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Referee #1 General Comments: This work deals with the very complex nature of how
small particles affect human health. There is substantial evidence that shows that
small particles do have adverse health effects, but it is still not clear what causes is-
sues. The authors recognize this, and do a good job of presenting the problem and
previous research (with one notable exception, which will be discussed below). They
focus on different carbon-based nanoparticles, including engineered ones. Their re-
sults are generally in agreement with previous work, but their major new contribution is
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the identification of epoxide groups on graphene oxide surfaces having a significantly
larger effect on DTT decay rates.

Response: Thank you for your positive comments.

I have no major issues with how the experiments were performed (including the analyt-
ical methods used), and why the different nanomaterials were used. However, I have
some issues with the interpretation and implications stated. The title states "implication
for toxicological evolution during atmospheric relevant aging of soot" but most of the re-
sults are for engineered nanomaterials, not atmospheric soot, which is a very different
type of particle. While it is important to learn about the toxicity of engineered nanoma-
terials, those results should not be applied to atmospheric soot particles (which have
very few engineered nanoparticles). The results themselves are interesting and impor-
tant enough without the atmospheric extrapolation, and I suggest revising the title and
the Conclusions section.

Response: Thank you for your instructive suggestions. We revised the title as “Influ-
ence of functional groups on toxicity of carbon nanomaterials”.

In the Conclusion section, we removed the sentences related to soot aging. For ex-
ample, the following sentences have been deleted in the revised manuscript. “It is also
a primary process in the atmosphere relating to chemical aging of particles including
soot and CB particles”, “This means that oxidation potential enhancement of CB parti-
cles is also possibly resulted from the formation of epoxide during chemical aging in the
atmosphere”, “On the other hand, it has been found that aging rate of BC particles un-
der highly polluted urban environment is faster than that under clean conditions (Peng
et al., 2016). In the future, much work should be performed on the toxicity evolution of
CB or BC particles under real atmospheric conditions”.

In the abstract section, the final sentence has been revised as “These results imply
that epoxidation might enhance the oxidation potential of carbon nanomaterials”. In the
introduction section, the sentence “In the current study, both the cell-free toxicity and
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the cell cytotoxicity of carbon nanomaterials with different functionalities were evaluated
to focus on the role of functionalization in their toxicities to understand the possible
influence of different source or oxidation processes on the toxicity evolution of soot
particles” has been revised as “In the current study, both the cell-free toxicity and the
cell cytotoxicity of carbon nanomaterials with different functionalities were evaluated to
focus on the role of functionalization in their toxicities”.

A new sentence has been added into the conclusion to emphasis the toxicity
of epoxide-containing carbon materials as “This means that exposure to epoxide-
containing carbon materials should lead to high health risk regarding to oxidation po-
tential” (lines 544-545 in the revised manuscript).

In the discussion section, reasons for the observed effects are given with very little
evidence (though there are some references stated). For example, line 248 states:
This means the cell membrane might be intact when exposed to SB4A. Another is
line 293: For example, adhesions and/or covering on cells could be the main MOA
for graphene/graphene oxide (2-D structure), while for carbon nanotubes (1-D struc-
ture), piercing and/or internalization by cells could be the main MOA. I suggest moving
these types of sentences to the Discussion section and providing more references or
information about these assumptions.

