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The Fate of Light Air Ions in the Respiratory Pathways 

b y  

I. Pav l ik*  

E l e c t r i c  p r o p e r t i e s  o f  t h e  a t m o s p h e r e  a r e  r e c o g n i z e d  as  important f a c t o r s  i n  b i o -  
m e t e o r o l o g i c a l  p r o c e s s e s •  A i r  i o n i z a t i o n  e s p e c i a l l y  h a s  b e e n  s t u d i e d  t h o r o u g h l y  and 
t h e  p h y s i o l o g i c a l  b a s i s  o f  i t s  i n f l u e n c e  u p o n  m a n , a n i m a l s  and p l a n t s  s y s t e m a t i c a l l y  
e l u c i d a t e d .  The q u e s t i o n  a r i s e s  a s  t o  w h e r e  t h e  l i g h t  a i r  i o n s  a r e  r e t a i n e d  i n  t h e  
respiratory tract of man• 

In this paper consideration will be given only to light air ions with an ~ectrical 
mobility 

2 - i  - I  
u = 2•0 cm . v •s , 

with a mechanical mobility 

B = 1.27 1012 s g-I 

with a single elementary charge 

e = ~.8.10 -I0 abs~e~s.u., 

with a diffusion coefficient 

D = 5 ~ . 1 0  - 2  cm 2 s - 1  • • $ 

and a c o r r e s p o n d i n g  r a d i u s  

r = 5 . 0 . 1 0 - 8 c m .  

I f  a i r  i o n s  o f  b o t h  s i g n s  i n  e q u a l  n u m b e r s  a r e  i n h a I e d  so t h a t  no s p a t i a l  c h a r g e  
a r i s e s  i n  t h e  a i r ,  two ways  o f  r e t e n t i o n  i n  t h e  a i r w a y s  h a v e  t o  be  e v a l u a t e d :  

/~  / depositionthermic d e p o s i t i o n ,  due t o  i n d u c e d  m i r r o r  c h a r g e ;  

B o t h  p a t h w a y s  h a v e  t o  be  e x a m i n e d  s e p a r a t e l y  as  i t  i s  d i f f i c u l t  t o  s u b m i t  t h e m  t o  
m a t h e m a t i c a l  a n a l y s i s  s i m u l t a n e o u s l y .  

I f  we c o n s i d e r  t h e  m u c o s a  o f  t h e  a i r w a y s  as  a c o n d u c t i v e  p l a n e  wi th  z e r o  p o t e n t i a l ,  
t h e n  a c h a r g e d  p a r t i c l e  w i l l  i n d u c e  a v i r t u a l  m i r r o r  c h a r g e  so t h a t  i t  w i l l  be  a t -  
t r a c t e d  f r o m  t h e  d i s t a n c e  y t o w a r d  t h e  m u c o s a  w i t h  a f o r c e  

2 
F- e (i) 

~y2 

and w i l l  a p p r o a c h  t h e  w a l i  o f  t h e  a i r w a y s  w i t h  a v e l o c i t y  

_ a_z _ e2B (2) 
dt 2 ~y 

which yields by integration the equation of a cubic parabola 

y3 ~ ~ e 2 B t •  ( 3 )  

*)  R e s e a r c h  I n s t i t u t e  o f  P h y s i c a l  M e d i c i n e ,  B a l n e o l o g y  and C l i m a t o l o g y , M i c k i e w i c z o v a ~  
13, Bratislava, ~SSR. 
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F i g .  1. Ion  movement due t o  m i r r o r  c h a r g e  (C) and i n  a homogeneous  e l e c t r i c  
f i e l d  of  0 .03  v / c m  i n t e n s i t y  (D) .The  c u r v e s  P r e p r e s e n t  t h e  p a s s a g e  
t i m e s  a t  v a r i o u s  l e v e l s  (y )  i n  the  c o r r e s p o n d i n g  p a r t s  of  t he  r e s -  
p i r a t o r y  t r a c t ,  

