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O b serva tio n s on the Gases in  Seal e d  

F le x ib le  Packages o f  Meat P rod u cts

L.A .G . A tte o k , A .J . Kidney and D. J . Locke

Meat Produots in  s e a le d  p l a s t i c  p ackages a re  now d is t r ib u t e d  

°n a la r g e  s c a le  in  a number o f  c o u n tr ie s , and in c r e a s in g  i n t e r e s t  

l s  b e in g  shown in  the a c c e p ta b le  s h e lf  l i f e  o f  such p ro d u c ts . The 

com position o f  the gas in s id e  the package i s  c l e a r l y  an im portant 

fa c t o r  g o vern in g  the typ es o f  m icro-organism s in  th e  p ro d u ct and t h e ir  

speed o f  m u lt ip l ic a t io n  (Ingram  1962). In t h is  paper we attem pt to  

a s sess the amount and com position  o f  the gas in  cu red  meats packed 

in  a v a r i e t y  o f  p l a s t i c  f i lm s .

In  com m ercial p ro d u ctio n  a vacuum gauge i s  a t ta c h e d  to  the 

vacuum chamber in  which the package i s  h e a t s e a le d  and th ese  gaugos 

fo rm a lly  r e g i s t e r  a h ig h  degree o f  vacuum, o fte n  99$ or g r e a te r .

There i s ,  th e r e fo r e , a tendency to  re g a rd  th e  r e s u lt in g  packages a s  

being v i r t u a l l y  a i r  f r e e .  T his i s ,  how ever, by no means the c a se , 

and s e v e r a l  reason s can be advanced t o  e x p la in  why a p l a s t i c  pouch 

sc a le d  under vacuum in  a com m ercial p ro d u c tio n  machine i s  bound to  

° ° n ta in  a p p re c ia b le  amounts o f  oxygen.

In the f i r s t  p la c e  th e  a c t u a l  time o f  exposure to  vacuum i s  v e ry  

sh ort; even a t  the modest speed o f  30 p ackages p e r  minute the maximum 

vacuum i s  n o t o p e ra tin g  fo r  more than about 0 .5  seconds. C on sequen tly, 

bhere i s l i t t l e  time f o r  a i r  en trapped  in s id e  the p ro d u ct o r  between 

3l i c e s  o f  meat to  be removed. Furtherm ore, i f  th is  o p e ra tio n  i s  

Seen through an o b s e rv a tio n  window, i t  i s  u su a l t o  f in d  th a t  th e  sudden 

low ering o f  atm o sp h eric  p re ssu re  causes the pouch t o  s w e ll m arkedly 

aild the s e a l may be form ed w h ile  the pouch i s  in  an i n f l a t e d  c o n d itio n .

r e s to r in g  atm o sp h eric  p re ssu re  to  th e  o u ts id e  o f  th e  pouch i t  

c ° l la p s e s  thus com pressing the en trap p ed  a i r .  Indeed i t  may be s a id  

* unI®ss the package or i t s  c o n te n ts  show some degree o f  r i g i d i t y ,  

bs p re ssu re  in s id e  the p a c k e t i s  bound to  be eq u al to  th a t  o f  the 

V e r n a l  atm osphere. Y e t a n o th e r d is t in c t io n  between vacuum 

 ̂ °ka gin g in  p l a s t i c  f i lm s  and th e  co rresp o n d in g  o p e ra tio n  in  m etal 

ns th a t  few  p l a s t i c  f i lm s  a re  e n t i r e ly  impermeable to  oxygen.

s > even i f  the s e a lin g  o p e ra tio n  were o a r r ie d  out p e r f e c t l y ,  

ubsequent in g re s s  o f  oxygen would o ccu r through the f i lm .
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EXPERIMENTAL WORK

1  E xperim ents u sin g  Normal &as A n a ly s is  Eqhipment ( S e r ie s  l )

In  1958 experim en ts were c a r r ie d  out j o i n t l y  w ith  the 

L a b o ra to ry  o f  the B r i t i s h  Oxygen Company u sin g  th e  fo llo w in g  

m a te r ia ls

(a )  Bacon -  S l ic e d  smoked back  bacon

(b) Pouches -  P o lyth en e co a te d  re g e n e ra te d  c e l lu lo s e  f i lm

w ith  an o u te r  c o a tin g  o f  n i t r o - c e l lu l o s e  la c q u e r , 

(MSADT/poly).

