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UNINTENTIONAL CARBON MONOXIDE
POISONING FROM CHARCOAL BARBECUES

George Jelinek
Summary
In two weeks in the winter of 1993 eight members
oftwo families suffered paoisoning with carbon monoxide

produced by charcoal barbecues used indoors to provide
heating. Following these incidents a review of the litera-
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ture was carried out. This paper presents clinical details
and reviewsthe literature. Recommendations are made for
public health measures to combat this unintentional form
of CO poisoning.

Introduction

Carbon monoxide (CO) is an agent frequently used
for deliberate self-harm. Poisoning with CO is the com-
monest cause of death by completed suicide in industrial-
ised nations.13 Unintentional CO poisoning is also com-
mon although the incidence is more difficult to determine.
Many cases are probably unrecognised.46 Dolan suggests
that it is the protean nature of symptoms of CO poisoning
which causes its true incidence to be grossly underesti-
mated.” It is likely that many cases are also missed at
autopsy because the pathol ogical lesions are non-specific.8
Common mechanisms include leaky motor vehicle
exhausts, faulty home heaters, and inadequate ventilation
around appliances producing CO.1.9-11

This paper describes two non-English speaking
families who presented to the Emergency Department of
Fremantle Hospital approximately two weeks apart in the
middle of winter 1993. Eight people, six in one family and
two in the other, suffered CO poisoning following indoor
use of a charcoal barbecue for heating. There have been
occasional reports of CO poisoningin similar circumstances
in the medical literature. In January 1994, alarge series of
79 patients was reported from Washington.12 CO poison-
ing from charcoal barbecues has not previously been
described in Australia.

The cases reported here illustrate the ease with
which accidental CO poisoning can occur. Thisleadsto a
review of the epidemiology and effects of unintentional
CO poisoning with particular emphasis on chronic
exposure which hasthus far not been discussed in detail in
the literature.

Casereports
FAMILY A

This family of six (mother 24 years old, father 37
years old, two daughters 11 and 9 years old, and two sons,
10 and 6 years old) presented to the Emergency Depart-
ment at Fremantle Hospital at 0400 hours on 30 June 1993.
They had taken a charcoal barbecue indoors to use as a
heater overnight after cooking the evening meal. In the
early hours of the morning, the mother lost consciousness
on the way to the toilet. On regaining consciousness after
an estimated period of four minutes, she aerted the rest of
the household. Her 11 year old daughter was roused but
lost consciousness twice for a total of 15 minutes and
vomited once while being taken outside the house. The six
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year old boy lost consciousness once for approximately
five minutes and the nine year old girl once for one minute.
The father and the other boy |eft the house uneventfully.

On arriva in the Emergency Department, only the
10 year old boy was asymptomatic. The mother felt very
tired and the father complained of a severe headache and
felt drowsy. The 11 year old girl felt drowsy, and the nine
year old girl complained of a headache and drowsiness.
The six year old boy had a slight headache.

There was no significant past medical history apart
from a history from the six year old boy of mild asthma
treated with salbutamol inhaler. None of the family smoked
cigarettes. The family was Vietnamese and had been in
Australia six months. The children spoke sufficient
English to allow communication.

TABLE 1

Age MMSE COHb LOC
Father 37 30 4% No
Mother 24 26 2% Yes
Girl 11 28 4% Yes
Boy 10 30 * No
Girl 9 30 4% Yes
Boy 6 * 3% Yes
* not done

Age (years), mini-mental state examination results
(out of 30), carboxyhaemoglobin levels (%), and whether
there was loss of consciousness (LOC) for members of
Family A.

Physical examination of all six patients was normal.
Mini-mental state examinations (MM SEs) were performed
with the assistance of the children and results are listed in
Table 1. Theseare scored out of apossible 30 according to
the standard format of Folstein et al.13 Carboxyhaemo-
globin (COHb) levels were done on five of the patients and
areasolistedin Table 1. No blood was taken from the 10
year old boy who was terrified of needles. Electrocardio-
graphs performed on both adults were normal.

Treatment was commenced with 100% oxygen by
tight-fitting mask, non-rebreathing valve and reservoir bag.
All six patients were treated that morning with hyperbaric
oxygen on a standard 18 m table, breathing 100% oxygen
at an absolute pressure of 2.8 atmospheres. Theindication
for treatment was loss of consciousness for the three
females and the six year old boy. The other two patients
were treated at the same time as they were felt to have
received a similar dose of CO, and the chamber could
accommodate them. They received a second 18 m
treatment as outpatients next day. All were discharged
symptom-free.
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FAMILY B

A 42 year old woman presented to the Emergency
Department at Fremantle Hospital at midnight on 13 June
1993. She had cooked indoors with a charcoa barbecue
and left it burning inside as heating. Her 13 year old son
had al so been in the house.

TABLE 2
Age MMSE COHb LOC
Mother 42 28 12.0% Yes
Boy 13 23 4.4% No

Age (years), mini-mental state examination results
(out of 30), carboxyhaemoglobin levels (%), and whether
there was loss of consciousness (LOC) for members of
Family B.

After the barbecue had been inside about threeand a
half hours, she began to feel unwell with headache,
dys-pnoea and pounding in her ears, and she vomited four
times. She telephoned her sister and lost consciousness
briefly on her arrival. There was a past history of bron-
chiectasis and asthma, treated with salbutamol by
inhalation. She was a non-smoke born in El Salvador.

Physical examination was normal. MMSE result
with interpreter assistance was 28/30 and COHb level was
12%. White cell count was 17.1x109/L.

She was treated with 100% oxygen by tight-fitting
mask, non-rebreathing valve, and reservoir bag. While
awaiting hyperbaric oxygen therapy, her 13 year old son
was contacted by telephone. He complained of headache,
palpitations, difficulty with coordination and generalised
weakness. He was advised to present to the Emergency
Department.

On arrival inthe Emergency Department, therewere
no abnormal physical findings. MMSE result was 23/30
and COHb level was 4.4%.

For similar indications to Family A, both patients
were treated with hyperbaric oxygen on an 18 m table,
followed by a second 18 m treatment as outpatients next
day. Both were discharged symptom-free.

