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Summary 

Ny-Ålesund is an internationally acknowledged research station, facilitating and hosting research 
projects and long-term observation series. Everyone operating at or from the station is working to keep 
the environmental footprint of all activities as small as possible. The station constantly focuses on 
reducing all local sources of pollution , and has procedures for documenting relevant sources. .  
 
In December 2018 and November-December 2019, Andøya Space launched  different rockets in Ny-
Ålesund. To evaluate how this may impact the local environment around Ny-Ålesund and potentially 
the research and monitoring in the area, a sampling campaign was conducted. Snow samples were 
taken at several locations and analyzed for trace elements and selected organic pollutants before and 
after the launches. In addition, snow samples from regular monitoring over two small local glaciers, 
and atmospheric observations of aerosols and gases at Zeppelin, were used to evaluate if these areas 
were impacted. Furthermore, booster debris observed in the impact areas were identified. 
 
Snow samples from Ny-Ålesund showed elevated levels of aluminium (Al), probably due to the rocket 
launches, and there were increased concentrations  of some chlorinated organic pollutants, but this is 
more difficult to assign to the launches. There were also some small impacts on the atmospheric 
observations of aerosol properties at Zeppelin and Gruvebadet, but not significant and over a very 
short time periods. Time series (2017-2020) from snow sampling from two small local glaciers was  
easier to use in order to assess and quantify of the impact of these rocket launches. Results from the 
snow samples  show that the estimated total contribution of the launches, compared to the annual 
deposition, was estimated to be between 6-27% for iron (Fe) and 14-25% Al.  
 
Debris from the booster rocket including scrap metal, insulation material, electric contacts were 
observed in Brøggerdalen, and there is indication that this may have caused contamination in the 
overbank sediments. 
 
It is important that any activity in Ny-Ålesund has minimum environmental impact, both to preserve 
the pristine environment itself as well as keeping the site representative for study long-term changes 
in the Arctic environment. NySMAC agreed on the following recommendations (53rd NySMAC meeting, 
Nov. 2020): 
 

¶ To us, Ny-Ålesund is not an ideal site for rocket launches. The Ny-Ålesund research community 
works intensively to decrease negative environmental impact of Ny-Ålesund activities to keep 
it as a reference site to study long term changes in the Arctic environment. Activities like rocket 
launches have unfortunately undoubtedly a potential to jeopardize this effort. 

¶ For planned, but not yet approved future activities involving rocket launches we propose: 
o comprehensive environmental assessment plan including complete analysis of rocket 

exhaust (certified by independent laboratory) 
o early discussion on special conditions and needs to avoid unnecessary risk on ongoing 

activities. 

¶ To be able to conduct targeted analysis to assess possible contamination of sampling sites we 
need complete chemical composition of rocket fuel, if complete analysis of rocket exhaust is 
not available. 

¶ We propose to resume the discussion under which conditions rocket launches can take place 
in Ny-Ålesund. All relevant parties in Ny-Ålesund should be given the opportunity to provide 
input to this discussion. 
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¶ A detailed description of the conditions under which rocket launches can take place should be 
integrated part of any future plans for additional rocket launches beyond those already 
approved. 

¶ Monitoring possible impact of rocket launches on environment and research activities of 
other groups active at Ny-Ålesund requires significant allocation of resources and manpower.  
For future rocket campaigns these costs should be covered entirely by the operator or project 
owner. 
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Effects of rocket launches in Ny-Ålesund, 2018 - 2019 
Observations of snow and air samples 

 

1 Introduction 

In December 2018 and November-December 2019 Andøya Space Center launched four rockets in Ny-
Ålesund, and to evaluate how this may impact the environment in Ny-Ålesund  as well as the research 
and monitoring in the area, samples were taken before and after these launches. The fuel content of 
the different rockets is not known in details, but for the launch in 2018 the content was as follows: 

¶ 16% Atomized aluminum powder (fuel) 

¶ 69.8% Ammonium perchlorate (oxidizer) 

¶ 1.2% Ironoxide powder (catalyst ) 

¶ 12% Polybutadiene acrylic acid acrylonite (binder) 

¶ 2% Epoxy curing agent 

In 2018 there was a rocket launch 7 Dec. with two rockets, one at 11:06 and one at 11:08 UTC. In 2019 
there was one launch 26 Nov at  07:43 UTC and one at 10 Dec 09:30 UTC.  
 