The pouches were s e a le d  in  a normal com m ercial vacuum h e a t 

s e a lin g  machine and were exam ined im m ediately  a f t e r  p a c k in g , a f t e r  

s to ra g e  f o r  7 and  14  days a t  32-34°F (0 -  1°C ) and a ls o  a f t e r  

s to ra g e  f o r  7 and 1 4  days a t  65-70°F (18  -  2 1°C ).

Gas Sam pling Method

The pouches were p la c e d  s e p a r a te ly  i n  a vacuum 

d e s ic c a to r  (D) w hich was s u b je c te d  t o  a h ig h  vacuum 

( c .1 0 * 2 tnm.Hg. ) T h is  caused  the pouches t o  s w e ll and become 

t i g h t l y  d is te n d e d . The pouches were then  b u r s t  by 

m a n ip u la tin g  a mounted r a z o r  b la d e  and a measured sample o f  

the gas t r a n s fe r r e d  by means o f  a th ree-w ay tap (T) and a 

m ercury f i l l e d  b u lb  ( b ) and l e v e l l i n g  tube (L) ( F ig .  l )  in to  

a Bone and W heeler a p p a ra tu s . The sample o f  e n tra in e d  gas 

was a n a ly s e d  volume t r i  c a l l y  by l i q u i d  a b s o rp tio n  f o r  oxygen 

and carbon d io x id e  and the rem ainder was co n sid e re d  to  be 

n itro g e n .

C a lc u la t io n s  o f  Cas Volumes

By e x tr a c t in g  s u c c e s s iv e  known f r a c t io n s  o f  the combined 

d e s ic c a to r  p lu s  bulb  volum e, th e  q u a n tity  o f  gas ta k e n  in to  

tb e  Bone and W heeler ap p aratu s can be u sed  to  c a lc u la t e  baok 

the o r ig in a l  volume o f  gas i n  the pouch.

R e su lts

See T ab le  1 .

Experim ents u sin g  Gas Chrom atographic Techniques ( S e r ie s  2)

L iq u id  a b s o r p tio n  gas a n a ly s is  r e q u ir e s  a s u f f i c i e n t  volume 

o f  sample gas to  a llo w  a c c u r a te  v o lu m e tr ic  a ssessm e n t. The 

tech n iq u e o f  gas ohrom atography p e rm its  much sm a lle r  volumes



Pago 3

to  bo measured. A p p lic a t io n  o f  th e  p r in c ip le  o f  se p a ra tio n  o f  

gaseous c o n s titu e n ts  on an a b s o rp tiv e  column w ith  subsequent 

d e te c t io n  and e s tim a tio n  o f  the components u ses q u a n t it ie s  o f  the 

o rd er o f  100 /¿L, o f  pouch g a se s. A sam pling procedure can be 

d e v ise d  where the g a ses in  a p a ck e t o f p ro d u ct can be d ilu te d  

w ith  a s u it a b le  g a s , mixed and sampled in  ml. q u a n tity .

In the P ackaging la b o r a to r y  o f  T. W all and Sons (Meat and 

Handy Poods) L t d . ,  re ce n t exp erim en ta l work has thrown new l i g h t  

on the atm osphere in s id e  s e a le d  " a i r - f r e e "  packs o f  curod meat 

p ro d u cts . The ap p aratu s and tech n ique a re  e s s e n t i a l l y  those 

do s c r ib e d  by Bishop and Humphrey (19 6 2 ).

M a te r ia ls

(a ) P rod ucts

( i )  S l ic e d  Back Bacon -  W ilts h ir e  Cure-Smoked

( i i )  S l i c e d  Cooked Ham

(b) Film s

( i )  Low D en sity  P olyth en e (300 gauge)

( i i )  P olyth en e co ated  re g e n e ra te d  c e l lu lo s e  f i lm  w ith  a 

n i t r o - c e l lu l o s e  o u te r  la c q u e r  (MSADT/poly)

( i i i )  P o lyth en e co a te d  re g e n e ra te d  c e l lu lo s e  f i lm  w ith  a 

PVDC polym er o u te r  c o a tin g  (MXDT/poly)

( i v )  Paper/polytheno/Alum inium  fo i l/ p o ly t h e n e ,  com posite

The p ro d u cts were packed in  th e  v a r io u s  f i lm s  in  pouch form 

and s e a le d  in  a Souvidex Vacuum H eat S e a lin g  Machine Model J . 380» 

T his machine was used in  p re fe re n c e  to  a F a cto ry  P ro d u ctio n  Model 

fo r  ease o f  change o f  s e a lin g  c h a r a c t e r i s t i c  to  accommodate th e  

v a r io u s  f i lm s .

