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S U B J E C T : HAZARD ASSOCIATED WITH SUBLIMATION OF SOLID 
CARBON DIOXIDE (DRY I C E ) ABOARD AIRCRAFT 

PURPOSE. T h i s c i r c u l a r d i s c u s s e s the p o t e n t i a l h a z a r d a s s o c i a t e d w i t h 
the s u b l i m a t i o n o f d r y i c e aboard a i r c r a f t . P r e c a u t i o n a r y measures 
and s imple r u l e s o f thumb a r e i n d i c a t e d i n o r d e r t o p r e c l u d e e n v i r o n 
menta l haza rdous c o n d i t i o n s a f f e c t i n g crews and passengers aboard 
a i r c r a f t . 

2 . GENERAL* T h e r e have been r e p o r t e d i n c i d e n t s o f Carbon D i o x i d e (CO2) 
h a z a r d s aboard a i r c r a f t r e s u l t i n g f r o m s u b l i m a t i o n o f d r y i c e * These 
i n c i d e n t s p r o v i d e d s u f f i c i e n t w a r n i n g t o a v o i d s e r i o u s d i f f i c u l t y . 
The p h y s i o l o g i c a l e f f e c t o f an e x c e s s amount o f CO2 i n the b r e a t h i n g 
e n v i r o n m e n t i s t h a t o f o x y g e n d e f i c i e n c y o r s i m p l e a s p h y x i a . 

3* D E F I N I T I O N S . 

a* D r y I c e - S o l i d i f i e d carbon d i o x i d e w i t h a m e l t i n g p o i n t o f 
minus 78.5<>C ( - 1 1 0 O F ) . 

b* S u b l i m a t i o n - T h e p r o c e s s o f c o n v e r t i n g a s o l i d substance 
( d r y i c e ) i n t o a gas (CO2 v a p o r ) . 

4* DISCUSSION. D r y i c e i s c a r r i e d aboard a i r c r a f t g e n e r a l l y f o r the p r e 
s e r v a t i o n o f f o o d ( g a l l e y o r c a r g o ) , m e d i c i n e , e t c . Q u a n t i t i e s o f d r y 
i c e v a r y depending on the w e i g h t o f the m a t e r i a l b e i n g r e f r i g e r a t e d . 
Shipments o f d r y i c e e x c e e d i n g 2000 l b s . a r e a m a t t e r o f r e c o r d . D r y 
i c e i s n o t r e g u l a t e d n o r c o n s i d e r e d t o be a hazardous m a t e r i a l b y 
F e d e r a l A v i a t i o n R e g u l a t i o n s 103. 

D r y i c e g r a d u a l l y r e l e a s e s carbon d i o x i d e w h i c h i s n o t p o i s o n o u s bu t 
may p r e s e n t a p r o b l e m o f o x y g e n d i l u t i o n I n c o n f i n e d spaces where 
v e n t i l a t i o n r a t e s a re l o w . T h e r a t e o f carbon d i o x i d e r e l e a s e v a r i e s 
w i t h the degree o f i n s u l a t i o n used i n p a c k a g i n g , c rushed o r s o l i d 
f o r m , t e m p e r a t u r e , and a t m o s p h e r i c p r e s s u r e . E x p e r i e n c e d u r i n g f l i g h t 
shows t h a t as a r u l e , an e v a p o r a t i o n r a t e o f one pound per hundred 
pounds o f d r y i c e p e r hour can be e x p e c t e d . 
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E F F E C T S . C02 I s g e n e r a l l y r e g a r d e d as a s imp le a s p h y x i a n t , symptoms 
r e s u l t i n g o n l y when such h i g h c o n c e n t r a t i o n s a r e reached t h a t t h e r e i s 
i n s u f f i c i e n t o x y g e n i n t he atmosphere t o suppo r t l i f e . The s i g n s and 
symptoms a r e those w h i c h p recede a s p h y x i a , namely headache, d i z z i n e s s , 
s h o r t n e s s o f b r e a t h , muscu la r weakness , d r o w s i n e s s , and r i n g i n g i n 
t he e a r s * Removal f r om e x p o s u r e r e s u l t s i n r a p i d r e c o v e r y . 

