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samples from all compartments were taken.  
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Name of the PI: Zhiyong Xie 

Chamber name and location: RvG-ASIC (formerly ASIBIA), University of East Anglia, Norwich, 

UK 

Campaign name and period: EFFECTS OF ICE STESSORS AND POLLUTANTS ON THE 
ARCTIC MARINE CRYOSPHERE (EISPAC), April 23rd – May 22nd 2019 
  

Please limit the report to max 5 pages, you can include tables and figures. Please make sure to 

address any comments made by the reviewers at the moment of the project evaluation (if applicable, 

in this case you were informed beforehand). Please do not alter the layout of the document and 

keep it in Word version. 

The report will be made available on the eurochamp.org website. Should any information be 

confidential or not be made public, please inform us accordingly (in this case it will only be accessible 

by the European Commission, the EUROCHAMP-2020 project partners, and the reviewers). Please 

include: 

 

• Introduction and motivation 

• Scientific objectives 

• Reason for choosing the simulation chamber/ calibration facility 

• Method and experimental set-up 

• Data description  

• Preliminary results and conclusions 

• Outcome and future studies 

• References 
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Text: 

1 Introduction and Motivation  

It has been widely recognized that global climate change is leading to substantial changes in 
Arctic ecosystems. Sea ice is often quoted as a key indicator of these changes. Continuing 
losses of multi-year sea ice (MYI) across the Arctic are causing first-year sea ice (FYI) to 
dominate the Arctic ice pack. Seasonal freezing and thawing of FYI affect contaminant cycling 
and behavior.  

However, the mechanistic input of organic contaminants into the Arctic marine environment is 
not well understood. To date, the behavior of organic contaminants during ice formation and 
growth has not been well studied. There have been only few works taking insight into 
contaminant pathways in sea ice environment. Therefore, our project aims to investigate the 
dynamics, such as uptake, accumulation and release mechanism, of organic pollutant in the 
Arctic sea ice during seasonal growth and melt using the Roland von Glasow Air-Sea-Ice 
Chamber (RVG-ASIC), at University of East Anglia, UK.  

In this work, we place our emphasis on the behavior of poly- and perfluoroalkyl substances 
(PFASs) in sea ice and how the sea ice dynamics as well as the brine dynamics impact on 
their distribution. Poly- and perfluoroalkyl substances (PFASs), including neutral PFASs and 
perfluoroalkyl acids (PFAAs) have numerous industrial and consumer sources and therefore. 
PFASs are present in air, water soil and biota worldwide.1-3 Recently, they have been detected 
in the Arctic.4-6 PFASs are persistent in the environment and bioaccumulative in animals and 
humans, raising serious health and environmental concerns. 7, 8 

2 Scientific Objectives 

As per- and polyfluoroalkyl substances (PFASs) have very low acid dissociation constants 
(pKa). They are almost fully ionized under most environmental conditions. Therefore, they may 
behave like salt in seawater.  

3 Reason for Choosing the Simulation Chamber 

Considering the need to better understand organic contaminant cycling in sea ice, and the 
difficulties of performing these measurements on natural sea ice, a controlled sea ice growth 
and melt experiment using the chamber method is highly relevant.  

4 Method and Experimental Set-up 

4.1 Experiment Set-Up 

4.1.1 General 

The 15-day experiment took place at the the RvG-ASIC facility.  

The cuboid glass tank (2.4 m * 1.4 m footprint, 1.2 m deep, 25 mm wall thickness) referring the 

‘ocean’ was filled with 3300 L (98 cm in depth) MilliQ water. The salinity of the artificial 
seawater was adjusted to the Arctic seawater value by adding aquarium standard salt (Tropic 
Marin®). Two submerged pumps were used to mix the seawater (flow rate 1000 L/h). The tank 
was equipped with an in-situ conductivity-temperature sensor along with a series of automated 
in-situ thermistors to measure the ice temperature throughout the experimental period 
(Figure. 1). PFASs were spiked into the tank using a stock solution to give concentration in 
0.01 µM range resulting in a concentration of about 5 µg PFASs per Liter seawater.  
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Figure 1. Tank Setup 

In this experiment, the inclusion and release of PFASs were characterized during the growth 
and evolution of young ice. The experiment began with the growth of frost flowers. Young ice 
grew under quiescent and turbulent conditions up to 25 cm for 7 days. This young ice was 
stabilized for 3 days. After the stabilization period, the grown sea ice was warmed up in the 
sea-ice tank to induce internal sea ice melt. This simulated the decay phase (full-depth 
convection) of first year sea ice. Besides baseline data on physical properties regarding the 
evolution of sea ice (e.g. temperature, salinity, density and brine volume etc.), the development 
of PFASs concentration in the sea ice and the underlying seawater during sea ice growth and 
melting were determined from analyzing extracted ice slabs and seawater sampling. The 
general approach is tabulated below (Table 1).  

Table 1. Timeline. 

Experiment Phase Start End 
Time Length  

[d] 
Temp.  
[°C] 

Depth  
[cm] 

frost flowers 08.05.2019 10.05.2019 3 -30 12 

congelation growth  10.05.2019 17.05.2019 7 -15 25 

stabilization 17.05.2019 20.05.2019 3 -5 25 

melting  20.05.2019 21.05.2019 1 -3 25 

melting  21.05.2019 22.05.2019 1 -2 25 

Experiment end 22.05.2019         
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4.1.2 Frost Flowers 

Prior to the experiment, the artificial seawater was cooled to -2 °C.  

We then started the fans and the vaporizer and lowered the room temperature to -22 °C. The 
overall behavior and growth of the frost flowers was recorded by a combination of the photos, 
the salinity samples, and our direct observations of the ice surface.  