Snow sampling was conducted  before and after the rocket launches, in order to detect possible 
deposition of contaminants (Table 1). In addition, regular monitoring of atmospheric composition and 
snow sampling on glaciers were evaluated to check potential impact on these two compartments 
(Table 1). 
 

Table 1: Overview of sampling strategy in connection to the rocket launches in 2018 and 2019 

 7 Dec 2018 26 Nov 2019 and 11 Dec 2019 
By whom Samples Analysis Samples Analysis 

NILU Snow samples (2x6 
samples before and 
after launch) 

 Trace elements (Al, 
V, Cr, Fe, Co, Ni, Cu, 
Zn, Cd, Pb) 

Snow samples (2x6 
samples before in 
between and after 
launch) 
 

 Trace elements  
(Al, V, Cr, Fe, Co, Ni, Cu, 
Zn, Cd, Pb) 

 Snow samples 
(pooled) 

POPs (dioxins, furans, 
dioxin like PCBs)  

Snow samples 
(pooled) 

POPs (dioxins, furans, 
dioxin like PCBs)  

NPI  and 
CNR-ISP 

Snow samples  
(screening ) 

Al, Fe, NH4
+,NO3

- Snow samples (2x6 
sampling sites 
before in between 
and after launch) 

 Trace elements (Na, 
Mg, Al, K, Ca, Ti, Fe, Cr, 
Mn, Ni, Cu, Zn, Sr, Cd, 
Ba, Pb, Li, V, Co, As, Rb, 
Mo, Ag, Sb, Cs, Tl, U) 
 

   Snow samples  Black carbon (BC) 

NTNU   Overbank 
sediments 

Summer 2020 
Trace elements and 
PAHs, PCBs, BTX, 
selected 
aliphatic/aromatic 
compounds 

CNR-ISP Regular monitoring from glacier snow sampling (inorganic ions and trace elements) 
Regular monitoring of atmospheric composition at Gruvebadet 

NPI Regular BC monitoring at glacier snow sampling and Gruvebadet 

NILU/SU Regular monitoring at Zeppelin (atmospheric chemical composition and aerosol properties) 
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2 Sampling sites and protocol 

2.1 Snow sampling  

In 2018, snow sampling  were done at 6 different locations (Figure 1, Table A.1), and two samples were 
collected at each location with 5m distance, with exception of Corbel where only one snow sample 
was taken. Samples were collected prior to launch at 3 different days (4-6 Dec; 7 Dec) and at launch 
day (12 Dec.) The goal was to do sampling of loose snow, but unfortunately the snow was rather 
hardpacked. Approximately 2 cm of fresh snow had deposited between first samples and launch, but 
nothing deposited between launch and second sampling (See Chapter 3.1 on Meteorology). All the 
collected samples were analyzed for trace elements (Table 1), while the samples were pooled to get 
enough material for POP analysis. 
 
In addition, surface snow samples were collected  during the first 24 hours after the launch as well as 
after 3, 7 and 15 days at the clean area close to Dirigibile Italia in Ny-Ålesund, at Gruvebadet for analysis 
of some trace elements and nitrogen species. 
 

 

Figure 1: Sampling location for snow samples in 2018, coordinates in Table A.1. 

