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The goal of this work was to evaluate a potential influence of the melting glacier on the 
hydrochemistry of the surrounding coastal waters. The studies were based on 2 expeditions 
to the Tempelfjord (Western Spitzbergen) performed in winter 2014 and in summer 2015 
when there were measured hydrophysical, chemical and biological parameters in the sea 
water, coastal discharge and the sea ice. Obtained results of the research show that the 
glacier runoff has a clear impact on the hydrochemical structure of the fjord waters not 
only in warm season, but in cold seasons as well. 
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I. INTRODUCTION 

Impact of climate change have already been reported in the Arctic Ocean, such as 
warming [1] decreasing ice-covered area [2], freshening [3], Arctic rivers discharge increase [4] 
and increasing surface carbon dioxide (CO2) concentrations [5] with concomitant ocean 
acidification [6, 7, 8]. Observations and predictions show that declining summer sea ice cover, 
and increased river runoff to the Arctic Ocean, will likely modify several processes relevant for 
the freshwater and carbon budget which in turn also affect the high latitude marine ecosystem. 
The increase in atmospheric CO2 and elevated oceanic CO2 uptake, with the consequence of 
decreased pH and carbonate ion concentrations are expected to put further stress on marine 
organisms, in particular, calcifiers [9].  

The largest ocean acidification signal (pH decline) in the world oceans is projected to 
occur in the relatively cold and fresh Arctic surface waters [6, 10]. In addition to direct effects of 
changes in pH and carbonate ion concentrations on marine organisms and ecosystems, there can 
also be indirect links, through changes in biogeochemical cycling of substances, especially 
nutrients and their bioavailability for primary production [11].  

An overall goal of this work was to advance the knowledge of contemporary and future 
coastal ecosystem state in the Arctic Ocean. Throughout the project we aimed: 



• To obtain new information on carbonate system parameters in the Arctic based on 
collaborative, Norwegian and Russian studies; 
• To receive new knowledge on the influence of the ice on the biogeochemical and 
carbonate system parameter distributions on the base of the field studies in Spitzbergen 
(Templefjord); 
• To intercalibrate Russian and Norwegian techniques of the carbonate system 
parameters determination. 
 

II. MATERIALS AND METHODS 
During the studies there were performed measurements of hydrophysical, chemical and 

biological parameters in the Tempelfjord at Spitzbergen (Fig. 1). The Tempelfjord is situated in 
the inner part of the enormous Isfjord at the west coast of the island. At the head a calving 
glacier called Tunabreen run into the Tempelfjord. The bathymetry of the fjord is relatively 
shallow in the inner part. The depth was 50 m 200 m from the calving glacier, and only 34 m 3 
km from the glacier. A basin of depths of more than 100 m is found in the middle of the fjord 
near the mouth. 

 
 

 
Fig.1 Research area on the map of Spitzbergen (left, red arrow) and position of the sites 

during expeditions (red for 2014 and black for 2015). The black strait line outside station 
TM-2 indicates the approximate position of the edge of the solid ice cover 18th March 2014. 

The dotted strait line just inside the station TM-4 indicate the position of the pancake ice 19th 
of March 2014 

 
Expeditions have been based in Longyearbyen, from where we used to get to the 

place of sampling by snowmobiles (in the ice-covered part of the fjord), or by a boat in the 
open part of the fjord. Sampled water has been analyzed in the laboratory of UNIS (the 
University Centre in Spitzbergen, Longyearbyen) on the same day; some samples have been 
preserved and sent for further analysis in the NIVA laboratory. At the sites, located on the 



glacier, the ice cores were sampled first. Temperature was measured along the ice core with 
discreteness of 10 cm. Next they have been delivered to the lab, where were divided into 
several layers (usually three layers: the surface, the middle part and bottom). In the melted 
ice water samples were conducted the same analysis, as in the sea water. 

