acp-2016-342: Model simulations of cooking organic aerosol (COA) over the UK using
estimates of emissions based on measurements at two sites in London

We thank the reviewer for their supportive comments. We respond to each comment
individually below. The reviewer’s comments are in italics and blue font, our responses are in
normal text.

Anonymous Referee #3

This paper describes a development of a new top-down emission inventory for cooking organic
aerosols (COA) in the UK. The COA emission estimates were included in an offline air quality
model to simulate the COA distribution over a British Isles domain. The simulated COA
concentrations were compared with surface measurements (inferred from PMF analysis) of
COA concentrations at several cities in the UK. It’s crucial to quantify the contribution of the
COA emissions to total OA burden. This also could help to interpret the radiocarbon analysis of
particulate matter. Currently there is poor understanding of the COA emissions. As the authors
noted this sector is totally missing from the European emission inventories of primary OA. The
paper could help us to understand and quantify the role of COA emissions in air quality over
major metropolitan areas in Europe.

| think the text needs some revision for final publication.

Major comments: The paper neglects the discussion of radiocarbon analysis of organic carbon
(OC). Was radiocarbon analysis done during the ClearflLo field campaign? | suggest adding
discussion of such studies done in the past, e.g. Weber et al., 2007, Zotter et al., 2014. How
better characterization of COA could help to explain the radiocarbon analysis of OC, such as
modern vs. fossil carbon in aerosols?

Response: Radiocarbon (i.e. 14C) is certainly an excellent tracer for distinguishing between
fossil and contemporary carbon. However, without additional measurement data, and usually
some assumptions about source emission ratios, radiocarbon cannot directly distinguish the
sources of the fossil or contemporary carbon or whether the carbon is of primary or secondary
origin (Heal, 2014). The radiocarbon in some samples of PM2.5 was determined during the
ClearfLo campaign yielding average proportions for non-fossil TC of 53% at the North
Kensington urban background site and 64% at a rural background site at Detling to the east
(and normally downwind) of London (Crilley et al., 2015). Whilst these radiocarbon data are
only for a very small subset of time within the full year of ClearfLo campaign covered in our
modelling work, the greater than one-half contribution of non-fossil carbon to TC in London is
in line with similar proportions of non-fossil carbon in PM reported in Birmingham, UK (Heal
et al.,, 2011) and in urban airsheds elsewhere (for example, the Weber et al. (2007) and Zotter
et al. (2014) studies the reviewer highlights above). Where reported, non-fossil contributions
to OC are higher than for TC (Heal, 2014); for example mean non-fossil contribution to OC in
Birmingham, UK, was 76% (Heal et al., 2011). The carbon in COA will be non-fossil (being
derived from the food itself and from biologically-derived cooking oils). Therefore, the finding
in our current study that COA can be a notable component in urban air (we report ~20% of
OA; in central London) is entirely in line with radiocarbon data, including the estimate by



Zotter et al. (2014) that cooking contributed at least 25% to non-fossil OC in Los Angeles air.
(If OA in London was ~76% non-fossil, as in Birmingham, then an estimated contribution of
~20% cooking to OA in London would be equivalent to ~26% cooking contribution to non-fossil
OA.) Without detailed emissions data for all the other fossil and non-fossil carbon sources that
can contribute to OA (and in particular there are known shortcomings in the European
emissions inventories for domestic wood burning), it is not possible to use the model for
detailed quantitative apportionment of fossil/non-fossil OC beyond the observations made
above that the findings from the model work are entirely consistent with conclusions derived
from radiocarbon measurements.

Given that it is not possible to make detailed quantitative comparisons between model output
(for a year of study) and short-duration radiocarbon measurements we cannot elaborate
much on this in our paper. However, we acknowledge the validity of including some discussion
of these matters so we have now added the following text as a new paragraph at the end of
Section 3.2:

“Table 2 and Figure 5 show that the modelled annual average contribution of COA to ambient
particulate matter (PM) in central London was between 1-2 ug m~, which corresponds to
~20% of OA;. The carbon in COA will be non-fossil, being derived from the food itself and from
biologically-derived cooking oils. Using radiocarbon (carbon-14) measurements on some daily
samples of PM; s collected during the ClearfLo campaign, the average non-fossil contributions
to total carbon (TC) at the North Kensington urban background site, and at the Detling rural
background site east of London, were determined to be 53% and 64% on average, respectively
(Crilley et al., 2015). The greater than one-half contribution of non-fossil carbon to TC in
London is in line with similar proportions of non-fossil carbon in PM reported in Birmingham,
UK (Heal et al., 2011) and in urban airsheds elsewhere (e.g. Weber et al., 2007; Zotter et al.,
2014). Where reported, non-fossil contributions to OC are higher than for TC (Heal, 2014); for
example mean non-fossil contribution to OC in Birmingham, UK, was 76% (Heal et al., 2011).
Therefore the finding here that COA can be a notable component in urban air is entirely
consistent with radiocarbon apportionments, including the estimate by Zotter et al. (2014)
that cooking contributed at least 25% to non-fossil OC in Los Angeles air.”

There are a few studies, where the ambient COA was estimated using the PMF analysis. The
paper by Hayes et al. 2015 reported COA, namely cooking influenced organic aerosol (CIOA)
estimates based on the AMS measurements during the CalNex field campaign in the Los
Angeles basin. Hayes et al., 2015 discuss the uncertainties related to identifying the OA burden
due to the cooking sources. The findings of the study by Hayes et al., 2015 aren’t discussed in
this paper at all. Also, | think using the term as "CIOA" instead of "COA" would be more
accurate.