The packed meats wore s to re d  a t  a co n sta n t tem perature o f  68°F 

(20°C). Packs v ? e re  taken  f o r  gas a n a ly s is  im m ediately a f t e r  

p a ck in g , and a f t e r  one, fo u r , e ig h t  and s ix te e n  days sto ra g e  f o r  

bacon and a f t e r  tw o, fo u r  and e ig h t  days sto rago  f o r  the ham.

Gas Sampling and E stim a tio n

The procedure e n t a i le d  in tro d u c in g  20 ml. o f  argon  in to  

tho pack through a rubber p atch  s tu ck  to  th e  fa c e  o f  the pouch, 

v ia  a hypoderm ic sy r in g e . By s u b je c t in g  the pack  to  a n e g a tiv e  

p re ssu re  and b a llo o n in g  i t  s l i g h t l y  an adequate m ixing o f  the 

d ilu e n t  gas and the pouch gas c o u ld  bo o b ta in ed . Sampling the 

m ixture a t  atm osph eric p re ssu re  was made u sin g  a 1  ml. hypodermic 

s y r in g e , 30 m inutes a f t e r  d i lu t io n .
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The d e te c t in g  and e s tim a tin g  equipm ent i s  shown diagram - 

a t i c a l l y  i n  P ig . 2. The 1  m l. o f  m ixed g ases i s  i n je c t e d  

through a s y n th e t ic  rubber diaphragm (D) in to  the stream  o f  

arg o n , c o n tr o lle d  by a flo w m eter ( f ) ,  su p p ly in g  the p a r t i c u la r  

column b ein g  used. For oxygen and n itr o g e n  a m o lecu la r s ie v e  

(M) m a te r ia l (a  m o d ified  Z e o l i t e ,  5A, 2 * 0 - 6 0  mesh f r a c t io n )  i s  

used  sup ported  in  a copper tu b e . A p a r a l l e l  s i l i c a  g e l  column 

(S) se p a ra te s  carbon d io x id e . We employ argon  r a th e r  than helium  

a s  a c a r r i e r  gas and d ilu e n t to  reduce any ten d en cy to  lo s e  gas 

through the f i lm  m a te r ia ls  during m ixin g. D e te c tio n  o f  the sm all 

q u a n t it ie s  o f  o th e r  g a ses i n  the argon  stream  in  t h is  equipment 

u t i l i s e s  the kath arom eter tech n iq u e ( k ) .

In  t h is  method use i s  made o f  th e  change in  therm al 

c o n d u c t iv ity  o f  the c a r r i e r  gas caused  by th e  em ergent t r a c e  

g a se s . A d e te c to r  th e rm isto r  in  the c a r r i e r  gas stream  has a 

sm all c u rre n t p a ss in g  through i t  prod ucing h e a t which i s  

d is s ip a te d  by th e  c a r r i e r  g a s . In the therm al e q u ilib r iu m  s t a t e ,  

the r e s is ta n c e  o f  t h i s  th e rm isto r  i s  b a la n ced  a g a in s t  a re fe re n c e  

th e rm isto r  in  tho p a r a l l e l  gas stream , and th e  b r id g e  c i r c u i t  (B) j  

The tr a c e  g a se s  se p a ra te d  on the column a f f e c t  the therm al 

c h a r a c te r  o f  the d e te c to r  th e rm is to r  and throw th e  b rid g e  c i r c u i t  

out o f  b a la n ce .

T his o u t-o f-b a la n c e  c u rre n t i s  a m p lif ie d  (A) and fe d  to  a 

pen r e c o rd e r  (R) and p ro v id e s  a permanent re c o rd  o f  the q u a n tity  

o f  em ergent t r a c e  g a s . C a lib r a t io n  o f  the r e c o r d e r  i s  made 

u sin g  an a i r  sample f o r  tho m o lecu la r s ie v e  column se p a ra tio n  o f 

n itro g e n  and oxygen. For the c a l ib r a t i o n  o f  the s i l i c a  g e l  

column s e p a ra tio n  o f  carbon d io x id e  we use pure carbon d io x id e  

d ilu te d  w ith  argon . The s e n s i t i v i t y  o f  the ap p aratu s r e q u ir e s  

o p e ra tio n  a t  a co n stan t tem perature and we employ a room a t  

68°F (2 0 °C ), s in c e  the ap p aratu s i s  not th e r m o s t a t ic a l ly  c o n t r o l le d .