Background and literature review

The literature on CO poisoning due to charcoal
barbecuing isreviewed. To put this problem into perspec-
tive, the epidemiology of other causes of unintentional CO
poisoning is examined. Accidental exposure to CO as
described in this report can clearly occur regularly in
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TABLE 3

REPORTS OF UNINTENTIONAL CO POISONING DUE TO CHARCOAL COMBUSTION

Authors Year Number of patients COHb levels Ethnic background
Charcoal barbecues
Anonymous!4 1966 1 fatal Not stated Not stated
Wilson et al.15 1972 5fatal 65% Not stated
2 non-fatal 71%
82%
Fain & McCormichl6 1988 2 fatal 30% Not stated
41%
Baron et al.11 1989 1 fatal Not stated Not stated
Geehr et al.17 1989 Not stated (<22) Not stated Not stated
Gasman et a.18 1990 12 non-fatal 6.9% Yes
15.1%
17.1%
17.4%
Sternbach & Varon1® 1990 5 non-fatal 18.5% Yes
21.1%
25.5%
31.9%
38.3%
Hampson et al.12 1994 79 Average 21.6% 73%
Charcoal firesin enclosed spaces
Finck8 1966 2 fatal Not stated Not stated
Wilson et a.15 1972 2 fatal on review Not stated Not stated

certain situations. This leads to a consideration of the
circumstances in which such exposure to CO may occur,
particularly for certain occupational groups, and its
possible effects.

CO poisoning due to charcoal barbecuing

There have been severa reports in the literature of
CO poisoning due to charcoal briquets burned indoors. A
report in 196614 described several fatalities from CO
poisoning in confined spaces. One of these was the case of
a man who was using a charcoal barbecue grill outside
when a rain shower caused him to take the grill into his
tool shed. Hewas found dead by his wife sometime later.

In 1972, five fatal and two non-fatal cases of CO
poisoning were reported following the use of charcoal
barbecues in confined spaces.1> The deaths occurred in a
camper van, a station wagon, atrailer and in acellar. The
three victims on whom autopsies were performed had
COHb levels of 65%, 71% and 82%. Review of the
medical literature by the authors also highlighted five other
deaths in similar circumstances, three of which are further
described below.814 Because the hot coals after cooking

on a charcoal barbecue do not emit irritating fumes,
the authors felt that they were a particularly attractive
option for indoor heating for people not acquainted with
the dangers of CO poisoning. They suggested that
warnings be printed on such barbecues, as they are on
packets of charcoal heat beads.

In 1988, two deaths were reported from CO poison-
ing due to charcoa barbecues being used in enclosed
camping facilities.16 The two patients, a 53 year old man
and a 12 year old boy, had COHb levels of 41% and 30%
respectively. 1n 1989 a large series of fatal CO poisoning
from non-vehicular sources was described.11 One of the
deaths was listed as due to charcoal use in a confined
enclosure athough further details of that case were not
provided.

In 1989, the emergency health impact of a severe
storm in New York was detailed.1” Five hospital
emergency departments in the region, accounting for
190,000 annua patient visits, were surveyed. Most attend-
ances were for injuries such as fractures, abrasions, and
lacerations. Surprisingly, the most common non-surgical
reason for attendance was CO poisoning which caused 22
attendances. The precise number of cases of CO poisoning
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due to charcoal barbecues was not stated, however it was
noted that common to all such cases was indoor use of
barbecues in poorly ventilated areas and that two
incidents involved multiple family members.

In 1990, 12 members of a non-English speaking
family were reported to have developed CO poisoning
from indoor use of a charcoal barbecue.l® They had
initially presented over several hoursin groups of four with
non-specific symptoms suggestive of food poisoning.
COHb levels on the four patients present in the emergency
department were 6.9%, 15.1%, 17.1% and 17.4%.

This prompted a report of two 31 year old, non-
English speaking women who presented to the Emergency
Department at Stanford Medical Centre, and three other
family members at home, all poisoned with CO from
indoor cooking on acharcoal barbecue.1® COHDb levelson
these patientswere 38.3%, 31.9%, 25.5%, 21.1% and 18.5%.

A large series of patients with CO poisoning due to
charcoal barbecues was reported in 1994.12 Seventy-nine
patients were treated over 14 years to October 1993,
referred from 10 counties in the state of Washington. The
criteria used for treatment with hyperbaric oxygen
(HBO) were a COHb level of 25% or more, angina or
ischaemic changes on ECG, or neurological impairment
including transient loss of consciousness.

These 79 patients represented 16% of all cases of
unintentional CO poisonings treated during the study
period. As expected, most occurred in winter, and ethnic
minorities were over-represented (73%). Most incidents
(69%) involved more than one individual. COHb levels
averaged 21.6% (SD 9.6%), and a third of patients lost
consciousness. Headache was the most common (67%)
symptom. Two other deaths from CO poisoning due to a
charcoal firein afoxhole have also been reported.8

Interestingly, levels of COHb above 5% have been
found in over half of studied non-smoking workers in
charcoal grilling occupations and in over 80% of smoking
workers.20 [t is possible that charcoal burning in confined
spaces may be particularly liable to cause CO poisoning
due to the high levels of CO released in charcoal
combustion. Charcoal barbecues have been shown to pro-
duce an air stream containing CO at alevel of 20 to 2,000
ppm, with 75% producing levels of 200 ppm or more. This
is the level defined as the maximum safe level by the US
Department of Labor’s Occupational Safety and Health
Administration.21

CO poisoning from appliances used for heating and
cooking

There have been many case reports of individuals or
groups poisoned with CO due to heating with other
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appliances in enclosed spaces. In 1978, three incidents of
CO poisoning from blockage of flues for home heaters
were reported, with three deaths and nine other
casualties.?2 Seventeen deaths were reported from Swit-
zerland in the early 1980s due to CO poisoning from gas
water heaters without proper ventilation.23 In 1983, two
reports from Denmark detailed several deaths and near-
fatalities from hot water systems.2425 Caplan et al.
reported 11 incidents of CO poisoning from home heating
systems in 1986 in which 16 patients died.26 A study in
Brussels in 1987/88 confirmed the danger of faulty
water heaters.2’ It showed that about two thirds of all
incidents of unintentional CO poisoning in the homes
surveyed were due to hot water systems.

