Response to reviewers for the paper “Characterization of a real-time tracer for IEPOX-
SOA from aerosol mass spectrometer measurements”

By W.W. Hu et al

We appreciate the reviewer’s comments and support for publication of this manuscript after
minor revisions. Following the reviewer’s suggestions, we have carefully revised the manuscript.
To facilitate the review process we have copied the reviewer comments in black text. Our
responses are in regular blue font. We have responded to all the referee comments and made
alterations to our paper (in bold text).

Anonymous Referee #1
General Comments

R1.0. In this manuscript, the authors analyze AMS data from multiple sources to determine
whether m/z 82 and, more specifically the C5H60 fragment, are robust AMS tracers for SOA
formed from isoprene epoxydiols (IEPOX). The main goals of the manuscript are to determine
the range of fcsneo in ambient IEPOX PMF factors, determine the background fcsweo in different
ambient environments, and determine whether SOA generated from monoterpenes (MT) and
analyzed with the AMS have significant signal at the C5H60 fragment. The authors quantify the
fcsheo for areas influenced by biomass burning and urban pollution, areas with heavy MT
emissions, and areas with strong isoprene emissions. They present a method for estimating the
SOA mass formed from IEPOX chemistry from fcsnso and compare this method to PMF results
from the SOAS campaign. They argue that IEPOX SOA mass estimated from fcsneo should be
within a factor of 2 of that determined by a more rigorous PMF analysis.

This manuscript will primarily be of interest to AMS users and less so to general readers of ACP.
Nevertheless, the AMS is probably widespread enough to justify publication in ACP rather than
a more specialized journal (e.g., AMT). In general, the conclusions are well-supported and the
analysis seems to be carefully done and robust. There are however, several things that the
authors should do before publication to improve the clarity and readability of the manuscript.
First, many of the key figures are essentially illegible because a large amount of data is placed in
multi-panel figures that end up being too small to read. Figures 3 and 5 are particularly bad
though several others would also benefit from being larger and from multiple datasets being
differentiated from one another more clearly. Second, there are several places where the authors
could be more clear/specific in their writing. For example, when they refer to IEPOX SOA, it
often isn’t clear whether they are talking about the PMF factor or the general concept of SOA
formed from I[EPOX. As another example it isn’t clear how exactly all the average fcsheo values
were calculated. There are a relatively large number of typos and grammatical mistakes and,
while it was generally clear what the authors meant, it would be good if the authors gave the
manuscript a more careful read before final publication. After these corrections are made, the
manuscript should be publishable in ACP.



A1.0: All of the items mentioned here are addressed in response to the more specific comments
below, in particular R1.1-R1.7, R1.9, R1.13, R2.1, R2.4 and R2.9.

Major Specific Comments

R1.1. P 11227, lines 1-2 and Page 11244 , lines 19-21. Can you be more specific about how you
arrive at your conclusion that the IEPOX SOA estimate from fcsneo Will be accurate to within a

factor of 2? Have you used your estimation method on more than the SOAS datasets to estimate
the accuracy? As you mention, the SOAS data probably represents a best case scenario.

Al.1: The justification on how we obtain the method accuracy to be ~2 may not have been stated
clearly enough. We have addressed this topic in detail in 1.2 part of the supporting information
of the revised manuscript:

“To estimate the accuracy of our IEPOX-SOA tracer-based estimation method, we used
this method to estimate IEPOX-SOA from another two ambient datasets with the lowest
and highest fiZ52575%4 in PMF-resolved IEPOX-SOA (IEPOX-SOApmr) among all the
studies in this paper. The lowest value is from a dataset in the pristine Amazon forest
(AMAZE-08) where f¢Z1087594= 12%. (Chen et al., 2015) and the highest value from a

dataset in a Borneo forest with f¢5%87594= 38%. (Robinson et al., 2011). Since the

fe2e 224 values in these two datasets are the two farthest from the average f¢-p%5 °%

(22+7%o), the estimation method results from these two datasets represent the worst case
scenarios for all datasets published so far.

The estimation results from both datasets are shown in Fig. S13 and Fig. S14. Both of
the background OA corrections for areas strongly influenced by urban+BB emissions and
by monoterpene emissions are used.

Overall, all variants of the estimated IEPOX-SOA correlate well with PMF-resolved
IEPOX-SOA (all R>=0.93). When average f’CESZ%_SOA=22%o is used, the slope between
estimated IEPOX-SOA vs PMF-resolved IEPOX-SOA is between 0.43-1.5, i.e. within a
factor of 2.2. When the actual f¢£,25~*%4in each dataset is used, the slope between

estimated IEPOX-SOA vs PMF-resolved IEPOX-SOA is in a range of 0.7-1.2, i.e. within
30%. ”
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Figure S13. Scatter plot between tracer-estimated IEPOX-SOA and PMF-resolved IEPOX-
SOA at a pristine Amazon forest site (AMAZE-08). The tracer-based IEPOX-SOA was
estimated using OA background from regions strongly influenced by (A) urban and
biomass-burning emissions and (B) monoterpene emissions. In each plot, we used two
fele 204, from the average IEPOX-SOArMF (fop0 ~ #=22%0) and from the IEPOX-

SOApwmFin Amazon forest study (f¢ip g °°*=12%).
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Figure S14 Scatter plot between estimated IEPOX-SOA and PMF-resolved IEPOX-SOA at
a Borneo forest site. The tracer-based IEPOX-SOA was estimated using OA background
from regions strongly influenced by (A) urban and biomass-burning emissions and (B)

monoterpene emissions. In each plot, we used two f¢Z% 75?4, from the average IEPOX-

SOAeMF (fps ~2%=22%) and from the IEPOX-SOApMr in Borneo forest study

IEPOX-S0A_7Qo,
CSH60 _38A)0)-

R1.2. Can you explain the bounds of when your fcsHeo estimation method can/can’t or
should/shouldn’t be used? Is there a lower limit on fcsHeo (relative to the total organic particle
mass) below which the estimation method is no longer accurate? In general it would be a benefit

to the AMS community if you can explain the limits and bounds of your estimation method more
clearly.

Al.2: Following the reviewer’s suggestion, we have addressed this point in the supporting
information.

In the main text, we have added a mention of this new information in the last part of section 3.9:

“Several scenarios based on different f?;“,,ﬁo values to use this tracer-based method are

addressed in the supporting information. The justification from users on using this method
is needed.”

In the supporting information part 1.1 we have added the following text:

“In theory, our method can easily produce an estimate of “IEPOX-SOA” from an AMS
dataset, but the errors could be substantial in some cases. The guidelines below are meant
to limit the errors when applying this method:

1) We first recommend making the scatter plot of f25, and f22, o and then compare
it to Fig. 5 in this study to help evaluate the possible presence of IEPOX-SOA.

2) For datasets where an important influence of MT-SOA is suspected: if all the
f 2;4,, (o0 in total OA are ~3.1%o or lower within measurement noise, the estimated
IEPOX-SOA will show negative and positive values scattered around zero,
indicating negligible IEPOX-SOA in the dataset. A similar conclusion can be
reached for urban or BB-dominated locations when fng ,0~1.7%o or lower for most
data points.

3) When the scatter plot between f¢5. and f24, o shows obvious enhanced fgZy o
above the most-relevant background value, users can easily use the tracer-based
method to estimate the IEPOX-SOA mass concentration. If the source of the
background OA is not known, we suggest using both background corrections and
reporting the range of results.



4) Cases intermediate between No. 2 and 3 above, i.e. when f24; , is only slightly

above the relevant background level will have the largest relative uncertainty. In
this case we recommend applying the method and evaluating the results carefully, as
exemplified for the Rocky Mountain dataset in this paper (section 3.5). E.g. diurnal
variations of f‘c’;“HGO and SOA precursors (e.g., isoprene and monoterpene) and of

estimated IEPOX-SOA provide useful indicators about whether the results are
meaningful. For cases in which the fraction of IEPOX-SOA in total OA is relatively
low (e.g., <5%) and the fraction of MT-SOA in total OA is high (e.g., >50%), the
uncertainty of the IEPOX-SOA estimate will be very high. For this type of situation
the full PMF method may be required.

Besides ease of use, another advantage of the tracer-based estimation method is that it
can be used to quantify IEPOX-SOA based on brief periods of elevated concentrations,
e.g. as often encountered in aircraft studies. In those cases it may be difficult for PMF
to resolve an IEPOX-SOA factor, but no such limitation applies to this estimation
method.”

R1.3. Abstract, lines 18-19 and several other places in paper (e.g., p 11243 lines 13-16). Several
times in the manuscript, the authors compare fcsheso of a bulk OA sample (for example,
monoterpene SOA) to the fcsHeo found for the PMF factor attributed to IEPOX SOA. They
authors do this to illustrate that fcsheo is enhanced in IEPOX SOA and presumably to imply that
the IEPOX fcsheo signal is enhanced relative to other potential interferences (i.e., monoterpene
SOA). However, it isn’t really relevant to compare the fcsneo 0f @ PMF factor that is ~15% of the
total OA to the fcsheo for the entire OA sample. To me this is misleading.

Al.3: We thank the reviewer for pointing out this ambiguity, which appears to have been the
largest source of confusion for the ACPD version. To avoid confusion we have changed this
notation in the revised paper to always make explicit what we are referring to, as described in the
added text below:

“We use a superscript to clarify the type of OA for which f¢_ g, is being discussed: fg;',,ao

refers to f¢_p,o in total OA, fEE10875%4 t0 fe 0 I IEPOX-SOA, frliy“5% tothe fep o

value in pure MT-SOA and and £/ 57 ~"% and foig 79 ~™" refer to background £24, o

from areas strongly influenced by urban+biomass-burning emissions and by monoterpene
emissions, respectively. If we refer to f¢_y, o in general, we will still use f¢ .y, 0.”

R1.4. From reading the manuscript, it seems the background fcsHeo is @ minimum of 2 per mil
and up to 4 per mil for areas of high MT emissions. The fcsnso for all OA seems to be 5-6 per
mil in many areas heavily influenced by isoprene emissions. So the fcsheo “signal” from IEPOX
SOA relative to the background fcsHeo “noise” isn’t very elevated in most areas. Borneo (and
perhaps the Amazon) seems to be an exception. Can the authors comment more on this issue?



Al.4: We have emphasized the differences of f_,_o between IEPOX-SOA and MT-SOA in the
abstract to be clearer:

“The average laboratory monoterpene SOA value (5.5+2.0%o) is 4 times lower than the
average for IEPOX-SOA (22+7%.), which leaves some room to separate both contributions
to OA.”

We have modified the main text and added a new Fig. S8 to more clearly illustrate this difference
in the supporting information:

“We note that the average lab-generated MT-SOA value is still 4 times lower than the
average for IEPOX-SOAprmr and IEPOX-SOAIab (Fig. S8), and thus there is some room to
separate both contributions”
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Figure S8 Comparison between f¢tl, 574 and f¢E105~5%4, f24 , from areas strongly
influenced by urban + biomass burning and isoprene emissions are also shown.

We also address the reason why smaller differences are observed in Cosé,so between areas

strongly influenced by isoprene emissions and by monoterpene emissions in the last part of
section 3.5:



“Note that the difference between f24,; , in areas strongly influenced by monoterpene
emissions (3.1+0.6%o) and isoprene emissions (6.5+2.2%.) is reduced, compared to a factor
of 4 difference between pure MT-SOA (5.5£2.0%0) and IEPOX-SOA (22+7%.). This is likely
due to the physical mixing of OA from different sources and in different proportions at
each location.

R1.5. Abstract lines 15-20 and through paper. Please explain how you are weighting the average
fcsHeo When combining data from many different studies, if at all. | can easily imagine that high
frequency data from one study would completely overwhelm the average because of the larger
number of points. As an example, aircraft data are recorded generally at 0.1 — 1 Hz, but ground
data are typically averaged over significantly longer timescales. How do you treat this?

Al1.5: We have added the following text to clarify this issue:

“When we report the average fg;‘,,60 in each campaign, as shown in the Table 1, we used
the average from the time series of f‘c’;‘H60 at their raw time resolution (secs to mins).
During this process, we exclude points whose OA mass concentrations are below twice the
detection limit of OA in AMS (typically 2x 0.26 ug m*=0.5 ug m<). When averaging 2y, o
values across datasets, we counted each dataset as one data point.”

R1.6. Related to this point, in the abstract, you list the average fcsneo for MT influenced
airmasses as 3.1 per mil. The Rocky Mountain data average is 3.7 per mil, the DC3 data
influenced by MT emissions average 4.1 per mil and the boreal forest data average 2.5 per mil.
From these values, it seems like the fcsneo for MT background should be a little higher than 3.1.
How do you calculate the 3.1 number given in the abstract?

Al1.6: The 3.1%o comes from the average value of 2.5%o in boreal forest and 3.7%o in Rocky
Mountain dataset. We did not include 4.1%. from DC3 dataset in this calculation, because 4.1%o
is only a single data point that we observed in an aircraft flight, and using that value could bias

the average high. When we average all the enhanced 605?160 values (from 1.7%o-4.1%o)

corresponding to the enhanced monoterpene concentrations for the DC3 flight in the Fig. 6, we
obtain a f‘c’;‘lH (o0 estimate of 3.0+0.3%o from this period, which is similar to the average of 3.1%o
averaged from the Rocky mountain site and boreal forest site. We have modified the text in
section 3.5 to clarify this point as:

“The average fg;“H (o in areas strongly influenced by monoterpene emissions is 3.1+0.6%.,

obtained by averaging the values from the Rocky mountain forest (3.7%o), European boreal
forest (2.5%o), and DC3 flight (3.0%o).”

R1.7 Through paper: There are a large number of unpublished studies cited in this manuscript.
11 cited referenced are unpublished; 6 are under review (i.e., discussion manuscripts) and 5 are
“in preparation”. Some of the “in preparation” datasets, primarily from PMF analysis of field
data, are used in the manuscript. To me this seems unusual because there has been no peer-



review of this data and insufficient details are provided in the manuscript to assess the data
quality. I was unable to find ACP’s policy on this, so I leave it to the editor to decide if this is an
issue or not. The “in preparation” data are used heavily in the figures and it is difficult to say
whether the authors would have come to the same conclusions or whether their conclusions
would have been as robust, if this data were to be excluded.

Al.7: We understand the reviewer’s concern about citing unpublished studies in our paper.
Unfortunately when working on new and very active areas of research, this can sometimes be the
case as the other relevant studies are mostly being conducted at the same time. Also importantly
our paper should be considered the reference that presents the data for the unpublished studies,
and the additional references are provided as a linkage to the literature for readers interested in
additional detail on those studies. In addition, excluding the results for which a cited reference is
unpublished does not change our conclusions.

In detail, in the ACPD version of our paper, 5 papers were under review but publicly accessible
(in ACPD or AMTD) and 5 papers were in preparation. As of the submission of the revised
version of our paper, the number of unpublished references has been reduced from 10 to 3. Five
papers have been accepted for publication while our paper was under review and revision (an
indication of the very active state of this area of research).

One paper is a citation to a referee comment on an ACPD paper that suggested the potential
interference of MT-SOA in Cosf,éo. We have kept this reference as it was the only mention of this

issue that we could find in the literature, and since we only use this reference to suggest a
problem that we proceed to explore in detail in our paper. This reference is:

“Anonymous_referee: Interactive comment on “Airborne observations of IEPOX-derived
isoprene SOA in the Amazon during SAMBBA” by J. D. Allan et al., Atmos. Chem. Phys.
Discuss., 14, C5277-C5279, 2014.”

We also cited the overview paper for the SEAC4RS study, which is still in preparation.

“Toon, O. B.: Planning, implementation and scientific goals of the Studies of Emissions and
Atmospheric Composition, Clouds and Climate Coupling by Regional Surveys (SEAC4RS) field
mission, in prep., 2015”.