The dataset of measured parameters in the winter (March 17-19, 2014) and summer 
(June 16-18 2015) periods included: temperature, salinity, pH, dissolved oxygen (O2),  total 
alkalinity (Talk), nitrate nitrogen (NO3), silicate (Si), mineral phosphorus (PO4), dissolved 
organic carbon (DOC). Determination of mentioned parameters was performed according to 
[12, 13, 14]. Total inorganic carbon (TIC), CO3, HCO3, pCO2, Aragonite Saturation has 
been calculated from direct measurements of pH and Talk according to [15].  

 
III. RESULTS 

Winter expedition. 
There is high vertical salinity gradient on sites TM-1 and TM-2 (Fig. 2, 3) 2 meters under 

ice cover. Temperature of the water column on both sites varies between -1.75 and -1.5 °C. 
Samples show high concentration of nutrients under the ice near the glacier on site TM-1 (Fig.2). 
9.4 µM of NO3, 25 µM of Si and 0.9 µM of PO4 in the surface layer under the ice are forming 
good feeding base for ecosystem development, vertical structure of nutrient distribution under 
the halocline is homogenous. Dissolved oxygen (355µM), high pH (8.43 NBS) and low pCO2 
(200 ppm) on site TM-1 shows active biological processes of phytoplankton just under the ice as 
well. Carbonate parameters (Talk, TIC, HCO3) in surface layer on TM-1 are 2339.8, 2200.8 and 
2042 µM respectively; they are increasing towards outer part of the fjord. Ωar is higher under the 
ice cover near the glacier (see Fig. 2, 3, 4).   

 

Fig.2 Vertical structure of water column on site TM-1 
 

We can see influence of glacial drainage water on carbonate system state of the surface 
layer: 2339 µM on site TM-1 near the glacier, 2345 µM on site TM-3 and 2379.5 µM in the open 
part of the fjord. The same situation is for TIC and HCO3.  

On site TM-3 (Fig. 3) there is the same stratification as on site TM-1. After 2 meters of 
freshened layer (27 psu) goes homogenous water with salinity 34.8–34.9 psu. Dissolved oxygen 
concentration is higher on site under the ice (390 µM) though pH becomes lower in comparison 



with TM-1 (8.21 NBS), pCO2 increasing (300 ppm). After 20 m concentration of all nutrients 
increases as well and becomes the highest near the bottom. But we can mark 2 times reducing of 
Si under the ice in comparison with TM-1. On 5m depth we note minimum of O2 and maximum 
of pCO2 probably due to biological processes. 

 
 

 
Fig.3 Vertical structure of water column on site TM-3 

 

On site TM-6 (14 km away from the solid ice and 1.5 km from pancake ice) we can see 
no freshening on the surface in the open part of the fjord. The whole water column on the site is 
well-mixed, salinity is about 35 psu. Temperature is slightly rising from -1.5 on top to -1 °C near 
the bottom.  O2  is the lowest in the surface layer (328 µM). Nutrients concentration increasing to 
the bottom layer, generally water structure is homogenous.  

 
Fig.4 Vertical structure of water column on site TM-6 

 

In the ice cores of station TM1 nutrient concentration is 2-3 times lower than in surface 
layer under the ice (Table 1). Alkalinity is 4-5 times lower and DOC is a little lower in the ice 
core as well. In the ice core of station TM-2 all characteristics are approximately 2 times lower 



than in the ice core on TM-1. It seems that brine flows faster through the ice away from the 
glacier. 

Table 1. Data on vertical structure of the ice cores on sites TM-1 and TM-2 

Site 
# 

Layer 
cm 

Temp  
°C 

Alk 
µM 

PO4 
µM 

Si 
µM 

NO3+NO2 
µM 

DIC 
µM 

DOC 
µM 

Hg 
total 
ng/l 

MeHg 
ng/l 

TM-1 
          

 
0-18 -3.23 503.7 0.26 12.5 2.2 383.33 59.17 0.8 0.01 

 
18-36 -1.67 374.1 0.23 9.7 1.5 286.67 65 

  
 

