Earth System
Science

Data

Earth Syst. Sci. Data, 4, 215-282, 2012
www.earth-syst-sci-data.net/4/215/2012/
doi:10.5194/essd-4-215-2012

© Author(s) 2012. CC Attribution 3.0 License.

Open Access

A compilation of tropospheric measurements of
gas-phase and aerosol chemistry in polar regions

R. Sandef and J. Bottenhein?

IAir Chemistry Department, Max-Planck Institute of Chemistry, P.O. Box 3060, 55020 Mainz, Germany
2Environment Canada, 4905 Berin Street, Toronto M3H 5T4, Canada

Correspondence tdR. Sander (rolf.sander@mpic.de)

Received: 16 July 2012 — Published in Earth Syst. Sci. Data Discuss.: 3 August 2012
Revised: 3 December 2012 — Accepted: 4 December 2012 — Published: 20 December 2012

Abstract. Measurements of atmospheric chemistry in polar regions have been made for more than half a cen-
tury. Probably the first Antarctic ozone data were recorded in 1958 during the International Geophysical Year.
Since then, many measurement campaigns followed, and the results are now spread over many publications in
several journals. Here, we have compiled measurements of tropospheric gas-phase and aerosol chemiistry made
in the Arctic and the Antarctic. It is hoped that this data collection is worth more than the sum of its components
and serves as a basis for future analyses of spatial and temporal trends in polar atmospheric chemistry.

1 Introduction contained measurements until 2007. In addition to the new
publications, the updated list now also contains several ad-
) ) ) o ditional papers from before 2007 that were previously over-
Atmospheric chemists have been investigating several phegpoked. For more details about the measurement methods, the
nomena in the troposphere of polar regions. Early s'tudieqeader is referred to section 1.4 8impson et al(20075.
focused on ozoneRoscoe and Roscp200. Later, Arctic  pyiefly, our list contains direct measurements (e.g. CIMS,
haze was a major research topic for several d_eca_%iaatz Huey et al, 2004, remote sensing (e.g. DOASlausmann
1984 Quinn et al, 2007. More recently, bromine-induced g plat;1994), and also indirect methods (e.g. Cl atoms via

ozone depletion eventBarrie et al, 1988 Simpson et al.  the “hydrocarbon clock” methodpbson et a).1994).
2007H and mercury depletion eventSchroeder et 811998

Stefen et al, 2008 were discovered. Many measurements

of tropospheric gas-phase and aerosol chemistry in polar re2 Literature data

gions have been made, and the main results have been sum-

marized in several review papers (eG@rannas et al2007, The collection includes chemical measurements in the tro-
Simpson et a).2007h Domine et al, 2008 Anderson and posphere of the polar regions. Abbreviations and acronyms
Neff, 2008 Abbatt et al,2012. However, due to obvious size used in the tables are defined in Taldle The measure-
restrictions, these review papers could only show examplesnent sites are listed in Tab® They are also shown in the

of representative measurements. In this work, we attempt tonap of Fig.1. To facilitate the discrimination between the
provide an overview of the large number of measurementdhemispheres, abbreviations for Arctic measurement sites are
published in miscellaneous journals. The tables do not clainprinted in black upper-case letters (e.g. “BA’ for Barrow),
completeness, but it is hoped they they can serve as a stanvhile those for Antarctic sites are shown in red lower-case
ing point when searching for data of a particular compound.letters (e.g. ha for Halley).

This work is an update of the data compilation that was pub- Gas-phase data are shown in Taéhl&he entries are sorted
lished as a supplement 8mpson et al(20078, which only by elements in the following order:

Published by Copernicus Publications.



216

-180°

R. Sander and J. Bottenheim: Polar measurements

sby:

O.

A
(==
‘o

-180°

Figure 1. Measurement sites in the Arctic (left) and the Antarctic (right).

— oxygen and hydrogen (e.g. ozone, OH)
— nitrogen (e.g. NQ)

— organic: C, H (alkanes)

— organic: C, H (unsaturated)

— organic: C, H, O (e.g. alcohols, aldehydes, acids)
— organic: C, H, O, N (e.g. PAN)

— fluorine (CFCs)

— chlorine (inorganic and organic)

— bromine (inorganic and organic)

— iodine (inorganic and organic)

— sulfur (inorganic and organic)

— mercury

Aerosol data are shown in Table The entries are sorted by
elements in the following order:

— nitrogen (e.g. NQ)
— fluorine
— chlorine
— bromine

— iodine
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— sulfur (SG-, MSA)
— black carbon, organic acids
— metals (alphabetically sorted by element symbol)

If the publication presents the mean, median or range of the
measurements, these values are shown in the tables. Other-
wise, the reader needs to refer to the original paper for more
information. The units reported here are mostly the same as
in the original publication. However, in a few cases concen-
trations in [ng m3] were converted to mixing ratios assum-
ing a molar volume of 20 L mol for the cold air.

To keep the size of the collection within reasonable limits,
the following data are excluded:

— Meteorological data (e.g. temperature, pressure, humid-
ity, wind speed) are excluded. Only chemical measure-
ments are listed.

— The compilation is restricted to atmospheric data; firn
and snow chemistry are not included. For more infor-
mation about these topics, the reader is referred to the
firn air special issue ahtttpy/www.atmos-chem-phys.
nefspecialissue251.htmland data provided atttpy/
gcmd.nasa.goandhttpy/nsidc.org

— Only tropospheric chemistry is included. Publications
about stratospheric data, which are mostly related to
ozone depletion and climate change, are excluded.

— CO, is not included because gathering all data for this
species would be beyond the scope of this work.

www.earth-syst-sci-data.net/4/215/2012/
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Table 1. Abbreviations and acronyms used in the tables.

Date

spr = spring
sum = summer
fal = fall
win = winter

Chemistry
DMS = dimethyl sulfide, CHSCH;
GEM = gaseous elemental mercury, Hg

MSA = methanesulfonic acid, G330O;H
PAN = peroxyacetyl nitrate, CECO;NO,
PPN = peroxypropionyl nitrate, ¢HsCO;NO,
RGM = reactive gaseous mercury
TGM = total gaseous mercury

Other
bgr = background air
DL = detection limit
NMHC = non-methane hydrocarbon
SCD = slant column density [molecules cf
VCD = vertical column density [molecules cAj
ODE = ozone depletion event
non-ODE = data during ODE excluded

3 Data on the internet

In addition to the data presented in the literature, there are
several web sites providing large data sets. The information
presented here is mostly taken from their web pages:

— httpy/ds.data.jma.go.jgmdwdcgg
The World Data Centre for Greenhouse Gases
(WDCGGQG) is established under the Global Atmosphere
Watch (GAW) programme to collect, archive and pro-
vide data for greenhouse (GOCH,, CFCs, NO, etc.)
and related (CO, NQ SG,, VOC, etc.) gases and sur-
face ozone in the atmosphere and ocean, measured un-
der GAW and other programmes. From the web site, in-
formation including measurement data can be obtained
that has been contributed by organizations and individ-
ual researchers in the world.

www.earth-syst-sci-data.net/4/215/2012/
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httpy//www.gaw-wdca.org

The World Data Centre for Aerosols (WDCA) is the
data repository and archive for microphysical, optical,
and chemical properties of atmospheric aerosol of the
World Meteorological Organization’s (WMO) Global
Atmosphere Watch (GAW) programme.

httpy/www.esrl.noaa.gggmdccggiady/

The Interactive Atmospheric Data Visualization web
page provides data for GHCO, CQ, Hy, N,O, Sk,

and other gases. The global coverage includes several
Arctic and Antarctic stations.

httpy/www-Igge.obs.ujf-grenoble fEESOA
Aerosol data for Concordia and Dumont d’'Urville (in
French, registration required).

http;//saga.pmel.noaa.gaata

The Pacific Marine Environmental Laboratory (PMEL)
Atmospheric Chemistry Data Server provides data sets
for several cruises. Some of them include data from po-
lar regions, e.g., RITS93, RITS94, ICEALOT.

httpy/www.nilu.ngprojectgccgemepdata.html

The EMEP (European Monitoring and Evaluation Pro-
gramme) web page contains some Arctic data sets, e.g.
ozone, heavy metals, aerosol chemistry, and persistent
organic pollutants (POPs) for Iceland and Spitzbergen.

httpy/www.woudc.orgdatae.html

The World Ozone and Ultraviolet Radiation Data Cen-
tre (WOUDC) contains ozone data measured by instru-
ments located on ground-based, shipborne or airborne
platforms. The archive includes lidar vertical profiles,
ozonesonde vertical profiles, total column ozone (daily
and monthly values), and more.

Earth Syst. Sci. Data, 4, 215-282, 2012
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Table 2. List of measurement sites.
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Abbrev. Name (Northern Hemisphere) Latitude Longitude Altitude above sea level (a.s.l.)
AG Amundsen Gulf ~71°N ~ 122 W

AL Alert, Nunavut, Canada 82.4% 62.52 W 210ma.s.l.
AM Amderma, Russia 69.7N 61.62 E

ARC Arctic (miscellaneous sites) - -

BA Barrow, Alaska, USA 71.32N 156.6 W 8ma.s.l.
Bl Bear Island 74.5N 19.0 E

BS Beaufort Sea ~75 N ~ 140 W

CH Churchill, Manitoba, Canada 58 94 W

DY Dye 3, Greenland 65N 43.8 W

EU Eureka, Canada 8N 86° W

FC Fort Chipewyan 58.7aN 111.12W 232ma.s.l.
IG Igloolik, Nunavut, Canada 6N 82 W

KA Kangerlussuag (Sgndre Strgmfjord), Greenland ° N7 5I° W

KU Kuujjuarapik, Hudson Bay, Quebec, Canada BH5 7.7 W

MB Mould Bay, Nunavut, Canada 7628 119.33 W 58ma.s.l.
NA Ny Alesund Zeppelin Station, Spitzbergen, Norway 789 1187 E 475ma.s.l.
NO Norwegian Arctic (miscellaneous sites) - -

NU Nuuk, Greenland 64°IN 51.4 W

NW Narwhal ice floe camp, Arctic (140 km NW of Alert) 83.8l 63.28 W

PF Poker Flat, Alaska, USA 64.181 147.72 W 501 ma.s.l.
PS Pallas-Sodanky| Finland 67.37N 26.65 E

RE Resolute, Nunavut, Canada ° 95 W

SC Scoresbysund, Greenland 70.88 2197 W

SE Sevettijarvi, Finland 69.58\ 28.83 E 130ma.s.l.
SN Station Nord, Greenland 81.8 16.67 W

SuU Summit, Greenland 72.58| 38.48 W 3238 ma.s.l.
SW SWAN ice floe camp, Arctic (160 km N of Alert) 83.9 63.7W

TH Thule, Greenland 76.52N 68.83 W

Abbrev.  Name (Northern Hemisphere) Latitude  Longitude Altitude above sea level (a.s.l.)
ant Antarctic (miscellaneous sites) - -

bp Browning Pass, Ross Sea 74% 163.98E

by Byrd Station 80.00S 120.00 W

co Concordia (Dome C) 75°1S  123.33E 3233ma.s.l.
df Dome Fuji 77.37S 39.62 E

du Dumont d'Urville 66.67S 140.02E 40ma.s.l.
ha Halley 75.58 S 26.68 W 32mas.l.
hs Hallet Station 72.3S 170.3 E 15ma.s.l.
kb King Baudouin 70.43S 24.32 E

ks Kohnen Station 75S CE 2892ma.s.l.
la Little America 78.18S  162.17E 44ma.s.l.
ma Marambio 64.2S 57.7 W

mi Mirny 66.33 S 93.0tE

mm McMurdo station, Arrival Heights 77.85 166.58 E 11 ma.s.l
mo Molodezhnaya 674S 455 E

mw Mawson 67.6S 62.88 E

nm Neumayer Station 70.8% 8.25 W 42ma.s.l.
pa Palmer Station 64.925 64 W 10ma.s.l.
sb Scott Base 77.855 166.73E

sp South Pole 90S - 2810 ma.s.l.
sy Syowa 69 S 39.58 E

tn Terra Nova Bay (Mario Zucchelli Station) 74.% 164.2 E

tr Troll Research Station 72.08 253E 1275ma.s.l.
ws Weddell Sea ~75 S ~47 E
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Table 3: Gas phase data.

Species Value Date Site Reference

Oxygen and Hydrogen

O3 1957-1958 la Wexler et al(1960),
Wisse and Meerbur(L969
O3 1958 du Wisse and Meerbur(1969
O3 1958 ha Roscoe and Roscq2009
O3 1958-1959 ha Wisse and MeerburL969
O3 1961-1969 ant Oltmans and Komhy{1976
O3 1962 hs, sp Aldaz (1969,
Wisse and Meerbur(1969
O3 1962-2006 sp Oltmans et al(2008
O3 1965-1966 kb Wisse and MeerburfL969
O3 <10...70 nmolmot* 1965-1967 BA Kelley (1973
O3 1966-2000 RE Tarasick and Bottenheif2002
O3 1973-1978 BA Oltmans(1981)
O3 1973-1984 BA Oltmans and Komhy{1986
O3 1973-2009 BA Oltmans et al(2012
O3 1973-2005 ARCant Helmig et al.(20078
O3 1974-2000 CH Tarasick and Bottenheif2002
O3 1975-1978 sp Oltmans(1981)
O3 1975-1984 sp Oltmans and Komhy{1986
O3 1975-2004 BAsp Oltmans et al(2006
O3 monthly mean: 20...35 1975-1989 sp Schnell et al(199])
nmolmol*
O3 monthly mean: 18...25 1975-1989 (Feb) sp Schnell et al(199])
nmolmof?
O3 monthly mean: 32...38 1975-1989 (Aug) sp Schnell et al(1991)
nmolmof?
O3 1979-1986 ARC Oltmans et al(1989
O3 17...37 nmolmot* Mar 1985 AL Bottenheim et al(1986
O3 Apr 1986 AL Barrie et al.(1988; Mickle et al.
(1989; Barrie et al.(1989
O3 1986-1987 AL Barrie et al.(1989
O3 1987 ha Jones et al(2010
O3 1987-1988 mo, mi Gruzdev et al(1993
O3 1988-1990 Bl Taalas et al(1993
O3 1988-1991 ma Taalas et al(1993
O3 1988-1991 PS Taalas et al(1993
O3 Sep-Oct 1988 ant Yurganov(1990
O3 1989-1994 NA Solberg et al(1997H
O3 14...32 nmolmot* Sep-Oct 1989 mm Sturges et al19939
O3 2...48 nmolmot! Mar—Apr 1989 BA Sturges et al(19939
O3 1989-1990 NA Taalas et al(1993
O3 1989-1990 sy Murayama et al(1992
O3 1989-1993 NA Solberg et al(19960
O3 Mar—Apr 1990 BA Sturges et a(1993h
O3 seasonal cycle 1992-2001 NA Eneroth et al(2007)
O3 <0.4...20 nmolmof* Apr 1992 SW Hopper et al(19943

www.earth-syst-sci-data.net/4/215/2012/ Earth Syst. Sci. Data, 4, 215-282, 2012
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Table 3: Continued.

Species Value Date Site Reference

O3 <0.5...45 nmolmot* Apr 1992 ALl Anlauf et al.(1994

O3 0.9...57.4 nmolmot 1992-1993 NA Beine(1999

O3 trajectory analysis 1992-2000 ARC  Bottenheim and Chaf2006

O3 1993 nm Wessel et al(1999

O3 0...72 nmolmot! Mar—May 1993 PF Beine et al(1996h

O3 May—Jun 1993 SU Bales et al(19950

O3 1993-1994 NA Wessel et al(1999

O3 1993-2000 EU Tarasick and Bottenheif2002

O3 1994-1996 SC Rasmussen et g1997)

O3 1994-1996 TH Rasmussen et gl1997)

O3 <0.5...36 nmolmot* spr 1994 NW Ariya et al.(1998

O3 spr 1994 ARC Galaktionov et al(1997)

O3 4.0...51.0 nmolmot Feb—May 1994 NA Beine et al(1996a 19973ab)

O3 Mar—Apr 1994 ARC Hopper et al(1998

O3 Mar—Jun 1994 ARC Jaeschke et a{1997)

O3 15...45 nmolmot* 1994-1996 NA Beine and Krogne&000

O3 Apr 1994 NW Gong et al(1997)

O3 Jan—May 1995 KA Miller et al. (1997

O3 Feb—Apr 1995 AL Ariya et al.(1999

O3 bgr.: 30.0...61.6 Mar—May 1995 PF Beine et al(19973

nmolmof?

O3 mean: 54 nmolmot May—Jul 1995 SuU Munger et al(1999

O3 Sep 1995 mm Kreher et al(1997)

O3 1995-1996 KA Rasmussen et gl1997)

O3 1995-1996 NA Martinez et al(1999

O3 1995, 1996 NA Tuckermann et a(1997)

O3 1995-2001 SN Heidam et al(20049)

O3 Mar—May 1996 NA Staebler et al(1999

O3 0...49.8 nmolmof* 1997-1999 (spr) NA Beine et al(2001)

O3 Apr—May 1998 AL Boudries and Bottenheiif2000

O3 Jun 1998 NA Sprovieri and Pirron€2000

O3 1998, 2000 AL Sumner et al(2002

O3 12...21 nmolmot! Mar 1999 ant Jacobi and Schren{4999

O3 40.5 nmolmot? sum 1999 SuU Yang et al.(2002)

O3 1999-2000 nm Friel3 et al(2009

O3 1999-2002 SN Skov et al.(2004

O3 1.28...56.32 nmolmol  1999-2002 KU Poissant and Pilot¢2003

O3 51.9 nmolmot? sum 2000 SuU Yang et al.(2002

O3 Feb—May 2000 AL Bottenheim et al(2002h

O3 Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Ridley et al. (2007;
Cantrell et al.(2003; Blake et al.
(2003; Wang et al.(2003; Olson
etal.(2012

O3 Jun 2000 SuU Helmig et al.(2002

O3 2000-2001 nm Ebinghaus et al2002

O3 2000-2004 SuU Helmig et al.(20079

O3 trajectory analysis 2000-2007 ARC  Hirdman et al(2009

O3 spr 2001 KU Honninger et al(20049

IMeasurements at two sites near Alert and vertical profiles are presented.

Earth Syst. Sci. Data, 4, 215-282, 2012
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Table 3: Continued.
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Species Value Date Site Reference

O3 Apr 2001 ARC Toyota et al(201])

O3 median: 36.5 nmolmol  Apr—May 2001 KU Poissant and Pilot2003; Poissant
and Hoenninge2004

O3 mean: 14.5 nmolmot Dec 2001 ant Frey et al (2005

O3 Mar 2002 SN Ferrari et al(2004

O3 Apr 2002 KU Gauchard et al2005H

O3 mean: 19.3 nmolmot Dec 2002 ant Frey et al.(2005

O3 mean: 27.9 nmolmot Jan 2003 sp Frey et al.(2005

O3 Apr—May 2003 NA Sprovieri et al(2005ab)

O3 <1...52 nmolmot! Mar—Apr 2003 ARC Jacobi et al(2006 2010

O3 19...42 nmolmott Mar—Apr 2003 NA Jacobi et al(2009

O3 Aug-Oct 2003 ha Jones et al(2006

O3 Nov-Dec 2003  sp Eisele et al(2008

O3 Dec 2003 sp Helmig et al.(20083,
Johnson et a2008

O3 2003-2005 SuU Helmig et al.(20073

O3 Mar 2004 KU Constant et ali2007)

O3 15...58 nmolmot* Apr—May 2004 NA Amoroso et al(2005

O3 spr 2004 AL Morin et al.(2007)

O3 spr 2004 Al2 Morin et al.(2005

O3 2004-2005 NA Ferrari et al(2008

O3 mean: 7.0 nmolmot 2004-2005 ha Bloss et al(2010

O3 18...35 nmolmot* 2004-2008 du Legrand et al(2009

O3 2005 BA Simpson et al(20073

O3 median: 36 nmolmof Nov-Dec 2005  ant Slusher et al(2010

O3 Jan—Apr 2005 BA Keil and Shepso2006

O3 Mar—Apr 2005 BA Tackett et al(2007)

O3 mean: 21.4 nmolmot Jul-Sep 2005 ARC Sommar et al(2010

O3 2006-2008 ARC Bottenheim et al(2009),
Jacobi et al(2010

O3 2007 ha Jones et al2010

O3 Apr 2007 ARC Prados-Roman et 2011

O3 mean: 55.6 pmolmot May—Jun 2007 SU Ziemba et al(2010

O3 Aug-Sep 2007  ha Buys et al.(2012

O3 2007, 2008 SuU Liao et al. (20113; Stutz et al.
(201)

O3 21...35 nmolmot* 2007-2008 co Legrand et al(2009

O3 2007-2011 NA Pfatthuber et al(2012

O3 2007-2011 tr Hansen et al(2009,
Pfathuber et al(2012

O3 2008 ARC Wespes et al(2012; Olson et al.
(2012

O3 mean: 30 nmolmot Feb—Mar 2008 KU Edwards et al(2011)

O3 up to 46 nmolmot* Mar—Apr 2008 AG Pohler et al.(2010; Nghiem et al.
(2012; Seabrook et a(2017)

O3 Mar—Apr 2008 ARC Gilman et al.(2010

2Measurements above the Arctic Ocean sea ice, 5 km NNW of Alert, are also presented.
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Table 3: Continued.