However, since the SEAC4RS and DC3 datasets used here have been described in another paper,
we change this citation to be:

“Liao, J., Froyd, K. D., Murphy, D. M., Keutsch, F. N., Yu, G., Wennberg, P. O., St. Clair, J. M.,
Crounse, J. D., Wisthaler, A., Mikoviny, T., Jimenez, J. L., Campuzano Jost, P., Day, D. A., Hu,
W., Ryerson, T. B., Pollack, I. B., Peischl, J., Anderson, B. E., Ziemba, L. D., Blake, D. R.,

Meinardi, S., and Diskin, G.: Airborne measurements of organosulfates over the continental US,
Journal of Geophysical Research: Atmospheres, 120, 2990-3005, 10.1002/2014;d022378, 2015.”



As of the submission of this revised paper, only 1 paper is submitted and 2 papers are in
preparation (listed below).

Submitted

Hu, W., Hu, M., Hu, W., Jimenez, J.-L., Yuan, B., Chen, W., Wang, M., Wu, Y., Wang, Z.,
Chen, C., Peng, J., Shao, M., and Zeng, L.: Chemical composition, sources and aging process of
sub-micron aerosols in Beijing: contrast between summer and winter, submitted to JGR, 2015.

In preparation:

Carbone, S., De Brito, J. F., Andreae, M., Pohlker, C., Chi, X., Saturno, J., Barbosa, H.,
andArtaxo, P.: Preliminary characterization of submicron secondary aerosol in the amazon
forest— ATTO station, in preparation, 2015.

de S4, S. S., Palm, B. B., Campuzano-Jost, P., Day, D. A., Hu, W., Newburn, M. K., Brito,
J.,Liu, Y., Isaacman-VanWertz, G., Yee, L. D., Goldstein, A. H., Artaxo, P., Souza, R., Manzi,
A.Jimenez, J. L., Alexander, M. L., and Martin, S. T.: Mass spectral observations of fine aerosol
particles and production of SOM at an anthropogenically influenced site during
GoAmazon2014wet season, in preparation, 2015.

R1.8. Page 11233, line6-8. fcsHeo has a very specific meaning as does fgo. They are not the same.
| find it highly objectionable that UMR fs> data are included in the fcsheo average and labeled as
fcsHeo. Further, it isn’t clear which datasets were analyzed for fcsheo and which for fso. Please
either remove the fg2 from the fcsheo average or call the average fsz.

A1.8: We disagree with the reviewer on this point. We have updated the text to clarify this issue:

“The average f¢5;% %4 value shown here also includes fs, data from four UMR IEPOX-

SOA®rwmF spectra. This is justified since CsHsO* accounts for over 95% of m/z 82 in IEPOX-
SOA based on results from SOAS-CTR and other lab studies (Kuwata et al., 2015). Indeed
the average does not change if the UMR studies are removed from the average.”

R1.9 Figure 3: This figure is generally illegible, with the legends particularly so. Please revise.
What are the arrows pointing to on the right Y axes?

Al.9: Following the reviewer’s suggestion, we have revised our Fig. 3 for clarity as shown
below. The arrows have been removed for clarity.



---- Average background f¢ 4 5=1.7 %o
L . Areas strongly influenced

=

‘»

% by urban emissions:

2 1500 (a) Beijing, China

= 10001 L|—— Los Angeles area, US

8 Changdao island,

2 500+ - Downwind of China

= —— Barcelona area, Spain

o 06 T B ?3 ' z; —— Los Angeles area OH-aged, US

! — } 1 ! Continental plumes:
' (b) —— SEACA4RS aircraft: NW US

—— DC3 aircraft: Western US

Biomass burning:

- BB lab emission
—— BB lab emission OH-aged
SEACA4RS aircraft: BB plumes
—— DC3 aircraft: BB plumes
—— Ambient BB PMF factors

[ |Other primary OA:

—— Vehicle exhaust
Cooking

| —— Coal combustion

r|—— Pure chemical standards

Probablity density Probablity density

Small dots are ambient fo, vs

feHs0 from different campaigns;
Same color legend as Figure 3a-b

—O— Decile average of all
individual ambient datapoints
fitted line to decile average

fo.0 = -(0.0006£0.0005)*f 0,

+(0.0017£7x10°)

Primary OA:

Vehicle exhaust
Biomass burning
Cooking

Coal combustion

Pure chemical standards

Cedcee

R1.10. Figure 4. It looks like, if a PDF of fcsnso for monoterpene SOA were placed on this
figure, it would be very similar to the PDFs of the isoprene influenced field data. Can you also
include the PDF for monoterpene SOA in the figure? Doesn’t this argue that there is in fact a



very significant contribution of monoterpene SOA to fcsheo? It l00ks like the Borneo data PDF is
significantly higher in fcsnso than the others field data PDFs and the monoterpene lab SOA PDF.

This figure seems to suggest that the “interference” from monoterpene SOA could be worse than
the authors argue. If the Borneo data are excluded from the average fcsweo, does it change
significantly?

A1.10: We have updated the two figures below (Fig. 4 and Fig. S8, shown above in response
A1.4) by adding the PDF of (/-394 (dashed blue line) from pure MT-SOA (10 data points). A
detailed response to this comment can be found in the response to R 1.4.
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Figure 4. (a) Probability density and (b) cumulative probability distributions of fc‘f;‘,‘yﬁo in
studies strongly influenced by isoprene and/or monoterpene emissions. The ranges of
f congo from other non IEPOX-derived isoprene-SOA and MT-SOA are also shown. The

background grey lines are from studies strongly influenced by urban and biomass-burning

emissions and are the same data from Fig. 3a —b. The arrow in Fig. 4a indicates the range
of f’CESZ%_S 04 between 12%o (start of the arrow) to 40%o which is beyond the range of x-axis
scale.

R1.11. Figure 4: It is very difficult to distinguish the colors of many of the lines from one
another because of the color choices and size of the figure. Please revise.

Al1.11: The revised figure is shown in response to comment R1.10.
R1.12. It isn’t clear what the arrow pointing to the right Y axis is meant to indicate.

A1.12: We use this arrow to point out the highest £57% 4, which is beyond the range of the
x-axis in Figure 4. We moved the arrow to the same height as MT-SOA and isoprene-derived

11



non IEPOX-SOA and added the corresponding explanation in the figure caption (as shown in the
response to comment R1.10):

R1.13. Figure 5: The figure is generally illegible due to size and the amount of information on
the figure. The symbols are indistinguishable from one another and the legend is impossible to
read. I can’t make out any of the numbered points aside from 1, 2, and 13. Please revise.

It isn’t clear what the pink arrow in the middle of the figure is meant to indicate.

Al1.13: Following the reviewer’s suggestion, we significantly revised the figure as shown below:

12
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Minor Comments and Technical Corrections

R1.14. Through paper: The authors often use the term average when the text seems to indicate
they really mean mode (based on a vertical line drawn to the mode in most figures). Please
clarify when/if you mean average and when/if you mean mode. This is relevant because few of
the PDFs appear to be normally distributed.

Al.14: We have revised the text as needed to clarify what kind of value (average vs. mode) has
used in the paper. Please see the details of the averaging methods used in the response to
comment R1.5.
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R1.15. Abstract and through paper. It would be helpful to define the per mil symbol the first time
in is introduced.

A1.15: Following the reviewer’s suggestion, we have defined the per mil in the abstract and
main text when it show up in the first time.

In the abstract: “A background of ~1.7+0.1%e (%o=parts per thousand) is observed”

In the main text: “f¢= 5754 in IEPOX-SOA from SOAS and other field and laboratory
studies (Table 1) ranges from 12%o to 40%o (%c=parts per thousand)...”

R1.16. Page 11226, line 4-5. What other low NO oxidation pathways would produce IEPOX-
SOA? This is alluded to several times, but never defined. Do you mean IEPOX-SOA the PMF
factor or do you mean SOA produced from IEPOX? It is confusing at times to discern whether
the authors are talking about SOA formed from IEPOX (a mix of some known and some
unknown organics produced by a specific process) or the PMF factor attributed to IEPOX SOA
(an output of PMF). This is one clear case.

A1.16: We are referring to the recent finding in Jacobs et al. (2014): IEPOX can be formed in the
oxidation of isoprene under high NO, via oxidation the 4-hydroxy-3-nitroxy isoprene (13%).
Thus, we revised our sentence in the abstract to be:

“Total IEPOX-SOA, which may include SOA formed from other parallel isoprene
oxidation pathways...”

We also added corresponding text in the introduction part to clarify:

“Note that some IEPOX can also be formed from isoprene in high NO region via oxidation
of the product 4-hydroxy-3-nitroxy isoprene (Jacobs et al., 2014) , however this pathway is
thought to be much smaller than the low-NO pathway.”

We agree with the reviewer’s comment that the specific meaning of the term “IEPOX-SOA” in
the paper text can be confusing. Thus, we have added the text below to clarify:

“We denote the IEPOX-SOA factor from PMF as “IEPOX-SOArmr” and IEPOX-SOA
from lab studies as “IEPOX-SOAab”. If we use “IEPOX-SOA” in the paper, it refers to a
broad concept of IEPOX-SOA.”

R1.17. Page 11226, line 9-11. Consider revising this sentence for clarity.
AL1.17: We revised this sentence as:

“During the Southern Oxidant and Aerosol Study (SOAS) study, 78% of PMF-resolved
IEPOX-SOA is accounted by the measured IEPOX-SOA molecular tracers (methyltetrols,
C5-Triols and IEPOX-derived organosulfate), making it the highest level of molecular
identification of an ambient SOA component to our knowledge”
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R1.18. Page 11228, lines 22-25. Conversion of IEPOX to IEPOX-SOA requires gas-to-particle
partitioning. | think you mean non-reactive partitioning here, but please clarify.

A1.18: Yes, the reviewer is correct. We mean non-reactive partitioning here. We revised the
sentence to read:

“.... because gas-phase IEPOX has high volatility, non-reactive gas-to-particle partitioning
of IEPOX into OA is negligible under typical ambient concentrations in forest areas”

R1.19. Page 11230, lines 8-9. What is the rationale for including the polluted Amazon site in the

“strongly influenced by isoprene” category as opposed to “strongly influenced by urban
emissions” category? To me “polluted” in this context means influenced by Manaus emission. It
would be good to clarify why the data were place in one category rather than the other.

A1.19: We added the reason why we classify this site as strongly influenced by isoprene
emissions:

“Two pristine forest site and one forest site partially impacted by urban plumes in the
Amazon rain forest (Brazil). The latter site is classified in this category because (i) high
isoprene concentrations (e.g. 3 ppb in average peaks in the afternoon) were observed
during the study; (ii) the impact of biogenic SOA formed during 1000 km where the air
travels over the pristine forest upwind of Manaus; (iii) PMF results indicate an important
impact of IEPOX-SOA at this site (de Sa et al., 2015); and (iv) PTRMS results indicate a
substantial concentration of the isoprene hydroperoxyde formed by low-NO chemistry.”

R1.20. Page 11230, lines 14-15. Many of campaigns actually haven’t been described in the
literature and the referenced are listed as “in preparation” (see related comment in major
comments section).

A1.20: Please see the response to comment R1.7.
R1.21. Page 11232, lines 26-28. Revise this sentence for clarity.
Al.21: Revised.

Original sentence: “The temporal variation of ion CsHsO" correlates best (R=0.96) with that
IEPOX-SOA among all OA ions (Table S1), suggesting that it may be the best tracer among all
ions for IEPOX-SOA™.

Revised sentence: “The temporal variation of ion CsHsO* correlates best (R=0.96) with
IEPOX-SOArmF among all measured OA ions (Table S1). This result suggests that CsHsO*
ion may be the best ion tracer for IEPOX-SOA among all OA ions. ”

R1.22. Page 11235, line 14. Add “that” between conditions and are.
Al.22: Added.

R1.23. Page 11240, line 4. Revise “Amazon forest down Manaus campaigns”.
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A1.23: We modified this text to read: “Amazon forest downwind of Manaus”
R1.24. Page 11240, line 12. Revise “have low fC5SH60 are”
Al.24: We revised the original sentence to be:

“...points with both lower f25, (<0.08) and low f2% o (< 8%.) values are thought...”

R1.25. Figure5, page 112340, lines 14-19. I’m struggling to see how the points group into a
triangle. The points don’t seem to group into any shape at all. Please clarify.

A1.25: This trend was perhaps obscured by the complexity of the figure. We have added Figure
S10, shown below, to more clearly illustrate the applicability of the “triangle area.”
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Figure S10. Scatter plot between f25, and fgZy o for all the ambient OA dataset. Green
arrows are added to guide the eye.

R1.26 Page 11240, line 16-18. Revise for clarity.

Al.26: Revised.

Original sentence: “This “triangle shape” indicates that in most of campaigns of this study
shows the local OA with IEPOX-SOA contributions is influenced by the ambient oxidation
processes or mixing with more aged aerosols.”

Revised sentence: “This “triangle shape” indicates that as the ambient OA oxidation
increases, the IEPOX-SOA signature is reduced, potentially by the ambient oxidation
processes or by physical mixing with airmasses containing more aged aerosols.”
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R1.27 Page 11243, line 13, Revise “An alternative estimate as fcsHeo from area”
A 1.27: We revised the sentence to be:

“An alternative estimate for background f?;“Hw in areas with strong monoterpene
emissions”
R1.28 Section 3.10 and Figure 8. In the preceding section (3.9), you present two alternative

expressions for estimating fcsheo background for MT influenced areas. Which expression was
used in Figure 8?

Al1.28: In the Fig. 8, we applied the f¢_p_ o at the Rocky Mountain site estimated by fc_py 0 =
(0.41 — f¢o,) x 0.013 as background f24, , for areas with strong MT-SOA contributions. We
added one sentence in the main text to clarify:

“Finally, we have decided to use fng(,o estimated from the Rocky Mountain site as

0A-Bkg-MT
f

1 1 1 2
CsHe0 in the following calculation.
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Anonymous Referee #2
General comments

This manuscript presents a relatively comprehensive study using a variety of field and lab results
to investigate the strength and limitation of using AMS data to represent ambient SOA formed
from IEPOX. This study shows a positive relationship between AMS IEPOX-SOA and
GEOSChem modeled gas phase IEPOX at many locations globally w and w/o isoprene emission.
This study also estimates the interference in CsHgsO signal from monoterpene and other sources
(e.g urban, biomass burning). The authors found that IEPOX-SOA mass loading derived from
AMS data is comparable to the measured molecular tracers concentrations in SOAS. The authors
also provide a new method to estimate IEPOX-SOA w/o PMF, which may be useful when PMF
is not available. This study brings the aerosol community a better understanding of IEPOX SOA
derived from AMS measurements, which have been used in many studies of SOA formed from
IEPOX. In general, the authors interpret their data carefully. However, there are a few places not
clear in the manuscript. | think this manuscript is suitable for publishing in ACP after the authors
address my comments below.

Specific comments

R 2.1. The manuscript uses both PMF IEPOX-SOA factor and fcsHso+ to evaluate if AMS data
can well represent SOA from IEPOX. | think the PMF IEPOX-SOA factor is the one that most
people in the AMS community use to represent IEPOX SOA mass loadings. The authors
checked the background values of fcsnso+ in many non-isoprene dominant environments. Could
the authors be clear about how those interferences would be reflected in the IEPOX-SOA factor
(ug/m3) ?

A 2.1: The PMF-resolved IEPOX-SOA factor is indeed the one reported as IEPOX-SOA in most
of ambient measurements (Slowik et al., 2010;Robinson et al., 2011;Budisulistiorini et al.,
2013;Xu et al., 2014;Budisulistiorini et al., 2015;Chen et al., 2015). One study from Allan et al.
(2014) used fg> as a tracer for IEPOX-SOA in flight measurements over the Amazon forest. The
tracer method was not available until the publication of our paper, and thus it has not been used
in past literature.

We believe that the reviewer is asking us to quantify the uncertainty of the IEPOX-SOA mass
concentrations reported from PMF. This uncertainty will depend on each specific case. As a
representative example, we estimate this uncertainty for the SOAS dataset using the bootstrap
method, which provides a quantitative assessment of the uncertainty of the factors (Ulbrich et al.,
2009). 100 bootstrapping runs are carried out. The results are shown in the figure below, which
was also added to the supporting information (Fig. S1).

