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Background
Chlorine Chemistry In the Arctic
* In the atmosphere, chlorine species leg. C1) can undergo
photalysis, producing chlorine radicals (+Cl), which significantly
speed up the oxidation of atmospheric compounds such as the
sneenhuusegasmemane" gy e

Figure 1: Overview of Arctic chioring chemistry,
Goals of this work
. i pheric  chlarine istry, including  the
production of Cl radicals using measurements of Cl, BrCl, & CIND,
* Explore the potential effect of nitrogen coldes (NO, = *ND + *NO;)
and subsequently nitryl chloride (CINOy) on the *Cl budget
- CIND; i a halogenated derivative of nitrogen oxides
commonly measured in polluted coastal areas in the mid-
latitudes®. Serves as a reservoir species for «Cl and *NO,!
Currently no published observations of CIND, in the Arctic

Methods

Amblent sampling was conducted at a coastal tundra field site SE of

Utgiagvik (Barrow), AX from Mar 4 — May 20, 2016

Chemical fonization mass spectrometry [CIMS] was used to

continuously monitor Cl,, CIND,, & Brll using iodide adduct

formation, with I{H,0] as the reagent ion."

+ 3g10Ds: Ol 0.8 ppt; CIND: 0.3 ppt; BrCl: 2.5 ppt

* Colibration: Cl, was routinely calibrated using a permeation device
{VICI), and CIND, was synthesized via Cly, + NOy,,, and guantified
by mcmul dissaciation to NO,M Brel mnhmuon factor was

d as the ge of Cl, and Br,

Nitrogen owides (NO,=NO+NOy) were measured b\r a Model 42i

Thermo Sclentific NO, analyzer via chemiluminescence. LOD: 0.4 ppb

Wind speed and direction were measured by a propeller

anemometer attached to a co-located 11.5 m tall tower

+ Periods of missing data (3/4 - 3/17) were supplemented by the
nearby NOAA ESRL/GMD Barrow Observatory
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Observations of Episodic Chlorme Chemistry

Three main “eplsodes” of chlorine chemistry

were identifled, all ocourring when:
Wind speed was low (< ~3 m/s, top panel)

- Wind direction was from the poliuted sector
{0-40%, 100-360°, ESE to NNE]

- Significant levels of NO, (inferred through NO
measurements) were present

These observations suggest the eplsodes of

chlorine chemistry at the field site were influenced

o chaan ecto only 1)
010 Wit e 100-208", 0

by MO, (likely from town) under low wind
conditions
Conditions were conducive to snowpack chemical
reactions:
NO, can also be formed at high levels within
the snowpack interstitial air'? and CF is a major
halide component', which makes snowpack
CIND, production plausible
-

Effect on Chlorine Atom Production Rate

)
s

Photolysis of CINO,, Cl,, and BrCl as a souree for €I

atoms (Figure 5 left):

* CIMS measurements and calculated photolysis
frequencies were used to determine the chloring
atom production (Py) budget during active
chlorine chemistry on Mar 15 (top panel) and
May 09-10 (bottomn panel)

« Figure A: Time series of Py by €l atom source,
measured Cl atom precursors (CING,y, Cly, & Brol),
and calculated photolysis frequencies & observed
salar radiation

« Figure B; Average P, mognitude during selected &
h periods

* Flgure C: Relative contribution of each €l atom

May 09-10

=

003 08T 064 D 4B B0 BIZ OM

source to total P, during selected 6 h periods

Main points:

« Overall Py was ~6x faster on Mar 15 than in mid-
May. This is likely due to ~10x more Cl, observed
on this day than in May (4060 ppt in the
afterncon) leading to faster photolysis,

* Py was dominated by the photolysis of Cly on Mar
15 (66-85%). However, BrCl photolysis dominated

:I Aenrage P (5ot 8
P on May 09-10, contributing 58-83%.
Aermcos

12 T * CINO, photolysis was not a major contributor to
the overall Py in Mar and in May. Photolysis of

CIND; contributed up to 4% of Py in the morning
- = of Mar 15 and 1.4% during the night of May 10.