Species Value Date Site Reference

O3 mean: 63 nmolmot Apr 2008 ARC Liang et al.(2011); Neuman et al.
(2010; Salawitch et al.(2010;
Dupont et al.(2012; Liao et al.
(20123

O3 mean: 57 nmolmof Jun-Jul 2008 ARC Liang et al.(2011)

O3 2008-2009 ant Bauguitte et al(201])

O3 ozonesondes 2008-2009 BA Oltmans et al(2012

O3 Jan 2009 co Dommergue et a2012

H> mean: 546 pmolmot 2004-2005 ha Bloss et al (2010

OH mean: 1.k 10° cm3 Feb 1994 pa Jeferson et al(1999; Davis et al.
(1998

OH 2000 sp Mauldin Il et al. (2009

OH Feb—May 2000 ARC Ridley et al. (2003; Evans et al.
(2003; Mauldin Il et al. (2003

OH median: 6.4 10° cm3 2003 SuU Sjostedt et al(2009

OH Nov—Dec 2003  sp Eisele et al(2008

OH mean: 3.%10° cm3 Jan-Feb 2005  ha Bloss et al(2007, 2010

OH 2007, 2008 SuU Liao et al.(20113

OH 2008 ARC Olson et al(2012

OH noontime mean: Feb—Mar 2008 KU Edwards et al(2011)

0.77x10° cm3

OH mean: 0.04 pmol mot Apr 2008 ARC Liang et al.(201))

OH mean: 0.13 pmolmot Jun—Jul 2008 ARC Liang et al.(201))

OH mean: 2.k 10° cm™ 2010-2011 du Kukui et al.(2012

HO, mean: 0.76 pmolmot Jan-Feb 2005  ha Bloss et al(2007, 2010

HO, mean: 1.3410° cm™3 Feb—Mar 2008 KU Edwards et al(2011)

HO; 2008 ARC Olson et al(2012

HO, mean: 3.5 pmolmot Apr 2008 ARC Liang et al.(2011)

HO, mean: 8.9 pmolmof Jun-Jul 2008 ARC Liang et al.(201])

H,0, 0.3...3.5 nmolmot Jun-Jul 1990 SuU Sigg et al (1992

H>0, 1992 AL de Serve$1999

H,O, up to 0.5 nmolmot* 1993-1994 ant Fuhrer et al(19969

H,0, May—Jun 1993 SuU Bales et al(1995h

H,0, May—Jul 1993 SuU Bales et al(19953

H.0O, Aug 1994 SuU Dibb et al.(1996

H,0, mean: 1.4 nmolmaot Jun 1996 SuU Hutterli et al.(2007)

H,0, <DL...0.91 nmolmot!  1997-1999 nm Riedel et al(2000

H,0, 1.78 nmolmot* sum 1999 SuU Yang et al.(2002

H,0, mean: 278 pmolmot Dec 2000 sp Hutterli et al.(2004)

H>0, mean: 321 pmolmot Dec 2000 ant Frey et al.(2005

H,0, Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Wang et al.(2003; Olson
etal.(2012

H,0, 80...1600 pmolmof Jun-Jul 2000 SuU Jacobi et al(2002

H,0, mean: 650 pmolmot Dec 2001 ant Frey et al.(2005

H,0, mean: 363 pmolmot Dec 2002 by Frey et al.(2005

H,0, mean: 230 pmolmot Jan 2003 sp Frey et al (2005

H,O, mean: 1448 pmolmot  Jun—Jul 2003 SuU Frey et al.(20093

H,O, Nov-Dec 2003 sp Eisele et al(2008

Earth Syst. Sci. Data, 4, 215-282, 2012
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Table 3: Continued.
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Species Value Date Site Reference

H,0, mean: 278 pmolmot Dec 2003 sp Frey et al. (20093

H,0, mean: 204 pmolmot Mar—May 2004 SuU Frey et al (20093

H,0, 2008 ARC Olson et al(2012

H20, 145...1000 pmolmotf 2010-2011 du Preunkert et al2012

Nitrogen

NH3 Jan 1994 du Legrand et al(1998

NH3 Aug 1994 SuU Dibb et al.(1996

NH3 0...4645.0 pmolmotf 1997-1999 (spr) NA Beine et al(200J)

NH3 monthly mean: 0.23...28 2005-2010 du Legrand et al(2012

nmolmof?

N.O mean: 341 pmolmot 1988-1989 DY Davidson et al(1993ha)

N2O 1997-2005 SuU Dibb et al.(2007)

NO median: 225 pmolmot  1989-1999 sp Davis et al.(2007)

NO bgr.:0...43.4pmolmot Feb—May 1994 NA Beine et al(19973

NO 0...1501.8 pmolmot Mar—May 1995 PF Beine et al(19973

NO mean: 3 pmolmot Jan—Mar 1997 nm Jones et al(1999

NO Jul 1998 SuU Honrath et al(1999

NO 1998, 2000 sp Davis et al.(2009

NO mean: 1.2 pmolmot Jan—-Feb 1999 nm Jacobi et al(2000

NO Jul 1999 SuU Dibb et al.(2002

NO 24.7 pmolmott sum 1999 SuU Yang et al.(2002

NO <1...7.6 pmolmot* 1999-2000 nm Weller et al.(2002

NO 16.0 pmolmot! sum 2000 SuU Yang et al.(2002

NO Jun 2000 SuU Jacobi et al(2004)

NO Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Ridley et al. (2007;
Cantrell et al.(2003; Wang et al.
(2003; Olson et al(2012

NO 0...24.7 pmolmot* Feb—May 2000 AL Beine et al(2002

NO Nov-Dec 2003  sp Eisele et al.(2009; Wang et al.
(2007

NO Dec 2003 sp Helmig et al.(2008H

NO mean: 7.3 pmolmot 2004-2005 ha Jones et al.(2011); Bloss et al.
(2010; Anderson and Bauguitte
(2009,
Bauguitte et al(2012

NO median: 95 pmolmot Nov-Dec 2005  ant Slusher et al(2010

NO median: 1.8 pmolmol  Feb—Apr 2006 NA Amoroso et al(2010

NO mean: 10.9 pmolmot May—Jun 2007 SuU Ziemba et al(2010

NO 2007, 2008 SuU Liao et al.(20113

NO 2008 ARC Olson et al(2012

NO mean: 4 pmolmot Feb—Mar 2008 KU Moller et al.(2010,
Edwards et al(201))

NO mean: 11 pmolmot Apr 2008 ARC Liang et al.(201))

NO mean: 9 pmolmot Jun-Jul 2008 ARC Liang et al.(2011)

NO 111 pmolmot?! 2009-2010 co Frey et al.(2012

NO, 17...97 pmolmott Mar 1985 AL Bottenheim et al(1986
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Table 3: Continued.
Species Value Date Site Reference
NO, 85 pmolmot? spr 1988 AL Bottenheim et al(1990
NO, Mar—Apr 1988 AL Bottenheim et al(1993
NO, SCD 1995 mm Kreher et al(1997)
NO, 1995-1996 NA Martinez et al(1999
NO, 1995, 1996 NA Tuckermann et a(1997)
NO, 0...358.3 pmolmot* 1997-1999 (spr) NA Beine et al(200])
NO, 10...170 ngm?® May—Jun 1997 NA Allegrini et al. (1999
NO, 10...300 ngm?® Dec 1997 tn Allegrini et al. (1999
NO, 4.94...620.73 ngn? 1997-1999 tn lanniello et al (2003
NO, Jul 1998 SuU Honrath et al(1999
NO, mean: 3.2 pmolmot Jan—Feb 1999 nm Jacobi et al(2000
NO; Jul 1999 SuU Dibb et al.(2002
NO, 32.7 pmolmot? sum 1999 SuU Yang et al.(2002
NO, Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Ridley et al.(2007)
NO, 0...38.8 pmolmot* Feb—May 2000 AL Beine et al(2002
NO, Jun 2000 SuU Jacobi et al(2004
NO, 15.2 pmolmot* sum 2000 SuU Yang et al.(2002)
NO, bgr.: 30 pmolmot* Jul 2003 NA Wittrock et al.(2004
NO, mean: 4.3 pmol mot 2004-2005 ha Jones et al.(2011); Bloss et al.
(2010; Anderson and Bauguitte
(2009,
Bauguitte et al(2012
NO, median: 20.2 pmolmot  Feb—Apr 2006 NA Amoroso et al(2010
NO, mean: 39 pmolmot Feb—Mar 2008 KU Moller et al.(2010,
Edwards et al(2011])
NO, mean: 6 pmolmot* Apr 2008 ARC Liang et al.(201))
NO, mean: 18 pmolmot Jun-Jul 2008 ARC Liang et al.(2011)
NO, 102 pmolmot?! 2009-2010 co Frey et al(2012
NOy <30 pmolmof? spr 1992 AL Muthuramu et al(19949
NOy <20...100 pmolmot* Apr 1992 ARC Leaitch et al(1994
NO, 0...637.5 pmolmot Feb—May 1994 NA Beine et al(19964
NOx bgr.: 0...143.9 Feb—May 1994 NA Beine et al(1997h
pmol mol?
NOy bgr.: 0...143.9 Feb—May 1994 NA Beine et al(19973
pmolmol?
NOx bgr.: 0...955.5 Mar—May 1995 PF Beine et al(19973
pmolmol?
NOy 1998-1999 SuU Ford et al.(2002
NOy <2...20.2 pmolmott Jan—-Feb 1999 nm Jacobi et al(2000
NOy 49.4 pmolmot? sum 1999 SuU Yang et al.(2002
NOy Jun 2000 SuU Honrath et al(2002; Jacobi et al.
(2009
NOx 39.7 pmolmot? sum 2000 SuU Yang et al.(2002
NOy 2000 sp Oncley et al(2009
NOy Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Ridley et al.(2007)
NOy mean: 25 pmolmof Apr 2008 ARC Liang et al.(2011); Dupont et al.
(2012
NOy mean: 25 pmolmot Jun-Jul 2008 ARC Liang et al.(201))
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Table 3: Continued.

225

Species Value Date Site Reference

NOy Mar—Apr 1988 AL Bottenheim et al(1993

NOy mean: 300 pmolmot Feb—May 1994 NA Solberg et al(19973

NOy mean: 850 pmolmot May—Jul 1995 SuU Munger et al (1999

NOy 1995 SuU Dibb et al.(1998

NOy mean: 24 pmolmof Jan—Mar 1997 nm Jones et al(1999; Weller et al.
(2999

NOy 100...600 ngm? May—Jun 1997 NA Allegrini et al. (1999

NOy 300...700 ngm? Dec 1997 tn Allegrini et al. (1999

NOy 14.58...701.20 ngnd 1997-1999 tn lanniello et al (2003

NOy Jul 1998 SuU Honrath et al(1999

NOy 1998-1999 SuU Ford et al.(2002

NOy 46 pmolmot? 1999-2000 nm Weller et al.(2002

NOy Feb—Mar 2000 AL Bottenheim et al(2002h

NOy Feb—May 2000 ARC Ridley et al. (2003; Evans et al.
(2003; Wang et al(2003

NOy mean: 410 pmolmot Apr 2008 ARC Liang et al.(2011)

NOy mean: 320 pmol mot Jun-Jul 2008 ARC Liang et al.(201])

HONO 0...<240 pmolmot? Apr 1992 AL Hausmann and Plat1994

HONO <1.7...68 pmolmott win 1992 AL Li (1999

HONO <1.7...20 pmolmott spr 1992 AL Li (1999

HONO mean: 5.5 pmol mot Mar—May 1996 NA Staebler et al(1999

HONO 0...64.8 pmolmof 1997-1999 (spr) NA Beine et al(2001)

HONO Jul 1999 SuU Dibb et al.(2002

HONO 7.24 pmolmott sum 1999 SuU Yang et al.(2002

HONO 12.7 pmolmot* sum 2000 SuU Yang et al.(2002)

HONO 2000 sp Dibb et al.(2009

HONO Feb—May 2000 AL Zhou et al(200])

HONO Jun 2000 SuU Honrath et al(2002; Jacobi et al.
(2009

HONO <DL...20 pmolmot?, Feb—May 2001 NA Beine et al(2003

HONO see note Apr—May 2003 NA lanniello et al.(2007)

HONO median: 5.8 pmolmot, Nov-Dec 2003  sp Liao et al.(2006

see noté

HONO 0...48.3 pmolmot Apr—May 2004 NA Amoroso et al(2005

HONO 0...7 pmolmott Nov 2004 bp Beine et al(2009

HONO mean: 7 pmolmof, see 2004-2005 ha Bloss et al(2010

note’

HONO mean: 10.2 pmol mot Jan 2005 ha Clemitshaw(2006

HONO median: 4.2 pmol mot Feb—Apr 2006 NA Amoroso et al(2010

HONO 2007, 2008 SuU Dibb et al. (2010; Liao et al.
(20118

HONO <0.4...500 pmolmot* Mar—Apr 2009 BA Villena et al.(2011)

HONO 5...60 pmolmot* 2010-2011 co Kerbrat et al(2012

HONO 2...10 pmolmot* Feb 2011 du Kerbrat et al(2012

HNO; (g+aq) 24...72 pmolmotf Mar 1985 AL Bottenheim et al(1986

HNO3; 3.5...180 pmolmot spr 1988 AL Bottenheim et al(1990

3Means from denuder comparison: 23.4 and 19.2 igm
4A comparison to mist chamber data shows a large discrepancy.

5Jones et al(2011) state that this value likely represents an overestimate.
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Table 3: Continued.

Species Value Date Site Reference

HNO; Mar—Apr 1988 AL Bottenheim et al(1993

HNO3 mean: 77 ngm’ May 1989 AL Kieser et al(1993

HNO; (g+aq) 1990-2001 SN Heidam et al(2004

HNO3 Jan—Feb 1991 tn Allegrini et al. (1994

HNO3; 5...100 pmolmot* win/spr 1992 AL Barrie et al.(19943

HNO; < 40...110 pmolmot Apr 1992 ARC Leaitch et al(1999

HNO3 mean: 0.9 Jun—-Jul 1993 SuU Dibb et al.(1999

nmolnT3(STP)

HNO3 1994-1995 SuU Dibb et al.(1998

HNO3; Mar—Jun 1994 ARC Jaeschke et a{1997)

HNO3 Aug 1994 SuU Dibb et al.(1996

HNO3 mean: 7.4 pmolmot Mar—May 1996 NA Staebler et al(1999

HNO3 mean: 5 pmolmot* Jan—Mar 1997 nm Jones et al(1999; Weller et al.
(2999

HNO; 0...229.1 pmolmott 1997-1999 (spr) NA Beine et al(2001)

HNO3; mean: 4.0 pmol mot Jan—Feb 1999 nm Jacobi et al(2000

HNO; <1...24 pmolmot! 1999-2000 nm Weller et al.(2002

HNO3 2000-2001 du Jourdain and Legran@002

HNO3; mean: 14.5 ngm? Feb 2000 AL lanniello et al.(2002

HNO3; Mar—Apr 2000 NA Hara et al(2002h

HNO3; mean: 54.9 ngm? Apr—May 2000 AL lanniello et al.(2002

HNO; Jun 2000 SuU Honrath et al(2002; Jacobi et al.
(2009

HNO3; 2000 sp Dibb et al.(2009

HNO3; 2000 sp Huey et al.(20049

HNO3; Feb—May 2000 ARC Olson et al(2012

HNO; 0.9...70 pmolmot* Feb—May 2001 NA Beine et al(2003

HNO; see noté Apr—May 2003 NA lanniello et al.(2007)

HNO3 Nov-Dec 2003  sp Wang et al.(2007); Eisele et al.
(2008

HNO3 2004-2005 ha Jones et ali2011, 2008

HNO3; median: 120 pmolmot  Nov-Dec 2005  ant Slusher et al(2010

HNO; median: 1.8 pmolmof Feb—Apr 2006 NA Amoroso et al(2010

HNO; 2007, 2008 SuU Dibb et al. (2010; Liao et al.
(20113

HNO3; 2008 ARC Wespes et al(2012; Olson et al.
(2012

HNO; mean: 30 pmolmot Apr 2008 ARC Liang et al.(201])

HNO3 mean: 70 pmolmof Jun-Jul 2008 ARC Liang et al.(2011)

HNO; (g+aq) 2009-2010 BA Morin et al. (2012

HNO,4 Feb—May 2000 AL Zhou et al.(200])

HNO,4 mean: 25 pmolmof Dec 2000 sp Slusher et al(2002

HNO,4 Nov-Dec 2003  sp Eisele et al.(2008; Wang et al.
(2007

HNO4 median: 64 pmolmot Nov-Dec 2005 ant Slusher et al(2010

Organic: C, H (alkanes)
CH, Apr 1986 AL Trivett et al.(1989

6Means from denuder comparison: 80.4 and 36.1 igm
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Table 3: Continued.

Species Value Date Site Reference

CH, mean: 1780 nmol mot 1988-1989 DY Davidson et al(1993ha)

CH, 1989-1990 AL Hopper et al(1994h

CH, 1800...1950 nmolmot  win/spr 1992 AL Worthy et al.(1994

CH, Apr 1994 AL, NW Ariya et al.(1999

CH, Feb—Apr 1995 AL Ariya et al.(1999

CH, 1997-2005 SuU Dibb et al.(2007)

CHy 1800 nmolmot?! sum 1999 SuU Yang et al.(2002

CH, Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003

CH, 1816 nmolmot?! sum 2000 SuU Yang et al.(2002

CH, mean: 1720 pmol mot 2004-2005 ha Bloss et al(2010

CoHg 1982, 1983 NO Hov et al.(1984

C,Hs mean: 370 pmolmot 1982-1985 nm Rudolph et al(1989

CoHs 1983-1986 NA Hov et al.(1989

CoHeg 1989-1994 NA Solberg et al(19963

CoHg 2000...4300 pmolmot  Mar 1989 BA Doskey and Gfiney (1992

CoHg mean: 853 pmolmot Apr 1989 AL Kieser et al(1993

C,Hs mean: 683 pmolmot May 1989 AL Kieser et al(1993

CoHg mean: 288 pmolmot 1990-1996 sb Clarkson et al(1997)

C,Hs 1500...4000 pmolmot  win/spr 1992 AL Jobson et al(1994

CoHe Mar—Jun 1993 NA Solberg et al(1996H

CoHg Apr 1994 AL, NW  Ariya etal.(1998

CoHg Feb—Apr 1995 AL Ariya et al.(1999

C,Hs 1366...2594 pmolmol  Mar—May 1995 PF Herring et al.(1997)

C,oHg 1997-1998 SuU Swanson et a2003

CoHs 1997-2004 SuU Dibb et al.(2007)

CoHg Apr—May 1998 AL Boudries and Bottenheiif2000

CoHg 1998, 2000 AL Bottenheim et al(20023

C,Hs Feb—May 2000 ARC Ridley et al. (2003; Evans et al.
(2003; Blake et al.(2003

C.Hg Nov-Dec 2003  sp Eisele et al(2008

CoHs mean: 186 pmolmot 2004-2005 ha Read et al(2007)

CoHg median: 223 pmolmot  Nov-Dec 2005  ant Slusher et al(2010

C,Hs mean: 3194 pmol mot Feb—Mar 2008 KU Edwards et al(2011)

CoHg mean: 1.694 nmolmot  Mar—Apr 2008 ARC Gilman et al(2010

CsHs 1982, 1983 NO Hov et al.(19849

CsHg mean: 70 pmolmof 1982-1985 nm Rudolph et al(1989

CsHg 1983-1986 NA Hov et al.(1989

CsHg 1989-1994 NA Solberg et al(19963

CsHg 800...2200 pmolmof Mar 1989 BA Doskey and Gfiney (1992

CsHg mean: 505 pmol mot Apr 1989 AL Kieser et al(1993

CsHg mean: 288 pmolmot May 1989 AL Kieser et al(1993

CsHg mean: 43 pmolmof 1990-1996 sb Clarkson et al(1997)

CsHg 500...3000 pmolmof win/spr 1992 AL Jobson et al(1999

CsHg Mar—Jun 1993 NA Solberg et al(1996h

CsHg Apr 1994 AL, NW  Ariya etal.(1998

CsHg Feb—Apr 1995 AL Ariya et al.(1999

CsHg 188...1542 pmolmof Mar—May 1995 PF Herring et al.(1997)

CsHg 1997-1998 SuU Swanson et a2003

CsHsg 1997-2004 SuU Dibb et al.(2007)
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Table 3: Continued.

