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1* PURPOSE* This advisory c i r c u l a r d e f i n e s ozone i r r i t a t i o n , d i s c u s s e s 
i t s causes and symptoms, and descr ibes a means of deal ing with the problem 
should i t occur i n f l i g h t . The c i r c u l a r has been prepared because cases of 
ozone i r r i t a t i o n have r e c e n t l y been i d e n t i f i e d on some f l i g h t s operating a t 
high a l t i t u d e s . 

2 . BACKGROUND. 

a. The normal oxygen molecule (Og) i s made up of two oxygen atoms. 
The ozone molecule (O3) i s made up of three oxygen atoms. While oxygen 
c o n s t i t u t e s approximately o n e - f i f t h of the e a r t h ' s atmosphere, ozone i s 
g e n e r a l l y much l e s s than one part per m i l l i o n by volume (ppm) a t sea l e v e l . 

b . The t o t a l amount of ozone i n the atao sphere and i t s d i s t r i b u t i o n 
with a l t i t u d e v a r i e s with l a t i tude^ season of the year , and weather c o n d i t i o n s . 
The t o t a l concentrat ion and magnitude of seasonal v a r i a t i o n of ozone are 
g r e a t e s t a t high l a t i t u d e s and l e a s t a t the equator. Although ozone con
centra t ion i n the atmosphere genera l ly increase s with a l t i t u d e , the most 
s i g n i f i c a n t increase s occur a t and above the tropopause. F l i g h t s below the 
tropopause seldom encounter high concentrat ionsof ozone. S c i e n t i f i c s tud ies 
have shown t h a t the concentrat ion of ozone a t j e t a i r c r a f t operating 
a l t i t u d e s i s h ighes t during February through Apri l i n the northern hemi
sphere, and during August through October i n the southern hemisphere. B a s i 
c a l l y t h i s i s because the tropopause i s lower a t t h i s time of year , and ozone 
tends t o descend with the tropopause. In add i t ion , during the spring the 
upper atmospheric winds c h a r a c t e r i s t i c a l l y transport higher concentrat ions 
of ozone t o lower a l t i t u d e s . Abnormally high concentrat ions of ozone may 
occur and p e r s i s t f or short per iods of time a t c e r t a i n geographic 
l o c a t i o n s and a l t i t u d e s near and above the tropopause. The reasons for t h e s e 
occurrences are not w e l l understood a t p r e s e n t . 
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c . Exposure t o ozone concentrat ions below 0.3 Ppm for about one hour i s 
u s u a l l y nonsymptomatic. Exposure t o concentrat ions of about 0*3 ppm causes 
i r r i t a t i o n t o the e y e s , nose , mouth, and t h r o a t . Decreases i n night v i s i o n 
a b i l i t y have been reported by one researcher for exposure t o 0.2 ppm for 
three hours or more, although day v i s i o n i s reportedly unchanged. Concentra
t i o n s above about 0.3 ppm can bring about shortness of breath, coughing and, 

" i n rare c a s e s , ches t p a i n s . The degree of i r r i t a t i o n g e n e r a l l y increases 
with increas ing l e v e l s of 02one concentrat ion , exposure t ime, and phys ica l 
a c t i v i t y . People wi th p r e e x i s t i n g re sp i ra tory a i lments may experience more 
than average i r r i t a t i o n from a g iven amount of ozone. While occas iona l 
exposures are not dangerous or inca pac i ta t ing for aircrews or passengers 
during j e t f l i g h t s , the i r r i t a t i o n . m a y be qu i te annoying. The i r r i t a t i o n 
i s temporary at t h e s e exposure l e v e l s ; however, u n t i l more i s known about 
t h i s subjec t , i t i s recommended t h a t exposure t o ozone be ndnimized. 

d. Ozone a t low concentrat ions i s recognizable by i t s odor, which i s 
described by some as an " e l e c t r i c a l " smel l , a s s o c i a t e d with e l e c t r i c a l 
arcing or l i g h t n i n g . However, the human sense of smell adapts quickly <*•-'' 
and the odor fades . Therefore, odor i s not a r e l i a b l e i n d i c a t o r of the 
presence o f ozone a t concentrat ions which may cause i r r i t a t i o n . 