In 1988, two mountain climbers were reported to
have succumbed to CO poisoning after cooking inside a
tent at 14,200 feet.28 |t should be noted that there is some
experimental animal work suggesting that high atitude
results in higher COHDb levels for a given exposure?® and
that it exacerbates some cardiovascular effects of CO poi-
soning.30 The same year, severa deaths from gas water
heaters were reported from Copenhagen.3 A 1989 report
described afamily of three poisoned from a central heating
system running on butane gas.32 The three family
members had COHb levels of 4.8%, 6% and 8.5%. All
three developed ECG abnormalities which improved after
hyperbaric oxygen therapy. In the same year, Wharton et
a. detailed five people at a hotel poisoned by CO drawn
into the air conditioning from gas heaters for the indoor
swimming pool.33 One died. A report in 1991 described
six civilians poisoned with CO during the Gulf War after
being advised to stay inside in sealed rooms due to the risk
of chemical weapon attack.34

Several instances of mass CO poisoning from home
heating during a severe storm in Washington were reported
in 1993.35 Because of low temperatures and power
failures, many residents of the area developed CO poison-
ing from improvised indoor heating. Recently, Rudge
provided details of 300 patients treated at amilitary hyper-
baric facility.36 Infants were shown to be particularly
likely to have been affected by faulty home heaters.

Epidemiology of unintentional CO poisoning

These reports highlight the dangers of using certain
appliancesindoors for heating or cooking. There are how-
ever other, more common causes of unintentional CO
poisoning. Motor vehicle exhaust is the most common,
followed by exposure to CO during fires or burns. There
are many other causes also reported in the literature, with
home heating and cooking appliances contributing
significantly to overall incidence.

A 1991 study reviewed 10 years of death certificate
reports in the United States.® The number of cases where
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unintentional CO poisoning had contributed to death was
determined. Of 56,133 deaths in which CO was a contrib-
uting factor, 25,889 (46%) were suicides, 15,523 (28%)
were associated with firesor burns, and 11,547 (21%) were
unintentional. They found that the number of uninten-
tional deaths was gradually decreasing. Most of these
unintentional cases (57%) were due to motor vehicle
exhaust, usually while stationary, and most were elderly
males in winter in colder climates. It was felt that
improvements in motor vehicle emission systems and
home heating appliances had contributed to the fal in
incidence. A further study analysing the contribution of
weather conditions to the incidence of unintentional CO
poisoning confirmed that winter was the peak season.3”
The authors suggested that during certain high-risk periods
such as particularly cold wesather, health authorities could
play a preventative role by aerting physicians and the
community to these risks.

A three year study in Francel© found that 735 cases
(17.5 per 100,000) had been reported to emergency organi-
sations or laboratories. There were 291 incidents responsi-
ble, with 12% due to fires and 4% to car exhausts. Of the
remaining 196 domestic causes, most were due to water
heaters (57%), followed by boilers (20.5%), coal stoves
(9%), braziers (4%), cookers (2%) and heating devices
(1.5%). Thetypesof cooking and heating deviceswere not
specified. There were afew other miscellaneous causes.

A study from West Virginiashowed that, from 1978-
1984, there were 62 unintended fatalities not involving a
motor vehicle.ll This represented nearly half (42%) of all
unintentional CO fatalities in that time. The deaths were
predominantly due to faulty or poorly vented or ventilated
cooking or heating appliances.

Other studies have shown a similarly high rate of
CO poisoning from motor vehicles. Fatalities have been
recorded not only from faulty motor vehicle exhaust
systems but aso from cars running in enclosed spaces.

Further West Virginian studies detailed 82 vehicle-
related CO-caused fatalities over seven years.38 Of the 64
incidents responsible for the deaths, 50 were due to defec-
tive exhausts and 14 due to poor ventilation in enclosed
garages. InFlorida, 15 cases over five years were reported
of unintentional poisoning from motor vehicle exhaust,
mostly due to running the vehicles in enclosed spaces.39

It is likely that the incidence of non-fatal CO
poisoning from motor vehicle exhaust is higher than
reported. For example, seven of 18 drivers in one United
States region tested after road traffic crashes had COHb
levels of 25% or more, and a salesman driving a car with
defective exhaust had four serious crashesin 10 weeks.14

After eight schoolchildren developed CO
poisoning in a school bus in Seattle, CO levels in such
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buses were measured.40 A number had CO levels which
were above acceptable limits. After a period of idling in
the parking area, over a third had levels which were too
high. Interestingly, CO levels in vehicles on busy
highways have been shown to be higher with increased
traffic volumes and reduced speeds 4! It isalso likely that
smoking by drivers in motor vehicles contributes to the
higher incidence of crashes in smokers through the effects
of CO poisoning.42

Occupational CO poisoning

Unintentional CO poisoning has been identified as
occurring commonly from car exhaust and fires, and in the
home from faulty cooking and heating appliances. How-
ever, many occupational groups may aso be at risk from
exposure to CO. Those studied to date include fire
fighters,43 motor vehicle examiners,#4 charcoal grillers,20
bus drivers,40 manufacturing workers,45 blast furnace
workers,46 and workers using propane-fuelled forklifts in
warehouses.4’

A French study48 showed that CO poisoning was
common in poorly ventilated automobile garages.
Pedestrians and workers in city streets may aso be at risk,
as levels ranging from 10-50 ppm have been found in
ordinary city streets in a large urban area. Much higher
levels have been recorded in poorly ventilated underpasses
and underground carparks.49

Discussion
Studies of CO poisoning dueto charcoal barbecues

The literature review identified a number of case
reports of small numbers of patientswith similar poisonings
to those reported here. Most involved patients of ethnic
background using the barbecue indoors in winter. The
paper by Hampson et al.12 confirmed these observations.
It suggested that CO poisoning by indoor use of charcoal
barbecues is an important public health problem in
industrialised countries with cold climates. Although the
cases presented here did not occur during power failures,
Hampson’s large series contained many such cases,
suggesting that public warnings at such times may be

appropriate.