Species Value Date Site Reference

CsHg Apr—May 1998 AL Boudries and Bottenheitf2000

C3Hg 1998, 2000 AL Bottenheim et al(20023

CsHg Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Ridley et al. (2007%;
Cantrell et al.(2003; Blake et al.
(2003; Olson et al(2012

CsHsg mean: 31 pmolmof 2004-2005 ha Read et al(2007)

CsHg 2008 ARC Olson et al(2012

CsHg mean: 1841 pmolmot Feb—Mar 2008 KU Edwards et al(2011)

CsHg mean: 0.654 nmolmot  Mar—Apr 2008 ARC Gilman et al (2010

n-C4H10 1982, 1983 NO Hov et al.(19849

n-C4H10 1983-1986 NA Hov et al.(1989

n-C4H1o 460...910 pmolmof Mar 1989 BA Doskey and Gfiney (1992

n-C4H1o mean: 167 pmolmot Apr 1989 AL Kieser et al(1993

n-C4H1o mean: 60 pmolmof May 1989 AL Kieser et al(1993

n-C4H1o 1989-1994 NA Solberg et al(19963

n-C4H10 100. .. 1500 pmolmof win/spr 1992 AL Jobson et al(1994

n-C4H1o 19.6...126.2 pmolmol  Apr 1992 AL Yokouchi et al.(1999

n-C4H1g Mar-Jun 1993 NA Solberg et al(1996H

n-C4H1o Apr 1994 AL, NW Ariya et al.(1999

n-C4H10 Feb-Apr 1995 AL Ariya et al.(1999

n-C4H1o 22...912 pmolmot Mar—May 1995 PF Herring et al (1997

n-C4H1g 1997-1998 SuU Swanson et a2003

n-C4H1o Apr—May 1998 AL Boudries and Bottenheitf2000

n-C4Hqg 1998, 2000 AL Bottenheim et al(20023

n-C4H1o Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Blake et al(2003

n-C4H1g mean: 4.9 pmol mot 2004-2005 ha Read et al(2007)

n-C4H19 Mar—Apr 2005 BA Tackett et al(2007)

n-C4Hqg mean: 496 pmolmot Feb—Mar 2008 KU Edwards et al(2011])

Nn-C4H10 mean: 0.182 nmol mot Mar—Apr 2008 ARC Gilman et al(2010

i-C4H19 1982, 1983 NO Hov et al.(1989

i-C4H10 1983-1986 NA Hov et al.(1989

i-C4H10 1989-1994 NA Solberg et al(19963

i-C4H1o 140...350 pmolmot Mar 1989 BA Doskey and Gfiney (1992

i-C4H10 mean: 459 pmol mot Apr 1989 AL Kieser et al(1993

i-C4H1o mean: 344 pmolmot May 1989 AL Kieser et al (1993

i-C4H10 100...800 pmolmot win/spr 1992 AL Jobson et al(1994

i-C4H10 Apr 1994 AL, NW Ariya etal.(1999

i-C4H1o Feb—Apr 1995 AL Ariya et al.(1999

i-C4H1g 12...525 pmolmott Mar—May 1995 PF Herring et al.(1997)

i-C4H10 1997-1998 SuU Swanson et a[2003

i-C4H1o Apr—May 1998 AL Boudries and Bottenheiif2000

i-C4H1g 1998, 2000 AL Bottenheim et al(20023

i-C4H1o Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003

i-C4H10 mean: 3.2 pmolmot 2004-2005 ha Read et al(2007)

i-C4H19 mean: 288 pmolmot Feb—Mar 2008 KU Edwards et al(2011])

i-C4H1g mean: 0.106 nmolmot Mar—Apr 2008 ARC Gilman et al(2010
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Table 3: Continued.

Species Value Date Site Reference

n-CsHy2 1982, 1983 NO Hov et al.(1984

n-CsHq» 1983-1986 NA Hov et al.(1989

n-CsHq» 1989-1994 NA Solberg et al(19963

n-CsH1» 140...330 pmolmot Mar 1989 BA Doskey and Gfiney (1992

n-CsHio 20...600 pmolmot* win/spr 1992 AL Jobson et al(1994

n-CsHi» Apr 1994 AL, NW Ariya et al.(1998

n-CsH1o Feb—Apr 1995 AL Ariya et al.(1999

n-CsHio Apr—May 1998 AL Boudries and Bottenheiif2000

n-CsHio 1998, 2000 AL Bottenheim et al(20023

n-CsHiz Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003

n-CsHi» mean: 0.051 nmolmot Mar—Apr 2008 ARC Gilman et al(2010

i-CsH12 1982, 1983 NO Hov et al.(19849

i-CsH12 1983-1986 NA Hov et al.(1989

i-CsH12 1989-1994 NA Solberg et al(19963

i-CsH12 76...220 pmolmot Mar 1989 BA Doskey and Gfiney (1992

i-CsH12 20...600 pmolmot* win/spr 1992 AL Jobson et al(1994

i-CsHqo 7.2...50.3 pmolmot Apr 1992 AL Yokouchi et al.(1999

i-CsH1» Apr 1994 AL, NW Ariya et al.(1998

i-CsH12 Feb—Apr 1995 AL Ariya et al.(1999

i-CsH12 Apr—May 1998 AL Boudries and Bottenheiif2000

i-CsH1o 1998, 2000 AL Bottenheim et al(20023

i-CsH12 Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003

i-CsH12 mean: 0.056 nmol mot Mar—Apr 2008 ARC Gilman et al(2010

dimethylpropane 1983-1986 NA Hov et al.(1989

n-CgHag 1982, 1983 NO Hov et al.(1984

N-CgH14 1983-1986 NA Hov et al.(1989

N-CgH14 35...139 pmolmot* Mar 1989 BA Doskey and Gfiney (1992

N-CgHa4 7...200 pmolmot* win/spr 1992 AL Jobson et al(1994

Nn-CgHy4 Apr 1994 AL, NW  Ariya etal.(1998

n-CgHia Feb—Apr 1995 AL Ariya et al.(1999

n-CgH14 Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003

n-CgH14 mean: 0.011 nmolmot  Mar—Apr 2008 ARC Gilman et al.(2010

2-methylpentane 1982, 1983 NO Hov et al.(1984

2-methylpentane 1983-1986 NA Hov et al.(1989

2-methylpentane 7...200 pmolmél win/spr 1992 AL Jobson et al(1994

2-methylpentane Apr 1994 AL, NW Ariya et al.(1998

2-methylpentane Feb—Apr 1995 AL Ariya et al.(1999

3-methylpentane 1982, 1983 NO Hov et al.(1989

3-methylpentane 1983-1986 NA Hov et al.(1989

3-methylpentane 42...98 pmolmbdl Mar 1989 BA Doskey and Gfiney (1992

3-methylpentane Apr 1994 AL, NW Ariya et al.(1998

3-methylpentane Feb—Apr 1995 AL Ariya et al.(1999

2,2-dimethylbutane 1983-1986 NA Hov et al.(1989

2,2-dimethylbutane  <2...82 pmolmot! Mar 1989 BA Doskey and Gfiney (1992

www.earth-syst-sci-data.net/4/215/2012/ Earth Syst. Sci. Data, 4, 215-282, 2012



230 R. Sander and J. Bottenheim: Polar measurements
Table 3: Continued.
Species Value Date Site Reference
cyclohexane 1982, 1983 NO Hov et al.(1984
methylcyclopentane  23...60 pmolmbl Mar 1989 BA Doskey and Gfiney (1992
n-C7Hye 14...50 pmolmot* Mar 1989 BA Doskey and Gfiney (1992
n-C;Hie Apr 1994 AL, NW Ariya et al.(1998
n-C;H1e Feb—Apr 1995 AL Ariya et al.(1999
methylhexane 24. . .60 pmol mél Mar 1989 BA Doskey and Gfiney (1992

Organic: C, H (unsaturated)

CoH4 mean: 360 pmolmot 1982-1985 nm Rudolph et al(1989
CoHq 1982, 1983 NO Hov et al.(1984

CoHq4 1983-1986 NA Hov et al.(1989

CoHy 1989-1994 NA Solberg et al(19963
CoHy 330...1000 pmolmot Mar 1989 BA Doskey and Gfiney (1992
CoH4 mean: 40 pmolmof Apr 1989 AL Kieser et al(1993

CoHy 0...1000 pmolmot win/spr 1992 AL Jobson et al(1994
CoHy Mar—Jun 1993 NA Solberg et al(1996H
CoHy 23...509 pmol mot* Mar—May 1995 PF Herring et al.(1997)
CoHy mean: 26 pmolmof Mar—May 1996 NA Ramacher et a{1999
CoHq 1998, 2000 AL Bottenheim et al(20023
CoHy Feb—May 2000 ARC Olson et al(2012

CoHq4 2008 ARC Olson et al(2012

CoHy mean: 245 pmolmot Feb—Mar 2008 KU Edwards et al(2011])
CsHs 1982, 1983 NO Hov et al.(19849

CsHg mean: 210 pmolmot 1982-1985 nm Rudolph et al(1989
CsHg 1983-1986 NA Hov et al.(1989

CsHg 1989-1994 NA Solberg et al(19963
CsHg 160...330 pmolmot Mar 1989 BA Doskey and Gfiney (1992
CsHs mean: 94 pmolmot Apr 1989 AL Kieser et al(1993

CsHsg mean: 117 pmolmot May 1989 AL Kieser et al(1993

CsHsg 18...169 pmolmot* Mar—May 1995 PF Herring et al.(1997
CsHg mean: 216 pmolmot Feb—Mar 2008 KU Edwards et al(2011)
1-butene mean: 34 pmol ol Apr 1989 AL Kieser et al(1993
1-butene mean: 30 pmol ol May 1989 AL Kieser et al(1993
cis-2-butene 1983-1986 NA Hov et al.(1989
trans-2-butene 1983-1986 NA Hov et al.(1989
isobutene 1983-1986 NA Hov et al.(1989
isobutene mean: 77 pmol md| Apr 1989 AL Kieser et al(1993
isobutene mean: 115 pmol mél May 1989 AL Kieser et al(1993

CoH, 1982, 1983 NO Hov et al.(1989

CoH, mean: 11 pmolmof 1982-1985 nm Rudolph et al(1989
CoH; 1983-1986 NA Hov et al.(1989

CoH; 1989-1994 NA Solberg et al(19963
CoH, 900...1800 pmolmof Mar 1989 BA Doskey and Gfiney (1992
CoH, mean: 53 pmolmof Apr 1989 AL Kieser et al(1993

CoH, mean: 80 pmolmof May 1989 AL Kieser et al(1993
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Table 3: Continued.
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Species Value Date Site Reference
CoH; 1992-1999 NA Albrecht et al.(2002
CoH, seasonal cycle 1992-2001 NA Eneroth et al(2007)
CoH, 0...1600 pmolmott win/spr 1992 AL Jobson et al(1994
CoH, Mar—Jun 1993 NA Solberg et al(1996H
CoH, bgr.: 123.0...939.0 Feb—May 1994 NA Beine et al(1997h
pmolmol?
CoH; Apr 1994 AL, NW Ariya et al.(1998
CoH; Feb—Apr 1995 AL Ariya et al.(1999
CoHz 190...1080 pmolmotf Mar—May 1995 PF Herring et al.(1997)
CoH, mean: 329 pmolmot Mar—May 1996 NA Ramacher et a{1999
CoH» 1997-1998 SuU Swanson et a(2003
CoH; 1997-2004 SuU Dibb et al.(2007)
CoH, Apr—May 1998 AL Boudries and Bottenheiif2000
CoH; 1998, 2000 AL Bottenheim et al(20023
CoHz Feb—May 2000 ARC Ridley et al. (2003; Evans et al.
(2003; Ridley et al.(2007); Blake
et al.(2003; Wang et al(2003
CoH; mean: 19 pmolmof 2004-2005 ha Read et al(2007)
C,oH» median: 14 pmolmot Nov—Dec 2005 ant Slusher et al(2010
CoH» mean: 917 pmolmot Feb—Mar 2008 KU Edwards et al(2011)
CoH, mean: 0.365 nmolmot  Mar—Apr 2008 ARC Gilman et al (2010
CszHq4 1983-1986 NA Hov et al.(1989
isoprene 0.6...7.3 pmolnidl Jan 1992 AL Yokouchi et al.(1999
isoprene 0.6...10.3 pmolnmal Apr 1992 AL Yokouchi et al (19949
benzene 1982, 1983 NO Hov et al.(1984
benzene 390...470 pmolmdl Mar 1989 BA Doskey and Gfiney (1992
benzene 200. ..400 pmolmél win/spr 1992 AL Jobson et al(1994
benzene Mar—Jun 1993 NA Solberg et al(1996H
benzene Apr 1994 AL, NW Ariya et al.(1998
benzene Feb—Apr 1995 AL Ariya et al.(1999
benzene 1997-2004 SuU Dibb et al.(2007)
benzene Feb—May 2000 AL Boudries et al(2002
benzene Feb—May 2000 ARC  Blake et al(2003
benzene mean: 0.097 nmolmbl  Mar—Apr 2008 ARC Gilman et al.(2010
benzene mean: 12 pmolmél Aug-Sep 2008 ARC Sjostedt et al(2012
benzene Apr 2009 BA Gao et al(2012
toluene 1982, 1983 NO Hov et al.(1989
toluene 23...150 pmolmol Mar 1989 BA Doskey and Gfiney (1992
toluene Apr 1994 AL, NW Ariya etal.(1998
toluene Feb—Apr 1995 AL Ariya et al.(1999
toluene mean: 4 pmol mol Aug-Sep 2008 ARC Sjostedt et al(2012
total NMHC 5.6...15.7 nmolCmot  Mar—May 1993 PF Beine et al (19960
Organic: C,H, O
CH30OH Feb—May 2000 AL Boudries et al(2002
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Table 3: Continued.

Species Value Date Site Reference

CH3OH see noté Feb—May 2000 ARC Jacob et al(2005

CH3OH see noté Jul-Aug 2001 ARC Jacob et al(2005

CH3OH Aug—Sep 2008 ARC Sjostedt et al(2012
CH3OH Apr 2009 BA Gao et al(2012

C,HsOH Feb—May 2000 AL Boudries et al(2002
HCHO < 39 pmolmof? spr 1988 AL Bottenheim et al(1990
HCHO 1989-1994 NA Solberg et al(19963
HCHO 100...700 pmolmot win 1992 AL de Serve$1999

HCHO 30...600 pmolmot spr 1992 AL de Serve$1999

HCHO 1992-1999 NA Albrecht et al(2002
HCHO 0.2...0.3 nmolmot 1993-1994 ant Fuhrer et al(1996

HCHO mean: 0.3 nmol mot 1993-1994 SuU Fuhrer et al(1996

HCHO mean: 193 pmolmot Apr 1994 AL Shepson et a(1996
HCHO mean: 0.23 nmol mot Jun 1996 SuU Hutterli et al.(1999
HCHO 0.03...0.7 nmolmot 1997-1999 nm Riedel et al (1999

HCHO 78...372 pmolmot Feb 1998 AL Sumner and Sheps@h999
HCHO 52...690 pmolmot Apr 1998 AL Sumner and Sheps¢h999
HCHO 1998, 2000 AL Sumner et al(2002

HCHO 0.74 nmolmot* sum 1999 SuU Yang et al.(2002

HCHO mean: 103 pmol mot Dec 2000 sp Hutterli et al.(2004)
HCHO 166 pmolmott 2000 AL Grannas et a(2002
HCHO Feb—May 2000 ARC Ridley et al.(2003; Evans et al.

(2003; Fried et al.(2003; Wang
et al.(2003; Olson et al(2012

HCHO 30...420 pmolmot Jun-Jul 2000 SuU Jacobi et al(2002
HCHO mean: 121 pmolmot Dec 2002 by Frey et al.(2005
HCHO mean: 154 pmolmot Dec 2002 ant Frey et al.(2005
HCHO Nov-Dec 2003  sp Eisele et al(2008
HCHO more than 600 2003-2005 NA Wittrock (2009
pmolmol?, see not&
HCHO mean: 127 pmol mot 2004-2005 ha Salmon et al.(2008; Bloss et al.
(2010
HCHO 2008 ARC Olson et al(2012
HCHO mean: 363 pmol mot Feb—Mar 2008 KU Edwards et al(201])
HCHO Mar—Apr 2009 BA Barret et al(2011)
HCHO Apr 2009 BA Gao et al(2012
HCHO 70...500 pmolmot 2010-2011 du Preunkert et a2012)
CHsCHO 65 pmolmot* spr 1988 AL Bottenheim et al(1990
CH3CHO 1989-1994 NA Solberg et al(19963
CH3CHO mean: 93 pmolmot Apr 1994 AL Shepson et a{1996
CH;CHO 53 pmolmot? 2000 AL Grannas et a(2002
CH3CHO Feb—May 2000 AL Boudries et al(2002
CH3CHO Mar—May 2000 AL Guimbaud et al(2002
CHsCHO mean: 0.065 nmolmol  Mar—Apr 2008 ARC Gilman et al(2010
CH3CHO bgr.: 80 pmolmot Jan 2011 du Legrand et al(2012

"Unpublished data from TOPSE.
8Unpublished data from AOE-2001.
SMaximum values in May and June of each year.
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Table 3: Continued.
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Species Value Date Site Reference
C,HsCHO Feb—May 2000 AL Boudries et al(2002
C,HsCHO mean: 0.029 nmolmol  Mar—Apr 2008 ARC Gilman et al(2010
CsH;CHO Feb—May 2000 AL Boudries et al(2002
CsH,CHO mean: 0.013 nmolmol ~ Mar—Apr 2008 ARC Gilman et al.(2010
CH3;COCH; 393 pmol mot? spr 1988 AL Bottenheim et al(1990
CH3COCH; 1989-1994 NA Solberg et al(19963
CH3COCH; 901...1585 pmolmot Apr 1992 AL Yokouchi et al.(1994
CH3COCH; mean: 1730 pmolmot Apr 1994 AL Shepson et a(1996
CH3COCH; 385 pmolmot* 2000 AL Grannas et a(2002
CH3COCH; Feb—May 2000 AL Boudries et al(2002
CH3;COCH; Mar—May 2000 AL Guimbaud et al(2002
CH3COCH; Mar—Apr 2005 BA Tackett et al(2007)
CH3COCH; mean: 0.476 nmolmot  Mar—Apr 2008 ARC Gilman et al (2010
CH3COCH; Aug—Sep 2008 ARC Sjostedt et al(2012
CH3COCH; Apr 2009 BA Gao et al(2012
CH3;COCH; bgr.: 128 pmolmot* Jan 2011 du Legrand et al(2012
Co,H5COCH; Feb—May 2000 AL Boudries et al(2002
C,H5COCH; Mar—Apr 2005 BA Tackett et al(2007)
C,HsCOCH; mean: 0.070 nmolmot  Mar—Apr 2008 ARC Gilman et al.(2010
HCOOH mean: 49 nmolm(STP)  Jun-Jul 1993 SuU Dibb et al.(1994
HCOOH 1994-1995 SuU Dibb et al.(1998
HCOOH monthly mean: 60...3111997-2002 du Legrand et al(2004
pmolmol?
HCOOH Jun 2000 SuU Jacobi et al(2004)
HCOOH mean: 159 pmol mot Dec 2000 SuU Dibb and Arsenaul{2002
HCOOH mean: 460 pmol mot Jun-Jul 2000 SuU Dibb and Arsenaul(2002
HCOOH Nov-Dec 2003  sp Eisele et al(2008
HCOOH monthly mean: 9...109 2005-2010 du Legrand et al(2012
pmolmof?
HCOOH Apr 2009 BA Gao et al(2012
HCOOH monthly mean: 3...1432009-2011 co Legrand et al(2012
pmolmof?
CH3;COOH mean: 32 nmolm(STP)  Jun-Jul 1993 SuU Dibb et al.(1999
CH3COOH 1994-1995 SuU Dibb et al.(1998
CH3COOH monthly mean: 52...698 1997-2002 du Legrand et al(2009
pmolmof?
CH3;COOH Jun 2000 SuU Jacobi et al(2004)
CH3;COOH mean: 310 pmol mot Dec 2000 sp Dibb and Arsenaul(2002
CH3;COOH mean: 445 pmol mot Jun-Jul 2000 SuU Dibb and Arsenaul{2002
CH3COOH Nov-Dec 2003  sp Eisele et al(2008
CH3;COOH monthly mean: 10...717 2005-2010 du Legrand et al(2012
pmolmol*
CH3;COOH Apr 2009 BA Gao et al(2012
CH3;COOH monthly mean: 3...702009-2011 co Legrand et al(2012
pmolmof?
CH3OO0H <DL...0.89 nmolmot!  1997-1999 nm Riedel et al (2000
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Table 3: Continued.

Species Value Date Site Reference

CH3OO0H Feb—May 2000 ARC Ridley et al. (2003; Evans et al.
(2003; Wang et al.(2003; Olson
etal.(2012

CH3O0O0H mean: 317 pmol mot Dec 2001 ant Frey et al.(2005

CH3OO0H mean: 426 pmolmot Dec 2002 by Frey et al (2005

CH3OO0H mean: 102 pmol mot Jan 2003 sp Frey et al.(2005

CH3;0O0H mean: 578 pmolmot Jun-Jul 2003 SuU Frey et al (20093

CH3;00H mean: 138 pmolmot Dec 2003 sp Frey et al (20093

CH30OO0H mean: 139 pmolmot Mar—May 2004 SuU Frey et al (20093

CH3OOH 2008 ARC Olson et al(2012

CH3OO0H 75...550 pmolmotf 2010-2011 du Preunkert et al(2012

ROOH+H,0, 10. ..40 pmolmot* win 1992 AL Yokouchi et al (19949

ROOH+H,0, 100...400 pmolmot spr 1992 AL Yokouchi et al.(1999

RO, Feb—May 2000 ARC Cantrell et al.(2003; Ridley et al.

(2003; Evans et al(2003; Ridley
et al.(2007); Wang et al(2003

RO,+HO, 2000 sp Mauldin Il et al. (2009
RO,+HO, median: 2.% 1% cm™3 2003 SuU Sjostedt et al(2008
RO,+HO, Nov-Dec 2003 sp Eisele et al(2008
RO,+HO; 2007, 2008 SuU Liao et al.(20113
RO,+HO, mean: 3.% 108 cm™3 2010-2011 du Kukui et al.(2012

CcoO 1980-1982 BA Khalil and Rasmussefi983
co mean: 131 nmolmot 1988-1989 DY Davidson et al(1993ha)
Cco 52.3...302.0 nmolmot  1992-1993 NA Beine(1999

Cco 89...216 nmolmof Mar—May 1995 PF Herring et al.(1997)

co 1997-2005 SuU Dibb et al.(2007)

(6{0) 90 nmolmot?! sum 1999 SuU Yang et al.(2002

co 110 nmolmott sum 2000 SuU Yang et al.(2002)

CO Feb—Mar 2000 AL Bottenheim et al(20028
CO Feb—May 2000 ARC Ridley et al. (2003; Evans et al.

