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THE  COMPOSITION  OF  EXPIRED  ALVEOLAR  AIR.

By  Ethel  C.  Pinkerton,  B.Sc.  (Syd.),  Science  Research
Scholar  in  the  University  of  Sydney.

(From  the  Physioloyical  Laboratory  of  the  University  of  Sydney.)

In  a  previous  communication  (1)  dealing  with  the  percentage
of  carbon  dioxide  in  expired  alveolar  air,  it  has  been  shown  that

the  amount  of  carbon  dioxide  in  the  last  625  c.c.  of  expired  air

does  not  vary  beyond  the  error  of  the  analytical  method,  when  the

expulsion  has  been  performed  within  two  seconds,  for  quantities

of  air  of  two  litres  or  over,  and  within  one  second  for  quantities

of  one  to  two  litres  of  expired  air.  The  investigation  of  the  com-

position  of  expired  alveolar  air  has  now  been  extended  to  the

estimation  of  oxygen  as  well  as  carbon  dioxide,  and  more  accu-

rate  analytical  methods  have  been  employed  for  the  determinations

of  the  amounts  of  the  gases.

Methods.  —  The  samples  of  air  have  been  obtained  in  tlie  same

way  as  in  the  previous  research  (i)  b}^  collecting  them  through
small  capillary  pipes  set  in  a  long  brass  tube,  into  which  the  sub-

ject  of  the  experiment  breathed.  The  tube  is  the  same  as  used
previously,  and  the  capillary  tubes  have  been  fixed  250,  500,  1750

and  2000  mm.  from  the  mouthpiece.  The  analyses  of  the  gases  of

the  samples  have  been  performed  in  a  large  Haldane  apparatus,

the  carbon  dioxide  being  absorbed  by  potash,  and  the  oxygen  by

alkaline  pyrogallic  acid.  The  carbon  dioxide  can  be  estimated  to

001  c.c.  in  a  measurement  of  1  c.c,  giving  an  analytical  error  of

1  in  100.  The  percentages  of  carbon  dioxide  in  the  samples  are

calculated,  therefore,  to  the  second  decimal  place.  The  error  in

the  determinations  of  oxygen  has  been  ascertained  in  a  series  of
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estimations  of  the  amount  of  oxygen  in  the  air  of  the  room.  The

results  of  these  analyses  are  given  in  Table  i.

Table  i.

The  figures  in  this  Table  for  the  oxygen  in  tlie  air  of  the  room

have  varied  from  20-81  to  20*97%.  These  figures  are  all  some-
what  lower  than  2096,  but  the  clift'erences  between  the  analyses

on  different  days  do  not  exceed  OIG  parts  in  20-89  parts  of  air,  and

the  duplicates  do  not  vary  by  more  than  009  parts  in  the  same

quantity.  In  the  first  series  of  experiments,  a  plug  of  glass-wool

was  placed  in  the  brass  tube,  as  proposed  by  Henderson,  Chilling-

worth  and  Whitney(2)5  but  this  was  omitted  in  a  second  series.
The  omission  of  the  plug  of  cotton-wool  has  made  no  dilference  to

the  ease  with  which  the  breath  displaced  the  air  in  the  brass  tube.

It  would  appear  that  the  expired  air  is  driven  into  the  tube  at

such  a  rate,  that  the  air  already  in  the  tube  is  displaced  by  the

advanchig  wave  of  the  entering  air.  1  am  indebted  to  Mr.  F.  W.

Carpenter  for  the  suggestion,  that  tiie  air  respired  into  the  brass

tube  behaves  like  an  "explosive  wave,"  driving  tlie  contents  of  the
tube  before  it.

HesuKs.  —  As  it  felt  easier  to  breathe  quickly  into  the  empty

brass  tube,  and  as  the  results  of  the  analyses  show  the  least  change
along  the  tube,  the  results  of  the  second  series  of  experiments,  in

which  no  glass-wool  was  placed  in  the  brass  tube,  will  be  described
fu-st.  The  figures  are  given  in  Table  ii.
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Table  ii.

