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Motivation

Long-range transport of anthropogenic and biomass-
burning emissions to the Arctic Is known to have a
resulting Impact on ozone and ozone precursors both
within the Arctic and downwind regions. However, current
understanding of the magnitude and seasonal variabllity
of these impacts is limited .

Here, we present measurements of NO, NO,, PAN
(peroxyacetyl nitrate), NO, (total reactive nitrogen oxides)
and non-methane hydrocarbons (NMHC) along with
observations of O; taken at Summit, Greenland during
summer 2008 -winter 2009.

Measurement Site and Instrumentation
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Fig 1. Location of the GEOSummit station in Greenland.

The Instrumentation Is located at the GEOSummit
station, Greenland (72.6N,38.4W, 3208 ma.s.l) [Figl]
Due to its proximity and high altitude, this site is an
ideal location for sampling pollution from North
America, Europe and forest fires.

Table 1. List of instruments at the
GEOSummit (NO, and NO, instrument
developedat MTU).

NOX,NOy,
PAN Inlets

Seasonal Variabllity

contributes to surface ozone enhancements|Fig 3].

emissions may remain significant during summer.
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Fig 3: Whisker plot of monthly averagesfor NOx, NOy, PAN and Fig 5: Ethane, propane mixing ratios at Summit during Jul - Oct. 2009. In([propane]/[ethane])

O, at Summit from Jul. 2008-Oct. 2009 (Gaps due to periods also plotted .
when the NOxy instrument wasnot in operation).

ere.

AThe In([propane]/[ethane])
Indicator of the photochemical age of the air
sampled. Enhancements |
In([propane]/[ethane])
(marked by asterisks Iin Fig. 5)
these air masses have a
photochemical processing, i.e. were subjected to
relatively faster transport to Summit.
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Al ate winter/early spring: O, and its precursors reach a maximum attributed to transport of anthropogenic emissions
Into the Arctic and longer atmospheric lifetimes. Transport of air from the upper troposphere/lower stratosphere also

ALate spring/summer : A rapid transition towards lower levels in NO, and PAN. as the polar front recedes north,
reducing the potential for anthropogenic emissions to reach Summit. However, impacts from biomass-burning

AEthane and propane mixing ratios at Summit
show increasing background levels going from

" . mid -summer into fall/winter,
* typical behavior seen for these species in the
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NO, Partitioning

AAt Summit, the PAN contribution to NO, is highest
during winter-spring owing to a reduction In
photochemically produced NO, and an increase In
transported PAN [Fig. 8].

A Interannua variability :  The monthly  mean
[PAN]J/[NO ,] averagesfrom July-Oct range from 43-
62% in 2008 and 47-75% in 2009. [NG,]J/[NO ,] Is
similar for both years implying that during 2008 other
reactive nitrogen species made a substantial
contribution to NO,.

Fig 8. Whisker plots of monthly averagesfor [[NO,J/[NO ,] (green), [PANJ/[NO ,]
(blue). Red bars represent the fraction of NO, not accounted for by NO, and PAN.

Technique
NO O; chemiluminescence
NO, NO, photolysis (Xe lamp)
NO, Au-catalyzed reduction by CO
PAN Gas Chromatography
NMHC Gas Chromatography

In addition to the
measurements described
iIn Table 1 surface O;, CO
and equivalent Dblack
carbon (EBC) are all
measured at Summit.

Fig 2. The MTU and CU instruments
located on the GEOSummit tower.

FLEXPART (a Lagrangian air parcel dispersion model) Is
used to assess transport pathways and distinguish
between anthropogenic and boreal fire events using CO
tracers calculated from biomass-burning (Fire-CO) and
anthropogenic (Anthro -CO) emission inventories.

Transport of Anthropogenic and Boreal Fire Emissions

Fig. 6. Observations of 1-hr average NO,, NO,, PAN and, O,. CO simulated by FLEXPART for fire and
anthropogenic emissions are also shown.
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Conclusions

A Measurements at Summit show a clear seasonal
cycle in NO,, PAN, NO,, and O

AThe In([propane]/[ethane]) ratio can be used as an
iIndicator of the photochemical  processing during
transport events.

ASummit is frequently Impacted by emissions
transported from both urban and boreal forest regions.

ABoth anthropogenic and fire emissions were
responsible  for Important shifts In nitrogen
oxides and ozone . Median NO,, NO,, PAN and O,
were 78 pptv, 15 pptv, 26 pptv and 8 ppbv greater
respectively than during those periods without the
presenceof fire emissions.

APAN represents the largest contribution to NO,
at Summit . [PAN]/[NO ,] ratios have both interannual
and seasonalvariations.

A Summer 2008 Fire impaCt resulting ?n enhancements of NOY’_ NOX’ A Enhancements in nitrogen oxides and 03 Table 2. Mean averagemixing ratios during polluted and non-
PAN, O, levels above background during Aug. Enhancementsin CO were also observed during transport of  polluted air massesfor 2008.
and EBC (both not shown) are also observed|[Fig. 6]. anthropogenic emissions to Summit from
North America and Europe NO,(pptv) | NO,(pptv) | PAN(pptv) | O (ppbv)
A Fall/winter ~ 2008/09: Fire emissions were reduced and PE- All 127 12 71 43
anthropogenic emissions were the primary causeof enhancements A High levels of NO, and NO, during polluted Clean 88 3 56 37
at Summit . periods suggestadditional O, formation may Fire 166 18 70 45
occur In the air massesduring transport to | Anthro 159 17 93 44

A Summer 2009: FLEXPART simulations indicate that fire impacts at

Summit were greatly reduced in 2009 relative to 2008 . lower latitudes .
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