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Tritium-Helium Dating in the Sargasso Sea: 

A Measurement of Oxygen Utilization Rates 

Abstract. The newly developed technique of "tritium-helium dating" has been 
used to investigate in situ rates of oceanic oxygen utilization. As an example, an 
apparent oxygen utilization rate of 0.20 ? 0.02 milliliter per liter of water per year 
has been obtained for the Subtropical Mode water (18?C water) in the Sargasso Sea. 

Using a recently developed technique 
for measuring gas residence times (1), I 
have determined an "apparent oxygen 
utilization rate" for the 18?C water in the 
Sargasso Sea. Mass spectrometric mea- 
surements of the isotopic ratio of He ex- 
tracted from seawater have shown that 
the concentration of the lighter isotope, 
3He, is generally in excess of that ex- 
pected from solution from the atmo- 
sphere (1). This excess :He consists of 
two components: (i) primordial :He in- 
jected into the deep oceans from the sea- 
floor spreading center and (ii) :He pro- 
duced by the in situ radioactive decay of 
tritium (:3H). The former component ex- 
ists solely in the deep and bottom wa- 
ters, whereas the latter exists primarily 
in the upper waters (1). This "tri- 
tiugenic" :'He can be used in conjunction 
with 3H to deduce gas residence times (1) 
and hence oxygen utilization rates. 

In a parcel of water at the sea surface, 
3He is continually being produced by the 
in situ decay of 3H; but, because the par- 
cel is at the sea surface and in gaseous 
equilibrium with the atmosphere, this tri- 
tiugenic :'He escapes. At some time 
(t = 0) this parcel sinks, losing contact 
with the atmosphere, and tritiugenic :He 
begins to accumulate. By measuring the 
"H and tritiugenic :He content at the time 
of sampling, it is possible to compute the 
time that has elapsed since gas equilibra- 
tion with the atmosphere (T) according to 
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where [lH] and ["He] are the concentra- 
tions of :1H and tritiugenic :'He, respec- 
tively, and T is in years. With Sargasso 
Sea surface :H concentrations and 
present mass spectrometric precision, 

elapsed times as short as 2 months may 
be detected. 

The :H-'He age thus calculated, how- 
ever, is an average age due to mixing, 
and some caution must be exercised in 
the interpretation of this age since the 
average is weighted according to the [:H] 
of the mixing end members (1). Further- 
more, it must be shown that the "'H-:He 
clock" is "set," or that the parcel was 
indeed at equilibrium with the atmo- 
sphere prior to sinking. Within this 
framework, it is possible to estimate the 
net in situ production or consumption 
rate of any chemical species that is re- 
newed at the sea surface. 

I obtained seawater samples to a depth 
of 1 km from three stations in the Sar- 
gasso Sea, using 1.3-liter Nansen bottles; 
I transferred the samples to He-leak- 
proof containers on shipboard, using a 
simple gravity feed technique (2). Oxy- 
gen, temperature, and salinity measure- 
ments were made for each Nansen 
sample. The He was extracted from the 
seawater in a high-vacuum line, and si- 
multaneously the seawater was degassed 
in preparation for the measurement of :1H 
by the "grow-in technique" (3). The ra- 
tio of [:'He] to [4He] and the total He con- 
tents were measured to + 0.2 percent 
and ? 1.2 percent respectively, on a 
dual-collection mass spectrometer. The 
:H was determined to ? 0.08 tritium 
unit, ?+ 4 percent, by reextraction and 
mass spectrometric measurement of :He 
that had grown in over a storage period 
of about 1 year and was decay-corrected 
to the time of sampling. 
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Fig. 1. The :H-aHe age plotted versus the apparent O2 utilization; LSF line, least-squares-fit line. 

0) 0 
4~ 

o 
0) 

N I 

c- 

0. 

x 

4. 2 

Ct3 

Q. 
<I 

15 APRIL 1977 291 



Apparent 

D 0.20 0.40 

Station 548 
32.5 N 
67.5 W 

1--4" 

11^ 

oxygen utilization rate (AO2/r) 
(ml liter-1 year-1) 

0 0.20 0.40 0 

Station 550 
34.5 N 
67.5 W 

_- - 

0.20 0.40 

Station 552 
36.5 N 
67.5 W 

[-A_ 
P--H- 

Fig. 2. The apparent O0 utilization rate as a function of density. 