The  results  are  arranged  in  the  order  of  the  volume  of  the

expired  air.  The  expired  air  has  been  ejpelled  as  quickly  as  pos-

sible  from  tlie  lungs.  The  brass  tube  contains  625  c.c.  between  the

mouthpiece  and  the  outlet,  200  cm.  from  tlie  mouthpiece.  The

results  show  that  the  air,  filling  the  brass  tube,  in  the  neighbour-

hood  of  the  outlets  at  25  cm.,  and  50  cm.,  invariably  contains

slightly  less  oxygen,  and  slightly  more  carbon  dioxide  than  that  in

the  neiglibourhood  of  the  outlets  at  17.")  cm.,  and  200  cm.,  from

the  mouthpiece.  The  difference  in  experiment  9  amounts  to  less

than  0*07%  oxygen,  and  to  less  than  0*04%  carbon  dioxide;

while,  in  experiment  7,  the  difference  amounts  to  0*02%  oxygen,
and  to  0*15%  carbon  dioxide,  the  greatest  difference  observed
in  this  series.  It  would  thus  appear  that,  in  a  respiration  of  about

1300  c.c,  the  last  625  c.c.  show  a  change  in  composition  of  not

more  than  0-15%  carbon  dioxide,  and  0'20%  oxygen.  The  range
of  variation  in  the  composition  of  the  last  625  c.c.  to  be  expelled

from  the  lungs  depends  on  the  sjDeed  with  which  the  air  is  driven

into  the  brass  tube.  The  quicker  the  air  enters,  the  more  uniforni

is  the  composition  of  the  last  portion.  As  the  period  of  expira-

tion  becomes  prolonged,  the  percentage  of  carbon  dioxide  in  the

last  part  of  the  expired  alveolar  air  rises,  while  the  percentaoe  of

oxygen  falls  {vide  experiment  4  of  Table  iii.).
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A  more  extensive  series  of  figures  lias  been  oljtained  in  the  first

set  of  experiments,  in  which  glass-wool  was  placed  in  the  brass

tube.  The  results,  arranged  according  to  the  depth  of  the  expira-
tion,  which  varied  from  IJOO  c.c.  to  1025  c.c,  are  recorded  in  Table
iii.

Table  iii.

The  figures  show  that  the  expired  air,  which  is  collected  at  a

distance  of  200  cm.  from  the  moutiipiece,  contains  more  oxygen
and  less  carbon  dioxide  than  that  leaving  the  lungs  at  the  end  of

expiration.  In  two  exi)eriments,  viz.,  Nos.  7  and  22,  there  appears

to  be  no  evidence  of  any  change  in  composition  in  the  portion  of

expired  alveolar  air  examined.  In  experiment  2,  the  difference

amounts  to  0-o6%  oxygen,  and  to  0-22%  carbon  dioxide,  the
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greatest  ditt'ereiiee  observed  in  this  investigation.  Tiie  total  volume

expired  in  exi3erinient  2  is  1000  c.c,  so  that  the  composition  of  the

last  600  c.c.  does  not  vary  by  more  than  0-36%  oxygen,  and  0*22%

carbon  dioxide.  In  experiment  9,  which  is  typical  of  many,  the

oxygen  has  decreased  0'22%,  and  the  carbon  dioxide  diminished

0-16%.

From  these  two  series  of  experiments,  it  appears  that  the  carbon

dioxide  increases  slowly  in  the  expired  air  during  a  rapid  expira-

tion.  The  rate  of  increase  varies,  but,  in  tlie  last  000  c.c.  expelled

from  the  lungs,  the  increase  is  not  more  than  0*22%  carbon
dioxide,  while  it  is  not  more  than  half  this  figure  in  17  out  of  o2

experiments.

Discussiun  of  lietmlta.  —  Two  methods  have  been  used  recently

to  examine  the  comp^ition  of  successive  portions  of  the  air

expired.  Haldane^S)  has  measured  the  percentage  of  carbon
dioxide  in  the  linal  portion  of  the  air  breatlied  out  during  a  series

of  expirations  of  increasing  depth.  He  has  concluded,  from  his

results,  that  the  deeper  part  of  an  expiration  contahis  no  more

carbon  dioxide  than  the  middle  part.  Krogh  and  Lindhard(4)
have  examined  successive  portions  of  tlie  air  breathed  out  during

work,  the  samples  being  collected  at  intervals  of  some  hundredths

of  a  second.  They  have  found  that  each  successive  portion  of  the

expired  air  contains  more  carbon  dioxide  than  that  wljicli  precedes

it,  and  less  than  that  which  follows  it.  They  have  been  unable  to

apply  this  method  to  the  examination  of  the  breath  expired  when

the  body  is  at  rest,  but  they  have  employed  a  modification,  whence

they  conclude  that  the  percentage  of  carbon  dioxide  rises  slowly

at  the  end  of  a  normal  respiration,  the  curve  of  the  concentration

of  carbon  dioxide  in  the  breath  showing  a  marked  tendency  to

become  asymptotic.

