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Dissolved Nitrogen tn West Greenland
Waters'
D. C. Nutt z, L. K. Coachman 3, and P. F. Scholander4

Abstract. The nitrogen tension in several water masses in the West Greenland coastal
region departs only about 5°/0 from the value of the atmosphere. Significantly higher values
of nitrogen tension were found in the upper layers of waters near glacier fronts. These values
are attributed to the solution of gases trapped in the glacier ice and released to the water
under considerable hydrostatic• pressure.

Introduction. It is generally assumed that all ocean water has at one time
been in contact with the atmosphere and that it became equilibrated at that
time with the air at atmospheric pressure and under existing conditions of
temperature and salinity. Oxygen, because of its biological significance and its
ease of measurement, is extensively used as an index in the interpretation of
oceanographic and limnological phenomena; on the other hand, dissolved nitrogen and other inert gases are seldom used, mainly because practical analytical
methods are lacking. However, the oxygen content is subsequently altered by
biological and chemical processes whereas nitrogen, being essentially inert, is
assumed to be conservative and to remain unchanged. A knowledge of the
nitrogen tension should give information concerning the degree of surface
equilibration and its maintenance. Rakestraw and Emmel ( I 938a), who suggested that a more exact calculation of the original oxygen content could be
obtained by taking nitrogen into account, determined dissolved nitrogen and
argon at several North Atlantic stations. They showed that in 82 out of 8 5
samples of sea water there was less than 5 °/o variation from atmospheric nitrogen tension, although the temperature range extended from 26°C in the surface layers to 2.3°C at 4500 m depth. The argon values were also close to
saturation. Hamm and Thompson ( I 94 I) found much the same conditions
for nitrogen in eastern Pacific waters.
The Arctic Institute Greenland Expedition in 19 58 presented an opportunity to extend our knowledge of nitrogen distribution to more northerly
1 This paper is based on work supported by the Arctic Institute of North America with funds provided under contract with the U.S. Office of Naval Research. Reproduction in whole or in part is permitted for any purpose of the U.S . Government.
• Dartmouth College. 3 University of Washington. 4 Scripps Institution of Oceanography.
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Map of West Greenland showing location of oceanographic statioQs. Open circles indicate
coastal stations, closed circles indicate ice front stations.

waters. Although the temperature ranges along the west coast of Greenland
were not as great as those in the Atlantic and Pacific studies noted, several
water masses of widely varying origin and life history were involved, and the
presence of glacier fronts and floating ice presented interesting special conditions. Pertinent data were obtained at selected stations along the west coast
of Greenland from Melville Bay at 75°N Lat. to Brede Fjord at 61°N Lat.
(Fig. 1). Thus it was possible to observe: (I) the latitudinal distribution of
dissolved nitrogen in coastal waters; and (2) the influence of glacier fronts
and floating icebergs on its amount.
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Methods. Determinations of nitrogen saturation values require knowledge
of temperature, salinity and dissolved nitrogen. Temperature measurements
were obtained from reversing thermometers or from BT traces controlled on
each cast by reversing thermometer observations. Water samples for salinity
and nitrogen determinations were taken with Nansen bottles. Salinity was
determined at the Woods Hole Oceanographic Institution either by salinometer, or, in the case of samples with low salinity, by the standard Knudsen
titration method. Water samples for gas analysis were drawn from the Nansen
bottles into ordinary 6-ounce glass salinity bottles which were filled to overflowing and sealed from the air under slight positive pressure; these samples
were immediately stored in ice water to prevent bubble formation . In the
range of saturations encountered, the errors incurred in the open sampling
technique were in all instances less than I 0 /o, and in most cases of near saturation they were insignificant. Dissolved gases were determined by a microgasometric method (Scholander, et al., 1955) in which, for greater accuracy,
the water volume was measured by means of a 1-cc tuberculin syringe. Analyses, made in duplicate, usually agreed within ±0.15 ml/I.
There is some uncertainty in the calculation of saturation values, because
the nitrogen solubility values determined by Rakestraw and Emmel (1938b)
differ from those determined earlier by Fox (1909). This uncertainty and the
limitations of our analytical accuracy preclude critical interpretations of the
saturation values obtained here, but at the same time they do not alter the basic
conclusions reached. Saturation values calculated by us are based on Fox's data.
Results. There is a gradual decrease of about 7 °/o in the quantity of dissolved nitrogen between Melville Bay in the north and Godthaab in the south
(Fig. 2), but the nitrogen tension was consistently within ±5 °/o of the atmosml/I

% SATURATION

14

90

10

0

UMANAO
DISKD

SAY

BAY

0

G DTHAABS
BREDE

Figure

FJORD
2.

