much information as possible on the potential harmful effects of increased levels
of atmospheric  CO2 on mammals, including man. And it needs to obtain these estimates as early as possible, because long
periods of time can be expected to occur after policies are instituted and before they can produce decreases in the rate of increase
and amount of  CO2 in the atmosphere.

Findings

The participants were not aware of any data answering the question, since there are no data for lifetime, species-wide
hypercarbic exposures. Mammals now flourish at the current ambient value of CO2 in the atmosphere (about 337 ppm or
.0337%), but no thresholds have been established for long-term low level exposure to increased partial pressure of CO2, There
are relevant data for relatively long-term exposure of submariners to about 8000 ppm (0.8%).

From presentations by DOE representatives the conferees determined that the DOE wishes to have an assessment of the
probable effects of a 1.1 to 8-fold increase in the next century (in the range of 345-2700 ppm atmospheric CO2), Since data exist
for a range of 3000-10,000 ppm for mammals for 90-day exposures or less, the DOE asked the participants to extrapolate
backward to smaller concentrations expanded to lifetime exposures, in a situation where there is no linear hypothesis for
backward projection.

The conferees believe that ultimately changes in blood pH rather than changes in blood PCOZ will become the best
criterion for assessing adaptation to increased CO2 concentrations in air. Definitive data of these two parameters after long-term
exposure are not available. The in vitro physical chemistry relationship between PCO2, pH, and HCO3 is well known. What is not
known is how the organism may be able 3 to adjust to increased PCO2 in ambient air over a lifetime and over successive
generations. While man is inherently adaptable to external changes, and while men have accommodated for short periods to excess
cn2, there is no way to predict the cost to mammalian organisms of adapting to such a small increase as that between 340 and 600
ppm of C02 over a lifetime.

Is There A Problem?

Is there a problem that will arise in mammalian organisms because of increased concentrations of atmospheric CO2 ? Although the
participants agreed this question cannot be answered with a positive Yes, they found that there are no data to support the
conclusion that there is no problem. The practical answer is, therefore, certainly there is a potential problem.

Consensus of Physical Facts

The participants from DOE and NOAA presented a consensus of physical facts about the increase in atmospheric CO2. For the
concentration in ppm and the mass in the atmosphere in billions of metric tons against time, this table applies: -

Year                                               ~6000 BC     1860     1959     1969    1979

CO2 ppm atmospheric            ~290          ~290     315      323     337

CO2 metric tons x 109            ~610          ~610     666      684     711



Although there is considerable uncertainty about the relative production of CO2 from burning or fossil fuels, from deforestation by
burning, and from plant photosynthesis and decay, there are accurate data on fossil fuel burning and cement making since 1860
showing that the production of CO2 has increased at 4.3% per year for 120 years, or about 600 metric tons per second in 1979.

 Carbon dioxide is constantly being interchanged from the biosphere, into the atmosphere, and then back to the biosphere; it
is assumed these f1uxes were reasonably in balance from ~6000 B.C. to A.D. 1860. Data for the last 20 years show that about
55% of the CO2 input is retained in the atmosphere. Figure 12-1 [end page] shows for 1959 through 1979 the rise of atmospheric
CO2 (in parts per million), the production of CO2 in the atmospheric reservoir (in billions of metric tons).

Different fossil fuels put differing amounts of CO2 into the atmosphere for equivalent energy production, as
shown in this table:

Fuel Pounds of CO2 Produced per 106 BTU of Energy

       Natural gas                                               120
       Petroleum                                                 165
       Coal                                                          210
       Synthetic fuels                                   250-350

The substitution of coal and synfue1s to alleviate the economic problem of increasing petroleum consumption will only
exacerbate the problem of increased CO2 in the atmosphere.

Presentations of Biological Data

Several participants presented scattered data from their own work, and from that of others, for the effects of C02 on humans,
ponies, goats, guinea pigs, mice, and harvested plants.

Carbon dioxide influences nonphotosynthetic activities in plant tissues, including cell division, growth, root development,
seed germination, fruit ripening, crop storage, and other processes. High concentrations of CO2 lead to metabolic abnormalities
and damage to plant tissues. Some plants increase their photosynthetic activity at concentrations of 600-700 ppm of CO2, Such
increased activity may not be beneficial or lead to increased crop yields.