Response: Thank you for your suggestion. In the original manuscript, we did not sep-
arate the discussion from the results section. In the revised manuscript, we devided
them into two parts. These sentences you mentioned have been moved to discussion
section as “As shown in Fig. 2, all the carbon nanomaterials showed decreased ATP
activities as a function of the dose. This means the carbon nanomaterials investigated
in this work are toxic to murine J774 cell line. This is consistent with the previous
results that CNT and Printex U are toxic to J774 cells (Kumarathasan et al., 2012)
and graphene oxide can induce dose-dependent cell death in normal lung fibroblasts
(HLF), macrophages (THP-1 and J744A), epithelial (BEAS-2B) cells, lung cancer cells
(A549) etc. (Zhang et al., 2016;Li et al., 2018). At the same time, the BrdU activities
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decreased as a function of the dose of carbon nanomaterials, which means they are
inhibitor for cell proliferation of murine J744 (Cappella et al., 2015). In addition, ex-
cept for SB4A, other carbon nanomaterials showed significant increases in LDH. This
means that the integrity of cell membrane decreased when J774 cells were exposed
to these engineered carbon nanomaterials, while the cell membrane might be intact
when exposed to SB4A (Cho et al., 2008;Kumarathasan et al., 2015). This might be
related to lipid peroxidation induced by these engineered particles (Li et al., 2018) and
the non-sphere feature of these engineered particles as observed in Fig.S1. These
results also consistent with the previous study that observed CNT cytotoxicity ranking
was assay-dependent (Kumarathasan et al., 2015)”. The corresponding references
have been added in the revised manuscript as you suggested.

Specific Comments: As the authors correctly state, the particles studied have very
different chemistry and morphology, making it almost impossible to discern the mech-
anisms or chemicals responsible for the observed results. While most of the particles
have similar DTT decay rates, this could be a coincidence or the result of a similar
mode of action. I do not think the authors have clearly identified which it is. The au-
thors should reference the many works from the Prof. Barry Dellinger group at LSU (he
is deceased, but the work continues). They have identified a new type of radical, called
Environmentally Persistent Free Radicals, that produce cell damage in a catalytic cycle
involving metals, nanoparticles, and quinones (they have many papers in ES&T). The
catalytic cycle upsets the notion that it is simply the concentration of an active species
that is important.

Response: Thank you for your instructive suggestion. We agree with you that the ob-
served DTT activity could be a coincidence of the chemical composition, functional
groups and morphology of these particles. This make it is difficult to clearly identify
the crucial factor determining the toxicity. This is the reason why we mainly compared
the toxicity among these particles with the similar morphology, in particular, between
graphene and graphene oxide. On the other hand, we think the role of epoxide in
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the highest DTT activity of graphene oxide can be well supported by the different DTT
activity between thermal treated graphene oxide and the pristine graphene oxide. In
the revised manuscript, we emphasized this point as “Although the observed toxicity
including DTT activity and cytotoxicity could be a coincidence of the chemical compo-
sition, functional groups and morphology of these particles, the above results at least
imply that these physiochemical properties such as morphology, metal and OC content
should not be crucial factors as for the toxicity of these carbon nanomaterials because
it is difficult to observe an obvious dependence of the toxicity on these factors” (lines
483-488 in the revised manuscript).

As for the Environmentally Persistent Free Radicals, we added a paragraph in the
revised manuscript (lines 514-520) as “Recently, environmentally persistent free radi-
cals (EPFRs) (a kind of surface stabilized metal-radical complexes characterized by an
oxygen-centered radical) (Dugas et al., 2016) have been identified in different source
of particles including biomass/coal combustion, diesel and gasoline exhaust, ambient
PM2.5 and polymer (Balakrishna et al., 2009;Truong et al., 2010;Dugas et al., 2016).
However, it is unclear that whether epoxide in graphene oxide observed in this study
contributes to the EPFRs formation. This is needed to be investigated in the future”.

Technical Corrections: The paper, in general, is well written. However, there are several
awkward sentences, missing or unnecessary words that should be corrected (as a
native English speaker, I cannot imagine writing a paper in a different language). These
are all minor and did not affect my review.

Some examples are: Line 21 were investigated for understanding - change to "were
investigated to understand"

Line 63 Change NO3 to NOx

Line 94 Functionalized does not to be capitalized

Line 348 Do you mean bonded?
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Line 388 awkward sentence

Line 447 add "the"

Line 487 don’t need this sentence

Line 505 explain the difference between BC and CB. They are not the same type of
particle.

Response: Thank you so much for your comments. We carefully corrected these er-
rors.