The i o n  p a s s e s  t h e  a i r w a y s  w i t h  a r e l a t i v e l y  h i g h  v e l o c i t y  s i n c e  i t  i s  c a r r i e d  away 
by t h e  s t r e a m i n g  a i r  ( F i g .  1 ) .  There  i s  no i n e r t i a l  e f f e c t  on l i g h t  i o n s  wh ich  keep  
t h e  s t r e a m  l i n e s  of  t h e  l a m i n a r  a i r  moving  even a round  b e n d s . A s  the  R e y n o l d s  number 
i s  nowhere  e x c e e d e d  i n  t he  r e s p i r a t o r y  pa thways  t h e  s t r e a m i n g  a i r  may be c o n s i d e r e d  
as laminar. 

In laminar streaming single layers are moving with different velocities v alongx, 
. . . . . . . .  X 

parallel with the axis of the cylindric tubing or with the dividing median plane in 
plan-parallel planes. This axial velocity of a layer at a distance y from the wall 
follows the equation 

Vxc = d " ~  

in a cylinder with a radius R and 

( ~ b )  Vxp = dt 2 h ~ J 
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b e t w e e n  two p l a n - p a r a l l e l  p l a n e s  r u n n i n g  i n  a d i s t a n c e  2 a .  The s y m b o l  ~¢ means  t h e  
mean l i n e a r  v e l o c i t y  o f  s t r e a m i n g  d e f i n e d  by Q . v  = V w h e r e  Q i s  t h e  c r o s s - s e c t i o n  
a r e a  o f  t h e  t u b i n g  and V t h e  v o l u m i c  f l o w  i n t e n s i t y °  
Hence  t h e  t r a j e c t o r y  o f  an  i o n  w i l l  n o t  be  a c u b i c  p a r a b o l a ,  b u t  a more  c o m p l i c a t e d  
curve the equation of which can be obtained by combining the equations (2) and(4a,b~ 
For a cylinder 

- = 5e2Bx ( S a )  

and for plan-parallel planes 

e2Bx 
- 2 [ a )  = 55 v a 3 ( S b )  

Then ,  i f  t h e  i n i t i a l  i o n  c o n c e n t r a t i o n  be  n and t h e  i o n  c o n c e n t r a t i o n  a f t e r  p a s s a g e  
t h r o u g h  t h e  t u b i n g  o f  t h e  l e n g t h  x be  n ,  t h e  ° r e l a t i o n  

jo 

2 7Z ( R - y )  d y . V x e  and 

9ZR 2 . v o 

j° 

/ r  dy 
.,,q., . gives 
a.v 

(:-°) (,o) 
= l -  - , ,  + = l - P i e  (6a) 

0 

o r  

2 3 

n n - I- -~ =l-Pi p 
O 

where Yo signifies the limit distance from which the ions still reach the wall(Fuks, 
1961). 

Yo Yo 
for the nose,pharynx, trachea, lobar, A graph shows the critical ratios ~-- or a 

segmental, intrasegmental bronchi and bronchioli (Fig. 2). Assuming that the dimen- 
sional parameters and air flow velocities are as outlined in Table l,the effective- 
ness of deposition in these parts of respiratory pathways can he calculated. 

TABLE i. Basal parameters according %o (I) and (9),modified and the values ofy o and 
Pi for single segments of the airways 

