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ALKALAY, ISRAEL, SUSUMU SUETSUGU, HERBERT CONSTANTINE, 
AND MYRON STEIN. Carbon dioxide elimination across human skin. Am. 
J. Physiol. 220(5) : 1434-1436. 197 1 .-Carbon dioxide elimina- 
tion across the skin was studied in 10 male and five female healthy 
subjects, sitting in a sealed-body plethysmograph. The following 
mean values and standard deviations were obtained: male sub- 
jects, 0.99 & 0.44, female subjects, 0.39 =t 0.26 (ml/min per m2 of 
BSA STPD). This sex difference of carbon dioxide elimination is 
statistically significant. After intramuscular injection of atropine 
sulphate in six male subjects, carbon dioxide elimination decreased 
significantly from 1.09 =t 0.53 to 0.48 rt 0.18 (ml/min per m2). 
Decreased perspiration was observed in the chamber following 
atropine injection. After application of tepid water to the skin of 
two atropinized subjects, the carbon dioxide elimination increased 
to the same level as in the nonatropinized subjects. It appears that 
increase in the amount of water on or in the skin increases the CO2 
elimination. 
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IT IS A DELL-KNOWN FACT that the skin is permeable to 
carbon dioxide and oxygen as well as other gases (2, 6, 7). 
The magnitude of the transfer of gases across the skin is 
negligibly small when compared to the amount of carbon 
dioxide eliminated through the lungs (7). The purpose of 
our study was to investigate the rate of CO2 elimination 
across the skin in males and females and to investigate the 
effect of sweat. 

METHODS AND MATERIALS 

Our experiments were conducted with 10 male and five 
female healthy subjects. During the measurements, the sub- 
jects were seated in a Mead-type body plethysmograph (5) 
with the spirometer connection closed to convert it to a 
constant-volume plethysmograph. Almost the entire skin 
surface was exposed to air within the chamber through the 
removal of all clothing except brief undergarments. It was 
estimated that 5 % of the body surface area remained 
covered. To prevent contamination of the sealed chamber 
with exhaled carbon dioxide, the subjects breathed to the 
outside through a metal connection (Fig. 1). The gas volume 
of the chamber with the subject in place was determined 
during each experiment by measuring the chamber pressure 
rise after rapid injection of 1 liter of air into the chamber and 
applying Boyle’s law. Pressure in the chamber was moni- 
tored through the use of a Sanborn 270 strain gauge and a 
Hewlett-Packard oscillograph. Using the observed pressure, 
the chamber volume can be determined repeatedly in a short 

period of time with either the plethysmograph empty or 
with the subject in place. Repeated measurements of the 
chamber volume when empty showed a standard error of 
less than & 1 % in 300 liters. 

During the procedure when CO:! elimination was being 
measured, gas samples from the chamber were taken into a 
Vaseline-sealed glass syringe by the subjects at intervals of 
10-l 5 min for 60 min. Before obtaining a sample, an air- 
circulating system, which is built into the plethysmograph, 
was used to mix the air in the chamber for 1 min. This 
circulating system, itself, did not produce CO2 on repeated 
testing. Carbon dioxide concentrations in the sample gas 
were analyzed with a gas chromatograph (Fisher-Hamilton 
Gas Partitioner, model 29). Carbon dioxide elimination 
across the skin, expressed in STPD, was calculated from 
the chamber volume determined with the subject in place 
and the rate of increase of carbon dioxide concentration 
during the experiment. The value was also expressed in 
terms of square meter of body surface area of the subject 
(Fig. 2). 

During the procedure, approximately 5 % of the subjects’ 
body surface presumably did not contribute to the transfer 
of gas. This might have reduced slightly the amount of 
CO2 transferred across the skin. Temperature in the plethys- 
mograph was measured using a mercury thermometer, and 
relative humidity was calculated from wet and dry bulb 
thermometer readings. Increased perspiration occurred 
under the experimental circumstances inasmuch as the 
temperature and relative humidity within the chamber were 
higher than customary room conditions. 

