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_Fairbanks has an air pollution problem!

Fairbanks often ranks in the top 5 worst cities in
the US for year-round particle pollution
(American Lung Association)
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_Fairbanks has an air pollution problem!

Fairbanks often ranks in the top 5 worst cities in
the US for year-round particle pollution
(American Lung Association)
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Frigid temperatures as low as -40°C cause ,
strong temperature inversionsithat tes a '
pollution close to the suri

“Sulfate (50, ) contributes around 20% Of
particulate mass and is considered the “low
{ hanging fruit” in air quality regulations
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The “missing sulfate” problem in Fairbanks

Stable inversion layer:

There is a gradient of pollution
below 20 meters with the
highest PM concentrationson
the surface
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Ground-level emissions of fuel oil in Fairbanks

* Approximately 80% of Fairbanks residents use a central oil heating appliance for
home heating and 40% of residents use fuel oil exclusively (ADEC 2019)

 Onaverage, each household spends $2,274 on home heating annually and burns
1,230 gallons of fuel oil per year (ADEC 2019)




Why does fuel oil create unique air quality problems?

* The particles are really small (<1200 nm or 0.2um)

* The age and burning efficiency of these boilers can vary and most boilers don’t have
“scrubbing” technology or oversight on emissions

* Home heating with fuel oil is difficult to parameterize in CMAQ since it relies on assumptions
of emissions factors and domestic use

* We don't know if the sulfur chemistry changes in fuel oil-dominated regimes

Photo: Anchorage times
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What does each type of isotope measurement tell us?

5180 How much of the sulfate is i @
primary vs. secondary? @

Primary SO3~
ﬁ‘t — @



What does each type of isotope measurement tell us?

Al70 Are Ozor H, 0, contributing
to SO~ formation?
A0 =670 - (0.52 x&180)




What does each type of isotope measurement tell us?
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TMI-0,, NO,
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What does each type of isotope measurement tell us?
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Sulfate < 0.7 pm is the dominant sulfur source in Fairbanks

Sulfur Aerosol Mass by Species and Size Bin
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How much of the sulfate is primary vs. secondary?
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The relationship between and 61°0
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The relationship between and 61°0
A0 vs. 6'%0
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The relationship between /"0 and §1%0

17,366 LEE AND THIEMENS: MEASUREMENTS OF 6’0 AND §"0 IN ATMOSPHERIC SULFATE

1.8 1
161
144

12+

dﬁ'o m}
=

04+

02+

oo

& LJ aerosol sulfate {fine particles) o LJ aerosol sulfate {coarse particles)

SECONDARY SULFATE

nss-SO A

Figure 6. Correlation plot for La Jolla aerosol sulfate: A0 versus 3'°0. The "0 values generally increase with
mcreasmﬁ A0 valuas The bulk data of fine sulfate particles lie above those of the coarse particles, representing
O with more 'O enrichment relative to mass dependent isotopic composition.
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The relationship between and 61°0
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534S Is NO2 or TMI-catalyzed oxidation dominant?
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534S Is NO2 or TMI-catalyzed oxidation dominant?
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§348(S80,) < 83*S(S037)

Oxidation by 03, H202, and OH make the §3*S(S0% ") observations heavier



534S Is NO2 or TMI-catalyzed oxidation dominant?
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Oxidation by NO2 and TMI-O2 make the §34S(S0% ") observations lighter



8348 Is TMI-catalyzed oxidation dominant?
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We see that sulfurisotopes become more enriched as the secondary sulfate
fraction and aerosol size increases
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Method: Bayesian Isotope Mixing Model
[1] §180(SO,2)
[2] AT70(SO,2)

[3] 634S(S0,2)

- Model input includes isotope observations, temperature, and sulfur oxidation ratio
- The analytical error is incorporated for each measurement to help account for uncertainty in our
observations



Method: Bayesian Isotope Mixing Model

[1] 8°0(SO4*) = forimary * 8**Oprimary + frz02 *0**Opa02 + foz* 6003+ frmioz * 6'*Ormi-02 + fon - 8°00n + froz - 6*°0no, Where
Jorimary ¥ fr202 + fos + frmroz + for *+ fnoz =1

[2] AYO(SO4%) = forimary * 8" Oprimary + fr202 - 80207 + foz3* Y003 + friioz - BOrmioz +fon * BYOop + froz - A7 Ono, Where
Jorimary * frz202 + fos + frmieoz + fon * fnoz = 1.