A number of control samples were taken during this period. This array of experiments started 
with frost flower growth. The air temperature of the chamber was cooled to about -30 ºC for 3 
days resulting in a final ice layer up to 12 cm (young ice) in thickness.  

4.1.3 Congelation Ice Growth 

Multiple sea ice samples were collected at different time points to help define the progression 
of PFASs dynamics. The first charge of samples were collected after 3 days of growth (the 3rd 
experiment day) for the baseline data of the early stage of growth. The experimental sea-ice 
chamber was slowly warmed up from -25 °C to -15 °C for 4 days resulting in the maximal ice 
thickness of 25 cm (young ice). Samples were collected at the maximum of ice thickness (the 
7th experiment day) to observe its progression.  

A vertical understanding of PFASs distribution in sea ice was investigated. Extracted sea ice 
slabs on selected sampling points were cut as 5 cm subsections for subsequent laboratory 
analysis. Measurements throughout a full length of ice slabs were establish the vertical profile 
of PFASs in sea ice.  

4.1.4 Stabilization 

The experimental sea-ice chamber was slowly warmed up from -15 °C to -5 °C. The sea ice 
was stabilized at -5 °C for 4 days (the 11th experiment day). The series showed the inclusion 
progression of PFASs from recognizable congelation ice in its advanced stage of growth to the 
development of winter sea ice. 

4.1.5 Melting 

The experimental sea-ice chamber was warmed up from -5 °C to -2 °C for 1 day. 
Subsequently, the ice temperature was close to 0 °C in its advanced melting stage. Ice slabs 
were sampled (the 13th and the 15th experiment day) to capture the evolution of PFASs and 
baseline data on the physical properties of sea ice as it warms.  

A number of sea ice samples were used to conduct a slow-melt experiment with a designed 
experimental setup to assess the release pattern of PFASs from sea ice pack during seasonal 
melting. The sea ice slabs were weathered at air temperature of 0 °C and undergo seasonal 
melting. Fractions of meltwater were collected for subsequent laboratory analysis. 

4.2 Sampling Method 

4.2.1 Frost Flowers 

During the experiments, the grown frost flowers were collected from the ice surface with a cold, 

thin-blade knife and placed into a PE sampling bag. The flowers were weathered to meld and 

measured for baseline data. 

4.2.2 Seawater 

Samples for analyses were stored unfrozen in 100 mL PP bottles. 

4.2.3 Sea Ice Slab  

All ice slabs were taken using the Cottier-Method to preserve brine in porous ice and 
subsequently cut in a cold room (-25 °C).9 Seawater were sampled regularly at set intervals. 
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Figure 2. Sampling Map.  

4.3 Physical Characters of Sea Ice  

Salinity was measured with a portable conductivity meter (HACH salinometer / WTW Tetracon 

325 probe) on melted ice samples at room temperature.  

5 Data Description 

5 frost flowers samples, 12 sea ice slab samples and 35 seawater samples were taken during 

the experiment.  
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6 Preliminary Results and Conclusions 

6.1 The Growth of Frost Flowers  

The evolution of the ice surface over the two days of the experiment is presented 
(Figure 3 & 4). The frost flowers appeared more on Day 2 than Day 1.  

    

Figure 3. Growth of Frost Flowers - Day 1. 

    

Figure 4. Growth of Frost Flowers - Day 2. 

The grown frost flowers on Day 2 are more saline than the grown flowers on Day 1 (Table. 2.) 

Table 2. Salinity of Frost Flowers.  

Sample 
V 

[ml] 
Salinity  
[PSU] 

Temperature  
[°C] 

SFF-1-1 18.0 56.3 21.8 

SFF-1-2 37.0 59.1 25.2 

SFF-1-3 37.5 63.6 22.1 

SFF-2-1 25.0 73.3 22.1 

SFF-2-2 62.0 72.5 22.4 

SFF-2-3 48.0 82.6 23.1 

SFF-2-4 58.0 85.4 23.6 
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6.2 Sea Ice Dynamics 

The ice thickness increased until day 10, reaching a maximum of 25 cm, and then stabilized 
for 3 days and slightly decreased towards the end of the experiment.  

There was an increasing temperature gradient between the top and the bottom of the ice from 
day 1 to 10 (the freezing phase). In the subsequent melting phase, the ice temperatures 
became more vertically homogeneous, approaching −1.8 °C on day 15.  

The salinity of the bulk ice was homogeneous at day 1, before developing a typical C-shape 
profile with a higher salinity at the top and the bottom of the ice compared to the ice interior 
(Figure. 5). From day 3 to 10, the ice bulk salinity ranged between 8.7 and 13.0 (Figure. 5). 
Overtime, desalination of sea ice took place (Figure. 5, 6 & 7). From day 10 onwards, the 
salinity decreased in both the top and the bottom and ranged between 4.1 and 12.2 (Figure. 7).  

 

Figure 5. Congelation Growth of Sea Ice. 
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Figure 6. Stabilization of Sea Ice 

 

Figure 7. Seasonal Melting of Sea Ice.  

The raw data demonstrated valuable information on the evolution of the grown sea ice. The 
influences of each parameter on the behavior of PFASs associated to the evolution of the sea 
ice will be discussed with the help of the laboratory analysis of PFASs. Here, we described a 
novel experimental design on the sea-ice chamber. A second set of experiment shall be carried 
out in the future work to establish the reproductivity.   
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6.3 PFASs Analysis 

The analysis of PFASs has been carrying out in the HZG laboratory.  

7 Outcome and Future Studies 

The results from this experiment will be published in a scientific journal. 
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