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GASES OF ALVEOLAR AIR AND ARTERIAL BLOOD 
DURING DUST DISEASES OF THE RESPIRATORY 
ORGANS 

A. A. Penknovich, L. N. Chernova, 
Ye. V. Gladkova (Gorki) 

Institute of Labor Hygiene and 
Occupational Diseases 

(Received 21 Feb 1972) 

Among the many criteria which are set as the basis of the 

clinical evaluation of the functional state of the external 

respiration system during dust-induced bronxo-pulmonary diseases, 

the diagnostic significance of the partial pressure of gases in 

alveolar air and their tension in arterial blood remains the 

least studied. First of all, this is explained by the procedural 

difficulties connected with the complexity of determining the 

tension of C02, and especially 02, and also obtaining the Midealw 

alveolar air. However, if the Holden procedure (with different 

variations and supplements) is all that remains up to now to 

obtain the latter, the concept of the tension of gases in arterial 

blood can be obtained using indirect methods to determine them. 

In those investigations conducted by us to calculate the 

tension of C02 in arterial blood (PaCOg) we used the Collier 

principle, according to which, after a certain time after 

circular respiration in a closed system with 7-8* C02, its 
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moment of the plateau forma¬ 

tion and considering the 

venous-arterial difference of 

C02 whl°b Is distinguished 

by exceptional constancy and 

is equal to 6 mm Hg (Campbell 

and Howell; Stein and Colp; 

N. N. Kanayev), the tensions 

of this gas in the arterial 

blood were obtained. The 

tension of oxygen in the 

arterial blood (PaC>2) is 
nífUfe CaPn°gram of circular 
P?SP ofiJH í0r determiningCt¿f 
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the calculation of PaCO 
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On the basis of the results of the clinical-roentgenological 

examination of 33 patients, pneumoconiosis is established (stages 

I in 16 people and II in 17 people). In 24 of them pneumoconiosis 

accompanied the clinically pronounced phenomena of bronchitis, 

frequently with an asthmatic component. In 10 patients without 

roentgenological signs of pneumofibrosis, but with a distinct 

picture of bronxo-pulmonary disease, chronic dust bronchitis is 

diagnosed. In accordance with the clinical data and the results 

of the investigation of the external respiration function, based 

on the criteria developed by us (A. A. Penknovich et al.), pulmonary 

deficiency of the I degree was diagnosed in 13 patients, in 

12 - II, and in 12 - III degree. In 6 people the disease lasted 

without a breakdown of the external respiration function. 

Figure 2 gives individual data which reflect the PaOg, the 

partial pressure of oxygen in alveolar air (PAC>2), and the size of 

the alveolar-arterial gradient of the oxygen in healthy and sick 

people with r» different flow pattern of the dust bronxo-pulmonary 

pathology. The mathematical- 

statistical processing of 

these data showed that PA02, 

equal to 107.4±2.64 mm Hg in 

healthy people, descends even 

in patients with pneumoconioses, 

which occurs without the 

clinically pronounced 

phenomena of bronchitis 

(99.911.70 mm Hg; P/0.01). 

An even larger reduction in 

PA02 is revealed in patients 

whose dust bronxo-pulmonary 

pathology is accompanied by 

a distinct bronchial com¬ 

ponent. In this case, the 

PA02 in patients with 

pneumoconiosis in conjunction 
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Figure 2. PA02 [•]» Pa02 [o] and 

the size of the alveolar-arterial 
gradient of the oxygen in healthy 
persons in patients with a dif¬ 
ferent flow pattern of dust 
bronxo-pulmonary pathology. Along 
the ordinates - gradient in mm Hg; 
along the abscissas: I - healthy, 
II - patients with pneumoconiosis 
without bronchitis. III - patients 
with pneumoconiosis with bron¬ 
chitis, IV - patients with chronic 
dust bronchitis. 
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with chronic bronchitis (91'611.94 mm Hg) proved to be less, 

not only compared with the healthy, but also with the sick people 

with a "pure" form of fibrosis (P<0.05). 

