
Meetings 

Carbon Monoxide 

The effects of carbon monoxide on 
man's health are a most important and 

nearly neglected public health prob- 
lem. This was the view of participants 
in the Carbon Monoxide Conference, 
Riverside, California, 11 April 1967. 
The 35 scientists present agreed that 
carbon monoxide, in most areas, is the 
most important constituent to be con- 
trolled in exhaust from motor vehicles. 
It was agreed that the success of the 
efforts to control it may influence the 
pattern of personal and public trans- 

portation in the future. Further, it may 
be the carbon monoxide content of 
cigarette smoke which is the agent re- 

sponsible for the excesses in mortality 
from cardiovascular disease and pos- 
sibly even from emphysema and lung 
cancer. 

There are many gaps in our knowl- 
edge of this substance. Methods are 
needed for measuring small amounts 
of carbon monoxide in humans and 
in experimental animals, for estimating 
its distribution after emission from 
motor vehicles and other sources, and 
for understanding what happens to the 
carbon monoxide once it is emitted into 
the atmosphere. 

Carbon monoxide is produced physi- 
ologically in the body by the break- 
down of the heme molecule; already 
this information has led to the recogni- 
tion that, in apparatus for administer- 
ing anesthetic agents by rebreathing, 
carbon monoxide may build up to fair- 
ly substantial levels from the amount 
excreted by the patient himself. The 
role of carbon monoxide in motor ve- 
hicle accidents is being investigated both 
epidemiologically and experimentally. 
The epidemiological investigations gain 
in importance because of the findings 
reported that persons involved in motor 
vehicle accidents in Paris have higher 
carboxyhemoglobin levels than work- 
men and traffic policemen who had 
well-defined exposures. Experimentally, 
many of the studies which have used 
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simple psychomotor or reaction-time 
tests have appeared to indicate that the 
substance had little or no effect; yet 
it is likely that some of the psycho- 
motor effects of carbon monoxide ex- 

posure can be overcome by the at- 
tention of experimental subjects to the 
test conditions. What is more important 
is the effect of carbon monoxide under 
realistic conditions where attention may 
be distracted. 

The meeting was opened by Ham- 
mond (American Cancer Society, New 
York) who pointed out that coal min- 
ers exposed largely to carbon monoxide 
were observed by Sayers many years 
ago to have an increased hematocrit. 
Experimentally, cigarette smokers were 
found to have an increase in hemato- 
crit within minutes and also a long- 
term change-the former probably be- 
ing due to changes in plasma volume 
and the latter due to the stimulus of 
the erythropoiesis or to delay in de- 
struction of red cells. The short-term 
change is easily reversible but the long- 
term change only partially reversible. 
It has been shown that heavy smokers 
who have an increased hematocrit can 
reduce it when they stop smoking. The 
possibility that carbon monoxide may 
be involved in the mechanism is at- 
tractive. There is reason to suppose 
that with increased hematocrit there is 
an increased likelihood of clot growth; 
this could be a mechanism associated 
with the high cardiovascular mortality 
in cigarette smokers. 

While both motor vehicle exhaust 
and cigarette-smoking exposures con- 
tribute substantial amounts of the sub- 
stance, they have separate and distinct- 
ly different temporal patterns. Studies 
in cigarette-smoking beagles [J. Am. 
Med. Assoc. 199, 241 (1967)] tend to 
show the same effects as the studies in 
human smokers. Interestingly enough, 
the animals appear to have a hemato- 
crit increase for the first several hun- 
dred days of experimental smoking but 
subsequently the hematocrit drops at 
about the same time that emphysema 

develops. It is suggested that the loss 
of pulmonary surface area may there- 
fore protect against high exposures of 
carbon monoxide in smoking. That the 
same mechanisms occur in man is sug- 
gested by the increasing mortality ratio 
with increasing age in smokers com- 
pared with nonsmokers from lung can- 
cer and emphysema; the ratio of smok- 
er to nonsmoker with coronary heart 
disease decreases with increasing age. 
The major defect in present experimen- 
tal studies is the difficulty of determin- 
ing carboxyhemoglobin from a single 
drop of blood. 