Key Findings and Implications

= We report the first measurements of CINO,, of up to 24 ppt, in the Arctic. Up to 150 ppt of Cly was abso observed, consistent with

previous Barrow observations by Liao et al.® and Custard et al.™

+ The highest Cl; and CINO, mixing ratios were observed when high NO was present, These episodes were characterized by low wind

speeds (< 3 m 57 from the polluted sector

= Measurements of three Cl atom precursors, CINO;, Cly, and BeCl, and calculated photolysis frequencles were used to determine
chlorine atom production rates [Py for selected episcdes of active halogen chemistry:

Baphars ot oL Grophy. Ars Amor 12
oooR1

- = Cl; and BrCl photolysis were by far the largest contributors to the overall Py on these days.

- ysis of CIND; contri at most 4% to th Il P, (morning of Mar 15)
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FMF Ocean Factor

radiation and indirectly by influencing cloud formation and properties
Correlation betwesn Ocean

FLEXPART-WRF backward runs
show local marine influence at
this tima

uc 3. Results & Discussion
» OVDCs can contribute to new particle formtion® and to the growth of aerosol particles in the atmosphere? Evidence for SML Local, marine-infl d alrmass
through the formation of secondary organic aerosol (S04), which can affect climate directly by scattering - v Correlation between DOCand  *

Few measurements have been made of OVOCs in the remote marine boundary Layer; some researchers
have concluded that known sources can't account for measured valses™

A possible candidate for this missing source was identified by recent lab work®87% elucidating a new
mechanism of OVOC formation from the sea surface microlayer (SML) {shown below)
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Fig, 1. ) Polar projected map showing the Cenral Arctic Ocean, the Canadian Archepelago and forthemn Greenland, The surface 4
waters. carrying terrestrial dissolned organic matler to Nares Stralt are represented schermatically in brown®8. The land type data
are baken fram the Olsan Land Map'® and the sea jce data is from the NSIDEY for 1 August, 2016, The yellow star highlights the
location [Nares Strait) where we observed the maximum oceanic source of OVOCS, b) A schematic of the propased OVOC

generation A , B lysis) at the study ste.

Coneurrent studies concluded
little long-range transport
Correlations between bong
and short-lived species

icate comman local source
58 far formic and

L
levulinic acids)

Other OVOC sources unlikely
in the region [litte ground-
Tevel snow in July & August,
sparsa vepatation at extremaly
high latitudes)

Evidence against wind-driven flux

No correlation with insoluble
ocean-emitted campounds
WS and Boprena

[at left, B < 0.1)

boa-model using MOMy3.2 and
Atchem could not account for
measured formic acid
Caleulations of necess
AQUECUS coRcentrations of

measured acids far exceed
measured DOC pool

e HETCARE preseet - Pasitive matrix Many of the Ocean Factor molecules are classified as
2 factaration IVIOCs & SVOCsH and thus have the potential to
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A novel source of oxygenated volatile
organic compounds in the summertime
marine Arctic boundary layer
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Airborne Imaging of Bromine Monoxide Over Northern Alaska
With Differential Optical Absorption Spectroscopy (DOAS)

NASA

Winner = bkl o

MICHIGAN
» Polar sunrise in the Arctic is associated with reactive halogen (eg. Br
Br0) production linked to O depletion and Hg deposition (Simpsan et al ) . . B ) ) wigh
2007) 14:30) e,
- E al BeD, p sre ot fally - X Purepess A

undérstaod, and likely influenced by rapidly changing Arctic environment
» Satellites measure Brl) across the Arctic, but with low spatial resolution S
and limited ability 1o examine the vertical distribution of BrO, while &
ground based MAX DOAS is usually fxed in one locaticn and has limited = 1300 H
vertical resolution 2 2 §
» To understand impacts of this chemistry, knowledge of the spatial < 230
distribution of BrD, bath herizentally and vertically, is required 3nd g 158
currently lacking F 1200 - i —
= Airborne imaging DOAS & uniquely suited to si - L
ical and herizontal distrib ! resslution it E—— = Fig 5 From left to right, vertical profiles of BrO,
a large vegion o {05 aerasal particle extinction, and supermicron aeroscl
particle surface area concentrations (Peterson et al
103 o 2007)

