-~

N I LU Norsk institutt for luftforskning SVALBARDS
Norwegian Institute for Air Research MILI@BVERNFOND

Air Quality in Ny-Alesund
Monitoring of Local Air Quality 2014-2015

Mona Johnsrud, Ove Hermansen og Kjersti Ternkvist




NILU report 35/2016 ISBN:  978-82-425-2866-7 CLASSIFICATION:
ISSN:  2464-3327

A- Unclassified (open report)

DATE SIGNATURE OF RESPONSIBLE PERSON NUMBER OF PAGES

21.12.2016 Ole-Anders Braathen, 26
Deputy Director (sign.)

TITLE PROJECT LEADER

Air Quality in Ny-Alesund Ove Hermansen

Monitoring of Local Air Quality 2014-2015 NILU PROJECT NO.

114076

AUTHOR(S)

UALITY CONTROLLER
Mona Johnsrud, Ove Hermansen, Kjersti Tgrnkvist Q

Kjersti Ternkvist

REPORT PREPARED FOR CONTRACT REF.
Svalbard Miljgvernfond, Pb. 633, 9171 Longyearbyen 13/70
ABSTRACT

The concentrations of the measured components are generally low and below national limit values for the protection of
human health and critical levels for the protection of vegetation.

Wind from northern sectors gave the highest average concentrations of nitrogen oxides, which indicates the power station
and the harbour as possible sources. From September 2014 to February 2015, volcanic eruptions at Iceland emitted large
volumes of SO,, which gave episodes of elevated concentrations in Ny-Alesund. The measurement results for CO, show an
annual variation with higher concentrations in the winter and lower in summer. Measured concentrations of CO were most
likely caused by local snowmobile traffic and long-range transport of emissions from wildfires in North America.

NORWEGIAN TITLE

Luftkvalitet i Ny-Alesund. Malinger av lokal luftkvalitet 2014-2015.

KEYWORDS

Luftkvalitet Langtransporterte luftforurensninger Polare omrader

ABSTRACT (in Norwegian)

De malte konsentrasjonene var generelt lave for alle komponenter og under nasjonale grenseverdier for beskyttelse av
menneskets helse og gkosystemet.

Vind fra nordlige sektorer ga de hgyeste gjennomsnittskonsentrasjonene av nitrogenoksider, noe som peker pa
kraftstasjonen og havnen som mulige kilder. Fra september 2014 til februar 2015 ga vulkanutbrudd pa Island store utslipp
av SO, som ga episoder med hgye konsentrasjoner i Ny-Alesund. Maleresultatene fro CO, viser en arlig variasjon, med
hgyere konsentrasjoner om vinteren og lavere om sommeren. Kilder for de malte konsentrasjonene av CO var mest
sannsynlig lokal sngskutertrafikk og langtransporterte utslipp fra skogbranner i Nord-Amerika.

PUBLICATION TYPE: Digital document (pdf) COVER PICTURE: Source: NILU

© NILU — Norwegian Institute for Air Research
The publication may be freely cited where the source is acknowledged

NILU’s ISO Certifications: NS-EN 1SO 9001 and NS-EN ISO 14001. NILU’s Accreditation: NS-EN ISO/IEC 17025.




NILU report 35/2016

Preface

The expressed mission of Ny-Alesund is to serve as an international station for scientific
research and monitoring. The activities are dependent on the near pristine environment and
unique qualities of the Ny-Alesund area, in particular research related to long range
pollution, climate change and polar ecology.

Thus, it is essential to preserve the near pristine environment of the area and to keep local
human environmental impacts at the lowest possible level so as not to jeopardise scientific
research and monitoring. Ny-Alesund is expected to be a prime example of the sustainable
operation and development of a research station in the Polar Regions.

Comprehensive infrastructure and logistics are required to enable the extensive research
activities in and around Ny-Alesund. This cannot be done without any impact on the
environment.

The project “Monitoring of Local Air Quality in Ny-Alesund” ran from July 2008 until 2010.
The main purpose of the project was to monitor a number of air pollutants to assess the
impact of the activities in Ny-Alesund on the environment and to detect possible influences
on measurements in Ny-Alesund and the nearby Zeppelin air monitoring station.

Funding from the Svalbard Environmental Protection Fund made it possible to start up again
with the same type of measurements in the same location in 2014. It was planned to
continue monitoring until mid-2015 to gather data for looking into changes since the
previous project. It has since been decided to continue these activities while searching for
possible sources of funding to enable permanent monitoring of local air quality in Ny-
Alesund.

Kings Bay AS set up the facilities needed for the instrumentation. Operation of instruments
and samplers were carried out by the staff from the Norwegian Polar Institute at the
Sverdrup station.

This report summarises the monitoring activities in 2014-2015 and presents the
measurements and the results from the first comparisons with earlier measurements.