of  t h e  Radius r, Length x Yo Pi 
Segement half dist.a air flow 

cm am a m / s e e  am 

Nose 

P h a r y n x  

P h a r y n x ,  w i t h  e l e c -  
t r o s t a t i c  filter 

Trachea 

Lobar bronchi 

Segmental bronchi 

Intrasegmental bronchi 

Bronchioles 

a = 0 . 1  

a = 0 . 4  

a = 0 . 4  

R = 0 . 8  

R = 0 . 4  

R = 0 . 2 5  

R= o . 1 5  

R = 0.i0 

7 . 0  

~ . 0  

4 . 0  

1 2 . 0  

2 . 8  

6 , 0  

2 . 5  

2 . 0  

250 

60 

60 

131 

120 

85 

1 6 , 9  

1 8 , 9  

4 . 0 8 . 1 0  - 3  

7 . 1 6 . 1 0  - 3  

5 . 2 8 . 1 0  - 2  

8 . 5 6 . 1 0  - 3  

5 . 1 2 . 1 0  - 3  

6 . 0 0 . 1 0  - 3  

6 . 3 8 °  i 0  - 3  l 

5 . 6 1 , 1 0  -31 

2 , 4 6 o 1 0  - 3  

~ . 7 2 . 1 0  - 4  

4 o 9 0 . 1 0  - 3  

4 . 5 3 . 1 0  - 4  

6 . 4 7 . 1 0  -zt 

2 . 2 5 . i 0  - 3  

6 . 9 2 , 1 0  - 3  

1 , 1 9 . 1 0  - 2  
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F i g .  2. G r a p h i c a l  r e p r e s e n t a t i o n  of  e q u a t i o n s  ( S a ,  b ) .  Smal l  c i r c l e s  d e s i g -  
Yo Yo 

h a t e  t he  c r i t i c a l  v a l u e s  ~-- ev .  ~-- f o r  t he  c o r r e s p o n d i n g  p a r t  of t he  
r e s p i r a t o r y  t r a c t  

I t  i s  a p p a r e n t  t h a t  t h e  d e p o s i t i o n  due to  t h i s  mechanism is  n e g l i g i b l e  in t h e y p a r t s  
of  r e s p i r a t o r y  pa thways  u n d e r  c o n s i d e r a t i o n .  In  t he  d e e p e r  p a r t s  t h e  r e l a t i o n  ~ i n -  
c r e a s e s ,  bu t  t h e  i n d u c e d  a t t r a c t i v e  f o r c e  no l o n g e r  d i m i n i s h e s  t he  ion c o n c e n t r a t i o n  
b e c a u s e  no l i g h t  i o n s  g e t  t h e r e  h a v i n g  been  d e p o s i t e d  by t h e  o t h e r  mechanism of  
t h e r m i c  d i f f u s i o n .  

I f  p a r t i c l e s  w i t h  a d i f f u s i o n  c o e f f i c i e n t  D a r e  s u s p e n d e d  in a i r  s t r e a m i n g  t h r o u g h  
a c y l i n d r i c  t u b e ,  t h e n  i n  a t ime  t t h e i r  Brownian  m o t i o n  w i l l  c a r r y  t o  t h e  w a l l  a l l  
p a r t i c l e s  b e i n g  a t  t h e  t ime  t = 0 a t  a s h o r t e r  d i s t a n c e  t h a n  

Yo = 2 ~ .  (7)  

I f  m i s  s u b s t i t u t e d  f o r  Dx or  Dx. t h e n  _ $ 
R 2 ~ a 2 v 

= 1 - 2 . 5 6  m 2 / 5  + 1 . 2  m + o .177  m ~ /3  = 1 (8a )  
n - Pt:c 

o 

f o r  a c y l i n d e r  and f o r  p l a n - p a r a l l e l  p l a n e s  (Fuks ,  1961) :  

= 0 ,9149 e - 1 . 8 8 5  m + 0 .0592  e ' 2 2 " 3 3  m + 0 .0258  e - 1 5 1 " 8  m (8b)  
n 

o 

C a l c u l a t i o n  shows t h a t  t o t a l  d i s a p p e a r a n c e  of  l i g h t  a i r  i o n s  b e g i n s  i n  t h e  i n -  
t r a s e g m e n t a l  b r o n c h i  and i s  f i n i s h e d  i n  t h e  b r o n c h i o l e s o  
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TABLE 2. The v a l u e  of  m and P t  f o r  s i n g l e  segment s  of  
t h e  a i r w a y s  

Segment P t  

Nose 

Pharynx 

Trachea 

Lobar bronchi 

Segmental bronchi 

Intrasegmental bronchi 

Bronchioles 

0 .1512  

0.0115 

O.OO77 

0.0079 

O.O6O9 

0 .3550  

o .571o  

0.3100 

0.0556 

0 .0903  

o . o 9 1 6  

0 .2589 

0.8129 

0.9929 

Quite remarkable is the high deposition rate in the nose. The per cent lO0.pt or 
the fraction relates, of course,to the entering and not to the iniLial concentration, 
as for this purpose another calculation would be necessary. 