The uncertainty (standard deviation) for CsHeO" in IEPOX-SOA is around 3%. The average
uncertainty of the IEPOX-SOA mass concentration time series is ~9%.
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A summary of this result was added into the paper: “An uncertainty of IEPOX-SOApmrF mass
concentration of ~9% was estimated from 100 bootstrapping runs in PMF analysis
(Ulbrich et al., 2009) (Fig. S1). This uncertainty concerns only the PMF separation method.
In practice the uncertainty in IEPOX-SOArmMr concentration is dominated by the larger
uncertainty on the AMS concentrations arising from the collection efficiency and relative
ionization efficiency (Middlebrook et al., 2012).”
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Figure S1. Results from bootstrapping analysis of the 4-factor solution of the SOAS
dataset. Average IEPOX-SOA, with standard deviation, are shown for IEPOX-SOA (a)
mass spectrum and (b) time series.

R 2.2. Also, it is often not clear when the fcsneo+ values in the manuscript are C5SH60+/OA from
IEPOX-SOA factor mass spectra only, from all data or from non-IEPOX-SOA factor data. |
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think it is important to keep them consistent. I suggest using “fcsHeo+ai” or other symbol to
represent from all data and using “fcsHeo+.1EPOX-50A” OF other different symbol to represent from
IEPOX-SOA factor data only. | was misled at the beginning when | read the manuscript. For
example, in the abstract, f{C5H60 in IEPOX-SOA of (12—40 %o) looks much higher than that
influenced by monoterpene (3.1 %o). These values are actually apples and oranges.

A2.2: Please see the response to comment R1.3

R2.3. Page 11226 line 24-25: Please state clearly if “the low fC5H60 (< 3 %o) observed in non
IEPOX-derived isoprene-SOA” is the result in the lab or in the ambient. Also I think the abstract
should be clearer if this result is from part of this study or derived from previous published
results.

A2.3: We revised our sentence to clarify this point as:

Original: “The low fC5H60 (< 3 %o) observed in non IEPOX-derived isoprene-SOA indicates
that this tracer ion is specifically enhanced from IEPOX-SOA, and is not a tracer for all
SOA from isoprene”

Revised: “The low f¢ g0 (<3%0) reported in non IEPOX-derived isoprene-SOA from

chamber studies indicates that this tracer ion is specifically enhanced from IEPOX-
SOA, and is not a tracer for all SOA from isoprene”

R2.4. Figure 2(b) What about the correlation between IEPOX-SOA and C5-alkene triols and
IEPOX-derived organosulfates and dimers?

A2.4: We have added the relevant information to the main text (section 3.1) and also Fig. S2 to
the supporting information:

“Other IEPOX-SOA tracers, such as C5-alkene triols, IEPOX-organosulfates, and dimers
containing them, can also be measured by offline GC-EI/MS and LC/MS (Lin et al.,
2014;Budisulistiorini et al., 2015), and they account for 28% and 24% in total IEPOX-SOA
in SOAS (R=0.7), respectively (Fig. S2).”
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Figure S2. Scatter plots between IEPOX-derived organosulfate and C5-triols vs IEPOX-
SOAPrMF in the SOAS study. The IEPOX-derived organosulfate and C5-triols were
measured in GC/MS and LC/MS analysis of filter extracts (Lin et al., 2014;Budisulistiorini
et al., 2015).

R2.5. Page 11232:

“No IEPOX-SOA factor found in areas strongly influenced by urban emissions (e.g. Hayes et al.,
2013)” does not give us information whether IEPOX pathway is suppressed by high NO unless
you measured high isoprene levels there.

A2.5: We have modified this text to clarify this issue:

“No IEPOX-SOAPrwmF factor (i.e. below the PMF detection limit of ~5% of OA, Ulbrich et
al., 2009) was found in areas strongly influenced by urban emissions where high NO
concentrations suppress the IEPOX pathway, even in the presence of substantial isoprene
concentrations (e.g. Hayes et al., 2013).”

R2.6. Page 11244: “Given the spread of values of fC5H60 iepox-soa (12—40 %o) in different
studies, if no additional local IEPOX-SOA spectrum is available for a given site, the estimation
from this method should be within a factor of 2 of the actual concentration.”

Considering that the interference from monoterpene oxidation is important (e.g. fC5H60 in
rocky mountain comparable to SE aircraft data: Figure 4) and that estimation from monoterpene
interference is derived from only one site (rocky mountain), | think more data are needed to
testify the method and the above conclusion is a little bit too strong.

A2.6: Please see response to comment R1.1.

R2.7 Page 11245
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Paragraph 2 “Low tracer values (fC5H60 < 3 %o) are observed in non IEPOX-derived isoprene-
SOA, indicating that the tracer ion is specifically enhanced from IEPOX-SOA, and is not a tracer
for all SOA from isoprene.” Please also state if this is lab or ambient result because the
paragraph starts with “ In ambient OA ...” and this sentence is somehow misleading when I read.

A2.7: This is effectively the same comment as R2.3, but here referring to the text in the
conclusions, rather than the main text. Consistent with our response to R2.3, we have revised the
next in the conclusions to read:

“Low tracer values (f ¢, u,0<3%o) are observed in non IEPOX-derived isoprene-SOA from

laboratory studies, indicating that the tracer ion is specifically enhanced from IEPOX-
SOA, and is not a tracer for all SOA from isoprene”

R2.8 Figure 2 and Figure 7:

Could the authors give more information about how to get IEPOX-SOA in ug/m®? The mass
spectrum of IEPOX-SOA factor in Figure 2 (b) shows many other peaks besides 82 m/z. Is
IEPOX-SOA in ug/m?a function of fcsreo in IEPOX-SOA factor and the “weighing” of IEPOX-

SOA factor compared to other OA factors? I think this is important to help non AMS people better
understand AMS IEPOX-SOA data. The results in Figure 7 and the statement in abstract “During
the SOAS study, 78% of IEPOX-SOA is accounted for the measured molecular tracers” rely
heavily on this.

A2.8: We addressed this in section 3.1 with the text below, as well as with the description of the
tracer-based estimation method in Section 3.9. The uncertainty of IEPOX-SOApmr is addressed
in response to comment R2.1.

“The IEPOX-SOApPMF mass concentration is the sum of mass concentrations of all the ions
in the IEPOX-SOAPMF Mass spectra. The “mass concentration” of an ion is used to represent
the mass of the species whose detection resulted in the observed ion current of that ion, based
on the properties of electron ionization (Jimenez et al., 2003)”,

R2.9 In addition, could the authors provide the uncertainties (or error bars) of the data shown in
Figure 7? The statement of “During the SOAS study, 78% of IEPOX-SOA is accounted for the
measured molecular tracers, making it the highest level of molecular identification of an ambient
SOA component to our knowledge.” in the abstract also points to the importance to know the
uncertainty.

A2.9: The explanation was added in the main text:

“The uncertainty (standard deviation) of the fraction of IEPOX-SOA molecular tracers in
IEPOX-SOAPrMF In SOAS study (42%) is estimated by combining the overall uncertainty
from IEPOX-SOA molecular tracer measurement (24%0), linear regression between tracer
vs IEPOX-SOAPrMF (17%, see Fig. 2b and Fig. S2), IEPOX-SOArmF in PMF separation
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method (9%0) and the quantification of IEPOX-SOAprmr based on AMS calibration (30%6)

(Middlebrook et al., 2012).”

The uncertainty bar was added to Fig. 7 as well.

Fraction of IEPOX-SOA molecular
tracers in total IEPOX-SOA from AMS

Figure 7. Scatter plot between total IEPOX-SOA molecular tracers (=Methyltetrol + C5-
alkene triols +IEPOX-derived organosulfates and dimers) in IEPOX-SOAprmr and

SE US forest
(Look Rock site)
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fLEPOX=504 Besides SOAS, the other two datasets in the graph are from Budisulistiorini et

al. (2015) and de Sé et al.(2015). The relative uncertainty value estimated for the SOAS

study is applied to the other two datasets.

Technical correction:
R2.10 Page 11226 Line 9: please define “SOAS”

A2.10: Corrected.

We revised the sentence to be: “During the Southern Oxidant and Aerosol Study (SOAS)

study...”

R2.11 Figure 3: red curves in (a) are hard to distinguish. So are the green ones in (b). Please state
clearly what the small dots are in (d).

A2.11: Following the reviewer’s suggestion, we revised our Figure 3. Please see the response to

the comment R1.9.
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R2.12 Figure 3 and 5: the legends are way too small and won’t show up readable in print
version.

A2.12: Please see the response to comments R1.9 and R1.13.
R2.13 Check the references to make sure they are recently updated.

A2.13: Thank for reviewer’s reminder. We have checked through all the references and made
sure they are all updated, and will check again on the ACP proofs after the paper is hopefully
accepted. See also our response to comment R1.7.

24



References:

Allan, J. D., Morgan, W. T., Darbyshire, E., Flynn, M. J., Williams, P. I., Oram, D. E., Artaxo,
P., Brito, J., Lee, J. D., and Coe, H.: Airborne observations of IEPOX-derived isoprene
SOA in the Amazon during SAMBBA, Atmos. Chem. Phys., 14, 11393-11407,
10.5194/acp-14-11393-2014, 2014.

Budisulistiorini, S. H., Canagaratna, M. R., Croteau, P. L., Marth, W. J., Baumann, K., Edgerton,
E. S., Shaw, S. L., Knipping, E. M., Worsnop, D. R., Jayne, J. T., Gold, A., and Surratt, J.
D.: Real-Time Continuous Characterization of Secondary Organic Aerosol Derived from
Isoprene Epoxydiols in Downtown Atlanta, Georgia, Using the Aerodyne Aerosol
Chemical Speciation Monitor, Environ Sci Technol, 47, 5686-5694, 10.1021/es400023n,
2013.

Budisulistiorini, S. H., Li, X., Bairai, S. T., Renfro, J., Liu, Y., Liu, Y. J., McKinney, K. A,
Martin, S. T., McNeill, V. F., Pye, H. O. T., Nenes, A., Neff, M. E., Stone, E. A.,
Mueller, S., Knote, C., Shaw, S. L., Zhang, Z., Gold, A., and Surratt, J. D.: Examining
the effects of anthropogenic emissions on isoprene-derived secondary organic aerosol
formation during the 2013 Southern Oxidant and Aerosol Study (SOAS) at the Look
Rock, Tennessee, ground site, Atmos. Chem. Phys. Discuss., 15, 7365-7417,
10.5194/acpd-15-7365-2015, 2015.

Chen, Q., Farmer, D. K., Rizzo, L. V., Pauliquevis, T., Kuwata, M., Karl, T. G., Guenther, A.,
Allan, J. D., Coe, H., Andreae, M. O., Pdschl, U., Jimenez, J. L., Artaxo, P., and Martin,
S. T.: Submicron particle mass concentrations and sources in the Amazonian wet season
(AMAZE-08), Atmos. Chem. Phys., 15, 3687-3701, 10.5194/acp-15-3687-2015, 2015.

de S4, S. S., Palm, B. B., Campuzano-Jost, P., Day, D. A., Hu, W., Newburn, M. K., Brito, J.,
Liu, Y., Issacman-VanWertz, G., Yee, L. D., Goldstein, A. H., Artaxo, P., Souza, R.,
Manzi, A., Jimenez, J. L., Alexander, M. L., and Martin, S. T.: Mass spectral
observations of fine aerosol particles and production of SOM at an anthropogenically
influenced site during GoAmazon2014 wet season, In prep., 2015.

Jacobs, M. I, Burke, W. J., and Elrod, M. J.: Kinetics of the reactions of isoprene-derived
hydroxynitrates: gas phase epoxide formation and solution phase hydrolysis, Atmos.
Chem. Phys., 14, 8933-8946, 10.5194/acp-14-8933-2014, 2014.

Jimenez, J. L., Jayne, J. T., Shi, Q., Kolb, C. E., Worsnop, D. R., Yourshaw, I., Seinfeld, J. H.,
Flagan, R. C., Zhang, X. F., Smith, K. A., Morris, J. W., and Davidovits, P.: Ambient
aerosol sampling using the Aerodyne Aerosol Mass Spectrometer, J Geophys Res-Atmos,
108, 8425, Doi 10.1029/2001jd001213, 2003.

Kuwata, M., Liu, Y., McKinney, K., and Martin, S. T.: Physical state and acidity of inorganic
sulfate can regulate the production of secondary organic material from isoprene
photooxidation products, Phys Chem Chem Phys, 17, 5670-5678, 10.1039/c4cp04942j,
2015.

Lin, Y.-H., Budisulistiorini, S. H., Chu, K., Siejack, R. A., Zhang, H., Riva, M., Zhang, Z., Gold,
A., Kautzman, K. E., and Surratt, J. D.: Light-Absorbing Oligomer Formation in

25



Secondary Organic Aerosol from Reactive Uptake of Isoprene Epoxydiols, Environ Sci
Technol, 48, 12012-12021, 10.1021/es503142b, 2014.

Middlebrook, A. M., Bahreini, R., Jimenez, J. L., and Canagaratna, M. R.: Evaluation of
Composition-Dependent Collection Efficiencies for the Aerodyne Aerosol Mass
Spectrometer using Field Data, Aerosol Sci Tech, 46, 258-271,
10.1080/02786826.2011.620041, 2012.

Robinson, N. H., Hamilton, J. F., Allan, J. D., Langford, B., Oram, D. E., Chen, Q., Docherty,
K., Farmer, D. K., Jimenez, J. L., Ward, M. W., Hewitt, C. N., Barley, M. H., Jenkin, M.
E., Rickard, A. R., Martin, S. T., McFiggans, G., and Coe, H.: Evidence for a significant
proportion of Secondary Organic Aerosol from isoprene above a maritime tropical forest,
Atmos. Chem. Phys., 11, 1039-1050, 10.5194/acp-11-1039-2011, 2011.

Slowik, J. G., Stroud, C., Bottenheim, J. W., Brickell, P. C., Chang, R. Y. W., Liggio, J., Makar,
P. A., Martin, R. V., Moran, M. D., Shantz, N. C., Sjostedt, S. J., van Donkelaar, A.,
Vlasenko, A., Wiebe, H. A., Xia, A. G., Zhang, J., Leaitch, W. R., and Abbatt, J. P. D.:
Characterization of a large biogenic secondary organic aerosol event from eastern
Canadian forests, Atmos. Chem. Phys., 10, 2825-2845, 10.5194/acp-10-2825-2010, 2010.

Ulbrich, I. M., Canagaratna, M. R., Zhang, Q., Worsnop, D. R., and Jimenez, J. L.: Interpretation
of organic components from Positive Matrix Factorization of aerosol mass spectrometric
data, Atmos Chem Phys, 9, 2891-2918, 2009.

Xu, L., Guo, H., Boyd, C. M., Klein, M., Bougiatioti, A., Cerully, K. M., Hite, J. R., Isaacman-
VanWertz, G., Kreisberg, N. M., Knote, C., Olson, K., Koss, A., Goldstein, A. H.,
Hering, S. V., de Gouw, J., Baumann, K., Lee, S.-H., Nenes, A., Weber, R. J., and Ng, N.
L.: Effects of anthropogenic emissions on aerosol formation from isoprene and
monoterpenes in the southeastern United States, Proceedings of the National Academy of
Sciences, 112, 37-42, 10.1073/pnas.1417609112, 2014.

