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THE RATIO OF CARBON DIOXIDE CONSUMPTION TO 
OXYGEN EVOLUTION IN SEA WATER IN THE LIGHT1 

MARSTON C. SARGENT AND JAMES C. HINDMAN 
Scripps Institution of Oceanography 

University of California 
La Jolla, California 

The production of organic matter in sea water by the phytoplankton 
community has frequently been computed (Nielsen, 1937; Riley 1941) 
by measuring the oxygen evolution in bottled sea water samples and 
calculating the organic matter on the assumption that the phyto-
plankton organisms produced glucose by photosynthesis according to 
the equation: 

6CO2 + 6H2O CsH12Os + 602. 

According to this assumption CO2/O2, that is, the ratio of carbon 
dioxide consumed to oxygen evolved in the light, is 1.0. Thompson 
and Gilson (1937, p. 31) have pointed out that as phytoplankton 
tissue contains nitrogen and carbon atoms in the ratio of one to seven, 
one fifth of the oxygen produced must originate from nitrate and the 
ratio CO2/O2 should be 0.8. On the other hand, Redfield (1934, p. 182) 
found that in the oxidation of organic matter in deep water the ratio 
of the carbon dioxide produced to the oxygen consumed was 1.17, but 
he considered the accuracy of the determination low. 

In the experiments described below, the consumption of carbon 
dioxide and the formation of oxygen were both measured on the same 
samples of sea water exposed to natural illumination for a day. 

Sea water was collected directly in a twelve liter Pyrex bottle, and 
two 4600 ml bottles with tight stoppers were completely filled from 
this reservoir through a siphon. Usually two collections were made 
and two pairs of bottles filled at a time. One bottle of each pair was 
wrapped in several layers of khaki duck and the four bottles were 
hung from the end of the pier in a frame at a depth below the surface 
varying from one to three meters according to the stage of the tide, 
and almost five meters from the bottom. After twenty-four hours 
the bottles were removed to a dark constant temperature room kept 
usually at 23° ± 0.5° C. (somewhat warmer than the sea), and allowed 
eighteen hours to come to temperature equilibrium. 

1 Contributions from the Scripps Institution of Oceanography, New Series, No. 198. 
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The concentration of carbon dioxide was calculated from a measure-
ment of the pH using the data of Moberg, Greenberg, Revelle, and 
Allen (1934, p. 269). The pH measurements were made in a vessel of 
about 250 ml capacity arranged so that it could be filled from the 
experimental bottle through a siphon and emptied through another 
siphon. In this way the vessel could be repeatedly rinsed and filled 
with a minimum contact of the water with air. The pH was measured 
electrometrically by means of a glass electrode with a silver-silver 
chloride reference electrode. The latter was prepared by electro-
lytically plating a silver wire with silver chloride in a sodium chloride 
solution. 

The silver-silver chloride electrode was used in preference to a 
calomel electrode because of the uncertain junction potentials often 
characteristic of the latter. More comprehensive data on the use of 
these electrodes in sea water is to be published at a later date. The 
measuring circuit consisted of a Leeds and Northrup type K potenti-
ometer in conjunction with a Beckman No. 1100 electrometer. The 
precision of measurement when corrections were made for small 
temperature differences between the pairs of samples was approxi-
mately ± 0.1 mv or ± 0.0017 pH for each pair. In two cases the 
differences between light and dark bottles were so great that measure-
ments were made with a Beckman pH meter. 

After the completion of the electrometric measurement, samples 
were siphoned into 150 ml bottles and the oxygen concentration was 
measured by the Winkler method. The standard deviations of differ-
ences between the means of triplicate titrations varied from 0.02 to 
0.07 milliliters of oxygen per liter. 

In the table are shown the data for nine sets of observations. The 
mean of the nine resulting figures for the C02/02 ratio is 0.95 which, 
in view of the relatively large errors involved in the mearnrement of 
these small quantities, cannot be considered as significantly different 
from 1.0. With these data on the activities of raw sea water in the 
light can be compared Barker's (1935) data showing that the photo-
synthetic quotient of a pure culture of Nitzschia closterium lay between 
0.93 and 0.96. The value found by Barker for this diatom a,ppears 
from our measurements to be characteri::,tic of the whole phyto-
plankton community. Both Barker's data and ours lead to the con-
clusion that fats constitute only a small part of the products of the 
photosynthesis of marine phytoplankton. In the practical problem 
of calculating the production of organic matter in the sea from obser-
vations. on oxy_gen evolution the u:icertainties are so much greater 
than this 5% difference that the rat10 1.0 can be used without hesita-
tion. 



