Review for “Uncertainties in the effects of organic aerosol coatings on polycyclic
aromatic hydrocarbon concentrations and their estimated health effects” by Lou
et al.

In this study the authors compared three BaP degradation approaches with
different treatment of the effects of organic aerosol coatings on the particle-phase BaP
reactivity. The simulated gas-phase BaP and oxidized BaP based on the three
approaches were compared with observations. As BaP has significant health effects,
accurate representation of BaP concentrations over a global scale is highly needed.
This manuscript is clearly written and is helpful for future modelling studies to
improve the PAHs simulations. | recommend the publication of this work after the
authors could address my comments below.

Major comments:

(1) My major concern is that how to simulate the effects of organic aerosol
coating, namely, the viscosity, on the gas-particle partitioning of BaP and the
heterogeneous degradation coherently. Viscosity affects both partitioning and
reactivity. Therefore, if the Bap degradation in the particle phase has considered the
effects of viscosity in the Shielded approach and ROI-T approach as what the author
did, for coherence, the effect of viscosity on gas-particle partitioning of BaP should be
also included. Does the ppLFER model the authors applied for gas-particle
partitioning of BaP specifically considered the viscosity of the organic shell and its
effect on partitioning?

(2) My another concern is that the section of “Conclusion and Discussion” is
too much rephrasing the results with little discussion. I recommend that the authors
can give a clearer conclusion. For the discussion, the following aspects may be
helpful. First, what are the limitations of the Shielded and ROI-T approaches and how
to improve these kinds of methods for future modelling studies? For example, Bap
and ROI-T have not considered the phase state of the organic coatings varied with RH,
T, and organic aerosol chemical composition, which, however, has been
parameterized since 2017 (Li et al., 2020; Shiraiwa et al., 2017; Zhang et al., 2019)
and included in chemical transport models (Shrivastava et al., 2022; Zhang et al.,
2024). Second, would phase phase separation affect BaP gas-particle partitioning and
heterogeneous degradation (Pye et al., 2017; Schmedding et al., 2020)?

Specific comments:

(1) Some recent modeling work on PAH should be cited and the simulated BaP
concentrations are better compared (Wu et al., 2024).

(2) Line 164 at Page 5, why the authors did not include the gas-phase reaction of
BaP with O3 and NO3?

(3) Line 348-350 at Page 11, the authors wrote that a large portion of the total
Bap was still oxidized though the effect of organic coating had been considered in
bulk diffusion of BaP in the ROI-T scheme, which was surprising. Again, referring to
my major comment 1, the authors should clarify that the effect of viscosity on



gas-particle partitioning and BaP degradation rate is related to two different processes.
Did the ROI-T scheme consider the phase state effect on bulk diffusivity of BaP in
your simulation? | think the result showed in Line 348-350 is not surprising as the
reaction rate of BaP with ozone in the particle phase was dependent on RH and T,
thus the viscosity of organic shell, which resulted in limited effect of organic coating
on BaP degradation in areas with low viscous particles.

(4) Line 198-200 on Page 6, please double check. I did not see this from Table
S3in Muetal. (2018).
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