RESULTS 

The male subjects eliminated more carbon dioxide than 
the female subjects. The mean carbon dioxide elimination 
in 10 male subjects was 0.99 =t 0.44 (SD) and in five female 
subjects, 0.39 II= 0.26 (SD) ml/min per m2, STPD. This sex 
difference is statistically significant (P < 0.05) (Fig. 3). 
Perspiration was more prominent in the male subjects in 
the chamber, although no significant chamber temperature 
difference was noted between the two groups. 

In six male subjects, intramuscular injection of 1 mg of 
atropine sulphate significantly decreased the carbon dioxide 
elimination across the skin. Before medication, the mean 
value in this group of subjects was 1.09 III 0.53 ml/min per 
m2 and after atropine it decreased to 0.48 ZJI 0.18 ml/min 
per m2 (Fig. 4). It was noted that following atropine injec- 
tion the skin of the subjects became dry and the perspiration 
was negligible. 

In order to investigate the effect of wetting of the skin on 

1434 

 by 10.220.33.4 on O
ctober 9, 2017

http://ajplegacy.physiology.org/
D

ow
nloaded from

 

http://ajplegacy.physiology.org/


CO2 ELIMINATION ACROSS HUMAN SKIN 1435 

than the control value, indicating that the atropine effect 
was still in force. 

DISCUSSION 

There is no known active transport mechanism for carbon 
dioxide in the human skin. Presumably the transfer is a 
result of physical diffusion. Changes in skin CO2 elimination 
may result from changes in skin metabolism, temperature, 
and blood flow, all of which may be interrelated. Under 
resting conditions the amount of CO2 elimination across the 
skin in males represents approximately 0.5 % of the total 
CO2 elimination. 
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FIG. 1. Scheme of experimental apparatus. A: Mead body plethys- 
mograph. B: transparent plastic helmet. C: dry and wet bulb ther- 
mometers. D: nose clip. E: metal tube and mouth piece to outside for 
breathing. F: spirometer connections closed. G: electric fan and in- 
ternal,‘air-circulating system. 
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FIG. 4. Elimination of CO2 across skin before and after atropine 
injection. Mean and range in 6 male subjects per body surface area 
STPD. 
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FIG. 2. Rate of elimination of CO% across skin in 1 male subject 
expressed per body surface area, STPD. 
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FIG. 3. Mean and range of CO2 elimination across skin. Male vs. 
female. STPD per body surface area. 
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carbon dioxide elimination, CO2 elimination was measured 
in two atropinized male subjects before and after application 
of water to the skin. The data are illustrated in Figs. 5 and 6. 
In these experiments, there was a control run followed by 
injection of 1 mg of atropine. Decreased carbon dioxide 
elimination was noted as before. Tepid water was then 
applied to the skin using a sponge. Rubbing was avoided. 
Immediately after water application the subject reentered 
the chamber and CO2 elimination was measured again. The 
effect of atropine in decreasing carbon dioxide elimination 
was apparently abolished by wetting the skin surface. Fol- 
lowing this observation, the skin was gently dried outside 
the chamber and CO2 elimination was determined again. 
The CO2 elimination at th.is time was significantly lower 
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FIG. 5,6. Effect of wetting of skin on CO2 elimination in atropinized 
subjects. 
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CO2 elimination across the skin is approximately twice as 
great in males as related to females. This may be related to 
differences in skin texture or the reactivity of skin capillary 
beds. 

We observed marked decrease in CO2 transfer across the 
skin following atropine injection. It is known that even small 
doses of atropine inhibit the activities of sweat glands (3). 
It appears that decreased perspiration is responsible for the 
decrease in CO2 transfer after atropine injection. It has been 
shown recently through the use of a mass spectrometer that 
the largest rates of CO2 transfer take place in the axilla and 
near the forehead ( 1). These areas of the body are also 
among those with the highest concentration of sweat glands. 

Our observations further indicate that water spread over 
the skin increases the transfer of carbon dioxide in the same 
direction as perspiration. This might be due to opening of 
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previously closed skin capillaries and increase in capillary 
surface areas as a result of change in skin temperature (4). 

The observation that tap water on the skin changes 
CO2 transfer in the same direction as increased perspiration 
suggests that it is not the gas in solution in perspiration per se 
that is significant and that the gas transfer is directly across 
the dermis, which is in agreement with the work on helium 
transfer (4). It further suggests that the water content of the 
skin is a factor in the gas transfer and that for CO2 increased 
water content increases the transfer. 
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