
Reviewer #2: 

General comment 

This study evaluated if the marine biological activity present in the North Pacific Ocean, Bering 

Sea, and Arctic Ocean can impact biological aerosol particles formation, and the distribution 

of CCNs and INPs. To answer this, a large set of measurements were performed between 

September 27 and November 10, 2019 in an oceanographic cruise. The author found that 

bioindicators, fluorescent particles, INP, and CCN correlate positively, indicating that marine 

biota contribute substantially as a source of bioaerosols and cloud formation via INP and CCN 

over the remote Arctic Ocean during periods of high biological activity. The results are of high 

importance for this remote, valuable, and uncertain region. The measurements were properly 

performed and the data analyses are correct and consistent. Although the is well-written 

several parts can be improved. The present manuscript can be accepted for its publication in 

ACP after the following comments are properly addressed. 

We would like to thank the reviewer for providing valuable comments and insights on our work. 

Our responses are given below. All changes are shown in color in the revised manuscript. 

 

Major comments: 

1. All the correlations indicated along the manuscript need to be defined as statistically 

significant or not. 

We have added the P-values for data with correlations larger than 0.5, to show statistical 

significance in Tables 2 and 3. 

 

2. The discussion of the present results with literature data needs to be improved avoiding 

redundancy and trying to be concise and clear. 

We removed figures and texts about aerosol number concentration and number-size 

distribution obtained by SMPS, to focus on the CCN and INPs discussions. Overall, the 

discussion of relationship between bioindicators derived from marine ecosystems, their 

correlation with fluorescent bioaerosols and particles activated as CCN and INP has been 

revised to be more concise, particularly in Section 3.4. 

 

3. Some figures need to be improved. 

We have carefully reviewed and made revisions for clarity. 

 

Minor comments: 

P1, L23: Why the CCN concentration for the Arctic Ocean is indicated as a single value (36 

cm−3) and not as a range? 

For the characterization with air mass, we have classified periods dominated by terrestrial 

and Asian continental influences (P1 and P5), periods dominated by marine and biogenic 

sources (P2 and P4), and periods in the Arctic Ocean (P5). The averaged NCCN in the Arctic 



Ocean is described as a single value because it is derived only from a single P3 period. See 

Table 1 for full ranges and standard deviations. 

 

P1, L26-27: “The averaged INP concentration (NINP) measured at temperatures of −18 and 

−24 °C with marine sources was 0.01–0.09 and 0.1–2 L−1, respectively” Please indicate the 

region or period you are referring to. 

We corrected in the revised manuscript. 

“The averaged INP concentration (NINP) measured at temperatures of −18 and −24 °C with 

marine sources in the North Pacific and Bering Sea was 0.01–0.09 and 0.1–2.5 L−1, 

respectively, and that over the Arctic Ocean was 0.001–0.016 and 0.012–0.27 L−1, 

respectively.” (Page 1, Lines 28-30) 

 

P3, L6: I am not sure that the term “biomaterials” is appropriate. Please reconsider this. 

We changed the word “biomaterials” to “microorganism and biological substances“ in the 

revised manuscript. (Page 3, Line 10) 

 

P6, L20: I am not sure that the term “number densities of INPs” is appropriate. Please 

reconsider this. 

We changed the word “number densities of INPs” to “number concentrations of INPs” 

(Page 6, Lines 24) 

 

P7, L15: should “P3, 11–27 October 2019” be “P3, 10–27 October 2019” as indicated in 

Table 1? 

Yes, exactly. We corrected as suggested in the revised manuscript. 

 

P8, L20, L26 and a long the text: I think it would be more appropriate to call “bloom” and 

“autumn bloom” as “phytoplankton bloom”. 

We changed the words “bloom” and“autumn bloom” to “phytoplankton bloom” in the revised 

manuscript. 

 

P11, L2-3: “suggesting the possibility of dependence on phytoplankton communities in the 

different oceanic regions”. What is reported in the Literature? 

We added the reference (Taylor et al., 2014) in the revised manuscript. 