In contrast to the reported literature, the COHb
levelsin the cases reported here werelow, and not all of the
patients may have been treated under criteria adopted in
other studies. Theindication for treatment with hyperbaric
oxygen for most of the patients reported here was loss of
consciousness, athough the father and 10 year old boy
from family A and the son from family B did not lose
consciousness. Nevertheless it was felt that all had
suffered a similar exposure to the majority who did lose
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consciousness, and warranted treatment at the same time,
particularly as this did not entail additional cost. Given
that four of the six members of family A lost consciousness
despite COHb levels of 4% or less, it may be appropriate to
re-examine the COHb level criterion of 25% on which
treatment has been based in the absence of other
indications.12 Thisisimportant in cases such asthese with
prolonged exposure to comparatively low levels of CO,
in which neurological damage is more likely.50

Recognition of unintentional CO poisoning

A mounting body of literature suggests that the
problem of CO poisoning from accidental exposureiscom-
mon and frequently unrecognised. Heckerling assessed 37
patients attending an emergency department in winter with
a complaint of headache>l Seven (18.9%) had COHb
levels greater than 10%. When further information was
obtained or gas company officialsinvestigated their homes,
six of the seven were found to have suffered toxic CO
exposure. It was noted that three had cohabitants at home
who also had headache. Most importantly, the diagnosis of
CO poisoning had not been suspected by treating doctors
in any of the cases. Heckerling and colleagues®? later
derived a model for predicting whether a patient’s symp-
toms were due to CO poisoning and showed that the pres-
ence of similarly affected cohabitants was the most reliable
method. The model was then validated prospectively.53

Dolan and colleagues®® studied all patients
attending an emergency department with flu-like
symptoms and found that 23.6% of such patients had
COHb levels of 10% or more. Again none of the patients
had been diagnosed as having CO poisoning.

The pathological effects of chronic exposure to low-
dose CO

The literature review has revealed that both acci-
dental CO poisoning occurs commonly. Clearly this may
be an acute, emergent problem, as in this and other case
reports, or a chronic problem, particularly in occupational
exposures.

The effects of acute exposure to substantial levels
of CO arewell described in the medical literature and have
been comprehensively reviewed by Mark.1 Clinically the
acute effects are principally on the nervous and cardiovas-
cular systems with delayed neurological sequelae in up to
40% of untreated patients.>>

However, prolonged exposure to low doses of CO
may also be hazardous and may present a significant
problem in terms of overall incidence as identified in the
literature review.
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ANIMAL DATA

A considerable body of experimental work suggests
that exposure of animals to CO at low doses for long
periods may cause pathological changesin many tissues.

A variety of changes in several animals has been
noted, on birthweightsS6 and behavioural development of
animals exposed in the prenatal period, and on the cardio-
vascular, respiratory, hepatobiliary, nervous, endocrine and
haematopoietic systems of young animals chronically

exposed to CO. Additionaly, higher tillbirth rates in
herds of pigs exposed to CO from faulty gas heaters and
inadequate ventilation have been reported.>’

Piglets exposed to 200 to 250 ppm of CO have been
reported to have developmental delays and to perform
poorly in behaviour tests.58 Those exposed to CO prenatally
have had low haemoglobin levelsat birth. Mice exposed to
CO in utero have also been shown to perform poorly at
tasksinvolving learning.5°

Chronic low-dose exposure to CO in laboratory rats
has produced myocardial hypertrophy,60-62 altered
coronary vessel growth,83 altered cardiac adaptation to
aortic constriction,4 accelerated development of
hypertension6® and pulmonary hypertrophy.62 Aortic inti-
mal injury has occurred in rabbits.66

Cardiomegaly, splenomegaly, and elevated haemo-
globin and haematocrit have been demonstrated in rats.8>
Increased numbers of erythrocytes cause increased blood
volume.67 Platelet count is altered in rabbits chronically
exposed to low-dose CO,%8 and platelet aggregation
increased in pigs.89 CO exposure has been shown to
enhance liver cell necrosis in rats with ethanol-induced
liver damage.”0

Guinea pigs exposed to 200 ppm of CO prenatally
and as infants exhibited changes in QRS vector loops im-
plying myocardial damage.”? Prenatal exposure to low
doses of CO (75-150 ppm) caused changes in peripheral
nervous system activity in rats, some of which were
irreversible.’2 Similar central effects have been observed
in rats exposed in utero to levels up to 300 ppm, with
disruption of neostriatal development.”3 It has also been
demonstrated that CO exposure in rats caused negative
effects on evoked potentials in a complex discrimination
learning experiment.”# Low-dose chronic exposure to CO
produced a mild stress reaction in rats, with elevated cat-
echolamine levels’ and increased serum steroid and brain
serotonin levels.”6

The effect of combined CO exposure and high alti-
tude has also been investigated. It has been shown that
chronic exposure to CO at 35 ppm when combined with
high altitude produced no additional cardiovascular effects
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inrats over and abovethetwo insultssingly.”” However at
500 ppm, there was a significant interactive effect on mean
electrical axisin rats, aswell as on haematocrit.”8

HUMAN DATA

Trangating such animal datato humansis difficult,
and there islittle published research on such effects.

Mortality rates from atherosclerotic heart disease
were shown to be higher by afactor of 1.35in New York
bridge and tunnel workers chronically exposed to CO
compared with a standardised comparison group not
similarly exposed.” Toxic effects of CO on humans have
also been demonstrated in those with compromised
coronary or peripheral circulation.89 It has been reported
that two workers with coronary artery disease died
following occupationa exposure to CO, as a result of
exacerbation of their pre-existing heart disease.8! The
cardiovascular endurance of a group of Canadian fire-
fighters has been shown to be lower than expected, and it
was suggested that this might have resulted from chronic
exposure to CO.82

A historical prospective cohort study of mortality
among motor vehicle examiners in the United States was
undertaken by the Nationa Institutefor Occupational Health
and Safety.44 Such workers were estimated to be exposed
chronically to a time-weighted average CO concentration
of 10-24 ppm. Theonly significant finding wasthat cancer
deaths (all types) were increased in these people. The
significance of thisfinding is uncertain.