The measurement results will be freely available for scientists and others for use in further
studies in the region.



NILU report 35/2016

Contents
[ 0=] - Tof TS 2
SUMMAIY .eeuiiieeiieiiiiieiiiieiireeiireeireesirraesstaesstrasssrsnsstrasssrsasssrassstensssrssssssnsssranssssnessranss 4
R - 7= o] 1< 4 ¢ 11 4 T 5
AN\, =T T VT =T 0 g T=T 0 L e T glo T=4 = o N 5
3 Measurement station........cccciiiiiiiiiiiiiciiicrireres e e e re e s s nesesensaenns 6
4 RESUILS ....ceeeeeiieieciireiec e rrieesceereneseerenasseeseensssessennsssssesnnsssseennsssssesnnsssseennsssssennanns 7
L R D - | = [ o= o L (UL =TSN 7
LN \V =Y {<YoT o] [oY =4 VAU 7
L I\ 1 oY =d T W o) d (o [T 8
4.4 SUIPhUL dIOXIAE .ot e e e e e rb e e e e e e e e e nareees 12
4.5 Carbon monoxide and carbon dioXide......ccceeeeeeeeieiiiiiieeeeeee e, 14
4.6 Filter sampling of inorganic CompouUNdS..........cceeiieiiiiieeeeeeeieeicreeee e, 16
5 Comparison with previous measurements.......cccccceveeeeeereeenncerreneecereennseeseennsnens 17
Appendix A Measurement data .....c.cccceevreiiieeieriiiiteeerieniereenertesereessernnserenssesensesenes 20



NILU report 35/2016

Summary

NILU Norwegian Institute for Air Research are monitoring air quality and meteorology at
the measurement station Nordpolhotellet in Ny-Alesund, Spitsbergen. The main purpose of
the project is to assess the impact of the activities in Ny-Alesund and to detect possible
influences on measurements in Ny-Alesund and the nearby Zeppelin observatory.

The concentrations of the measured components are generally low and below national limit
values for the protection of human health and critical levels for the protection of vegetation.

The highest average concentrations of nitrogen oxides were measured with wind from
northern sectors, which indicates the power station and the harbour as possible sources.

From September 2014 to February 2015 volcanic eruptions at Iceland emitted large volumes
of SO, which were transported with air masses and gave episodes of elevated
concentrations several places, including Ny-Alesund. For the total measurement period the
highest average SO,-concentrations occurs with wind from north-northeast, but also other
sectors contribute.

The measurement results for CO2 show an annual variation with higher concentrations in the
winter and lower in summer. The maximum hourly concentration in the period was
measured in December 2015 and the minimum in August 2015.

Measurements of CO gave higher concentrations in the spring, most likely caused by
snowmobile traffic close to the station. In July 2015 an episode of elevated concentrations,
most likely caused by long range transport of CO from wildfires in North America, was
registered.
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Air Quality in Ny-Alesund
Monitoring of Local Air Quality 2014-2015

1 Background

NILU measures air quality and meteorological parameters at the measurement station
Nordpolhotellet in Ny-Alesund from June 2014. A corresponding measurement program was
carried out at the same location in 2008-2010%. The purpose then and now is to investigate
air pollution from local sources such as car traffic, the power station, boat traffic etc.
Measurement results can be used to look at possible environmental impact from all
activities in the area and to investigate any influence on scientific measurement activities in
Ny-Alesund and its surroundings.

The measurement results will be freely available for scientists and others for use in further

studies in the region. This report gives an overview of the measurement program and a brief
statistical summary of the results.

2 Measurement program

The measurement program is summarized in Table 1.

Table 1:  Measurement program at Nordpolhotellet in Ny-Alesund.

Compound Description Sampler Time resolution
NO/NO,/NOy Nitrous oxides Continuous monitor 1 hour
SO, Sulphur dioxide Continuous monitor 1 hour
Picarro” Carbon monoxide, Continuous monitor 1 hour
carbon dioxide
Main inorganic Gaseous and particle Filter sampler 1 week
compounds bound inorganic
compounds;

HNOg/NO3-, NH4+/N Hs,
SO, SO42>, Na*, K%,
Ca%, Mg®, CI;, HCl

Meteorology Temperature, wind Automatic weather 1 hour
direction, wind speed, | station
relative humidity,
barometric pressure,
precipitation intensity

*From 16. March 2015.

! Hermansen, O., Wasseng, J., Biacklund, A., Strém, J., Noon, B., Hennig, T., Schulze, D., Barth, V. L. (2011)
Air Quality Ny-Alesund, Monitoring of Local Air Quality 2008-2010, Measurement Results. Kjeller (NILU OR-
19/2011).
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The program in 2008-2010 also had measurements of aromatic compounds and black carbon
(particles and soot).