26



Characterization of a Real-Time Tracer for Isoprene Epoxydiols-Derived Secondary

Organic Aerosol (IEPOX-SOA) from Aerosol Mass Spectrometer Measurements

Weiwei Hu2, Pedro Campuzano-Jost'?, Brett B. Palm®2, Douglas A. Day*?, Amber M.
Ortegal?, Patrick L. Hayes'?", Jordan E. Krechmer!?, Qi Chen*® Mikinori Kuwata*®, Yingjun
Liu%, Suzane S. de S&*, Karena McKinney*, Scot T. Martin*, Min Hu®, Sri Hapsari
Budisulistiorini’, Matthieu Riva 7, Jason D. Surratt’, Jason M. St. Clair®”"=, Gabriel Isaacman-
Van Wertz®, Lindsay D. Yee®, Allen H. Goldstein®!°, Samara Carbone!?, Joel F. de Brito**

Paulo Artaxo!, Joost de A. Gouw!?*? Abigail Koss?'2, Armin Wisthaler*!4, Tomas
Mikoviny®3, Thomas Karl®*®, Lisa Kaser'®4, Werner Jud'4, Armin Hansel'4, Kenneth S.
Docherty!’, M. Lizabeth Alexander*®, Niall H. Robinson'®~~=, Hugh. Coe'®, James D. Allan!®%,
Manjula R. Canagaratna?, Fabien Paulot?*?®, and Jose L. Jimenez'?,

1 Cooperative Institute for Research in Environmental Sciences, University of Colorado,
Boulder, CO, USA

2 Department of Chemistry and Biochemistry, University of Colorado, Boulder, CO, USA

3 Department of Atmospheric and Oceanic Sciences, University of Colorado, Boulder, CO, USA
4 School of Engineering and Applied Sciences and Department of Earth and Planetary Sciences,
Harvard University, Cambridge, MA, USA

5 State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of
Environmental Sciences and Engineering, Peking University, Beijing, China

6 Earth Observatory of Singapore, Nanyang Technological University, Singapore7 Department
of Environmental Sciences and Engineering, Gillings School of Global Public Health, The
University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

8 Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena,
CA, USA

9 Department of Environmental Science, Policy, and Management, University of California,
Berkeley, CA, USA

10 Department of Civil and Environmental Engineering, University of California, Berkeley, CA,
USA

11 Department of Applied Physics, University of Sao Paulo, Sao Paulo, Brazil

12 NOAA Earth System Research Laboratory, Boulder, CO, USA

13 Department of Chemistry, University of Oslo, Oslo, Norway

14 Institute for lon Physics and Applied Physics, University of Innsbruck, Innsbruck, Austria
15 Institute of Atmospheric and Cryospheric Sciences, University of Innsbruck, Innsbruck, Austria
16 Atmospheric Chemistry Division (ACD), National Center for Atmospheric Research,
Boulder, CO, USA

17 Alion Science and Technology, Research Triangle Park, NC, USA

18 Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory,
Richland, WA, USA

19 School of Earth, Atmospheric and Environmental Sciences, University of Manchester, UK
20 National Centre for Atmospheric Science, University of Manchester, UK

21 Aerodyne Research, Inc., Billerica, MA, USA

22 NOAA Geophysical Fluid Dynamics Laboratory, Princeton, NJ, USA

23 Program in Atmospheric and Oceanic Sciences , Princeton University, Princeton, NJ, USA.




44
45
46
47
48
49
50

*Now at: Department of Chemistry, Université de Montréal, Montréal, QC, Canada

** Now at: Atmospheric Chemistry and Dynamics Laboratory, NASA Goddard Space Flight
Center, Greenbelt, MD, USA

*** Now at: Joint Center for Earth Systems Technology, University of Maryland Baltimore
County, Baltimore, MD, USA.

**** Now at: Met Office, Exeter, UK



51

52
53
54
55
56
57
58
59
60
61
62
63
64

66
| 67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

Abstract

Substantial amounts of secondary organic aerosol (SOA) can be formed from isoprene
epoxydiols (IEPOX), which are oxidation products of isoprene mainly under low-NO conditions.
Total IEPOX-SOA, which may include SOA formed from other parallel isoprene tew-NO
oxidation pathways, was quantified by applying Positive Matrix Factorization (PMF) to aerosol
mass spectrometer (AMS) measurements. The IEPOX-SOA fractions of OA in multiple field
studies across several continents are summarized here and show consistent patterns with the
concentration of gas-phase IEPOX simulated by the GEOS-Chem chemical transport model.
During the Southern Oxidant and Aerosol Study (SOAS) study, 78% of PMFE-resolved IEPOX-
SOA is accounted by the measured IEPOX-SOA molecular tracers (methyltetrols, C5-Triols and
IEPOX-derived organosulfate and its dimers), making it the highest level of molecular
identification of an ambient SOA component to our knowledge. Enhanced signal at CsHsO™ (m/z
82) is found in PMF-resolved IEPOX-SOA spectra. To investigate the suitability of this ion as a
tracer for IEPOX-SOA, we examine fc_p o (fc,n,0= CsHsO'/OA) across multiple field, chamber
and source datasets. A background of ~1.7+0.1%o (%o0=parts per thousand) is observed in studies
strongly influenced by urban, biomass-burning and other anthropogenic primary organic aerosol
(POA). Higher background values of 3.1+0.6%o are found in studies strongly influenced by
monoterpene emissions. The average laboratory monoterpene SOA value (5.5+2.0%o) is 4 times
lower than the average for IEPOX-SOA (22+7%o.), which leaves some room to separate both
contributions to OA. Locations strongly influenced by isoprene emissions under low-NO levels
had higher f¢ p o (~6.5+£2.2%0 on average) than other sites, consistent with the expected IEPOX-
SOA formation in those studies. f¢_p, o in IEPOX-SOA is always elevated (12—40%o) but varies
substantially between locations, which is shown to reflect large variations in its detailed
molecular composition. The low f¢_p o (<3%o) reported in non IEPOX-derived isoprene-SOA
from chamber studies indicates that this tracer ion is specifically enhanced from IEPOX-SOA,
and is not a tracer for all SOA from isoprene. We introduce a graphical diagnostic to study the
presence and aging of IEPOX-SOA as a “triangle plot” of f¢o, VS. fc.n,0- Finally, we develop a
simplified method to estimate ambient IEPOX-SOA mass concentrations, which is shown to
perform well compared to the full PMF method. The uncertainty of the tracer method is up to a
factor of ~2 if the f._y o Of the local IEPOX-SOA is not available. When only unit mass
resolution data is available, as with the aerosol chemical speciation monitor (ACSM), all
methods may perform less well because of increased interferences from other ions at m/z 82.
This study clarifies the strengths and limitations of the different AMS methods for detection of
IEPOX-SOA and will enable improved characterization of this OA component.
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1. Introduction

Isoprene (2-methyl-1,3-butadiene, CsHs) emitted by vegetation is the most abundant non-
methane hydrocarbon emitted to the Earth’s atmosphere (~440—-600 TgC/year) (Guenther et al.,
2012). It is estimated to contribute substantially to the global secondary organic aerosol (SOA)
budget (Paulot et al., 2009b;Guenther et al., 2012). Higher SOA yields from isoprene are
observed under low-NOx conditions (Surratt et al., 2010). Under low-NO conditions, i.e. when a
substantial fraction of the peroxy radicals do not react with NO, gas-phase isoprene epoxydiols
(IEPOX) are produced with high yield through a HOx-mediated mechanism (Paulot et al.,

2009b). Note that some IEPOX can also be formed from isoprene in high NO region via

oxidation of the product 4-hydroxy-3-nitroxy isoprene (Jacobs et al., 2014) , however this

pathway is thought to be much smaller than the low-NO pathway. Subsequently, IEPOX can be

taken up by acidic aerosols (Gaston et al., 2014), where IEPOX-SOA can be formed through
acid-catalyzed oxirane ring-opening of IEPOX (Cole-Filipiak et al., 2010;Eddingsaas et al.,
2010;Lin et al., 2012;Nguyen et al., 2014), which is thought to be the main pathway to form
IEPOX-SOA (Surratt et al., 2010;Pye et al., 2013;Worton et al., 2013). Although the complete
molecular composition of IEPOX-SOA has not been elucidated, several molecular species that
are part of IEPOX-SOA have been identified through gas chromatography/mass spectrometry
(GC/MYS), liquid chromatography/mass spectrometry (LC/MS) and particle analysis by laser
mass spectrometry (PALMS). They include 2-methyltetrols (and oligomers that contain them)
(Surratt et al., 2010;Lin et al., 2014), Cs-alkene triols (Wang et al., 2005), 3-
methyltetrahydrofuran-3,4-diols (Lin et al., 2012), and an IEPOX-organosulfate (Froyd et al.,
2010;Liao et al., 2014). These molecular species account for a variable fraction of the IEPOX-
SOA reported, e.g., 8% in a chamber study (Lin et al., 2012) or 26% in a field study at Look

Rock, TN (Budisulistiorini et al., 2015). An estimate of total IEPOX-SOA can also be derived
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from an IEPOX-SOA molecular tracer(s) via multiplying the tracer concentration by the total
IEPOX-SOA to tracer ratio. However, that method is hindered by the limited information on
these molecular tracers and the reported variability of IEPOX-SOA to tracer ratios. IEPOX-SOA
may include SOA formed from other parallel isoprene low-NO oxidation pathways (Liu et al.,
2014; Krechmer et al. 2015). In addition, the IEPOX-SOA molecular tracers are typically
measured with slow time resolution (12/24 h).

Multiple field studies, supported by chamber studies, have shown that the total amount of
IEPOX-SOA can be obtained by factor analysis of organic spectra from an aerosol mass
spectrometer (AMS) or the aerosol chemical speciation monitor (ACSM) (Robinson et al.,
2011;Lin et al., 2012;Budisulistiorini et al., 2013;Nguyen et al., 2014). Robinson et al. (2011)
first reported an SOA factor with pronounced fg> (= m/z 82/0OA) in the mass spectra acquired
above a forest with high isoprene emissions in Borneo, and hypothesized that the elevated fs>
may have arisen from methylfuran (CsHsO), consistent with CsHsO™" being the major ion at m/z
82 in isoprene-influenced areas. Lin et al. (2012) demonstrated that the 3-MeTHF-3,4-diols
associated with IEPOX-SOA result in enhanced fg2 in AMS spectra, presumably through the
formation methylfuran-like structures during thermal desorption. Electron-impact ionization of
aerosols formed by atomizing a solution containing IEPOX (CsH1003) can also yield CsHeO"
signals in an AMS via two dehydration reactions (Lin et al., 2012). However, because gas-phase

IEPOX has high volatility, non-reactive gas-to-particle partitioning of IEPOX into OA is

negligible under typical ambient concentrations in forest areas (1-10 pg m) (Worton et al.,

2013).
IEPOX-SOA was estimated to account for 33% of ambient OA in summertime Atlanta from

PMF analysis of ACSM spectra. The source apportionment result was supported by the
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pronounced fs2 peak in the factor spectrum and good temporal correlation of the factor with
sulfate and 2-methyltetrols (Budisulistiorini et al., 2013). Sulfate is often strongly correlated with
the acidity of an aerosol, and might also play a direct role in the chemistry, e.g. via direct
reaction or nucleophilic effects (Surratt et al., 2007;Liao et al., 2014;Xu et al., 2014). While
discussing the results of a recent aircraft campaign from Brazil, Allan et al. (2014) also used fs>
as a tracer for IEPOX-SOA.

If fs2 in AMS spectra (and/or f¢_ 5 o In HR-AMS spectra) is dominated by IEPOX-SOA, fs>
would be a convenient, high-time-resolution, and potentially quantitative tracer for IEPOX-SOA.
Thus, it will be very useful for investigating the impacts of SOA formation from isoprene with
AMS/ACSM measurements, which have become increasingly common in recent years including
some continental-scale continuous networks (Frohlich et al., 2015). However, no studies to date
have systematically examined whether enhanced fg, is unique to IEPOX chemistry or whether it
could also be enhanced in other sources. Nor has the range of fs> been determined for IEPOX-
SOA. Questions also have been raised about the uniqueness of this tracer and potential
contributions from monoterpene SOA (Anonymous_Referee, 2014).

In this study, the IEPOX-SOA results reported in various field campaigns are summarized
and compared to predicted gas-phase IEPOX concentrations from a global model to help confirm
the robustness of the AMS identification of this type of SOA. We then investigate the usefulness
and limitations of the IEPOX-SOA tracers f¢_ . o (= CsHsO*/OA) and fs2 by combining AMS
data from multiple field and laboratory studies including a new dataset from the 2013 Southern
Oxidant and Aerosol Study (SOAS). We compare the tracer levels in different OA sources
(urban, biomass burning and biogenic), characterizing the background levels and interferences

on this tracer for both high-resolution (HR) and unit mass resolution (UMR) data. We also
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provide a simplified method to rapidly estimate IEPOX-SOA from f__o and fs2. While this
method is no substitute for a detailed IEPOX-SOA identification via PMF, it is a simple method
to estimate IEPOX-SOA concentrations (or its absence) in real-time from AMS or ACSM
measurements or under conditions in real-time, or where PMF analysis is not possible or is

difficult to perform.

2 Experimental

We classify the field datasets used in this study into three categories: (1) studies strongly
influenced by urban and biomass-burning emissions: Los Angeles area, US and Beijing, China
(urban); Changdao island, downwind of China and Barcelona area, Spain (urban downwind);
flight data from biomass-burning plumes and continental areas (NW and western, US) in
SEAC4RS and DC3 campaigns; and biomass burning lab emissions (FLAME-3 study). (2)
Studies strongly influenced by isoprene emissions, including a SE US forest site (SOAS

campaign); Two pristine forest site and one forest site partially impacted by urban plumes in the

Amazon rain forest (Brazil). The latter site is classified in this category because (i) high isoprene

concentrations (e.g. 3 ppb in average peaks in the afternoon) were observed during the study; (ii)

the impact of biogenic SOA formed during 1000 km where the air travels over the pristine forest

upwind of Manaus: (iii) PMF results indicate an important impact of IEPOX-SOA at this site (de

Sa et al., 2015); (iv) PTRMS results indicate a substantial concentration of the isoprene

hydroperoxyde formed by low-NO chemistry. Borneo rain forest in Malaysia; and flight data

from SE US flights from aircraft campaign (SEAC4RS); (3) Studies strongly influenced by
monoterpene emissions in a pine forest in the Rocky Mountains and a European boreal forest.
Locations and additional detailed information about these studies can be found in Fig. 1 and

Table 1.
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With the exception of SOAS, all of the campaigns included in this analysis have been
previously described elsewhere (Table 1). The SOAS campaign took place in a forested area of
the SE US during June and July, 2013 (Fig. 1) and has several ground sites. The new dataset
introduced below was acquired at the SEARCH supersite, Centreville (CTR), AL (32.95° N
87.13°W). Some results from a different SOAS site (Look Rock, TN) are also discussed later
(Budisulistiorini et al., 2015). Relatively high average isoprene and monoterpene concentrations
of 3.3+2.4 ppb and 0.740.4 ppb, respectively, were observed in SOAS-CTR by on-line GC/MS.
Measurements of non-refractory aerosol components of submicron particles (PM1) were made
using an Aerodyne high-resolution time-of-flight aerosol mass spectrometer (HR-ToF-AMS,
“AMS” hereafter) (DeCarlo et al., 2006). By applying positive matrix factorization (PMF) to the
time series of organic mass spectra (Ulbrich et al., 2009), we separated contributions from
IEPOX-SOA and other sources/components of OA. The AMS PMF results used here are very
consistent with those from a separate HR-ToF-AMS operated by another group at the same site
(Xu et al., 2014). The global gas-phase IEPOX concentrations in 2013 were modeled at as
resolution of 2 x 2.5 degrees as described in Nguyen et al. (2015). The gas-phase chemistry of
isoprene in GEOS-Chem is based on Paulot et al (2009a;2009b) as described by Mao et al.

(2013).

In the following discussion, we denote the IEPOX-SOA factor from PMF as “IEPOX-

SOAprME” and IEPOX-SOA from lab studies as “IEPOX-SOAjap” for clarity. If we use “IEPOX-

SOA” in the paper, it refers to a broad concept of IEPOX-SOA. We use a superscript to clarify

the type of OA for which f o _is being discussed: f74; ,_refers to f¢_y, o_in total OA,

feER G 594 10 fem,0.in IEPOX-SOApME OF IEPOX-SOARb, firfi-5°% to the fr_y o value in pure

60

MT-SOA and fcof, 5"9 Y and fcoﬁ 3"9‘”” refer to background f2%_, from areas strongly
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influenced by urban+biomass-burning emissions and by monoterpene emissions, respectively. If

we refer to fi_y o in general, we will still use f_p o. When we report the average Ciﬁ,eo in each

campaign, as shown in the Table 1, we used the average from the time series of C‘f_j;w at their

raw time resolution (secs to mins). During this process, we exclude points whose OA mass

concentrations are below twice the detection limit of OA in AMS (typically 2x 0.26 ug m3=0.5

ug m3). When averaging C‘f_,ﬁ,ﬁo values across datasets, we counted each dataset as one data

point.