 

P12: In line 13 “Previous studies” is mentioned; however, only Park et al. (2020) is cited. Please 

add more studies. 

This description is removed because we have excluded a figure and discussion on the aerosol 

number-size distribution and aerosol concentrations in the revised manuscript. 

 



P13, L6: I think “such as dicarboxylic acid (i.e., oxalic acid)” should be “such as oxalic acid”. 

We corrected as suggested in the revised manuscript. 

 

Section 3.4. The discussion related to CCNs is very confused and hard to follow. Please 

improve this part.  

In Section 3.4, we have excluded data and discussion on the aerosol number concentrations 

and number-size distribution in the revised manuscript to forces on the CCN and INPs 

discussions. We also revised the description of CCN parameterization briefly. 

 

P15, L14: “INP formation”. Aerosol particles can form but not an INP. An aerosol particle is 

capable or not to act as INP. 

We changed the word “INP formation” as “INP activation” in the revised manuscript. 

(Page 15, Line 13) 

 

P17, L3: Why ĸ value for the accumulation mode is indicated as a single value (0.57) and not 

as a range?. 

This description is based on the literature (Gong et al., 2019), not our results, but ĸ value for 

the accumulation mode is single parameter because the CCN activation diameter in the 

accumulation mode is obtained at 0.08% SS only.  

 

P17, L23-29: I have the impression that this paragraph is repetitive. 

We corrected in the revised manuscript. 

“It is also unique to find that simultaneously observed NCCN and NINP showed positive 

correlations (R: 0.95–0.97, Table 3), suggesting that enhanced marine biological sources and 

the formed fluorescent marine bioaerosols contribute to the increases of both CCN and INPs 

during a phytoplankton bloom, despite the reduced CCN activity due to the less 

hygroscopicity. This is consistent with the results from microcosm experiments, which 

suggest that OM coating on SSAs reduces the surface tension, enhances the emission flux 

of the particle number concentration, and thus the CCN concentration (Alpert et al., 2015; Ito 

et al., 2023).” (Page 17, Lines 14-20) 

 

P18, L20: Why averaged NCCN at 0.4 % SS for the Arctic Ocean is indicated as a single value 

(36 cm−3) and not as a range? 

For the characterization with air mass, we have classified periods dominated by terrestrial 

and Asian continental influences (P1 and P5), periods dominated by marine and biogenic 

sources (P2 and P4), and periods in the Arctic Ocean (P5). The averaged NCCN in the Arctic 

Ocean is described as a single value because it is derived only from the P3 period. See 

Table 1 for full ranges and standard deviations. 

 



Tables 2 and 3: indicate if the correlations are statistically significant or not. 

We have added the P-values for data with correlations larger than 0.5, to show statistical 

significance in Tables 2 and 3. 

 

Figure 1: The can different periods P1 to P5 be distinguished in the cruise track? 

The cruise track during the P1 and P5 periods overlapped but the segments can be recognized 

from trajectory start points in each panel. We believe that this is clearly depicted in Figure 1 

with separate panels. 

 

Figure 2: Add labels to panel a, b, c, and d. Also, change the color for EC and NO3 as they 

look very similar. 

We corrected as suggested in the revised manuscript. 

 

Figure 4: I am not sure if panels c and d can be more useful with scatter plots? 

The plot of fluorescent particles versus wind speed is presented and discussed in Fig. 5 and 

here we would like to keep Fig. 4c and Fig. 4d to check the response of the fluorescent 

particle concentrations to the local wind speed in time series. 

 

Figure 7: y-axis in panel f should go in log scale and y-axis in panel (f) should read "INP 

concentration". 

We corrected as suggested in the revised manuscript (now Fig. 6f). 

 

Technical comments: 

P2, L5: Add a reference after “processes”. 

We added a reference (Ramanathan et al., 2001) in the revised manuscript. 

 

P2, L10: Add a reference after “(INPs)”. 

We added a reference (Brooks and Thornton, 2018) in the revised manuscript. 

 

P2, L19: “(TEP and protein-containing Coomassie stainable particle (CSP)” It seems that a 

bracket is missing. 

