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1. PURPOSE. This c i r c u l a r p r o v i d e s a v i a t i o n p e r s o n n e l wi th i n f o r m a t i o n concerrfwifep 
the e f f e c t s of a tmospher ic changes on the body and the use of oxygen . 

2 . CANCELLATION. Advisory C i r c u l a r 91-8A dated August U , 1970, i s c a n c e l l e d . 

3 . REFERENCES. Federal A v i a t i o n R e g u l a t i o n s (FAR) Part 135 c o n t a i n s oxygen 
requirements p e r t a i n i n g to a i r t a x i and commercial o p e r a t i o n s wi th smal l a i r c r a f t . 
FAR Part 121 c o n t a i n s oxygen requirements for a i r c a r r i e r o p e r a t i o n s . FAR Part 91 
c o n t a i n s oxygen requirements for g e n e r a l a v i a t i o n p i l o t s and p a s s e n g e r s i n c l u d i n g 
o p e r a t i o n s conducted under FAR Part 125. The Federal A v i a t i o n A d m i n i s t r a t i o n p u b l i ­
c a t i o n s : A v i a t i o n Medical Handbook for P i l o t s ; the O f f i c e of A v i a t i o n Medicine 
Report , AM 6 6 - 2 8 , Oxygen in General A v i a t i o n ; P h y s i o l o g i c a l T r a i n i n g ; and the 
Airman's Informat ion Manual prov ide f u r t h e r in format ion regard ing the use of oxygen 
i n g e n e r a l a v i a t i o n a i r c r a f t . 

4 . BACKGROUND. In recent y e a r s g e n e r a l a v i a t i o n a i r c r a f t and equipment s u i t a b l e 
for o p e r a t i o n at the h igher a l t i t u d e s have become more p r e v a l e n t , w h i l e s low or 
rapid cab in decompress ion remains a p o s s i b i l i t y In a l l p r e s s u r i z e d a i r c r a f t . I t 
appears that a s i g n i f i c a n t segment of the g e n e r a l a v i a t i o n p i l o t p o p u l a t i o n remains 
uninformed regarding the use of oxygen and r e l a t e d equipment . This c i r c u l a r 
prov ides b a s i c in format ion a p p r o p r i a t e and n e c e s s a r y to c o r r e c t tha t d e f i c i e n c y and 
t o f a c i l i t a t e s a f e f l i g h t at cabin a l t i t u d e s above 10 ,000 f e e t . 

5. DISCUSSION. 

a . The lack of adequate oxygen in the t i s s u e s of the body i s known as hypox ia . 
When the s t a t e of oxygen d e f i c i e n c y i s s u f f i c i e n t to impair f u n c t i o n s of the brain 
and o ther o r g a n s , hypoxia becomes a d e f i n i t e t h r e a t to p i l o t performance and a v i a ­
t i o n s a f e t y . While there are forms of hypoxia caused by reduced o x y g e n - c a r r y i n g 
c a p a c i t y of the b l o o d , poor c i r c u l a t i o n of the b l o o d , and the i n a b i l i t y of body 
c e l l s to u t i l i z e oxygen , the most frequent type of hypoxia encountered in a v i a t i o n 
i s that caused by the reduced oxygen p a r t i a l p r e s s u r e in the i n s p i r e d a i r as a 
r e s u l t of the d e c r e a s e in barometr ic p r e s s u r e at a l t i t u d e . This type i s commonly 
r e f e r r e d to as a l t i t u d e hypoxia and i s the g r e a t e s t p o t e n t i a l p h y s i o l o g i c a l hazard 
to the p i l o t in the h igh a l t i t u d e env ironment . 
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b. The a i r we breathe i s a mixture of g a s e s , e s s e n t i a l l y 21 percent oxygen and 
79 p e r c e n t n i t r o g e n by volume. At sea l e v e l , the a tmospher ic p r e s s u r e i s u s u a l l y 
around 1 4 . 7 pounds per square i n c h , which i s e q u i v a l e n t to the weight of a column of 
mercury 760 m i l l i m e t e r s h i g h . One of the p h y s i c a l laws d e s c r i b i n g the behavior of 
mixed g a s e s i s the law of " p a r t i a l p r e s s u r e , " which s t a t e s that the t o t a l pres sure 
of a mixture of g a s e s i s equal to the sum of the p r e s s u r e s of each gas ( p a r t i a l 
p r e s s u r e ) i n the m i x t u r e . For p r a c t i c a l p u r p o s e s , a t sea l e v e l oxygen e x e r t s a 
p a r t i a l p r e s s u r e of 21 percent of 760 m i l l i m e t e r s of mercury (mmHg) or 160 mmHg, and 
n i t r o g e n 7j9 p e r c e n t of 760 mmHg or 600 mmHg. when t h i s a i r i s b r e a t h e d , I t becomes 
s a t u r a t e ^ A j i t h water vapor in the t r a c h e a (w indp ipe ) to prevent damage to the d e l i -
cat^tffenibranes of the l u n g s . This water vapor now becomes one of the components of 