The differences in the amount of PaOg were somewhat less 

pronounced. So, with "pure” forms of pneumoconiosis the PaO- 

was virtually the same as in healthy people (respectively, 

88.813.28 and 91.913.17 mm Hg). Only in patients with chronic dust 

bronchitis and especially with pneumoconiosis with a bronchial 

component the amount of PaOg was statistically reliably lower 

(respectively, 77.615.19 and 72.li2.46 mm Hg), than in the persons 
of the control group (P<0.02), while in patients with 

pneumoconiosis with bronchitis it is less than in those with ’’pure" 

pneumoconiosis (P<G.01). 

The unidirectional nature of PAOg and PaOg changes during the 

development of dust bronxo-pulmonary pathology is the reason 

for the fact that even during serious diseases a considerable 

increase in the alveolar-arterial gradient of the oxygen is by 

no means always noted. In any case, we did not succeed in revealing 

a statistically reliable increase i.i this gradient in patients 

with pneumoconiosis in conjunction with chronic bronchitis compared 

with its size in healthy persons. 

From the data given in Fig. 3, it is seen that the most 
significant increase in the alveolar-arterial gradient of the 

oxygen occurs in patients with pulmonary deficiency of the III 

degree. Its average size in patients of this group (22.8± 
±3.37 mm Hg) was statistically reliably more compared with persons 

without breathing deficiency, in whom this gradient was equal to 

13.5i3.11 mm Hg, and also compared with patients with pulmonary 

deficiency of the I degree (14.4±1.70 mm Hg). 

In light of current concepts about the reasons for the 

increase in the alveolar-arterial gradient of the oxygen 

/ 



gradiert õr íí* alveolar-arterial 
Sîth ra,?î the °*ygan in persons 
with a different manifestation of 

£rd?na?ry deficlency- Along the 
ordinates - gradient in mm Hg; 
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bronxo-pulmonary diseases do prerequisites appear for Inangin 

the relationship between the partial pressure of oxygen in the 
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Dartiai questions of the relationship between the 

partial pressure of the gases in alveolar air and their tension 

in arterial blood, it should be noted that recently attest, 

were made to theoretically substantiate and experimentally 

emonstrate the presence of an arterial-alveolar CO ^adLnt 

on.iderTSkaya ^ ^ KoZloro"3ltl «adwan), ^hich they 
consider increases in proportion to the development of the breath- 

ng deficiency. However, as shown in our determinations PaCC 

a opted from the Collier method, and PACO.,, from Holden, the 2’ 
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existing difference In the size of these Indicators In the majority 

of persons without pulmonary deficiency does not differ from this 

difference in patients with pulmonary deficiency of the III 

degree. If, the arterial-alveolar C02 gradient in the persons 

without breathing deficiency comprised on the average of 

5.^10.65 nun Hg, then in patients with pulmonary deficiency of the I 

degree It was equal to 5.8±0.95 mm, II degree - 5.^10.7^ mm and 

III degree - 1.7±1.87 mm Hg. 

Thus, without denying the presence of the pressure of the 

CO2 gradient In arterial blood and alveolar air, based on the 

data we obtained, we cannot agree with the fact that the gradient 

Increases In patients with pulmonary pathology. 

Conclusions. 1. The most pronounced reduction in the 

partial pressure of the oxygen In alveolar air and its tension 

In the arterial blood In patients with dust diseases of the 

respiratory organs is observed when the clinically pronounced 

phenomena of chronic bronchitis are present. A close connection 

of the reduction in these indicators with the degree of pulmonary 

deficiency in the patients is established. 

2. ^ A significant increase in the alveolar-arterial gradient 

of the oxygen is noted, as a rule, during pulmonary deficiency of 

the III degree! this indicates that the arterial hypoxemia in these 

patients is developed not only because of ventilation breakdowns, 

but also because of a charge in the relationship between ventilation 

and blood flow in the lungs, "bypassing," and the reduction in the 

diffusion ability of the lungs. 

3. The presence of the arterial-alveolar C02 gradient was 

revealed, whose size, however, does not undergo substantial 

changes depending on the manifestation of the breathing deficiency. 
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