3 Measurement station

The measurement station is located close to the center of Ny-Alesund, slightly downwind, to
provide representative measurements of the air quality in Ny-Alesund. The location of the
measurement station is shown in Figure 1. Data from the measurement station for advanced
scientific measurements, at the top of the Zeppelin mountain south of Ny-Alesund, are also
included in some figures.

Figure 1: Location of the measurement station Nordpolhotellet in Ny-Alesund.



4 Results
4.1 Data capture
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During the period from the measurements started in June 2014 to the end of December
2015 the data capture was generally good, but there were a few periods missing data as

summarised in Table 2.

Table 2: Periods of missing data from Nordpolhotellet from June 2014 to December 2015.

Compound/sampler

Periods missing data

NO/NO,/NOy, monitor

13.-14.11.2014
8.-15.12.2014
18.-20.12.2014
26.1.-18.2.2015
18.-19.10.2015
9.-12.11.2015
7.-10.12.2015

SO;, monitor

19.-22.9.2014
26.1.-18.2.2015
18.-19.10.2015
9.-12.11.2015
7.-10.12.2015

CO,, Picarro

Start in March 2015
17.-19.3.2015
9.-12.11.2015

CO, Picarro

Start in March 2015
17.-19.3.2015
9.11.-31.12.2015

Main inorganic compounds, filter
sampler

18.-22.9.2014
8.-15.12.2014
22.12.2014-5.1.2015

Meteorology: Temperature,
relative humidity, barometric
pressure, precipitation intensity

26.1.-18.2.2015

Meteorology: Wind speed, wind
direction

26.1.-10.3.2015

4.2 Meteorology

Frequency of wind from 12 30-degrees sectors (wind roses) from Nordpolhotellet and
Zeppelin mountain are presented in Figure 2. At Nordpolhotellet the prevailing wind
direction is from east-southeast and the highest wind speeds are also registered from this
sector. At Zeppelin mountain the wind direction is more from south and south-easterly

directions than in Ny-Alesund.
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Wind roses from the measurement stations at Nordpolhotellet (a) and Zeppelin mountain
(b) from June 2014 to December 2015.

Monthly average, maximum and minimum temperature from Nordpolhotellet is presented
in Figure 3. The figure also shows monthly average temperature at Zeppelin mountain as
well as the monthly normal temperature 1961-1990 from Ny-Alesund given by DNMI.
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Monthly temperature statistics from Ny-Alesund and Zeppelin mountain from June 2014 to
December 2015.

4.3 Nitrogen oxides

Hourly concentrations of nitrogen oxides and nitrogen dioxide are shown as time series plots
in Appendix A. Measurements of nitrogen dioxide are summarized in Table 3.
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Table 3:  Summary of hourly measurements of NO; at Nordpolhotellet June 2014 to December 2015.
When monthly data coverage is below 75% no statistics are calculated.

Year Month Data Average Maximum Time for maximum

coverage (%) (ng/m?) (ng/m?)

2014 | June 71 - - -
July 99 2.1 36.5 26.07.2014 15:00
August 99 2.3 40.9 12.08.2014 09:00, 17:00
September 99 1.0 39.4 07.09.2014 07:00
October 99 0.5 17.6 01.10.2014 01:00
November 94 1.2 22.3 10.11.2014 02:00
December 69 - - -

2015 | January 83 0.6 10.5 04.01.2015 16:00
February 37 - - -
March 99 0.9 26.3 03.03.2015 16:00
April 100 1.1 30.7 02.04.2015 23:00
May 98 1.1 18.0 16.05.2015 13:00
June 99 1.7 45.1 24.06.2015 20:00
July 99 2.7 60.7 11.07.2015 13:00
August 99 2.3 29.0 26.08.2015 01:00
September 99 1.5 20.3 29.09.2015 20:00
October 97 1.5 50.5 25.10.2015 20:00
November 90 0.9 28.0 21.11.2015 00:00
December 90 2.4 32.0 26.12.2015 17:00

The NOz-concentrations are generally very low compared to measurements in cities and
agglomerations. The highest monthly average was measured to 2.7 pg/m3 in July 2015.
There are some episodes when the concentrations are elevated compared to the average
concentrations of the station. The highest hourly average, measured to 60.7 pug/m?3, was
registered at the 11. July from 12-13. Measurements from this episode are shown in Figure 4
with simultaneous wind direction measurements and registration of ships at the harbour.