I calculated the tritiugenic [:He] from 
the isotopic ratio of 3He to 4He and the 
He concentration, using a value of 
1.398 x 10-' for the atmospheric He iso- 
topic ratio (3, 4), the equilibrium solubili- 
ty data obtained by Weiss (5), a He iso- 
tope effect in solution of 0.9886 ? 0.0006 
(6), and a correction for air injection. 
The apparent 02 utilization (AO2) was 
computed as the difference between the 
02 concentration observed and that cal- 
culated from solubility (7). 

The data obtained were characterized 
by a strong correspondence between the 
:3H-:3He age, 02, and hydrographic prop- 
erties (8). Figure 1 shows the relation- 
ship between AO2 and r (the 3H-3He age) 
for the three stations. The linear regres- 
sion line shown for a particular station 
does not imply any specific functional 
relationship, as there are significant and 
consistent excursions from the curve; 
the line is simply a reference point from 
which to examine the grosser aspects of 
the AO2 rate, R. What is striking is the 
similarity of the slopes obtained for the 
three sites and the essentially zero AO2 
intercept. This latter phenomenon, com- 
bined with the clustering of surface val- 
ues around r = 0, strongly supports the 
hypothesis that the :3H-:He clock is prop- 
erly set. 
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The systematic deviations from the 
linear regression line in Fig. 1 suggest 
hydrographic variations in R. It is pos- 
sible to compute R for each sample by 
dividing AOG by the :H-J:He age. This has 
been done in Fig. 2 for all samples except 
the mixed layer samples (which would 
have large relative uncertainties due to 
the low 'H-3He ages). Certain structural 
features are immediately apparent, cor- 
responding to features in the temper- 
ature-salinity relations (8). A pro- 
nounced maximum in R occurs at the 
density o-0~26.1 (19?C), which corre- 
sponds to the base of the "winter water" 
(winter mixed layer remnant) below the 
seasonal thermocline. At cro-26.5, 
which corresponds to the 18?C water (9), 
there occurs a minimum in R, below this 
minimum R increases to what may be a 
deeper maximum at r-o~27.2 to 27.5 (7? 
to 10?C). 

The shallow maximum in R is most 
probably located at the site of the 
"crossover" of decreasing 02 consump- 
tion and decreasing 02 production with 
depth. The interpretation that the deeper 
maximum is probably an artifact of the 
mixing history of this water mass follows 
from the fact that the back-corrected 
(decay-corrected) [3H] at time r = 0 
does not correspond to the expected sur- 

face ['H] for that time (8). Consequently, 
the R values obtained for this water mass 
represent an upper limit to the true O0 
utilization rate. 

For the 18?C water ((o- = 26.5) mixing 
nonlinearity is not a large effect, since 
the mixing half-life for this water mass 
[about 3 years (8)] is short relative to the 
rate of change of surface [3H]. That is, 
[:3H] in the 18?C water tends to follow 
quite closely the surface [3H] [as seen in 
recent measurements (8)] so that the av- 
erage 3H-:He age approaches quite 
closely the true mixed age of the water 
mass. The mean R for the 18?C water 
(26.4 < o-r < 26.6) is thus 0.198 ? 0.004 
ml liter-1 year-' with an estimated uncer- 
tainty of 0.02 ml liter-' year-~ due to 
mixing nonlinearity and the possible ef- 
fects of air injection. For this same den- 
sity stratum, Riley (10) using an advec- 
tive-diffusive model, obtained an R of 
0.19 ? 0.05 ml liter-l year-~, in good 
agreement with the results obtained 
here. 

In summary, I have developed a new 
technique for making in situ measure- 
ments of oceanic 02 utilization rates 
which is inherently more precise and has 
greater spatial resolution than earlier 
methods. When coupled with other bio- 
logical and chemical measurements, this 
technique could lead to the first determi- 
nations of quantitative causal relations 
between the rates of chemical (and bio- 
chemical) reactions in the sea and the bi- 
ological and chemical environments in 
which they occur. 

W. J. JENKINS 

Department of Chemistry, 
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