
An  developed approach for using population attributable fraction to analyze for the health benefits analysis of eliminating toxic chemicals elimination 
Abstract

[image: ]For over two- decades, Ttoxic Uuse Rreduction (TUR), as a form of source reduction, has successfully reduced or eliminated toxic chemical useage inat several industries. However, the occupational health benefits of ue to the toxic chemical deliminating toxic chemicals on have rarely been studied,considered  although TUR interventions aresha increasingly usedbeen conducted.  The aim of this study is to develop and present a framework for analyzing the health benefits of to the analysis due TUR interventions. The feasibility of the framework feasibility is tested with two case studiess.	Comment by Cathy : Is this needed?

	Comment by Cathy : Eliminating only? What about reduction?

	Comment by Cathy : Completely eliminated?


 The first case study estimated that athe proposed policy to ban the use of Trichloroethylene (TCE) in industrial vapor degreasing in the U.S could prevent five kidney cancers among workers and seven kidney cancers among bystanders, with savings of ; it could save about $ 36 million.  The second case study estimated that s a new policy to prohibit the entire use of per (PERC) for dry cleaning in the U.S could prevent about four bladder cancers among dry cleaninger workers and could save about $9.2million.  	Comment by Cathy : I suggest using “PCE” throughout to be consistent with “TCE.”


This paper demonstrates that the proposed method can be used to estimate the health benefits to  workers when toxic chemicals are eliminated and safer chemical alternatives are substituted. This approach enables allows finding the appropriate level of health benefits to be estimated  without onsite monitoring data and economic value of the estimated health benefit. Although there are limitations to using PAF,,it this is a useful tool for estimating health benefits tool and can be used in making decisions about chemicals policies that affectis available as a decision-support tool for environmental and occupational healthchemical policy.	Comment by Cathy : Need a sentence in the abstract that explains PAF.



Introduction
[bookmark: __Fieldmark__5461_858051916][bookmark: __Fieldmark__187_858051916][bookmark: __Fieldmark__3058_1466884043][bookmark: __Fieldmark__5493_858051916][bookmark: __Fieldmark__215_858051916][bookmark: __Fieldmark__3165_1466884043]There is a growing agreement that our social, economic, and d environments including social, economic, anphysical environments have a significant impact on public health (Council, 2011). According to the American Public Health Association (APHA), many public health issues do not have occurred notjust one from a single causal determinant, but rather from are caused by a combination of multiple determinants that are related to public policy issues (APHA Policy Statement 2012). Therefore, promoting public health and safety by reducing exposure to such risks requires a significant governmental role throughfor regulatory intervention (Hutton, 2000).  Several such regulations ory efforts have been enacted, covering conducted into a wide range of activities such as improving air and water quality; cleaning up of the hazardous sites; and reducing exposures to toxic chemicals from work or consumer product (Miller et al., 2006). 	Comment by Cathy : Need to justify if regulatory intervention is required since that is more than government intervention.

	Comment by Cathy : “Many” seems more appropriate.


[bookmark: __Fieldmark__5546_858051916][bookmark: __Fieldmark__266_858051916][bookmark: __Fieldmark__3388_1466884043]Commonly,eth  regulatory intervention decision making process requires estimatingon of the achieved benefits of the proposed regulation. Informed analysis of the benefits and costs might help policy makers decide “whether particular interventions merit the expected costs associated with achieving these benefits and informs their choices among alternative strategies” (W. Miller, Robinson, L. A., Lawrence, R. S., & Institute of Medicine 2006). For instance, the Executive Order 12866 of 1993 (Clinton 1993) required s a necessary regulatory impact analysis for evaluating risks, benefits, and costs of proposed or existing regulations thath whic haves an annual impacteffect on the economy of $100 million or more (National Research Council 2002).
 In theis context of such regulations, possible health benefits of adue to the related regulation or regulatory intervention are evaluated and reported. For example, the US Environmental Protection Agency (EPA) reported several health benefits in its analyses of the U.S. Clean Air Act (CAA)  CAA based onAmendments of 1990 (EPA, 1990). The EPA later developed a specifically designeda model (BenMap) to estimate the a health benefits of changing to duedecreasing of exposure to ozone in the air (Hubbell et al. 2005; U.S. EPA 2008b) and air-borne particulate matter  PM2.5 (Davidson et al. 2007; Fann et al. 2011). The U.S. Centers for Disease Control and Prevention (CDC) also conducted various health benefits analyses , including studies of the effects of ttransportation policiesy on with several chronic diseases (Whitfield GP et al., 2016), the effects of parking policiesy onwith obesity (Blanck HM et al., 2012), and the effects of school policies on y with children’s walking (Wendel AM et al., 2009).  	Comment by Cathy : Ground-level or atmospheric?

	Comment by Cathy : Does this need to be specified?