3 Results and Discussion

3.1 IEPOX-SOA in a SE US forest during SOAS, 2013

We use the SOAS-CTR field study (SE US-CTR) as an example for the determination of
IEPOX-SOA from AMS data via PMF analysis. The time series and mass spectrum of this

component are shown in Fig. 2. The IEPOX-SOApmr mass concentration is the sum of mass

concentrations of all the ions in the IEPOX-SOApME Mass spectra. The “mass concentration” of

an ion is used to represent the mass of the species whose detection resulted in the observed ion

current of that ion, based on the properties of electron ionization (Jimenez et al., 2003). An

uncertainty (standard deviation) of IEPOX-SOApMmre mass concentration of ~9% was estimated

from 100 bootstrapping runs in PMF analysis (Ulbrich et al., 2009) (Fig. S1). This uncertainty

concerns only the PMF separation method. In practice the uncertainty in IEPOX-SOApPME

concentration is dominated by the larger uncertainty on the AMS concentrations arising from the

collection efficiency and relative ionization efficiency (Middlebrook et al., 2012).

_Astrong correlation is found between AMS IEPOX-SOApvr and 2-methyltetrols (R=0.79)

and sulfate (R = 0.75) as expected (Surratt et al., 2010;Lin et al., 2012;Nguyen et al., 2014;Xu et
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al., 2014). The diurnal variation of IEPOX-SOApwmr is also similar to gas-phase IEPOX and
isoprene measured in SOAS-CTR. 2-Methyltetrols, measured on-line by GC-EI/MS with the SV-
TAG instrument (Isaacman et al., 2014), comprise 26% of IEPOX-SOApwmr in SOAS-CTR on
average, as shown in Fig. 2b. A similar ratio (29%) is found between 2-methyltetrols measured
by offline analysis of filter samples using GC-EI/MS and LC/MS (Lin et al., 2014) and IEPOX-
SOARrMmE. Other IEPOX-SOA tracers, such as C5-alkene triols, IEPOX-organosulfates, and
dimers containing them, can also be measured by offline GC-EI/MS and LC/MS (Lin et al.,

2014;Budisulistiorini et al., 2015), and they account for 28% and 24% in total IEPOX-SOApwmr

in SOAS (R=0.7), respectively (Fig. S2). The total IEPOX-SOA tracers measured in SOAS

account for ~78+42% of the total IEPOX-SOAprME mass concentration. The uncertainty of the

fraction of IEPOX-SOA molecular tracers in IEPOX-SOAprmr in SOAS study (42%) is estimated

by combining the overall uncertainty from IEPOX-SOA molecular tracer measurement (24%),

linear regression between tracer vs IEPOX-SOAprMme (17%, see Fig. 2b and Fig. S2), IEPOX-

SOArmE in PMF separation method (9%) and the quantification of IEPOX-SOAprmr based on

AMS calibration (30%) (Middlebrook et al., 2012). This is a remarkably high value compared to

the tracer to total SOA ratios for other SOA systems (e.g., SOA from monoterpenes or aromatic
hydrocarbons) (Lewandowski et al., 2013)-and-itis-the-highest reported-in-the literature-to-our
knewledge. A total tracers to IEPOX-SOARwr ratio of 26% was reported for the Look Rock site
in SOAS (SOAS-LR) (Budisulistiorini et al., 2015). Thus, the measured total molecular tracer
fraction in total IEPOX-SOA appears to be quite variable (a factor of 3) even if the same or
similar techniques are used. Although the calibration methodology between different campaigns

may result in some uncertainties, this value likely changes significantly between different times

10
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and locations, potentially due to changes in particle-phase reaction conditions such as sulfate and

water concentrations, acidity, and the identity and concentrations of oligomerization partners.

IEPOX-SOARME accounts for 17% of the total OA mass concentration at SOAS-CTR. This is
shown in Fig. 1 along with the IEPOX-SOARvr fraction from several previous studies (Robinson
etal., 2011;Slowik et al., 2011;Budisulistiorini et al., 2013;Hayes et al., 2013;Hu et al.,
2013;Chen et al., 2014;Hu et al., 2015). Fig. 1 also shows the surface gas-phase IEPOX
concentrations for July, 2013 as simulated with GEOS-Chem. At all sites with at least ~30 ppt
predicted average IEPOX concentration, IEPOX-SOApwr is identified in AMS data. IEPOX-
SOARME accounts for 6% — 36% of total OA in those studies, signifying the importance of

IEPOX-SOA for regional and global OA budgets. No IEPOX-SOApwmr factor (i.e. below the

PMEF detection limit of ~5% of OA, Ulbrich et al., 2009) was found in areas strongly influenced

by urban emissions where high NO concentrations suppress the IEPOX pathway, even in the

presence of substantial isoprene concentrations (e.g. Hayes et al., 2013). GEOS-Chem indeed

predicts negligible modeled gas-phase IEPOX concentrations in those areas, where isoprene
peroxy radicals are expected to react primarily with NO. Some IEPOX can also be formed via
high NO chemistry (Jacobs et al., 2014) , however this pathway is thought to be much smaller
than the low-NO pathway, consistent with the lack of observation of IEPOX-SOApwmE in the
polluted studies included here. The fraction of IEPOX-SOARrwr positively correlates with

modeled gas-phase IEPOX, as shown in the inset of Fig. 1.

The mass spectrum of IEPOX-SOA during SOAS-CTR is similar to those from other studies
as seen in Fig. S3 — S4 (Robinson et al., 2011;Lin et al., 2012;Budisulistiorini et al., 2013;Chen
et al., 2014;Nguyen et al., 2014;Xu et al., 2014), and also exhibits a prominent CsHsO" peak at

m/z 82. We investigated the correlation between the time series of IEPOX-SOApmF and each ion

11
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in the OA spectra. The temporal variation of ion CsHsO" correlates best (R=0.96) with IEPOX-

SOAprMe among all measured OA ions (Table S1). This result suggests that CsHsO" ion may be

the best ion tracer for IEPOX-SOA among all OA ions. CsHsO" (m/z 81), C4Hs" (m/z 53),

C4HeO" (m/z 70) and C3H702" (m/z 75) also correlate well with IEPOX-SOApwrF in SOAS-CTR
and could be potential tracers for IEPOX-SOApme. Scatter plots between these four ions and
CsHeO" at different campaigns indicate they either have higher background values or lower

signal-to-noise compared to CsHsO" (Fig. S5).

feELG =594 from SOAS and other field and laboratory studies (Table 1) ranges from 12%o to

40%o (%o=parts per thousand) and have an average value of 22+7%o. The average f:5; %54

value shown here also includes fg, data from four UMR IEPOX-SOAprMmF Spectra. This is justified

since CsHeO™ accounts for over 95% of m/z 82 in IEPOX-SOA based on results from SOAS-

CTR and other lab studies (Kuwata et al., 2015). Indeed the average does not change if the UMR

studies are removed from the average. These values are substantially higher than those from

other types of OA or from locations with little impact from IEPOX-SOA, as discussed below.
3.2 fc.ngo In areas with strong influence from urban and biomass burning emissions

We next examine whether POA or SOA from field studies in areas strongly influenced by
urban and biomass-burning emissions and without substantial predicted gas-phase IEPOX
concentrations or IEPOX-SOA contributions can lead to enhanced f,7%; . Figure 3a shows the
distribution of fC Heo in this category of studies peaks at 1.7+0.1%o (range 0.02 — 3.5%o). Data

from continental air masses sampled from aircraft over the western and northwest US (where
isoprene emissions are low) are shown in Fig. 3b and show a similar range as the polluted ground

sites.
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Biomass burning emissions and plumes sampled over multiple studies show a similar range
to the pollution studies, with some slightly higher values. The peak of the distribution of Cosé,eo
from fresh biomass-burning smoke across many different biomasses during the FLAME-3 study
is 2.0%o. During the SEACA4RS aircraft campaign, many biomass burning plumes were sampled,
where OA concentrations varied over a wide range (several tens to more than one thousand pg
m3). The average C%GO across these biomass-burning plumes was 1.75%o with low variability

(~20%), see Fig. S6.

We also explore whether other anthropogenic primary OA (POA) emission sources could

elevate f¢_p, o above the observed background levels of ~1.7%o. Figure 3¢ shows f¢_y, o for POA
spectra from vehicle exhaust, cooking, coal combustion, and multiple pure chemical standards
(e.g., some alcohols; di- or poly acids) (Canagaratna et al., 2015). Almost all the values are
below 2%o, with exceptions for one type of cooking POA at 3%o, the polyol xylitol (4.2%o), and

some acids (5-Oxoazelaic acid= 4.8%o0, Gamma ketopimelic acid = 5.2%o, ketopimelic acid =

6.5%0, 3-Hydroxy-3-Methylglutaric acid = 11.8%o, Adipic acid = 16.4%.). All the tracers

resulting in elevated f¢_y o contain multiple hydroxyl groups, and may result in furan-like
structures via facile dehydration reactions (Canagaratna et al., 2015). Xylitol has been proposed
as a tracer of toluene SOA (Hu et al., 2008). It has a similar structure to 2-methyltetrols, with 5 -
OH groups instead of 4. In the AMS, xylitol may form the methylfuran structure through
dehydration reactions like 2-methytetrols. However, f¢_y o in other toluene SOA tracers in our
dataset show background levels of f¢_y_o (<2%o0). Given the small fraction of xylitol in toluene
SOA (Hu et al., 2008), xylitol is unlikely to increase fc_p, o in anthropogenic SOA, consistent

with our results.
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In summary, in the absence of strong impacts from biogenic SOA, the AMS high resolution
ion CsHsO™ has a clear and stable background, spanning a small range (0.02 — 3.5%o) with an

average values around 1.7+0.1%o_(f 3 o ). about an order of magnitude lower than the

average value (22+7%o) of f/57 554,

3.3 Enhancements of f¢ g, in areas strongly influenced by isoprene emissions

GEOS-Chem predicts much higher surface gas-phase IEPOX concentrations over the SE US
and Amazon rainforest than those in temperate urban areas (Fig. 1). This is expected from high
isoprene concentrations (e.g. 3.3 ppb in SOAS-CTR and 4 ppb in the Amazon) under low
average NO concentrations (~0.1 ppb) (Karl et al., 2009;Ebben et al., 2011). Probability
distributions of C‘ijéo during both campaigns are shown in Fig. 4a, and are very similar with
averages of 5 — 6%o (range 2.5%o — 11%o). The Amazon forest downwind of Manaus and a
Borneo tropical forest study show even higher averages of 7%o and 10%o, respectively (Robinson
etal., 2011;de Sa et al., 2015). During the SEAC4RS aircraft campaign, the average c(?,?}éo
(4.4+1.6%o0) from all SE US flights is also enhanced compared to levels observed in the
northwest and western US continental air masses (1.7+0.3%o) where isoprene emissions are
much smaller (Guenther et al., 2012). Thus, campaigns in locations strongly influenced by
isoprene emissions under lower NO conditions show systematically higher 605?960 values (with
an average peak of 6.5%0+2.2%o) than background levels found in other locations (1.7%.). The
fact that /2% o (6.5+2.2%) in these studies is lower than the values in IEPOX-SOA (22%o7%o)
is expected, since ambient datasets also include OA from other sources, and confirms that
IEPOX-SOA is not an overwhelmingly dominant OA source at most of those locations (See Fig.

s7).

14



334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

3.4 Values of f¢_p, 0 in laboratory studies of non IEPOX-derived isoprene SOA

We also investigate f¢_p, o in laboratory SOA from isoprene in Fig. 4a. For SOA produced
by chamber isoprene photooxidation under high NOx conditions, low f¢_p. o (<2%o) within the
background level is observed (Kroll et al., 2006;Chen et al., 2011). SOA from oxidation of
isoprene hydroxyhydroperoxide (ISOPOOH, a product of low-NO oxidation of isoprene) under
low-NO conditions, when formed under conditions that are not favorable for the reactive uptake
of IEPOX into aerosols also has low f¢_p o of 2%0 (Krechmer et al., 2015). Low values of
feengo (<3%o) are also observed in SOA from isoprene + NOs radical reactions without acid
seeds (Ng et al., 2008). The low f¢_p o (<3%o) observed in non IEPOX-derived isoprene SOA
indicate that f_y, o is specifically enhanced from IEPOX-SOA, and is not a tracer for all SOA
from isoprene.

3.5 Enhancements of f¢ g, in areas strongly influenced by monoterpene emissions

The BEACHON-RoOMBAS campaign was carried out in a Rocky Mountain pine forest with
high monoterpene emissions that account for 34% in daytime and 66 % at night of the total VOC
mixing ratios (on average peaking at 0.15 ppb during day and 0.7 ppb at night) (Fry et al., 2013)
but lower isoprene emissions (peaking at 0.35 ppb during daytime) (Kaser et al., 2013;Karl et al.,
2014). One-third of the RO- radicals react via the low-NO route (i.e. via ROz + HO) at this site
(Fry et al., 2013). The isoprene/monoterpene ratio at the Rocky Mountain site is 0.48, and is ~ 10
— 20 times lower than the value (4.7) in SOAS-CTR and (8.3) in Amazon studies (Chen et al.,
2014), suggesting that C‘;ﬁw may be near background levels because of the very low potential

contribution of IEPOX-SOA at the Rocky Mountain site. However, the average ci@so at the

Rocky Mountain site is 3.7+0.5%o (Fig. 4a), which although lower than the average cgéIGO
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(6.5%o) found in the SE US-CTR, Amazon and Borneo forests, it is still twice the £y /™"

values of 1.7%o observed in pollution and smoke-dominated locations.

Three circumstances may lead to such an enhanced C‘;‘;‘,w at the Rocky Mountain site, which
we examine here. (1) A small amount of IEPOX-SOA may be formed from the limited isoprene
present at the Rocky Mountain site and surrounding region. However, the average isoprene
concentration in this pine forest area is only 0.2 ppb, which is around 16 times less than that (3.3
ppb) at the SE US site in SOAS. The conditions at the Rocky Mountain site were less favorable
for IEPOX-SOA formation due to a higher fraction (70% in daytime) of the RO radicals
reacting with NO and less acidic aerosols (Fry et al., 2013;Levin et al., 2014). Thus we can
estimate an upper limit contribution of IEPOX-SOA to the f24; , tracer at the Rocky Mountain
site assuming the same ratio of IEPOX-SOA to isoprene in both campaigns. In this case, we
would expect 6051?16 o at the Rocky Mountain site to be the background level (1.7%o) plus 1/16" of
the enhancement above the background observed in SOAS (5%o — 1.7%0 = 3.3%0) multiplied by
the ratio of OA concentrations at both sites (4.8 pg m= in SE US site vs 1.8 pg m™ in Rocky
Mountain site). This calculation results in an expected upper limit 605;‘,60 ~ 2.25%o at the Rocky
Mountain site due to the IEPOX-SOA contribution. This estimate is much lower than the
observed average 3.7%o. Thus the elevated f%_, in Rocky Mountain pine forest is very unlikely
to be due to IEPOX-SOA.

(2) The second explanation of high COS/},60 observed at Rocky Mountain site is that SOA from
monoterpene oxidation (MT-SOA) may have a higher f_p_o than background OA from other
sources. Several chamber studies show that MT-SOA, e.g., SOA from ozonolysis (Chhabra et al.,
2011;Chen et al., 2014) or photooxidation (Ng et al., 2007) of a-pinene, or NOs reaction with a-

pinene, or NOs reaction with a-pinene, B—pinene and A3—Carene (Fry et al., 2014;Boyd et al.,
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2015) can result in higher f¢_p o (average 5.5+2.0%o) than background levels of ~1.7%o (Fig. 4a).