(2003; Ridley et al. (2007;
Cantrell et al.(2003; Wang et al.
(2003; Olson et al(2012

CcoO Nov-Dec 2003  sp Eisele et al(2008

CcO mean: 34.4 nmolmot 2004-2005 ha Bloss et al(2010

CO 2004-2005 ha Jones et al(2008

(6{0) mean: 84.4 nmol mot Jul-Sep 2005 ARC Sommar et al(2010

CO median: 59 pmolmot Nov-Dec 2005  ant Slusher et al(2010

CO Apr 2007 ARC Prados-Roman et g2011)

CcoO 2007 tr Hansen et al(2009

CO 2008 ARC Olson et al(2012

CcoO mean: 169 nmolmot Feb—Mar 2008 KU Edwards et al(2017])

(6{0) Mar—Apr 2008 ARC Gilman et al.(2010

CcoO mean: 144 nmolmot Apr 2008 ARC Liang et al.(2011); Pommier et al.
(2010; Dupont et al(2012

Cco mean: 103 nmol mot Jun—Jul 2008 ARC Liang et al.(2011); Pommier et al.
(2010

(6{0) 33...50 nmolmot 2011 du Preunkert et al(2012
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Species Value Date Site Reference
Organic: C, H, O, N

CH3CN Apr, Jun 2008 ARC Corr et al.(2012

CH3CN Aug—Sep 2008 ARC Sjostedt et al(2012

PAN 189...234 pmolmot Mar 1985 AL Bottenheim et al(1986

PAN 370...590 pmolmot Apr 1986 AL Barrie et al(1989

PAN 200...500 pmolmot spr 1988 AL Barrie and Delmagl9949

PAN Mar—Apr 1988 AL Bottenheim et al(1993

PAN 150. .. 600 pmolmot win/spr 1992 AL Barrie et al. (19948

PAN 27...371 pmolmot Mar—May 1993 PF Beine et al(1996h

PAN Mar—Jun 1994 ARC Jaeschke et a{1997)

PAN 69.0...729.0 pmolmot  Feb—May 1994 NA Beine et al(19973

PAN 19.7...1608.2 1994-1996 NA Beine and Krogne&000

pmolmol?
PAN bgr.:2.9...739.0 Mar—May 1995 PF Beine et al(19973
pmolmof?

PAN 100...420 pmolmot Mar 1998 NA Jacobi et al(1999

PAN 1998-1999 SuU Ford et al.(2002

PAN 1998-1999 SuU Dassau et a(2004)

PAN 1998,2000 AL Dassau et a(2004)

PAN <5...47.9 pmolmot* Feb 1999 nm Jacobi et al(2000

PAN mean: 18 pmolmot Mar 1999 ant Jacobi and Schren{4999

PAN Feb—May 2000 ARC Ridley et al.(2003; Evans et al.
(2003; Wang et al (2003

PAN Nov-Dec 2003  sp Eisele et al(2008

PAN <0.6...52.3 pmolmof  2004-2005 ha Mills et al. (2007); Jones et al.
(2011

PAN mean: 205 pmolmot Apr 2008 ARC Liang et al.(2011); Dupont et al.
(2012

PAN mean: 210 pmol mot Jun—Jul 2008 ARC Liang et al.(2011)

PPN mean: 26 pmolmol Feb—May 1994 NA Solberg et al(19973

methyl nitrate mean: 10 pmol mdl Jan—Mar 1997 nm Jones et al(1999; Weller et al.
(2002

methyl nitrate 1997-1998 SuU Swanson et al2003

methyl nitrate 1997-2004 SuU Dibb et al.(2007)

methyl nitrate mean: 9.5 pmolndl Feb 1999 nm Weller et al.(2002

methyl nitrate mean: 84 pmol mdl Feb 1999 nm Fischer et al(2002

methyl nitrate 2000 sp Swanson et a2004)

methyl nitrate Feb—May 2000 ARC Blake et al.(2003

methyl nitrate 2004-2005 ha Jones et al(2017)

ethyl nitrate mean: 3 pmol mol Jan—Mar 1997 nm Jones et al(1999; Weller et al.
(2002

ethyl nitrate 1997-1998 SuU Swanson et a(2003

ethyl nitrate 1997-2004 SuU Dibb et al.(2007)

ethyl nitrate mean: 2.3 pmol ndi Feb 1999 nm Weller et al.(2002

ethyl nitrate mean: 4.6 pmol md Feb 1999 nm Fischer et al(2002

ethyl nitrate 2000 sp Swanson et a2004

ethyl nitrate Feb—May 2000 ARC Blake et al.(2003
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Table 3: Continued.

Species Value Date Site Reference
ethyl nitrate 2004-2005 ha Jones et al(2011)
1-propyl nitrate 3.14...3.33pmolmdl  Jan-Apr 1992 AL Muthuramu et al(1994)
1-propyl nitrate 1997-1998 SuU Swanson et a[2003
1-propyl nitrate mean: 1.1 pmolndl Feb 1999 nm Weller et al.(2002
1-propyl nitrate mean: 1.1 pmolndl Feb 1999 nm Fischer et al(2002
1-propyl nitrate 2004-2005 ha Jones et al(2017)
2-propyl nitrate 12.44...13.08 Jan—Apr 1992 AL Muthuramu et al(1994
pmolmof?
2-propyl nitrate 1997-1998 SU Swanson et a(2003
2-propyl nitrate 1997-2004 SuU Dibb et al.(2007
2-propyl nitrate mean: 1.2 pmolndl Feb 1999 nm Weller et al.(2002
2-propyl nitrate mean: 0.7 pmol ndl Feb 1999 nm Fischer et al(2002
2-propyl nitrate 2000 sp Swanson et a(2004
2-propyl nitrate Feb—May 2000 ARC Blake et al.(2003
2-propyl nitrate 2004-2005 ha Jones et al(201])
1-butyl nitrate 1.18...1.7 pmolmdi Jan—Apr 1992 AL Muthuramu et al(1994)
1-butyl nitrate mean: 0.03 pmol mal Feb 1999 nm Fischer et al(2002
2-butyl nitrate 13.73...18.41 Jan-Apr 1992 AL Muthuramu et al(19949
pmolmof?
2-butyl nitrate 1997-1998 SuU Swanson et al2003
2-butyl nitrate 1997-2004 SuU Dibb et al.(2007)
2-butyl nitrate mean: 0.5 pmol ntdi Feb 1999 nm Fischer et al(2002
2-butyl nitrate Feb—May 2000 ARC Blake et al.(2003
1-pentyl nitrate 0.53...1.01 pmolmdl  Jan—Apr 1992 AL Muthuramu et al(1994)
1-pentyl nitrate mean: 0.7 pmol mdl Feb 1999 nm Fischer et al(2002
2-pentyl nitrate 2.47...5.44 pmolmdl  Jan-Apr 1992 AL Muthuramu et al(1994
2-pentyl nitrate mean below DL Feb 1999 nm Fischer et al(2002
3-pentyl nitrate 2.31...4.31 pmolmdl  Jan—Apr 1992 AL Muthuramu et al(19949
3-pentyl nitrate mean: 0.03 pmol md| Feb 1999 nm Fischer et al(2002
2-methyl-1-butyl 0.39...0.77 pmolmot Jan—Apr 1992 AL Muthuramu et al(19949
nitrate
3-methyl-1-butyl 0.30...0.55 pmolmot Jan—Apr 1992 AL Muthuramu et al(1994
nitrate
3-methyl-2-butyl 2.32...4.84 pmolmot Jan—Apr 1992 AL Muthuramu et al(1994
nitrate
1-hexyl nitrate mean: 0.5 pmol ndl Feb 1999 nm Fischer et al(2002
2-hexyl nitrate 0.98...2.46 pmolmal  Jan—Apr 1992 AL Muthuramu et al(19949
2-hexyl nitrate mean: 1.0 pmol ndl Feb 1999 nm Fischer et al(2002
3-hexyl nitrate 1.65...4.27 pmolmdl  Jan—Apr 1992 AL Muthuramu et al(1994
3-hexyl nitrate mean: 0.08 pmol el Feb 1999 nm Fischer et al(2002
2-heptyl nitrate 0.56...1.45 pmolmdl  Jan—Apr 1992 AL Muthuramu et al(1994
2-heptyl nitrate mean: 0.18 pmol mb| Feb 1999 nm Fischer et al(2002
3-heptyl nitrate 0.68...1.86 pmolmdl  Jan—Apr 1992 AL Muthuramu et al(1994
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Species Value Date Site Reference

4-heptyl nitrate mean: 0.02 pmol maél Feb 1999 nm Fischer et al(2002
alkyl nitrates 11...66 pmolmot Mar—May 1993 PF Beine et al(1996Hh
organic nitrates Mar—Apr 1988 AL Bottenheim et al(1993
organic nitrates 0...2828.0 pmolmél 1997-1999 (spr) NA Beine et al(2001)

organic nitrates

mean: 1038.8 ngin

Apr—May 2000 AL

lanniello et al.(2002

organic nitrates mean: 309 ngf Feb 2000 AL lanniello et al.(2002
hydroxy nitrates mean: 1.1 pmol mél Feb 1999 nm Fischer et al(2002
organic dinitrates mean: 4.6 pmolmbl Feb 1999 nm Fischer et al(2002
alkyl nitrates mean: 20 pmol mdi Jun-Jul 2008 ARC Liang et al.(2011)
Fluorine (CFCs)
CFCk (F11) 1980-1982 BA Khalil and Rasmussef1983
CFCk (F11) 1982, 1983 NO Hov et al.(1984
CFCk (F11) mean: 285 pmol mot 1988-1989 DY Davidson et al(1993ha)
CF,Cl, (F12) 1980-1982 BA Khalil and Rasmussef1983
CRCl, (F12) 1982, 1983 NO Hov et al.(1984
CR.Cl; (F12) mean: 465 pmol mot 1988-1989 DY Davidson et al(1993ha)
C,F3Cl3 (F113) 1982, 1983 NO Hov et al.(1989
C,F3Cl3 (F113) mean: 44.6 pmol mdi 1988-1989 DY Davidson et al(1993ha)
CoF4Cly (F114) 1982, 1983 NO Hov et al.(1989
CHR,CI 1980-1982 BA Khalil and Rasmussefi983
Chlorine (inorganic)
inorg-Cl 0...500 pmolmot win/spr 1992 AL Barrie et al.(19943
photolyzable ClI <9...100 pmolmot* Feb—Apr 1995 AL Impey et al.(1997)
photolyzable CI Mar—Apr 1997 AL Impey et al.(1999
gaseous Cl 1996-1999 NA Hara et al(20023
gaseous Cl annual mean: 1.20 1997-1998 sy Hara et al(2004)
nmolnt3
gaseous Cl Mar—Apr 2000 NA Hara et al(20020
HCI 0...303.6 pmolmot* 1997-1999 (spr) NA Beine et al(200])
HCI mean: 11.3 ngm? Feb 2000 AL lanniello et al.(2002
HCI mean: 32.7 ngny Apr—May 2000 AL lanniello et al.(2002
HCI 2000-2001 du Jourdain and Legran@002
HCI see not® Apr—-May 2003 NA lanniello et al.(2007)
Cl atoms 3.%10%... 7.7x10% spr 1992 AL Jobson et al(1994
cm3
Cl atoms 3.&10%... 1.0x10* spr 1992 AL Muthuramu et al(1994)
cm
Cl atoms 4510 cm3 spr 1994 NW Ariya et al.(1998
Cl atoms 7.5%10* cm3 Apr—May 1998 AL Boudries and Bottenheiit2000
Cl atoms 1.%10°... 3.4x 10 2004-2005 ha Read et al(2007)

cm3

OMeans from denuder comparison: 55.6 and 123.6 Tigm
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Table 3: Continued.
Species Value Date Site Reference
Cl atoms up to 410° cm3 Mar 2009 BA Stephens et a(2012
ClO 1995, 1996 NA Tuckermann et al1997)
Clo below DL Mar—Apr 2008 AG Pohler et al.(2010
OCIO SCD 1995 mm Kreher et al (1997
OcCIO Jan—May 1995 KA Miller et al. (1997
OCIO up to 24 pmolmott Mar—Apr 2008 AG Pohler et al (2010
Cly below DL of Feb—Mar 2000 AL Foster et al.(2001); Spicer et al.
2 pmolmot? (2002
Chlorine (organic)
org-Cl 1200...3400 pmolmot  win/spr 1992 AL Barrie et al. (19943
CHsCI 1980-1982 BA Khalil and Rasmussefi983
CHsClI 1982, 1983 NO Hov et al.(1989
CH,Cl, 1982, 1983 NO Hov et al.(1989
CHCl, 53.4...69.8 pmolmot  Apr 1992 AL Yokouchi et al.(1999
CHClg 1982, 1983 NO Hov et al.(1989
CHCl, mean: 23.0 pmolmot 1988-1989 DY Davidson et al(1993ha)
CHCl3 9.7...15.8 pmolmot Apr 1992 AL Yokouchi et al (19949
CCly 1982, 1983 NO Hov et al.(1989
CCly mean: 125 pmolmot 1988-1989 DY Davidson et al(1993ha)
CCly mean: 95 pmolmot Feb 1999 nm Fischer et al(2002
CH3CCl, 1980-1982 BA Khalil and Rasmussef1983
CH3CCl3 1982, 1983 NO Hov et al.(1984
CH5CCls mean: 211pmolmot 1988-1989 DY Davidson et al(1993ha)
CHsCCl; mean: 75 pmolmof Feb 1999 nm Fischer et al(2002
CHsCClg median: 20 pmolmot Nov-Dec 2005  ant Slusher et al(2010
C.Clg mean: 0.06 pmolmot Feb 1999 nm Fischer et al(2002
CoHCly mean: 0.05 pmolmot 1992-1994 AL Yokouchi et al.(1996
C,HCl; 1980-1982 BA Khalil and Rasmussefi983
C,HCl3 1982, 1983 NO Hov et al.(1989
C,HCl3 5.4...11.5 pmolmof Jan 1992 AL Yokouchi et al (19949
C,HCl3 0.5...4.3 pmolmot Apr 1992 AL Yokouchi et al.(1999
C,HCl3 0.1...1.2 pmolmot Apr 1992 S Hopper et al(19943
C,HCl3 0.17...4.77 pmolmot  Apr 1992 ARC Leaitch et al(1994
CoHCl3 mean: 2.3 pmolmof 1992-1994 AL Yokouchi et al.(1996
C,HCl3 mean below DL Feb 1999 nm Fischer et al(2002
C,Cly 1980-1982 BA Khalil and Rasmussef1983
C.Cly 1982, 1983 NO Hov et al.(1984
C,Cly 6.6...9.7 pmolmot Jan 1992 AL Yokouchi et al.(1999
C.Cly 4.3...9.5 pmolmot Apr 1992 AL Yokouchi et al(1999
C,Cly 6.08...15.05 pmolmol  Apr 1992 ARC Leaitch et al(1999
C.Cly mean: 8.1 pmolmof 1992-1994 AL Yokouchi et al.(1996
C.Cly 1997-2004 SuU Dibb et al.(2007)
C,Cly mean: 0.3 pmolmot Feb 1999 nm Fischer et al(2002
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Table 3: Continued.

Species Value Date Site Reference
chloroacetaldehyde Jan—Apr 2005 BA Keil and Shepso2006
chloroacetone Jan—Apr 2005 BA Keil and Shepso2006

Bromine (inorganic)

gaseous Br 7.4 ngm(STP) Nov-Dec 1970  sp Duce et al(1973
gaseous Br 7.9 ngm(STP) Nov-Dec 1970 mm Duce et al(1973
gaseous Br 1976-1980 BA Berg et al.(1983
gas-By 0.3...61 pmolmott spr 1988 AL Bottenheim et al(1990
inorg-Br 0...45ngm® Mar—Apr 1989 BA Sturges et al(19939
inorg-Br Mar—Apr 1990 BA Sturges et a1993h
inorg-Br <5...80 pmolmott win/spr 1992 AL Barrie et al (19948
photolyzable Br <4...38 pmolmot! Feb—Apr 1995 AL Impey et al.(1997)
inorg-Br mean: 5.9 pmolmot Mar—May 1996 NA Staebler et al(1999
gaseous Br 1996-1999 NA Hara et al (20023
gaseous Br up to 1.38 nmohh 1997-1998 sy Hara et al(2004)
soluble Feb—May 2000 ARC Ridley et al. (2003; Evans et al.
bromide (graq) (2003; Ridley et al.(2007)
soluble bromide 2007, 2008 SU Dibb et al.(2010
HBr 0...16.5 pmolmot* 1997-1999 (spr) NA Beine et al(2001)
HBr mean: 16.7 ngm? Feb 2000 AL lanniello et al.(2002
HBr mean: 41.5 ngm? Apr—May 2000 AL lanniello et al.(2002
Br atoms 3.x10°... spr 1992 AL Jobson et al(1994
6.1x10" cm3
Br atoms 1.410" cm3 Apr—May 1998 AL Boudries and Bottenheit2000
Br atoms 4.&1C°... 2004-2005 ha Read et al(2007)
9.6x 10" cm3
Br atoms upto 1.&10° cm™3 Mar 2009 BA Stephens et a(2012
BrO <4...17 pmolmot! Apr 1992 AL Hausmann and Plaft994
BrO SCD 1995 mm Kreher et al (1997
BrO Jan—May 1995 KA Miller et al. (1997
BrO 1995, 1996 NA Tuckermann et a(1997)
BrO 1995-1996 NA Martinez et al(1999
BrO 0...15 pmolmot! Apr—May 1996 NA Avallone et al.(2003
BrO Sep 1996 ant Wagner and Plai{1999
BrO VCD 1997 ARC Richter et al(1998
BrO VCD 1997 ARC Chancg1998
BrO VCD 1997 ARCant Wagner et al(2007)
BrO Apr—May 1997 ARC McElroy et al.(1999
BrO 1999-2000 nm Frie3 et al(2009
BrO 1999-2000 ARCant Richter et al(2002
BrO Apr—May 2000 AL Honninger and Pla(2002
BrO 0...30 pmolmott Apr—May 2000 AL Avallone et al (2003
BrO VCD Apr 2001 ARC Toyota et al (2017
BrO median: 0.35 pmolmot  Apr—May 2001 KU Poissant and Hoenning&004),
Honninger et al(20049
BrO SCD Sep—Oct2002 mm Schofield et al(2006
BrO Mar—Apr 2003 BA Brooks et al(2009
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Table 3: Continued.

Species Value Date Site Reference

BrO 0...15 pmolmott spr 2004 ALt Morin et al.(2005

BrO 2004-2005 NA Ferrari et al(2008

BrO 2004-2005 ha Saiz-Lopez et al2007h

BrO mean: 2.5 pmolmot 2004-2005 ha Bloss et al (2010

BrO VCD 2004-2009 ant Schnhardt et al(2012

BrO SCD 2005 BA Simpson et al(20073

BrO SCD Jun—-Aug 2006  ant Wagner et al(2007)

BrO Mar 2007 ARC Begoin et al (2010

BrO Apr 2007 ARC Prados-Roman et 2011

BrO up to 13 pmolmot* Aug-Sep 2007  ha Buys et al.(2012

BrO VCD Oct 2007 ant Jones et al(2009

BrO VCD 2007-2010 ARC Sihler et al(2012

BrO VCD 2007-2008 ARC Theys et al(201])

BrO 2007, 2008 SuU Stutz et al. (2011); Liao et al.
(20113

BrO 2008 ARC Olson et al(2012

BrO mean:< 1 pmolmot? Feb—Mar 2008 KU Edwards et al(2017])

BrO up to 41 pmolmot* Mar—Apr 2008 AG Pohler et al.(2010; Nghiem et al.
(2012

BrO Apr 2008 ARC Choi et al.(2012; Neuman et al.
(2010; Salawitch et al.(2010;
Liao et al.(20123

BrO VCD 2008-2009 ARC Nghiem et al(2012

BrO 0...40 pmolmot* spr 2009 BA Liao et al.(2011H

BrO spr 2009 BA Friel3 et al(2017)

OBroO below DL Mar—Apr 2008 AG Pohler et al.(2010

HOBr Mar—Apr 1997 AL Impey et al.(1999

HOBr (“active or sol- Apr 2008 ARC Neuman et al.(2010; Salawitch

uble bromine”) et al.(2010; Liao et al.(20123

HOBr daytime mean: Mar—Apr 2009 BA Liao et al.(2012H

10 pmolmof?

