Dear Professor Likun Xue, 


We appreciate your decision to give us the opportunity to improve our manuscript titled “Atmospheric Deposition Studies of Microplastics in Central Germany” and submit it to Air Quality, Atmosphere & Health. We appreciate the time and effort that you and the reviewers have dedicated to providing your valuable feedback on our manuscript. We are grateful to the reviewers for their insightful comments on our paper. We have therefore seriously considered all the comments and suggestions of the reviewers and implemented most of them in our revised version of the manuscript (all changes made to the manuscript are highlighted in yellow, see revision with tracked changes). The responses to the reviewers' comments are compiled below. Four major changes were made in the revised version of the manuscript: (i) we have added a new paragraph in the introduction describing MP analytical methods; (ii) we have added a new Fig. 1 in Materials and Methods section displaying precipitation, wind speed and wind direction readings during the sampling period; (iii) we have moved Table 2 from supporting information (Table 2 Correlation between meteorological variables and microplastic dry, wet, and total DFs, and concentrations in precipitation) to the result section to better capture the results; (vi) we added new chapter in discussion section on the microplastic possible sources to air, and correlation with meteorological variables as advised by both reviewers. 


--------------------------------------------------------------------------------------------------------------
Here is a point-by-point response to the reviewers’ comments and concerns.


Reviewer #1: General comments:

The manuscript entitled "Atmospheric Deposition Studies of Microplastics in Central Germany" by Sarmite Kernchen et al is the temporal variation of microplastics deposition from the atmosphere at a site in Kassel in Central Germany. Then, to study the role of weather conditions on MP contamination levels, wet and dry deposition of MP is examined by sampling monthly samples and by micro-Fourier-Transform Infrared spectroscopy (µFTIR) and Raman. The content of the article is consistent with the field of concern of this journal, but there are still many shortcomings in the manuscript, it is recommended to publish after major revised.

[bookmark: _Hlk160643951](1) Page 1, Line 30-39: The description of the specific research content of this study in the abstract part is too tedious, so it is suggested to further condense this part. A short, one-sentence summary of the study is recommended.

Response: Thank you for your suggestion. We have shortened our summary and made it more compact. However, we would like to present the key research results in the abstract, and therefore, unfortunately, a one-sentence summary of the study was not possible to write.

(2) Page 1, Line 50-51: Author suggested that MP analysis by µFTIR down to 11 µm may underestimate DFs at least by an order of magnitude. How did this result come about and need to be substantiated?

Response: This result was obtained by comparing deposition fluxes calculated from particle counts detected with µFTIR and Raman technologies. When taking into account MP particles < 11 µm identified by Raman analysis, the DF estimate increases to 207 MP m-2 day-1 compared to 17 MP m-2 day-1 from µFTIR analysis alone. We have supplemented our summary with deposition fluxes detected by Raman (lines 30-32). These results are discussed in the Discussion section (lines 346-347).

(3) Page 1, Line 58: In the first paragraph of the introduction, the authors describe the concentrations, fluxes and atmospheric transport of microplastics as well as their environmental impacts and health risks. But it does not address the issue of the source of microplastics. Moreover, the author also mentioned the source in the article, but did not specify the source, and suggested improving the relevant content of microplastic sources.

Response: Thank you for your suggestion. We have included a separate paragraph in the discussion section about MP sources in the air. This section thus becomes one of the most important parts of the discussion (lines 434-488).

(4) Page 2, line 37: In recent years, the research on microplastics is a hot topic at present, the author says that the research on microplastics is still rare? 

Response: Thank you for your comment. Indeed, many articles have been published in recent literature on microplastics, but most of them have a different focus, e.g. MP in water bodies, soils, ecotoxicological studies, etc. Research on air pollution by microplastics and source apportionment is still limited. So far, there are about 40 publications on MP measurements in air, a big part of which deal with air pollution in China and USA. There is little research done on European air pollution by MP. We still need systematic, high-quality, comparable, and spatially resolved data on MP concentrations in the air in order to identify the sources and obtain reliable data on human exposure, including at the nanoparticle level.

Besides, In this study, two technical means, including Raman and Fourier, are mainly mentioned, and it is suggested that the introduction can introduce the current research progress in microplastics technology.

We have added a paragraph in the introduction that refers to technical progress in MP analysis (lines 65-76).

(5) Page 3, Line 17: The author points out that the time distribution and dry and wet deposition of microplastics are still unclear, but does not give why German cities are chosen as the object of study, or what characteristics of German cities can be an ideal place to study related content.

Response: Thank you for your comment. This study was carried out as part of the PLAWES project, which aimed to analyse the entire river system of the Weser catchment from the upper rivers to the coastal waters with regard to microplastic pollution and input pathways. Atmospheric fallout was considered a diffuse source. The site selection for the MP fallout investigations was limited by the location in the Weser catchment area and the availability of personnel on site. In our previous study (Kernchen et al. 2021), we found that MP deposition fluxes were higher at urban sites than in rural areas, so we selected a city for further studies described in this manuscript.  The city of Kassel is an average central German city with industry and rural areas in the neighborhood. Similar microplastic pollution is to be expected in many German cities and thus represents pollution in a larger area. This information has been added to the Materials and Methods section (lines 92-94).