We corrected it in the revised manuscript. 

 

P3, L1: Add a reference after “INPs”. 

We added references (Sun and Ariya, 2006; Murray et al., 2012) in the revised manuscript. 

 

P3, L3-4: “Some CCN grow to giant CCN”. Is it not possible to have a primary GCCN? 

We corrected this sentence as follows: 

“Some particles may form giant CCN and be activated as cloud droplets of larger size” (Page 



3, Lines 7-8). 

 

P3, L11: Add a reference after “observations”. 

We added a reference (Xie et al., 2021) in the revised manuscript. 

 

P5, L14: Add a reference after “state”. 

We added a reference (Furutani et al., 2008) in the revised manuscript. 

 

P8, L13: I think “…contents and suggesting…” should be “…contents, suggesting…” 

We corrected as suggested in the revised manuscript. 

 

P9, L12: “total” of what? 

P9 L20: “fraction” of what? 

We corrected this sentence as follows: 

“representing a 2.5 % fraction of the total particles.” (Page 10, Lines 5-6) 

“the fraction of fluorescent particles in the total particles was 7 %.” (Page 10, Line 14) 

 

P11, L9: Add a reference after “ocean”. 

We added the references (Russell et al., 2010; Engel et al., 2017; Park et al., 2019) in the 

revised manuscript. 

 

P11, L29: “study” should be “studies”. 

We corrected as suggested in the revised manuscript. 

 

P13, L4: Add a reference after “range”. 

We added the references (Facchini et al., 2008; Ovadnevaite et al., 2011) in the revised 

manuscript. 

 

P13, L32 to P14, L4: Please improve the punctuation here. This is a very long paragraph. 

We corrected this sentence as follows: 

“CCN activation during summer was affected largely by the less hygroscopic OM associated 

with marine and terrestrial biological activity, while CCN activation during winter was mainly 

determined by highly hygroscopic components such as sea salt with limited biological activity 

(Kawana et al., 2022a).” (Page 14, Lines 15-17) 

 

P14, L19: “(Fig. 8d)” should be “(Fig. 7d)” 

We corrected as suggested in the revised manuscript. 

We now numbered as Figs.6d because the original Fig 6 has been deleted in the revised 

manuscript. 



 

P14, L25: I think “lower than elsewhere (i.e., North Pacific Ocean).” Should be “lower than in 

the North Pacific Ocean.” 

We corrected as suggested in the revised manuscript. 

 

P14, L30: Add a reference after “INPs”. 

We added a reference (Welti et al., 2020) in the revised manuscript. 

 

P15, L17: I think “but still significant” should be “but still strong” or something similar. 

We changed the word “still significant” as “still high” in the revised manuscript. (Page 15, Line 

29) 

 

Figure 4: I think “(black line) and fluorescent” should be “(black line), fluorescent” 

We corrected as suggested in the revised manuscript. 

 

Reference: 

Alpert, P. A., W. P. Kilthau, D. W. Bothe, J. C. Radway, J. Y. Aller and D. A. Knopf.: The 

influence of marine microbial activities on aerosol production: a laboratory mesocosm study, 

J. Geophys. Res.: Atmos., 120, 8841–8860, DOI: 10.1002/2015JD023469, 2015. 

 

Brooks, S. D., and D. C. O. Thornton: Marine aerosols and clouds, Annu. Rev. Mar. Sci. 

2018, 10, 289-313, https.//doi.org/10.1146/annurev-marine-121916-063148. 

 

Engel, A., J. Piontek, K. Metfies, S. Endres, P. Sprong, I. Peeken, S. Gäbler-Schwarz, E-M 

Nöthig.: Inter-annual variability of transparent exopolymer particles in the Arctic Ocean 

reveals high sensitivity to ecosystem changes, Sci. Rep., 7, 4129, doi: 10.1038/s41598-017-

04106-9, 2017. 