F or the purpose o f  th e se  experim ents the peak o f  the tr a c in g  

in  r e la t io n  to  tho base l in e  has been taken a s  a measure o f  the 

volume o f  the t r a c e  g ases se p a ra te d  on the columns. W hile t h i s  

i s  n o t s t r i c t l y  p r e c is e  (th o  a re a  under the t r a c e  i s  more c o rre o t)  

i t  a llo w s  a ra p id  e s tim a tio n  f o r  com parative -work.

R e su lts

See P ig s , 3 and 4 , and T able 2.



COMPARISON OF THE RESULTS OF THE TWO ANALYTICAL METHODS

The essential difference between the methods described lies 
in the manner of sampling. In the earlier method the gas in tho 
packs was withdrawn by the application of high vacuum and this could 
have caused an artefact. Some carbon dioxide could have been extracted 
from the meat, leading to an over estimate of this component of the 
pouch gases. The recent technique using argon dilution at atmospheric 
pressure followed by gentle manipulation and withdrawal of tho sample, 
overcame this problem to some extent.

That carbon dioxide had been extracted from the meat in the 
Series 1 experiments is indicated by comparison of the Day 0 figures 
of gas volume and percentage composition, for bacon packed in MSADT/poly,
of tho two Series as follows:

Volume of &as in Pouch 
ml 22*

% Composition 

2* 2*

Series 1 (b) 3.8 71.5 3.7 2 4 .8

Series 2 2.07 20.3 14.5 65.2

It can be argued that the excess gas volume (1.73 ml) is duo to 
carbon dioxide extracted in the Series 1 method. Recalculating the 
percentage composition of the Scries 2 figures to include this extra 
carbon dioxide, the composition would be as follows: - 56.6$ COg,
7.9$ 02, 35.5$ N2, which is more of the order of the figures quoted in 
Scries 1. it should be notod that the amount of carbon dioxide extracted, 
in Soyio«. 1, varies considerably from sample to sample as *an be seon from 
comparison of the Day 0 figures for storage type (a) and storage type (b), 
(soo Table l).

Discussion
In Scries 1 tho difference in oxygen level in the poaches 

stored at different temperatures is presumably related to the state 
of dynamic equilibrium in these pouches. Oxygen is tontinuously 
permeating the film and its seals and is balanced by the uptake of 
oxygen by the moat. The temperature rise effect on oxygen uptake 
by meat is fairly marked and presumably exceeds the effect of tho 
temperature rise on the permeability of tho film to oxygen.

In Scries 2 from tho graphs it will bo seen that initially 
with both ham and bacon tho percentages of oxygen in the packs are 
high, 12-20$, but that in the case of the polythene packs the oxygen 
perccntago at the start is nearer 30$»
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Carbon d io x id e  a t  the s t a r t  o f  the sto ra g e  p e r io d  was h ig h  f o r  

bacon 9 - 2 $  but lo w er in  the case o f  ham, about 5% . The bacon 

carbon d io x id e  l e v e l  i s  much h ig h e r  than can be e x p la in e d  on 

s o l u b i l i t y  d a ta . The p ro p o rtio n s  o f  the th re e  g a se s  in  e q u ilib r iu m  

w ith  a 52» s o lu t io n  o f  sodium c h lo r id e  a t  0°C (com parable w ith  tho 

s a l t  in  s o lu t io n  in  tho bacon le a n )  a re  6 1 . 1 $ Ng, 35*8/o Og, 3 .1$  COg. 

S im ila r  r e s u l t s  a re  o b ta in e d  when e q u ilib r iu m  co n c e n tra tio n s  a rc  

c a lc u la te d  f o r  b i o l o g i c a l  f lu i d s  or f o r  la r d .

T h is in fe r s  th a t  i n  the bacon carbon d io x id e  i s  lo o s e ly  absorbed  

and may be l i b e r a t e d  even w ith  tho arg o n  d i lu t io n  toch n iquo.