However, two major reviews of the cardiovascular
effects of chronic exposure to CO have not provided
conclusive evidence on the case for a direct cardiotoxic
effect.83.84

There is little else reported in the literature
regarding the effects of occupational CO exposure athough
many papers have described the effects of pollutants
attributed to smoking, of which CO is one, both in
animal s8> and in humans,86-90

Despite the paucity of direct evidence that chronic
low-dose CO poisoning produces tissue damage in
humans, the animal data strongly suggest that such effects
are likely. This accords well with the pathophysiology of
CO poisoning, with long term exposure causing more CO
to be bound to mitochondrial enzymes®1-94 in the presence
of comparatively low COHb levels.95

The toxic effects of chronic CO exposure are likely
to be greater in smokers, who have been shown to have
higher CO levels than non-smokers and to have
occupationally-induced elevations of those levels above
those currently considered safe.96.97
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Conclusions

CO poisoning iscommon. Although the mgjority of
such poisonings result from deliberate self-harm, a signifi-
cant proportion is unintentional. Most of the unintentional
poisonings are due to motor vehicle exhaust, fires, and
home appliances used for cooking or heating. Addition-
aly, thereis likely to be a number of workers exposed to
COinthe course of their employment. While the effects of
this long-term exposure are as yet unknown, anima and
limited human data suggest a number of pathological
changes, particularly to the cardiovascular system. This
arearequires further research in humans.

The reported literature suggests that unintentional
CO poisoning issignificantly underdiagnosed. Emergency
department medical and nursing staff, particularly the
triage nurse, 98 need to be vigilant for CO poisoning which
can result in very subtle presentations. Suspicion should
be high during cold, inclement weather and in those
whose occupations may expose them to significant con-
centrations of CO.

People in certain occupations, such as mechanicsin
garages, may be at risk, especially if they smoke cigarettes.
Others at risk are those with faulty home heating
appliances and those using equipment not designed for
heating, such as outdoor barbecues, for that purpose. As
identified in the literature review and highlighted by the
cases reported here, migrants may be at particular risk
in this regard. This was recognised by the California
Department of Health Services when it issued a public
health warning in 1990 concerning the indoor use of
charcoal.?® Asian immigrants were especially targeted.
With the progressive development of a multicultural
society in Australia, it may be prudent for public health
authorities to consider warning newly arrived migrants of
some of the dangers associated with activities which may
be acceptable in their countries of origin.

In many devel oping countries, the same implements
are often used for cooking and heating, and are used
indoors. This is inappropriate when the materials used,
such as barbecue charcoal beads, combust slowly and
relatively inefficiently, producing large amounts of CO.
Chen et al have warned that several hundred million people
in developing countries are at risk of poisoning with CO
and other products of combustion from indoor heating and
cooking.100

It has been noted that public health interventions
can drastically reduce the mortality from CO poisoning.
The Office of the Medical Examiner of New York, for
instance, applied stringent inspection rules for gas
refrigerators, reducing the number of accidental deaths
from this form of poisoning from 168 in 1951 to two in
1964.14 Although CO poisoning from charcoal barbecues
isuncommon in Australia, there is a strong case for warn-
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ings about indoor use to be carried on such barbecues as
well asthe charcoal beads, preferably in several languages.

Acknowledgement

| gratefully acknowledge the advice of Drs David
Smart, Paul Mark, Peter Sprivulis, Harry Oxer and Sunita
McGowan in the preparation of this paper, and the advice
and assistance of Drs David Davies and Des Gorman.

References

1 Mak PD. Carbon monoxide poisoning: a review.
SPUMSJ 1992; 22: 127-135

2 Broome JR, Skrine H, Pearson RR. Carbon monox-
ide poisoning: forgotten but not gone. Br J Hosp
Med 1988; 39: 298-305

3  Suicides Australia 1961-1981 (including historical
series 1881-1981) Table 8 (Catalogue number
3309.0). Canberra: Australian Bureau of Statistics
1983:16

4  Grace TW and Platt FW. Subacute CO poisoning:
another great imitator. JAMA 1981; 246: 1698-
1700

5 Barret L, Danel V and Faure J. Carbon monoxide
poisoning: adiagnosis frequently overlooked. Clin
Toxicol 1985; 23: 309-313

6 Meredith T and Vale A. Carbon monoxide poison-
ing. Br Med J 1988; 296: 72-79

7 Dolan MC. Carbon monoxide poisoning. Can Med
Assoc J 1985; 133: 392-399

8 Finck PA. Exposure to CO: review of the literature
and 567 autopsies. Mil Med 1966; 131: 1513-1539

9 Cobb N and Etzel RA. Unintentional CO-related
deaths in the United States, 1979 through 1988.
JAMA 1991; 266: 659-663

10 Gajdos P, Conso F, Korach M, et a. Incidence and
causes of CO intoxication: results of an epidemio-
logic survey in a French department. Arch Environ
Health 1991; 46: 373-376

11 Baron RC, Backer RC and Sopher IM. Fata unin-
tended CO poisoning in West Virginia from
nonvehicular sources. AmJ Pub Health 1989; 79:
1656-1658

12 Hampson NB, Kramer CC, Dunford RG and Norkool
DM. Carbon monoxide poisoning from indoor
burning of charcoal briquets. JAMA 1994; 271: 52-
53

13 Folstein MF, Folstein SE and McHugh PR. Mini-
mental state. A practical method for grading the
cognitive state of patients for the cliniciian. J
Psychiatr Res 1975; 12: 189-198

14 Carbon monoxide: a stealthy killer. Anaesth Analg
1966;45:664-668

15 Wilson EF, Rich TH and Messman HC. The hazard-
ous hibachi: CO poisoning following the use of

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

133

charcoal. JAMA 1972; 221: 405-406

Fain DB and McCormick GM. A burning issue: the
Japanese “fire basin”. Am J Forensic Med Pathol
1988; 9: 301-303

Geehr EC, Sdlluzzo R, Bosco S, Braaten J, Wahl T
and Wallenkampf V. Emergency health impact of a
severe storm. AmJ Emerg Med 1989; 7: 598-604

Gasman JD, Varon Jand Gardner JP. Revenge of the
barbecue grill: CO poisoning. West J Med 1990;
153: 656-657