v\J*fc)ie t o t a l . p \ res sure r t (760 mmHg), e x e r t i n g i t s own f i x e d p a r t i a l p r e s s u r e of 47 mmHg, 
and thereby lower^tftg the combined oxygen and n i t r o g e n p a r t i a l p r e s s u r e s to 713 mmHg. 
When' th i s n o c t u r e of oxygen , n i t r o g e n , and water vapor r e a c h e s the l u n g s , a fourth 
coraponenOjMcarbon d i o x i d e , w i t h i t s own p a r t i a l p r e s s u r e , r e s u l t s in f u r t h e r reduc­
t ion^ \o*$ tne p a r t i a l p r e s s u r e of the a v a i l a b l e oxygen . At sea l e v e l , a p a r t i a l p r e s -
sQ,rfe~of 103 mmHg i s a v a i l a b l e in the l u n g s to push oxygen through t h i n membranes 
i n t o the surrounding c a p i l l a r i e s and then i n t o the red c o r p u s c l e s of the b l o o d . As 
the blood moves through the body, the red c o r p u s c l e s r e l e a s e oxygen to the body 
t i s s u e s f o r use in the l i f e s u s t a i n i n g p r o c e s s e s * On a s c e n t to h i g h e r a l t i t u d e s , 
the t o t a l a i r p r e s s u r e d i m i n i s h e s , as does the p a r t i a l p r e s s u r e of each of the 
v a r i o u s g a s e s , even though the p e r c e n t a g e r e l a t i o n s h i p of the g a s e s remains e s s e n ­
t i a l l y the same. However, the p a r t i a l p r e s s u r e of water vapor in the lungs remains 
c o n s t a n t r e g a r d l e s s of a l t i t u d e , thereby f u r t h e r d e c r e a s i n g the u s a b l e oxygen as 
h i g h e r a l t i t u d e i s a t t a i n e d . At 2 0 , 0 0 0 f e e t , the p a r t i a l p r e s s u r e of oxygen in the 
l u n g s i s o n l y about 33 mmHg. When the oxygen p a r t i a l p r e s s u r e i s lowered to 30 mmHg 
( 2 2 , 0 0 0 f e e t ) , the supply of oxygen to body t i s s u e s becomes c o m p l e t e l y inadequate to 
m a i n t a i n c o n s c i o u s n e s s . 