 
In 2019, snow samples were collected at six sites around the airport prior to the rocket launches (Figure 
2), some locations identical samplingsites in 2018 . For more details see Annex Table A.2. More 
comprehensive analysis was done at the three sites closest  to the launch site (1, 2 and 3), as we 
anticipate these to be the most affected by the launch activity.  We also included samples of two glacier 
(Midtre Lovenbreen (MLB) and Brøggerbreen  (BRG)), where sampling was done during spring time. 
Snow samples from the years 2017-2020 (monitoring) were compared to evaluate potential impact of 
the launches. 
 
In 2019 surface snow samples (the top first snow layer) and bulk samples (integrated entire snow 
column) were collected. The idea is to estimate possible contribution of launching a rocket on 
deposition of trace elements over snow, as most of the emitted particles will be dry deposited at the 
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snow surface. Samples for analysis of black carbon (BC) were also collected  at the exact same point 
each sampling day.  
 
The winter of 2019-2020 was very dry and cold and there was little snow on the ground. Some sampling 
sites were accessible during the campaign, some partly, and some had to be abandoned as the snow 
cover disappeared during a strong wind event. 
 
To avoid contamination of the samples,  snow sampling was done away from traffic patch of snow 
mobiles. If it was necessary to use a snow mobile to the sampling site, the snowmobiles  was parked 
at least 50 meter upwind the site. 
 
During sampling, clothes were covered with an overall suit, and hands was covered with disposable 
plastic gloves see Figure 3. For trace element analyse, two 50 mL vials (one each for CNR and NILU) 
were sampled for  each sampling depth. For BC analysis, one  large plastic bag (4-5L of snow which 
correspond to 2-3L melted water) was sampled. Similarly for POP approximately 4-5 L was sampled in 
either plastic bags or glass jars, and melted slowly at room temperature. Once melted the water was 
stored in a glass jar or in the plastic bottles, and stored at 4 degrees C.  More details on how the 
sampling was performed is found in Annex B. 
 

 

Figure 2: Image with the location of the sampling areas. Red points (white labels) 1 to correspond 
to the winter samples. Green points (black labels) BRG and MLB are spring samples.  
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Figure 3: NPI staff  taking snow samples in winter 2019. Photo: Helge T. Markussen (NPI). 

 
 

2.2 Overbank sediments in Brøggerdalen 

Samples of overbank sediments from the two impact areas of the rocket boosters were collected 

during 21st and 22nd of August 2020. Samples were collected near fragments from the booster debris. 

The upper 2 - 3 mm of overbank sediments were collected by using a pre-cleaned shovel and 

transferred directly to the sample bags. Sample locations are indicated in Figure 4. Two samples were 

ǘŀƪŜƴ ŦǊƻƳ ōƻƻǎǘŜǊ ƛƳǇŀŎǘ ŀǊŜŀ м όтуϲ рпΦрфΩbΣ ммϲ пфΦпмΩύ ǿƘƛŎƘ ǿŀǎ analysed separately, two 

samples from bƻƻǎǘŜǊ ƛƳǇŀŎǘ ŀǊŜŀ н όтуϲ ррΦооΩbΣ ммϲ пфΦпоΩ9ύ ǿŀǎ collected and analysed as a pooled 

sample, and one sample from a reference point (78° 54.61'N, 11° 49.40'E, 25 meters from impact area 

1) was collected and analysed. All the samples were analysed at Eurofins Environment Sweden AB for 

trace elements (ISO 17294-2:2016), PCBs (EN 16167), PAHs (ISO 18287:2006-05), BTEX (EPA 5021) and 

selected aliphatic/aromatic compounds (SPI 2011 and TEK353N012). 
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Figure 4: Sample locations (red circles) for overbank sediments from impact areas and reference 
point in Brøggerdalen  

 

2.3 Atmospheric observations 

The Zeppelin Observatory (78°54'26"N, 11°53'12"E, 474 m a.s.l.) on the Zeppelin mountain is location 
to several long-term monitoring programs, including the Norwegian air monitoring program by NILU 
and observations of aerosol properties by Stockholm University (SU). Observations from these 
programs were checked to assess whether they were impacted by the rocket launch.  
 
