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Scientific overview:
Biogeochemical cycling of nitrogen beneath glaciers may exert an important control on
downstream productivity, hence global climate (Wynn et al., 2007). However, the connection
between glacial export of nutrient and increase primary productivity is contested, since research is
still in its infancy (Meire et al., 2016). Thus, there is a need for an improved understanding of the
role of ice sheets in nitrogen cycling.
The ocean waters surrounding Greenland are primarily nitrogen limited (Wadham et al., 2016).
Increased export flux of nitrogen with climate warming may result in increased phytoplankton
activity (Hawkings, 2015). This biological activity sequesters CO2. Therefore, understanding the
controls on nitrogen export is essential to our understanding of how the earth system will respond
to future anthropogenic warming. To date, there are limited studies of nitrogen-export from ice
sheets systems. As such, the cryosphere ecosystem is neglected in the global nitrogen budget.
The aim of the project is to develop a greater understanding of the effect of the Greenland ice
sheet on this cycle. This study builds upon the findings of Hawkings (2015) and Wadham et al.
(2016) who provides compelling evidence of nitrogen cycling beneath ice sheet systems. However,
these studies focus on two glaciers over different melt seasons. Therefore, in order to further
isolate the controls on dissolved nitrogen export, this study monitors three glaciers (Figure 1;
Table 1) over a single melt season (2018 melt season).
Site and Methods:
A study site of southwest Greenland, proximate to Kangerlussaq (67.0095° N, 50.7212° W), was
chosen (U.S Geological Survey, 2017). The area provides three different sized land-terminating
glaciers, all of uniform bedrock geology. Additionally, the glaciers are in close proximity to one
another and the ice sheet is accessible allowing direct sampling of runoff at the ice margin (Figure
1; Table 1). Previous studies have focused on the Leverett Glacier, thus studying this catchment
will provide a comparative dataset to analyse against (Hawkings, 2015; Wadham et al., 2016).
Additionally, this area is believed to be representative of large Greenland outlet glaciers, which
discharge from the Greenland ice sheet (Hawkings et al., 2017), hence data from this study could
be extrapolated for the whole region.

Table 1: Location and size of study sites. Sources: (Hawkings et al., 2017; U.S Geological Survey, 2017)

Isunguata Sermia

Coordinates
(Latitude, Longitude)
67.1833° N, 50.1667° W

Leverett Glacier

67.0343° N, 50.0948° W

Russell Glacier

67.0958° N, 50.2167° W

Study Sites:

2

Size (Km )
2

(~2400 km )
2

(600 km )
2

(<10 km )

Figure 1: Map of study area southwest Greenland. Source: Google Maps.

The methodology for sample collection and analysis closely reflects that of (Hawkings, 2015). The
rivers’ hydrology was monitored throughout the melt season, using a sensor array, in order to
measure: discharge, electrical conductivity, pH and temperature. Bulk meltwater samples were
collected at the same time each day, throughout the main melt period (June 22nd – July 14th)
through a research team stationed at each glacier. Additionally, once a week samples were taken
at four-hour time steps for a 24-hour period. Samples were collected in high-density polyethylene
Nalgene (HDPE) bottles, rinsed three times with meltwater before collection. In order to measure
the dissolved nitrogen species (nitrate, ammonium and organic nitrogen), samples were filtered
through a 47 mm 0.45 mm cellulose nitrate filters, attached to a 20 ml syringe. After filtration,
samples were stored, in the dark, in 30 ml HDPE bottles, previously rinsed three times with the

filtrate. These samples were frozen and analysed on return from fieldwork. All Nitrogen species
were analysed colorimetrically using Flow Injection Analysis, a month after return from fieldwork.

Figure 2: Russell Glacier sampling site, daily samples and filtering taken from this point. (Copyright: Dr Karen Cameron)

Figure 3: Daily melt water sampling. (Copyright: Dr. Karen Cameron)

Figure 4: Dye tracing for discharge calibrations. Dye place in the river upstream of the waterfall visible in Figure 2. (Copyright: Dr
Karen Cameron)

Progress and success in the field:
The primary objective was successful. Melt water samples were collected daily over the melt
period from each glacial catchment. In- situ sensory arrays at each site continuously monitored
the site. This has allowed analysis of melt water characteristics and calculation of dissolved
nitrogen flux.
We did not encounter any issues in terms of health and safety while in the field. We abided by the
health and safety protocol set out pre-departure. Special care was always taken, due to the
extreme nature of the environment.
Complications:
Although daily samples were collected successfully for the duration, the plan for 24hour samples was altered during the course of the fieldwork. Originally a 24-hour sampling period
was to be conducted once a week on a Sunday. However, since the melt season was relatively
cold, in order to capture more variation in the melt characteristics the final 24- hour sampling
session was delayed. This was a non-issue in terms of organisation, however it highlights the
unpredictability of weather in this region.

Owing to lab equipment failure and time constraints I have had to change my primary research
focus from silica to nitrogen. Both elements have a significant effect on ecosystem productivity.
Understanding nitrogen cycling within ice sheet environments is equally important to silica and to
the understanding of global biogeochemical cycles and climate.
Key findings to date:
Preliminary measurements confirm initial predictions. Overall, EC scaled with glacial size. This is as
suspected, since weathering rates scale with glacial size, due to the residence time of melt water
through the catchment and physical erosion rates. As such, the Russell River had the lowest EC
and discharge throughout the melt season, with Isunguata and Leverett having considerably
higher EC and discharge.
Flux calculations from each site confirm that the flux of nitrogen scales with glacial size.
Additionally, there is evidence of subglacial enhancement of nitrogen export, since the
supraglacial flux cannot fully account for the flux of nitrogen in the bulk meltwater. Hence, it is
likely that the subglacial microbial community’s metabolic processes enhance the flux of nitrogen
to downstream ecosystems. Furthermore, there is clear evidence of nitrification (the oxidation of
ammonium to nitrate) within the Leverett catchment, the patterns are less clear at the other sites.
This is a point of on going enquiry, for which I will write up at a later date.
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