Line 21 (line 19 in the revised manuscript): “were investigated for understanding” has
been changed to "were investigated to understand”.

Line 63 (line 81 in the revised manuscript): “NO3” has been changed to "NOx”.

Line 94 (line 112 in the revised manuscript): “fMWCNTs” has been changed to "FMWC-
NTs”.

Line 348 (line 305 in the revised manuscript): This sentence has been revised as “This
can be ascribed to desorption of surface adsorbents including bonded organics and
trace water”.

Line 388 (line 333-338 in the revised manuscript): This sentence has been revised as
“Several oxygen-containing species were observed as shown in Fig. 4A-F. Adsorbed
oxygen was observed at 535.2 eV in the O1s spectra. Carbon-oxygen single bond
in hydroxyl group (C-OH) and epoxide (C-O-C) were at 533.5 and 532.6 eV, respec-
tively. Carbon-oxygen double bound (C=O) was observed at 531.8 eV, while highly
conjugated form of carbonyl oxygen such as quinone groups was identified at 530.5
eV (Schuster et al., 2011)”.

Line 447 (line 494 in the revised manuscript): "the" has been added before C-O-C
(epoxide).
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Line 487: The sentence “The DTT decay rates of special black 4A (SB4A), graphene,
graphene oxide, single wall carbon nanotubes (SWCNT), SWCNT-OH and SWCNT-
COOH were 45.9ïĆś3.0, 58.5ïĆś6.6, 160.7ïĆś21.7, 38.9ïĆś8.9, 57.0ïĆś7.2 and
36.7ïĆś0.2 pmol min-1ïĄ g-1, respectively. Epoxide has been for the first time iden-
tified as a highly active functional group in the carbon nanomaterials as far as the
oxidation potential is considered.” has been deleted in the revised manuscript.

Line 505: The definition of CB and BC was added in the revised manuscript (lines
36-56) as “Carbon nanomaterials are predominantly composed of carbon atoms, only
one kind of element, but they have largely diverse structures characterized by differ-
ent degrees of crystallinity and different macro- and micromorphology (Somiya, 2013).
Their basic structure is that of graphite with planes of honeycomb-arranged carbon
atoms. Carbon black (CB), which is produced from incomplete combustion of heavy
petroleum materials under controlled conditions (Apicella et al., 2003), has been widely
used in industrial products, such as inkjet printer ink, rubber and plastic products (Lee
et al., 2016), electrically conductive plastics (Parant et al., 2017), paints, coatings and
cosmetics (Sanders and Peeten, 2011) and so on. CB is a quasi-graphitic form of
nearly pure element carbon (EC, consist of graphene layers). It is distinguished by its
very low quantities of extractable organic compounds and total inorganics (Long et al.,
2013) compared with soot or black carbon (BC) (Andreae and Gelencser, 2006). Soot
or BC, which originates from incomplete combustion of biomasses, biofuels, fossil fuels
and natural fires in reduced or anoxic environments, is a mixture of elemental carbon
and organic carbon (OC) compounds (Muckenhuber and Grothe, 2006). In addition, as
a class of engineering nanoparticles, carbon nanotubes (CNTs) and graphene materi-
als are also a large group of carbon nanomaterials although their graphene sheets are
arranged more regularly (Hu et al., 2010) than that in CB (Nienow and Roberts, 2006).
During production and use of these consumer products, they are prone to enter into
the environment and ultimately the human body (Helland et al., 2007;Tiwari and Marr,
2010), subsequently, to pose risk of adverse health effect”.

C7

https://www.atmos-chem-phys-discuss.net/
https://www.atmos-chem-phys-discuss.net/acp-2018-1366/acp-2018-1366-AC1-print.pdf
https://www.atmos-chem-phys-discuss.net/acp-2018-1366
http://creativecommons.org/licenses/by/3.0/


ACPD

Interactive
comment

Printer-friendly version

Discussion paper

Reference: Andreae, M. O., and Gelencser, A.: Black carbon or brown carbon? The
nature of light-absorbing carbonaceous aerosols, Atmos. Chem. Phys., 6, 3131-3148,
doi: 10.5194/acp-6-3131-2006, 2006.