1585 158 1ST5 57 1565 156 1555 1855
Longiuda
Fig, 4 B LT-VCDs plotted 35 a function of longitude and time from the
. . Mar 13 flight The peak LT-VICD is plotted as a black X The linear fir
shows the westward motion of the plume at 2 speed consistent with that of
U Michigan
« Plane flow sast-west transects in and out of a reactive bromine plums
as it moved west
= Vertical profiles at takeoff and landing showed BrO mixing ratios a5
high as 20 pmeol mel ~* at 750 m akeft, coincident with enharcements
: i supaemicron asrasol particles
- ey = These observations show supermicron partices aloft enable the
Fig. 1: Lecation of the BROMEX transport of reactive bromire disconnected from the srowpack
campaign (Petersan et al 2017)

L] L]
« The 2012 Bromine, Ozane, snd Mercury Experiment (BROMEX) imvohved
| r O r r ] e r r l a | r ] O sacelie, sichome, 3 g ased obvervmioes o the eyuspber and
atmeapheric ccmposition during March and Apel (Nghiem ot al 2012)

» This interdisciplinary project aimed to investigats impacts of Arctic se ice

Fig 2 Sampling Density Over Northern
Alagka

Fig. 6 Schematic overview of the processes leading 1o
and enabling transport of reactive bromine alaft
{Paterson et al 2017)

reductions on bromine, aone, and mercury in the atmasphere March 28, 2012 b i »
[ [] » As pan of the BROMEX campaign, 9 fights of the Purdue University = w bl l _::'-‘::::'I ,,'i
Airborne Laboeatory for Atmospheric Research (ALAR) were conducted 3 -
romine Monoxide et e | i
to explore halogen activation processes thraughout the rmgion / = § b |
» ALAR equipped with the Heideberg Aitborne Imaging DOAS instrument " . ??‘H,—r- LR e
(HAIDN) (General et al 2014) H i
» Other instruments on-beard ALAR enabled in-situ measurements of O, "3 e aa '
meteoralogy, aerasol partacle number concentrations, and aerosal particle W [ -
ver Northern Alaska =
-
" \\I g 1.
. . . v b g
» Difforential Ogtical Absception fa |
With Dierential o - e
for retrieval of infarmation _— 2 " ks 3 ¥ s 1200 3245 1330 22,03 7396 3313 2330 2343 0000 0813 08I0 003 070

about BrO distributions using Tima JITC}

measurements of solar 7 - Flt cac oo o Er L TWCDand o g Top) Limb viewing measurements of BrO mixing ratios. Bottom)

f overlaid on LT-VCD data derived from GOME-2 ¢ uricnn of LT-VCDs dorived fram limb and nadir viswing messursmants
satellite measurements (Sihder et al 2002}

= Limb measuements have lmited near surface sensitivity

spectra
HAIDH equipped with two -—

ptical Absorption g,

higher alitudes and when plane is undergoing altitude changes

= Limb LT-VCDs are typically lower than nadir LT-VCDs, indicating BrO at the surface
» Enhancements in near surface BrO) 200km inland indicate tundra snowpack driven halogen activation far from saa ice regions

+ Nadi viewing instrisment
allows mapping of BrO lower "
tropespheric vertical eclumn Fig % Viewing geometry for HAIDD
densities (LT-VCDs) at 100 m  showing both the nadir view and the

pectroscopy (DOAS)

<2 remote sensing measarements allow retneval of trace gas
al column information without variation
resolution 30 mapy
HAIDI's forward imaging telescope observes spectra over a 7 degree range . es aloft enable transport of reactiv
in front of the aircraft [+2° to -5° relative to herizon) bromine aloft. decaupled from the snowpack

HAIDI bailds on conveational limb viewsng measurements allowing = Inland snowpacks deive activation, extending impacts
continoas profiling of BrO of halogen chemistry by 3 ice ragions

hassd measuremants (105 of
k)

ertical profile and ¢

e




Thank you to our judges:

Judges for PhD and PDF posters:  Judges for MSc posters:

Lukas Arenson Session A:

Claude Duguay Roghayeh (Roya) Ghahremaninezhad
Alexandra Jahn Thomas Oudar

Kent Moore Session B:

Kerri Pratt Yukari Hori

Peter Peterson



	2017 Connaught Summer Institute in Arctic Science
	MSc Winner (1)
	Winner
	PhD Winners (2)
	Winner
	Winner
	PDF Winner (1)
	Winner
	Thank you to our judges:

