Reviewer 3

Reviewer comments: This article seeks to quantify and compare the cost of TPW externalities on thirty American cities, to assist decision making on policies regarding commercial tobacco products and waste management. By putting dollar values on what is often a visible, but ignored, cost to jurisdictions this analysis helps to elevate the importance of TPW management in urban areas.
Generally, there is an issue of terminology that the authors might want to adjust. While the article refers to TPW in its discussion and findings, it seems that the majority of the underlying data regard the most frequently-found source of TPW, cigarette butts. This is understandable, and indeed cigarette butts are the predominate littered TPW, however it does have the potential to mislead readers into thinking this is the "total costs" rather than the costs of the most prevalent form of TPW today. It would be helpful to have some additional discussion within the introduction about how novel products have the potential to be significantly more costly to dispose of correctly. Two specific examples come to mind: e-cigarettes and IQOS.
More specifically on the above point: The liquid nicotine in e-cigarettes is a listed acute hazardous waste under federal law, and so schools, courthouses, and other public entities that accumulate these wastes will be saddled with the compliance costs that come with handling nicotine responsibly. These are costs from TPW that cities will incur, and they will vary significantly based on costs of disposal in each relevant state, but such costs are not incorporated into your modeling. More information on this regulatory burden is available in this government guidance https://environmentalrecords.colorado.gov/HPRMWebDrawerHM/RecordView/434101 and https://rcrapublic.epa.gov/files/14850.pdf. 

For IQOS, which can now legally be sold in the U.S., FDA's Environmental Assessment on this novel product estimates that modest switching among people who smoke to primarily dual use of the product will result in an increased weight of discarded "sticks" equivalent to 74,100,000 more butts per year. See https://www.fda.gov/media/134458/download (FDA estimated additional solid waste at “a negligible 0.03 percent (by weight) increase in the total litter from all 247 billion cigarette butts consumed in 2017 in the United States.”). That is only one of several heated tobacco products that might change the future of TPW significantly, if FDA continues to approve of such products' sales. 

Additionally, both e-cigarettes and products like IQOS create a new waste stream of toxic e-waste that was not measured in relevant studies on cigarette butt littering. Although the electronics of e-cigarettes are more likely to be irresponsibly disposed of in the trash (in states like California this is illegal because they are "universal waste" and must be brought to a household hazardous waste facility) instead of littered, this is still a cost to society that indirectly will increase costs on cities.
Author response: Thank you very much for your valuable comments. We agree with your point that these additional sources of TPW are important and should be addressed. As you stated, the majority of the TPW found are cigarette butts and given the extremely small percentage of non-butt TPW, we believe our confidence intervals easily cover non-butt waste. However, given the importance of e-cigs and IQOS we added in additional language to the paper regarding these important and newer waste streams. In particular, we added the following language to the introduction section:  
Smoked cigarette butts are the main focus of this analysis, but we note the enormous increase in sales of electronic nicotine delivery systems (ENDS) beginning in 2007 in the United States. These products contain varying amounts of plastics, nicotine, flavorings, and lithium batteries that create additional waste.  The tobacco industry and smaller manufacturers have diversified production of these products and have already been able to market some of them with US Food and Drug Administration (FDA) approval, including heat-not-burn products (IQOS).  Producers will be submitting for pre-market approval additional tobacco products including ENDS, smokeless tobacco, and various other forms of nicotine and non-nicotine containing products. Currently, we are unable to estimate the total impact such products may have on waste streams, but FDA's Environmental Assessment on IQOS estimates that modest switching among people who smoke to primarily dual use of the product will result in an increased weight of discarded "sticks" equivalent to 74,100,000 more butts per year (over the previously stated estimate of 247 billion butts per year in 2017).  Further, the liquid nicotine in e-cigarettes is a listed acute hazardous waste product under federal law, and so disposal of ENDS waste may incur additional costs to cities when such waste is collected from public spaces such as schools and government buildings. Finally, the lithium ion batteries in many ENDS create further concern as these are considered “universal waste” requiring special handling for household disposal. Given the current lack of data on ENDS waste, we have excluded these products from our estimate of TPW costs. Future economic research should include these novel products as they are likely to grow in use throughout the United States.
We also added in our conclusions section a recommendation to repeat this analysis once new litter surveys include data on ENDS and other novel tobacco products so that we can assess the degree of (a) drop in TPW due to e-cigs, and/or (b) a substitution of e-cig waste for butt waste. 
As mentioned in the introduction, this model does not include any additional or reduction in TPW costs associated with ENDS and other novel tobacco product use.  These may only represent a small percentage of total TPW at present, but it will be important to include in future models the effects of substitution or additional costs associated with these products. 

Additionally, in the "Indirect costs - ecosystems" it might also be worth mentioning that nicotine has been used for more than a century as an effective pesticide, only losing its ability to be sold as such with the EPA in 2014 (https://www3.epa.gov/pesticides/chem_search/reg_actions/reregistration/frn_PC-056702_3-Jun-09.pdf), and that available scientific information shows that e-cigarette liquid is harmful to marine life. See https://pubmed.ncbi.nlm.nih.gov/28957438/ (e-liquid is toxic to Xenopus laevis embryos). Also, the lithium in these devices could be increasing toxic conditions in waterways, but this effect is still poorly studied. https://www.nature.com/articles/s41467-019-13376-y. All lithium-ion batteries studied in one 2013 publication were hazardous waste under California standards. https://pubs.acs.org/doi/abs/10.1021/es400614y.

Author response: Thank you for bringing up this important point. We agree with your points and have added in the following language to address these concerns in the section on ecosystems:

Nicotine has been used for more than a century as a pesticide and was banned for such use by the EPA in 2014.  It is found in the leachates of TPW and is the most significant component of e-cigarette liquids.  Nicotine in TPW and ENDS has been shown to be harmful to marine and aquatic organisms.

And in the Conclusion section: 

As mentioned in the introduction, this model does not include any additional or reduction in TPW costs associated with ENDS and other novel tobacco product use.  These may only represent a small percentage of total TPW at present, but it will be important to include in future models the effects of substitution or additional costs associated with these products. Also, in addition to the effects of nicotine mentioned, the lithium in these devices could contribute toxicity to the environment, but this impact is still poorly studied.

It also seems that when referencing the "broken window effect" it would be helpful to cite to the Latkin study in endnote 61. The term "broken window" has a negative connotation of being linked to a racist form of community-wide policing, as you allude to. Since that practice has been used to over police the same people who have been targeted the most by the tobacco industry, that reference might be better framed to discuss how TPW puts additional disproportionate stress on specific targeted communities. Consider removing the term.

Author response: We really appreciate your pointing out this important concern. We completely agree with you and have removed this language from the paper. In its place we have included more appropriate language as you suggested regarding the disproportionate impact on specific communities: 

TPW also puts additional disproportionate stress on specific targeted communities by further adding to urban degradation and potentially creating poor perceptions of neighborhoods (Latkin and Curry, 2003).