Apicella, B., Barbella, R., Ciajolo, A., and Tregrossi, A.: Comparative analysis of the
structure of carbon materials relevant in combustion, Chemosphere, 51, 1063-1069,
http://dx.doi.org/10.1016/S0045-6535(02)00715-4, 2003.

Balakrishna, S., Lomnicki, S., McAvey, K. M., Cole, R. B., Dellinger, B., and Cormier, S.
A.: Environmentally persistent free radicals amplify ultrafine particle mediated cellular
oxidative stress and cytotoxicity, Part. Fibre Toxicol., 6, 10.1186/1743-8977-6-11, 2009.

Cappella, P., Gasparri, F., Pulici, M., and Moll, J.: Cell Proliferation Method: Click
Chemistry Based on BrdU Coupling for Multiplex Antibody Staining, Curr. Protocol. in
Cy., 72, 7.34.31-17, 10.1002/0471142956.cy0734s72, 2015.

Cho, M.-H., Niles, A., uili Huang, Inglese, J., Austin, C. P., Riss, T., and Xia, M.: A biolu-
minescent cytotoxicity assay for assessment of membrane integrity using a proteolytic
biomarker, Toxicol. in Vitro., 22, 1099-1106, 2008.

Dugas, T. R., Lomnicki, S., Cormier, S. A., Dellinger, B., and Reams, M.: Ad-
dressing Emerging Risks: Scientific and Regulatory Challenges Associated with En-
vironmentally Persistent Free Radicals, Inter. J. Env. Res. Pub. Heal., 13, 17,
10.3390/ijerph13060573, 2016.

Helland, A., Wick, P., Koehler, A., Schmid, K., and Som, C.: Reviewing the Environ-
mental and Human Health Knowledge Base of Carbon Nanotubes, Environ. Health
Perspect., 115, 1125-1131, 2007.

Hu, L., Hecht, D. S., and Grüner, G.: Carbon Nanotube Thin Films: Fabrication, Prop-
erties, and Applications, Chem. Rev., 110, 5790-5844, 10.1021/cr9002962, 2010.

Kumarathasan, P., Das, D., Salam, M. A., Mohottalage, S., DeSilva, N., Simard, B., and
Vincent, R.: Mass spectrometry-based proteomic assessment of the in vitro toxicity of

C8

https://www.atmos-chem-phys-discuss.net/
https://www.atmos-chem-phys-discuss.net/acp-2018-1366/acp-2018-1366-AC1-print.pdf
https://www.atmos-chem-phys-discuss.net/acp-2018-1366
http://creativecommons.org/licenses/by/3.0/


ACPD

Interactive
comment

Printer-friendly version

Discussion paper

carbon nanotubes, Curr. Topics in Biochem. Res., 14, 15-27, 2012.

Kumarathasan, P., Breznan, D., Das, D., Salam, M. A., Siddiqui, Y., MacKinnon-
Roy, C., Guan, J., de Silva, N., Simard, B., and Vincent, R.: Cytotoxicity of carbon
nanotube variants: A comparative in vitro exposure study with A549 epithelial and
J774 macrophage cells, Nanotoxicology, 9, 148-161, 10.3109/17435390.2014.902519,
2015.

Lee, Y. S., Park, S. H., Lee, J. C., and Ha, K.: Influence of microstructure in ni-
trile polymer on curing characteristics and mechanical properties of carbon black-
filled rubber composite for seal applications, J. Elastomer Plast., 48, 659-676,
10.1177/0095244315613621, 2016.