MEASUREMENTS OF CARBON DIOXIDE CONSUMED AND OXYGEN EVOLVED BY RAW SEA WATER 

T emperature Potential Difference Difference Difference Concentration Difference Ratio of CO, 
in °C in in in in CO, of O, ml.fl. consumed to 0 

millivolts miNivolts alkalinity concentration ml .fl. O, evo lved Cj 

pH ti.pH ml .fl . 
July 20 light -35. 11 5.44 ,l:a,. 

" dark 22.9 -33. 61 1.50 0 .0255 0.34 5.11 0 .33 .03 t-< 
" light -35.00 5.40 0 
" dark 22.8 - 33.98 1.02 0.0174 0.23 5. 11 0 .29 0 .79 

" 25 light -36.85 5.00 !:a, 

" dark 22.8 -35.60 1.25 0.0213 0 .28 4.68 0 .32 0 .88 "" .... 
" light -36. 11 5.03 
" dark 22.8 -35. 23 0.88 0 .015 0 .20 4 .81 0.22 0 . 91 .... 

" 28 li ght -35.85 5.30 
" dark 22.8 -35.50 0.35 ' 0.0060 0.08 5.17 0. 13 0 6 

Aug. 20 li ght -30.94 5.02 
" dark 19.5 -30.40 0 .54 0 .0093 0. 12 4 .88 0 14 0. 88 VJ 
" light -31.22 5 .03 
" d ark 19 5 -30.75 0 .59 0.0101 0 13 4.91 0 .12 1. 1 ,l:a,. 

Sept. 29 light 8.78 8.04 <":l 
" dark 20 8 8.56 0 .22 4 6 4.27 3 .77 1.2 >-'-; 

" light 8.73 9 00 
" dark 20 .8 8.58 0 .15 3 2 6.25 2 .75 1 .2 
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The correction suggested by Thompson and Gilson is probably not 
practically significant with the techniques of measuring organic 
production in their present condition. However, it is worth con-
sidering in the present connection. 

In Barker's experiments using artificially dense populations of 
diatoms the amount of nitrate present initially was so small that the 
total nitrate reduction was negligible compared with the total carbon 
dioxide reduction during the period of the observations. Our observa-
tions on raw sea water were made late in the season when regeneration 
of nitrate was presumably occurring nearly or quite as fast as nitrate 
reduction. If this is true, careful observations should show an 
annual cycle in the value of CO2/O2. 

The two nearly identical values found on September 29 merit 
special consideration. They were obtained during a period of red 
water caused by a bloom of a Gonyaulax sp. when the carbon dioxide 
consumption and oxygen evolution were about ten times as large as 
during the other observations. The uncertainty of the values for 
CO2/O2 is not more than ± 5%. Another feature of the conditions at 
this time is that the total photosynthesis (difference in final oxygen 
content between the light bottle and the dark bottle) was only about 
10% higher than the respiration (difference between the initial and 
final oxygen contents of the dark bottle) while during the other 
observations it was two to four times the respiration. Under these 
conditions such high values for the ratio CO2/O2 could occur if (1) 
the product of photosynthesis were a carbohydrate, and, (2) the 
product of respiration were in part a keto-acid, hydroxy-acid or other 
highly oxygenated substance. If the uncertainty of the values of the 
ratio CO2/O2 in these sets of observations were great, the hypothesis 
would not be worth formulating, but under the circumstances there is 
a strong presumption that a fermentation of the kind described was 
actually occurring on a measurable scale. 

CONCLUSIONS 

1. The ratio of carbon dioxide consumed to oxygen evolved in 
the photosynthetic processes of the phytoplankton of the sea is not 
significantly different from 1.0 during the season of high phyto-
plankton productivity. 

2. Fermentative processes resulting in incomplete oxidation prod-
ucts of carbohydrates may occur on a measurable scale when the 
organic content of sea water is high. 
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