c . A common m i s c o n c e p t i o n e x i s t s among many p i l o t s who have not completed 
p h y s i o l o g i c a l t r a i n i n g that i t i s p o s s i b l e to know the symptoms of hypoxia and then 
t o take c o r r e c t i v e measures once the symptoms are n o t e d . This concept i s appea l ing 
because i t a l l o w s a l l a c t i o n , both p r e v e n t i v e and c o r r e c t i v e , to be postponed u n t i l 
the a c t u a l o c c u r r e n c e . U n f o r t u n a t e l y , t h i s theory i s both f a l s e and dangerous for 
the u n t r a i n e d crewmember, s i n c e one of the e a r l i e s t e f f e c t s of hypoxia i s impa ir ­
ment of judgment. Al though a d e t e r i o r a t i o n in n i g h t v i s i o n occurs at a cabin p r e s ­
s u r e a l t i t u d e as low as 5 ,000 f e e t , o t h e r s i g n i f i c a n t e f f e c t s of a l t i t u d e hypoxia 
u s u a l l y do not occur i n normal h e a l t h y p i l o t s in u n p r e s s u r i z e d a i r c r a f t below 
1 2 , 0 0 0 f e e t . From 1 2 , 0 0 0 t o 1 5 , 0 0 0 f e e t a l t i t u d e , in a d d i t i o n to impairment of 
judgment , memory, a l e r t n e s s , and c o o r d i n a t i o n be ing a f f e c t e d , headache , d r o w s i n e s s , 
and e i t h e r a s e n s e of w e l l - b e i n g or of i r r i t a b i l i t y may o c c u r . These e f f e c t s 
i n c r e a s e w i t h s h o r t e r p e r i o d s of exposure to h i g h e r a l t i t u d e . At cab in p r e s s u r e 
a l t i t u d e s above 1 5 , 0 0 0 f e e t , p e r i p h e r a l v i s i o n d e t e r i o r a t e s to a po int where only 
c e n t r a l v i s i o n r e m a i n s , and c y a n o s i s ( b l u e n e s s ) of the f i n g e r n a i l s and l i p s 
d e v e l o p s . The a b i l i t y to take c o r r e c t i v e a c t i o n i s l o s t in 20 t o 30 minutes a t 
1 8 , 0 0 0 f e e t and in 5 t o 12 minutes at 2 0 , 0 0 0 f e e t , f o l l o w e d soon t h e r e a f t e r by 
u n c o n s c i o u s n e s s . 

d . The a l t i t u d e sequence c i t e d above assumes gradual a s c e n t , and the 
i n d i v i d u a l , t o some d e g r e e , i s a b l e to a d j u s t p h y s i o l o g i c a l l y to the changing 
a l t i t u d e env ironment , thereby d e l a y i n g the u l t i m a t e e f f e c t s of hypox ia . In the 
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current age of p r e s s u r i z e d a i r c r a f t , however, the exposure to h i g h e r a l t i t u d e s as a 
r e s u l t of l o s s of p r e s s u r i z a t i o n i s of g r e a t e r c o n c e r n . In the event of a very 
s low d e p r e s s u r i z a t i o n , e f f e c t s of hypoxia could occur I n s i d i o u s l y , much in the 
same time sequence noted above . With a more rapid decompress ion at h i g h a l t i t u d e , 
the sudden change to the ambient environment may be so s t r e s s f u l that p h y s i o l o g i c a l 
compensat ion cannot occur be fore the o n s e t of u n c o n s c i o u s n e s s . 

e . The p e r i o d of t ime between an i n d i v i d u a l ' s sudden d e p r i v a t i o n of oxygen at 
a g i v e n a l t i t u d e and the o n s e t of p h y s i c a l or mental impairment which p r o h i b i t s 
r a t i o n a l a c t i o n i s c o n s i d e r e d the " e f f e c t i v e performance t ime" or the "time of 
u s e f u l c o n s c i o u s n e s s . " This per iod r e p r e s e n t s the time during which the i n d i v i d u a l 
can r e c o g n i z e the problem, e s t a b l i s h a supplementa l oxygen supply and/or i n i t i a t e a 
d e s c e n t to lower a l t i t u d e . The e f f e c t i v e performance time i s p r i m a r i l y r e l a t e d to 
a l t i t u d e , but i s a l s o i n f l u e n c e d by i n d i v i d u a l t o l e r a n c e s , p h y s i c a l a c t i v i t y , and 
the environmental c o n d i t i o n s p r i o r to the e x p o s u r e . In sudden decompress ions to 
a l t i t u d e s below 3 0 , 0 0 0 f e e t , the e f f e c t i v e performance time may d i f f e r c o n s i d e r a b l y 
from the titae to u n c o n s c i o u s n e s s . Above 3 5 , 0 0 0 f e e t , the p e r i o d between the e f f e c ­
t i v e performance time and time to u n c o n s c i o u s n e s s becomes s h o r t e r and e v e n t u a l l y 
c o i n c i d e s w i t h the time i t t a k e s for blood to c i r c u l a t e from the l u n g s to the b r a i n . 
In a p r e s s u r i z e d a i r p l a n e , the cab in a l t i t u d e at the time of decompress ion r e p r e ­
s e n t s the "environmental c o n d i t i o n " p r i o r to e x p o s u r e . In a rapid decompress ion to 
3 0 , 0 0 0 f e e t a c t u a l a l t i t u d e , the average e f f e c t i v e performance time would be about 
1 minute . At 3 5 , 0 0 0 f e e t , average e f f e c t i v e performance time i s about 30 t o 
40 s e c o n d s . E f f e c t i v e performance time in a decompress ion to 4 0 , 0 0 0 f e e t i s reduced 
t o 10 t o 20 s e c o n d s . At 4 5 , 0 0 0 f e e t and a b o v e , the time of c o n s c i o u s n e s s i s about 
10 s e c o n d s , and even i f the p i l o t i s a b l e to don h i s mask s u c c e s s f u l l y , a l o s s of 
u s e f u l c o n s c i o u s n e s s w i l l probably s t i l l o c c u r . A "mask-mounted" r e g u l a t o r w i l l 
prov ide the user 100 percent oxygen in the f i r s t b r e a t h , c o n t r a r y to a "wall-mounted 
r e g u l a t o r " wi th a hose to the mask that w i l l c o n t a i n ambient a i r . This I s of great 
importance in c o n s i d e r a t i o n of hypoxia a s s o c i a t e d with decompress ions to a l t i t u d e s 
above 4 5 , 0 0 0 f e e t . 