[3] 834S(SO4%) = forimary 634Sprimary + (1'fprimary))' (53*S(SO,) - ( fuz02 €202+ fos® €03 + frmroz - €m0z * fou * €ont fanoz
eno2)” (IN(1-SOR;4): (1-SOR,,4)/(SOR,,4) Where foimar + frzo2 + fos + frmroz +fou + fnoz = 1

-> Source signatures are calculated as a function of temperature and sulfur oxidation ratio



Method: Bayesian Isotope Mixing Model

[1] 8%0(SO4*) = forimary * 8**Oprimary * fr202 *6**Opa02 + foz* 6003+ frmioz * 6'¥Ormi02 + fon - 600 + fyoz - 6'°0no, Where
Jorimary ¥ fr202 + Jos + frmroz + for *+ fnoz =1

[2] AYO(SO4*) = forimary * B Oprimary + fr202 * 8Op207 + foz* Y003 + frisroz - 8 Ormioz +fon * BYOop + froz - AOno, Where
Jorimary * frz202 + fos + Srmieoz + fon * fnoz = 1.

[3] 834S(SO,%) = fprimary : 634Sprimary + (1'fprimary))' ( 53*S(SO,) - (fuz02 €202+ foz® €03 + frmroz - Ermioz T Son - €ont fanoz -
eno2)” (IN(1-SOR;,4)+ (1-SOR,,4)/(SOR,,4) Where foimar + frzo2 + fos + frmroz +fou + fvoz = 1

- Model output is the fractional contribution of each sulfate formation pathway



Method: Bayesian Isotope Mixing Model

[1] 6*80(SO,*) = forimary - 6 Oprimary + fr202 0¥ 0202 + fo3+ 8003+ frmi-0z * 6 Ormi0s +for - 6*00n + frno, - 6*80no2 Where forimary + frz0. + fo3 + frmioz + forn +fnoa=1
[2] A*70(50,%) = forimary * 87Oprimary + fr202* 870202 + fo3 870053 + frmi-0: - B7O1mi-02 +for - A7Oon + fvos * A7Ono, Where forimary + frz02 + fos + frmi-o2 + for + fnos = 1.

[3] 6345(5042-) = fprimary ' 634Sprimary + (1'fprimary))' (5345(502) - (szoz "€H202F f03 “€o3 t fTMI-Oz ' ETMI-Oz"’fOH "EoHT fNOz “ ENO2)’ (In(l'SORznd)' (2-SOR;,g)/(SOR,4)
where fprimary + fr202 + fo3 + frmios *+for + fno. = 1
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- The shading represents a 95% confidence interval signifies the models ability to reproduce the
observations + the analytical error



Method: Bayesian Isotope Mixing Model

[1] 6180(5042_) =f;orimary -6

180primary+fH202 '5180H202 + f03 ) 618003 + fTMI-Oz ' 6180TMI-Oz +fOH ) 5180OH +fN02 ) 5180N02 Wherefprimary + szOz + f03 + fTMI-Oz +fOH +fN02= 1

[2] A7O(50,7) = forimary * A7 Oprimary + fr202 87020, + fo3 87005 + frmi-oz - 87Ormi0z +for - A7Oon + fnoz - A7Ono, Where foimary + frz02 + fo3 + frmi-o2 + for + frvoz = 1.

[3] 8345(50,*)
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Sources and formation of PMo.7 sulfate
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1) Primary sulfate is the dominant source of sulfate throughout the campaign,
contributing 2.1 + 1.4 pg/m3 (69 £ 15% of PM, _ sulfate) on average.