Br, Mar—Apr 1997 AL Impey et al(1999

Br; up to 25 pmolmot* Feb—Mar 2000 AL Foster et al.(2001); Spicer et al.
(2002

Br, up to 45 pmolmot! Aug-Sep 2007  ha Buys et al(2012

Br; below DL Mar—Apr 2008 AG Pohler et al.(2010

Br, nighttime mean: Mar—Apr 2009 BA Liao et al.(2012H

13 pmolmot*

BrCl up to 35 pmolmot* Feb—Mar 2000 AL Foster et al.(2001); Spicer et al.
(2002

BrCl up to 6 pmolmot! Aug-Sep 2007  ha Buys et al.(2012

BrCl Apr 2008 ARC Neuman et al(2010

Bromine (organic)
org-Br Mar—Apr 1990 BA Sturges et al(1993h
org-Br 9...80 pmolmot* win/spr 1992 AL Barrie et al. (19943

Measurements above the Arctic Ocean sea ice, 5 km NNW of Alert, are also presented.
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Species Value Date Site Reference
CHsBr 1982, 1983 NO Hov et al.(1984
CH3Br 11 pmolmot* spr 1983 ARC Berg et al.(1989
CHzBr 9.1...14.7 pmolmot all 1983 BA Rasmussen and Kha(iLl 984
CH3Br 1985-1987 BA Cicerone et al(1989
CHsBr 7.5...9.5 pmolmot Nov 1989 mm Sturges et al(1993d
CH3Br Feb—May 2000 ARC Wingenter et al.(2003; Ridley
et al.(2007)

CH.Br, 15 pmolmoft? spr 1983 ARC Berg et al.(19849
CH,Br» 4.7...5.6 pmolmott all 1983 BA Rasmussen and Kha(il984)
CH,Br, 0.1...1.48 pmolmot spr 1988 AL Bottenheim et al(1990
CH,Br» <0.1...1 pmolmot! win/spr 1992 AL Lietal. (1999
CH,Br» 0.5...1.0 pmolmot Jan 1992 AL Yokouchi et al (19949
CH.Br, 0.6...1.0 pmolmot Apr 1992 AL Yokouchi et al.(1999
CH,Br» 0.7...1.67 pmolmot Apr 1992 ARC Leaitch et al(19949
CH,Br; mean: 0.45 pmolmot Sep 1992 NA Schall and Heuman(1993
CH,Br; mean: 0.8 pmol mot Feb 1999 nm Fischer et al(2002
CH,Br» mean: 1.1 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
CHBr3 15 pmolmot? spr 1983 ARC Berg et al.(1989
CHBr; 4...8 pmolmot?! all 1983 BA Rasmussen and Kha(il 984
CHBr3 1984-1987 ARC Oltmans et al(1989
CHBr3 1984-1987 BA Cicerone et al(1989
CHBr3 1986-1987 AL Barrie et al.(1989
CHBr3 0.90...4.13 pmolmot  spr 1988 AL Bottenheim et al(1990
CHBr3 0.36...2.0 pmolmot Nov 1989 mm Sturges et al(1993d
CHBr3 0...18 pmolmot* Mar—Apr 1989 BA Sturges et al(19939
CHBr3 0.6...5 pmolmot* win/spr 1992 AL Lietal. (1999
CHBr; 2.0...3.7 pmolmot* Jan 1992 AL Yokouchi et al (1994
CHBr3 0.9...3.2 pmolmott Apr 1992 AL Yokouchi et al.(1999
CHBr3 0.93...3.1 pmolmot Apr 1992 ARC Leaitch et al(19949
CHBr; mean: 0.45 pmolmot Sep 1992 NA Schall and Heuman(1993
CHBr3 mean: 1.9 pmolmot 1992-1994 AL Yokouchi et al.(1996
CHBr3 mean: 0.3 pmolmot Feb 1999 nm Fischer et al(2002
CHBr3 2000 sp Swanson et a(2004
CHBIr3 non-ODE median: Mar—Apr 2000 ARC Ridley et al.(2007)

1.1 pmolmot?
CHBr3 Mar 2004 KU Carpenter et a2005
CHBr3 mean: 0.002 nmolmot  Mar—Apr 2008 ARC Gilman et al(2010
CHBr3 mean: 3.3 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
CoH4Br; 0.10...0.25 pmolmot  spr 1988 AL Bottenheim et al(1990
CH,BrCH,Br 11 pmolmot? spr 1983 ARC Berg et al(1984
CH,BrCH,Br 1.0...1.9 pmolmot* all 1983 BA Rasmussen and Kha(i1984
CH,BrCH,Br mean: 0.1 pmolmot Feb 1999 nm Fischer et al(2002
bromoacetaldehyde Jan—Apr 2005 BA Keil and Shepso2006
bromoacetone Jan—Apr 2005 BA Keil and Shepso2006
CH,BrClI 2.3...3.1 pmolmot all 1983 BA Rasmussen and Kha(iL984)
CH,BrClI < 0.2 pmolmot?! win/spr 1992 AL Lietal. (1999
CH,BrCI 0.15...0.34 pmolmof Apr 1992 AL Yokouchi et al.(1999
CH,BrCI mean: 0.16 pmolmot 1992-1994 AL Yokouchi et al.(1996

www.earth-syst-sci-data.net/4/215/2012/

Earth Syst. Sci. Data, 4, 215-282, 2012



242 R. Sander and J. Bottenheim: Polar measurements
Table 3: Continued.
Species Value Date Site Reference
CHBrCI 0.17...0.53 pmolmof spr 1988 AL Bottenheim et al(1990
CHBr,ClI 0...1.6 pmolmot* Mar—Apr 1989 BA Sturges et al(19939
CHBr,CI 0.06...0.4 pmolmot win/spr 1992 AL Li et al. (1994
CHBr,ClI 0.1...0.5 pmolmot Jan 1992 AL Yokouchi et al (1999
CHBr,ClI 0.1...0.4 pmolmot Apr 1992 AL Yokouchi et al (19949
CHBr,CI 0.16...0.36 pmolmof Apr 1992 ARC Leaitch et al(1999
CHBr,CI mean: 0.33 pmolmot Sep 1992 NA Schall and Heuman(1993
CHBI,CI mean: 0.24 pmolmot 1992-1994 AL Yokouchi et al (1996
CHBI,CI mean: 0.02 pmolmot Feb 1999 nm Fischer et al(2002
CHBr,ClI mean: 0.4 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
CHBrCl, 0...1.6 pmolmot* Mar—Apr 1989 BA Sturges et al(19939
CHBrCl, 0.11...0.39 pmolmot Apr 1992 AL Yokouchi et al (19949
CHBIrCl, 0.3...1.3 pmolmot win/spr 1992 AL Lietal. (1999
CHBrCl, 0.38...0.73 pmolmot Apr 1992 ARC Leaitch et al(19949
CHBICl, mean: 0.12 pmolmot Sep 1992 NA Schall and Heuman(1993
CHBrCl, mean: 0.05 pmolmot Feb 1999 nm Fischer et al(2002
CBrCIR, 0.9...1.2 pmolmot all 1983 BA Rasmussen and Kha{iLl984
lodine (inorganic)
gaseous | 2.2 ngm(STP) Nov-Dec 1970 mm Duce et al(1973
gaseous | 2.7 ngm(STP) Nov-Dec 1970 sp Duce et al(1973
I mean: 5.8 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
10 1995-1996 NA Tuckermann et al1997)
10 1995-1998 NA Wittrock et al.(2000
10 up to 10 pmol mot* 1999 nm Friel3 et al(200))
10 May 2000 AL Honninger(2002
10 2004-2005 ha Saiz-Lopez et al2007h
10 mean: 3.3 pmolmot 2004-2005 ha Bloss et al(2010
10 VCD 2004-2009 ant Schnhardt et al(2012
10 VCD < DL of ~2x 102  Oct 2005 ARC Saiz-Lopez et a20073
cm 2
10 VCD Oct 2005 ant Saiz-Lopez et al20073
10 VCD < DL of x5x 102 2005-2006 ARC Sclbnhardt et al(2008
cm?
10 VCD 2005-2006 ant Schnhardt et al(2008
10 up to 3.4 pmolmot* Feb—Mar 2008 KU Mahajan et al.(2010; Edwards
etal.(201)
10 below DL, see noté Mar—Apr 2008 AG Pohler et al.(2010
10 mean: 5.1 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
lodine (organic)
CHsl 1982, 1983 NO Hov et al.(1989
CHsl mean: 2.4 pmolmof Oct-Dec 1987 ant Reifenrauser and Heumar(t992
CHgl 0.9...1.4 pmolmott Jan 1992 AL Yokouchi et al.(1999
CHsl 0.2...0.6 pmolmott Apr 1992 AL Yokouchi et al.(19949

12The DL varied between 0.3 and 2.5 pmol ol
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Table 3: Continued.

Species Value Date Site Reference
CHgl mean: 1.04 pmolmot Sep 1992 NA Schall and Heuman(1993
CHsl 2000 sp Swanson et a2004)
CHgsl up to 3.83 pmolmott Feb—Mar 2008 KU Mahajan et al(2010
CHsl mean: 0.1 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012)
CH,l, mean: 0.46 pmolmot Sep 1992 NA Schall and Heuman(1993
CHal, up to 1.4 pmolmot* Mar 2004 KU Carpenter et al2005
CHal, below DL of Feb—Mar 2008 KU Mahajan et al(2010
0.05 pmolmot?
CH,ICI mean: 0.07 pmolmot Sep 1992 NA Schall and Heumanf1993
CHICI mean: 0.01 pmolmof 1992-1994 AL Yokouchi et al(1996
CHICI Mar 2004 KU Carpenter et a2005
CHyICI up to 0.165 pmolmott Feb—Mar 2008 KU Mahajan et al(2010
CHICI mean: 0.07 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
CH,IBr up to 3.7 pmolmot* Mar 2004 KU Carpenter et a(2005
CH,IBr up to 0.11 pmolmott Feb—Mar 2008 KU Mahajan et al(2010
CH,IBr mean: 0.03 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
CoHsl mean: 0.2 pmolmof Jan—Mar 2009 WS Atkinson et al.(2012
1-G3HyI mean: 0.20 pmolmot Sep 1992 NA Schall and Heuman(1993
1-CsH/I mean: 0.07 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
2-C3H4I mean: 2.00 pmolmof Sep 1992 NA Schall and Heuman(1993
2-C3HyI mean: 0.03 pmolmot Jan—Mar 2009 ws Atkinson et al.(2012
Sulfur (inorganic)
SO 5...100 pmolmot* Jun—Aug 1980 NO Ockelmann and GeorgfiL984)
SO 5...100 pmolmot* Jun—Aug 1980 ARC Ockelmann and GeorgfiL984)
SO, 100...200 pmolmot Nov/Dec 1981 IG Hoff et al.(1983
SO, 700...1300 pmolmot Feb 1982 IG Hoff et al.(1983
SO, <110...590 pmolmof  Apr 1982 IG Barrie and Hdf (1984
SO, 0...>1000 pmolmat! Apr 1983 BA Radke et al(1984
SO mean: 0.36 nmol Mar—Apr 1986 ant Pszenny et a1989
SO, 11 pmolmof? Mar—Apr 1986 ant Berresheim(1987)
SO, 140. . .480 pmolmot Apr 1986 AL Barrie et al.(1989
SO 6...1600 pmolmot spr 1988 AL Bottenheim et al(1990
SO Mar—Apr 1988 AL Bottenheim et al(1993
SO Jun 1990 ARC Ferek et al(1995
SO, 1990-2001 SN Heidam et al(20049)
SO, Jan—-Feb 1991 tn Allegrini et al. (1994
SO, May—-Oct 1991 BA Ferek et al(1995
SO 0.042...1.7 nmolm? Aug-Oct 1991 ARC Leck and Perssof1996
SO 0...5000 pmolmott win/spr 1992 AL Barrie et al. (19948
SO Apr 1992 ARC Ferek et al(1995
SO, mean: 0.9 Jun—Jul 1993 SuU Dibb et al.(1994
nmolnT3(STP)
SO Mar—Jun 1994 ARC Jaeschke et a{1997)
SO Aug 1994 SuU Dibb et al.(1996
SO 1995-1996 NA Martinez et al(1999
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Table 3: Continued.

Species Value Date Site Reference

SO, 1995, 1996 NA Tuckermann et al1997)

SO, mean: 77 pmolmof Mar—May 1996 NA Staebler et al(1999

SO, 0...2592.7 pmolmof 1997-1999 (spr) NA Beine et al(200)

SO 1998-1999 du Jourdain and Legrand(2001);
Legrand et al(2007)

SO, Mar—Apr 2000 NA Hara et al(20020

SO mean: 1487.5 ngmi Feb 2000 AL lanniello et al.(2002

SO, Feb—May 2000 ARC Weber et al(2003

SO mean: 280.0 ngn¥ Apr—May 2000 AL lanniello et al.(2002

SO 2000 sp Huey et al.(20049

SO, 2002—-2005 NU Skov et al.(2006H

SO, see not&? Apr—May 2003 NA lanniello et al.(2007)

SO, Nov-Dec 2003  sp Eisele et al(2008

SO, median: 10 pmolmof Nov—Dec 2005  ant Slusher et al(2010

SO mean: 7.4 nmol im? fal 2007 ARC Rempillo et al.(2011)

SO, Apr 2008 ARC Dupont et al(2012

SO, mean: 2.0 nmol m? fal 2008 ARC Rempillo et al.(201])

H,SOy mean: 1.6k 10° cm™3 Feb 1994 pa Jefferson et al(1999; Davis et al.
(1998

H,SOy 2000 sp Mauldin Il et al. (2009

H,SO, Feb—May 2000 ARC Mauldin [l et al. (2003; Weber
et al.(2003

HoSOy Nov-Dec 2003 sp Eisele et al(2008

H,SOy mean: 1.3%10° cm™ May-Jun 2007 SuU Ziemba et al(2010

Sk 1997-2005 SuU Dibb et al.(2007)

Sulfur (organic)

CH3SH <0.04 nmolnm?3 Mar—Apr 1986 ant Berreshein(1987

DMS 96 pmol mot?! Mar—Apr 1986 ant Berreshein(1987)

DMS Jun 1990 ARC Ferek et al(1995

DMS May—Oct 1991 BA Ferek et al(1995

DMS 0.047...17 nmolm? Aug—Oct 1991 ARC Leck and Perssof1996

DMS <0.3 pmolmot* Jan-Apr 1992 AL Yokouchi et al(1999

DMS Apr 1992 ARC Ferek et al(1995

DMS 0.2...74.5 pmolmot 1992-1993 nm Kleefeld (1999

DMS mean: 119 pmolmot Jan—Feb 1994 pa Berresheim et a(1998

DMS 0.1...89.6 pmolmot Mar—Apr 1994 NA Kleefeld (1998

DMS 0.5...138.9 pmolmot Apr 1995 NA Kleefeld (1999

DMS 1998-1999 du Jourdain and Legrand(2002J);
Legrand et al(2007)

DMS 1999-2003 du Preunkert et al2007)

DMS 2000 sp Swanson et a2004

DMS Nov-Dec 2003  sp Eisele et al(2008

DMS mean: 38.1 pmolmot 2004-2005 ha Read et al(2008

DMS 2007 du Preunkert et ali2008

DMS 2007 co Preunkert et ali2008

BMeans from denuder comparison: 145.7 and 97.0 igm
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Table 3: Continued.

Species Value Date Site Reference

DMS mean: 0.44 nmoln¥ fal 2007 ARC Rempillo et al.(201])

DMS Aug—Sep 2008 ARC Sjostedt et al(2012

DMS mean: 1.3 nmolm? fal 2008 ARC Rempillo et al.(2011); Chang et al.
(2011h

CH3;SOCH; Jan 1994 pa Davis et al.(1998

CH3SOCH; mean: 2.3 pmolmot Jan—Feb 1994 pa Berresheim et a[1998

CH3SOCH; 1998-1999 du Jourdain and Legrand(2002J);
Legrand et al(2007)

CH3SOCH 1999-2003 du Preunkert et ali2007)

CH3SO,CH;3 Jan 1994 pa Davis et al.(1998

CH3SO,CH;s mean: 1.7 pmolmof Jan—Feb 1994 pa Berresheim et all1998

OCs 1982, 1983 NO Hov et al.(1984)

MSA (gaseous) mean: $:8L0° cm 3 Feb 1994 pa Jefferson et al(1998; Davis et al.
(1998

MSA (gaseous) Feb—May 2000 ARC  Mauldin Il et al. (2003

MSA (gaseous) Nov-Dec 2003 sp Eisele et al(2008

Mercury

Hg (TGM) trend analysis 1977-2000 AR@nt Slemr et al(2003

Hg (TGM) mean: 0.55 ngn? 1985-1989 ant de Mora et al(1993

Hg (TGM) mean: 1.47 ngnt 1992-1993 AL Schroeder et a{1995

Hg (GEM) seasonal cycle 1992-2001 NA Eneroth et al(2007)

Hg annual mean: 1.50...1.791994-2002 NA Berg et al.(2009

ngnt3

Hg (TGM) 1995 AL Schroeder et a(1998

Hg (GEM) 1995-1999 AL Banic et al.(2003

Hg (GEM) mean: 1.55 ngni 1995-2000 AL Temme et al(2009

Hg (GEM) mean: 1.55 ngni 1995-2001 AL Kim et al. (2005

Hg (GEM) median: 1.58 ngni 1995-2002 AL Steffen et al.(2005

Hg (TGM) mean: 1.55 ngn? 1995-2005 AL Temme et al(2007); Sprovieri et al.
(2010

Hg (GEM) decreasing trend 1995-2007 AL Cole and Stffen (2010

Hg mean: 1.26 ngn? 1996-1997 PS Berg et al.(200])

Hg mean: 1.43 ngn? 1996-1997 NA Berg et al (2001

Hg (TGM) mean: 1.55 ngn? 1997-1998 AL Kellerhals et al(2003

Hg (GEM) Apr—May 1998 AL Lu et al.(2002)

Hg (GEM) Apr 1998 BS Banic et al.(2003

Hg (TGM) Jun 1998 NA Sprovieri and Pirron€2000

Hg (GEM) 1998-2002 SN Skov et al.(2009

Hg (TGM) Nov 1999 tn Sprovieri and Pirron€2000

Hg (GEM) median: 1.8 ngn? 1999-2000 KU Steffen et al.(2005

Hg (GEM) 1999-2000 BA Lindberg et al(200))

Hg (GEM) 1999-2001 BA Lindberg et al(2002

Hg (GEM) 1999-2001 SN Heidam et al(2004

Hg (TGM) 0.29...3.17 ngn¥ 1999-2002 KU Poissant and Pilot@003

Hg (GEM) median: 1.47 ngmi 2000 NA Berg et al(2003

Hg (GEM) Feb—May 2000 AL Steffen et al. (2002

Hg Feb—Mar 2000 AL Bottenheim et al(2002H
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Table 3: Continued.

Species Value Date Site Reference

Hg (GEM) mean: 0.9 ngn¥ 2000-2001 tn Sprovieri et al(2002; Dommergue
etal.(2010

Hg (TGM) mean: 1.08 ngn¥ 2000-2001 nm Ebinghaus et al.(2002; Temme
et al. (2003; Dommergue et al.
(2010

Hg (TGM) mean: 1.36 ngn? 2000-2001 FC Temme et al(2007); Sprovieri et al.
(2010

Hg (GEM) trajectory analysis 2000-2007 ARC  Hirdman et al(2009

Hg (TGM) median: 1.93 ngm¥ Apr—May 2001 KU Poissant and Pilot003; Poissant
and Hoenninge2004

Hg (GEM) median: 1.7 ngn? 2001-2003 AM Stefen et al.(2005

Hg (GEM) Mar 2002 SN Ferrari et al(2004)

Hg (GEM) Apr 2002 AL Steffen et al.(2003

Hg (GEM) Apr 2002 KU Lahoutifard et al(2006; Gauchard
et al. (2005h); Dommergue et al.
(2003ab)

Hg (TGM) Apr—May 2002 NA Sommar et al(2007)

Hg (GEM) Apr—-May 2003 NA Sprovieri et al(2005ab)

Hg (GEM) Apr—-May 2003 NA Aspmo et al. (2005; Gauchard
et al.(20053

Hg (GEM) mean: 1.20 ngmi Oct—Nov 2003 mm Brooks et al(2008h

Hg (GEM) mean: 0.539 ngmi Nov-Dec 2003 sp Brooks et al (20083

Hg (TGM) Mar 2004 KU Carpenter et al(2009; Constant
et al.(2007

Hg (GEM) Apr—-Aug 2004 CH Kirk et al. (2009

Hg (GEM) 2004-2005 NA Ferrari et al(2008

Hg (GEM) mean: 1.0 ngn¥ Feb—-Jun 2005 AL Cobbett et al(2007)

Hg (GEM) Mar—Apr 2005 BA Tackett et al(2007)

Hg (TGM) mean: 1.73 ngn? Jul-Sep 2005 ARC Sommar et al(2010

Hg (GEM) mean: 1.31 ngmd 2007 SuU Brooks et al(2011)

Hg (GEM) mean: 1.45 ngmi 2008 SuU Brooks et al(2011)

Hg (GEM) Feb—Jun 2008 NA Steen et al(2009

Hg (GEM) Mar 2008 AG Nghiem et al(2012

Hg (TGM) Mar 2009 BA Sherman et a(2012

Hg (GEM) Mar 2009 BA Stephens et a{2012

Hg (GEM) mean: 1.57 ngnd 2007-2011 NA Pfatthuber et al(2012

Hg (GEM) mean: 0.93 ngm 2007-2011 tr Pfaffthuber et al(2012

Hg (GEM) 0.2...2.3ngm? Jan 2009 co Dommergue et a(201Q 2012

Hg (RGM) 1999-2000 BA Lindberg et al(200))

Hg (RGM) 1999-2001 BA Lindberg et al(2002

Hg (RGM) 2000 NA Berg et al.(2003

Hg (RGM) 20002001 nm Temme et al(2003; Dommergue
etal.(2010

Hg (RGM) mean: 116.2 pgm 2000-2001 tn Sprovieri et al(2002; Dommergue
etal.(2010

Hg (RGM) median: 22 pgm¥ Apr—May 2001 KU Poissant and Pilot2003; Poissant
and Hoenninge2004