Hence all theories deriving the physiological action of air ions from their pene- 
tration into alveoli (Vasiljev, 1951) are not valid for light ions. 

If unipolarly ionized air is inhaled, spontaneous dissipation of the ion mist due 
to spacial charge must occur. The concentration decreases according to Fuks (1955) 
as follows: 

and 

_ ! d__nn = 4 ~ ne2B (9) 
n dt 

! _ ! =   e2Bt (10) 
n n 

o 

or for the volume increase 

V t = ~ e2Bt + V o 

which is evidently an equation of a straight line. 

(11) 

As the duration of the inspiration is approximately 2 seconds~ the concentration of 
light air ions as high as 10b/cm 5 of Rir would decrease 8.4 times within this time 
(Fig. 5). 

Lower concentrations,of course,will decrease much more slowly, a concentration of 
105 ions per cm5 will be still 99.2~ of the initial one after 2 sec. Hence, thermic 
diffusion appears to be the most effective mechanism of deposition~ re%aining light 
air ions in the respiratory tract and preventing them from reaching the alveoli. 

These calculations were based on the theory that the mucosa of the respiratory 
tract has a conductive surface of zero potential without its own electric field. 
However, all living matter produces bioelectric potentials at rest which are of no 
less importance than the action potentials of muscle and nerve cells(Kornblueh,1955; 
Selye, 1950). Therefore,it can be assumed that the mucosa of the airways also has a 
bioelectric potential (Latmanizova, 1959). Even the existence of an electric field 
in the airways cannot be refuted with certainty. 

Systematic investigations of %he bioelectric potential (BEP) of the mucous mem- 
branes of the upper respiratory and digestive routes yielded very interesting re- 
sults. Non-polarizing AgCl-slectrodes filled with a physiological saline solution 
were used while the scarified skin of the volar side of the left wrist served as the 
reference potential (Pavlfk, 1964).Measurements were made using the Poggendorf com- 
pensation method in a currentless s%ateoln this manner 120 persons were investigated. 
Some were in good health,some were suffering from diseases of the respiratory tract. 
All tests were done during morning hours on fasting patients. 



180 

N/CH 3 V ( Ct4 3 ) 

I .  10 6 

9 .10  5 

8. t 0  5 

7 .10 5 

6.1(~ 5 

5 . 1 0  5 

4, .10 5 

3 . 1 0  5 

2105 

1.105 

0 1 2 3 
r sEc 

F i g .  3 .  C o n c e n t r a t i o n  d e c r e a s e  (C)  and  v o l u m e  i n c r e a s e  (V)  o f  a c l o u d  o f  
u n i p o l a r  i o n s  w i t h  t h e  m o b i l i t y  1 . 2 7 . 1 0 1 2  s . g .  - 1  c a r r y i n g  one  
e l e m e n t a r y  c h a r g e  

An a b s o l u t e  r e g u l a r i t y  i n  t h e  v a l u e  d i s t r i b u t i o n  o f  t h e  B E P o f  t h e  u p p e r  r e s p i r a t o r y  
a n d  d i g e s t i v e  t r a c t s  was  n o t e d  i n  a l l  p e r s o n s .  