Response: We thank the reviewer for bringing this work to our attention. We have added the
following text to Sect. 2.2 (AMS measurements used in this study). Note that we actually cite
to Hayes et al. 2013, as this is where the original observations are described, whereas Hayes
et al. 2015 just cited to the earlier paper.

“Furthermore, Hayes et al. (2013) observed that the correlation between HOA+COA and CO is
stronger than the correlation between just HOA and CO (0.71 vs 0.59). They speculated this



could mean the COA component identified may also include some particulate mass from non-
cooking sources such as traffic.”

While accepting the reviewer may have a valid point that the term CIOA rather than COA might
be a more accurate descriptor for this PMF factor, we have chosen to continue using COA here
because the measurement datasets we have used in this study (Young et al. 2015; Allan et al.
2010) have identified this source with this descriptor.

The authors treated COA as non-volatile. Please elaborate on this point. What about other POA
species, are they also treated as non-volatile. From the PMF analysis do you identify COA as
HOA (primary) or OOA like (secondary)? Wouldn’t scaling the COA emissions directly from the
atmospheric measurements (by neglecting secondary OA) lead to overestimation of the COA
emissions in this study?

Response: The PMF analysis identifies COA as a primary component. The COA that has gone
through atmospheric ageing after emissions would be included under the PMF OOA factors,
but as we only used the (primary) COA factor our emission estimate might be an
underestimate. However, as we based our estimates on sites in central London (i.e. a high
source region), this underestimation of COA that has already ‘transformed’ to OOA is likely to
be small.

The volatility of POA species is a major source of uncertainty in atmospheric chemistry
transport models. In acknowledgement of this we have now added the following to Sect. 2.1
(Model description):

“Treating POA as non-volatile is a simplification as, in reality, some POA may evaporate on
atmospheric dilution, go through atmospheric ageing, and condense back into the particulate
phase thus becoming secondary OA (SOA; Robinson et al. (2007)). The volatility distribution
and ageing rates are, however, still a major source of uncertainty in atmospheric chemistry
models (Ots et al. (2016) and references therein).”

Another missing point in the paper is the role of intermediate VOCs (IVOC) from the cooking
sources. The studies by Schauer et al. aren’t referenced here at all. | realize that it’s hard to
characterize the emissions of the IVOCs from cooking sources. But discussing on this topic is
important here.

Response: We have now added the following text to the model description section
immediately after the additional insertion of text on POA referred to in the previous comment:

“Furthermore, some POA emissions are accompanied by emissions of intermediate volatility
organic compounds (IVOCs; e.g. Shrivastava et al. (2008) based on Schauer et al. (1999)), but
to our knowledge, there are currently no measurements or estimates of cooking-IVOCs to use
as a basis for modelling.”



The authors mention possible measurement uncertainties in the text, but | don’t see any
uncertainty numbers related to the collection efficiency and PMF method are presented in this
paper. How much those measurement uncertainties change the conclusions drawn from the
model-measurement comparisons?

Response: We do state, in a couple of places, that the uncertainty (most likely overestimation)
in quantification of the contribution of COA derived from PMF of AMS data is up to a factor of
2. First, in Sect. 2.2 (AMS studies used in this study):

“Nevertheless, there are some inherit uncertainties involved in deriving COA concentrations
with AMS measurements. For example, AMS measurements need to be corrected for the
fraction of aerosol that is not effectively vaporised due to bounce from the hot surface
involved in the AMS’s detection mechanism. Whilst this is well characterised for typical,
internally-mixed ambient aerosols (e.g. Middlebrook et al. (2012)), it is possible that the COA
measured by the AMS is not well mixed with other aerosol components and could therefore
be detected at a higher efficiency. If this were the case, AMS measurements may overestimate
COA concentrations by up to a factor of 2.”

Secondly, at the end of the Conclusions:

“It is noted that it is possible that AMS-PMF measurements of COA concentrations might be
overestimated by up to a factor of 2 (as was explained in Sect. 2.2). This means that the
emission estimate of 7.4 Gg of COA per year (about 320 mg person™ day™) could be a factor
of 2 too high (but since COA is a primary PM emission, modelled COA concentrations scale
linearly with changes in COA emission amount in the model). If this were the case then,
depending on the degree of overestimation, COA would still an important contributor of PM
in very central areas, but possibly less so in wider urban or suburban areas.”

Paragraph 20: | think this statement is little misleading. At present there are a number of SOA
precursors and mechanisms (proposed during last 5-10 years) that are used in the models,
which lead to overestimation of OA in some cases. | think what is more important now to
constrain the different mechanisms (aging e.g.) and sources of OA in air quality models.

Response: Whilst we agree that significant improvements in SOA precursor emissions and
modelling have been achieved, our work was focused on a specific primary component (COA)
that has been identified by several AMS studies as such. Some studies have achieved an
overestimation of total OA by increasing SOA precursors, but with the dataset we are using
(so not just total OA, but PMF apportionment of different components of OA) it is clear that
primary OA from cooking sources is of importance to total OA (and therefore to total PM).

It’d help to include the measured total OA concentrations at the sites discussed in this paper.
Also, their PMF composition to give a better idea to a reader about the role of COA and other
sources in driving OA pollution across those cities.



Response: Agreed, we have added the following sentences to Sect. 2.2 (AMS measurements
used in this study):

“Annual average OA; during 2012 at the Marylebone Road site was measured at 8.5 pg m™:
0.8 ug m~> SFOA (9%), 3.0 pg m~> SOA (36%), 2.5 ug m—> HOA (29%), and 2.2 ug m~> COA (26%).”
and

“Annual average OA; during 2012 at the North Kensington site was measured at 4.2 ug m™:
1.0 ug m~> SFOA (24%), 1.6 ug m~> SOA (38%), 0.8 pug m~> HOA (19%), and 0.8 ug m~> COA
(19%).”
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