Hg (RGM) 2001-2004 BA Skov et al.(20063

Hg (RGM) Apr 2002 AL Steffen et al. (2003
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Species Value Date Site Reference
Hg (RGM) Apr 2002 KU Lahoutifard et al(2009; Gauchard
et al. (2005h; Dommergue et al.
(2003ah)
Hg (RGM) Apr—May 2002 NA Sommar et al(2007)
Hg (RGM) Mar—Apr 2003 BA Brooks et al(2009
Hg (RGM) Apr—May 2003 NA Sprovieri et al(2005ab)
Hg (RGM) Apr—-May 2003 NA Aspmo et al. (2005; Gauchard
et al.(20053
Hg (RGM) mean: 116 pgnt Oct-Nov 2003  mm Brooks et al(20080
Hg (RGM) mean: 344 pgni Nov-Dec 2003  sp Brooks et al(20083
Hg (RGM) Apr—Aug 2004 CH Kirk et al. (2006
Hg (RGM) 2004-2005 NA Ferrari et al(2008
Hg (RGM) mean: 44.4 pgni Feb—Jun 2005 AL Cobbett et al(2007)
Hg (RGM) mean: 3.2 pgnt Jul-Sep 2005 ARC Sommar et al(2010
Hg (RGM) mean: 41.6 pgnd 2007 SuU Brooks et al (2017
Hg (RGM) mean: 13.2 pgnd 2008 SuU Brooks et al(2011)
Table 4: Aerosol data.
Species Value Date Site Reference
Nitrogen
NH; 1979-1984 ARC Barrie and Hdéf (1985
NH; 1980-1995 AL Sirois and Barrig€1999
NH; Apr—May 1980 MB, IG Barrie et al(1981)
NH; 115...1030 ngm? Feb 1982 IG Hoff et al.(1983
NH; mean: 6.2 ngm 1983-2005 nm Weller and Wagenbact2007)
NH; Mar—May 1986 BA Li and Wincheste(1989ab)
NH; Apr 1986 AL Barrie et al.(1989
NH; 20...701 ngm? spr 1988 AL Bottenheim et al(1990
NH; mean: 180 ng ¥ May 1989 AL Kieser et al(1993
NH; 0.030...3.9 nmolm? Aug-Oct 1991 ARC Leck and Perssof1996
NH; 1990-2001 SN Heidam et al(20049
NH; 1991-1995 du Legrand et al(1998
NH; 1991-1995 nm Legrand et al(1998
NH; 1991-1999 du Jourdain and Legran@002
NHZ 1992-1994 SE Virkkula et al.(1999
NH; mean: 69 ng m? May—Jul 1993 SU Bergin et al.(1995
NH; Jan 1994 du Legrand et al(1998
NH; Aug 1994 SuU Dibb et al.(1996
NH; mean: 160 pmolmot Mar—May 1996 NA Staebler et al(1999
NH; 0...969.6 pmolmot 1997-1999 (spr) NA Beine et al(200])
NH; mean: 161 ng 1997-1999 SE Ricard et al(2002
NH; decreasing trend in winter 1997-2008 BA Quinn et al(2009
NH; mean: 124.5 ngm¥ Feb 2000 AL lanniello et al.(2002
NH; mean: 89.9 ngn¥ Apr—May 2000 AL lanniello et al.(2002
NH; sum mean 9.2...14.8 ngth 2000-2002 ks Piel et al.(2006
NH; mean: 105 ng Apr—May 2001 NA Teinila et al.(2003
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Species Value Date Site Reference

NH; mean: 108 ngm? Feb—Mar 2001 NA Teinila et al.(2003

NO; <23 ngntd win/spr 1992 AL Li (1999

NO; Mar—Apr 1995 AL Anastasio and Jordg2004)
NO, mean: 14 pmolmot Mar—May 1996 NA Staebler et al(1999
NO, mean: 1.41 ngm? 1997-1999 SE Ricard et al(2002

NO; 0...260.1 pmolmot 1997-1999 (spr) NA Beine et al(2001)

NO; <DL...20 pmolmot? Feb—May 2001 NA Beine et al(2003

NO3 1979-1984 ARC Barrie and Hé (1985
NOj Apr—May 1980 MB, IG Barrie et al.(1981)

NO3 10...100 ngm® 1980-1988 AL Barrie and Delmagl9949
NOg 1980-1995 AL Sirois and Barrig€1999
NO3 trend analysis 1980-2004 ARC  Quinn et al(2007)

NO3 17...260 ngm? Feb 1982 IG Hoff et al. (1983

NO3 mean: 42 ngme 1983-2005 nm Weller and Wagenbacdf2007)
NO3 1983-2007 nm Weller et al.(2011)

NO; 30 ngnt? Apr 1983 BA Radke et al(1984

NO3 1983-1996 nm Wagenbach et a{1998hH
NO; Mar—May 1986 BA Li and Winchestef1989ab)
NO3 Apr 1986 AL Barrie et al.(1989

NOj 7.1...245.7 ngm? spr 1988 AL Bottenheim et al(1990
NO3 Mar—Apr 1988 AL Bottenheim et al(1993
NO; mean: 189 ngm# May 1989 AL Kieser et al(1993

NOg Jan—Feb 1991 tn Allegrini et al. (1994
NO; 1991-1995 du Wagenbach et a{1998hH
NO3 1991-2001 du Jourdain and Legran@002
NO3 1991-2007 du Weller et al.(201))

NOg 30...400 ngm?® win/spr 1992 AL Barrie et al. (19943

NOg 1992-1994 SE Virkkula et al.(1999
NO3 mean: 26 ngm’ May—Jul 1993 SuU Bergin et al.(1995

NOj mean: 0.06 nmol m?(STP) Jun-Jul 1993 SU Dibb et al.(1994

NOj Jan 1994 du Legrand et al(1998
NO3 Mar—Jun 1994 ARC Jaeschke et (1997
NO3 Aug 1994 SuU Dibb et al.(1996

NO3 Mar—Apr 1995 AL Anastasio and Jordg2004)
NO3 mean: 34.0 pmolmot Mar—May 1996 NA Staebler et al(1999
NO3 1996-1999 NA Hara et al(20023

NOj mean: 4 pmolmot* Jan—Mar 1997 nm Jones et al(1999

NO; mean: 69.4 ngm? 1997-1999 SE Ricard et al(2002

NO; 0...3537.1 pmolmot 1997-1999 (spr)  NA Beine et al(2001)

NO3 mean: 39 ngm? 1998-1999 sp Arimoto et al.(2001)
NOj 1998, 2000 sp Arimoto et al.(20043
NOj mean: 4.2 pmolmot Jan—Feb 1999 nm Jacobi et al(2000

NOg mean: 81.3 ngm? Feb 2000 AL lanniello et al.(2002
NO3 Mar—Apr 2000 NA Hara et al(2002h

NO3 mean: 137.4 ngmt Apr—May 2000 AL lanniello et al.(2002
NO; sum mean 20.3...52.7 ngf 2000-2002 ks Piel et al.(2006

NOj 2001 du Savarino et al(2007)
NO3 Jan-Dec 2001 ha Rankin and Wdf (2003
NOg mean: 59 ngm? Feb—Mar 2001 NA Teinila et al.(2003

NOg 7...80 pmolmot! Feb—May 2001 NA Beine et al(2003
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NOj mean: 65 ngm? Apr—May 2001 NA Teinila et al.(2003

NO3 Nov-Dec 2003 sp Eisele et al(2008

NO; mean: 25 ngm? 2003-2005 ks Weller and Wagenbact2007)

NOg spr 2004 AL Morin et al. (2007

NO; 2004-2005 ha Jones et al.(2011 2008;
Wolft et al.(2008

NO3 Nov—May 140 ngm?, 2005-2006 AL Morin et al. (2008

Jun—Oct 40 ngm?

NOg Feb—Apr 2006 NA Morin et al.(2009

NOj; Sep—-Oct 2006 ws Morin et al.(2009

NOj; up to 142 ngm?® 2007-2008 co Frey et al.(2009H

NO3 2...298 ngm? Mar 2009 SN Fenger et al(2012

Fluorine

F 1979-1984 ARC Barrie and H@ (1985

F Apr 1986 AL Barrie et al.(1989

F mean: 0.9 ngm? 1997-1999 SE Ricard et al(2002

Chlorine

Cl < 20...4000 ngm3(STP) Jan 1965 BA Duce et al(1966

Cl <0.01 ngn3(STP) Nov-Dec 1970  sp Duce et al(1973

Cl 0.07 ngm3(STP) Nov-Dec 1970 mm Duce et al(1973

Cl sum 68 000, win 6600 pgm 1971-1978 sp Cunningham and  Zoller
(298]

Cl mean: 2600 pgm¥(STP) 1974-1975 sp Maenhaut and Zolle{1977;
Maenhaut et al(1979

Cl 1976-1980 BA Berg et al.(1983

Cl 1979-1980 ARC Heidam(1985

Cl sum 9.6, win 38 ng? 1979-1983 sp Tuncel et al (1989

Cl 1979-1984 ARC Barrie and Hé (1985

CI Apr—May 1980 MB, IG Barrie et al(1981)

CI- 1980-1995 AL Sirois and Barrig1999

Cl 1982 sp Bodhaine et al(1986

Cl 87.9...411 ngm? Feb 1982 IG Hoft et al.(1983

Cl- 149...563 ngm® Feb 1982 IG Hoff et al. (1983

CI- 230 ngnt3 Apr 1983 BA Radke et al(1984

Cl spr 1983 ARC Winchester et al(1985

Cl <20...302 ngm? spr 1983 ARC Cabhill and Eldreq1984)

Cl Aug-Sep 1983 ARC Pacyna and Ottg985

Cl 1983-1986 NA, NO Maenhaut et al(1989

CI- 1983-1996 nm Wagenbach et a{19983

Cl- mean: 480 ng ¥ 1983-2005 nm Weller and Wagenbact2007)

Cl 1984-1987 PF Sturges and Shagi993

Cl- Mar—May 1986 BA Li and Wincheste(1989ab)

Cl- Apr 1986 AL Barrie et al.(1989

Cl 21...2575 ngm? spr 1988 AL Bottenheim et al(1990

Cl 0.028...55 ngm? 1988-1989 DY Mosher et al(1993

Cl 0.53...20 ngm? 1988-1989 SuU Mosher et al(1993
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ClI- mean: 286 ng ¥ May 1989 AL Kieser et al(1993
Cl- median: 0.16 nmol m(STP) 1990-1991 ant de Mora et al(1997)
Cl- 1991-1993 ha Wagenbach et a{19983
Cl 1991-1995 du Wagenbach et a{19983
CI 1991-2001 du Jourdain and Legran@002
Cl 0...1200 ngm?® win/spr 1992 AL Barrie et al.(1994h
Cl 1992-1994 SE Virkkula et al. (1999
Cl- Jan 1994 du Legrand et al(1998
CI Aug 1994 SuU Dibb et al.(1996
CI Mar—Apr 1995 AL Anastasio and Jordg2004)
Cl- mean: 130 pmolmot Mar—May 1996 NA Staebler et al(1999
Cl- 1996-1999 NA Hara et al(20023
Cl- 1997-1998 sy, df Hara et al(2004)
CI- mean: 379 ng ¥ 1997-1999 SE Ricard et al(2002
CI- 0...1391.0 pmolmof 1997-1999 (spr) NA Beine et al(200))
Cl mean: 34 ngm’ 1998-1999 sp Arimoto et al.(2001)
ClI- 1998, 2000 sp Arimoto et al.(20043
Cl- mean: 73.9 ngm? Feb 2000 AL lanniello et al.(2002
Cl- mean: 220.9 ngnt Apr—May 2000 AL lanniello et al.(2002
CI sum mean 4.3...28.3 ngth 2000-2002 ks Piel et al.(2006
CI Jan-Dec 2001 ha Rankin and Wdf (2003
Cl- mean: 449 ng ¥ Feb—Mar 2001 NA Teinila et al.(2003
Cl- mean: 373 ng ¥ Apr—May 2001 NA Teinila et al.(2003
Cl mean: 519.43 ngnd 2002-2005 NU Skov et al.(2006h
CI- mean: 38 ngm? 2003-2005 ks Weller and Wagenbac2007)
Cl 2007 tr Hansen et al(2009
Cl- 53...507 ngm?® Mar 2009 SN Fenger et al(2012
Bromine®*
Br 1...30 ngnT3(STP) Jan 1965 BA Duce et al(1966
Br 0.43 ngm3(STP) Nov—Dec 1970  sp Duce et al(1973
Br 0.96 ngm3(STP) Nov-Dec 1970 mm Duce et al(1973
Br 0.63 ngm3(STP) 1971 sp Zoller et al.(1979
Br sum 320, win 800 pgn¥ 1971-1978 sp Cunningham and  Zoller
(1981
Br see not&® 1974-1975 sp Maenhaut and Zolle(1977);
Maenhaut et al(1979
Br 1976-1980 ARC Oltmans et al(1989
Br 1976-1980 BA Berg et al.(1983
Br 1977-1978 NA Berg et al.(1983
Br 1979-1980 ARC Heidam(1985
Br see noté 1979-1983 sp Tuncel et al (1989
Br 4.2...10.4 ngm? win 1979-84 AL Sturges and Barrig1988
Br 9.0...27.8 ngm® spr 1979-84 AL Sturges and Barri€1988
Br 0.5...0.7 ngm?® Jun—Nov 1979-84 AL Sturges and Barri€l988
Br 3.8...21.1ngm? win 1979-84 IG Sturges and Barrig1989

4Many measurements of aerosol bromine refer to “filterable Br” which may also include gaseous Br (mainly HBr).
pifferent values for Whatman filters and Nuclepore filters: 1370 and 26003(§TP), respectively.
8pjfferent values for Whatman filters and Fluoropore filters: sum 610 and 140, and win 110 and 90 regpectively.

Earth Syst. Sci. Data, 4, 215-282, 2012

www.earth-syst-sci-data.net/4/215/2012/



R. Sander and J. Bottenheim: Polar measurements

Table 4: Continued.

251

Species Value Date Site Reference

Br 13.0...30.4 ngm? spr 1979-84 IG Sturges and Barri€1988

Br 1.4...3.8ngm? Jun—Nov 1979-84 IG Sturges and Barri€l988

Br 3.4...145ngm win 1979-84 MB Sturges and Barrig1989

Br 20.5...54.6 ngm? spr 1979-84 MB Sturges and Barrig1988

Br 1979-1984 ARC Barrie and H@ (1985

Br <0.5...1.8ngm? Jun—Nov 1979-84 MB Sturges and Barri€l988

Br 1980-1986 AL Barrie and Barri€1990

Br 1980-1995 AL Sirois and Barrig€1999

Br 16.9...39.2 ngm? Feb 1982 IG Hoff et al. (1983

Br 25...63 ngm?® Mar 1983 BA Hansen and Rosg1984)

Br 1983-1986 NA, NO Maenhaut et al(1989

Br- 1983-1996 nm Wagenbach et a{19983

Br monthly mean: 0...5 ngmi 1984-1987 PF Sturges and Sha{1993

Br- see not& Mar—Apr 1986 ant Pszenny et al1989

Br- Mar—May 1986 BA Li and Winchestef1989ab)

Br- Apr 1986 AL Barrie et al.(1988 1989

Br- 1...54 ngm?3 spr 1988 AL Bottenheim et al(1990

Br 3.1...84.5ngm? spr 1988 AL Bottenheim et al(1990

Br 0.02...5.0 ngm® 1988-1989 DY Mosher et al(1993

Br 0.17...1.6 ngm® 1988-1989 SuU Mosher et al(1993

Br 0...260 ngm?® Mar—Apr 1989 BA Sturges et al(19939

Br- mean: 45 ngm? May 1989 AL Kieser et al(1993

Br Mar—Apr 1990 BA Sturges et al(1993h

Br- 1991-1995 du Wagenbach et a{19983

Br- 10...20 ngm3 win 1992 AL Li et al. (1999

Br- 20...120 ngm?® spr 1992 AL Lietal. (1999

Br 4...100 ngm?® win/spr 1992 AL Barrie et al.(19943

Br 1992-1994 SE Virkkula et al. (1999

Br- Mar—Apr 1995 AL Anastasio and Jordg2004)

Br- mean: 1.4 pmolmot Mar—May 1996 NA Staebler et al(1999

Br 1996 NA Martinez et al(1999

Br- 1996-1999 NA Hara et al(20023

Br- 1997-1998 sy, df Hara et al(2004

Br- mean: 1.0 ngm? 1997-1999 SE Ricard et al(2002

Br 1999-2002 SN Skov et al.(20049

Br- mean: 5.2 ngm Feb 2000 AL lanniello et al.(2002

Br- mean: 13.1 ngm? Apr—May 2000 AL lanniello et al.(2002

Br mean: 0.72 ng 2002-2005 NU Skov et al.(2006H

BrO; 1996-1999 NA Hara et al(20023
lodine

I 0.3...10 ngnT3(STP) Jan 1965 BA Duce et al(1966

I 0.49 ngnT3(STP) Nov-Dec 1970  sp Duce et al(1973

I 0.93 ngnT3(STP) Nov-Dec 1970 mm Duce et al(1973

I sum 180, win 80 pgm? 1971-1978 sp Cunningham and  Zoller

(1981)

Data available in supplement 8ander et al2003.
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Species Value Date Site Reference

I see noté? 1974-1975 sp Maenhaut and Zollek1977);
Maenhaut et al(1979

I 1976-1980 BA Berg et al.(1983

I sum 260, win 130 pgn? 1979-1983 sp Tuncel et al(1989

I 1979-1984 ARC Barrie and Hdé (1985

I 1980-1986 AL Barrie and Barrig1990

I 1980-1995 AL Sirois and Barri€1999

I 0.28...1.11 ngm? Feb 1982 IG Hoff et al. (1983

I 1983-1986 NA, NO Maenhaut et al(1989

I monthly mean: 0...1 ngni 1984-1987 PF Sturges and Sha{1993

I Apr 1986 AL Barrie et al(1989

I 0.34...2.62 ngm? spr 1988 AL Bottenheim et al(1990

I 0.017...1.2 ngm? 1988-1989 DY Mosher et al(1993

I 0.14...0.89 ngm? 1988-1989 SuU Mosher et al(1993

I 0.3...2ngm? win/spr 1992 AL Barrie et al.(1994h

I 1992-1994 SE Virkkula et al.(1999

I 1996 NA Martinez et al(1999

Sulfur

S sum 29, win 76 ngn¥ 1971-1978 sp Cunningham and  Zoller
(198)

S mean: 49 000 pgmM(STP) 1974-1975 sp Maenhaut and Zollek1977);
Maenhaut et al(1979

nss-SG 1976-2008 BA Quinn et al.(2009

S 1979-1980 ARC Heidam(1985

S sum 45, win 10 ng ¥ 1979-1983 sp Tuncel et al (1989

SO 1979-1984 ARC Barrie and Hdé (1985

SO?{ Apr—May 1980 MB, IG Barrie et al.(1981)

SO;~ 1980-1995 AL Barrie and Barrie(1990; Li
and Barrie(1993; Sirois and
Barrie (1999; Norman et al.
(2999

SO?{ trend analysis 1980-2004 ARC  Quinn et al.(2007)

SO~ 360...540 ngm® Nov/Dec 1981 IG Hoff et al.(1983

S 1982 sp Bodhaine et al(1986

SO 560...2730 ngm? Feb 1982 IG Hoff et al.(1983

SO~ 1460...3810 ngm? Apr 1982 IG Barrie and Hdf (1984

SO; 384...4380 ngmm? Feb 1982 IG Hoft et al. (1983

S Aug-Sep 1983 ARC  Pacyna and Ottg11985

S 185...1070 ngnt¥ spr 1983 ARC Cahill and Eldreq 1984

S spr 1983 ARC Winchester et al(1985

SO mean: 3200 ng m? Mar—Apr 1983 BA Lazrus and Ferekl984)

SO; 2600 ngm? Apr 1983 BA Radke et al(1984

S 1983-1986 NA, NO Maenhaut et al1989

nss-SG 1983-1994 nm Minikin et al. (1998

nss-S@‘ 1983-1995 nm Legrand and Paste(®999

SO}( 1983-1996 nm Wagenbach et a{19983

SO;~ mean: 150 ng 1983-2005 nm Weller and Wagenbac2007)

8pifferent values for Whatman filters and Nuclepore filters: 83 and 740 H&TP), respectively.
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nss-S@‘ 1983-2007 nm Weller et al.(2011)

nss-SG mean: 0.34 nmol r? Mar—Apr 1986 ant Pszenny et al1989

nss-SG 0.31 nmolnt3 Mar—Apr 1986 ant Berreshein(1987)

SO}( Mar—May 1986 BA Li and Winchestef1989ab)

SO, 1.6...45ngm’ Apr 1986 AL Barrie et al (1989

nss-SG mean: 90 ngm? 1987-1989 mw Prospero et a[199])

SO~ 440...5870 ngm? spr 1988 AL Bottenheim et al(1990

SO~ Mar—Apr 1988 AL Bottenheim et al(1993

SO~ mean: 82 ngm’ 1988-1989 DY Davidson et al(1993ha); Jaf-
frezo et al.(1999

Slo/ 1989-2002 AL Sharma et al(2004)

SO?( mean: 1450 ngn¥ May 1989 AL Kieser et al(1993

nss-SG Jun 1990 ARC  Ferek et al(1995

nss-SG median: 0.88 nmol m¥(STP) 1990-1991 ant de Mora et al(1997)