The  method  used  in  this  paper  makes  it  possible  to  examine  the

composition  of  a  part  of  the  air  of  the  same  breath  to  a  certain

degree  of  accuracy.  When  the  analysis  is  made  sufficiently  deli-

cate,  it  is  possible  to  detect  a  change  in  the  composition  of  the

final  600  c.c.  expelled  from  the  air-passages.  The  concentration
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of  carbon  dioxide  increases  by  a  variable  amount  in  different

experiments,  but  never  more  than  0-22%,  while  tlie  increase  can
liardly  be  detected  in  some  experiments.  The  percentage  of

oxygen  diminishes  by  not  more  than  0'36%.
In  considering  which  of  these  methods  yiehls  tlie  most  correct

information  as  to  the  composition  of  the  expired  air,  it  may  l)e

noted  that  Haldane's  experiments  have  been  made  on  different

respirations.  His  method  of  estimating  carbon  dioxide  has  been

sufficiently  accurate  to  detect  the  change  of  composition,  but  the

fact  that  he  obtained  his  samples  at  various  depths  of  respiration

from  different  breaths  has  not  permitted  him  to  recognise  small

differences  in  concentration.  Krogh  observed  the  change  of  con-

centration  during  work  by  analysis  of  successive  samples  collected

at  consecutive  intervals  of  time,  but,  for  conditions  of  rest,  his

curve  was  mainly  the  result  of  interpolation.  In  the  method

employed  in  this  investigation,  the  analyses  are  made  on  successive

portions  of  the  same  respiration.  When  the  gaseous  analysis  has

only  been  capable  of  recognising  the  change  of  concentration  of

0*2%  in  the  amount  of  carbon  dioxide,  the  composition  of  the

final  600  cc.  expired  has  appeared  uniform;  but,  with  greater

delicacy,  a  change  in  concentration  of  not  more  than  0-22%  of
carbon  dioxide,  and  0*36%  oxygen  has  been  observed.

Tliese  results  are  in  accord  with  the  results  of  Krogh  and  Lind-

hard.  They  support  Lindhard's  contention  (4),  that  the  final
portion  of  the  expired  air  has  not  the  same  composition  as  the  air
in  the  alveoli  of  of  the  lungs,  since  the  portion  of  the  alveolar  air
in  the  trachea  and  bronchioles  will  contain  more  carbon  dioxide,

than  the  air  expelled  from  the  mouth,  as  it  leaves  the  alveoli  later.

Conclusions.

(1)  Estimations  of  the  percentage  of  oxygen  and  carbon

dioxide  in  the  successive  portions  of  air  rapidly  expelled  from  the

lungs,  show  that  the  concentration  of  carbon  dioxide  diminishes

by  not  more  than  0'22%  in  the  final  600  cc,  respired,  and  that

the  concentration  of  oxygen  augments  by  not  more  than  0*36^
in  the  same  portion  of  the  breath.
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(2)  The  ehang'e  in  concentration  is  independent  of  the  depth  of

respiration,  bnt  depends  on  the  speed  with  which  the  air  is

expired.  The  more  slowly  the  air  is  breathed  ont,  the  o-reater  the

chang-e  in  concentration  of  the  gases  of  the  final  portion.

(;])  Tliese  results  lead  to  the  inference,  that  the  alveolar  air  in

tlie  pulmonary  atria  at  the  end  of  an  expiration  contains  a  lower

concentration  of  oxyg-en  and  a  higher  concentration  of  carbou

dioxide,  than  the  air  last  expelled  from  the  month  in  the  rapid
expiration.

I  beg  to  express  my  indebtedness  to  Professor  Sir  Thomas

Anderson  Stuart,  in  whose  De]iartment  this  researcli  has  l)een  con-

ducted,  and  to  thank  Dr.  H.  G.  Chapman  for  his  encouragement
and  assistance  in  this  work.
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Addendum.  —  Seven  sets  of  analyses  with  Haldane's  apparatus
were  made  on  the  contents  of  the  brass  tube  after  washing  it  out

with  gaseous  mixtures  containing  known  amounts  of  carbon

dioxide.  The  results  demonstrated  the  completeness  of  the

replacement.
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