We note that the average lab-generated MT-SOA value (f'/;-5°4) is still 4 times lower than the

average f/5 5 594 for IEPOX-SOApmr and IEPOX-SOA, (Fig. S8), and thus there is some
room to separate both contributions. Oxidation of monoterpenes can lead to species with multiple
—OH groups, which may result in the production of methylfuran (or ions of similar structure)
upon AMS analysis. We do not observe enhanced f¢. o in SOA from sesquiterpene oxidation
(<2%o)_(Chen et al., 2014). The values of f*},~5°4 in chamber studies, together with the finding
of a substantial contribution of monoterpenes to SOA at this Rocky Mountain site (Fry et al.,
2013) suggest that MT-SOA may explain the values of f4; , observed there.

Two other field studies support the conclusion that ambient MT-SOA may have slightly
enhanced f¢_p, 0. Fig. 6 shows data from a DC3 aircraft flight in the areas around Missouri and
[llinois. Ambient fc%;%o increases from background levels (~1.7%o) to ~4.1%o in a highly

correlated manner to monoterpene concentration increases (with an average of 3.0%o during the

enhanced period). Meanwhile, isoprene and gas-phase IEPOX stay at low levels similar to the

rest of the flight, indicating that enhanced C‘;;‘QGO in the periods with higher MT concentrations

should arise from MT-SOA and not IEPOX-SOA. Fig. 4a includes AMS measurements at a MT-

emission dominated European boreal forest (Hyytidla in Finland) (Robinson et al., 2011).

A 0OA : 0 : : . . : : OA-Bkg-UB 0
verage fc. .o 18 ~2.5%o at this site, which is again higher than the fC5 He0 value of 1.7%o.

The slightly lower £24 , in the Boreal forest vs. the Rocky Mountain site may be partially

explained by a small contribution from IEPOX-SOA at the latter (estimated above to increase

4.0 Up t0 2.25%o at the Rocky Mountain site), as well as by differences of the MT-SOA/OA
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ratio at both sites (Corrigan et al., 2013) and the relative importance of different MT species and
oxidation pathways.

(3) The enhanced fC Heo at the Rocky Mountain site may have arisen from oxidation
products of 2-methyl-3-buten-2-ol (MBO, CsH100) emitted from pine trees. MBO, with a
daytime average of 2 ppb accounts for ~50% of the total VOC mixing ratio during the day (Karl
et al., 2014). MBO has been shown to form aerosol with a 2 — 7 % yield in chamber studies,
which is thought to proceed via the uptake of epoxide intermediates (CsH10O2, vs. IEPOX
CsH1003) under acidic aerosol conditions (Zhang et al., 2012;Mael et al., 2014;Zhang et al.,
2014). Some aerosol species formed by MBO-derived epoxides have similar structures (e.g.,
CsH1203) to the IEPOX oxidation products in SOA and thus they might contribute to fC Heo- NO
pure MBO-derived epoxides or their oxidation products in the aerosol phase have been measured
by AMS so far, to our knowledge.

To attempt to differentiate whether MT-SOA or MBO-SOA dominate the higher fC Heo @
the Rocky Mountain site, average diurnal variations of ambient fC 1,0, MoONoOterpene and
isoprene+MBO are plotted in Fig. S9. fC .o Shows a diurnal pattern that increases at night and
peaks in the early morning, similar to the diurnal variation of monoterpenes. Monoterpenes
continue to be oxidized during nighttime at this site by NOz radical and Oz with a lifetime of ~30
min (with 5 ppt of NOs and 30 ppb of O3) (Fry et al., 2013). In contrast only a decrease and later
a plateau of fC Heo are observed during the period with high MBO concentration and higher
oxidation rate of MBO due to high OH radical in daytime (as MBO reacts slowly with Oz and
NOs) (Atkinson and Arey, 2003). While MBO-SOA may or may not have f¢_p, o above
background levels, the diurnal variations point to MT-SOA playing a dominant role in fC Heo at
this site.
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The average f,74, ,_in areas strongly influenced by monoterpene emissions is 3.120.6%o.

obtained by averaging the values from the Rocky mountain forest (3.7%o0), European boreal

forest (2.5%o0), and DC3 flight (3.0%o). Note that the difference between fCOS‘,‘;GO in areas strongly

influenced by monoterpene emissions (3.1+0.6%o0) and isoprene emissions (6.5+2.2%o) is

reduced, compared to a factor of 4 differences between pure MT-SOA (5.5+2.0%0) and IEPOX-

SOA (22+7%o0). This is likely due to the physical mixing of OA from different sources and in

different proportions at each location.

3.6 fcongo Vs OA oxidation level (f¢o,) “triangle plot” — background studies

In AMS spectra, the CO," ion is a marker of aging and oxidation processes (Alfarra et al.,
2004;Ng et al., 2011a). To evaluate whether oxidation plays a role on the observed fc_y, o for
different types of OA, in this section we use plots of f¢o,(= CO2"/OA) vs. f¢ .o as a graphical
diagnostic of this process, similar to graphical diagnostics (“triangle plots™) used for other
purposes with AMS data (Cubison et al., 2011;Ng et al., 2011a). For studies strongly influenced
by urban and biomass-burning emissions in Fig. 3d we observe a wide range of fCOO/; values from
0.001 to 0.3 (= 30% or 300%o). The wide range of fcooﬁ is due to variable fractions of POA and
SOA (mixing effect) and a variable oxidation level of POA and SOA (oxidation effect) in the
different studies. In fact, to our knowledge, these studies encompass the values of £} observed

in all ambient AMS studies to date (Ng et al., 2011a). Several studies when urban and forest air,
or biomass burning smoke were aged by intense OH oxidation with an oxidation flow reactor
(OFR) (Kang et al., 2007;Li et al., 2013;0rtega et al., 2013) are also included. However, despite

the wide range of £, f24;., changes little, staying in the range 0.02 — 3.5%o, and with little

apparent dependence on fC"o‘; for the ambient studies. A linear regression to quantiles from this
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dataset results in an intercept of 1.7%o and a very weak decrease with increasing fcooi- A stronger

decrease is observed when aging urban air (Los Angeles) by intense OH exposure in flow

reactor, as shown in Fig. 3d.

Ambient fcoo‘z at the Rocky Mountain forest site shows a moderate oxidation level (0.1 —
0.15), similar to the SE US-CTR (Fig. 5). /24 .He0 In the Rocky mountain site decreases linearly
when fcooé increases. During the Rocky Mountain study, the intense OH aging of ambient air in a
flow reactor shows a continuation of the trend observed for the ambient data, where fC HeO
decreases as fcooé increases. A linear regression to the combined ambient and OFR datasets
(f4.0 = -0.013x £ +0.0054) will be used below to estimate background /2% , in areas with

strong monoterpene and low isoprene emissions.

fesngo In@ambient SOA from other studies catalogued in the HR-AMS spectral database are

also shown in Fig. 5. Most urban oxygenated OA (OOA) are within £, 7, "5"? """ (average 1.7%;

range: 0.02 — 3.5%o), which is consistent with the f¢_y o (<3%o) in lab aromatic SOA and other
urban OA in Fig. 5. However, some ambient SOA spectra do show higher f¢_y o (3 — 10%o) than
the fo g o "% (0.02 — 3.5%), which we will discuss in the next section.
3.7 fcongo VS OA oxidation level (f¢o,) — IEPOX-SOA influenced Studies

fCO2 VS. fC5 1o In studies impacted by IEPOX-SOA are shown in Fig. 5. Consistent with the

distributions discussed above, the bulk of points from these areas all show distinctively enhanced

fC5H60 when compared to background fC Heo Points of similarly moderate or higher oxidation
- OA - -
levels. The fC Heo Measurements with lower f¢y, values are more broadly distributed than the

f&4.0 points with higher £ values in SE US-CTR, SEAC4RS, Borneo forest and Amazon
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forest downwind of Manaus. However, increased f;_, with higher £ was observed in the

Amazon. Both oxidation and mixing of airmasses with different OA can influence these

observations. f57% 5?4 in IEPOX-SOA usually will decrease with oxidative aging. E.g.,

24 .10 from the SOAS oxidation flow reactor decreases continuously as OA becomes more
oxidized than ambient OA in SOAS-CTR (f. increases from 0.15 to 0.3). Airmass mixing
effects are more complex. Depending on the fCO in the airmasses mixed with, fC Heo IN IEPOX-
SOA-rich air can show positive, neutral or negative trends with increasing fcoai. E.g., in pristine

Amazon forest, points with both lower f¢5 94 (<0.08) and f, C H o (<8%0) values are thought to be

mainly caused by advection of POA from occasional local pollution.
The overall trend for the ambient measurements in studies strongly influenced by isoprene
0A
emissions (Fig. 5) is that those points cluster in a triangle shape and fC 10 decreases as frq,

increases, as illustrated in Fig. S10. This “triangle shape” indicates that as the ambient OA

oxidation increases, the IEPOX-SOA signature is reduced, potentially by the ambient oxidation

processes or by physical mixing with airmasses containing more aged aerosols.

Finally, points with higher f._y o in OOA/aged OA are labeled with numbers in Fig. 5. The
sources of those labeled points are summarized in Table S2. OA from those studies are all
partially influenced by biogenic emissions. For example, during measurements of ambient OA in
the Central Valley of California (number 2), high isoprene emissions and acidic particles were
observed (Dunlea et al., 2009), suggesting that potential IEPOX-SOA formed in this area may

explain the higher fC .o there.

3.8 Best estimate of f¢_p,o In IEPOX-SOA
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IEPOX-SOA from different field campaigns and chamber studies lay towards the right and
on the bottom half of Fig. 5. IEPOX-SOA from chamber studies show systematically lower
feor ©%~594 than ambient studies. This is likely explained by the lack of additional aging in the
laboratory studies, because all the lab IEPOX-SOA were measured directly after uptake gas-
phase IEPOX onto acidic aerosol without undergoing substantial additional oxidation.

A wide range (12 — 40%o) of fCISE,§6OOX ~504 is observed with an average of 22%0+7%o in
ambient and lab IEPOX-SOA. f/5;%*~>?4 did not show a trend vs. f/5"9* 5?4 The IEPOX-
SOA molecular tracer 3-MeTHF-3,4-diols has been shown to enhance the f¢ 4 o in OA (Fig. 5)
(Lin et al., 2012;Canagaratna et al., 2015). Except 3-MeTHF-3,4-diols none of the other pure
IEPOX-derived polyols standards have been atomized and injected into the AMS system so far,
to our knowledge. We suspect other polyols such as 2-methyltetrols may also lead to such an
enhancement through dehydration reactions in the AMS vaporizer leading to methylfuran-type

structures. The diversity of £57% 5?4 in different studies is related with the variable content of

specific IEPOX-SOA molecular species that enhance f¢7; %4 differently. The fractions of
molecular IEPOX-SOA species in total IEPOX-SOApw is plotted vs f¢_p, o in IEPOX-SOA in

three different studies in Fig. 7, which show a strong correlation between each other. The strong

simultaneous variation of both quantities indicates that the diversity of /57 %4 is very likely
explained by the variability of the molecules comprising IEPOX-SOA among different studies.
During one day in SOAS (June 26", 2013), IEPOX-SOApmr comprised 80 — 90% of total
OA (Fig. S11), possibly due to high sulfate concentrations favoring IEPOX-SOA formation.
1.0 reached 25%o, which is similar to the 22%o for the IEPOX-SOApur from this study, and
consistent with a slightly lower value for the average vs. freshest ambient IEPOX-SOA. Among

the chamber studies, the study of reactive uptake of isoprene-oxidation products into an acidic
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seed is most similar to the full chemistry in real ambient environments (Liu et al., 2014), and
reports similar f57% 54 values (19%o). Hence, we propose an average f¢5; % % (22%o)
from both studies as the typical value of fresh IEPOX-SOA.

3.9 Proposed Method for Real-Time Estimation of IEPOX-SOA

So far, PMF of AMS spectra is the only demonstrated method for quantifying total IEPOX-
SOA concentrations. However, the PMF method is labor-intensive and requires significant
expertise, and may fail to resolve a certain factor when present in lower mass fractions (<5%). A
simpler, real-time method to estimate IEPOX-SOA would be useful in many studies, including
ground-based and aircraft campaigns.

We propose an estimation method for IEPOX-SOA based on the mass concentration of its
tracer ion CsHsO™. To do this, we express the mass concentration of CsHsO™ as

CsHeOftar = CsHeO1gpox—sosambvient + CsHeOpackgrouna (1)

Where, CsHg 014, is measured total CsHeO* signal in AMS; CsHgO\gpox—soaampient @nd

CsHeOpackgrouna are the CsHsO" signals contributed by IEPOX-SOA in ambient OA and other

background OA (non IEPOX-SOA).

Then, CsHgO;5pox—soaampient aNd C5H6O§ackgmund can be calculated as:
CsHeO1zpox—soaampient = 1EPOX-SOA X feEOX=04, (2)
CsHsOppuckgrouna = (0Amass — IEPOX-SOA) X fi 1 7. (3)
Where, f/5;%~%4 is the fractional contribution of CsHsO* to the total ion signal in the
spectra of IEPOX-SOA from IEPOX-SOA, or IEPOX-SOAeue factors. £ 5 o is the
background f¢_p, o in other non-IEPOX-SOA, e.g., values from OA strongly influenced by urban

and biomass-burning emissions (f5 7, o ~"").
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Then, by combining Eq. (1) — (3), we can express CsHg0}, 4 aS:

C5H60;-otal IEPOX-SOA X fCISEII;OOX 0A + (OA — IEPOX- SOA) X fCOA Bkg (4)
Finally, IEPOX-SOA can be estimated as:

0A-Bkg
CsHe0fora1=0A Xf¢ 11,0

IEPOX-SOA= 1EPOX-0A_0A-Bkg (5)

C5HgO fCSHGO

04-Bkg o
f

In Eq. (5), CsHg 05,5, and OA mass are measured directly by AMS. CsHe0

feELG 04 are two parameters that must be determined by other means.

As discussed above, the background value in the absence of a substantial impact of MT-
SOA is ~1.7%o. In studies influenced by monoterpene emissions, the background value may be

elevated by MT-SOA._f24, ,_at the Rocky Mountain site estimated by f24 , = (0.41 —

&) x 0.013 (Fig. 5) can be used as £, >*“ for areas with strong MT-SOA contributions

(fc?j,ég"g‘m)._ There is some uncertainty in this value, due to possible contributions of a small

amount of IEPOX-SOA, MBO-SOA, and other OA sources at this site. An alternative estimate
0OA-Bkg—MT Ly . . .
for feu o0 would be ~ 1.7%o0 + 3xMTayg (ppb), which is also approximately consistent with

our ambient data, but may have higher uncertainty. Further characterization of the background

feongo Inareas with MT-SOA impact is of interest for future studies. Finally, we have decided to

use f24. o estimated from the Rocky Mountain site as f; 7 o _in the following calculation.

As discussed above, we use average f;5; % " =22%o in Eq. (3) as a representative value of

ambient IEPOX-SOA._Several scenarios based on different fcos?;éo values to use this tracer-based

method are addressed in the supporting information. The justification from users on using this

method is needed.
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3.10 Application of the Real-Time Estimation Method of IEPOX-SOA

To test the proposed estimation method, we use SE US forest (SOAS) data as an example in
Fig. 8, applying both background estimates (urban & biomass burning, and monoterpene
emissions). Since there are high monoterpene concentrations (~1 ppb during the night) in SOAS,
we expect the MT-influenced background to be more accurate. The IEPOX-SOA estimated by
subtracting the MT-SOA background (IEPOX-SOAwmT) is indeed better correlated with IEPOX-
SOAprMF (R=0.99) than that (R = 0.96) when the urban & biomass-burning background is applied
(IEPOX-SOAumenn). The intercept of regression line between IEPOX-SOAwmTand IEPOX-
SOA®p\E is zero, indicating the background of IEPOX-SOA contributed by MT-SOA is clearly

deducted.