Sternbach G and Varon J. Carbon monoxide poison-
ing. West JMed 1991; 154: 737

Madani IM, Khafan S, Khalfan H, Jidah Jand Aladin
MN. Occupational exposure to carbon monoxide
during charcoa meat grilling. Sci Total Environ
1992; 114: 141-147

Occupational Safety and Health Administration, US
Dept of Labor. Air contaminants- permissible ex-
posure limits. 29 CFR, part 1910.100; 1989

Kelley JS and Sophocleus GJ. Retinal haemorrhages
in subacute CO poisoning. Exposures in homes
with blocked furnace flues. JAMA 1978; 239:
1515-1517

Gujer HR. Accidental CO poisoning caused by in-
complete combustion of liquid gases. Sozal- und
Praventivmedizin 1982; 27: 39-42

Taudorf K and Michaelsen KF. The danger of CO
poisoning from gas water heaters. A study of 124
systemsand their users. Ugeskrift for Laeger 1983;
145: 3593-3598

Thomsen JL and Kardel T. Accidents caused by gas
water heaters. Fatalities and a non-fatal case.
Ugeskrift for Laeger 1983; 145: 3598-3600

Caplan YH, Thompson BC, Levine B and Masemore
W. Accidental poisonings involving CO, heating
systems, and confined spaces. J Forensic Sciences
1986; 31: 117-121

MilisL and Lagasse R. Carbon monoxide poisoning
in the Brussels metropolitan area.  Home survey
technicsand proposalsfor action. Arch Belges 1989;
47: 24-28

Foutch RG and Henrichs W. Carbon monoxide poi-
soning at high altitudes. AmJEmerg Med 1988; 6:
596-598

McGrath JJ. Cardiovascular effects of chronic CO
and high-altitude exposure. Research Report -
Health Effects Institute, 1989; 1-23

Cooper R, McGrath JJ, Dooley S and Kopetzky MT.
Chronic exposure to CO at high altitude: effects
on mean electrical axis. Physiol Behav 1989: 46:
75-79

Thomsen JL and Kardel T. Intoxication at home due
to CO production from gas water heaters. Forensic
Science Internat 1988; 36: 69-72

Milosavljevic J and JoksovicD. Familial poisoning
by CO with different ECG changes. Arhiv Za
Higijenu Rada i Toksikologiju 1989; 40: 355-362

Wharton M, Bistowish JM, Hutcheson RH and



134

35

36

37

38

39

40

41

42

43

45

46

47

48

49

50

Schaffner W. Fatal CO poisoning at amotel. JAMA
1989; 262: 771-772

Adir Y, Bitterman H, Kol Sand Melamed Y. Hyper-
baric oxygen treatment for CO intoxication acquired
in the seadled room during the Persian Gulf war.
Israel J Med Sciences 1991; 27: 669-672

Anonymous. Unintentional CO poisoning following
awinter storm - Washington, January 1993. MMWR
1993: 42: 109-111

Rudge FW. Carbon monoxide poisoning in infants:
treatment with hyperbaric oxygen. South Med J
1993; 86: 334-337

Gijsenbergh FP, Vispoel M, Poppe H and Delooz H.
Weather influence on the prevalence of CO
intoxications. Human Toxicol 1989; 8: 355-388

Baron RC, Backer RC and Sopher IM. Unintentional
deaths from CO in motor vehicle exhaust: West
Virginia. AmJ Pub Health 1989; 79: 328-330

Copeland AR. Non-intentional motor vehicle-related
CO deaths revisited. J Legal Med 1986; 96: 145-
150

Johnson CJ, Moran J and Pekich R. Carbon monox-
ide in school buses. Am J Pub Health 1975; 65:
1327-1329

Koushki PA, al-Dhowalia KH and Niaizi SA. Vehi-
cle occupant exposure to carbon monoxide. J Air
Waste Manage Assoc 1992; 42: 1603-1608

Brison RJ. Risk of automobile accidentsin cigarette
smokers. Can J Pub Health 1990; 81: 102-106

Materna BL, Jones JR, Sutton PM, Rothman N and
Harrison RJ. Occupational exposuresin California
wildland fire fighting. Am Indust Hygiene Assoc J
1992; 53: 69-76

Stern FB, Lemen RA and Curtis RA. Exposure of
motor vehicle examiners to CO: a historical
prospective mortality study. Arch Environ Health
1981, 36: 59-65

Gardiner K, Trethowan WN, Harrington JM, Calvert
IA and Glass DC. Occupational exposureto carbon
monoxide and sulphur dioxide during the manufac-
ture of carbon black. Ann Occupat Hygiene 1992;
36: 363-372

Lewis S, Mason C and Srna J. Carbon monoxide
exposurein blast furnaceworkers. Aust J Pub Health
1992; 16: 262-268

Fawcett TA, Moon RE, FracicaPJ, Mebane GY, Theil
DR and Piantadosi CA. Warehouse workers' head-
ache. Carbon monoxide poisoning from propane-
fueled forklifts. J Occupat Med 1992; 34: 12-15

Kohl U and Lob J. Risk of chronic CO poisoning in
automobile garages. Results of a study in the
Lausanne region. Schweizerische Medizinische
Wochenschrift 1975; 105: 50-56

Wright GR, Jewczyk S, Onrot J, Tomlinson P and
Shephard RJ. Carbon monoxide in the urban at-
mosphere: hazards to the pedestrian and the street-
worker. Arch Environ Health 1975; 30: 123-129

Rhodes RH, Skolnick JL, Roy TM. Hyperbaric oxy-

51

52

53

55

56

57

58

59

60

61

62

63

65

66

SPUMS Journa Vol.24 No.3 September 1994

gen treatment for carbon monoxide poisoning: ob-
servations based on 8 years experience. J Ky Med
Assoc 1991, 89: 61-64

Heckerling PS. Occult CO poisoning: a cause of
winter headache. Am J Emerg Med 1987; 5: 201-
204

Heckerling PS, Leikin JB, Maturen A and Perkins JT.
Predictors of occult CO poisoning in patients
with headache and dizziness. Ann Int Med 1987;
107: 174-176