 

Facchini, M. C., Rinaldi, M., Decesari, S., Carbone, C., Finessi, E., Mircea, M., et al.: Primary 

submicron marine aerosol dominated by insoluble organic colloids and aggregates, 

Geophysical Research Letters, 35, L17814, 2008. 

 

Murray, B. J., D. O’Sullivan, J. D. Atkinson, M. E. Webb.: Ice nucleation by particles 

immersed in supercooled cloud droplets, Chem. Soc. Rev., 41, 6519-6554, 2012. 

 

Ovadnevaite, J., Ceburnis, D., Martucci, G., Bialek, J., Monahan, C., Renaldi, M., et al.: 

Primary marine organic aerosol: A dichotomy of low hygroscopicity and high CCN activity, 

Geophysical Research Letters, 38, L21806, 2011. 

 



Park, J., M. Dall’Osto, K. Park, J-H. Kim, J. Park, K-T. Park, C. Y. Hwang, G. I. Jang, Y. Gim, 

S. Kang, S. Park, Y. K. Jin, S. S. Yum, R. Simo, Y. J. Yoon.: Arctic primary aerosol production 

strongly influenced by riverine organic matter, Environ. Sci. Technol., 53, 8621-8630, doi: 

10.1021/acs.est.9b03399, 2019. 

 

Ramanathan, V., P. J. Crutzen, J. T. Kiehl, and D. Rosenfeld.: Atmosphere—Aerosols, 

climate, and the hydrological cycle, Science, 294, 5549, 2119–2124, 2001. 

 

Sun, J., and P. A. Ariya.: Atmospheric organic and bio-aerosols as cloud condensation nuclei 

(CCN): A review, Atmos. Environ., 40, 5, 795-820, doi: 10.1016/j,atmosenv.2005.05.052, 

2006. 

 

Taketani, F., Miyakawa, T., Takigawa, M., Yamaguchi, M., Komazaki, Y., Mordovskoi, P., 

Takashima, H., Zhu, C., Nishino, S., Tohjima, Y., and Kanaya, Y.: Characteristics of 

atmospheric black carbon and other aerosol particles over the Arctic Ocean in early autumn 

2016: Influence from biomass burning as assessed with observed microphysical properties 

and model simulations, Science of the Total Environment, 848, 157671, 

http://dx.doi.org/10.1016/j.scitotenv.2022.157671, 2022. 

 

Taylor, J., Cottingham, S., Billinge, J. et al.: Seasonal microbial community dynamics 

correlate with phytoplankton-derived polysaccharides in surface coastal waters. ISME J 8, 

245–248, https://doi.org/10.1038/ismej.2013.178, 2014. 

 

Tobo, Y.: An improved approach for measuring immersion freezing in large droplets over a 

wide temperature range, Sci. Rep., 6, 32930, doi: 10.1038/srep32930, 2016. 

 

Tobo, Y., Uetake, J., Matsui, H., Moteki, N., Uji, Y., Iwamoto, Y., et al.: Seasonal trends of 

atmospheric ice nucleating particles over Tokyo. Journal of Geophysical Research: 

Atmospheres, 125, e2020JD033658. https://doi.org/10.1029/2020JD033658, 2020. 

 

Welti, A., Bigg, E. K., DeMott, P. J., Gong, X., Hartmann, M., Harvey, M., Henning, S., 

Herenz, P., Hill, T. C. J., Hornblow, B., Leck, C., Löffler, M., McCluskey, C. S., Rauker, A. M., 

Schmale, J., Tatzelt, C., van Pinxteren, M., and Stratmann, F.: Ship-based measurements of 

ice nuclei concentrations over the Arctic, Atlantic, Pacific and Southern oceans, Atmos. 

Chem. Phys., 20, 15191–15206, https://doi.org/10.5194/acp-20-15191-2020, 2020. 

 

Xie, W., Li, Y., Bai, W., Hou, J., Ma, T., Zeng, X., Zhang, L., An, T.: The source and transport 

of bioaerosols in the air: A review. Front. Environ. Sci. Eng., 15, 3: 44 

https://doi.org/10.1007/s11783-020-1336-8, 2021. 