f. In exposure to a l t i t u d e s below 10 ,000 f e e t , the e f f e c t s of hypoxia on the 
p i l o t are mild and a c c e p t a b l e . Above t h i s a l t i t u d e , human performance degrades very 
r a p i d l y . In FAR Part 9 1 , exposure to a l t i t u d e s above 1 2 , 5 0 0 f e e t up to and 
i n c l u d i n g 14 ,000 f e e t for p e r i o d s of more than 30 minutes d u r a t i o n r e q u i r e s the use 
of supplemental oxygen by the p i l o t . FAR Part 121 and FAR Part 135 r e q u i r e the 
f l i g h t c r e w to use supplementary oxygen at cabin a l t i t u d e s above 10 ,000 f e e t up to 
and i n c l u d i n g 12 ,000 f e e t for more than 30 m i n u t e s . The b r e a t h i n g of supplementary 
oxygen Is n e c e s s a r y to i n c r e a s e the c o n c e n t r a t i o n of oxygen i n the i n s p i r e d a i r in 
order to main ta in the oxygen p a r t i a l p r e s s u r e in the lungs at a s a f e l e v e l . Above 
t h e a l t i t u d e of about 33 ,000 f e e t , the oxygen t e n s i o n in the l u n g s f a l l s 
p r o g r e s s i v e l y even when b r e a t h i n g 100 p e r c e n t oxygen , and at about 4 0 , 0 0 0 f e e t , the 
oxygen must be d e l i v e r e d under " p o s i t i v e p r e s s u r e " i f the e f f e c t s of hypoxia are to 
be p r e v e n t e d . 

g . S p e c i a l c o n s i d e r a t i o n must be g i v e n p a s s e n g e r s wi th c i r c u l a t o r y d i s o r d e r s 
(hear t d i s e a s e , anemia, e t c . ) , or wi th lung d i s e a s e (as thma, emphysema, e t c . ) . 
Such p a s s e n g e r s may r e q u i r e supplementa l oxygen to prevent s i g n i f i c a n t hypoxia at 
lower a l t i t u d e s than normally e x p e c t e d . This i s true a l s o at cab in a l t i t u d e s in 
the normal o p e r a t i o n of p r e s s u r i z e d cabin a i r c r a f t . Exper ience has i n d i c a t e d that 
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some p a s s e n g e r s assume that p r e s s u r i z e d a i r c r a f t have cab in a l t i t u d e s e q u i v a l e n t to 
s e a l e v e l , and many are not aware that t h e i r d i s e a s e may i n c r e a s e t h e ! r s u s c e p t i ­
b i l i t y to problems r e l a t e d to changes in a tmospher ic p r e s s u r e a s s o c i a t e d with 
f l i g h t , 

