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A method of obtaining the specif ied p a r a m e t e r s  by connecting Epshte in ' s  cou lomet r i c  cell  to 
a po la rograph  is  developed, giving automatic  record ing  of cur ren t  s t rength - t ime  curves  at 
a constant potent ia l  of -1.375 V. Blood was  sa tura ted  with the corresponding gas  mixture  and 
the quantity of e lec t r i c i ty  and, consequently, the quantity of oxygen in the sample  was  ca lcu-  
lated f rom the a r e a  beneath the r eco rded  coulogram. Equations for  the calculat ions a r e  
given. The r e su l t s  of the invest igat ions conf i rm the accuracy  of the method (2-3%). The t ime 
for  one de terminat ion  of the blood oxygen concentrat ion is 20-30 min. The second is also 
suitable for  de termining the physical ly  dissolved oxygen in fluids, including biological  fluids, 
and also for  determining the concentrat ion of inact ive (unable to c a r r y  oxygen) hemoglobin.  

To obtain oxygen dissociat ion curves  (OD) of the blood oxyhemoglobin (HbO2) it is suggested that the 
labor ious  method of m e r c u r y  g a s o m e t r i c  analys is  with Van Slyke 's  appara tus  be  rep laced  by the no l e s s  
accura te  po la rograph ic  determinat ion of the oxygen concentrat ion in the blood sample .  The appropr ia te  
mathemat ica l  equations fo r  the calculat ion have been deduced. 

Unlike the method descr ibed  p rev ious ly  [2], ]~pshtein's coulomet r ic  cel l  [1] is connected to  the 
negat ive t e rmina l  of the polarograph.  A type LP-60 (Czechoslovakia) po la rograph  with automat ic  recording 
of cur ren t  s t r e n g t h - t i m e  (I/t) curves  was used. In addition, whe rea s  in the method desc r ibed  e a r l i e r  [2] 
only one blood sample  sa tu ra ted  with a i r  was  tes ted,  in o rde r  to de te rmine  the OD of HbO 2 f rom five to six 
blood samples  sa tu ra ted  with different  gas  mix tu res  at known par t i a l  p r e s s u r e s  of oxygen (PO2) f rom 0 to 
160 mm Hg, and with the s ame  par t ia l  carbon dioxide p r e s s u r e  (40 mm) in all  the sa tu ra to r s ,  must  be 
analyzed. The gas  mix tures  a re  most  conveniently p repa red ,  not in the sa tu ra to r s ,  but in gas  cyl inders  in 
which they can be s to red* .  Simultaneously with introduction of the blood sample  for  tes t ing into the e l e c t ro -  
lys i s  cell, and before  e l ec t ro lys i s  i s  c a r r i ed  out, m e a s u r e m e n t s  a re  made of the pH of this blood (with an 
As t rup  microe lec t rode)  and the hemoglobin concentrat ion (C 2) by a spec t ropho tomet r i c  method [3, 4]. 

The oxygen capaci ty  of the blood in mi l l i l i t e r s  oxygen p e r  100 ml  blood (vol.%) was  calculated by the 
equation deduced previous ly :  

O C  = Z l b l  - -  ~ I 0  . c A_~" 1 . 7 4 0 . 1 0 _  4 vol.07~ ( 1 )  
c 2 

In this equation ZIbl r e p r e s e n t s  the total  s t rength  of the cur ren t  ( incA) produced as the resul t  of e l ec -  
t r o ly s i s  of the blood, obtained by graphic  integrat ion of the a r e a  beneath  the I / t  curve,  as descr ibed  previouly 

*The cyl inders  can be charged with gas  mix tures  of the des i red  composi t ion at the Balashikhino (Moscow 
Region) Oxygen Factory .  
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TABLE i. Comparison of 
Results of Investigations of 
Blood Oxygen Saturation by 
the Proposed (A) and Spec- 
trometric (B) Methods 