Sources and formation of PMo.7 sulfate
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1) Primary sulfate is the dominant source of sulfate throughout the campaign,
contributing 2.1 + 1.4 pg/m3 (69 £ 15% of PM, _ sulfate) on average.



Sources and formation of PMo.7 sulfate

“Clean” period
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The period with the most efficient secondary sulfate formation is the cleanest of the campaign



Policy measures to

Table 8: Comparison of Key Emission Factors and Sulfur Confent for
Fairbanks Hearing Fuels
Emission Factor (Ib/mmBTL) Sulfur Content

Fuel PMazs bl 5 (ppmv)
HS No. 0.00340 0.215 2,053
HS No. 1 0.00365 0.102 B96

HS No. 2 0.00330 0.263 2560

MNamral Gas 0.00749 0.000591 <16

Coal 0.526 0.612 2 004}

Wood Burning 0.18 - 2.0*% 0.023 < S
ULS -0 003-0.004 0.00171 15

ppmv = parts per malhon by volume

* Covering a range of uncertified and EP A-certified cordwood and pellet devices,

assuming gero (oven dry) moisture content
Source: compiled by Sierra Research, Inc

reduce sulfur emissions

e Startingin September15t,2022:
fuel oil #2 (used by 66% of residents) was banned and
only fuel oil #1 and ULS fuel oil could be burned



Policy measures to reduce sulfur emissions

Table 8: Comparison of Key Emission Factors and Sulfur Confent for
Fairbanks Hearing Fuels

1 1 t .
Emission Factor (Ib/mmBT1L) Sulfur Content * Startlng In September 15 12022'
Fuel PMas S0: (ppmv) fuel oil #2 (used by 66% of residents) was banned and
HS No. 1 &2 0.00340 0.215 2,053 only fuel oil #1 and ULS fuel oil could be burned

HS No. 1 (.00365 0.102 B06

HS No. 2 0.00330 0.263 2566

« ULS fuel oil was not mandated because an ADEC

MNamral Gas 0.00749 0.000591 <16

Coal 0.526 0.612 residential fuel expenditure assessment found that
Wood Burning 0.18-2.0* 0.023 <5 this would

ULS -0 003-0.004 0.00171 15

ppmv = parts per malhon by volume
* Covering a range of uncertified and EPA-certified cordwood and pellet devices,
assuming gero (oven dry) moisture content

Source: compiled by Sierra Research, Inc



Policy measures to reduce sulfur emissions

Table 8: Comparison of Key Emission Factors and Sulfur Confent for

Fairbanks Heating Fuels e Startin g In Se pte mber 15t 1 2022;

Emission Factor (Ib/mmBTL) Sulfur Content

Fuel PMas S0: (ppmv) fuel oil #2 (used by 66% of residents) was banned and
HS No. 1 &2 0.00340 0215 2,053 only fuel oil #1 and ULS fuel oil could be burned

HS No. 1 (.00365 0.102

HS No. 2 0.00330 0.263

« ULS fuel oil was not mandated because an ADEC

Natural Cias 0.00749 0.000591

Coal 0.526 0.612 residential fuel expenditure assessment found that
Wood Burning 0.18-2.0* 0.023 <5 this would

ULS =000 3=000003 (0.00171 15

ppmv = parts per malhon by volume
* Covering a range of uncertified and EP A-certified cordwood and pellet devices,

assuming gero (oven dry) moisture content

Source: compiled by Sierra Research, Inc

* Failureto mandate ULS fuel is one of the reasons
EPA rejected the ADECs air quality improvement
planin early 2023.