h. Oxygen sys t ems for c i v i l a i r c r a f t are d e s i g n e d to d e l i v e r the c o n c e n t r a t i o n 
of oxygen n e c e s s a r y to mainta in a p a r t i a l p r e s s u r e of oxygen in the lungs s u f f i c i e n t 
t o prevent e f f e c t s of hypoxia wi th i n c r e a s i n g a l t i t u d e . Those sys tems in g e n e r a l 
use c o n s i s t of t h r e e wain components : a mask, a r e g u l a t o r , and a source or s t o r e of 
o x y g e n , a l l a p p r o p r i a t e l y i n t e g r a t e d . The type of system required to p r o t e c t the 
i n d i v i d u a l i s dependent upon the a l t i t u d e to which i t i s to be used . There are 
t h r e e d i s t i n c t t y p e s of oxygen sys t ems in use in c i v i l a v i a t i o n . The "cont inuous 
f low" system i s the most commonly s e e n in p i s t o n eng ine g e n e r a l a v i a t i o n a i r c r a f t 
and in pas senger oxygen sys t ems in o t h e r a i r c r a f t . This sys tem p r o v i d e s adequate 
supplementa l oxygen p r o t e c t i o n for the f l i g h t c r e w up to 2 5 , 0 0 0 f e e t , and for 
p a s s e n g e r s up to 4 0 , 0 0 0 f e e t . The "demand" system d e l i v e r s a mixture of oxygen and 
a i r when the user i n h a l e s , a u t o m a t i c a l l y matching the oxygen in the mixture to the 
demand or requ irement . This sys tem p r o v i d e s f l i g h t c r e w members wi th the p r o t e c t i o n 
requ ired up to 4 0 , 0 0 0 f e e t . Above 4 0 , 0 0 0 f e e t , the "pressure demand" system i s 
n e c e s s a r y . At lower a l t i t u d e s , t h i s sys tem f u n c t i o n s in the same manner as the 
demand s y s t e m , but d e l i v e r s oxygen under p r e s s u r e when r e q u i r e d . P r e s s u r e brea th ing 
i s in tended on ly for short p e r i o d s of u s e ; f o r example , to a l l o w s a f e descent in 
e m e r g e n c i e s . 

i . A i r c r a f t oxygen sys t ems are p o t e n t i a l l y dangerous i f not p r o p e r l y i n s t a l l e d 
or m a i n t a i n e d . These sys tems should o n l y be s e r v i c e d by an a p p r o p r i a t e l y q u a l i f i e d 
p e r s o n . Only a v i a t i o n oxygen should be used to r e f i l l the oxygen sys t em. The o ther 
two t y p e s of oxygen a v a i l a b l e are medica l and i n d u s t r i a l oxygen . The d i f f e r e n c e 
between a v i a t i o n oxygen and medica l oxygen i s that water vapor lias been added to 
m e d i c a l oxygen. The a d d i t i o n of t h i s "moisture" to the medica l oxygen makes i t 
u n s a t i s f a c t o r y for a v i a t i o n use because of the p o s s i b i l i t y of "moisture" f r e e z i n g in 
the r e g u l a t o r . I n d u s t r i a l oxygen i s not in tended to be used i n b r e a t h i n g and, 
t h e r e f o r e , i m p u r i t i e s may not have been e l i m i n a t e d . 

j . When supplementa l oxygen i s requ ired because of the decreased p a r t i a l 
p r e s s u r e of oxygen in the a tmosphere , i t i s i m p e r a t i v e that the oxygen equipment be 
a p p r o p r i a t e l y u s e d . Oxygen masks are a v a i l a b l e in many s t y l e s vary ing in complex i ty 
from l i g h t we ight p l a s t i c d i s p o s a b l e masks to u n i t s i n c o r p o r a t i n g the r e g u l a t o r , 
i n h a l a t i o n and e x h a l a t i o n v a l v e s , microphone , and s p e c i a l h a r n e s s e s to a c h i e v e rapid 
donning . R e g a r d l e s s of the s t y l e , the purpose of the mask i s to cover the nose and 
mouth and to d e l i v e r oxygen in s u f f i c i e n t q u a n t i t y to m a i n t a i n the p a r t i a l p r e s s u r e 
of the oxygen in the lungs n e c e s s a r y to prevent h y p o x i a . To be e f f i c i e n t , the masks 
must f i t and form a "sea l" w i t h the f a c e . An inward l eak w i l l cause e x c e s s i v e 
d i l u t i o n of the oxygen , and an outward l eak w i l l waste oxygen and reduce mask 
p r e s s u r e during p r e s s u r e b r e a t h i n g . Improper adjustment of the mask's r e t a i n i n g 
s t r a p s impairs raask-to-face s e a l . Performance t e s t i n g by the i n d u s t r y , as w e l l as 
by v a r i o u s governmental a g e n c i e s , has r e v e a l e d that the oxygen n a s k - t o - f a c e s e a l can 
a l s o be s e r i o u s l y compromised by the p r e s e n c e of f a c i a l h a i r (beard and/or 
m u s t a c h e ) . Recent t e s t s have shown t h i s to be true for the c o n t i n u o u s f low 
"passenger masks" as w e l l as the demand type masks. The p r e s e n c e of beards and/or 
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mustaches that a f f e c t the raask-to-face s e a l in crewtuembers required to perform at 
optimum l e v e l s during f l i g h t at a l t i t u d e s where supplemental oxygen i s r e q u i r e d , i s 
not compat ib le wi th a v i a t i o n s a f e t y . 