One c a n  r o u g h l y  sum up t h i s  r e g u l a r i t y  by  d e t e r m i n i n g  t h a t a l l  v a l u e s  a r e  n e g a t i v e ,  
t h e  n e g a t i v i t y  f a l l i n g  i n  t h e  f o r w a r d - b a c k w a r d  d i r e c t i o n .  Some s t r u c t u r e s  show n e a r -  
l y  t h e  same p o t e n t i a l  o v e r  t h e  w h o l e  s u r f a c e  w h e r e a s  o t h e r s  a r e  c h a r a c t e r i z e d  b y  a 
c o n s i d e r a b l e  v a r i a b i l i t y .  T h e s e  o b s e r v a t i o n s  f o r m  a b a s e  f o r  a n  e l e c t r o t o p o g r a p h y  o f  
t h e  m u c o u s  m e m b r a n e s  o f  t h e  u p p e r  r e s p i r a t o r y  and  d i g e s t i v e  t r a c t s .  The h i g h e s t  n e g -  
a t i v e  p o t e n t i a l  i s  f o u n d  r e g u l a r l y  on t h e  u p p e r  s u r f a c e  o f  t h e  t o n g u e  k e e p i n g  i t s  
v a l u e  n e a r l y  u n c h a n g e d  f r o m  t h e  t i p  t o  t h e  r o o t ,  The l o w e s t  n e g a t i v e  p o t e n t i a l  i s  
f o r m e d  on t h e  t o n s i l s  f o l l o w e d  i m m e d i a t e l y  b y  t h e  b a c k  w a l l  o f  t h e  p h a r y n x  and  b y  
t h e  s o f t  p a l a t e  ( F i g .  4 ) .  
Thus~ v e r y  i n t e r e s t i n g  r e l a t i o n s  o c c u r  i n  t h e  i s t h m u s  f a u c i u m  a n d  i n  t h e  p h a r y n x  
w h e r e  s t r u c t u r e s  c a r r y i n g  t h e  h i g h e s t  a n d  t h e  l o w e s t  BEP a r e  s i t u a t e d  i n  t h e  c l o s e s t  
p r o x i m i t y .  I t  l e a d s  t o  t h e  f o r m a t i o n  o f  a n  e l e c t r i c  f i e l d  w i t h  a n  i n t e n s i t y  b e t w e e n  
t h e  t o n g u e  a n d  t h e  t o n s i l s  o f  a b o u t  15 v / c m  i n  t h e  d i r e c t i o n  f r o m  t h e  t o n s i l  t o  t h e  
t o n g u e  s u r f a c e .  

The a b i l i t y  o f  t h i s  e l e c t r i c  f i e l d  t o  e x e r t  a n  i n f l u e n c e  u p o n e l e e t r i c a l l y  c h a r g e d  
p a r t i c l e s  was  e s t a b l i s h e d  by  i n v e s t i g a t i o n  o f  t h e  d e n s i t y  o f  m i c r o b i a l  f l o r a  o v e r  
t h e  s u r f a c e  o f  t h e  m u c o s a .  
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F i g .  4 .  E l e c t r o t o p o g r a p h i c  s u r v e y  