Heckerling PS, Leikin JB and Maturen A. Occult CO
poisoning: validation of a prediction model. AmJ
Med 1988; 84: 251-256

Dolan MC, Haltom TL, Barrows GH, Short CS and
Ferriell KM. Carboxyhaemoglobin levels in
patients with flu-like symptoms. Ann Emerg Med
1987, 16: 782-786

Smith JS and Brandon S. Morbidity from acute
carbon monoxide poisoning at 3 year follow up.
Br Med J 1973; 1. 318-321

Fechter LD and Annau Z. Toxicity of mild prenatal
CO exposure. Science 1977; 197: 680-682

Wood EN. Increased incidence of still birthin piglets
associated with levels of atmospheric CO. Vet
Record 1979; 104: 283-284

Morris GL, Curtis SE and Simon J. Perinatal piglets
under sublethal concentrations of atmospheric CO.
J Animal Science 1985; 61: 1070-1079

Abbatiello ER and Mohrmann K. Effects on the
offspring of chronic low exposure CO during mice
pregnancy. Clin Toxicol 1979; 14: 401-406

Bambach GA, Penney DG and Negendank WG. In
Situ assessment of the rat heart during chronic CO
exposure using nuclear magneti c resonance imaging.
J Appl Toxicol 1991; 11: 43-49

Penney DG, Barthel BG and Skoney JA. Cardiac
compliance and dimensions in CO-induced cardi-
omegaly. Cardiovasc Res 1984; 18: 270-286

Penney DG, Davidson SB, Gargulinski RB and
Caldwell-Ayre TM. Heart and lung hypertrophy,
changes in blood volume, hematocrit and plasma
renin activity in rats chronically exposed to increas-
ing CO concentrations. J Appl Toxicol 1988; 8:
171-178

Penney DG, Giraldo AA and Van Egmond EM.
Chronic CO exposure in young rats alters coronary
vessel growth. J Toxicol Environ Health 1993; 39:
207-222

Boluyt MO, Penney DG, Clubb FJ and White TP.
Exposure of neonatal rats to CO alters cardiac
adaptation to aortic constriction. J Appl Physiol
1991; 70: 2697-2702

Shiotsuka RN, Drew RT and Wehner RW. Carbon
monoxide enhances development of hypertension
in Dahl rats. Toxicol Appl Pharmacol 1984; 76:
225-233

Thomsen HK and Kjeldsen K. Aortic intimal injury
inrabbits. Anevaluation of athreshold limit. Arch



SPUMS Journal Vol.24 No.3 September 1994

67

68

69

70

71

72.

73.

74

75

76

77

78

79

80

81

Environ Health 1975; 30: 604-607

Davidson SB and Penney DG. Time course of blood
volume changes with CO inhalation and its
contribution to the overall cardiovascular response.
Arch Toxicol 1988; 61: 306-313

Kamaz EV, Canter LW and Hampton JW. The ef-
fect of long-term low and moderate levels of CO
exposure on platelet count in rabbits. J Environ
Pathol Toxicol 1980; 4: 351-358

Marshall M and Hess H. Acute effects of low CO
concentrations on blood rheology, platelet function,
and arterial wall in the minipig. Res Experim Med
1981, 178: 201-210

Nanji AA, Jui LT and French SW. Effect of chronic
CO exposure on experimental acoholic liver injury
inrats. Life Sciences 1989; 45: 885-890

Schirmer E and Schwartze H. Effect of mild chronic
hypoxia on the infantile heart: ECGs of guinea pigs
pre- and postnatally treated with CO. Biomed
Biochim Acta 1989; 48: S118-121

Carratu MR, Renna G, Giustino A, De SalviaMA and
Cuomo V. Changes in periphera nervous system
activity produced in rats by prenatal exposure to
CO. Arch Toxicol 1993; 67: 297-301

Fechter LD, KarpaMD, Proctor B, Lee AG and Storm
JE. Disruption of neostriatal development in rats
following perinatal exposure to mild, but chronic
CO. Neurotoxicol Teratol 1987; 9: 277-281

Groll-Knapp E, Haider M, Kienzl K, Handler A and
Trimmel M. Changes in discrimination learning
and brain activity (ERPs) due to combined exposure
toNO and COinrats. Toxicol 1988; 49: 441-447

Vyskocil A, Tus M and Chmelar V. Hormonal and
organ weight changes in rats exposed to simultane-
ous chronic effects of CO and NO2. J Hyg Epidem
Microbiol Immunol 1988; 32: 279-285

Vyskocil A, Tusl M and Zaydlar K. The effect of
chronic exposureto 100 ppm CO on brain bioamines,
serum corticosterone and organ weights in rats. J
Appl Toxicol 1983; 3: 307-309

McGrath JJ. Cardiovascular effects of chronic CO
poisoning and high-altitude exposure. Research
Report - Health Effects Institute 1989; 27: 1-23

Cooper R, McGrath JJ, Dooley S and Kopetzky MT.
Chronic exposure to CO at high altitude: effects on
mean electrical axis. Physiol Behaviour 1989; 46:
75-79

Stern FB, Halperin WE, Hornung RW, Ringenburg
VL and McCammon CS. Heart disease mortality
among bridge and tunnel officers exposed to carbon
monoxide. AmJournal Epidemiol 1988; 128: 1276-
1288

Kuller LH and Radford EP. Epidemiological bases
for the current ambient CO standards. Environ
Health Perspectives 1983; 52: 131-139

Atkins EH and Baker EL. Exacerbation of coronary
artery disease by occupational CO exposure: a
report of two fatalitiesand areview of theliterature.