The regression slope between IEPOX-SOAwmT and IEPOX-SOAewr is 0.95, suggesting that
CsHeO" in SE US CTR site (SOAS) may be slightly overcorrected by minimizing CsHeO" from
monoterpene emissions. This underestimation may be associated with higher MT-SOA
contribution to CsHsO* in Rocky Mountain pine forest site than SE US forest site, or interference
from IEPOX-SOA/MBO-SOA at the Rocky Mountain site. IEPOX-SOAumsanb 1S 1.26 times
higher than IEPOX-SOApmr. Thus, as expected IEPOX-SOAmT and IEPOX-SOAmanh provide

lower and upper limits of estimated IEPOX-SOA.

Among all the datasets introduced in this study, the SOAS-CTR dataset should be the best
case scenario since /579 %4=22%. is coincidently the same value in the spectrum of IEPOX-
SOApMF in SOAS-CTR and a large fraction (17%) of IEPOX-SOA existed in SOAS-CTR as
well. Given the spread of values of 57794 (12 — 40%o) in different studies, if no additional

local IEPOX-SOA spectrum is available for a given site, the estimation from this method should
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be within a factor of ~2 of the actual concentration, as illustrated in Fig. S13-S14. -Further

information concerning the estimation method using unit mass resolution m/z 82 (or fs2) can be

found in the Appendix.

4. Conclusions

To investigate if the ion CsHsO" (at m/z 82) in AMS spectra is a good tracer for IEPOX-SOA,
tens of field and lab studies are combined and compared, including the SOAS 2013 campaign in
the SE US. The results show that C‘;‘},GO is clearly elevated when IEPOX-SOA is present, and

thus has potential usefulness as a tracer of this aerosol type. The average f¢57 %4 in chamber

and ambient studies is 22+7%o (range 12%o — 40%.). No dependence of /5% 4 on oxidation
level (f¢579%%94) was found. Background f¢_y, o in OA strongly influenced by urban or

biomass-burning emissions or pure anthropogenic POAs averages 1.7+0.1%o (range 0.02 —

3.5%).

In ambient OA that is strongly influenced by isoprene emissions under lower NO, we observe
systematically higher /27, , (with an average of ~6.5+2.2%o), consistent with presence of
IEPOX-SOA. Low tracer values (f¢ y,0<3%o) are observed in non IEPOX-derived isoprene-

SOA from laboratory studies, indicating that the tracer ion is specifically enhanced from IEPOX-

SOA, and is not a tracer for all SOA from isoprene.

Higher background values of COS‘,‘},G o (3.1£0.6%o in average) were found in area strongly
impacted by monoterpene emissions. /5" ~°4 is 5.5+2.0%o, which are substantially lower than

for IEPOX-SOA (224+7%o), and thus they leave some room to separate both contributions. A
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fcif,;gkg_m as a function of fc"oé in monoterpene emissions is determined by linear regressing

the f %, and £, at a Rocky Mountain pine forest site.

A simplified method to estimate IEPOX-SOA based on measured ambient CsHsO*, CO," and
OA in AMS is proposed. Good correlations (R>0.96) between estimated IEPOX-SOA and
IEPOX-SOARVF are obtained for SOAS, confirming the potential usefulness of this estimation
method. Given the observed variability in IEPOX-SOA composition, the method is expected to
be within a factor of ~2 of the true concentration if no additional information about the local
IEPOX-SOA is available for a given study. When only unit mass resolution data is available as
in ACSM data, all methods may perform less well because of increased interferences from other

ions at m/z 82.
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APPENDIX

In addition to the preceding high resolution CsHsO" data analysis, we also investigated unit mass
resolution (UMR) m/z 82 as a tracer of IEPOX-SOA. In addition to CsHsO" (m/z 82.0419), the
reduced ion CsH1o" and oxygenated ion C4H20," often contribute signal to UMR m/z 82. The
average background level of £9” (= m/z 82/0OA) is from 4.3£0.9%o (0.01 to 10%o) in studies
strongly influenced by urban, biomass-burning and other anthropogenic POA, as shown in Fig.

Ala - c. This value is higher than the high-resolution £7,5"~"% (1.7%o) in the same studies.

Background f5” increases when OA is fresher (lower fas, £,54-m/z 44/0OA) as shown in Fig Ald,
and can be estimated as f,3=5.5x103—8.2x103 x £,94 in areas strongly impacted by urban and
biomass-burning emissions. The uncertainty of calculated fs> can be as high as 30% in the lower
fresh OA plumes by considering the uncertainties from quantile average and linear regression.
There are also some pure chemical species that exhibit high fg> values, as shown in Fig. Alc.

These species include docosanol, eicosanol and oleic acid. However, none of these pure chemical

species alone contributes substantially to ambient aerosol.

The probability density distributions of £.5” in studies strongly influenced by isoprene emissions
are shown in Fig. A2a. The peaks (~8.7+2.5%o) are similar in SE US, pristine, polluted Amazon
forest, Borneo forest to high resolution 605?960 (~6.5%2.2%o), indicating CsHeO" is the dominant
ion at UMR m/z 82 in these studies. Compared to the studies with strong urban and biomass-
burning emissions, clear enhancements of f.5” in studies strongly influenced by isoprene
emissions are still observed, but with less contrast than for in high resolution datasets (Fig. A2 —

A3).

Figure 2Aa also shows the probability density distributions of £ 2* at Rocky Mountain and

European boreal forests (strongly influenced by monoterpene emissions). Those distributions
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peak at ~5%o, which are within the range (0.01 — 10%o) of .3 in aerosols strongly influenced by
urban and biomass-burning emissions. In the lab studies, most of f47 =594 (average 6.7+2.2%o;
range 4 — 11%o) observed in the spectra of MT-SOA are also comparable to background f,2*
levels (average 4.3+0.9%o; range 0.01—10%o), and tend to be in the higher f5" region from urban
and biomass-burning emissions. A linear regression line of 1,54 vs %" for the Rocky Mountain
site (f5/'=7.7x10°70.019x £,94) is used to estimate the background f2? from areas strongly

influenced by monoterpene emissions.

In summary, elevated £.5” in studies with high isoprene-emissions is observed. Pronounced
faFPOX=504 should be a key feature of IEPOX-SOA spectra. Thus IEPOX-SOA can be estimated

as Eq. (6) here:

0A-BEK

IEPOX-SOA = M82¢otal—M82packground _ M8B2¢otal—0A mass Xfg; g (6)
- IEPOX-SOA_ OA-Bkg IEPOX-SOA_ OA-Bkg

fa2 fe2 f2 fe2

where f{FFOX=S04 {5 22%, as obtained average (Fig. A3). In Eq. (4), f,2" "’ can be calculated
as a function of £,94 in studies strongly influenced by urban and biomass-burning emissions
2A4=5,5%10"-8.2x10° x £,94) or monoterpene emissions (f =7.7x10°~0.019x £,94), as
discussed earlier. m82,¢q; and OA ,,,45s are the measured ambient m/z 82 and OA mass
concentrations by AMS. Because fg, in MT-SOA and OA from urban and biomass-burning
emissions cannot be separated, only one background value of fg‘;A_Bkg will be used in the UMR

method.

To test this UMR empirical method, we apply Eq. (6) to SOAS-CTR dataset, see Fig. A4. The
estimated IEPOX-SOA in SOAS-CTR from both background corrections (urban+biomass

burning vs monoterpene) both correlates well with IEPOX-SOApwvr With R=0.97 and R=0.98,
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respectively. The regression slopes between estimated fresh IEPOX-SOA vs IEPOX-SOApwmE are
1.11 and 0.94, which are within 15% of 1:1 line. The deviation of estimated IEPOX-SOA from
UMR by subtracting the background of MT-SOA influences is similar to that from HR in the
SOAS dataset, indicating the UMR-based IEPOX-SOA estimation may perform as well as HR in
areas with high IEPOX-SOA fractions. For areas with small IEPOX-SOA fractions, more
uncertainties may exist in UMR calculation, e.g., there are wider variations of £,2"~"*“from
urban and biomass-burning emissions with oxidation level, whereas a smaller and less variable
fert o is found in HR. Overall, m/z 82 in unit mass resolution data is also useful to estimate
IEPOX-SOA. The different methods to estimate IEPOX-SOA may perform less well because of
increased interferences from other ions at m/z 82, however at locations with very high fractions

of IEPOX-SOA such as SOAS-CTR, the UMR-based method performs well.
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1118  Table 1. Datasets used in this study®. Ranges or average plus standard deviation of f._,_o (high resolution) and fs, (unit mass
1119  resolution) in different studies are also included.

Name of datasets Time Period Site locations and Campaign name Ranges or Ranges or References
descriptions averagexstd.de averagetstd.de
V. fC5H60 (%0) V. f82 (%0)

Studies strongly-influenced by isoprene emissions under lower NO

SE US forest-CTR site Jun-Jul, 2013 Centreville, AL, SOAS 6.2+2.4 7.612.2 1)
Pristine Amazon Feb-Mar, L. . .
forest 2008, Brazil 2008 Pristine rain forest site, TT34, AMAZE-08 5.0+2.3 7.9+1.7 2
Amazon fores_t downwind  Feb-Mar, T3 site, near Manacapuru GoAmazon2014/5 6.9+1.6 7.1+1.0 3
Manaus, Brazil 2014
Pristine Amazon Aug- TO site, ~150 km northeast of
forest 2014, Brazil Dec,2014 Manaus GoAmazon2014/5 N/A 5.6x1.7 )
SE US '2“51193:36‘0' Aircraft measurement: SEAC4RS 4.3+1.6 N/A (5)
. Jun-Jul, Rain forest GAW station,
Borneo forest, Malaysia 2008 Sabah, Malaysia OP3 10+0.3 12.4+0.4 (6)
Aug-Sep, Urban JST site, Atlanta,
Atlanpta, US 2011 7Georgia, US N/A N/A 3.7+1.9 @)
Urban JST site, Atlanta,
Atlanta (JST), US May, 2012 Georaia. US N/A 3.3+0.9 N/A (8)
Urban Georgia Tech site,
Atlanta (GT), US Aug, 2012 Georaia. US N/A 5.441.9 N/A (8)
) Rural sites, 80km northwest of
Yorkville, US July, 2012 IST site, Georgia, US N/A 7.7+2.2 N/A (8)
Jun-Jul Harrow site, rural sites
Harfow, Canada 2007 : surrounded by farmland, BAQSMET N/A N/A (€)]
Canada
Jun-Jul Bear Creek site, wetlands area
Beal Creek, Canada 2007 ’ surrounded by farmland, BAQSMET N/A N/A (€)]
Canada

Studies strongly-influenced by monoterpene emissions
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Jul-Aug,

Manitou Experimental Forest

BEACHON-

Rocfy mountain pine
foredt, CO, USA 2011 Observatory, CO, RoMBAS 3.720.5 5.120.5 (10)
E_ur pean Boreal forest, 2008-2009 H_yytlala site in Pine forest, EUCAARI 9 5+0.1b 48+0.1P (11)
Finland Finland campaign
Studies mixed-influenced by isoprene and monoterpene emissions
North American Aug-Sep, Blodgett Forest Ameriflux b b
temgerate, e v it oA Us BEARPEX 4.0+<0.1 4.0+<0.1 (1)
Studies strongly-influenced by urban emissions

Los Angeles area, CA,  May-Jun, Pasadena, US CalNex 1.6£0.2 3.620.5 (12)
us 2010

. . Nov-Dec, Peking University, in NW of
Beijing, China 2010 Beijing city, China N/A 1.5+0.3 4.60.7 (13)
Chapgdao Island, MarAPf. - Changdao island, China CAPTAIN 1.620.2 3.8£05 (14)
Downwind of China 2011 ’ T T =
Bardelona area, Spain ggg-gMar, Montseny, Spain DAURE 1.6+0.2 4.8+0.9 (15)

Studies of biomass-burning smokes

BB Chamber study gi?_zoog Missoula, MO, USA FLAME-3 1.940.6 5.9+1.4 (16)

. . Aug-Sep, All over US, aircraft
Biorhass burning plumes 2013 easurement SEAC4RS 1.8+0.5 N/A (6)

. . May-Jun, All over US, aircraft
Biorhass burning plumes 2011 easurement DC-3 1.8+0.4 N/A (17)

Continental plumes
Aug-Sep, .
NW|US 2013 Aircraft measurement SEAC4RS 1.7+0.3 N/A (16)
Wesfern US %‘rﬁjun’ Aircraft measurement DC-3 1.9+0.6 N/A a7
OA from specific sources

IEPOX-SOA fron_1 ambient PMF factors 9947 9947 (18)
and chamber studies.
Isoprene derived non-IEPOX SOA (reaction with OH under conditions of high NO or low NO <3 <3 (19)

without seed not favorable for the reactive-uptake of IEPOX, reaction with NO3 without seed)
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Monoterpene-derived SOA 5.5+2.0 6.7+2.0 (20)
Othgr SOA (not from isoprene and mononterpene) 2.2+0.9 6.1+2.1 (21)
Cooking 1.5+0.8 8.2+1.1 (22)
Coal combustion 1.4-2.0 N/A (23)
Vehicle emission 1.1+0.6 5.1+1.1 (24)
Biomass burning 2.3+0.7 4.3t1.5 (25)
Pure chemical species 0.7£1.0 4.0£5.5 (26)

1120 a- HR-ToF-AMS was used for all the campaigns except the Atlanta, US and Pristine Amazon forest 2014, Brazil using ACSM.

1121 b- Standard error

1122 (1) This study; (2) (Chen et al., 2014); (3) (de Sa et al., 2015); (4) (Carbone et al., 2015); (5)(Liao et al., 2014) ; (6) (Robinson et

1123 al., 2011); (7) (Budisulistiorini et al., 2013); (8) (Xu et al., 2014;Xu et al., 2015) (89) (Slowik et al., 2011); (810) (Ortega et al.,

1124 2014); (161) (Robinson et al., 2011); (3112) (Hayes et al., 2013); (2213) (Hu et al., 2015); (£313) (Hu et al., 2013); (2415)

1125 (Minguillén et al., 2011); (£516) (Ortega et al., 2013); (2617) (Barth et al., 2014); (£718) (Chhabra et al., 2011;Robinson et al.,

1126 2011;Budisulistiorini et al., 2013;Chen et al., 2014;Liu et al., 2014;Kuwata et al., 2015); (£819) (Kroll et al., 2006;Ng et al.,

1127 2008;Krechmer et al., 2015); (£920) (Bahreini et al., 2005;Chen et al., 2014;Boyd et al., 2015); (2621) (Bahreini et al., 2005;Liggio

1128 et al., 2005;Chhabra et al., 2011;Loza et al., 2012); (2122) (Lanz et al., 2007;Mobhr et al., 2009;He et al., 2010;Huang et al.,

1129 2010;Mohr et al., 2012;Crippa et al., 2013;Hu et al., 2015); (2223) (Hu et al., 2013;Hu et al., 2015); (2324) (Canagaratna et al.,

1130 2004;Lanz et al., 2007;Sage et al., 2008;Aiken et al., 2009;Mohr et al., 2009;Chang et al., 2011;Docherty et al., 2011;Hersey et al.,

]|131 2011;Ng et al., 2011b;Coggon et al., 2012;Mohr et al., 2012;Saarikoski et al., 2012;Setyan et al., 2012;Crippa et al., 2013); (2425)

1132 (Schneider et al., 2006;Weimer et al., 2008;Aiken et al., 2009;He et al., 2010;Ng et al., 2011b;Schneider et al., 2011;Mohr et al.,

J|133 2012;Saarikoski et al., 2012;Crippa et al., 2013;Hu et al., 2013;Hu et al., 2015); (2526) (Alfarra, 2004;Katrib et al., 2004;Phinney et

1134 al., 2006;Dzepina et al., 2007; Takegawa et al., 2007;Aiken et al., 2009;L.i et al., 2011;Schneider et al., 2011)
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Figure 1. Locations of field campaigns used in this study. The IEPOX-SOA fractions of OA in

Longitude (°)

different studies are shown in the pie charts on the top of graph. Site names are color-coded with

site types. Detailed information these studies can be found in Table 1. Note that the Atlanta pie

chart was averaged by three urban datasets in Budisulistiorini et al. (2013)_and Xu et al. (2015).