(6) Page 3, Line 29: There is a problem with paragraph segmentation in this paper. Please adjust the corresponding paragraph format.

Response: Thank you for pointing out this. The segmentation of the paragraphs has been corrected.

(7) Page 3, line 47: what is SSW and NE? In addition, it is suggested that precipitation, wind speed and wind direction data be adjusted to the results section in order to better support the interpretation of relevant results.

Response: Thank you for your comment. The data on precipitation, wind speed and wind direction during sampling are now added to Materials and Methods section (see Fig. 1). SSW and NE refer to the wind direction, e.g. south-southwest (SSW) and northeast (NE) wind and are now explained in lines 91 and 99-100.

(8) Page 4, line 29: Please provide specific sample storage conditions.

[bookmark: _Hlk160699831]Thank you for your comment. After sampling, the filters/plates were placed in pre-cleaned Perti dishes and stored at +4 oC to minimise the growth of algae and mould, which could interfere with the detection of microplastics and would require additional MP cleaning steps, e.g. enzymatic digestion. 22 different types of plastic that we can detect are not degraded under these conditions (lines 129-133).

(9) Page 4, line 26: The average collection time was 30 days. How is the collection of dry and wet deposition specifically operated and how is the average collection time of 30 days obtained? Is it 30 days of continuous collection? How exactly were the samples collected?

[bookmark: _Hlk160699688]Response: Thank you for your comment. The filters for wet deposition and the plates for dry deposition were always changed on the same day. Sampling started when the filters/plates were inserted into the collector and ended when they were removed from the collector. This time refers to the sampling time during which the sampling units were opened or closed for sampling, depending on the weather conditions. As the deposition fluxes were calculated as MP per m2 per day, the total sampling time was used for the calculations and not the time when the collector was open for sampling (lines 125-128).

(10)Page 6, line 47: Please give the formula for calculating the sedimentation flux of microplastics and the definition of the corresponding variable.

Response: Thank you for your comment. The formulas for calculating deposition fluxes and concentrations in precipitation are now included in the text of the revised manuscript on p. 7 (Eq. 1, 2. 3).


(11)Page 8, line 4: MPs are recognized as polypropylene (PP), polyethylene (PE), and polyvinyl chloride (PVC), polybutylene terephthalate (PBT), and silicone-based compounds (SI), How is this information obtained, and is it supported by the corresponding literature.

Response: The particle identification is based on the comparison of the particle FTIR spectra with reference spectra obtained with the software OPUS 7.5 (Bruker Optik GmbH) and ImageLab in combination with a commercial customized software tool based on Random Decision Forest (RDF) classifiers as described by Hufnagl et al. This is stated in the Materials and Methods section in the “µFTIR analysis” paragraph (lines 191-199). The software implements an RDF classifier in combination with various chemometric tools for particle detection and characterization. RDF uses the spectral information on each pixel of the hyperspectral images and assigns it to one of the 22 classes (polymer types). In this final step, particles are detected on the basis that neighboring pixels have to be of the same polymer class and have to be connected over an edge. In this way, all MPs of the image are detected and stored in the form of a list where each particle receives a unique ID. Each particle is then checked manually according to the four-eyes principle and only particles that are well matched to the reference spectrum are assigned to the plastics.

· Benedikt Hufnagl et al. Computer-Assisted Analysis of Microplastics in Environmental Samples Based on μFTIR Imaging in Combination with Machine Learning. Environ. Sci. Technol. Lett. 2022, 9, 90−95, DOI: 10.1021/acs.estlett.1c00851
· Benedikt Hufnagl et al. A Methodology for the Fast Identification and Monitoring of Microplastics in Environmental Samples using Random Decision Forest Classifiers. Analytical Methods, 2019, 11(17), DOI: 10.1039/C9AY00252A



(12)Page 8, line 43: I suggest that The concentration of microplastics should be described first, followed by the flux data and the specific changes. Because I think the flux calculation is directly related to the concentration number.

Response: Thank you for your comment. Corrected (lines 275-280). 

(13)Page 9, line 12: As mentioned earlier, the dry and wet deposition of microplastics is not related to most meteorological parameters, but it is said here that although significant correlations were observed, whether there is a contradiction in the expression. In addition, what parameters do the meteorological variables mentioned here include?

Response: Thank you for your comment. For clarification and to improve readability, we have included a table with Spearman rank correlation coefficients in the results section (see Table 2) and added new discussion in Discussion part (see line 406-432).


(14)Page 9, line 21: The description of this part of Raman analysis makes me very confused, and I don't understand what the author wants to express specifically. In addition, Fourier infrared spectroscopy can provide concentration and flux, but the arelevant data can not be obtained in Raman analysis, is it means limitation or other reasons?