e . Some of the newer subsonic a i r c a r r i e r and genera l a v i a t i o n j e t s 
are current ly c e r t i f i c a t e d t o operate a t a l t i t u d e s up t o 45*000 and 51*000 
f e e t , r e s p e c t i v e l y , where the concentrat ion of ozone i s u s u a l l y h igher . 

f. Ozone i r r i t a t i o n i s g e n e r a l l y not a problem on supersonic a i r c r a f t , 
s ince the ozone i s broken down i n t o oxygen by the higher pres sur i za t ion b leed 
a i r temperatures a s s o c i a t e d wi th operat ion a t supersonic speeds. 

3« RECOMMENDED PROCEDURES. (This s e c t i o n does not apply t o a i r c r a f t equipped 
with pres sur iza t ion and a i r condi t ioning systems which break down or f i l t e r 
out ozone t o an imperceptible l e v e l . ) 

a. Since high ozone concentrat ions u s u a l l y occur a t or above the 
tropopause, the p i l o t should, during p r e f l i g h t preparation for a high 
a l t i t u d e f l i g h t , become fami l i ar wi th the forecas t he ight of the tropopause 
along the planned route of f l i g h t . I f the planned f l i g h t i s near or above the 
tropopause, the p i l o t should consider the p o s s i b i l i t y of encountering high 
ozone concentrat ions , e s p e c i a l l y during the ozone season. In t h i s c a s e , 
paragraphs 3d and 3© below should be considered during p r e f l i g h t fue l 
planning. Addi t iona l ly , i t may be p o s s i b l e t o use the fol lowing general 
g u i d e l i n e s during p r e f l i g h t planning t o choose a route and a l t i t u d e which 
would niinimize exposure t o ozone: 

(1) The area on the equator ia l s ide of a j e t stream genera l ly has 
l e s s ozone than the area on the polar s i d e . 

(2) In the northern hemisphere, areas a s s o c i a t e d with ant i cyc lon ic 
curvature of the high a l t i t u d e windsj i . e . , the turning of the streamlines 
t o the r i g h t , tend t o have l e s s ozone. The opposi te appl i e s i n the southern 
hemisphere. 
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(3) Regions o f high tropopause (general ly a s s o c i a t e d with high 
surface pressure* i . e . , a "high") tend t o have l e s s ozone. Conversely, 
reg ions of low tropopause (genera l ly a s soc ia ted with low surface pressure! 
i . e . , a "low") tend t o have more ozone. 

b . I f the occupants of an a i r c r a f t a t high a l t i t u d e experience an 
i r r i t a t i o n of the e y e s , mouth, nose , and throat , the p i l o t should consider 
the p o s s i b i l i t y of ozone i r r i t a t i o n caused by f l i g h t i n a reg ion and a l t i t u d e 
of high ozone concentrat ion . However, before concluding t h a t ozone i s the 
source of the i r r i t a t i o n , the p i l o t should e l iminate other more ser ious 
p o s s i b i l i t i e s such as an a i r condi t ioning malfunction or e l e c t r i c a l smoke. 
In addi t ion , combinations of other f a c t o r s have been reported t o cause 
symptoms s imi lar t o those of ozone i r r i t a t i o n ; these f a c t o r s include the low 
humidity t y p i c a l i n high a l t i t u d e cab ins , reduced a i r c i r c u l a t i o n , and con
sumption of a l c o h o l i c beverages . 

c . I f symptoms of ozone i r r i t a t i o n are experienced i n the cabin , t h i s 
should be reported t o the p i l o t i n command by a cabin crewmember. I f 
condi t ions i n the cabin and/or cockpi t warrant, the p i l o t i n command should 
i n s t r u c t the f l i g h t and cabin crew t o minimize nones sen t ia l phys ica l a c t i v i t y 
during the exposure per iod , s i n c e such a c t i v i t y may tend t o aggravate the 
i r r i t a t i o n . 