In  S e r ie s  2, a s  s to ra g e  p ro g re sse d , two main fa c t o r s  began to  

p la y  t h e i r  p a r ts :

( i )  The p e r m e a b ility  o f  tho f i lm s  to  th e  throe g a se s

( i i )  The growth o f  m ic r o - f lo r a  and the p ro d u ctio n  o f  carbon 

d io x id e  by them.

Tho o rd er o f  p e r m e a b ility  o f  tho f i lm s  to  oxygen i s  a s  fo llo w s :

( i )  P o lyth en e the h ig h e s t

( i i )  MSADT/poly

( i i i )  MXDT/poly

( i v )  Aluminium f o i l  la m in a te , the lo w e s t

The h ig h ly  perm eable p o ly th e n e  f i lm  a p p a re n tly  showed an in c ro a so  

in  oxygon oontont during tho f i r s t  day fo llo w e d  by a g ra d u a l d e cre a se , 

presum ably a s the uptake o f  oxygen by m icro-organism s and the moat 

i t s e l f  began to  take e f f e c t .  The carbon d io x id o  co n te n t showed an 

in v e r s e  p a tte r n .

I t  i s  in t e r e s t in g  to  note th a t  the carbon d io xid o  p e r m e a b il i t ie s  

° f  th e  fo u r  f i lm s  a ro  in  the same o rd er  a s  the oxygen p e r m e a b ilit ie s  

but th e re  i s  a sharp dem arcation between MSADT/poly and MXDT/poly.

This co u ld  a cco u n t f o r  the d if fe r e n c e s  in  carbon d io x id e  found in  

bacons packed in  th e se  two f i lm s  in  the e a r ly  and f i n a l  s ta g e s  o f

s to ra g e .

Prom T able 2, the q u a n t it ie s  o f  g a se s  i n  the v a r io u s  packs 

ebbing s to r a g e , i t  w i l l  be n o ted  th a t  th e re  i s  a p p a re n tly  a doorease 

ln  t o t a l  volume between Days 0 and 1  i n  the case o f  bacon in  tho le s s  

Permeable f i lm s .  The d ecrea se  in  oxygon volume cannot aocount f o r  

t h is  d if fe r e n c e  a lo n o , and i t  i s  d i f f i c u l t  to  e x p la in  hovr tho n itro g e n  

° e u ld  have d ecrea sed .
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The ohangos in  gas com position  in s id e  packs w ith  d i f f e r e n t  f ilm s  

during s to ra g o , show th a t  wo must ro g a rd  th e  packs a s  b e in g  in  a s ta to  

o f  dynamic b a la n c e .

I f  wo assume th a t  th e  lo w e st p o s s ib le  oxygen co n ten t and 

h ig h e s t  carbon d io x id e  co n te n t w i l l  c o n tr ib u te  towards exten ded  

s h e l f - l i f e ,  both  in  appearance and in  m ic r o b io lo g ic a l  c o n d it io n , thon 

the b e t t e r  p a ir  o f  f i lm s  o f  the fo u r  t e s t e d  a ro  the MXDT/poly and the 

aluminium f o i l  la m in a te . A f t e r  fo u r  days s to r a g e , bacon packed  in  

th ese  f i lm s  showed n e g l ig ib le  oxygen, carbon d io x id e  and A4 - 48^

n itro g e n .

The p re s e n t  stu d y d id  n o t in c lu d e  any b a c t e r io lo g ic a l  exam ination  

but i t  seoms l i k e l y  th a t  th e se  c o n d itio n s  w ould in c r e a s e  the in h ib it o r y  

e f f e c t  o f  cu rin g  s a l t s  and smoke on the growth o f  many typ o s o f  m icro

organism s.

SUMMARY

The gas co n ten ts o f  f le x ib le  packages o f  meat p ro d u cts have been 

°xamined both  by c l a s s i c a l  l i q u i d  a b so rp tio n  and by g a s - s o l id  chrom atography

‘techniques.

E vidence i s  p re se n te d  to  show the marked in flu e n c e  o f  the fo u r  ty p es  

° f  f i lm  on gas co m p o sition  during sto ra g o  o f  cu red  m eats a t  68°F (20 °C ).

Wo a re  g r a t o fu l  to  the B r i t i s h  Oxygon Company L t d .,  fo r  d e s ig n in g  and 

Carry in g  out the a n a ly t i c a l  procedure d e sc r ib e d  in  S c r ie s  1 ,  and f o r  

Permission to  reproduce th e  r e s u l t s .