The highest concentrations occurred with a light to gentle breeze from north. From the
cruise calls registrations there seems to be a boat on its way into the harbour, but these
registrations are not as exactly timed as the measurements.
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Hourly average concentrations of NO; and hourly registrations of wind direction at
Nordpolhotellet and registration of ships at the harbour of Ny-Alesund on 11. July 2015.
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Average concentrations of NOx and NO; from 12 wind direction sectors at Nordpolhotellet
are shown in Figure 5 and Figure 6. The figures illustrates that the highest average
concentrations occurs with wind from north and northern directions.

o
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Figure 5: Average concentrations of NOx (ug/m?) with wind from 12 30 degrees sectors at
Nordpolhotellet, June 2014 to December 2015.
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Figure 6: Average concentration of NO; (ug/m?) with wind from 12 30 degrees sectors at
Nordpolhotellet, June 2014 to December 2015.

11
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4.4 Sulphur dioxide

Hourly concentrations of sulphur dioxide are shown as time series plots in Appendix A.
Measurements of sulphur dioxide are summarized in Table 4.

Table 4:  Summary of hourly measurements of SO, at Nordpolhotellet June 2014 to December 2015.
When monthly data coverage is below 75% no statistics are calculated.

Year Month Data Average Maximum Time for maximum
coverage (%) (ng/m?) (ng/m?)

2014 | June 71 - - -
July 98 0.1 6 16.07.2014 15:00
25.08.2014 07:00,
August 98 1.0 3 28.08.2014 16:00
September 87 2.1 111 13.09.2014 08:00
October 99 0.9 24 04.10.2014 23:00
November 98 0.6 15 22.11.2014 10:00
December 98 1.0 7 01.12.2014 01:00
2015 | January 81 1.2 18 22.01.2015 12:00
February 37 - - -
March 97 -0.2 3 08.03.2015 08:00
April 97 0.9 4 18.04.2015 18:00
23.05.2015 08:00, 10:00,
May 98 34 7 11:00
June 98 1.8 6 02.06.2015 07:00
July 99 0.8 3 24.07.2015 13:00
August 98 0.5 3 06.08.2015 13:00
September 98 0.1 4 29.09.2015 20:00
October 96 0.1 3 25.10.2015 19:00
November 88 0.6 3 01.11.2015 21:00
December 89 1.2 5 25.12.2015 15:00

The SO;-concentrations are generally very low. Most of the time the values are close to, or
below, the detection limit of the continuous monitor and the uncertainty is high at this low
concentration level. The method is however good at capturing episodes of higher
concentrations and this is why this instrumentation is included in the program. The highest
monthly average, based on the hourly measurements, was 3.4 pg/m3 in May 2015, but this
value is very uncertain.

In the autumn of 2014 episodes of relatively high hourly SO,-concentrations were registered,
the first, and also the highest, on 13. September at 07-08, measured to 111.6 pg/m3. This
concentration is higher than what is normally found in cities and agglomerations in Norway,
and closer to what is found at sites influenced by local industrial emissions. It is likely that
the SO, originates from the volcanic eruption at Holuhraun, Iceland, which began on August
29, 2014 and ended on February 27, 2015, and during this time emitted large volumes of

12



NILU report 35/2016

SO,. An air mass trajectory to Zeppelin mountain, Ny-Alesund from 13.09.2014 illustrating
this is given in Figure 7.

13 Sep 2074 Zeppelin
00:00 & 500 m
o 1000 m

m 1500 m

Height (m asl)

..nl-'Ii
NILU

500 1500  2B00 3500 4500 5500 8500 V500

Figure 7: Air mass trajectories for Zeppelin mountain, Ny-Alesund from 13.09.2014.

Average concentrations of SO, from 12 wind direction sectors at Nordpolhotellet are shown
in Figure 8. The highest average concentrations occurs with wind from north-northeast and
north, but also other sectors contribute.

13
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Figure 8: Average concentration of SO, (ug/m?) with wind from 12 30 degrees sectors at
Nordpolhotellet, June 2014 to December 2015.

4.5 Carbon monoxide and carbon dioxide

Hourly concentrations of carbon monoxide and carbon dioxide measured with the Picarro
instrument at Nordpolhotellet are shown as time series plots in Appendix A, along with
simultaneous measurements with the same method at Zeppelin mountain.

The measurement results for CO2 show an annual variation with higher concentrations in the
winter and lower in summer. The maximum hourly concentration at Nordpolhotellet was
measured 06.12.2015 to 412 ppm and the minimum hourly concentration was measured
17.08.2015 to 386 ppm.

The CO-measurements at Nordpolhotellet show the highest concentrations and more
variation in the hourly results in the spring, with the maximum measured 15.05.2015 to 448
ppb. The higher concentrations are measured during daytime and are most likely caused by
human activity with snowmobiles in the vicinity of the measurement station. The data from
Zeppelin mountain does not show these elevated daytime concentrations.

There was also registered an episode with elevated concentrations of CO on both
measurement stations starting on 10.07.2015. This episode is most likely caused by long
range transport of emissions from wildfires in North America. An air mass trajectory plot
from 10.07.2015 illustrating this is shown in Figure 9.

