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ABSTRACT
Carbon Dioxide Intoxication
Toru Sato, Morio Iino

Since carbon dioxide (COz) is only one
exhaust gas produced by energy metabolism
(catabolism), it must be exhaled through the
lungs efficiently. An excessive accumulation of
COg3 in the body becomes toxic or harmful, un-
less COs is exhaled sufficiently. Symptoms such
as headache, dizziness, confusion, unconscious-
ness, coma etc. become more serious when the
rate of rebreathed endogenous COs increases
by alveolar hypoventilation and simultaneously
lowers the oxygen concentration. But, inhaled
CO, concentrations in air rarely exceed 5%.
However, one may suffer from so-called COq
narcosis, by insistent choked ventilation due to
chronic obstructive lung disease (COPD) etc.,
causing hypoxia, hypercapnia and respiratory
acidosis, resulting in unconsciousness and ex-
hausted respiration.

From an industrial hygiene standpoint, the
authors are more concerned with accidents in-
volving inhalation of exogenous pure COs, such
as leakage from liquified CO2 cylinders, COq
pipelines of fire extinguishing equipment in
parking garages, or from sublimation of dry ice
in an enclosed space, because not only CO5 can-
not be exhaled through the alveolar walls against
its high partial pressure gradient but also COq
is constantly diffused through alveolar walls into
the body by the gradient. Such a phenomenon
occurs even at 60 7% CO4 concentrations (indi-
vidually depending on training, habit, etc.) and
at higher concentrations when COs is diffused
inwardly through the lungs all the time. This
should be called specifically’ toxic acidosis’ , re-
ferring to respiratory acidosis when endogenous
COg4 can still be exhaled through the lungs to
lower COs5 concentrations in air, even by the in-
sufficient respiration.

When air containing 10%CO> is inhaled, Oq
concentration in air becomes lower to (90% x
21% = 18.9%) = 19% by displacement. This
stage is not hypoxic yet, and symptoms like
dizziness, unconsciousness, etc. shall be due to
CO5 poisoning. When one is left there alone
without help, he/she shall be unable to escape

from there, and may be found expired later.
Therefore, 4% COsz for Immediately Dangerous
to Life and Health (IDLH) value is proposed by
National Institute of Occupational Safety and
Health (NIOSH), in USA.

Particularly, the unique activity of COs in
vivo is that it dissolves into blood about 20 times
faster than oxygen due to the rightward shift of
following reversible reaction:

COq + HyO <= H,CO3 == HY 4+ HCO3

catalyzed by carbonic anhydrase in erythro-
cytes. Erythrocytes play very important roles
in the storage and transport of CO2 as well as
Os, helping each other. Thus, CO5 undergoes
such a series of chemical reactions during the
blood circulation in the body, and when it re-
turns to the alveoli (shifted to the left by the
Haldane effect), it is discharged back to COq
gas. While CO5 seems to be an unchanged inert
gas in the external respiration, COy works very
actively in the internal respiration indeed. More
CO; accumulated in the body causes more se-
vere acidosis (Henderson-Hasselbalch equation),
and more severely the buffer function fails, lead-
ing to death finally by COs poisoning.

One of the biggest issue to be solved in Japan
on misunderstanding COy is that a common
thought: “ COs is inert and non-toxic to human
body like nitrogen” is still somewhat believed.
Because of this misconception, the Appendix 6
entitled “ Oxygen Deficiency Hazardous Loca-
tions” in the Occupational Health and Safety
Law enacted in 1980 by the former Ministry
of Labour includes Item 10 ”Refrigeration and
freezing using dry ice —” and Item 11 “ He-
lium, argon, nitrogen, chlorofluorocarbons, car-
bon dioxide and other inert gases —" . Thus,
both items still remain officially.

This issue should be corrected, because ex-
ogenous COs at quite higher concentrations be-
comes extremely toxic in a living body, and hy-
poxia due to O displacement by COs in air is
apparently not an initial and dominant factor
in the disastrous accidents as previously men-
tioned. At “ Accumulated CO, Hazardous Lo-
cations” , COz-monitoring systems with alarms
set at CO2 concentration O 1.5% shall be pro-
vided adequately for safety.



In Wikipedia [CO5 is an asphyxiant gas and
not classified as toxic or harmful in accordance
with Globally Harmonized System of Classifi-
cation and Labelling of Chemicals standards of
United Nations Economics Commission for Eu-
rope by using the Organization for Economic
Co-operation and Development (OECD) Guide-
lines for Testing of Chemicals] is stated. There-
fore, CO, is not listed in the toxic or harm-
ful substances according to the Globally Har-
monized System of Classification and Labelling
of Chemicals: (GHS)-classification. However, as
mentioned above, this statement is erroneous.
Also, asphyxiation itself is harmful to health.

The OECD Guidelines state, in Test No 403
for* Acute Inhalation Toxicity” , that as of [Ex-
perimental animals: —the preferred species is
the rat] and [Interpretation of the results: De-
termination of the median lethal concentration
(LCs0) provides an estimate of the relative toxi-
city of a substance by the inhalation route. Ex-
trapolation of the results of LCsy and acute tox-
icity studies in animals to man is valid only to a
very limited degree].

This means that the OECD has adopted the
GHS-classification for the purpose of drug dis-
covery etc. in pharmaceutical animal tests,
where LCso value on the rat is used to com-
pare the toxicity among drug substances statisti-
cally. Therefore, it is not appropriate to use the
GHS-classification and LCsg value for human
health and safety. At least, LC Lowest (LCLo)
on human value shall be applied, because min-

00000000000 (d)

imal mortality on human is wanted. Moreover,
Lowest Observed Adverse Effect Level (LOAEL)
on human is desirable for health and safety.
Thus, the authors recommend 1.5% COgy level
for prevention against acute inhalation toxicity
and 0.5% COz level for protection from habitual
inhalation toxicity.

However, dated 2010-03-31, Japanese Min-
istry of Health, Labour and Welfare (MHLW)
demonstrated a model of Safety Data Sheet
(SDS) on carbon dioxide by using the GHS- clas-
sification according to the OECD Guidelines;
CO2" as an inert asphyxiant gas without harm”
became ‘ unclassified’ or ‘ out of area’ at
the acute inhalation toxicity item. This is not
a correct statement indeed. Accordingly, most
SDSs on carbon dioxide in Japan appear quite
incoherent, mixed with information from other
resources. [

* This ABSTRACT also includes our previously
published article entitled Carbon dioxide Intox-
ication’V | to be one summary.
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