B ishop, J .R , and Humphrey A.M. (1962)

"Tho Rapid A n a ly s is  o f  Gases by Sim ple G a s-S o lid  Chromatography"

1 s t  I n t .  Food C on gress, London, 1962

Ingram M. (1962)

'‘M ic r o b io lo g ic a l P r in c ip le s  i n  Propacking M oats"

J. a p p l. B act. 2¿ (2 ) 259-281

j^ th 1963



t a b l e  1

Volume and Com position o f  C ases i n  Bacon Pouches 
A n alysed  by a Volum etric A b so rp tio n  Method ( S e r ie s  1 )

Bacon s to r e d  a t  (a) 3 2 -3 4 °?  (0 - l° C )

(b) 65-70°? ( l8 -2 1°c )

Storage
Typo

Storage
Days Total Volume (ml) . % Composition

Oxygon Nitrogen Carbon
Dioxide

a 0 2.4 9.3 a .5 49.2
a 1 6.6 7.5 58.2 34,3
ft. 7 4.5 (av. 2) 7.3 51.5 41-2
a 14 2.8 (av. 2) 10.0 54.5 35.5
b 0 3.8 (av. 2) 3.7 2 4 .8 71.5
b 7 ¿*..3 (av. 2) 5.2 37.6 57.2
b 14 4.1 (av. 2) 2.8 31.3 65.9

table ?

Averaeo T o ta l Volume (m is) o f Gascg in  Pack s , in  
D if fe r e n t  ? ilm s S to re d  a t  ¿8 °?  (2Q °C). ( S c r ie s  2)

Day Polythene
.......— .......—
MSADT/poly MXDT/poly Al/po.1 laminate

Bacon Ham Bacon Ham Bacon Ham Bacon' Ham

0 2 .6 1 2.52 2.07 1.78 1.91 1.78 1.61 1.75
1 2.40 - 0.86 - 1.07 - 0.86 -

2 - 3.02 - 1.42 - 1.26 - 1.08
4 2.50 2.27 1.30 0.92 1.35 1.40 r \  a a

t w 1.27
8 - 4.67 1.88 2.58 2. 21 1.77 l.*l 1.74
16 - - 0.52 - 2.95 - 2.50 -





4 8 Days Storage 16





X. WALL AND SONS (MBAT AND HANDY FOODS) LTD. 
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9th CONFERENCE OF THE EUROPEAN MEAT RESEARCH WORKERS

¿4-th -  1 1 t h  Septem ber, 1963

a t

BUDAPEST

OBSERVATIONS SUR LES GAZ DANS LES PAQUETS 
FLEXIBLES SOUDES CONTENANT DES CHARCUTERIES

L.A.G-. A tte c k , A .J . K idney, e t  D .J . Locke

RESUME

/ *
Les gaz contenu dans l e s  p aq u ets f l e x i b l e s  de c h a r c u te r ie s  ont e te  

examinés p ar l a  méthode c la s s iq u e  de l 'a b s o r p t io n  volu m étriqu e e t  c e l l e  

ûe l a  chrom atographie des g a z/  s o l id e .

Les tran ch es de jambon e t  de Bacon fume, em b allees sous v id e  dans 

quatre genres d i f f e r e n t s  de p o c h e tte s  ont e te  s to c k e sà  une tem pérature 

~0 C pendant 8 jo u rs  pour l e  jambon e t  16 jo u rs  pour l e  Bacon.

L 'e v id e n c e  p re se n te e  in d iq u e que l e  Bacon em ballé e n tre  deux 

Q u i l l e s  co n treso u d èes de c h lo r u r e - id e n  de P o ly v in y le  c o p o ly m e re / c e llu lo se  

r e g e n é ré e /p o ly é th y lè a e  e t  d 'a u tr e  p a r t  e n tre  deux f e u i l l e s  d'alum inium  

couvert de p o ly é th y lè n e , a v a i t  a p rè s  q u atre  jo u rs  une atm osphère gazeu se 

0omPosèe d'une q u a n tité e  n é g lig e a b le  d 'o x yg è n e , de 5 1-5 5 $  de b ioxyd e de 

^ o n e  e t  de 4A-4S$ de n itro g è n e .

J u ly ,  1963