Li, R. B., Guiney, L. M., Chang, C. H., Mansukhani, N. D., Ji, Z. X., Wang, X., Liao,
Y. P., Jiang, W., Sun, B. B., Hersam, M. C., Nel, A. E., and Xia, T.: Surface Oxida-
tion of Graphene Oxide Determines Membrane Damage, Lipid Peroxidation, and Cy-
totoxicity in Macrophages in a Pulmonary Toxicity Model, ACS Nano, 12, 1390-1402,
10.1021/acsnano.7b07737, 2018.

Long, C. M., Nascarella, M. A., and Valberg, P. A.: Carbon black vs. black carbon and
other airborne materials containing elemental carbon: Physical and chemical distinc-
tions, Environ. Pollut., 181, 271-286, http://dx.doi.org/10.1016/j.envpol.2013.06.009,
2013.

Muckenhuber, H., and Grothe, H.: The heterogeneous reaction between soot and NO2
at elevated temperature, Carbon 44, 546-559, 2006.

Nienow, A. M., and Roberts, J. T.: Heterogeneos Chemsitry of Carbon Aerosols, Annu.
Rev. Phys. Chem., 57, 105-128, 2006.

Parant, H., Muller, G., Le Mercier, T., Tarascon, J. M., Poulin, P., and Colin, A.: Flow-
ing suspensions of carbon black with high electronic conductivity for flow applications:
Comparison between carbons black and exhibition of specific aggregation of carbon

C9

https://www.atmos-chem-phys-discuss.net/
https://www.atmos-chem-phys-discuss.net/acp-2018-1366/acp-2018-1366-AC1-print.pdf
https://www.atmos-chem-phys-discuss.net/acp-2018-1366
http://creativecommons.org/licenses/by/3.0/


ACPD

Interactive
comment

Printer-friendly version

Discussion paper

particles, Carbon, 119, 10-20, 10.1016/j.carbon.2017.04.014, 2017.

Peng, J., Hu, M., Guo, S., Du, Z., Zheng, J., Shang, D., Levy Zamora, M., Zeng, L.,
Shao, M., Wu, Y.-S., Zheng, J., Wang, Y., Glen, C. R., Collins, D. R., Molina, M. J., and
Zhang, R.: Markedly enhanced absorption and direct radiative forcing of black carbon
under polluted urban environments, Proc. Natl. Acad. Sci. USA, 113, 4266-4271,
10.1073/pnas.1602310113, 2016.

Sanders, I. J., and Peeten, T. L.: Carbon Black: Production, Properties and Uses,
edited by: Technology, Nova Science Publishers, 2011.

Schuster, M. E., Hävecker, M., Arrigo, R., Blume, R., Knauer, M., Ivleva, N. P., Su, D.
S., Niessner, R., and Schlögl, R.: Surface Sensitive Study To Determine the Reactivity
of Soot with the Focus on the European Emission Standards IV and VI, J. Phys. Chem.
A., 115, 2568-2580, 10.1021/jp1088417, 2011.

Somiya, S.: Handbook of Advanced Ceramics, 2nd ed., Academic Press, 2013.

Tiwari, A. J., and Marr, L. C.: The role of atmospheric transformations in determing
envrionmental impacts of carbonaceous nanoparticles, J. Environ. Qual., 39, 1883-
1895, 2010.

Truong, H., Lomnicki, S., and Dellinger, B.: Potential for Misidentification of Environ-
mentally Persistent Free Radicals as Molecular Pollutants in Particulate Matter, Envi-
ron. Sci. Technol., 44, 1933-1939, 10.1021/es902648t, 2010.

Zhang, B., Wei, P., Zhou, Z., and Wei, T.: Interactions of graphene with mammalian
cells: Molecular mechanisms and biomedical insights, Adv. Drug Deli. Rev., 105,
145-162, https://doi.org/10.1016/j.addr.2016.08.009, 2016.

Please also note the supplement to this comment:
https://www.atmos-chem-phys-discuss.net/acp-2018-1366/acp-2018-1366-AC1-
supplement.pdf
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