14
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10 Jul 2015 Zeppelin
15:00 - = & 500 m

_ ; . ® 1000 m
SN m 1500 m
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500 1500 200 3500 4500 5500 8500 V500

Figure 9: Air mass trajectories for Zeppelin mountain, Ny-Alesund from 10.07.2015.
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4.6 Filter sampling of inorganic compounds

Main inorganic compounds are measured with a filter sampler on a weekly basis. A summary
of the results are given in Table 5.

Table 5:  Monthly averages of main components in air measured at Nordpolhotellet June 2014 to
December 2015. Concentrations are given in ug/m?>. Value is not given when data capture

is below 75%.
Year Month SO, SO4-S | Sum Sum Mg Ca K Cl Na
NOs-N | NHs-N

2014 | June
July 0.06 0.14 0.04 0.19 0.07 0.11 0.02 0.31 0.24
August 0.05 0.14 0.03 0.15 0.10 0.12 0.04 0.99 0.60
September
October 0.95 0.34 0.02 0.12 0.12 0.16 0.04 0.70 0.80
November 1.41 0.91 0.12 0.22 0.34 0.62 0.09 2.15 1.59
December

2015 | January 0.59 0.31 0.04 0.07 0.12 0.07 0.05 1.38 0.94
February 0.93 0.32 0.03 0.10 0.16 0.07 0.06 1.55 1.02
March 0.18 0.32 0.03 0.09 0.13 0.06 0.05 1.31 0.91
April 0.02 0.24 0.06 0.14 0.08 0.05 0.03 0.74 0.62
May 0.02 0.16 0.13 0.20 0.04 0.05 0.02 0.29 0.24
June 0.02 0.09 0.13 0.22 0.08 0.16 0.02 0.64 0.38
July 0.02 0.10 0.09 0.25 0.07 0.15 0.02 0.53 0.33
August 0.04 0.08 0.04 0.18 0.05 0.06 0.01 0.40 0.26
September 0.01 0.07 0.03 0.07 0.07 0.06 0.02 0.83 0.50
October 0.02 0.08 0.02 0.05 0.12 0.11 0.03 1.21 0.74
November
December 0.15 0.15 0.02 0.13 0.11 0.05 1.70 1.00

The SOj-concentrations measured with weekly filter sampling will differ from the
concentrations measured with the continuous monitor described in section 4.4. This is
expected. The concentrations are generally low and the filter sampling method is more
accurate than the continuous monitor on low concentrations. The disadvantage of the filter
sampling method compared to the continuous monitor is the time resolution. The method
gives weekly results and no information on when episodes of higher concentrations occur
within the period. The higher time resolution of results, as given by the continuous monitor,
is especially important when studying impact from sources that are active for short periods
of time and/or close to the measurement station.

The highest monthly average SO,-concentration was measured in November 2014 to 1.44
pg/m3. This month also had the highest monthly concentrations of magnesium, calcium,
potassium, sodium and chloride. The nitrate and ammonium concentrations were also
elevated, but for these components higher concentrations were found in the spring and
summer months of 2015.

16
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The week when the highest hourly concentration of SO, was detected with the continuous
monitor, the filter sampler was unfortunately down.

5 Comparison with previous measurements

Monthly maximum SO;-concentrations from 2008-2010 and 2014-2015 are presented in
Figure 10 and monthly average SO;-concentrations from the same periods are presented in
Figure 11. The highest hourly concentrations occur in the period September 2014 to January
2015, which coincides with the volcanic eruption at Holuhraun, Iceland. Part from this
period, the highest hourly concentrations seems to be in winter and early summer months,
with the maximum in June 2009. Unfortunately there were some technical problems with
the filter sampler in September and December 2014, so there is no monthly average SO, for
these months.

25.0 111.4
m 2008 m2009 w2010 w2014 w2015
20.0

15.0

10.0

Slo ‘ ‘ ‘
Jul  Aug Sep Oct Nov Dec

Jan  Feb Mar Apr May Jun

50, (ug/m?)

Figure 10: Monthly maximum hourly SO;-concentrations from Nordpolhotellet for two periods: 2008-
2010 and 2014-2015. Data from continuous monitor.
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Figure 11: Monthly average SO,-concentrations from Nordpolhotellet for two periods: 2008-2010 and
2014-2015. Data from filter sampler.

Monthly maximum NO,-concentrations from 2008-2010 and 2014-2015 are presented in
Figure 12 and monthly average NO;-concentrations from the same periods are presented in
Figure 13.

70.0 m2008 m2009 m2010 2014 m2015

50.0
10.0
30.0
20.0
a1 \ Il
| |
Jan S

Feb Mar Apr May Jun Jul Aug

NO; (pg/m?)