SOE( 1990-1991 SuU Jdtrezo et al(1999

nss-S@‘ 1990-1992 NA Heintzenberg and Lecld 9949

S 1990-2001 SN Heidam et al(2004)

SO;~ Jan-Feb 1991 tn Allegrini et al. (1999

nss-SCﬁ‘ 0.028...6.9 nmolm? Aug-Oct 1991 ARC Leck and Perssof1996

nss-SG 1991-1992 ha Minikin et al. (1999

nss-S@* 1991-1992 ha Legrand and Paste(t998

SO?{ 1991-1993 ha Wagenbach et a{19983

nss-S(j‘ 1991-1995 du Minikin et al. (1998

SO~ 1991-1995 du Wagenbach et a(19983

nss-SG 1991-1995 nm Legrand et al(1998

nss-S(ﬁ* 1991-1996 du Legrand and Paste(t999

SO}( 1991-2001 du Jourdain and Legran@002

nss-S@‘ 1991-2003 du Preunkert et al(2007)

S 1992-1994 SE Virkkula et al.(1999

SO 720...7700 ngm? win/spr 1992 AL Barrie et al (19943

nss-SG Apr 1992 ARC Ferek et al(1995

SO mean: 120 ng Jun—Jul 1992 SuU Bergin et al.(1994

SO?[ Jul-Dec 1992 sp Harder et al(2000

SO;~ 1992-1994 SE Virkkula et al.(1999

SO~ Mar—Jun 1993 NA Solberg et al(19960

SO~ mean: 402 ng ¥ May—Jul 1993 SuU Bergin et al (1999

SO~ mean: 3.0 nmol m(STP) Jun-Jul 1993 SuU Dibb et al.(1994

SO; Jan 1994 du Legrand et al(1998

nss-SG mean: 69.1 pmolmot Jan-Feb 1994 pa Berresheim et a(1999

SO~ Mar—Jun 1994 ARC  Jaeschke et a{1997)

SO~ Aug 1994 SuU Dibb et al.(1996

SOE( Mar—Apr 1995 AL Anastasio and Jordg2004)

SO}( mean: 350 pmolmot Mar—May 1996 NA Staebler et al(1999

nss-S@‘ Jul-Aug 1996 ARC Kerminen and Leck2001)

SO~ 0...611.1 pmolmot 1997-1999 (spr)  NA Beine et al(2001])

nss-SG mean: 1143 ngn¥ 1997-1999 SE Ricard et al(2002

nss-S(ﬁ* 1998-1999 du Jourdain and Legran(2007);
Legrand et al(2007)

SO~ mean: 224 ng ¥ 1998-1999 sp Arimoto et al.(2007)

SO;~ 1998, 2000 sp Arimoto et al.(20043

SO~ mean: 1111.1 ngmi Feb 2000 AL lanniello et al.(2002
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SO?{ Feb—May 2000 ARC Scheuer et al2003

SO;~ mean: 746.3 ngmt Apr—May 2000 AL lanniello et al.(2002

SO~ Mar—Apr 2000 NA Hara et al(20020)

SO~ sum mean 164...353 ngth 2000-2002 ks Piel et al.(2006

nss-S@* Jan-Dec 2001 ha Rankin and Wdf (2003

nss-SG mean: 929 ng ¥ Feb—Mar 2001 NA Teinila et al.(2003

nss-SG mean: 1430 ngn¥ Apr—May 2001 NA Teinila et al.(2003

S mean: 119.31 ngm 2002-2005 NU Skov et al(2006h

SO Nov-Dec 2003  sp Eisele et al(2008

SO~ mean: 90 ng m? 2003-2005 ks Weller and Wagenbac2007)

nss-SG 2005-2006 du Preunkert et al(2008

nss-Sg‘ 2005-2006 co Preunkert et al(2008

nss-SG mean: 3.0 nmolm? fal 2007 ARC Rempillo et al (2011

nss-SG mean: 0.4 nmol m? fal 2008 ARC Rempillo et al(201])

SO up to 0.42ugm3 Aug-Sep 2008 ARC  Changetal(20113

SO; 535...1087 ngim? Mar 2009 SN Fenger et al(2012

MSA 1980-1995 AL Sirois and Barrie(1999; Li
and Barrie (1993; Norman
etal.(1999

MSA trend analysis 1980-2003 ARC  Quinn et al.(2007)

MSA 1983-1994 nm Minikin et al. (1998

MSA 1983-1995 nm Legrand and Pastet998

MSA mean: 44 ngm’ 1983-2005 nm Weller and Wagenbact2007)

MSA 1983-2007 nm Weller et al.(201))

MSA mean: 0.22 nmol rr? Mar—Apr 1986 ant Pszenny et al1989

MSA 0.27 nmoln3 Mar—Apr 1986 ant Berreshein(1987)

MSA Mar—May 1986 BA Li and Winchestef1989ab)

MSA 0.3...6 pmolmot! 1986-1988 AL Lietal. (1993

MSA mean: 20 ngm? 1987-1989 mw Prospero et al199])

MSA sum 1988 ARC Lietal (1993

MSA mean: 0.58 ngm? 1988-1989 DY Davidson et al(1993ha); Jaf-
frezo et al.(1999; Li et al.
(1993

MSA 1...25 pmolmot! Mar—Apr 1989 BA Lietal (1993

MSA median: 0.14 nmol m(STP) 1990-1991 ant de Mora et al(1997)

MSA 1990-1991 SuU Jdtrezo et al(1999

MSA 1990-1992 NA Heintzenberg and Lecid 9949

MSA 1991-1992 ha Minikin et al. (1998

MSA 1991-1992 ha Legrand and Paste(t999

MSA 1991-1995 du Minikin et al. (1998

MSA 1991-1995 nm Legrand et al(1998

MSA 1991-1996 du Legrand and Paste(®999

MSA 1991-2003 du Preunkert et ali2007)

MSA Jul-Aug 1996 ARC Kerminen and Leck2001)

MSA 1991-2001 du Jourdain and Legran@002

MSA 0.002...1.4 nmolm? Aug-Oct 1991 ARC Leck and Perssof1996

MSA mean: 3.2 ngm? Jun—Jul 1992 SuU Bergin et al (1999

MSA mean: 5.6 ngm’ May—Jul 1993 SuU Bergin et al (1999

MSA Jan 1994 du Legrand et al(1998

MSA mean: 42.3 pmolmot Jan—Feb 1994 pa Berresheim et a[1998
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MSA mean: 19.6 ngm? 1997-1999 SE Ricard et al(2002

MSA increasing trend in summer 1997-2008 BA  Quinn et al(2009

MSA 1998-1999 du Jourdain and Legran(2007);
Legrand et al(2007)

MSA mean: 12 ngm? 1998-1999 sp Arimoto et al.(2001)

MSA 1998, 2000 sp Arimoto et al.(20043

MSA sum mean 19.0...74.5 ngf 2000-2002 ks Piel et al.(2006

MSA Jan-Dec 2001 ha Rankin and Wdf (2003

MSA mean: 50 ngm’ Apr—May 2001 NA Teinila et al.(2003

MSA Nov-Dec 2003 sp Eisele et al(2008

MSA mean: 17 ngm? 2003-2005 ks Weller and Wagenbacdf2007)

MSA mean: 42 ngm? 2004-2005 ha Read et al(2008

MSA 2005-2006 du Preunkert et al2008

MSA 2005-2006 co Preunkert et al2008

MSA mean: 0.04 nmol ¥ fal 2007 ARC Rempillo et al.(2011)

MSA mean: 0.06 nmol ¥ fal 2008 ARC Rempillo et al.(2011)

MSA up to 0.08ugm3 Aug-Sep 2008 ARC Chang et al(20113

Black carbon, organic acids

black carbon 206...295 ngth Mar 1983 BA Hansen and Rosgi984)

black carbon mean: 0.65 ngf 1987-1990 sp Bodhaineg(1995

black carbon mean: 41 ngth 1988-1993 BA Bodhaing(1995

black carbon 1989-1990 AL Hopper et al(1994h

black carbon 1989-2002 AL Sharma et al(2004)

black carbon 1989-2003 AL Sharma et al(2006

black carbon 1989-2003 BA Sharma et al(2006

black carbon trend analysis 1990-2001 AL  Quinn et al(200%)

black carbon 1992-1994 SE Virkkula et al.(1999

black carbon 1992-1995 ha Wolff and Cachie(1998

black carbon mean: 146 ngth 1997-1999 SE Ricard et al(2002

black carbon Feb—Mar 2000 AL Bottenheim et al(20028

black carbon 7 ngm? May—-Jul 2006 SuU Hagler et al(2007, 2008

black carbon mean: 20 ngth May-Dec 2006 SuU von Schneidemesser et al.
(2009

black carbon Apr 2008 ARC  Dupont et al(2012

black carbon Apr, Jun 2008 ARC Corretal.(2012

formate Mar—May 1986 BA Li and Wincheste(1989ab)

formate mean: 1.05 nmolTA(STP) Jun—Jul 1993 SuU Dibb et al.(1994

formate Aug 1994 SuU Dibb et al.(1996

formate 1998-2002 du Legrand et al(2009

acetate Mar—May 1986 BA Li and Winchestef1989ab)

acetate mean: 0.16 nmotA{STP) Jun-Jul 1993 SuU Dibb et al.(1999

acetate Aug 1994 SuU Dibb et al.(1996

acetate 1998-2002 du Legrand et al(2009

propanoate Mar—May 1986 BA Li and Wincheste(1989ab)

oxalic acid 1991-1995 du Legrand et al(1998

oxalic acid 1991-2001 du Jourdain and Legran@002
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oxalic acid Jan 1994 du Legrand et al(1998
oxalic acid Aug 1994 SuU Dibb et al.(1996
oxalic acid mean: 8.6 ngm 1997-1999 SE Ricard et al(2002
oxalic acid Feb—May 2000 AL Narukawa et al(2002
oxalic acid mean: 8.6 ngm Apr—May 2001 NA Teinila et al.(2003
oxalic acid mean: 9.0 ngT Feb—Mar 2001 NA Teinila et al.(2003
oxalic acid up to 20 ng ¥ 2005-2010 du Legrand et al(2012
malonic acid mean: 1.5 ngth 1997-1999 SE Ricard et al(2002
malonic acid Feb—May 2000 AL Narukawa et al(2002
succinic acid mean: 2.9 ngth 1997-1999 SE Ricard et al(2002
succinic acid Feb—May 2000 AL Narukawa et al(2002
glutaric acid mean: 2.5 ngmh 1997-1999 SE Ricard et al(2002
glutaric acid Feb—May 2000 AL Narukawa et al(2002
adipic acid Feb—May 2000 AL Narukawa et al(2002
pimelic acid Feb—May 2000 AL Narukawa et al(2002
suberic acid Feb—May 2000 AL Narukawa et al(2002
azelaic acid Feb—May 2000 AL Narukawa et al(2002
sebacic acid Feb—May 2000 AL Narukawa et al(2002
undecanedioic Feb—May 2000 AL Narukawa et al(2002
acid

methylmalonic Feb—May 2000 AL Narukawa et al(2002
acid

methylsuccinic Feb—May 2000 AL Narukawa et al(2002
acid

2-methylglutaric Feb—May 2000 AL Narukawa et al(2002
acid

4-ketopimelic Feb—May 2000 AL Narukawa et al(2002
acid

maleic acid Feb—May 2000 AL Narukawa et al(2002
fumaric acid Feb—May 2000 AL Narukawa et al(2002
methylmaleic Feb—May 2000 AL Narukawa et al(2002
acid

methylfumaric Feb—May 2000 AL Narukawa et al(2002
acid

phthalic acid mean: 1.1 ngTh 1997-1999 SE Ricard et al (2002
phthalic acid Feb—May 2000 AL Narukawa et al(2002
malic acid mean: 3.3 ngm 1997-1999 SE Ricard et al(2002
pyruvic acid Mar—May 1986 BA Li and Winchestef1989ab)
glycolic acid mean: 1.7 ngm 1997-1999 SE Ricard et al (2002
glyoxylic acid mean: 1.0 ngni 1997-1999 SE Ricard et al(2002
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organic acids 1987-1988 AL Kawamura and Kasukabe
(1996

Metals

Al 0.57 ngnT3(STP) 1971 sp Zoller et al.(1979

Al sum < 300, win 830 pgm?® 1971-1978 sp Cunningham and  Zoller
(2981

Al 1973-1978 ARC  Rahn(1981)

Al mean: 820 pg m*(STP) 1974-1975 sp Maenhaut and Zolle{1977);
Maenhaut et al(1979

Al mean: 30 ngm® 1976-1978 (win)  BA Rahn and McCtirey (1979

Al 1979-1980 ARC Heidam(1985

Al sum 730, win 320 pgm? 1979-1983 sp Tuncel et al (1989

Al 1979-1984 ARC Barrie and Hé (1985

Al 1980-1986 AL Barrie and Barri€1990

Al 1980-1995 AL Sirois and Barrig¢1999

Al 1980-2000 AL Gong and Barri€2005

Al Apr-May 1980 MB, IG Barrie et al.(198])

Al Aug-Sep 1983 ARC Pacyna and Ottg985

Al 1983-1986 NA, NO Maenhaut et al(1989

Al 1984-1987 PF Sturges and Sha{1993

Al Apr 1986 AL Barrie et al(1989

Al 15...976 ngm? spr 1988 AL Bottenheim et al(1990

Al mean: 4.2 ngm?® 1988-1989 DY Davidson et al(1993ha)

Al mean: 5.5 ngm?® 1988-1989 DY Davidson et al(1993ha)

Al 0.29...260 ngm?® 1988-1989 DY Mosher et al(1993

Al 1.1...48 ngm? 1988-1989 SuU Mosher et al(1993

Al 1990-2001 SN Heidam et al(20049)

Al 1992-1994 SE Virkkula et al.(1999

Al mean: 1.0 ngm?® 1999-2003 nm Weller et al.(2008

Al mean: 44.36 ngmt 2002-2005 NU Skov et al.(2006h

As sum 17, win 8.4 pgmn# 1971-1978 sp Cunningham and  Zoller
(298]

As see not® 1974-1975 sp Maenhaut and ZolleX1977);
Maenhaut et al(1979

As sum 11, win 11 pgm? 1979-1983 sp Tuncel et al (1989

As 1984-1987 PF Sturges and Sha{1993

As Apr 1986 AL Barrie et al.(1989

As 1990-2001 SN Heidam et al(20049)

As 1992-1994 SE Virkkula et al.(1999

As mean: 0.02 ngn¥ 2002-2005 NU Skov et al.(2006h

Ba sum 20, win 19 pgn? 1971-1978 sp Cunningham and  Zoller
(298]

Ba mean: 16 pgm(STP) 1974-1975 sp Maenhaut and Zolle{1977);
Maenhaut et al(1979

Ba sum 40, win 50 pgn¥ 1979-1983 sp Tuncel et al (1989

Ba 1979-1984 ARC Barrie and Hdf (1985

19Different values for Whatman filters and Nuclepore filters: 7.1 or 31 3(8fP), respectively.
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Species Value Date Site Reference

Ba 1980-2000 AL Gong and Barri¢2005

Ba 1983-1986 NA, NO Maenhaut et al(1989

Be 1983-2008 nm Elsasser et al201))

Ca 0.5 ngm3(STP) 1971 sp Zoller et al.(1979

Ca sum 1900, win 550 pgTh 1971-1978 sp Cunningham and  Zoller
(1981

Ca mean: 490 pgmi(STP) 1974-1975 sp Maenhaut and Zolle{1977;
Maenhaut et al(1979

Ca mean: 55 ngnt 1976-1978 (win)  BA Rahn and McCfirey (1979

Ca 1979-1980 ARC  Heidam(1985

Ca sum 1000, win 1800 pgTh 1979-1983 sp Tuncel et al (1989

Ca 1979-1984 ARC Barrie and Hé (1985

Ca 1980-1995 AL Sirois and Barrig1999

Ca 1980-2000 AL Gong and Barri€2005

Ca Aug-Sep 1983 ARC  Pacyna and Ottgq11985

Cat* 1983-1996 nm Wagenbach et a(19983

Cca* mean: 12.5 ngm? 1983-2005 nm Weller and Wagenbac2007)

Ca 1983-1986 NA, NO Maenhaut et al(1989

Cca* mean: 15.9 ngn¥ 1997-1999 SE Ricard et al(2002

Ca 19...915 ngm? spr 1988 AL Bottenheim et al(1990

Ca mean: 2.7 ngn 1988-1989 DY Davidson et al(1993ha)

Ca mean: 4.2 ngn 1988-1989 DY Davidson et al(1993ha)

Ca 0.095...170 ngnd 1988-1989 DY Mosher et al(1993

Ca 0.5...110 ngm? 1988-1989 SuU Mosher et al(1993

Ca 1990-2001 SN Heidam et al(2004

Catt 1991-1995 du Wagenbach et a{19983

(oF: 1991-1999 du Jourdain and Legran@002

Ca 1992-1994 SE Virkkula et al. (1999

ca* mean: 29 ngm? May-Jul 1993 SuU Bergin et al (1995

ca* Jan 1994 du Legrand et al(1998

cat Aug 1994 SuU Dibb et al.(1996

(oF: 2 mean: 84 pmolmot Mar—May 1996 NA Staebler et al(1999

nss-C&* trend analysis 1997-2004 ARC  Quinn et al(2007)

Ca mean: 15 ngnt 1999-2003 nm Weller et al.(2008

ca* sum mean 2.1...3.8 ngth 2000-2002 ks Piel et al.(2006

nss-C&* mean: 32 ngm? Apr—May 2001 NA Teinila et al.(2003

nss-C&* mean: 8.7 ngm? Feb—Mar 2001 NA Teinila et al.(2003

Ca mean: 51.66 ngm 2002-2005 NU Skov et al.(2006h

ca* mean: 1.3 ngm® 2003-2005 ks Weller and Wagenbac2007)

Cd sum< 200, win 49 pgm?® 1971-1978 sp Cunningham and  Zoller
(1981

Cd meanx< 15 pgnt3(STP) 1974-1975 sp Maenhaut and Zollef1977)

Cd meanx< 18 pgnT3(STP) 1974-1975 sp Maenhaut et al(1979

Cd mean: 0.37 ngm 1976-1978 (win) BA Rahn and McCfirey (1979

Cd sum 110, win 50 pgnd 1979-1983 sp Tuncel et al (1989

Cd 1992-1994 SE Virkkula et al. (1999

Cd annual mean: 0.01...0.03 ngln ~ 1994-2002 NA Berg et al.(2009

Co 0.84 pgm3(STP) 1971 sp Zoller et al.(1974
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Species Value Date Site Reference

Co sum 0.40, win 0.60 pgm 1971-1978 sp Cunningham and  Zoller
(2981

Co mean: 0.49 pgi(STP) 1974-1975 sp Maenhaut and Zolle1977);
Maenhaut et al(1979

Co sum 0.77, win 0.45 pgm 1979-1983 sp Tuncel et al (1989

Co Apr 1986 AL Barrie et al(1989

Co 1992-1994 SE Virkkula et al. (1999

Co annual mean: 0.055...0.14 ngin  1994-2002 NA Berg et al.(2004

Cr 5.3 pgn3(STP) 1971 sp Zoller et al.(1974

Cr sum 11, win 13 pgn¥ 1971-1978 sp Cunningham and  Zoller
(1981

Cr mean:< 40 pgnT3(STP) 1974-1975 sp Maenhaut and Zolle{1977);
Maenhaut et al(1979

Cr 1979-1980 ARC Heidam(1985

Cr sum 29, win 20 pgm? 1979-1983 sp Tuncel et al(1989

Cr 1979-1984 ARC Barrie and Hé (1985

Cr Aug-Sep 1983 ARC Pacyna and Ottg 985

Cr 1983-1986 NA, NO Maenhaut et al(1989

Cr 1992-1994 SE Virkkula et al. (1999

Cr annual mean: 0.04...0.9 ngin 1994-2002 NA Berg et al.(2009

Cr mean: 0.11 ngn¥ 2002-2005 NU Skov et al(2006h

Cu 36 pgm3(STP) 1971 sp Zoller et al.(1974

Cu sum 79, win 59 pgn¥ 1971-1978 sp Cunningham and  Zoller
(198)

Cu mean: 29 pgm(STP) 1974-1975 sp Maenhaut and Zollek1977);
Maenhaut et al(1979

Cu 1979-1980 ARC Heidam(1985

Cu sum 190, win 130 pgm 1979-1983 sp Tuncel et al (1989

Cu 1979-1984 ARC Barrie and H@ (1985

Cu Apr—-May 1980 MB, IG Barrie et al(198])

Cu 1980-1995 AL Sirois and Barri€1999

Cu 1980-2000 AL Gong and Barri¢2009

Cu Aug-Sep 1983 ARC  Pacyna and Ottg1985

Cu 1983-1986 NA, NO Maenhaut et al(1989

Cu 1990-2001 SN Heidam et al(20049

Cu 1992-1994 SE Virkkula et al.(1999

Cu annual mean: 0.25...0.41 ngln ~ 1994-2002 NA Berg et al.(2009

Cu mean: 0.36 ngm 2002-2005 NU Skov et al.(2006h

Fe 0.84 ngm3(STP) 1971 sp Zoller et al.(1974

Fe sum 250, win 680 pgm 1971-1978 sp Cunningham and  Zoller
(298]

Fe mean: 620 pgi(STP) 1974-1975 sp Maenhaut and Zolle{1977);
Maenhaut et al(1979

Fe 1979-1980 ARC Heidam(1985

Fe sum 660, win 280 pgm 1979-1983 sp Tuncel et al (1989

Fe 1979-1984 ARC Barrie and H@ (1985

Fe 1980-2000 AL Gong and Barri¢2009

Fe Aug-Sep 1983 ARC  Pacyna and Ottg1985

Fe 1983-1986 NA, NO Maenhaut et al(1989
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Table 4: Continued.