(in%) B %=A/B A (in%) a x 1oo 

17,0 17,4 
24,0 23,55 
36,5 36,7 
51,0 51,3 
67,0 67,3 
76,2 75,9 

--0,40 
+0,45 
--0,20 
--0,30 
--0,30 
+o,3o 

--2,3 
+ 1 , 9  
--0,55 
-4),6 
--0,45 
+0,4 

[2], o r  by  a c c u r a t e  w e i g h i n g  of  the  p a p e r  b e t w e e n  the I / t  c u r v e  and the 
l ine  c o r r e s p o n d i n g  to the  r e s i d u a l  c u r r e n t ,  fo l lowed  by  p r o p o r t i o n a l  
c o m p a r i s o n  of  the  we igh t  thus  o b t a i n e d  wi th  that  of a s t a n d a r d  s q u a r e  o r  
r e c t a n g l e  of the  s a m e  p a p e r  of known a r e a  ( s ince  t h i s  a r e a  c o r r e s p o n d s  
to a known quan t i ty  of  e l e c t r i c i t y [ :  t); E I 0 i s  the  s a m e  a s  E Ibl , bu t  p r o d u c e d  
a s  the  r e s u l t  of  e l e c t r o l y s i s  of  oxygen  d i s s o l v e d  p h y s i c a l l y  in p h y s i o l o g i -  
ca l  s a l i n e  s a t u r a t e d  wi th  a i r  u n d e r  the  s a m e  cond i t i ons  a s  the b lood;  v i s  
the  v o l u m e  of the  e l e c t r o l y s i s  ce l l  (in ml) and,  consequen t ly ,  a l so  the  
v o l u m e  of  b lood  u n d e r g o i n g  e l e c t r o l y s i s  (with a c o r r e c t i o n  fo r  the  v o l u m e  
o f  the m a g n e t i c  m i x e r )  ; c 1 the h e m o g l o b i n  c o n c e n t r a t i o n  in whole  b l o o d  
(in g%) ; c 2 the  w o r k i n g  c o n c e n t r a t i o n  of  h e m o g l o b i n  in the b l o o d  a f t e r  i t s  
d i lu t ion  wi th  0.85% l~aC1 so lu t ion  and s a t u r a t i o n  wi th  a i r ;  the r a t i o  c l / c  2 
in a s i m p l i f i e d  and l e s s  a c c u r a t e  a l t e r n a t i v e  f o r m  of the me thod  can be 
r e p l a c e d  by  the d e g r e e  of d i lu t ion  of the  b l o o d  wi th  p h y s i o l o g i c a l  s a l i n e  

before electrolysis, making spectrophotometric determination of the hemoglobin concentrations in the blood 
samples to be tested essential; factor 1.740.10 .4 is used to convert from the total current strengt]h EIbl to 
the number of milliliters oxygen in i00 ml blood, given by GMV" 30 �9 10 -6 �9 I02/4F, where GMV is the gram- 
molecular volume of a gas (22.4 " 103 ml) 30 the time interval (in sec) after which the strength of the current 
is measured on the I/t curve for graphic integration; 10 -6 is a coefficient for conversion from microeou- 
lombs to coulombs; 102 a coefficient for expressing the oxygen capacity (OC) in ml O2./100 ml blood (i.e., in 
vol. percent); F is the faraday (96,495 coulombs); 4 F is the quantity of electricity theoretically required for 
the electrolysis of 4 g-eq of the substance (i gram-molecular volume of oxygen contains 4 g-eq O2). 

The quantity (vol.%) of oxygen (Ai) bound by equal samples of blood saturated with the corresponding 
gas mixtures at known _PO2,is calculated by the same equation (i), which now gives A i and not OC, because 
the blood sample is not saturated with air. 