M i c r o o r g a n i s m s  a r e  m o s t l y  e n d o w e d  w i t h  a n e g a t i v e  e l e c t r o k i n e t i c  c h a r g e .  The e s -  
t a b l i s h e d  e l e c t r o p h o r e t i c  m o b i l i t y  p e r m i t s  e s t i m a t i o n  of t h e  c h a r g e  i n  t h e  s a l i v a  a t  
a b o u t  60 my ( P a v l ~ k ,  1 9 6 3 ,  1 9 6 4 ) . B y  s u b s t i t u t i n g  t h e  p r o p e r  v a l u e s  i n  t h e  H e l m h o l t z  
e q u a t i o n  t h e  v a l u e  o f  7 5 A ~ m / s e c  c a n  b e  o b t a i n e d  f o r  t h e  e l e c t r o p h o r e t i c  v e l o c i t y  o f  
t h e  m i c r o o r g a n i s m s  i n  t h e  a r e a  o f  t h e  maximum f i e l d  i n t e n s i t y .  T h e r e f o r e ,  i t  c a n  b e  
d e d u c t e d  t h a t  a m i c r o o r g a n i s m  a p p e a r i n g  i n  t h e  s a l i v a  on t h e  t o n g u e  i n  t h e  i s t h m u s  
f a u c i u m  c a n  b e  a t t r a c t e d  i n  a f r a c t i o n  o f  a s e c o n d  f r o m  t h i s  l o c a t i o n  t o  t h e  s u r f a c e  
o f  t h e  t o n s i l s  o r  i n  t h e  p r o c e s s  o f  s w a l l o w i n g  t o  t h e  b a c k  w a l l  o f  t h e  p h a r y n x .  The 
p e r m a n e n t  a c t i o n  o f  t h e  e l e c t r i c  f i e l d  m u s t  a l s o  i n f l u e n c e  t h e  d i s t r i b u t i o n  of  m i c r o -  
o r g a n i s m s  c o n c e n t r a t i n g  t h e m  a t  t h e  p o s i t i v e  p o l e  o f  t h e  s y s t e m ,  i . e . o n  t h e  t o n s i l s ,  
on  t h e  p h a r y n g e a l  b a c k  w a l l  a n d  on  t h e  s o f t  p a l a t e .  

T h i s  t h e o r e t i c a l  a p p r o a c h  was c o n f i r m e d  e x p e r i m e n t a l l y  i n  15 c a s e s .  By a r t i f i c i a l  
i n v e r s i o n  o f  t h e  e l e c t r i c  f i e l d  f o r  4 m i n  a c o r r e s p o n d i n g  s h i f t  i n  t h e  d i s t r i b u t i o n  
o f  t h e  m i c r o f l o r a  was o b t a i n e d . ( F i g s .  5 and  6 ) .  
When a n  l i g h t  a i r  i o n  e n t e r s  s u c h  a n  e x i s t i n g  e l e c t r o s t a t i c  f i e l d  i n  t h e  p r o c e s s  o f  
b r e a t h i n g  t h r o u g h  t h e  m o u t h  i t  i s  f o r c e d  t o w a r d  one  o f  t h e  p o l e s  a c c o r d i n g  t o  i t s  
own c h a r g e  ( F i g .  7 ) .  The i n t e n s i t y  o f  t h e  e l e c t r i c  f i e l d  may b e  e s t i m a t e d  a t  a b o u t  
50 mv/cm. This gives alight ion with an electric mobility of 2 cm2v-lsec-a relatively 
high velocity of 0.06 cm/sec (see Figs. i and 2).The slope of the line Drepresenting 
the movement of a light ion in this electric field indicates its velocity. If equals 
the velocity attained only in the final moments of movement ~ong the cubic pambolao 
The movement of an ion in the laminar air streaming under the influence of a homog- 
eneous electric field follows the equation 

2 3 
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Fig. ~. The d e n s i t y  o f  t h e  m i c r o b i a l  f l o r a  f o u n d  on t h e  t o n s i l s ~  on t h e  
p o s t e r i o r  w a l l  o f  t h e  p h a r y n x ,  and  on t h e  t o n g u e  i n  c o r r e l a t i o n  
w i t h  t h e  b i o e l e c t r i c  p o t e n t i a l ;  15 c a s e s  
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F i g .  6 .  The s h i f t  i n  t h e  d e n s i t y  o f  t h e  m i c r o b i a l  f l o r a  a f t e r  an  a r t i f i -  
c i a l  i n v e r s i o p  o f  t h e  e l e c t r i c  f i e l d  i n  t h e  o r a l  c a v i t y ;  1 c a s e  
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F i g .  7 .  A i r  f l o w  d u r i n g  b r e a t h i n g  t h r o u g h  t h e  n o s e  (A)  a n d  t h r o u g h  t h e  
m o u t h  ( B ) ,  e s t a b l i s h e d  w i t h  t h e  h e l p  o f  x - r a y  p i c t u r e s  u s i n g  
c o n t r a s t  m a t e r i a l  on t h e  m u c o s a l  s u r f a c e  

w h i c h  i s  o b t a i n e d  f r o m  t h e  e q u a t i o n  ( 4 b )  a n d  f r o m  t h e  e q u a t i o n  f o r  i o n  v e l o c i t y  i n  
a h o m o g e n e o u s  e l e c t r o s t a t i c  f i e l d  u n d e r  s t a t i o n a r y  c o n d i t i o n s :  

- d-z = uE 
d t  

w h e r e  E s i g n i f i e s  t h e  i n t e n s i t y  o f  t h e  e l e c t r o s t a t i c  f i e l d .  
The l o s s  of  i o n s  w i l l  b e  t h e n  

2 3 

p f p  = _ 

A s s u m i n g  t h a t  a l l  o t h e r  p a r a m e t e r s  a r e  t h e  same as  i n  t h e  p h a r y n x ( a , ~ , x ) ~ t h e n  t h e  
c r i t i c a l  d i s t a n c e  Yo i s  more  t h a n  4 t i m e s  a s  g r e a t  as  w i t h o u t  t h e  ~ l e c t r o s t a t i ~  ~ e l d  
a n d  t h e  e f f e c t i v e n e s s  o f  r e t e n t i o n  a b o u t  10 t i m e s  a s  h i g h  4 . 9 ° 1 0  - ~  : 4 . 7 2 . 1 0  - ~ .  I n  
r e a l i t y  t h e  r e t a i n e d  f r a c t i o n  r e m a i n s  v e r y  low a n d  h a s  no  g r e a t  i m p o r t a n c e  i n  t h e  
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whole deposition pattern. However, the fact that %he ions distributed by the elec- 
trostatic field bring an opposite charge to the electrodes of the natural electros- 
tatic filter may be of some importance to people breathing permanently through the 
mouth. 
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ABSTRACT.- From an a n a l y s i s  of  t h e  f a t e  of  t h e  l i g h t  a i r  i o n s  i t  was c o n c l u d e d  t h a t  
t h e  most  e f f e c t i v e  mechanism of  d e p o s i t i o n  i s  t h e  d i f f u s i o n  d e p r i v i n g  the  i n h a l e d  
a i r  of  l i g h t  i o n s  a t  t h e  l e v e l  of  i n t r a s e g m e n t a l  b r o n c h i  and b r o n c h i o l e s .  A n a t u r a l  
electrostatic filter exists in the isthmus faucium. This filter influences the reten- 
tion of light air ions during mouth-breathing. The electrostatic filter acts on 
electrically charged particles such as microbes as shown by an investigation of the 
density of microflora. An increase of the ion retention rate,although quite high in 
comparison with the same condition in the absence of an electric field,does not ra- 
dically change  the  whole  d e p o s i t i o n  p a t t e r n .  However ,  a p e r m a n e n t  s u p p l y  of  t he  op-  
p o s i t e  c h a r g e  to  t h e  e l e c t r o d e s  of  t h e  n a t u r a l  e l e c t r o s t a t i c  f i l t e r  may be of  some 
i m p o r t a n c e  to  m o u t h - b r e a t h e r s .  