Species Value Date Site Reference

Fe Apr 1986 AL Barrie et al.(1989

Fe 0.1...260 ngm? 1988-1989 DY Mosher et al(1993

Fe 0.45...44 ngm? 1988-1989 SuU Mosher et al(1993

Fe 1990-2001 SN Heidam et al(20049

Fe 1992-1994 SE Virkkula et al.(1999

Fe mean: 33.42 ngm 2002-2005 NU Skov et al.(2006H

Ga meanx 1.1 pgnt3(STP) 1974-1975 sp Maenhaut and Zollef1977)

Ga 1992-1994 SE Virkkula et al. (1999

Ga mean: 0.02 ngm 2002-2005 NU Skov et al.(2006h

Hg mean:< 0.4 ngnt3 1976-1978 (win) BA Rahn and McCfirey (1979

Hg mean: 1.44 pgm¥ 1996-1997 PS Berg et al.(200)

Hg mean: 2.67 pgm 1996-1997 NA Berg et al.(200)

Hg Apr—May 1998 AL Lu et al.(2007)

Hg Nov 1999 tn Sprovieri and Pirron€2000

Hg 2000 sp Arimoto et al.(2004h

Hg 2000 NA Berg et al.(2003

Hg Apr-Jun 2001 BA Lindberg et al(2002

Hg median: 183 pg m? Apr—May 2001 KU Poissant and Pilote(2003;
Poissant and Hoenninger
(2009

Hg Apr 2002 AL Stefen et al.(2003

Hg Apr 2002 KU Gauchard et al20058

Hg Apr—May 2002 NA Sommar et al(2007)

Hg Apr—May 2003 NA Sprovieri et al(2005ab)

Hg Apr—May 2003 NA Aspmo et al(2005; Gauchard
et al.(20053

Hg mean: 49 pgm? Oct-Nov 2003 mm Brooks et al(20080

Hg mean: 224 pg nt Nov—Dec 2003 sp Brooks et al.(20083; Eisele
et al.(2008

Hg Apr-Aug 2004 CH Kirk et al. (2006

Hg 2004-2005 NA Ferrari et al(2008

Hg mean: 102.6 pgni Feb—Jun 2005 AL Cobbett et al(2007)

Hg mean: 1.0 pg ¥ Jul-Sep 2005 ARC  Sommar et al(2010

Hg mean: 37.2 pgm 2007 SuU Brooks et al(2011)

Hg mean: 6.7 pgny 2008 SuU Brooks et al(2011)

Hg up to 370 pgm® Feb-Jun 2008 NA Steen et al(2009

K 0.3 ngnT3(STP) 1971 sp Zoller et al.(1979

K sum 1300, win 610 pg nt 1971-1978 sp Cunningham and  Zoller
(2981

K mean: 680 pgm*(STP) 1974-1975 sp Maenhaut and Zolle1977;
Maenhaut et al(1979

K 1979-1980 ARC Heidam(1985

K sum 740, win 1600 pg it 1979-1983 sp Tuncel et al(1989

K* 1980-1995 AL Sirois and Barrig€1999

K 1980-2000 AL Gong and Barri¢2009

K Aug-Sep 1983 ARC Pacyna and Ottg985

K* 1983-1996 nm Wagenbach et a{19983

K 1983-1986 NA, NO Maenhaut et a1989

K* mean: 11 ngm? 1983-2005 nm Weller and Wagenbact2007)
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Species Value Date Site Reference

K* Mar—May 1986 BA Li and Wincheste(1989ab)

K Apr 1986 AL Barrie et al.(1989

K* 3.6...62.8 ngm® spr 1988 AL Bottenheim et al(1990

K+ mean: 37 ngm’ May 1989 AL Kieser et al(1993

K 1990-2001 SN Heidam et al(2004

K* 1991-1995 du Wagenbach et a{19983

K* 1991-1999 du Jourdain and Legran@002

K 1992-1994 SE Virkkula et al. (1999

K* mean: 3.4 ngm? May—Jul 1993 SuU Bergin et al (1999

K* Jan 1994 du Legrand et al(1998

K* Aug 1994 SuU Dibb et al.(1996

K* mean: 5.0 pmolmot Mar—May 1996 NA Staebler et al(1999

K+ mean: 22.0 ngm? 1997-1999 SE Ricard et al(2002

nss-K trend analysis 1997-2004 ARC Quinn et al(2007

K mean: 16 ngm® 1999-2003 nm Weller et al.(2009

K* sum mean 0.4...2.1 ngth 2000-2002 ks Piel et al.(2006

nss-K mean: 6.0 ngm? Apr—May 2001 NA Teinila et al.(2003

nss-K mean: 8.8 ngm? Feb—Mar 2001 NA Teinila et al.(2003

K mean: 42.89 ngm? 2002-2005 NU Skov et al(2006h

K* mean: 2.7 ngm 2003-2005 ks Weller and Wagenbac2007)

nss-K up to 100 ngm?® 2005-2010 du Legrand et al(2012

K* 2007 tr Hansen et al(2009

Mg 1.0 ngnt3(STP) 1971 sp Zoller et al.(1974

Mg sum 5700, win 930 pgni 1971-1978 sp Cunningham and  Zoller
(1981

Mg mean: 720 pgm(STP) 1974-1975 sp Maenhaut and ZolleX1977;
Maenhaut et al(1979

Mg mean: 160 ng 1976-1978 (win)  BA Rahn and McCfirey (1979

Mg sum 1600, win 4600 pgm 1979-1983 sp Tuncel et al(1989

Mg 1979-1984 ARC Barrie and H& (1985

Mg 1980-1995 AL Sirois and Barrig€1999

Mg 1980-2000 AL Gong and Barri¢2009

Mg 1983-1986 NA, NO Maenhaut et al(1989

Mg?* 1983-1996 nm Wagenbach et a{19983

Mg mean: 41 ngm? 1983-2005 nm Weller and Wagenbact2007)

Mg 13...262 ngm® spr 1988 AL Bottenheim et al(1990

Mg 0.69...92 ngm® 1988-1989 DY Mosher et al(1993

Mg 2.5...27 ngm? 1988-1989 SuU Mosher et al(1993

Mg?* 1991-1993 ha Wagenbach et a{19983

Mg?* 1991-1995 du Wagenbach et a{19983

Mg 1992-1994 SE Virkkula et al.(1999

Mg?* mean: 6.8 ngm? May—Jul 1993 SuU Bergin et al (1995

Mg?* Jan 1994 du Legrand et al(1999

Mg?* Aug 1994 SuU Dibb et al.(1996

Mg?* mean: 24 pmolmot Mar—May 1996 NA Staebler et al(1999

Mg mean: 34 ngm? 1997-1999 SE Ricard et al(2002

nss-Mg* trend analysis 1997-2004 ARC  Quinn et al(2007

Mg mean: 52 ngm’ 1999-2003 nm Weller et al.(2008

Mg?* sum mean 0.5...1.7 ngth 2000-2002 ks Piel et al.(2006

nss-Md¢* mean: 7.3 ngm Apr—May 2001 NA Teinila et al.(2003
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Species Value Date Site Reference

nss-Md¢* mean: 7.7 ngm Feb—Mar 2001 NA Teinila et al.(2003

Mg?* mean: 3.9 ngm? 2003-2005 ks Weller and Wagenbac2007)

Mn 10.3 pgm3(STP) 1971 sp Zoller et al.(1974

Mn sum 6.7, win 14 pgm? 1971-1978 sp Cunningham and  Zoller
(1981

Mn 1973-1978 ARC Rahn(1981)

Mn mean: 13.3 pgm(STP) 1974-1975 sp Maenhaut and Zolle{1977);
Maenhaut et al(1979

Mn mean: 1.12 ngm? 1976-1978 (win)  BA Rahn and McCfirey (1979

Mn 1979-1980 ARC Heidam(1985

Mn sum 8.9, win 4.2 pg ¥ 1979-1983 sp Tuncel et al (1989

Mn 1979-1984 ARC Barrie and H@ (1985

Mn Apr—May 1980 MB, IG Barrie et al.(1981)

Mn 1980-1995 AL Sirois and Barrig€1999

Mn 1980-2000 AL Gong and Barri¢2009

Mn Aug-Sep 1983 ARC Pacyna and Ottg985

Mn 1983-1986 NA, NO Maenhaut et al(1989

Mn Apr 1986 AL Barrie et al(1989

Mn 0.19...6.7 ngm® spr 1988 AL Bottenheim et al(1990

Mn 0.004...3.3ngm? 1988-1989 DY Mosher et al(1993

Mn 0.052...0.84 ngn¥ 1988-1989 SuU Mosher et al(1993

Mn 1990-2001 SN Heidam et al(2004

Mn 1992-1994 SE Virkkula et al.(1999

Mn annual mean: 0.24...0.57 ngfn ~ 1994-2002 NA Berg et al.(2009

Mn mean: 0.60 ngm? 2002-2005 NU Skov et al.(2006h

Mn 1976-2008 BA Quinn et al.(2009

Na 7.2 ngm3(STP) 1971 sp Zoller et al.(1974

Na sum 40000, win 5100 pgTh 1971-1978 sp Cunningham and  Zoller
(298)

Na mean: 3300 pgMi(STP) 1974-1975 sp Maenhaut and Zollek1977);
Maenhaut et al(1979

Na mean: 770 ngni 1976-1978 (win)  BA Rahn and McCfirey (1979

Na 1976-1980 BA Berg et al.(1983

Na sum 8.7, win 31 ngnt 1979-1983 sp Tuncel et al (1989

Na 1979-1984 ARC Barrie and H@ (1985

Na* 1980-2000 AL Barrie and Barrie(1990; Li
and Barrie(1993; Sirois and
Barrie (1999; Gong and Bar-
rie (2009; Norman et al.
(21999

Na* Apr—May 1980 MB, IG Barrie et al.(1981)

Na 1982 sp Bodhaine et al(1986

Na* 74...289 ngm?® Feb 1982 IG Hoff et al.(1983

Na 14...188 ngm? Feb 1982 IG Hoff et al.(1983

Na <40...236 ngm® spr 1983 ARC Cahill and Eldred1984)

Na 1983-1986 NA, NO Maenhaut et al(1989

Na* 1983-1996 nm Wagenbach et a{19983

Na* mean: 270 ng ¥ 1983-2005 nm Weller and Wagenbact2007)

Na* 1983-2007 nm Weller et al.(2011)

Na 1984-1987 PF Sturges and Sha{1993
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Na see not® Mar—Apr 1986 ant Pszenny et all1989

Na* Mar—May 1986 BA Li and Winchestef1989ab)
Na* Apr 1986 AL Barrie et al.(1989

Na 24...1240 ngrm¥ spr 1988 AL Bottenheim et al(1990
Na 0.1...300 ngm? 1988-1989 DY Mosher et al(1993

Na 0.52...17.4 ngn? 1988-1989 SuU Mosher et al(1993

Na mean: 8.0 ngn¥ 1988-1989 DY Davidson et al(1993ha)
Na* mean: 117 ngm? May 1989 AL Kieser et al(1993

Na* median: 0.33 nmol ¥ (STP) 1990-1991 ant de Mora et al(1997)

Na* 1990-1992 NA Heintzenberg and Lecld 9949
Na* 1991-1993 ha Wagenbach et a{19983
Na* 1991-1995 du Wagenbach et a{19983
Na* 1991-1999 du Jourdain and Legran@002
Na* Jul-Dec 1992 sp Harder et al(2000

Na 1992-1994 SE Virkkula et al.(1999

Na* mean: 14 ngm? May—Jul 1993 SuU Bergin et al.(1995

Na* Jul-Aug 1996 ARC Kerminen and Leck2001)
Na* 1996-1999 NA Hara et al (20023

Na* 1997-1998 sy, df Hara et al(2004)

Na* mean: 289 ng ¥ 1997-1999 SE Ricard et al(2002

Na* 0...1062.0 pmolmot 1997-1999 (spr) NA Beine et al(2001)

Na mean: 45 ngmnt 1998-1999 sp Arimoto et al.(2007)

Na* 1998, 2000 sp Arimoto et al.(20043

Na mean: 330 ngni 1999-2003 nm Weller et al.(2009

Na* mean: 339.3 ngnt Apr—May 2000 AL lanniello et al.(2002

Na* mean: 69.1 ngm? Feb 2000 AL lanniello et al.(2002

Na Mar—Apr 2000 NA Hara et al (20020

Na* sum mean 2.4...12.0 ngth 2000-2002 ks Piel et al.(2006

Na Jan-Dec 2001 ha Rankin and Wdf (2003
Na* mean: 312 ngm? Feb—Mar 2001 NA Teinila et al.(2003

Na* mean: 261 ng Apr—May 2001 NA Teinila et al.(2003

Na* Nov-Dec 2003 sp Eisele et al(2008

Na* mean: 24 ngm? 2003-2005 ks Weller and Wagenbact2007)
Na 2004-2005 ha Wolff et al. (2008

Na* up to 40 ngm? 2006 co Jourdain et al(2008

Na* 2007 tr Hansen et al(2009

Ni 1979-1980 ARC Heidam(1985

Ni 1979-1984 ARC Barrie and Hé (1989

Ni Apr—May 1980 MB, IG Barrie et al(1981)

Ni 1980-2000 AL Gong and Barri¢2005

Ni Aug-Sep 1983 ARC Pacyna and Ottg985
Ni 1983-1986 NA, NO Maenhaut et al(1989

Ni 1990-2001 SN Heidam et al(20049

Ni 1992-1994 SE Virkkula et al. (1999

Ni annual mean: 0.07...0.19 ng#n 1994-2002 NA Berg et al.(2009

Ni mean: 0.17 ngmm? 2002-2005 NU Skov et al.(2006h

Pb 0.63 ngm3(STP) 1971 sp Zoller et al.(1979

2°Data available in supplement 8ander et al2003.
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Species Value Date Site Reference

Pb see nofé 1974-1975 sp Maenhaut et al(1979

Pb 1979-1980 ARC  Heidam(1985

Pb 1979-1984 ARC Barrie and Hé (1985

Pb Apr—May 1980 MB, IG Barrie et al.(198])

Pb 1980-1986 AL Barrie and Barri€1990

Pb 1980-1995 AL Sirois and Barri€1999

Pb 1980-2000 AL Gong and Barri€2009

Pb Aug-Sep 1983 ARC  Pacyna and Ottg1985

Pb 1983-1986 NA, NO Maenhaut et al(1989

210pp 1983-2008 nm Elsasser et al2011)

Pb Feb—Mar 1990 BA Sturges et al(19933

Pb 1990-2001 SN Heidam et al(2004

Pb 1992-1994 SE Virkkula et al.(1999

Pb annual mean: 0.48...0.83 ngin  1994-2002 NA Berg et al.(2009

Pb 2000 sp Arimoto et al.(2004h

Pb mean: 0.48 ngm 2002-2005 NU Skov et al.(2006h

Rb sum 3.0, wirk 4 pgnt? 1971-1978 sp Cunningham and  Zoller
(298]

Rb mean: 1.9 pg¥(STP) 1974-1975 sp Maenhaut and Zollek1977;
Maenhaut et al(1979

Rb sum 2.4, win 1.3 pgnd 1979-1983 sp Tuncel et al(1989

Rb mean: 0.11 ngnd 2002-2005 NU Skov et al.(2006H

Se 5.6 pgm3(STP) 1971 sp Zoller et al.(1974

Se sum 6.9, win 6.3 pgm 1971-1978 sp Cunningham and  Zoller
(298]

Se see nofé 1974-1975 sp Maenhaut and Zollek1977;
Maenhaut et al(1979

Se sum 8.4, win 4.8 pgm 1979-1983 sp Tuncel et al(1989

Se 1983-1986 NA, NO Maenhaut et al(1989

Se monthly mean: 0.03...0.08 ngtn 1984-1987 PF Sturges and Sha(1993

Se Apr 1986 AL Barrie et al.(1989

Se 1992-1994 SE Virkkula et al.(1999

Se mean: 19 pgni 1999-2003 nm Weller et al.(2009

Se mean: 0.05 ngm 2002-2005 NU Skov et al.(2006h

Si 1990-2001 SN Heidam et al(2004

Si 1992-1994 SE Virkkula et al. (1999

Si mean: 143.46 ngm 2002-2005 NU Skov et al.(2006H

Sr sum< 150, win 31 pgm?® 1971-1978 sp Cunningham and  Zoller
(2981

Sr meanx< 52 pgnt3(STP) 1974-1975 sp Maenhaut and Zollef1977)

Sr 1979-1980 ARC Heidam(1985

Sr 1979-1984 ARC Barrie and H@ (1985

Sr 1983-1986 NA, NO Maenhaut et al(1989

Sr 1990-2001 SN Heidam et al(2004

Sr 1992-1994 SE Virkkula et al. (1999

Sr mean: 0.29 ngmM 1999-2003 nm Weller et al.(2008

2IDifferent values for Whatman filters and Nuclepore filters: 27 or 76 3(STP), respectively.
22Different values for Whatman filters and Nuclepore filters: 6.2 or 840 B¢STP), respectively.
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Species Value Date Site Reference

Sr mean: 0.79 ngm 2002-2005 NU Skov et al.(2006H

Ti sum 180, win 110 pgn¥ 1971-1978 sp Cunningham and  Zoller
(2981

Ti mean: 100 pg m*(STP) 1974-1975 sp Maenhaut and Zolle(1977);
Maenhaut et al(1979

Ti sum 290, win 160 pgn? 1979-1983 sp Tuncel et al (1989

Ti 1979-1984 ARC Barrie and Hdé (1985

Ti 1980-2000 AL Gong and Barri€2005

Ti Aug-Sep 1983 ARC Pacyna and Ottg985

Ti 1983-1986 NA, NO Maenhaut et al(1989

Ti 1990-2001 SN Heidam et al(20049

Ti 1992-1994 SE Virkkula et al.(1999

Ti mean: 3.09 ngm? 2002-2005 NU Skov et al.(2006h

\% 1.5 pgnT3(STP) 1971 sp Zoller et al.(1979

\% sum 0.9, win 1.6 pgm? 1971-1978 sp Cunningham and  Zoller
(2981

Y 1973-1978 ARC  Rahn(198])

Vv mean: 1.33 pgm*(STP) 1974-1975 sp Maenhaut and Zolle{1977);
Maenhaut et al(1979

\% mean: 0.65 ngm? 1976-1978 (win)  BA Rahn and McCfirey (1979

\% sum 1.1, win 0.42 pgmn? 1979-1983 sp Tuncel et al(1989

\% 1979-1984 ARC Barrie and Hé (1985

Y Apr—May 1980 MB, IG Barrie et al.(198])

\% 1980-1995 AL Sirois and Barrig1999

\% 1980-2000 AL Gong and Barri€2005

\% Aug-Sep 1983 ARC Pacyna and Ottg 985

\% 1983-1986 NA, NO Maenhaut et al(1989

\% 1984-1987 PF Sturges and Sha{1993

\% Apr 1986 AL Barrie et al.(1989

\% 0.05...1.72 ngm? spr 1988 AL Bottenheim et al(1990

Y 0.014...5.5ngm? 1988-1989 DY Mosher et al(1993

\% 0.006....25 ngm? 1988-1989 SuU Mosher et al(1993

\% 1990-2001 SN Heidam et al(20049

Y 1992-1994 SE Virkkula et al.(1999

Vv annual mean: 0.07...0.20 ngtn ~ 1994-2002 NA Berg et al.(2009

\% mean: 0.17 ngm? 2002-2005 NU Skov et al.(2006H

Y decreasing trend 1976-2008 BA Quinn et al.(2009

Zn 30 pgn3(STP) 1971 sp Zoller et al.(1974

Zn sum 77, win 35 pgn¥ 1971-1978 sp Cunningham and  Zoller
(1981

Zn mean: 33 pgm*(STP) 1974-1975 sp Maenhaut and Zolle{1977);
Maenhaut et al(1979

Zn mean: 14.8 ngn¥ 1976-1978 (win)  BA Rahn and McCfirey (1979

Zn 1979-1980 ARC Heidam(1985

Zn sum 250, win 170 pgm 1979-1983 sp Tuncel et al(1989

Zn 1979-1984 ARC Barrie and H@ (1985

Zn Apr-May 1980 MB, IG Barrie et al(1981)

Zn 1980-1995 AL Sirois and Barri€1999

Zn 1980-2000 AL Gong and Barri€2009

www.earth-syst-sci-data.net/4/215/2012/

Earth Syst. Sci. Data, 4, 215-282, 2012



266 R. Sander and J. Bottenheim: Polar measurements

Table 4: Continued.

Species Value Date Site Reference

Zn Aug-Sep 1983 ARC Pacyna and Ottg1985
Zn 1983-1986 NA, NO Maenhaut et al(1989
Zn Apr 1986 AL Barrie et al.(1989

Zn mean: 0.63 ngnt 1988-1989 DY Davidson et al(1993ha)
Zn 1990-2001 SN Heidam et al(20049

Zn 1992-1994 SE Virkkula et al.(1999

Zn annual mean: 1.2...1.9 ngn 1994-2002 NA Berg et al.(2009

Zn mean: 2.62 ngn¥ 2002-2005 NU Skov et al.(2006h

Zr mean: 0.10 ngm? 2002-2005 NU Skov et al.(2006h
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