Policy measures to reduce sulfur emissions

1 HEM Historical (2014-2021)
Table 8: Comparison of Key Emission Factors and Sulfur Confent for Historical standard deviation

Fairbanks Hearing Fuels B This winter
Emission Factor (Ib/mmBTL) Sulfur Content

Fuel PMazs 5

HS MNo. | & 2 (00340 0.215
HS Mo. | (00365 0.102
HS Mo. 2 (00330 0.263

arts per billion)

Natural Gas 0.00749 0.000591
Coal 0.526 0.612 2,000

Wood Burning 018 - 20* 0.023 <50
ULS ~(L.003-0.004 0.00171 15
ppmv = parts per malhon by volume
* Covering a range of uncertified and EPA-certified cordwood and pellet devices,
assuming gero (oven dry) moisture content
Source: compiled by Sierra Research, Inc
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SO2 emissions during winter 2022-2023 were
lower (by about 33%) than the historical median
after banning fuel oil #2

Sulfate concentrations were 24% lower during
winter 2022-2023, but the difference is not

statistically significant due to low temporal Figure from Meeta Cesler-Maloney and Bill Simpson!
resolution of filter samples Data from ADEC measurements




Conclusions

O 1 Primary sulfate is the dominant source of sulfate throughout the
campaign



Conclusions

O 1 Primary sulfate is the dominant source of sulfate throughout the
campaign

The ban on fuel oil #2 reduced SO2 concentrations in the Winter of
02 2022-2023. We hypothesize this trend likely reduced primary sulfate

emissions. More work is needed to know about possible effects on

secondary sulfate production due to potential changes in pH
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Sources and formation of PMo.7 sulfate
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Figure 2. Regressions of (a) A0 vs.
5180, (b) A0 vs. §**S, and (c) §'30 vs.
8°*S where the solid black line is the
linear least-squares regression line. The
three size bins are depicted by the shape
of the marker as defined in the legend.
The color bar shows the sulfur oxidation
ratio (SOR) for each sample. Poker Flat
measurements are depicted with black
triangles. The isotopic composition of
fuel oil is shown by the blue line. The gray
shaded region shows the full possible
range of 8'%0, A0, and &**S source
signatures with the average source
signature for each pathway plotted as a
black star.
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Table S4. 33*S(S) measurement of Fairbanks fuel oil
Fuel oil ~Sulfur  Quantity  Fraction of total Estimated Measured Weighted
Type content of fuel oil ~ fueloilusedin — contribution to 334S(S) average
( ) busted Fairbanks fuel oil-derived 334S(S)
ppmy)  combuste (ADEC, 2019) sulfur based on
sulfur content
and domestic use
Fuel oil 896 6 nL 33% 15% 3.7+0.6%o
#1
_ 4.7+0.6%o
Fuel oil 2,566 6 uL 67% 85% 4.9+0.1%o0
#2




Sulfate oxidation from photochemically produced oxidants are positively associated.
Additionally, sulfate from OH, NO2, and H202 are all relatively higherin February rather
than January. O3-derived sulfate is around the same in January and February.

Fraction of H;05-derived SO42~
= = o = (=] = =
= N W ey wu [@)] ~J

o
o©

Y = 0.57x+0.08 R?=0.11 :
7~
Y = 0.58x+0.05 R2=0.44 ME
(non-polluted) 6%
2
5 |
Nﬁ'
o
40N
I
3R
2
.0 0.1 0.2 0.3
Fraction of OH-derived SO42~
PMO.7 ¢ PM25 ¢ PM10

05 Y = 2.1x+0.03 R?=0.36 8
N ’
Q 7~
m
g 0.4 . s
> 65
go3 .
S 5
'50.2 42
5 5
5 >
o 0.1
e 2
mlla
OT?.OO 0.05 0.10 0.15
Fraction of OH-derived SO42 ~
m PMO0.7 ¢ PM25 ¢ PM10

© © o
w w
o v o

o
)
w

(=]
[
wu

Fraction of NO,-derived SO42
o o
= 8]
o o

o
o
a

0.0(9.00

Y = 1.7x4+0.00 R?=0.51

w =N wu ()] ~J [00]
Total SO42~ (ug/ m3)

N

PMO0.7

0.05
Fraction of OH-derived SO4°

¢

0.10

PM2.5

0.15

¢ PM10




Ambient SO; vs. Surface Temperature
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Daily average O3 (ppb)
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