d. I t i s g e n e r a l l y p o s s i b l e t o f l y out o f t h e high ozone region by 
request ing a lower a l t i t u d e . The amount of descent required i s var iab le ; 
4,000 f e e t may be a reasonable amount t o t r y a t f i r s t . Descending below 
the tropopause w i l l almost always so lve the ozone problem. 

e« I f the higher f u e l flow a t the lower a l t i t u d e presents another 
problem, the reg ion of high ozone concentrat ion may have been passed a f t e r 
10 t o 30 minutes of f l i g h t t ime , and the higher a l t i t u d e can again be 
requested. (This i s most l i k e l y t o be the case on a southbound f l i g h t . ) 

f. When request ing a lower a l t i t u d e from a i r t r a f f i c contro l due t o 
encountering a high ozone concentrat ion , p i l o t s should i n d i c a t e the reason 
for t h i s request , which can be used as advisory information t o other a i r c r a f t . 

g . I t has been reported t h a t a l coho l tends t o increase the i r r i t a t i o n 
due t o ozone. Therefore, consumption of an a l c o h o l i c beverage may be 
inadvisable for a passenger who i s experiencing t h i s i r r i t a t i o n . 

h . Breathing through a warm, moist towel or equiva lent , which i s held. 
^ f irmly around the nose and mouth, may p a r t i a l l y r e l i e v e the symptoms of 

ozone i r r i t a t i o n . 

i . As d i scussed i n paragraph 2c, exposure t o ozone should be minimized by 
us ing the recommended procedures of t h i s s e c t i o n . In the unusual event that 
overriding circumstances preclude such a c t i o n s , and ozone i r r i t a t i o n i s 
experienced for severa l hours, the fo l lowing should be noted. 
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( l ) The research study mentioned i n paragraph 2c , which reported some 
decrease i n night v i s i o n a b i l i t y for exposure t imes i n excess of three hours, 
did not dea l with the recovery time t o rega in f u l l n ight v i s i o n a b i l i t y a f t e r 
the ozone concentrat ion decreases* In the absence of data t o substant ia te a 
f u l l recovery during the i n t e r v a l between the s t a r t of descent and the landing, 
i t i s recommended t h a t the f l i gh tcrew use 100 percent oxygen some time pr ior t o 
the descent i f ozone i r r i t a t i o n has been experienced for a period o f about three 
hours or more, and i f the landing i s t o be made a t night* 

(2) This recommendation i s based on the f a c t that breathing 100 percent 
oxygen i s known t o improve n ight v i s ion* 

4* FUTURE CONSIDERATIONS AMD ACTIONS* 

a* During the season of high ozone concentrat ion , only a very small 
percentage of; the more than 10 ,000 d a i l y f l i g h t s of United S ta tes a i r l i n e r s 
encounter ozone i r r i t a t i o n * This percentage i s reduced t o nearly zero 
during the r e s t of the year* Procedures out l ined i n paragraph 3 should further 
reduce encounters with n o t i c e a b l e concentrat ions o f ozone* 

b . In order t o f ind a complete s o l u t i o n t o a l l problems a s s o c i a t e d 
with ozone i r r i t a t i o n , the Federal Aviat ion Administration (FAA) has 
i n i t i a t e d severa l broad programs* As more information i s gained, t h i s 
advisory c i r c u l a r w i l l be updated and other appropriate ac t ions w i l l be 
taken* 

c* Much work on the ozone problem i s being accomplished outs ide FAA* 
The FAA would appreciate rece iv ing s i g n i f i c a n t new information on t h i s 
subject as i t becomes ava i lab le* A l l such information should be sent t o : 

Federal Aviat ion Administration 
F l ight Standards Service 
F l i g h t Technical Programs Staf f 

AFS-203 
300 Independence Avenue, S.W. 
Washington, D.C* 20591 

d* Persons who normally dea l with FAA through an FAA reg ion or 
Pr inc ipa l Operations Inspector (POI) should pass the information t o 
the reg ion or POI, who should then forward i t t o the above address. 

J . A. FERRARESE 
Acting Director 
F l ight Standards Service 
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