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OXYGEN CONSUMPTION IN SEA WATER OVER 
LONG PERIODS 1 

NORRIS W. RAKESTRA W2 

Woods Hole Oceanographic Institution 

The rate and extent of oxygen consumption in sea water have been 
studied and measured under a variety of conditions and for a variety 
of purposes. Such studies, of what is often called the "biological oxy-
gen demand," have either been involved in the estimation of the total 
content of organic matter or have contributed to the understanding of 
the processes of organic decomposition in the sea. They have usually 
consisted of bottling samples of the water and storing them for varying 
periods, generally at controlled temperatures, determining the oxygen 
content of the samples and comparing it with the content of the original 
wate"r. The incubation time has seldom exceeded a few days, or at 
most a few weeks. 

It has generally been supposed that oxygen consumption will con-
tinue, perhaps indefinitely, at a diminishing rate. But no one has ap-
parently determined how long it will take for the process to become 
entirely imperceptible. 

As would be expected, the rate and extent of oxygen consumption 
depend upon the temperature, the time of storage, and the source of 
the water, which determines the amount and character of the organic 
matter present. 

Oxygen consumption is one of the factors concerned in the distribu-
tion of o:xygen in the sea, and especially the occurrence and significance 
of the "oxygen minimum." Sverdrup (1938) has shown the mathe-
matical consequences of the various possible assumptions concerning 
the rate of oxygen consumption and the distribution of oxidizable 
organic matter. Seiwell (1937) determined the oxygen consumption 
in sea water samples from various depths, incubated for ten days at 
two temperatures, 11 ° and 25° C. Extrapolating the time, he calcu-
lated the annual consumption at temperatures in situ. His results 
were many times in excess of values which he had calculated from the 
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study of the oxygen distribution in the sea, and his conclusion was that 
in the ocean there are restrictive influences which limit oxygen con-
sumption. 

While it is to be expected that experimental laboratory conditions 
will yield results very different from those in the ocean, it seems that 
the closest approximation to the natural process would be to take sea 
water samples from various depths and to incubate them for as long a 
time as possible at the temperature which the water had in situ, 
removing samples for analysis periodically. 

Water was obtained from two stations, "B" and "C," located respec-
tively at 39° 05' N., 70° 40' W. and at 35° 30' N., 67° 30' W. The most 
significant part of the water column is the oxygen minimum layer. 
Samples were accordingly taken from this level (230-250 m. at Station 
B and 900-920 m. at Station C), as well as from the surface and from 
a depth well below the minimum (1240 m. at Station B and 1725 m. 
at Station C). The "minimum" samples were immediately placed in 
glass-stoppered bottles of about 250 ml. capacity and incubated in a 
water bath in the dark at 8° to 9° C., their original temperature. The 
deep samples were similarly stored at a temperature of 4° to 5° C. 
The surface samples were distributed, some of them at 8°, some at 4°, 
and some at the uncontrolled laboratory temperature, about 25° C. 
Bottles were removed for analysis periodically over a period of nearly 
two years (713 days). 

All analyses were made in duplicate (from a single bottle in storage) 
by the routine Winkler method. A single solution of sodium thiosul-
fate was used for the whole period and its concentration determined 
before each analysis by titration against standard Kl0 3 and K 2Cr201. 
Several standards were prepared during the experiment and cross-
checked against each other. 

Due to misunderstanding, different solutions were used in the original 
determinations of oxygen content, made on shipboard, so that the 
first two analyses for each sample were considered unreliable and are 
not included in the results given. However, since the object of the 
experiment was to follow the long-term changes, rather than those 
which took place in the first few days, this is not considered a serious 
gap in the data. 

The results are shown in Table I. It will be seen that the surface 
samples, from both stations, were erratic, especially those incubated 
at 25°. The surface samples incubated at each of the lower tempera-
tures were more regular and came to a constant level (depending on 
the temperature) after about 100 days of incubation. Significantly 
greater consumption resulted at the higher temperature, even after 
two years. 
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TABLE I. CONSUMPTION OF OXYGEN (02 ml./L) IN WATER FROM THREE 

DIFFERENT LEVELS AT Two STATIONS. WATER WAS STORED IN 

THE DARK AT TEMPERATURES (C.) CLOSE TO THOSE in situ, 
IN SMALL INDIVIDUAL BOTTLES, ONE OF WHICH WAS 

USED FOR EACH ANALYSIS. TIME Is MEASURED 

FROM THE DAY THE WATER WAS SAMPLED 

Time -----Station B-----
(days) 

- ----Stat·ion C----~ 

18 
42 
66 
85 

113 
148 
200 
260 
323 
412 
583 
713 

Surface 

25° 8-9° 4-5° 

4.11 4 .50 4 .68 
4.18 4.28 4 .15 
3.83 4.16 4.08 
3.93 4 .22 3.96 
3.85 3 .78 3 .85 

4 06 
3 .51 3 .76 

3 .99 3 .75 
4.11 3 . 66 
4 .15 3.53 

"~Mini -
·,num'' 
(230-

250 m.) 

Deep 
(1240 
m.) 