Response: There are still gaps in the scientific literature regarding smaller plastic particles (<10 µm) in the air, which are barely detectable. To our knowledge, only particles down to 4 µm have been analyzed and quantified in air samples so far.
With the µFTIR instrument used in this study, we were able to detect particles down to 11 µm (pixel size), which is coarse aerosol fraction. Particles below our µFTIR detection limit are far more abundant in the atmosphere and of greater concern regarding inhalation and health issues. Therefore, we used another available technique, Raman spectroscopy, to look for particles down to 0.5 µm, which is the LOQ of our Raman instrument. When analyzing submicron particles (down to 0.5 µm), the performance of the instrument is very time consuming and only allows scanning of a small area in a reasonable time frame. In our work, we were only able to scan 0.04 % of the particle-laden filter area when searching for smaller particles with Raman, which significantly increases the extrapolation errors. Therefore, with Raman analysis, we wanted to find out whether the dry deposition sample contained a large amount of smaller plastic particles down to 0.5 µm or only a limited number of them. If the sample contained a large number of plastic particles, we would see at least some of them even when scanning only a small area of the particles. In comparison, we always scan the entire particle-loaded filter area with the FPA-µFTIR instrument. 

(15)Page 12, line 54: The author presents the change of microplastics in monthly time series, and also makes a simple comparison with the results of different cities in different countries, but does not analyze the specific reasons. In addition, it is recommended to add a comparative analysis of the results for the same cities?

Thank you for your comment. The problem is the lack of data on airborne MP concentrations/deposition fluxes and/or the lack of data comparability (different methods used, different instruments, different method LOD, different detectable polymer types, etc.). We have compared the data that is currently available in the scientific literature. As mentioned above, the authors of this study are convinced that much more monitoring data on MP in the air is needed to draw conclusions about their sources and behaviour in the atmosphere. We have included additional considerations on potential MP sources in the discussion section and discussed the observed results/correlations with meteorological variables in more detail (see Line 368 and following).

(16)Page 13, line 53: "Our observations suggest that microplastics may have regional characteristics, but further data are needed to draw conclusions on possible causes." This is the main part to be discussed in this paper. It is suggested that the discussion should be carried out as far as possible according to the emission source characteristics and meteorological conditions of the sampling area, and relevant literature support should be cited if necessary.

Response: Thank you for your comment. We have made changes to our discussion section to focus more on possible sources of microplastics in the air (see Line 434 and following).

(17)Page 15, line 39: The DF calculated in our work using µFTIR are in the lower range of DF found in other studies but might be underestimated. This conclusion need to be explained.

Response: Thank you for your comment. This statement was derived from the Raman measurements where additional particles were detected in a selected scan area. As explained in lines 346-347, we may overlook smaller plastic particles when using µFTIR instrument, so our calculated deposition fluxes are most likely underestimated.




--------------------------------------------------------------------------------------------------------------


Reviewer #2: Comments: 

1)  In the introduction section, lines 23 to 31, which mention the analysis method, should be moved to the materials and methods section.

Response: Thank you for your comment. At the end of the Introduction section, we state the objectives of the study and mention the analysis methods. We prefer to keep the paragraph stating our objectives at the end of the Introduction section. 

2) What method or standard did you use to sampling? Please mention it in the text.

Response: Thank you for your comment. We used wet-only and dry-only aerosol sampling methods. The total deposition was evaluated as the sum of the wet and dry deposition. The collector was designed and built in house as it should not contain any plastic parts to eliminate any possible contamination. For example, an Andersen wet/dry collector could not be used, because it contains plastic parts. The wet deposition was collected using a funnel and filtered in situ through an inbuilt 10 µm stainless steel filter. For the dry deposition collection, we built a sedimentation collector similar to Sigma-2 passive sampler. In fact, there is no standard method for measuring dry deposition. The image of our collector can be seen in the Online Resource ESM_1, Figure S2.
We did not use a standard for sample collection as we do not expect any particle losses during sampling and due to the short sample preparation time and low number of sample processing steps (please refer to lines 107-133 and 152-165). 
To our knowledge, a standard for the collection of wet and dry deposition samples for MP analyses has never been used and is generally rarely used for the collection of atmospheric deposition samples for other types of analyses (see Amodino et al. “Atmospheric Deposition: Sampling Procedures, Analytical Methods, and Main Recent Findings from the Scientific Literature”. Advances in Meteorology, Volume 2014, Article ID 161730, http://dx.doi.org/10.1155/2014/161730).

3) The origin or source of this microplastics in the air is mentioned in the manuscript, but the mechanism by which this microplastics enters the air should be explain more.

Response: Thank you for your comment. We have added an additional chapter describing airborne MP sources and entry mechanisms. Please refer to lines 435 and following.

4) Most of the content of the discussion section of the manuscript is a repetition of the results, so it is better to discuss more about the reasons for the concentration of pollutants in the air and their relationship with other effective parameters.

Response: We have expanded our discussion section with regard to microplastic sources and correlations with meteorological parameters (see lines 368 and following and lines 435 and following).
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