The concentration levels during the launch were compared to long term data on aerosol properties, 
climate gases, hydrocarbons and POPs. Details of these measurements are found in annual reports of 
contaminants (Nizzetto et al., 2020), inorganic compounds (Aas et al., 2020) and aerosols properties 
and climate gases (Myhre et al., 2020). 
 
Long term observations of atmospheric composition and aerosol properties are also conducted at 
Gruvebadet (78°55'07"N, 011°53'30"E, 40 m a.s.l) by CNR-ISP.  
 

2.4 Analytical methods 

The trace elements was analyzed both at NILU and at CNR-ISP with ICP-MS instrumentation, more 
details of the analysis at CNR-ISP are found in Annex C while the analysis at NILU in Annex B and in 
Bohlin-Nizzetto et al (2020). Identification and quantification of the selected POPs was carried out 
using a HRGC/HRMS setup (Bohlin-Nizzetto et al., 2020). 
 
Measurements for BC in snow was done by University of Perugia, Italy, using standard Sunset 
instrument and the standard temperature protocol adopted in Europe (EUSAAR-2).  
 
The inorganic analysis of filter samples at the Zeppelin Observatory was  done from water extracts of 
the filter pack samples analysed with ion chromatography (Aas et al. 2020), the aerosol absorption 
measurements was done using an AE33 aethalometer, particle number size distribution in the range 
of 0.01 ς 0.8 µm was measured using a Differential Mobilty Particle Spectrometer (DMPS), and carbon 
monoxide (CO) is monitored using a Picarro Cavity Ring-Down Spectrometer for continuous 
measurements, Myhre et al. (2020). 
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3 Results 

3.1 Meteorological conditions  

It is important to evaluate the results in light of the meteorological conditions before, during and after 
the rocket launch and the time of sampling. Especially important is to know when the last fresh snow 
fell before the sampling, and the wind direction and speed to evaluate where potential deposition may 
have occurred. Meteorological data was collected from Norwegian meteorological institute in Ny-
Ålesund during both launch periods are seen in Figure 6 (precipitation, snow depth and temperature) 
and in Figure 7 (wind speed and direction).  
 
Before the launch 7 Dec 2018 it was a small snowfall, but the snow thickness before and during the 
launch was thin and it was difficult to sample enough snow for analysis without getting soil dust etc. 
in the sample. A new snow fall at 11 Dec 2018 came after the last snow samples were taken (8 Dec). 
During snow sampling it was hardpacked snow, but one tried to samples where it was more «loose» 
snow.  The wind direction during launching was around 360 degrees, both at the ground level and at 
474 m a.s.l. where the Zeppelin Observatory is located, Figure 7. The plume comes from north to south, 
and since the Zeppelin Observatory is south from the launch site, the rocket launch has potential to 
impact these air measurements.  Snow samples from Knudsenheia/Lysbua was not taken after the 
launch since this was located north of the airport and probably not affected. It is expected that 
Gruvebadet, Zeppelin Observatory and Kolhaugen would have highest potential for receiving 
deposition, but maybe also at Nilsebu/Bayelva which is closest to the launch site. 
 

 
Figure 5: Precipitation, snow depth and temperature in Dec 2018 in Ny-Ålesund. Data from 

meteorological Institute downloaded from Norwegian meteorological institute 
(https://seklima.met.no/observations/) 

 
 
During the second launch periods, in November and December 2019, it was some fresh snow falling 
just before the first rocket launch the 26th and then dry for the rest of the period, Figure 6.  
 
The 2019 meteorological data was also taken from balloons launched just after the launch to further 
to assess where deposition may be expected. Figure 8 show the weather data (simplified, and only 
below 3 000 m a.s.l.), just after the launch on the 26 Nov and 10 Dec.  
 

https://seklima.met.no/observations/















































































