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Background Total VOC mixing ratios (tVOC) are ~5 times higher indoors than outdoors CEDS compares well with source

« Fairbanks, Alaska is highly polluted during the wintertime and is i I measurements
: 10°¢ : : : . . :
currently atnon'aFta‘”me”ltl a{eatfo" PNl\%-F" Strong the"lmf.l f _ Indoor » Figure 2 represents the median VOC mixing ratios, both A T 8
inversions tr rimar utants r ing in mulation | : : : : : : - :
VETsIons trap primary potiutants restitting in accumuration B Outdoor indoor and outdoor, during the ALPACA field intensive. This |
volatile organic compounds (VOCs), NO,, particulate matter, and lvsi ludes data during ind . ¢ d :
other trace gases. " analysis excludes data during indoor experiments and a L — )
T g | three-hour time buffer before and after each experiment. £ |5k
45?— _ ,§ gl NE ‘g
i ] © 5 W el E EI.SZ
3 ® 7 E10f | | * 192 unique masses were detected and quantified. <"1
st et AN ; S | nir S <
30F o0 ¢ 13 o il 1] 0 . . . . ;
b . o, Il | 1| | \ | » 85.1% of the median tVOC mixing ratio was measured | .
ol ¢ g & oaget o] (I A A N indoors. | |
i | ] ’ ‘ ‘ . T : L S : L
: ‘ 1 | il | missions Inventories Observations Emissions Inventories Observations
15; ‘I;,R;fj Eﬁiﬁﬁiﬁfgﬁffﬁ:g .‘; 1 - [ H! IR (T T . L. L. Figure 7. Comparison of Observed Toluene/Benzene Emission Ratios from RWC
0E o €O (omt-s 2%ivean I I | jl | \H ’H LR * The median tVOC mixing ratio is 232 ppbv and 40.6 ppbv for (A) and on road sources (B) with the Community Emissions Data System (CEDS)
Z' o | | | | N B I-EO 10 40 60 80 100 120 14 Mass‘li}g Chgy(')goe Raz'uzg (alejl)O 260 280 300 320 340 360 ]ndOOr and OUtdOOI’, reSpeCtlvely. and the National Emissions Inventory (NE|)
S 5 > v Q§ §> m’s Q@ %Q Tcci : 1
Figure 1\0’ Histo?'ical tf:nds iwin:ertlm; CcoO PG;V\ PAX in ;;irbanks AK : : : : * The RWC emission ratio from CEDS elrieet well with
e LT ’ . | * Ina reSIdentla.l environment, exposure ”?k from hazardous conventional wood stove emissions (MSO) but is slightly
» Due to the extreme cold, many individuals spend more of their e air pollutants in the indoor e.n.\/lronm.ent 1S gre;‘ite.r than higher those derived from the pellet stove insert.
time indoors. Residential wood combustion (RWC) is a popular z outdoors. Indoor benzene mixing ratios are 75% higher than o | |
choice for home heating, but fuel oil and natural gas are also g those measured outdoors, while HCHO is higher by a factor * The on-road T/B emission ratio from CEDS is lower than
prominent. The impact of these heat sources on the indoor E of 3 indoors. observed cold start emission ratios.
environment is currently unknown. s
- D5 sil q " both —ted with « NEI T/B ratios are consistently higher than CEDS and
: : : : ° S1tOXane and monoterpenes, botn assocCiated Wi :
* The impact of indoor VOCs from sources such as cooking, incense, l duct P = P ‘lv hisher ind q observations.
and a combination of these sources is not fully understood. R R N O pErsonat care products, are SIS/ LA ULGLOOHE G
A A I . S to researcher activity.
. . . . . © 2 ® ° °
* VOC oxidation mechanisms in extreme cold and dark environments Figure 3. Top: Mass spectra of PTR-ToF-MS ions for indoor/outdoor sampling during ALPACA N EI OvereStlmateS COntrlbUthnS
remain unknown. Bottom: Most abundant VOCs measured indoor and corresponding outdoor concentrations

of RWC VOCs, underestimates

« The ALPACA field campaign provides the first comprehensive VOC PM2.5 fraction

measurements in Fairbanks, both indoor and outdoor to answer Pellet stove operation enhances indoor VOCs RWC iS a major source Of VOCS

the following questions:

o o : 0.6¢
1. How do outdoor VOC mixing ratios compare with Furan (ppbv) : MVKIMACR (ppbv) Benzene (ppby) '| n Fa] rba n kS - AK —
L - = CEDS AK