Paul Chovin (Director of Labora- 
tories, Prefecture of Police, Paris) de- 
scribed four sets of studies in Paris. 
The first had to do with the definition 
of the level of air pollution from 
motor vehicles; the second, with de- 
termining the extent to which police- 
men exposed in heavy traffic were af- 
fected by carbon monoxide; the third. 
the role of carbon monoxide exposures 
in motor vehicle drivers who were in- 
volved in accidents; and the fourth, the 
control of carbon monoxide in under- 
ground garages. The definition of air 
pollution levels was obtained by divid- 
ing the city of Paris by a rectangular 
grid and obtaining 317 sampling points, 
one in each rectangle, in or near heavy 
traffic. Carbon monoxide at these points 
was sampled in quadruplicate at the 
rate of 20 locations a day by using 
2-liter samples taken in plastic bags for 
infrared analysis. Sampling locations 
and times were chosen to obtain evi- 
dence concerning the maximal exposure 
risk. These data, when averaged, pro- 
duced a map of the relative intensity 
of air pollution in different parts of 
of the city; the pattern is very similar 
for the years from 1959 to 1966. Ap- 
proximately 2 percent of the values ex- 
ceed 100 parts per million. The effect 
of increased wind speed is to reduce 
the average value; the effect of in- 
creased motor vehicle traffic is to in- 
crease it. Similar sampling patterns are 
used in road tunnels. There is a sig- 
nificant correlation between the length 
of the tunnel and the mean value of 
carbon monoxide obtained. There does 
not seem to be any increasing trend 
for carbon monoxide in the city as a 
whole during the last 6 years. 

It is estimated that the average risk 
of people living adjacent to the streets 
is approximately one-third of the maxi- 
mum risk obtained. The data fit a log- 
normal distribution with a geometric 
mean for 1966 of 16.6 parts per mil- 
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lion and an arithmetic mean of about 
24.6 parts per million. There is a close 
correlation between long-term average 
carbon monoxide values and atmo- 

spheric lead levels. Carbon monoxide 
does not correlate with benzo(a)pyrene, 
however. This is interpreted to mean 
that lead and carbon monoxide pollu- 
tion both have a common source, name- 
ly, motor vehicles, while benzo(a)pyrene 
is derived mostly from other sources. 

A total of 331 policemen were stud- 
ied while on duty for approximately 
5 hours where their exposure was be- 
tween 10 and 12 parts per million. 
Blood samples were taken before and 
after the duty hours. The average in- 
crease in carbon monoxide in the blood 
(in milliliters of carbon monoxide per 
100 milliliters of blood) was 0.024 
times the average carbon monoxide ex- 
posure (in parts per million by volume) 
minus 0.07. The average carbon mon- 
oxide content for nonsmoking police- 
men was 0.28 milliliter per 100 mil- 
liliters of blood and the increase was 
an average of 0.11. Since the study 
was done during spring weather, the 
maximal exposure was not likely to 
occur during this period. 

From 1959 to 1963 the municipal 
laboratory examined the blood of driv- 
ers who were responsible for, or in- 
volved in, accidents, usually within an 
hour after the accident occurred. The 
resulting data were compared with data 
obtained from town inhabitants who 
thought they might have carbon mon- 
oxide intoxication and with samples 
obtained from workmen who had some 
risk of exposure to carbon monoxide. 
The drivers as a group had substantial- 
ly higher levels than. either of these 
two populations. All three groups in- 
clude smokers and nonsmokers, hence 
the source of the increased carboxy- 
hemoglobin was probably the motor 
vehicle exhaust. Studies in Cincinnati 
by Brice and Roesler have shown that 
in 10 percent of motor vehicles there 
are more than 30 parts per million of 
carbon monoxide when the cars are 
in heavy traffic. 

When underground garages were 
constructed in Paris it was found that 
the values of carbon monoxide some- 
times exceeded 200 parts per million 
averaged over 20 minutes and 80 to 
100 parts per million averaged over 
an hour. By simple adjustments of the 
carburetor in cars used by Paris police, 
a substantial decrease in emissions was 
produced. Before adjustment, 56.5 per- 
cent of the vehicles had exhaust with 
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more than 4 percent carbon monoxide, 
but after adjustment only 8.5 percent 
exceeded this value. Engine adjustment 
is thus one way to control carbon 
monoxide exposures in garages. The 
other way, of course, is ventilation. 

Following the recommendation of 
Frederick from Detroit, ventilation of 
parking garages has been required to 
keep carbon monoxide to less than 50 
parts per million averaged over 8 hours 
and 100 parts per million for instan- 
taneous measurements. The most im- 

portant topics for international agree- 
ment were, according to Chovin, stand- 
ardization of methods for measurement 
and sampling of carbon monoxide, air 
quality standards for motor vehicular 
garages, and finally, since there is much 
commerce in motor vehicles, efforts 
should be made not to encourage the 
marketing in Europe of cars which 
produce pollution meeting a lower 
standard than is acceptable in the 
United States. 

Goldsmith (California State Depart- 
ment of Public Health, Berkeley) re- 
viewed the carbon monoxide effects 
which are of importance to public 
health. They include the interference 
with oxygen transport to the tissues; 
the possibility of increased morbidity 
or mortality in sensitive groups, be- 
cause of interference with oxygen trans- 
port; the impairment of sensory and 
psychomotor functions; the possible 
long-term effects due to altered hemato- 
crit or changes in the lung; and the 
interference with heme catabolism or 

production of red blood cells. He also 

predicted that specific enzyme and bio- 
chemical lesions would ultimately be 
found to be affected by carbon mon- 
oxide. The interference with oxygen 
transport occurs because of two rea- 
sons. One reason is the inactivation of 
a certain fraction of the circulating 
hemoglobin because of its combination 
with carbon monoxide. The other rea- 
son is because of the shift in the 
oxyhemoglobin dissociation curve in the 
presence of carbon monoxide. At a 
given level of oxyhemoglobin, oxygen 
is less readily given up than when 
carbon monoxide is lower. In recent 
years measurements of carbon mon- 
oxide levels in certain parts of Cali- 
fornia have been sufficiently high to 
suggest the possibility of increased 
morbidity or mortality from acute vas- 
cular episodes in sensitive segments of 
the population. The possibility is be- 
ing investigated. Perkins (California 
State Department of Public Health, 

Berkeley) presented a study of the rep- 
resentativeness of the sampling station 
in Los Angeles which has given the 
most consistently high values. This 
was obtained by a polar coordinate grid 
which identified locations at the dif- 
ferent distances and angles from the 
sampling point. A field team then col- 
lected grab samples systematically over 
the points of this grid. While there 
was no systematic pattern by direction 
or distance from the sampling point, 
the average of the field sample values 
was somewhat lower than the monitor- 

ing station, suggesting that the monitor- 
ing station was not entirely representa- 
tive of the community exposure in the 
area. 

Impairment of visual discrimination 
has been documented by MacFarland, 
and of temporal discrimination by 
Beard and Wertheim. Schulte has re- 
ported on the effect of carbon monoxide 
on complex task performance, effects 
being noted with a carboxyhemoglobin 
concentration of above 2 percent; in 
general, however, laboratory studies of 

psychomotor responses of persons ex- 
posed to carbon monoxide often fail 
to reveal expected changes in response. 
This probably is due to the ability of 
the experimental subject to overcome, 
by increased attention, the effect which 
is present with exposure to the pol- 
lutant. 

Since Sj6strand had shown that the 
breakdown of the heme molecule will 

yield sufficient carbon monoxide to be 

readily detected in persons who have 
no exogenous exposure, there has been 
relatively little investigation of this 
problem until Coburn and Forster pre- 
sented systematic studies of the phe- 
nomenon. It is quite possible that 
carbon monoxide from motor vehicle 
exhaust or cigarette smoking inhibits 
certain parts of the catabolic system and 
the experiments reported by Coburn 
and his colleagues [J. Clin. Invest. 46, 
346 (1967)] suggest that this is oc- 
curring. It is possible, according to 
Goldsmith, that the role of carbon 
monoxide in regulating the volume of 
the body's circulating red cells has not 
been fully considered. 

The problem of hemoglobin and re- 
lated tetrapyrrole compound metabolism 
has been studied with tracer techniques 
by Landaw (University of California, 
Berkeley). In his experiments, the 
catalytic oxidizing substance "hopca- 
lite" is highly efficient in oxidizing car- 
bon monoxide. It possibly would be 
helpful in filters to remove the carbon 
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monoxide from cigarette smoke. At 
room temperature hopcalite does not 
oxidize many other substances. 

The desirability of large-scale, co- 
operative epidemiologic studies was 
brought up by Hammond and echoed 
by others. It is likely that several hun- 
dred thousand people who live and 
work in the same area will need to be 
studied in order to see what the effects 
of both environmental pollution and 
cigarette smoking might be. Among 
other new problems for which research 
is needed are the study of closed sys- 
tems such as anesthesia-rebreathing sys- 
tems, and even the small enclosed oxy- 
gen cribs in which newborn infants 
are cared for. Some of the infants with 
hemolytic disease may excrete fairly 
large amounts of carbon monoxide and 
thus produce important levels of car- 
boxyhemoglobin. 

For example, if the nuclear sub- 
marine Nautilus were submerged for 
5 days and cigarette smoking or other 
forms of combustion were prohibited, 
the endogenous carbon monoxide pro- 
duced by its crew members would be 
sufficient to exceed 25 parts per mil- 
lion in the vessel's atmosphere. 

Schueneman (U.S. Public Health 
Service, Cincinnati) felt that the per- 
sons whose reactions were critical were 
those who spend a large portion of 
their lives in motor vehicles and who 
are cigarette smokers; exhaust control 
systems must be designed to protect 
them. However, it was pointed out that 
a small fraction of the population also 
have unusual types of hemoglobin and 
those individuals might very well be un- 
usually susceptible. Ayres (St. Vin- 
cent's Hospital, New York) pointed out 
that small amounts of carbon monoxide 
may increase the significance and sever- 
ity of angina pectoris and other vascu- 
lar diseases. This has been observed 
occasionally under controlled condi- 
tions. Myocardial oxygen consumption 
is substantially decreased when sig- 
nificant amounts of carbon monoxide 
are present, since the myocardium tends 
to extract a larger fraction of the avail- 
able oxygen from the circulating blood 
than do other organs. 

Neiberger (Meteorology Department, 
University of California, Los Angeles) 
discussed the mechanisms by which 
carbon monoxide is removed from the 
atmosphere. While these are not en- 
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that the substance is oxidized to car- 
bon dioxide by either hydroxy radi- 
cals, by other oxygenated substances, or 
by molecular oxygen in the upper at- 
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mosphere. Xintaras (U.S. Public Health 
Service, Cincinnati) emphasized the 
need for studying the effect of carbon 
monoxide on sleep cycles. Many of 
the participants emphasized the im- 
portance of the additional pollutants 
to which most people exposed to car- 
bon monoxide are also exposed. 

Ayres and Goldsmith both called at- 
tention to the ability to estimate car- 
bon monoxide exposures in populations 
through the study of carboxyhemoglo- 
bin since the respiratory and circula- 
tory system of the human is a type of 
integrating sampler. Estimation of car- 
boxyhemoglobin by the measurement 
of expired carbon monoxide after 
breathholding equilibration is a very 
rapid, simple, and valid technique for 
such studies. The possibility that fur- 
ther research on carbon monoxide ef- 
fects could well be done in athletes 
was stressed by Peeples (University of 
California, Davis). Hammond raised the 
question as to whether carbon mon- 
oxide was an important factor in the 
genesis of cancer. 

The meeting was chaired by 0. C. 
Taylor (acting director, Statewide Air 
Pollution Research Center, Riverside). 

It was concluded that carbon mon- 
oxide may be the most underestimated 
pollutant of this era and the partici- 
pants agreed to cooperate in further 
research on this subject. 

JOHN R. GOLDSMITH 
Environmental Hazards Evaluation 
Unit, California State Department of 
Public Health, Berkeley 
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ences, 18th annual mtg., College Station, 
Tex. (AIBS, 3900 Wisconsin Ave., NW, 
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formation is available from AIBS or from 
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