(=]

ep Oct Nov Dec

Figure 12: Monthly maximum hourly NO,-concentrations from Nordpolhotellet for two periods: 2008-
2010 and 2014-2015. Data from continuous monitor
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Figure 13: Monthly average NO,-concentrations from Nordpolhotellet for two periods: 2008-2010
and 2014-2015. Data from continuous monitor

The highest hourly concentration was measured in July 2015. The monthly average NO;
concentrations seems to have a yearly variation with higher averages in the summer months
July and August, and the winter months December and January. The concentrations, both
average and maximum in the autumn of 2015 seems to be a bit higher than measured the

previous years.
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Appendix A

Measurement data
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o

Hourly measurement data for NOx and NO; at Nordpolhotellet, Ny Alesund 10.6.2014-

31.12.2015. NOy as pg NO2/m3.
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| STOTT0T0 | STHIZE00C ATOTTOLT

Nordpolhotellet | 502 | pg/m®

Hourly measurement data for SO at Nordpolhotellet, Ny Alesund 10.6.2014-31.12.2015.

FIOZET'RE STOE0GT QTOTTOET
PIOZTTEE ST 00T aT07"10°L0
PIOZTTET ST0E¢0S0 4107 10°70
FIOCETET STOZB00E STOTTIBT
FI0TTTE0 STOZ80GE STTELEE
FIOZTTEO ST07°00°'07 GT0T TR
PIOTTTEE STIZ0GT STTTLET
PIOTTTEE STOE'E00T STOTTURD
$T0TTTET STOZ'B0'50 STOTTLED
PIOTTTEE STOE50'TE ST07'TUBT
PT0ZTTE0 ST0E50'9L ST0TTUED
PI0TTTE0 STITR0TE ST07TURT
[T ST0Z50'0T ST07TUEL
R — STOER0TT ST07'TU8D
— T
PTOTOTET ST0Z'50'90 ST0TTLED
PIOTOTYL STOZ50° T ST0TOLBE
PLOZOT 60 STOZH09Z ST0T0LFT
STOEH0TE ST0TOUGT
FIOZOTHO
STOEH0ST STOTOTFT
FIOfGDEs
STOEFOTT ST07'0T60
PI0ZE0HE
STOZH0AD ST070LFD
FIOTHOET
¢. STITFOTD ST07'50°6T
FIOTG0HT
STOTEC'LT STOTE0FT
FIOZE0'ED
- STOZ'E02T ST07'50°6T
= PTIOZED 0 . )
. STOTECLT ST07'50FT
FI0ZE00E
= STOTE0TT ST07'50°60
FIOTE0SE
STOTECED ST0Z'50°F0
vizEooe STOZEC20 5T07'80°DE
PI0TE0ST STE20'5E ST07'30°5T
PLOE=00 IM. STOE20'0Z 5T07'80°0T
L STOZ0GT ST0TE0ST
Poe0TE SI0E2001 ST07'20°0T
wineLoae STOZE0'50 ST0T'30°50
rloTi0't2 STOTTOTE ST07'£0°TE
rlozinet STZ'T0'9T 5T07'20°97
FIoTL0TT STOZT0TE ST0TL0°TT
rlozioao ST T09T ST07'20°9T
FI0Z40°T0 STOET0TT ST0720°TT
rrozanez 5021090 510720790
P09 T2 STOZ'T0°TO ST07'40°TD
rrozenet FROZTTELT ST07'H0°9T
PTOZ90°TT YIOTTTTE ST07'HNTT
PTOZ90'90 PIOZTTET ST07'90°9T
! ¥rozanto lymozeren ST07'NTT
= =] u = [Se] [=] 1] =] L =] Ea R =] L [=1 & [=1 u [=] e T = 53] =] S =1 u
™ - - - m hil o [ Ll — - " (] ™~ ~ - -
few/Fl) oS fur/ar) “os (w8 fog

22



NILU report 35/2016

Hourly measurement data for CO at Nordpolhotellet, Ny Alesund, 16.3.-31.12.2015.

500

450

400

7

E F
g :

qdd) o

2

Iz

.

2

-

10

OTOT Tt
STOTETLT
STOCETET
STOTETTT
STOCETE
STOTTIST
SWCLEEL
STOZTT'D
STOETTT
SO0
STOC0TET
STOZOT'E
STOEEDE
STOCE'EZE
STOTE LT
STOTE'D
GIOERBE
STOTE'TE
STOERET
STOTE'S
STOLE BT
STOEE DT
STOEEET
Latiraa
QTOLD0E
STOZS'BT
SIOE90T
STTSE
STOEG'5E
STOCE LT
STOTS'6
STITS'T
SIOEFED
STOCF'ST
STOCF L
QTOCEDE
STOTEED
STIOTEYRT
STOTED
STOCEDE
STOCEBT
STOZEDT
STOCEE
STOCT'SE
STOTT'LT
STOCTG
STOTTT

50
Q

Hourly measurement data for CO at Zeppelin mountain, 16.3.-31.12.2015.
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Hourly measurement data for CO; at Nordpolhotellet, Ny Alesund and at Zeppelin mountain,

16.3.-31.12.2015.
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Analysis results of weekly filter sampling at Nordpolhotellet, Ny Alesund 01.6.2014-

31.12.2015.