0.65F

indoor VOCs in cold and dark environments? B CEDSMT
0.451 NEI
2. How do daily activities, such as the operation of i AN z Fraction of [VO C]RWC: E RVOC [ F] e 50 5
a pellet stove insert and other events, influence =Sl || Y Ereaal | ) VOC from @ / F Q Mixing Rati oo I
indoor VOC mixing ratios? i RWC i i e e [
Methylfuran (ppbv) Furfural (ppbv) Methylfurfural (ppbv) I -
3. Do regional and global emissions inventories - Bum Number | Emission Ratio of VOC/Furfural |
accurately capture VOC emissions from these = -3 |
lOcal SOUI'CGS? N 0.5 ] ..'..‘. .I' . *:2; . Methanol Acetonitrile Acetaldehyde Acetone . Emissionslnvemories. Observations . . Emissions Inventor es Observations .
L N 8 Figure 8. Comparison of observed RWC contributions to benzene and PM, 5 with
Methods o i A - CEDS and NEI
 Indoor and outdoor measurements of VOCs were collected by a " . . . .
. ) Y - * The fraction of benzene attributed to RWC is 2.5 times
proton-transfer-reaction time-of-flight mass-spectrometer (PTR- : W\/\/ lower in CEDS than observed during ALPACA
. . s 300 LAl s _ ’\/"A”\f—\f\/\/’\/ .
ToF-MS) as part of the ALPACA 2022 Field Intensive from January Y 7 0 e — : o
3 T 200k /VTQ%\: MVK/MACR MEK Hydroxyacetone Benzene
19th to February 25t 2022. S Z TN ' : —— 100 . . .
& el 3 /\\/\/ \/W\/\\/ « Benzene from RWC in MSO is overestimated by a factor of
° o o 6 0 o s 6 ime I‘E*?)m X erinz;lz}nt tart mgllli‘lj:ltes 6 160 o w0 ;\;\ 2 in CEDS and NEI'
e Heated PTFE inlets were used to switch between indoor and . e _ g0
outdoor sampling everv 10 minutes. Figure 4. Indoor VOC enhancements during 8 pellet stove experiments Z . . . .
T | ) SO WYV NG NN A VAV, * PM, 5 contributions from RWC are underestimated in both
64.95 * Experiment 1 resulted in the largeSt 0 Pentanone Toluene Jan 24 Jan 31 Feb 07 Feb 14 Feb21  Jan 24 Jan 31 Feb 07 Feb 14 Feb 21 CEDS (ZX) and NEI (3X) Compared to observations in MSO.
. . 100
enhancement for most species, potentially
due to off-gassing from the new stove’s h
64.90 |- ) - F t D t
) paint. 0 1 Source ucture virections
= » | 25 | O Other ,. .
E ca.55 T R ’ @ Residential Site . . . MDY [l Residential Wood Combustion . . . . .
g = ; : Lk g ke . : ’ CTC Site * Furan]c SpeC]eS Were all elevated dur]ng 0 Jan 24 Jan 31 Feb 07 Feb 14 Feb 21 Jan_;/;u.ﬂm * AnalyS]S Of m.lxed, COOk]ng, and ]ncense eXper]mentS
- e e T each burn, while acetonitrile only showed
64.50 § appreciable enhancement during a single Figure 6. Contribution of RWC to outdoor VOC abundance in Fairbanks * FOAM: FOAM box mOdel]ng to examine fates of outdoor VOCs in
burn. the cold/dark environment
o e 1 : T |t is estimated that RWC contributes between 10% and 25% for most
-148.0 -147.8 -147.6 -147.4 « Hazardous VOCs such as benzene and measured VOCs. * Source attribution of outdoor VOCs at the house site
Longitude formaldehyde exhibit and maintain high

« RWC may be the main source of acetaldehyde (48.7%) and MVK/MACR

| e o T (84.3%) during the wintertime. Acknowledgements
* Indoor pellet stove experiments were COljdL!CfCed by operating Emission ratios derived from measurements Figure 5. Researchers conducting pellet stove This study was supported by NOAA Climate Program Office’s
the pellet stove insert for 3 hours, from ignition to 3 hours after of the stove exhaust will be compared to  experiment 1. Photo Credit: Peter F DeCarlo » Using furan and methylfuran as tracers produced similar results; PMF will Atmospheric Chemistry, Carbon Cycle, and Climate program,

extinguishing the flame. regional and global emissions inventories be used to compare with this method. grant number NA20OAR4310296.

concentrations during pellet stove use.

Figure 2. Map of Fairbanks, Alaska with residential and downtown sites labeled
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