The degree of saturation (S%) of each blood sample with oxygen is calculated by the equation 

S% = (AI/OC)- 100%. (2) 

The  v a l u e  of  PO 2 m u s t  be  r e d u c e d  to i t s  v a l u e  at  pH 7.4 (for  e l e c t r o l y s i s  of  b lood  with  whole  e r y t h r o -  
cy tes)  o r  at pH 2 (for e l e c t r o l y s i s  of b lood  a f t e r  h e m o l y s i s ,  when the e r y t h r o c y t e s  a r e  d i s i n t e g r a t e d :  

P02 of blood at:  P 02 �9 I0 - 0,4 s (7,4 - p n) (3) 
pH=7,4 

P02 of hemolyzate = PO. 10-0.48 (7.2--pu), (4) 

w h e r e  pH i s  the  v a l u e  m e a s u r e d  b e f o r e  e l e c t r o l y s i s  and i m m e d i a t e l y  a f t e r  s a t u r a t i o n  wi th  the g a s  m i x t u r e .  

To c o n s t r u c t  the OD of HbO2, p e r c e n t a g e s  a r e  p l o t t e d  a long the o r d i n a t e  and v a l u e s  o f P O  2 at  pH 7.4 
(for  blood) o r  7.2 (for  h e m o g l o b i n  solut ion)  a r e  p lo t t e d  a long  the a b s c i s s a .  

The  m e t h o d  can  a l s o  be  u s e d  to d e t e r m i n e  the quan t i ty  of  " i n a c t i v e "  (unable  to c a r r y  oxygen.) h e m o -  
g lob in  f r o m  the r a t i o  be tween  the oxygen  c a p a c i t i e s  d e t e r m i n e d  p o l a r o g r a p h i c a l l y  (OCp) and s p e c t r o p h o t o -  
m e t r i c a l l y  (OC s) : 

Cinact.Hb = c1.(1 - -  OCp/OCs)g/100 ml, (5) 

w h e r e  OCs = c 1" 1.39. 

R e s u l t s  of p a r a l l e l  i n v e s t i g a t i o n s  of the  d e g r e e  of oxygen  s a t u r a t i o n  of the  b lood  (by p lo t t i ng  OD of  
HbO e) by the p r o p o s e d  me thod  of  p o l a r o g r a p h i c  c o u l o m e t r y  (A) and by the s p e c t r o m e t r i c  me thod  (B) on the 
OSM-1 (oxygen s a t u r a t i o n  m e t e r ;  R a d i o m e t e r ,  Copenhagen,  Denmark )  a p p a r a t u s  a r e  g iven  in T a b l e  1. 

The  v a l u e  of  A deno t e s  the  a b s o l u t e  d i f f e r e n c e  be tween  the r e s u l t s  (A--B) ,  and in the next  c o l u m n  the 
r e l a t i v e  e r r o r  of  the  d i f f e r e n c e  i s  g iven  in p e r c e n t  ( A / B .  100%). 

C o m p a r i s o n  of  OC d e t e r m i n e d  p o l a r o g r a p h i c a l l y  and c a l c u l a t e d  as  the p r o d u c t  of the s p e c t r o p h o t o -  
m e t r i c a l l y  d e t e r m i n e d  hemog lob in  c o n c e n t r a t i o n  and H u e f f n e r ' s *  coe f f i c i en t  of 1.39 ml  O2 /g  Hb, showed 
tha t  the  a c c u r a c y  of  the  d e t e r m i n a t i o n  l i k e w i s e  i s  2-3%. The  a c c u r a c y  of c o n s t r u c t i o n  of the whole  OD of 
HbO 2 i s  of the s a m e  o r d e r .  

�9 The v a l u e  of  the  coe f f i c i en t  g iven  in th is  p a p e r  i s  not  1.34 m l / g  a s  g iven  by Huef fne r ,  but  1.39. Th is  i s  
m o r e  a c c u r a t e ,  having been  ob t a ined  on the b a s i  s of  the  mos t  r e s e n t  w o r k  on the  m o l e c u l a r  m a s s  of  hemoglob in .  
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Unfortunately Epshte in ' s  po la rographic  cell  does not allow the blood to be introduced into it ana rob i -  
cally,  which would enable the degree  of oxygen saturat ion of a r t e r i a l  o r  venous blood to be de te rmined  a f t e r  
a single e lec t ro lys i s .  
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