30

w5

- -
et /3] o5

5

=1

*

*

=]
=]

ST TOHD
STELET
STETTE
STETET
STEZTLD
STTTOE
STTTED
STTTAT
STTTGD
STTCE0
STOTAT
STOTET
STOTET
STOTG0
STEVAT
STEXTE
STEIFT
STEXED
STENTE
STBEOFC
STENET
STBYOT
STEIED
STE0ET
ST 00T
STIOET

rreoat
T a0

Lnd date

4 02 v

2 4 4
(zufs ) -'os

oo

AT TO%0
STELEE
STZLTE
STECPT
STZLL

STTLOE
GTTLRE
STTTUT
STTEED
STTLT0
GTOT9E
STOCET
STOLTT
ST0C%S0
GTEOEE
STENTE
STROFT
GTENED
STENTE
S1EDFE
GTEOET
STBODUT
STEOED
STEDEE
GTE0E
STEOET
STE0M0
HTE0RT
GTO0TE
S1O0ST
ST90780
ST°90°T0
STS0ST
STS0ET
STS0TT
STS0%0

ST Z0%60
STEDT0
STTOEE
STLDGT
STTDET
STLDS0
(AT
PTEZLRE
rTEaT
PTELE0
FTI0T0
PTTTYE
PITELT
PULLOT
FTTLED
PIOLLE
FTOL0E
PUOLET
FTOTA0
PUBDGE
PTEDTE
PTBEDEO
PTENTO
PTBDSE
PTROET
PTROTT
TTENYD
FIE0GT
FTL0TE
PTLDPT
rTEnen
P00
FTO0EE
FIe0at
rTena0

Frud dale

03

I/ 3 FomH

[iR]

*

*

Q
=

SUTOY0
STETED
STTITE
SUTIFT
STETE
SUTIDE
STTIERD
STTIET
STTIED
STTTZ0
SroTar
STOTET
SUOTET
STOTs0
STEIET
SUENTE
STEIFT
SrElin
SUETE
SUEIFT
SUEET
SrErnt
SLEED
STHIET
SUL00T
SUA0ET
Sra0a0
SUE0RT
SUENET
SU9sT
STS0'RD

rrarT
FLL0E0
40T
FLAET
rranat
LB

End-dale

03

0z

(st 3

=200

1Eon

0.0

ST TR0
STELRT
STTTTY
STELET
STECE
STTENT
STTIED
STTEaT
STTERO
STTTZO
STOTAT
STOTRT
STOLTT
STOCS0
STENET
STENLT
STENET
STENED
STENLE
STENPT
STENET
STEN0T
STENE]
STLNET
ST0T
BTAET
STE0090
STENRT
STENET

TTENT
FTENGT
FTBYBT
FTENTT
FTENED
TTL0GE
PTLNLE
rTL0PT
FTANEN
FTL0T
FTONED
FToxal
TTENE0

End-dale

a1

=
[

] = -

) sl

= o

Hu

oo

arInn
STTTEE
STTTTE
STTTFL
STETEN
SUTT0E
STTTEE
STTTSr
STTTED
STTTZ0
STaTes
STATET
STATEL
STOTS0
ST60EE
ST60°TE
STE0FT
STa0En
STH0°TE
STanFE
STE0LTL
Sranor
STE0EN
STL0EE
STL00E
SUA0ET
Sri0en
SLA0RE
SranEE
SL90%T
STA0'EN
ST90°T0
aLense
STS0ET
SUS0TE
SUa0vn
SUPDLE
STH00E
STYOET
SUP0LD

STI0E0
SUI09E
SUI06T
STI0TT
STI050
PLETGE
PLETEE
PEETST
PLETED
FLETTO
PUTTHE
PUTITLL
YTITOL
PLITED
PTOTEE
PLOTOZ
FUATED
rTaTE0
PTENEE
YTG0TE
PLa0R0
TG00
PLBE0SE
FLUB0ET
+TE0TE
+TENFD
PTL0GE
PO
PLAOTT
PrL0ED
+TL0°TO
PTA0EE
rranat
Y060

