Characterization of ice nucleating particles during continuous springtime measurements in
Prudhoe Bay: an Arctic oilfield location

Jessie Creamean'’?, Rachel Kirpes3, Kerri Pratt3, Nicholas Spada?, Gijs de Boer?, Maximilian Maahn'?, Russell Schnell? Q O

1University of Colorado, Boulder, CO; 2National Oceanic and Atmospheric Administration, Boulder, CO; 3University of Michigan, Ann Arbor, MI; 4University of California, Davis, CA

= University of Colorado

Boulder
() (] [ ) [ ] @
Background & motivation From sample collection to analysis Case study: Enhanced INPs during late May 2017
Solar radiation reflection Figure 3. (left & bottom) DRUMs from each institution, their flow rates, size bins, and the analysis and results from the samples from each DRUM. (top right)
SURFACE COOLING photos of discs inside DRUM and aerosol loading (circled in red) on ne of the discs during INPOP. _ SEM-EDX (single-particle chem istry) S XRF (bu I chem istry)
S 3 . : B 05/23/17 05/28/17 —
Modification of e -' —TT ) ', 1 y 1 ';_" gﬂ-ﬁ- {120 08| '120% mssA ]
cloud ice crystal S , : : ( T N U gos o lm% B 7o 554
: : ® formation ). 4 _ 2 | g |mmow
Blogenlc ' : | w8 \ el o ;7_ ':3-::-_4 80 0.4} {80 E N Soot
sulfur ‘ | | - N D an 160 03| {60 ] -
e o ® & " : - | | g
Sea spray | 02 | — a0 :
_ a@?“ﬁ}ﬁ@i 0.1 20 0.1 120 é
| o R o o ol 0 0666 ‘o
a ® L il Prlmary - FIOW rate. 16 L min-1 > Projected Are; Diameter (pm) o Projected Are; Diameter (pm)
biological : Flow rate: 27 L min
- = Size cuts: 0.09, 0.34, 1.15 ym , - -
S | . _ i Alpey el 1oL il Size cuts: 0.15, 0.34, 1.21, 2.96 ym & ,_
~=== Tundra _ Size cuts: 0.09, 0.26, 0.34, 0.56, . . CPCu@nm-3pm andCPCf(10 nm=3pm) o
_ R ' 0.75, 1.15, 2.96, 5.0 pm S Relatively clean------- 2 :--Particle growth--- | El o Influenced polluted,
kT Computer controlled . S R | o n 'y ° 1t
- scanning electron microscopy l Colletzie oén;lg;r)e‘lezmg assays <0 Ll‘-—'——* | [ 1l o X clean, and  what
. . . . . ofe - : - S Polluted
e Aerosol-cloud interactions are severely understudied in the Arctic—specifically t& d'sperzggs’égﬁ""é[)x)z Optics & synchrotron-induced x- W e , UHSAS (60 nm - 1 pm) appeared to be new
. . . . - . . . spectroscopy - _WRE)3 iy ? AT 1 ° :
ice nucleating articles (INPs)—yet have implications for radiation reaching 1517 L MEEEEEE (B3 3 particle formation.
& % ° 1d] =
frozen surfaces. l e Clean  conditions
N more sea salt, fly ash,

e Uncertainties in model representations of heterogeneous ice nucleation are a

N . . : .. e RO S ~ dust, while polluted =
significant hindrance to simulating Arctic mixed-phase cloud processes. I pEEfmemmssmmemnests - 100 M" Ao i o A  \Tad W ,M - ’ p
e A combination of aerosol chemical, physical, and ice nucleating properties is Pl CEmimninny mmiaain W ST : = 50NN 1 VA" Wal ~ more organic aerosol.
pertinent to evaluating of the role of aerosols in altering Arctic cloud _ fﬁ% o il . 1 ' — |+ NE  wings and
microphysics. T | - f N Wind speed (colored by wind direction) | | elevated | chlorine
S. I t. I L& ,_ x,______ e N §o.4 % re‘g’%rded 5 _;':.;- Flw 10 F - 7_,;‘5,9,52-’-; :_,‘.2;! #_,‘E_m,z-“"-'v‘“ &Wr— qnd Cal Clum’ th en
Ingie-pdarticie ) ) waf| T £ 5F e pl , U R - .
. . - - Extinction, bulk metal IR N . TNy | L e | kY S/W winds.
INPOP: Ice Nucleating Particles at Oliktok Point morphology and . s 7 2z 7z & 2z & & 7 3
. concentrations, bulk mass : s = = 2 2 2 5 2 2 32
chemistry INP freezing temperatures S = & & I £ & 5 & 3 -
e Objective: evaluate INPs in an Arctic oilfield location (first measurements in j and.concentrations?
il Owverall INP results from INPOP
* Dates: 1 Mar — 31 May 2017 g1 8)2:96 =12 ym g1 0)1.21 - 2.96 ym
 Sample collection: 3 DRUMs (3 to 8 size bins from 0.09 — >12 ym) B f
e Time resolution: 12 — 24 hours —~ |
- -2 -2
« Data produced: INP spectra, single-particle & bulk chemistry == £ 1
X 5 iy
£ 107 2 May 107 £ May R
_ Oliktok £ Prnd  26.May
,,,,,,,,, ~l Point o 25:Ma " 29-M : i .
e e e 2 40 :gé-ﬁaf} Y i e Possible sources from exposed Arctic Ocean and tundra, shown by 5-day air
@ Prudhoe - Eidm mass backward trajectories and satellite-derived snow and ice cover data.
= Bay .
E 8_ : d g*..e‘ -5 -40 -35 -30 -25 -20 -15 -10 -5
iy 7 15-0.34
[ e P, 10° ododez0sen Summary
St b= L/ | | o ?
f | rctive oil well T g2 o2l * We present preliminary INP and single-particle and bulk aerosol composition
M~ 1 I . 1 L I 1 1 | - S— 1
© 165 162 159 156  -153  -150  -147  -144  -141 5 : results from INPOP.
ioraeas © _ e Mar and Apr 2017 were characterized as polluted, containing less efficient
- £ 10° 102 . o i .
8 : INPs. During late May, cleaner conditions, efficient INPs, and possible
S sl influence from the open Arctic Ocean and tundra were observed.
=
References
o | - : : ; ' : : : : - : : 1. Creamean et al. (2017) Atmos. Chem. Phys., accepted.; 2. Ault et al. (2012) Environ. Sci. Technol., 46 (8), 4331—-4339.; 3. Cahill
el = 40 35 30 25 -20 15 10 -5 40 35 30 -2 -20 15 10 5 et al. (2016) Atmos. Environ., 145, 158-175.; 4. Creamean et al. (2018) Atmos. Meas. Tech. Disc., in review.
- Temperature (°C) Temperature (°C)
. N . Acknowledgements
° Typlcal spectra (grey) spanned a Wlde range Of temperatures’ but INPs We would like to thank Fred Helsel (AMF3 site manager; SNL), Bruce Edwardson (SNL), the AMF3 site ARM
i . i ,‘ - N were mostly low in concentration. operators, ARM for funding the INPOP measurements and logistics, ASR for funding resources for data analysis,
N ., P j ‘ e | . Ny . . the Oliktok Point Site Science team, and Russ Schnell (NOAA). > ASR
et | 1  Larger particles were more efficient INPs, especially during 22 — 29 May.




	Slide Number 1

