
be an acid mucopolysaccharide.
The thiazide story, like the uni-

verse, is still unfolding. There are
still wide gaps in our knowledge con-
cerning many aspects of the use of
thiazide agents. To give only a few
examples, more needs to be known
about the correlation between bio-
chemical response and therapeutic ef-
ficacy, the significance of little-
known thiazide effects such as mag-
nesium and zinc deficiency has yet
to be determined, and the failure of
the drug in a small proportion of
treated patients must still be ex-
plained. However, the point has sure-
ly been reached at which it can
be stated unequivocally that hydro-
chlorothiazide is highly effective in
preventing calcium stones and merits
serious consideration for a prominent
role in the modern management of
this disorder. It is hoped that in the
not too distant future, experts in this
field will come to some consensus
concerning the relative merits of this
agent with respect to others such as
orthophosphates and cellulose phos-
phate, which are also in current use,

so that the medical profession will
be able to apply these new develop-
ments more effectively in the man-
agement of their patients.

E.R. YENDT, MD
M. COHANIM, MD

Department of medicine
Queen's University

Kingston, Ont.
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Carbon monoxide in the modern society
Despite the technologic advances in
this century carbon monoxide re-
mains a common cause of fatal poi-
soning,1 and our technology may in-
crease the risks.2

Carbon monoxide is an asphyxiant
gas that diffuses readily in the air and
is insidious because it has neither col-
our nor odour. Although other prod-
ucts of incomplete combustion may
produce an odour or unpleasant
fumes, these often provide insufficient
warning to the individual at risk. Car-
bon monoxide diffuses across the al-
veolar membrane and binds to hemo-
globin. Since hemoglobin has 200 to
300 times more affinity for carbon
monoxide than for oxygen, the oxyhe-
moglobin dissociation curve is shifted
to the left and the tissue oxygen ten-
sion must decrease before the remain-
ing oxyhemoglobin can give up its

3
oxygen. Although it has been sug-gested that carbon monoxide may
have some adverse toxic effects of its
own,4 the pathologic effects of carbon
monoxide appear to be due to hy-
poxia *from the reduced oxygen-

carrying capacity of the blood.5
The "background" carbon mon-

oxide in our blood may come in small
part from the endogenous metabol-
ism of heme, but most comes from
exogenous production. Maugh6 has
argued that the amount of carbon
monoxide produced by the processes
of plant growth and death dwarf
man's production on a global basis,
but nevertheless there has been in-
creasing concern in recent years
about the large amounts produced by
household fuels and automobile
exhaust.
The current energy crisis has led

to repeated requests that people re-
duce their fuel consumption. We have
been advised, for example, to make
our houses airtight so that heat is
preserved. In following this advice
many people have substantially re-
duced the ventilation in their homes.
At the same time, many have re-
sorted to using fireplaces for heat to
reduce fuel costs. This can prove to
be hazardous because the airtight
home does not allow adequate air

flow to the fireplace, and back-
draught may bring some of the prod-
ucts of combustion into the room.
If combustion is incomplete owing
to poor oxygenation, the build-up of
carbon monoxide in an airtight room
can reach dangerous concentrations.
The danger may be compounded
by the use of inappropriate fuels such
as charcoal briquettes, which gener-
ate large amounts of carbon mon-
oxide if ventilation is poor.

In recent years much attention has
been given to the large amounts of
carbon monoxide produced by auto-
mobiles; it is estimated that in New
York City automobile traffic alone
produces 3.7 million kilograms of
carbon monoxide daily.7 High con-
centrations of carbon monoxide
along city streets and freeways have
caused concern for the safety of
automobile drivers.

Most cases of acute carbon mon-
oxide poisoning probably are not rec-
ognized, and the nonspecific symp-
toms of headache, fatigue, irritability,
dizziness, paresthesia and disturb-
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ances of consciousness are explained
away in some other fashion. Persons
who recover from carbon monoxide
poisoning often have few sequelae,
but a neurologic deficit may result, as
it may from any long-term hypoxic
event. It is estimated that approxi-
mately 150 Canadians and 600
Americans die each year from car-
bon monoxide poisoning. There are
probably other deaths due to carbon
monoxide that are not diagnosed
correctly. Most of these deaths result
from automobile exhaust fumes in
closed garages or from cars parked
with the engine running. Other deaths
involve improperly operated heaters,
usually with insufficient air flow or
poor ventilation resulting from poor
burner design, blocked air entries or
backdraughting due to negative pres-
sure or airtightness.

Probably the heaviest nonindus-
trial exposure occurs in individual
smokers: a heavy smoker may have a
carbon monoxide blood value of
5%, a person smoking up to three
packs of cigarettes per day may have
values of up to 9%, and a heavy
smoker of cigars may have values
as high as 20% .. Smoking adds to
the background concentration of
carbon monoxide in our blood that
is already causing concern. Back-
ground carbon monoxide concentra-
tions are of particular concern in
areas such as Calgary7 that have
high-density automobile traffic, wea-
ther inversions, high altitude and
cold weather.
Many deaths have been reported

from use of hibachis or barbecues
indoors. Wilson, Rich and Messman8
reported five deaths over a 14-month
period in Utah from the burning
of charcoal briquettes inside a
Volkswagen bus, a trailer, a station
wagon and a potato cellar. They also
had information on five other deaths
from the use of charcoal briquettes
in enclosed, poorly ventilated spaces.
More recently, the hazard created by
people using their barbecues in in-
door fireplaces because of poor
weather outside has been recognized.
If the room is poorly ventilated high
concentrations of carbon monoxide
accumulate rapidly.

The build-up of carbon monoxide
in ice-skating rinks due to ice resur-
facing machines is another common
problem. In Seattle 15 children be-
came ill after skating at an enclosed
rink.9 Because they had nausea and

vomiting, food poisoning was sus-
pected initially. After many patrons
noted gassy odours, the propane-
fueled ice resurfacing machine was
examined and was found to produce
high concentrations of carbon mon-
oxide. The problem was compounded
because children have higher rates of
metabolism and of uptake of carbon
monoxide, and the activity of skating
increases their respiratory volume. A
survey of other rinks in the Seattle
area showed that this was a common
problem. A program was instituted
to educate rink owners and to en-
courage them to purchase carbon
monoxide detectors. Improvement
occurred in these rinks when the ma-
chines were run less frequently and
for shorter periods, and when the
rinks were better ventilated. The use
of catalytic mufflers was recom-
mended. A more dramatic episode
was reported by Saslow and Clark10
after 171 patrons in a sports arena
manifested dizziness, nausea, tinnitus,
disorientation, numbness of the feet
and hands, blurred vision, vomiting
and, in some cases, loss of conscious-
ness. The source of the gas was
traced to a broken exhaust pipe on a
natural gas engine used in the venti-
lation system of the sports arena.

Although most cases of carbon
monoxide poisoning result from in-
complete combustion of carbon-
aceous fuels, an unusual source of
carbon monoxide was described re-
cently by Stewart and Hake.11 Paint
strippers, whose basic ingredient is
methylene chloride, were noted to
produce high concentrations of car-
bon monoxide in poorly ventilated
rooms.11

Recently I saw a case of acute
carbon monoxide poisoning in a
high-school student who was working
over a chafing dish heated by three
cans of Sterno (manufactured by
Colgate-Palmolive). The chafing dish
was surrounded by aluminum foil ex-
cept for one opening, where the food
server stood. We obtained values of
1000 to 3000 parts per million (ppm)
of carbon monoxide around this ap-
paratus and values of 750 to 1000
ppm at the level of the food server's
face. Her episode of unconsciousness
was initially attributed to epilepsy.
On investigating the case I found
that all the girls who served at this
table had had symptoms of carbon
monoxide poisoning. Fortunately the
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dining room was well ventilated and
the university students were exposed
to values of only 50 to 70 ppm while
they were eating. (This case is re-
ported in greater detail in this issue
of the Journal, beginning on page
800).

Gilbert and Glaser" described a
remarkable case in which the signs
and symptoms of carbon monoxide
poisoning were also thought to
be due to epilepsy. The man had had
repeated episodes of unconsciousness
and personality change over a 4-year
period due to carbon monoxide poi-
soning at his place of work.

As we become more aware of the
risks of acute carbon monoxide poi-
soning, questions are being raised
about the possible effects of low ex-
posures over a long period. The rela-
tion of such exposure to vascular
disease, atherosclerosis, myocardial
infarction and recurrent angina pec-
tons is being assessed.'3-'5 Uncertainty
about the effects of long-term expos-
ure to low concentrations of carbon
monoxide has given rise to doubts
about safety standards. In the past
50 ppm of carbon monoxide for 8
hours was the maximum allowable
concentration. The United States En-
vironmental Protection Agency has
recommended 35 ppm for 1 hour or
9 ppm for 8 hours.16 The objective
of Environment Canada for quality
of ambient air is an average concen-
tration of 0 to 6 mg/in' over 8 hours
or 0 to 15 mg/in' over 1 hour. Ac-
ceptable average concentrations are
6 to 15 mg/in' over 8 hours or 15 to
32 mg/in' over 1 hour. An accept-
able occupational concentration is an
average of 55 mg/in' over 8 hours or
440 mg/in' during an exposure of
less than 15 minutes.

At a time when homes are being
made airtight and when cheaper
methods of heating are being sought,
it is important that the public be
made aware of the dangers of carbon
monoxide poisoning. There should
be wide public recognition of the
fact that the burning of any fuel,
whether in a fireplace or by a motor,
requires adequate oxygenation and
ventilation. Incomplete burning of
any fuel will produce carbon mon-
oxide.

TJ. MURRAY, MD, FRcP[c]
Chief of medicine
Camp Hill Hospital

Halifax, NS
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