The green background is color coded with modeled global gas-phase IEPOX concentrations for

July, 2013 from the GEOS-Chem model. The insert shows as scatter plot of observed average

fraction of IEPOX-SOA in OA vs. GEOS-Chem modeled gas-phase IEPOX in various field

campaigns.
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Figure 2. Results from the SOAS campaign in a SE US forested site. (a) Time series of IEPOX-

SOARrwMF, sulfate and particle-phase 2-methylterols (a key IEPOX uptake product) from on-line

GC/MS; (b) Scatter plot between particle-phase 2-methylterols and IEPOX-SOA. (c) Mass

spectrum of IEPOX-SOA,; (d) Diurnal cycle of IEPOX-SOA, isoprene and gas-phase IEPOX

(the latter measured by CF3O~ CIMS).
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Figure 3. Probability density distributions of f¢_y_o in studies (a) strongly influenced by urban
emissions; (b) continental air masses sampled from aircraft and biomass-burning emissions; (c)
other anthropogenic primary OA sources and pure chemical standards. The dashed line (1.7%o) is
the average fc.y, o in studies shown in panels (a) — (b). (d) Scatter plot of f¢o, (fco,=CO2"/OA)
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1162

1163

VS. fc.ngo Tor all studies shown in panels (a) — (c), using the same color scheme. Quantile

averages of f-_p o across all studies sorted by f,are also shown, as is a linear regression line to

the quantile points.
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Figure 4. (a) Probability density and (b) cumulative probability distributions of C‘;;‘,ﬁo in studies
strongly influenced by isoprene and/or monoterpene emissions. The ranges of f_y o from other

non IEPOX-derived isoprene-SOA and MT-SOA are also shown. The background grey lines are
from studies strongly influenced by urban and biomass-burning emissions and are the same data

the arrow) to 40%0 which is beyond the range of x-axis scale.

from Fig. 3a —b. The arrow in Fig. 4a indicates the range of f/57% 5?4 between 12%o (start of
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aircraft measurement. Average fc_p o from regions strongly impacted by urban and biomass-
burning emissions and MT emissions are also shown for reference. Two areas with grey
background indicate the periods when 605?1160 increases when monoterpene concentrations
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strong monoterpene emissions. (b) Scatter plot of estimated IEPOX-SOA vs. IEPOX-SOApME.
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resulting in a slight overestimation of IEPOX-SOA for those data points.
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Figure Al. Probability density distributions of fg, in studies (a) strongly influenced by urban
emissions; (b) biomass-burning emissions; (c) other anthropogenic primary OA sources and pure
chemical standards. Several pure chemical species showing higher fg, between 15 — 30%o are
labeled with arrow. (d) Scatter plot of f,, (fs,=m/z 44/0OA) vs. f3, for all studies shown in panels
(a) — (), using the same color scheme. Quantile averages of fg, across all studies sorted by f,,
are also shown, as is a linear regression line to the quantile points.
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Figure A2. (a) Probability density and (b) cumulative probability distributions of fg, in studies
strongly influenced by isoprene and/or monoterpene emissions. The ranges of fg, from other non
IEPOX-derived isoprene-SOA and MT-SOA are also shown. The background grey lines are
from studies strongly influenced by urban and biomass-burning emissions and are the same data

from Fig. Ala—b.
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Figure A3. Scatter plot of f,, and fg, in studies strongly by isoprene and monoterpene
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Figure A4. (a) Time series of IEPOX-SOApwmr and estimated IEPOX-SOA based on m/z 82 for

the SOAS-CTR data in SE US forest. Two different estimates of background m/z 82 are shown,

using values from regions strongly impacted by urban and biomass-burning emissions vs.
regions with strong monoterpene emissions. (b) Scatter plot of estimated IEPOX-SOA vs.
IEPOX-SOAsve. Note that the largest IEPOX-SOA plume (> 4 ug m) on 26-Jun-13 had a
slightly higher £2* of 24%, resulting in a slight overestimation of IEPOX-SOA for those data
points.
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Table S1. Pearson’s correlation coefficients (R) between time series of organic ions and the
PMF IEPOX-SOA factor for the SOAS study (SE US forest).

lon Formula lon mass Correlation coefficient (R)
lons with R > 0.8
CsHeO" 82.0419 0.97
CsHsO" 81.034 0.95
C4Hs" 53.0391 0.90
C4HsO" 70.0419 0.88
C3H;02" 75.0446 0.87
CsHsO" 57.034 0.84
CsHs" 54.047 0.84
CHsO" 31.0184 0.83
C4H:02" 87.0446 0.83
CsHs" 42.047 0.82
CsH2" 50.0157 0.82
CsHsgO" 84.0575 0.82
C4Hs0" 69.034 0.82
C4H* 49.0078 0.82
CsH3* 39.0235 0.82
CoHs" 27.0235 0.81
CsH* 37.0078 0.80
CoHs" 29.0391 0.80
C4H3" 51.0235 0.80
CsH2" 38.0157 0.80
CsHs* 41.0391 0.80
CH.O" 30.0106 0.80
lons with lowest R
CHNO" 43.0058 -0.37
CNO* 41.998 -0.12
CN* 26.0031 -0.11
Other common used ions in AMS

CoH30" 43.0184 0.72
CsH7" 43.0548 0.57
CO.* 43.9898 0.66
CsH30" 55.0184 0.72
C4H7* 55.0548 0.68
CoH40," 60.0211 0.60
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Table S2. Description of spectra which have higher f_y o than background f¢_p. o, labeled by
number in Fig. 5.

Index Spectra name

Description of spectra sources

References

1

2

3

a1

10
11
12
13
14
15

16
17

HOA? from CARES
campaign
OA from CA Central Valley

NO3z + A-Carene reaction in
Chamber

Ozonolysis a-terpene in
Chamber

SV-OO0AP" from SOAR
SV-0OO0A from Paris
summer campaign

NOs + A-Carene reaction in
Chamber
SV-OO0A from SOAS

NO3s + A-Carene reaction in
Chamber

MO-OOA°® in CARES
campaign

SV-0O0A in MILAGRO

LV-OOA in Paris summer

Adipic acid
3-Hydroxy-3-
Methylglutaric Acid
4-ketopimelic acid
5-Oxoazelaic acid
Gamma ketopimelic acid
dilactone

Isoprene emission influenced,

aerosol is neutralized

Isoprene emission influenced,

aerosol is slightly acidic.
Biogenic SOA

Biogenic SOA

Slight biogenic influence
Not mentioned in study,
however, forests around the
sampling site.

Biogenic SOA

Isoprene and monoterpene
influenced
Biogenic SOA

Urban SOA with isoprene
emission-influenced
Urban SOA

Urban-background SOA,
forests around the sampling
site.

Pure chemical OA standards
Pure chemical OA standards

Pure chemical OA standards
Pure chemical OA standards
Pure chemical OA standards

(Setyan et al., 2012)
(Dunlea et al., 2009)
Chamber study in CU
(Chhabra et al., 2010)
(Docherty et al., 2011)
(Crippa et al., 2013)
Chamber study in CU
This study

Chamber study in CU
(Setyan et al., 2012)
(Aiken et al.,

2009;Ulbrich et al., 2009)
(Crippa et al., 2013)

(Canagaratna et al., 2015)
(Canagaratna et al., 2015)

(Canagaratna et al., 2015)
(Canagaratna et al., 2015)
(Canagaratna et al., 2015)

#HOA=Hydrocarbon-like OA
b S\V-OOA=Semi-volatile oxygenated OA
¢ MO-OOA=More-oxidized oxygenated OA
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Figure S4. Scatter plots of IEPOX-SOA spectra in other studies vs IEPOX-SOA spectrum from
this study (SOAS, SE US forest). The spectra on the y-axes are in the same order as Figures S1

(b) to (9).
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99 indicates extensive fire influence during this period, while the IEPOX-SOA tracer stays at

100  background levels across widely varying OA concentrations.
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Figure S7. Schematic of the estimation method of IEPOX-SOA based on ambient f¢_y, o- (2)
Fraction of IEPOX-SOA in total OA vs ambient /7%, , (b) probability distribution of 7%, ,, in
SOAS and in background studies. The average background of fC 1.0 -from SOAS-CTR should
be between the f¢_p o from urban and biomass burning emissions (~1.7%o) and f¢_p, o Strongly
influenced by monoterpene emissions, which we can use 3.7%. from Rocky Mountain site as
representative value. An average fC neo Value of 2.7%o was used here for the background 24 )
for SOAS-CTR. f¢ .o In IEPOX-SOApwE is 22%.. Two values corresponding to 0% and 100%

IEPOX-SOA in total OA, are shown as two square points shown in Fig. S5a. If we assume the
air containing these two types of OA are mixed with each other, then we can draw a line between
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these two points in Fig. S5a. Ambient fcasé,ﬁo partially contributed by IEPOX-SOA should vary

along this line. Take SOAS as an example, 17% of OA in SOAS was composed by IEPOX-SOA,
then it corresponds to an expected average COS‘},GO of ~5.7 %o, which is consistent with what was
observed (Fig. S5b). The peak of the probability distribution of C‘f_j;w in SOAS is around 5.7%o.
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Figure S8 Comparison between f/,~394 and f/5/ % 594, f24; o from areas strongly

influenced by urban + biomass burning and isoprene emissions are also shown.

13



& Standard deviation of ambient f¢,;, o2 -20

WO 4.4

5
[ = 4.2— .
o 'g -1.5 -1.5 o
o 4 0_ o
L g 4 S 3
~— O o -
O T 1 ol o®
» g 38 108 L0 £
S 3 @ 53
T o g g
o I 3 S
g8 & 34 058 05 ©
< T

3 3.2+

©

£

- 3 04+—F—F—+—F+——1+——++0.0 -0.0

® 0 6 12 18 24

122
123 Figure S9. Diurnal variation of ambient /%, , at the Manitou Forest pine forest site in the

124 Rocky Mountains during the BEACHON-RoMBAS 2011 field study, together with diurnal
|125 variations of estimated /7%, , from £} based on regression results between 2% , and [

126 (ambient+Oxidation flow reactor) in this study. The diurnal variation of monoterpene and
127  isoprene+MBO are also shown.
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133 Figure S10. Scatter plot between £, and f24_, for all the ambient OA dataset. Green arrows
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Figure S11. Time series of ambient /2% o, £, and IEPOX-SOA mass concentrations, together

with the IEPOX-SOA fraction of OA during the SOAS-CTR campaign in a SE US forest. During
this period, high sulfate and IEPOX-SOA mass concentrations and mass fractions are observed.

16



SE US forest
(Look Rock site)

i T r
0.8 ! 3 5

@® 2-Methyltetrols
@ Cs-alkene triols
0.61| A IEPOX-derived

I

>

&)

[

o

S

g Organosulfates

7)) and dimers

> 0.4

O

(o

u 2
S 0.2
et T
o n
O 0.0

L

tracers in total IEPOX-SOA from AMS

10 12 14 16 18 20 22

145

146  Figure S12 Scatter plot between different IEPOX-SOA molecular tracers (Methyltetrol, C5-
147  alkene triols and IEPOX-derived organosulfates and their dimers) vs IEPOX-SOApmr and fg, in
148 IEPOX-SOA
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152  Figure S13. Scatter plot between tracer-estimated IEPOX-SOA and IEPOX-SOApMmF at a pristine
153  Amazon forest site (AMAZE-08). The tracer-based IEPOX-SOA was estimated using OA

154  background from regions strongly influenced by (A) urban and biomass-burning emissions and
155  (B) monoterpene emissions. In each plot, we used two f¢%; %54, from the average IEPOX-

156 SOApmr (fEFG~594=22%0) and from the IEPOX-SOApwmr in Amazon forest study
157 (FIERON~50A—12%).
158
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Estimated IEPOX-SOA in Borneo forest by substracting OA background from regions
strongly impacted by:

(A) Urban+BB emissons (B) MT emissions
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Figure S14 Scatter plot between estimated IEPOX-SOA and IEPOX-SOApmF at a Borneo forest
site. The tracer-based IEPOX-SOA was estimated using OA background from regions strongly
influenced by (A) urban and biomass-burning emissions and (B) monoterpene emissions. In each
plot, we used two fZEF% =594, from the average IEPOX-SOApwmie (f15 % ~504=22%o) and from

the IEPOX-SOApwmr in Borneo forest study (f5; % 5?4=38%).
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1.1 Bounds for using the IEPOX-SOA estimation method

In theory, our method can easily produce an estimate of “IEPOX-SOA” from an AMS
dataset, but the errors could be substantial in some cases. The guidelines below are meant to limit
the errors when applying this method:

1) We first recommend making the scatter plot of £ and 4, and then compare it to
Fig. 5 in this study to help evaluate the possible presence of IEPOX-SOA.

2) For datasets where an important influence of MT-SOA is suspected: if all the fC%GO in
total OA are ~3.1%o or lower within measurement noise, the estimated IEPOX-SOA will
show negative and positive values scattered around zero, indicating negligible IEPOX-
SOA in the dataset. A similar conclusion can be reached for urban or BB-dominated
locations when fcgf,60~1.7%o or lower for most data points.

3) When the scatter plot between £ and f,2% , shows obvious enhanced f;?% , above the
most-relevant background value, users can easily use the tracer-based method to estimate
the IEPOX-SOA mass concentration. If the source of the background OA is not known,
we suggest using both background corrections and reporting the range of results.

4) Cases intermediate between No. 2 and 3 above, i.e. when fcosf,éo is only slightly above the
relevant background level will have the largest relative uncertainty. In this case we
recommend applying the method and evaluating the results carefully, as exemplified for
the Rocky Mountain dataset in this paper (section 3.5). E.g. diurnal variations of f24 ,
and SOA precursors (e.g., isoprene and monoterpene), together with diurnal variation of
estimated IEPOX-SOA, provide useful indicators about whether the results are
meaningful. For cases in which the fraction of IEPOX-SOA in total OA is relatively low
(e.0., <5%) and the fraction of MT-SOA in total OA is high (e.g., >50%), the uncertainty
of the IEPOX-SOA estimate will be very high. For this type of situation the full PMF
method may be required.

Besides ease of use, another advantage of the tracer-based estimation method is that it can
be used to quantify IEPOX-SOA based on brief periods of elevated concentrations, e.g. as often
encountered in aircraft studies. In those cases it may be difficult for PMF to resolve an IEPOX-
SOA factor, but no such limitation applies to this estimation method.

1.2 Uncertainties of IEPOX-SOA estimation method.

To estimate the accuracy of our IEPOX-SOA tracer-based estimation method, we used this
method to estimate IEPOX-SOA from another two ambient datasets with the lowest and highest
feEn %394 in PME-resolved IEPOX-SOA (IEPOX-SOApmr) among all the studies in this paper.
The lowest value is from a dataset in the pristine Amazon forest (AMAZE-08) where
febn % 5%4=12%o (Chen et al., 2015) and the highest value from a dataset in a Borneo forest
with f57%594= 38%, (Robinson et al., 2011). Since the 575 >4 values in these two
datasets are the two farthest from the average f:57% >?4 (227%o), the estimation method
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results from these two datasets represent the worst case scenarios for all datasets published so
far.

The estimation results from both datasets are shown in Fig. S13 and Fig. S14. Both of the
background OA corrections for areas strongly influenced by urban+BB emissions and by
monoterpene emissions are used.

Overall, all variants of the estimated IEPOX-SOA correlate well with IEPOX-SOApwme (all
R>=0.93). When average féSE,f;)OX ~S04=22%s is used, the slope between estimated IEPOX-SOA
vs IEPOX-SOAewe is between 0.43-1.5, i.e. within a factor of 2.2. When the actual f¢55%~*%4in

each dataset is used, the slope between estimated IEPOX-SOA vs IEPOX-SOApME IS in a range
of 0.7-1.2, i.e. within 30%.
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