82

83

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

135

AmJ Indust Med 1985; 7: 73-79

Horowitz MR and Montgomery DL. Physiological
profile of fire fighters compared to norms for the
Canadian population. Can J Pub Health 1993; 84:
50-52

Benowitz NL. Cardiotoxicity in the workplace.
Occupat Med: State of the Art Reviews 1992; 7:
465-478

Mennear JH. Carbon monoxide and cardiovascular
disease: an analysis of the weight of evidence.
Regulat Toxicol Pharmacol 1993; 17: 77-84

Zhu BQ, Sun YP, Sievers RE, Isenberg WM, Glantz
SA and Parmley WW. Passive smoking increases
experimental atherosclerosis in cholesterol-fed
rabbits. J Am Coll Cardiol 1993; 21: 225-232

Lakier JB. Smoking and cardiovascular disease. Am
JMed 1992; 93: 85-12S

Krupski WC. The peripheral vascular consequences
of smoking. Ann Vasc Surg 1991; 5: 291-304

Smith CJand Steichen TJ. The atherogenic potential
of carbon monoxide. Atherosclerosis 1993; 99:
137-49

LeoneA, Mori L, Bertanelli F, Fabiano Pand Filippelli
M. Indoor passive smoking: its effect on cardiac
performance. Int J Cardiol 1991; 33: 247-51

Siegel M. Involuntary smoking in the restaurant
workplace. A review of employee exposure and
health effects. JAMA 1993; 270: 490-493

Lester D, Clarke RV. Effects of the reduced toxicity
of car exhausts on accidental deaths: a comparison
of the United States and Great Britain. Accid Anal
Prev 1989; 21: 191-193

Haldane J. Carbon monoxide as a tissue poison.
BiochemJ 1927; 21: 1068-1075

Piantadosi CA. Carbon monoxide, oxygen transport
and oxygen metabolism. J Hyperbaric Med 1987,
2:27-41

Loumanmaki K and Coburn R. Effects of metabo-
lism and distribution of carbon monoxide on blood
and body stores. AmJ Physiol 1969; 217: 354-363

Kindwall EP and Goldmann RW. Hyperbaric medi-
cine procedures. Milwaukee, Wisconsin: St Lukes
Hospital, 1984; 90-98

Seppanen A and Uusitalo AJ. Carboxyhaemoglobin
saturation in relation to smoking and various occu-
pational conditions. Ann Clin Res 1977; 9: 261-
268

Virtamo M and Tossavainen A. Carbon monoxidein
foundry air. Scand J Work Environ Health
1976;2Suppl:37-41

Halpern JS. Chronic occult CO poisoning. J Emerg
Nurs 1989; 15: 107-111

Shusterman D, Kai-Shen L and Kizer KW. Carbon
monoxide poisoning. West J Med 1991; 154: 737

100 Chen BH, Hong CJ, Pandey MR and Smith KR. In-

door air pollution in developing countries. World
Health Satistics Quarterly 1990; 43: 127-138



136

Dr George A Jelinek, FACEM, is Assistant Director
of Emergency Medicine at Fremantle Hospital, P.O.Box
480, Fremantle Western Australia 6160.

SPUMS Journa Vol.24 No.3 September 1994

This paper is the thesis submitted for the South
Pacific Underwater Medicine Society’ s Diploma of Diving
and Hyperbaric Medicine, which was awarded to Dr Jelinek.

THEWORLDASIT IS

UNUSUAL DECOMPRESSION ILLNESS
A casereport

Peter Cardon

A 37 year old male student diver came to me on a
Tuesday, referred by his diving instructor. On the Satur-
day and Sunday he had been training for an Open Water
certificate. He took part in a pool session on Saturday
morning and an open water dive to 15 m for 40 minutesin
the afternoon. At the completion of the day’s diving he
was tired and had a mild headache but was otherwise well.

The following morning he took part in a further
open water session and after some difficulty with weights
he undertook a “tired diver” tow, an emergency ascent
from about 6-10 m and an ascent using a secondary air
source. The remainder of the dive was given to a success-
ful hunt for crayfish.

The dive plan was for 40 minutes to a maximum
depth of 15 m, however his depth gauge showed the
maximum depth for the dive was 29 m. He had been
working against some surge and was a bit cold toward the
end of the dive. He made a comfortable ascent up an
anchor warp and felt normal on arrival at the surface.

Within one minute of surfacing and releasing the
warp to make his entry onto the dive boat he found his
hands would not work for him. He had difficulty hanging
onto the boat and managing his gear. Eventually he was
helped aboard and fell into the boat where he lay helpless
and vague. He described being unable to organise himself,
he could not get his gloves off and his hands were clawed.
He felt uncoordinated with “spasticity” of his limbs and
an unpleasant feeling of entrapment in his wetsuit which
verged on panic. He became aware of other diversin the
water but his perception was impaired and he was troubled
by glare. He felt numbness in his arms and chest. His
distress was seen by another diver and the dive instructor
was called.

A distinct improvement occurred over a few
minutes after remova of the student’s hood, however he
had difficulty with speaking and complained that his legs
felt heavy. It took about ten minutes to take the boat to

the beach and by then he had recovered so much that he
was able to hold the boat while gear was unloaded.
However, ten minutes later he had nausea and vomiting so
that the car had to be stopped twice during the half hour
drive to town.

When he got home he went to bed. He got up once
two hours later to vomit then felt better but had a frontal
headache which lasted three hours more. No medication
was taken. The following day (Monday) he was aware of
slight fogging of his peripheral vision, a mild impairment
of mental focus and his ears felt strange.

He had had a full medical for a Pilot's Licence in
April 1993 and had been found to be quitefit.

On examination on Tuesday he gave a clear
description of the events. He moved normally with no
apparent impairment of gait, balance or co-ordination.
Basic psychometrics showed some difficulty with simple
arithmetic but a good performance with immediate recall,
including having no difficulty with the Babcock sentence.
A quite detailed neurological examination was within
normal clinical limits.

Had | been able to find even a minor neurological
abnormality he would have been sent off to Christchurch.
However | felt that, as he was now symptom free and
normal neurologicaly, there was a reasonable case to be
made for resting and observing him over the next few days,
as referral to the nearest Hyperbaric Medicine Unit would
have involved many hours of travel and considerable
disruptionto hislife. Intheevent he produced no sequelae.

At follow-up two months later the patient was well
with no residual symptoms and stated that he had taken the
personal decision not to dive again.

My interpretation of this history is that this student
diver suffered an acute form of decompression illness,
possibly cerebral arterial gas embolism, with significant
transient cerebral ischaemia and no measurable residual
impairment.

Dr Peter Cardon’'s address is 609 Highgate,
Dunedin, New Zealand.