8-9° 4-5° 

3 .55 
3.50* 
3 .34 
3.26 
3 .27 
3.31 
3.21 
3 .32 
3 .48 
3.47 

3.46 

6.38 
6.13 
6.06 
6.02 
6.14 
6.12 
6.13 
6.23 
6.05 
6 .12 
6.14 
6.11 

Surface 

25° 8-9° 4-5° 

3.62 4 .05 4 .15 
1.49 3.40 4.10 
3.25 3.92 3 .95 
1. 21 3 .44 3 . 79 
3.09 3.76 3 .77 

3.43 
2.60 3.06 

3 .15 3 .80 
1.74 3 .14 
2.89 3 .77 

"Mini- Deep 
mum" (1725 
(900- m.) 

920 m.) 

8-9° 4-5° 

3.54 
3.43* 
3.43 
3.43 
3.40 
3 .43 
3.41 
3.44 
3.40 
3.42 
3.44 
3.39 

6.18 
6.07 
5 .99 
5.98 
5.95 
6.04 
5.98 
5.97 
6.06 
6 03 
6.02 
6 01 

* At this point samples of this water were raised to room temperature (25° C.); 
results are shown in Table II. 

The most striking fact observed is that within the limits of the 
analyses there is no net oxygen consumption in either the "minimum" 
or the "deep" samples after the first 50 days. They remained without 
change for nearly two years at their temperatures in situ. The deep 
samples were particularly regular in behavior. 

The apparent rise in oxygen content in the minimum samples from 
Station B, after the initial drop, is very likely the result of the condi-
tions of the experiment, and the abnormally large oxygen consumption 
in some of the surface samples incubated at 25° is presumably due to 
the accidental inclusion of plankton material or other easily oxidizable 
substances. 

In order to determine the relative importance of the temper,:i,ture, 
some of the "minimum" samples were removed after 42 days and incu-
bated thereafter at 25°. The results, shown in Table II, indicate 
consistently greater oxygen consumption in these samples. 

A second series of experiments was begun, primarily to study the 
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TABLE II. CONSUMPTION OF OXYGEN (02 ml./L) AT RooM TEMPERATURE (25° C.) 

IN w ATER FROM THE OXYGEN MINIMUM LAYER AT Two STATIONS. WATER 

HAD PREVIOUSLY STOOD FOR 42 DAYS AT 8-9° C. 

(SEE NOTE TO TABLE I ) 

Time Station B Station C 
(days) 

0 3.50 3.43 
6 3.34 3.34 

20 3.27 3.33 
39 3.13 3.40 
69 3.10 

212 2.96 3.27 

TABLE III. CONSUMPTION OF OXYGEN (02 ml./L) IN WATER SAMPLED AND STORED 

UNDER CONDITIONS SIMILAR TO THOSE IN TABLE I. TIME 

MEASURED FROM THE DAY THE WATER WAS SAMPLED 

Time Surface "JYfinimum" Deep 
(days) (400 m.) (1200 m.) 

25° 8- 9° 4-5° 

0 5.11 3.89 6.28 
2 5.11 3.84 6.21 

20 4.97 3.76 6.17 
40 4.80 3.75 
82 4.41 3.76 6.13 

172 4.65 3.81 6.10 
305 4.50 6.14 

consumption in the first few days. Samples were taken from three 
levels, as before: surface, 400 m. (the oxygen minimum level), and 
1200 m. They were incubated at the same temperatures as in the 
first series (which were the temperatures in situ). The results are 
shown in Table III. The surface samples again behaved erratically, 
with oxygen consumption continuing for about 80 days. In each of 
the other sets of samples, oxygen consumption ceased after the first 
few days. 

These experiments do not, of course, give us a clear picture of the 
process of oxygen consumption in situ. One wonders whether the 
true, natural rate of consumption is the maximum rate noted in the 
first few days of laboratory incubation or the minimum rate integrated 
over the whole period. The former assumption leads to the anomaly 
obtained by Seiwell and already referred to-more oxygen apparently 
consumed than can conceivably be available. Rather than to attempt 
to reconcile the situation by assuming retarding agencies in the sea, 
it is more in keeping with known facts to assume that the laboratory 
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conditions hasten the normal rate of consumption. Zobell and Ander-
son (1936), and others, have found bacterial action to be stimulated in 
bottled· ~amples, because of surface effects. It is impossible to tell to 
what extent the observed initial rate of consumption is due to such 
surface concentration of bacteria, but it is probably not entirely due 
to this. 

One also wonders why oxygen consumption ceases after a compara-
tively short period. It is evidently not the result of complete decom-
position of organic matter. Among others, Waksman and Carey 
(1935) h::ive pointed out that bacteria do not attack and oxidize all the 
organic matter in the water. Further, they discuss the "dynamic 
equilibrium" in sea water, involving the organic matter and its decom-
position products, the oxygen tension, the temperature, the bacterial 
population, etc. The unknown condition of the equilibrium must be 
responsible for the fact that in water which has come to a steady state 
at low temperature additional oxygen is consumed when the tempera-
ture is raised. 

It may be significant to observe that the surface samples which were 
incubated at the lower temperatures eventually reached a level of 
oxygen concentration similar to that in the "minimum" samples. 
This lends some support to the view that the organic matter in a 
vertical water column (at least down to the oxygen minimum layer) is 
principally derived from the local surface. 

Until we know more about the nature and distribution of the dis-
solved organic matter in the sea, we cannot safely translate such 
laboratory experiments as these into natural processes. Nevertheless, 
there is reason to suspect that the natural process of exygen consump-
tion in the sea 1s slower than we may previously h_ave assumed. 
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