P r o d u c t i o n o f symptoms i s r e l a t e d to t h e e f f e c t o f C02 i n t he b l o o d 
on c e r t a i n b o d i l y p r o c e s s e s . No symptoms occu r f rom i n h a l a t i o n o f 
CO2 i f t he a i r c o n t a i n s o n l y s l i g h t l y more than norma l amounts o f CO2-
When the c o n c e n t r a t i o n o f CO2 approaches 2%, the dep th o f r e s p i r a t i o n 
I s I n c r e a s e d so t h a t t h e amount o f a i r i n t o the l ungs w i t h each b r e a t h 
i n c r e a s e s up t o 30%. I f the c o n c e n t r a t i o n o f C0 2 i s as h i g h as 47., 
t h e r e i s n o t o n l y an i n c r e a s e i n dep th o f r e s p i r a t i o n bu t a l s o an 
i n c r e a s e i n r a t e o f r e s p i r a t i o n . Now b r e a t h i n g i s deeper and somewhat 
f a s t e r so tha t c o n s i d e r a b l e d i s c o m f o r t i s p r o d u c e d . A c o n c e n t r a t i o n 
o f 4 .5 - 5% causes b r e a t h i n g t o become e x t r e m e l y l a b o r e d and a lmos t 
unbea rab le t o some i n d i v i d u a l s . The most t h a t can be t o l e r a t e d i s 7% 
t o 97.. More than 10% can cause a t a x i a and u n c o n s c i o u s n e s s . 

HAZARD. T h e h a z a r d a s s o c i a t e d w i t h t he c a r r i a g e o f d r y i c e aboard a l l 
a i r c r a f t i s c o n s i d e r e d m in ima l under no rma l c a b i n v e n t i l a t i o n c o n d i t i o n s . 

PRECAUTIONS AND RECOMMENDATIONS. 

a , A s u b l i m a t i o n r a t e o f 8.5 c u b i c f e e t (one pound) o f CO2 per 100 
pounds o f d r y i c e pe r h o u r i s recommended f o r c a l c u l a t i o n o f CO2 
c o n c e n t r a t i o n i n a i r c r a f t s p a c e s . 

b . CO2 c o n c e n t r a t i o n i n the a i r c r a f t g e n e r a l l y shou ld no t be a l l o w e d 
t o exceed 0.57. (5000 p a r t s pe r m i l l i o n ) . T h i s i s c o n s i s t e n t w i t h 
the Maximum A l l o w a b l e C o n c e n t r a t i o n (MAC) i n i n d u s t r i a l e x p o s u r e s . 

c * F o r m u l a : D ry i c e l o a d i n g i n pounds • X 

X « (CO2 C o n c e n t r a t i o n ) ( A i r c r a f t J T o l u m e — F T 3 ) ( A i r Changes per h r . ) 

.085 ( s u b l i m a t i o n r a t e ) 

Examp le : 

A i r c r a f t vo lume — 5000 F T 3 

A i r Changes pe r hou r « 5 
A l l o w a b l e CO2 C o n c e n t r a t i o n — 0.005 (0.57.) 
S u b l i m a t i o n r a t e — 8.5 F T 3 CO2 pe r 100 l b s . d r y i c e pe r hou r 

X •= (0 T 005) (5000) (5? . 1 A ? 0 l b a . d r y i c e 

.085 
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d. When dry Ice I s stored aboard a i r c r a f t , prior to takeoff , there 
I s a need for cabin v e n t i l a t i o n i f the normal vent i l a t ion system 
i s not functioning. This precludes buildup of CO2 concentration 
prior to boarding. 
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