0

0

0

0

Plots of volumes of dissolved nitrogen and percent saturation obtained from coastal stations
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Figure 3. (a) represents the vertical distribution of percent saturation values for dissolved nitrogen
observed at glacier front stations. {b) represents comparable distribution at coastal stations.
The closed circles indicate values from Brede Fjord coastal station. For convenience the
vertical scale is reduced below 200 m.

pheric equilibration. In Brede Fjord this general north-south trend continued
in the lower levels while the upper levels were supersaturated.
The percent saturation values in a vertical profile from the glacier-front
stations (Fig. 3a) and in a similar vertical profile from corresponding coastal
stations (Fig. 3 b) show that in the surface layers of all glacier-front stations
there is a measurable supersaturation of nitrogen amounting to some 5-10°/o.
In the deeper layers generally the water masses are nearly 100°/o saturated.
In the outer fjord stations (Fig. 3 b) the water masses from all levels are saturated, excepting the surface layers of Brede Fjord, which are supersaturated.
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Discussion. The water masses sampled at the coastal stations in West Greenland consist of ( 1) a mixed surface layer warmed and freshened to various
degrees; (2) from 30 to 200 m, an intermediate layer of colder and more
saline water, which, in Southwest Greenland, consists of remnants of the
East Greenland Polar Current ; and (3) below 300 m, the deep layer of
warmer and still more saline water of Labrador Sea and Baffin Bay origin. In
the summer there is a stable density gradient throughout the water column.
Except in a shallow surface layer of Brede Fjord the nitrogen tension was
essentially equal to that of the atmosphere at all depths in the coastal stations;
this equilibrium tension was apparently achieved at the surface and maintained
in the water masses, even though their origin and past history were quite
different. This finding is in agreement with those of Rakestraw and Emmel
(1938b) for Atlantic waters at 35°N Lat. and of Hamm and Thompson
( 1941) for eastern Pacific waters at 50°N Lat.
The nitrogen supersaturation observed in the upper layers of the glacier
front stations and in the surface water at Brede Fjord d~mands special explanation. The ice of discharging glaciers and icebergs contains gas inclusions
under considerable pressure. The composition of this gas is essentially the
same as that of the atmosphere, and the amount of gas, measured at atmospheric pressure, ranges from 3 to 8 °/o of the ice volume, which is usually
considerably more than the 2.9°/o that the melt water can dissolve at atmospheric pressure (Scholander, et al.). As the iceberg melts, these gas bubbles
are released. The glacier fronts are often some I oo to 300 m deep, and under
such hydrostatic pressures the bubbles dissolve as they rise, evidently in sufficient amount to cause the supersaturation observed in the upper layers of
the surrounding water. Supersaturation caused by simple warming of the
water must be excluded, because the absolute nitrogen concentrations are
sufficiently high so that the water would be supersaturated even if cooled to
its freezing point.
This mechanism is a natural explanation of the nitrogen supersaturation
observed in the inner fjord and bay waters of West Greenland. That this
water may sometimes be found at some distance from its source is demonstrated by the data from outer Brede Fjord.
In addition to the nitrogen supersaturation clearly found near the glac:ie-r
fronts, we believe there are indications that some of the other smaller departures from nitrogen saturation values are real; but our analytical techniques
and knowledge of exact saturation values do not permit a closer interpretation
than that given. Because of the vastly different coefficients of thermal conductivity and of salt and gas diffusion, it is suggested that more accurate knowledge of nitrogen tension together with a confirmation of the saturation values
mi~ht provide add~tional information as to the actual degree of equilibration
achieved and contnbute to our knowledge of water mass life history and internal processes.
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