Frud dale

24



NILU report 35/2016

oo

04

ATTOYD
STELRE
STZITE
STELFL
STZLLD
STTLOE
STTLEE
STTEar
STLLRD
STTLTO
STOC9T
GTOTET
STOLTL
STOCS0
STEOEE
STEOTE
STROPT
STROED
STHOTE
STROFE
GTHOET
STEOOT
STROED
STE0ET
STE00T
GTEDED
STE0an
GTOnGE
STA0TE
GTOnST
STana0n
STA0°TOH
GTR0GE
STR0AT
GTROTL
STROPD
GUP0EE
STH00T
STPOET
GUPOED
STENTE
STEDRE
STENGD
STEDTD
STZOEE
STZ09T
STEZ0BD
STE0T0
STIDYE
STLDGT
STTOTT
STTOS0
FTELGE
PLILTE
FTEral
rLILan
PLELTD
PTTLHE
FTTLLT
FTTIOT
PLILED
FTOLLE
rrorng
FTOLEL
rToran
PTEDGE
FTEOTE
FTROED
FTG0TH
PTEDSE
PTBOET
FTEOTL
FTROED
tTinGE
tTEnTE
FTEOYT
PLEnED
FTEOTH
FTanEE
rranar
tranan

End-dale

na

0.0

LB

Cnd date

oo

AT
STELRE
STETTZ
STELFL
STELED
STILDE
STILEE
STIESr
STILED
STTITED
STOCST
STOTSET
STOLTL
STOCS0
STE0ED
STROTE
STROFT
STROED
STHOTE
STA0FT
GTHDY

STENOL
STBOED
STe0ET
STE00T
GTE0ELD
STE090
GTO0EE
STO0EE
STO0ST
STA0E0
STA0°TH
GUL0SE
STS0ED
GULOTE
STE0FD
STPOEE
STHOOT
STROET
STROED
STENDE
STEDEE
STENGD
STEDED
STENET
STE0ST
SLEZDED
STENED
STID9E
STIDGT
STI0EL
STI0'S0
FTELGE
PLELELD
FTELST
PLELED
FLEZLTD
FTILHE
FTICLD
FTILOD
PUILED
FTOLLE
yrOLrng
FLOLELD
FTOCS0
FTEDEE
FTGOTEE
FLROED
FTGOTO
PLEDSE
FLBDEL
FTEOTL
FTEOFD
FTE0GE
FLAOTE
FTOFT
PLLOED
PTEOTH
FTO0EE
rTanar
FTanEn

+

Frud-tiale:
Froc-dale:

2.0

03
0.0

AT TR
SUELRT
SUTEIT
STECRT
QUTEen
STTE0E
STTFED

SETEER

STENOT

STLNIT
SLANI0

Frici-ddale:

25



NILU report 35/2016

AT I0 R0
STITRE
STITTE
STITPT
STITe0
L] STTT0E
STITEE
STITAT
+* STTTRD
STTTED
STOT9E
STOTAT
STOTET
STOTE0
STR0AT
STROTE
STEOET
STROE0
STHOTE
STEOPE
STEOET
STEOOT
STHOED
STE0EE
STL00E
STE0ET

STENOE
STENEE
STENRD
STENED

FTITLT
FTIT0T
FTTTED
FTOTEE
FTOT0E
FTOTET
rTOTan
FTENGE
FTEDEE
TTR0E0
TGO
FTEOGE
FTEOET
FTEOTT
FTROTD
FTe0RE
FTE0TE
FTe0tT
FTenen
FTe0 0
FTE0'ET
FTE0aT
FTE0°RD

Lnd-date

Al

=) =

" .
fewu ) en

=)
=

o0

ALTOFD
SUILED
SUILTE
SUILYT
STELED
STTLOE
STTLES
STTEOT
SUTLED
SUTLED

TOTLET

TLTLED
PLOTET

Frud dale

14

1.7

=)
=

® 3 -
= o o

e 2

00

AT T
GTTTALD
GTTLTE
GTELPL
STTLL0
STTLOE
STTIEE
STTEIT
STTTa0
STTLED

end-date

26



NILU — Norwegian Institute for Air Research

NILU — Norwegian Institute for Air Research is an independent, nonprofit
institution established in 1969. Through its research NILU increases the
understanding of climate change, of the composition of the atmosphere, of air
quality and of hazardous substances. Based on its research, NILU markets
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NILU is concerned with increasing public awareness about climate change and
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NILU’s values: Integrity - Competence - Benefit to society
NILU's vision: Research for a clean atmosphere

NILU — Norwegian Institute for Air Research
P.O. Box 100, NO-2027 KJELLER, Norway

E-mail: nilu@nilu.no

http://www.nilu.no

ISBN: 978-82-425-2866-7
ISSN: 0807-7207

~

N I L Norsk institutt for luftforskning
Norwegian Institute for Air Research