There are data on extended exposure(*) of humans and anim.als to increased environmental CO2, There are also data on acute
exposure to concentrations of 3% to 10% CO2, However, the data most desired by DOE lie between 0.3% and 1.0% which, unless
specific research is undertaken, will have to be extrapolated from presently available data.

 A large body of data exists relative to CO2 exposure in submarines for cruises of 90 days or less. The technology of scrubbing
the excess CO2 from submarine atmospheres is highly advanced, so that little or no physiological or biochemical changes occur in
submarine crews.

In experimental studies on humans, exposure to increased levels of CO2 resulted in an increase in lung ventilation; pH effects
were variable; there was some demineralization of bone and premature aging of red blood cells; other difficulties included
headaches, dizziness, problems with sleeping and temperature maintenance, and increased neural excitability. In mice, cardiac
malformations were increased, under high levels of exposure. It was reported that when tissue culture transplants that had been
exposed to very high concentrations of CO2 were placed in mice, the result was initiation of cancer in a high percentage of these
mice. However, there are other data showing that CO2 protects against cancer, but in all of the experiments to date experimental
exposures have lasted for only relatively short periods of time; whereas for DOE’s purposes long exposures, for lifetimes and for
several generations, are needed.

(*) As long as 90 days for submariners. For purposes of this effort (including the Annotated Bibliography) acute exposure is
considered to be less than 6 hours; intermediate exposure is 6 to 72 hours; and chronic exposure is longer than 72 hours.

Correlation of Biological and Physical Data

After several participants had presented their biological data, the chairman plotted these data as shown inFigure 1-2 in Chapter
1. As the concentration of ambient CO2 rises in acute and chronic exposures, arterial blood PCO2 also rises; and the relative lung
ventilation (relative to the volume of air normally breathed) also rises as a response by man and other mammals to limit the rise in
their arterial blood PCO2. The participants also assumed that mankind probably cannot survive an abrupt and sustained increase in
ambient CO2 above a concentration of 5-7% or 35-50 torr.

The Need For Future Research

The need for future research rests on the lack of biological data from which it would be possible to project the thresholds of C02
concentrations hazardous to man and mammals over very long periods of time.

Thus it is not possible to project the range of dates within which such thresholds would occur, in relation to the physical data
and projections already available. The research will need to be conducted in several different kinds of laboratories in order for a broad
spectrum of developmental and adaptive responses to be studied at whole body and metabolic levels, under intra- and extra-cellular
conditions, and in bone, organ, and bodily systems.



Obstacles to Future Research

The obstacles to future research exist on several levels of difficulty:

 The available instruments cannot now measure changes of 0.5% concentrations of mammalian CO2 because they cannot
distinguish the changes from the noise associated with the organisms and the instruments.

 Low levels of increased CO2 are difficult to study and evaluate because results are close to the limits of research
methodologies as well as the instrumentation for measurement. Intra- and extracellular concentrations are particularly difficult
to measure.

A literature search has been completed on the biomedical effects of increased levels of ambient CO2, but a study of the
relationship of these data to the available physical data has not been attempted.

 Agreement on a fundamental hypothesis for the research effort has not been reached. However, a number of guidelines can be
extracted from available data: e.g., effects of increased C02 on target organs.

 There is a particularly difficult mismatch of time scales to overcome. Geologically speaking, the projected increase in
atmospheric CO2 occurs on an immediate time scale, whereas the biological capability to adapt occurs on an evolutionary time
scale.

 Time and money together are a serious obstacle. The effort will be difficult, time-consuming on a human scale, and expensive,
because the research results will depend on lifetime studies for many generations of one or more species of animals kept under
extremely accurately controlled conditions.

The results will be obtained slowly. Providing suitable controls will be crucial to the validity of the results. Few investigators
are willing to invest their time in long-term experiments, as their frequency of publication is often an index of their scientific
success. This means that the research will probably need to be conducted under solicited contracts at greater expense than
would be necessary under unsolicited proposals.