36-52 -1.24 378.9 0.26 12.2 1.6 280 60.83 
  TM-2 

          
 

0-10 -3.85 259.1 0.13 4.4 0.8 154.17 31.67 0.7 0.01 

 
10-20 -2.11 338.5 0.16 4.6 1.2 234.17 100 

  
 

20-30 -1.96 407.9 0.23 6.9 1.6 316.67 108.33 
   

Summer expedition. 
Freshening of the surface layer was strong during measurements in summer. On site TJ-1 

on the surface salinity was 23 psu, then strong vertical gradient on 2 meters turns it to 31 psu, 
and down to the 40 meters depth it has slight changes about 32 psu (Fig. 5). Oxygen and pH are 
high on the site (377 µM and 8.41 NBS respectively). Carbonate parameters (Talk, TIC, HCO3) 
are much lower on site TJ-1 in comparison with the site TM-3. Alkalinity on the surface was 
1710 µM, TIC – 1542 µM, HCO3– 1472 µM. After 10 meters it becomes practically constant 
and is close to open seawater values.  We note almost complete absence of nutrients that could 
become a limiting factor of phytoplankton bioactivity in surface layer as well (Fig. 5, 6, 7). Up to 
20 meters of water column lack the concentration of nutrients. pCO2 and Ωar are growing to the 
outer part of the fjord in the surface layer. On the whole pCO2 parameter in the upper 20 meters 
on all 3 sites is low and in comparison with high oxygen saturation we can confirm high level of 
biological activity of phytoplankton. The highest value of Ωar was found on the surface of the 
site TJ-3 (3 µM/kg, Fig.7) which is comparable with the highest Ωar in the whole Arctic Ocean 
[16]. 

 



 
Fig.5 Vertical structure of water column on site TJ-1 

 

 
Fig.6 Vertical structure of water column on site TJ-2 

 
 

 
Fig.7 Vertical structure of water column on site TJ-3 

 



  
A sample of water from a small stream which flows into the fjord in the central part of 

the northern shore (Fig.2) gave us some interesting results about flow of nutrients to the water of 
the fjord. Analysis has shown that the water sample contains 57 µM of Si and 8.5 µM of mineral 
nitrogen (NO3+NO2). Such a high concentration of nutrients in water of glacier origin could 
occur in a case of leaching of salt from the bedrocks forming Spitzbergen mountains and shores.  
The same effect was described in [17]. 

We also performed intercalibration of determination of total alkalinity. The method of 
determination is the same (direct titration) but Norwegian colleagues mark end of titration 
potentiometrically while Russian scientist use visual end of determination (the Bruevich method) 
[18]. Samples have been collected in June on site TJ-1 and from a small freshwater stream. 
Intercalibration has displayed very good results. Correlation of results of determination by 
different techniques is 0.99. 

 
 

 
IV. CONCLUSION 

After 2 field expeditions in different seasons we can state the significant influence of 
melted glacier water on the carbonate system, as well as on the regime of nutrients in the surface 
layer of the Tempelfjord. In winter-early spring owing to ice desalination cells with brine bring 
nutrients into the water just beneath the ice cover that causes active bloom of phytoplankton. 
Concentration of nutrients under the ice could also be increasing owing to glacial drainage water 
[19].  This leads to changes in the parameters of the carbonate system: increases pCO2, TIC, 
DOC, HCO3. In summer freshening near the edge of the glacier is strong but affects only upper 2 
meters layer.  

Some of our results are confirmed and partly explained in [19]. Authors are presenting 
some positive moments of freshening of the surface layer of the Templfjord: e.g. decreasing of 
Ωar. But owing to chemical compound of bedrock and glacier drainage water ocean acidification 
may increase. 

The work is based on the studies in only one fjord, but obviously a similar conclusion can 
be done for many glaciers in the Arctic-North Atlantic region. Given the proximity and 
interconnection of these regions, the impact of meltwater on the carbonate system and nutrients 
variability can spread widely, putting a significant pressure on the ecosystem of the Arctic.  
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