6. SUGGESTIONS. 

a . P i l o t s who f l y to a l t i t u d e s tha t require or may requ ire the use of s u p p l e ­
mental oxygen should be thoroughly f a m i l i a r with the o p e r a t i o n of the a i r c r a f t 
oxygen s y s t e m s . A p r e f l i g h t i n s p e c t i o n of the system should be performed, inc lud ing 
proper f i t of the mask. The p a s s e n g e r s should be b r i e f e d on the proper use of t h e i r 
oxygen system before f l i g h t . 

b . Federal A v i a t i o n R e g u l a t i o n s r e l a t e d to the use of supplemental oxygen by 
f l i g h t c r e w and passengers must be adhered to i f f l i g h t to h igher a l t i t u d e s i s to be 
accompl i shed s a f e l y . P a s s e n g e r s wi th s i g n i f i c a n t c i r c u l a t o r y or lung d i s e a s e may 
need to use supplemental oxygen at lower a l t i t u d e s than s p e c i f i e d by these 
r e g u l a t i o n s . 

c . P i l o t s of p r e s s u r i z e d a i r c r a f t should r e c e i v e p h y s i o l o g i c a l t r a i n i n g with 
emphasis on hypoxia and the use of oxygen and oxygen s y s t e m s . P i l o t s of a i r c r a f t 
w i th p r e s s u r e demand oxygen sys tems should undergo t r a i n i n g , e x p e r i e n c e a l t i t u d e 
chamber decompress ion , and be f a m i l i a r wi th pressure brea th ing before f l y i n g at high 
a l t i t u d e . This t r a i n i n g i s a v a i l a b l e throughout the United S t a t e s at nominal c o s t . 
In format ion regarding t h i s t r a i n i n g may be obta ined by reques t from the Chief , C i v i l 
Aeromedical I n s t i t u t e , A t t e n t i o n : Aeromedical Education Branch, AAC-140, Mike 
Monroney Aeronaut i ca l Center , P.O. Box 25082 , Oklahoma C i t y , Oklahoma 73125. 

d. P i l o t s should always have a v a i l a b l e the type of oxygen system required for 
the h i g h e s t a l t i t u d e p lanned. 

e . P i l o t s of p r e s s u r i z e d a i r c r a f t should p e r i o d i c a l l y i n c l u d e t r a i n i n g 
e x e r c i s e s wi th s imula ted decompress ion and the emergency use of oxygen equipment in 
the manner recommended by the a i r c r a f t or oxygen system manufacturer . 

f. P i l o t s and o ther crewmerabers o p e r a t i n g at a l t i t u d e s where supplemental 
oxygen may be required should not have a beard or mustache that w i l l i n t e r f e r e with 
proper m a s k - t o - f a c e s e a l . 

g . P i l o t s should understand that w h i l e hypoxia i s the major problem a s s o c i a t e d 
wi th h igh a l t i t u d e f l i g h t , i t i s not the on ly one . P i l o t s should be f a m i l i a r wi th 
decompress ion s i c k n e s s or "bends ," as w e l l as wi th problems secondary to the expan­
s i o n of entrapped g a s e s and to ear and s i n u s b l o c k s . Informat ion on t h e s e s u b j e c t s 
i s a v a i l a b l e i n the r e f e r e n c e s l i s t e d in paragraph 3 . 

BERNARD A. GEIER 
A c t i n g D i r e c t o r of F l i g h t O p e r a t i o n s 
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