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Introduction
Carbon output of meltwater from glaciers is a significant component of the 

global carbon balance (Wadham et al., 2019). Estimating the CO2 flux from 

subglacial environments is important for determining how glaciers and ice 

sheets contribute to atmospheric CO2 (Graly et al., 2017).  Accurate 

measurements of dissolved CO2 (dCO2) from glacial meltwaters underpin 

this effort. Current research lacks consistent high frequency data required to 

estimate total CO2 flux, determine its relationship to melt rates and seasonal 

discharge, and to constrain the source of dCO2.

During the early melt season of June 2018, dCO2 was measured using the 

Eosense eosGP probe in a subglacial river which drains the Greenland Ice 

Sheet (GrIS). The suitability of the eosGP for determining time-dependent 

variation of dCO2 in subglacial meltwater was tested during a five-day 

deployment. This campaign was part of a larger research project aiming to 

understand subglacial carbon cycling and its release to the atmosphere. 
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Study Location
The study site is located at a lateral subglacial outlet of the larger 

Isunnguata Sermia glacier which drains the GrIS in the Kangerlussuaq area 

of West Greenland (Figure 1). A subglacial river emerges from under the ice 

through a well-defined outlet at the site (Figure 2). At the ice sheet margin, 

meltwater carves out caves from movement-related deformation cracks. 

These caves shift from being water filled to dry (Figure 3) creating a dynamic 

environment over the melt season, which requires constant adjustments to 

the placement of dCO2 measurement equipment.

Figure 1: The Isunnguata Sermia glacier in West Greenland. The black arrow (pointing 
north) in the center shows the location of the lateral subglacial meltwater outlet and the 
measurement site (See Figure 2). Inset picture of Greenland shows the location with a yellow 
circle.

Figure 2: The location of the subglacial river exiting the ice margin of the Isunnguata 
Sermia glacier. Jesper is checking the eosGP probes in the meltwater. The red and yellow 
arrows indicate the two pathway (gaseous = gCO2 and dissolved = dCO2) in which CO2 is 
exported from the subglacial environment. 

Figure 3: Dry and wet ice caves at the measurement site 
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Measurement of dCO2 
using the eosGP
The eosGP probes (Figure 4A) were connected to a Campbell CR1000 

datalogger (Campbell Scientific Inc., USA) using the schematic diagram 

provided online by Eosense (details can be found in this Application Note) 

and the sampling interval was set to 10 seconds (Figure 4B).

Before deployment, the eosGP probes were allowed to equilibrate with the 

atmospheric background CO2 concentration for approximately one hour 

(Figure 4C). This procedure was repeated throughout the deployment period 

in order to check for sensor drift and to test the sensitivity of the CO2 signal 

response when switching the probe between the aqueous and gaseous 

phases. Atmospheric measurements were not used to calibrate the sensors 

as they had been precalibrated by Eosense. A custom calibration for 

measurements at CO2 concentrations close to the atmospheric equilibrium 

had been performed by Eosense as measured concentrations close to the 

atmospheric background were expected (which we assumed to be 

approximately 400 ppm).

Figure 4: A) The eosGP probes awaiting deployment. B) The eosGP probes 
connected to a Campbell CR1000 datalogger. C) Atmospheric CO2 background 
check before deployment. D) The eosGP probes deployed in meltwater. 
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Measurement of dCO2 
using the eosGP cont.
At deployment the eosGP probes were initially installed with the diffusive 

membranes submerged 15 cm below the surface of the meltwater at low 

flow conditions (Figure 4D). The water level in the meltwater river fluctuated 

±30 cm relative to the initial water level at time of deployment. Therefore, the 

depth of the sensor varied during the deployment period, and on one 

occasion the water level fell below the diffusive membrane of the eosGP 

sensor.

In addition to the dCO2 measurements, measurements of the gaseous CO2 

(gCO2) emitted in the subglacial air (Figure 2 inset picture) were also 

collected using an Ultraportable Greenhouse Gas Analyzer (Los Gatos 

Research, USA) (see Christiansen and Jørgensen (2018) for details on the 

measurement setup).

Figure 4: A) The eosGP probes awaiting deployment. B) The eosGP probes 
connected to a Campbell CR1000 datalogger. C) Atmospheric CO2 background 
check before deployment. D) The eosGP probes deployed in meltwater. 
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Results
The dCO2 fluctuated during the measurement period between a minimum 

value of 480 ppm and a maximum value of 640 ppm. At no time did the 

value of dCO2 approach the atmospheric background level (Figure 5). The 

dCO2 concentrations displayed a diel variation over the deployment period 

with clearly separated diurnal maximum and minimum dCO2 concentrations 

(Figure 5).

During the night and early morning between June 24th and 25th the dCO2 

dropped closer to the atmospheric background level (Figure 5) indicating 

that the water level in the subglacial river had dropped close to or just below 

the diffusive membrane of the sensor. This confirms that the dCO2 

concentrations measured by the eosGP sensors were indeed significantly 

above atmospheric background levels.

Simultaneous measurements of gCO2 and dCO2 were also collected during 

the deployment period (Figure 5). The concentration of gCO2 was 

consistently higher than the atmospheric background level, consistently 

lower than dCO2, and followed the same temporal trend over the entire 

measurement period (Figure 5).

Figure 5: Time series of dissolved (dCO2, blue line) and gaseous (gCO2, red line) 
measured from June 21st to 25th. Dashed blue line corresponds to a shorter period 
where the eosGP sensor was exposed to air due to very low water level in the river.
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Discussion
Higher dCO2 relative to gCO2 suggests that gCO2 originates from the 

meltwater and could be explained by evasion of CO2 from saturated 

meltwater and into the subglacial air directly above the running meltwater. A 

more detailed investigation of the diel variation observed on June 25th 

reveals that trends in concentrations of dCO2 and gCO2 are almost 

completely synchronized through time (Figure 6).

These observations suggest that: 1) the export of dCO2 and gCO2 in the 

subglacial environment is controlled by the meltwater and 2) the observed 

dCO2 and gCO2 are from a subglacial source; however a more in-depth 

investigation is required to determine the origin of this CO2.

Figure 6: Concentration normalized time series showing the synchronicity of 
observed diel variation in dissolved (dCO2, blue line) and gaseous (gCO2, red line) 
CO2 in subglacial meltwater over a 24 hour period. Data shown are from 
measurements  collected on June 25th, 2018.
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Conclusion
This deployment of the eosGP sensor demonstrates its capacity to resolve 

both the magnitude and temporal variability of subglacial dCO2 export. 

Coupled with meltwater discharge measurements, the total mass flux of 

dCO2 or carbon could be estimated. In particular, if temperature of the 

meltwater was known and the resultant dCO2 values were converted in to 

mol or mg of dCO2. Overall, this study highlights the potential dCO2 and gCO2 

measurements to improve our fundamental understanding of carbon export 

from glaciers and ice sheets.
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