ZUSAMMENFASSUNG.- Es wurde das S c h i c k s a l  de r  l e i c h t e n  L u f t i o n e n  m i t  dem E r g e b n i s  
a n a l y s i e r t ,  das s  d e r  w i r k s a m s t e  Mechanismus d e r  A b l a g e r u n g  d i e  D i f f u s i o n  i s t ,  d u r c h  
d i e  s i c h  d i e  i n h a l i e r t e  L u f t  m i t  l e i c h t e n  Ionen  i n  d e r  H3he d e r  B r o n c h i e n  und B r o n -  
c h i o l e n  a b s e t z t .  E i n  n a t f i r l i c h e s  e l e k t r o s t a t i s c h e s  F i l t e r  e x i s t i e r t  i n  Form des 
i s t h m u s  f a u c i u m .  D i e s e s  F i l t e r  b e e i n f l u s s t  das Z u r f i c k h a l t e n  l e i c h t e r  L u f t i o n e n  w~h- 
r e n d  d e r  Mundatmung. Das e l e k t r o s t a t i s c h e  F i l t e r  w i r k t  au f  d i e  e l e k t r i s c h  g e l a d e n e n  
T e i l c h e n  v i e  Mikroben ,  wie  man s i e  b e t  e i n e r  U n t e r s u c h u n g  f iber  d i e  D i c h t e  d e r  Mi- 
k r o f l o r a  b e o b a c h t e t  h a t .  E ine  v e r s t E r k t e  Z u r f i c k h a i t u n g  de r  I o n e n , o b w o h l  s i c  im V e r -  
g l e i c h  zu d e n s e l b e n  Bed ingungen  ohne e l e k t r i s c h e s  F e l d  r e c h t  hoch i s t ,  ~ n d e r t  den 
g a n z e n  A b l a g e r u n g s m e c h a n i s m u s  n i c h t .  J e d o c h  mag e i n e  daue rnde  Zufuh r  d e r  den E l e k -  
t o d e n  des  n a t f i r l i c h e n  e l e k t r o s t a t i s c h e n  F i l t e r s  e n t g e g e n g e s e t z t e n  Ladung yon e i n i -  
g e r  Bedeu tung  ff i r  d i e  Mundatmung s e t h .  
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RESUME.- On a a n a l y s ~  l a  d e s t i n ~ e  d e s  i o n s  l S g e r s  de  l ' a i r .  I1  e n  d $ c o u l e  que  l e  m~- 
c a n i s m e  l e  p l u s  e f f i c a c e  de  d S p o s i t i o n  r ~ s i d e  d a b s  l a  d i f f u s i o n  q u i  p r i v e  l ' a i r  de  
s e s  i o n s  l ~ g e r s  au  n i v e a u  d e s  b r o n c h e s  e t  d e s  b r o n c h i o l e s . U n  f i l t r e  ~ l e c t r o s t a t i q u e  
n a t u r e l  se  t r o u v e  d a n s  l ' i s t h m u s  f a u c i u m .  Ce f i l t r e  i n f l u e n c e  l a  r e t e n t i o n •  ' d e s  i o n s  
l ~ g e r s  de  l ' a i r  d u r a n t  l a  r e s p i r a t i o n  p a r  l a  b o u c h e .  Ce f i l t r e  $ 1 e c t r o s t a t i q u e  a g i t  
s u r  l e s  p a r t i c u l e s  c h a r g ~ e s  ~ l e c t r i q u e m e n t  t e l l e s  que  l e s  m i c r o b e s , c o m m e  i l  d ~ c o u l e  
de  r e c h e r c h e s  e f f e c t u ~ e s  s u r  l a  d e n s i t ~  de  l a  m i c r o - f l o r e .  Un a c c r o i s s e m e n t  du  t a u x  

^ p • 

de r e t e n u e  d e s  i o n s ,  meme s i l  r e s t e  e l e v e  e n  c o m p a r a i s o n  de ce  q u i  se  p a s s e  dar t s  
d e s  c o n d i t i o n s  a n a l o g u e s  m a i s  e n  l ' a b s e n c e  d ' u n  champ $ 1 e c t r i q u e , n e  m o d i f i e  p a s  r a -  
d i c a l e m e n t  l e  m $ c a n i s m e  de  s d d i m e n t a t i o n .  P o u r t a n t  3 u n  a p p o r t  p e r m a n e n t  de  c h a r g e s  
o p p o s S e s  aux  ~ l e c t r o d e s  du  f i l t r e  ~ l e c t r o s t a t i q u e  n a t u r e l  p e u t  a v o i r  u n e  c e r t a i n e  
i m p o r t a n c e  p o u r  l e s  i n d i v i d u s  r e s p i r a n t  p a r  l a  b o u c h e .  