[bookmark: __Fieldmark__5736_858051916][bookmark: __Fieldmark__455_858051916][bookmark: __Fieldmark__4260_1466884043][bookmark: __Fieldmark__5767_858051916][bookmark: __Fieldmark__5772_858051916][bookmark: __Fieldmark__4385_1466884043][bookmark: __Fieldmark__483_858051916][bookmark: __Fieldmark__488_858051916][bookmark: __Fieldmark__4390_1466884043][bookmark: __Fieldmark__5794_858051916][bookmark: __Fieldmark__504_858051916][bookmark: __Fieldmark__4431_1466884043]Assessing Hhealth benefit assessments are helpfulis not only for governments use. S, but several organizations have also developed the methods for to estimating understanding the benefits of environmental health interventions. The World Health Organization (WHO) developed a comparative risk assessment methodology as a health benefits analysis for the its gGlobal bBurden of dDisease (GBD) projectudyst (Murray & Lopez, 1999). GBD is the one of the world’s most important wide-ranging scientific efforts to measure the a  health effects of benefit from various diseases and injuries as well as the with risk factors e world in thassociated with them (Nelson et al., 2005). Similarly, the Institute of Medicine established a health benefits analysis tool to assess the environmental health burdens and costs in the U.S (Trasande et al., 2015). Both methodologies arewere eloped devbased on a population attributable fraction (PAF), but the estimated results (health benefits) areis different because each method uses a different unit for of health benefit.   	Comment by Cathy : Not what the relationship is between these two. 


Technically, the health benefits analysis has used elements from a part other types of of different analysis, such as regulatory impact analysis, health impact analysis, andor cost-benefit analysis. Each type of analysis usesd a distinct various models or focusmodel or focusesd on specific different healthealth outcomes, depending on the specific purpose of the analysis.  Therefore, several terms about health benefits analysis are used. In this study, if any analysis estimates any kinds of health benefit, we  use the term as “health benefits analysis” to avoiding confusion.	Comment by Cathy : Don’t understand.


[bookmark: __Fieldmark__5897_858051916][bookmark: __Fieldmark__606_858051916][bookmark: __Fieldmark__4904_1466884043]The hHealth benefit analysis is widely used to assess a the health impacts of  froma broad range of policy changes and health interventions. However, it has been used to analyze relatively, few health benefits analysis offor the environmental and occupational health interventions has studied (Hutton, 2000). Moreover, the health benefits toamong w workers due to the from Toxic Use Reduction (TUR) policiesy haves rarely been studied, considered although TUR interventions are has increasingly conducted in last two decades inthe  U.S. Therefore, there is a serious knowledge gap in understanding the total benefits of from TUR policiesy. This may lead to an underestimation of the value of TUR interventions and may be an obstacle to expanding TUR policiesy. 
This paper aims to describe and test the developed a framewa new framewoork based on the PAF for  toestimatinge the health benefits of TUR policy based on the PAF strategies. The framework was applied to two case studies to understand the feasibility, advantages and limitations of using this methodology in future analyses. Specifically, the two case studies discussed in this paper evaluate the possible health benefit and economic value due to the EPA proposing a policy to ban the use of TCE in industrial vapor degreasing in U.S and policy to prohibit the use of PERC in dry cleaning in U.S.

Method (The context of Health Benefit Analysis for TUR policy)
[bookmark: __Fieldmark__5971_858051916][bookmark: __Fieldmark__676_858051916][bookmark: __Fieldmark__5241_1466884043][bookmark: __Fieldmark__5983_858051916][bookmark: __Fieldmark__6003_858051916][bookmark: __Fieldmark__706_858051916][bookmark: __Fieldmark__6006_858051916][bookmark: __Fieldmark__13424_1466884043][bookmark: __Fieldmark__709_858051916][bookmark: __Fieldmark__6011_858051916][bookmark: __Fieldmark__711_858051916][bookmark: __Fieldmark__6015_858051916][bookmark: __Fieldmark__713_858051916][bookmark: __Fieldmark__6019_858051916][bookmark: __Fieldmark__715_858051916][bookmark: __Fieldmark__6023_858051916][bookmark: __Fieldmark__717_858051916][bookmark: __Fieldmark__6027_858051916][bookmark: __Fieldmark__719_858051916][bookmark: __Fieldmark__6031_858051916][bookmark: __Fieldmark__721_858051916][bookmark: __Fieldmark__6035_858051916][bookmark: __Fieldmark__723_858051916][bookmark: __Fieldmark__6039_858051916][bookmark: __Fieldmark__725_858051916][bookmark: __Fieldmark__6043_858051916][bookmark: __Fieldmark__727_858051916][bookmark: __Fieldmark__6047_858051916][bookmark: __Fieldmark__729_858051916][bookmark: __Fieldmark__6051_858051916][bookmark: __Fieldmark__731_858051916][bookmark: __Fieldmark__6055_858051916][bookmark: __Fieldmark__733_858051916][bookmark: __Fieldmark__6059_858051916][bookmark: __Fieldmark__735_858051916][bookmark: __Fieldmark__6063_858051916][bookmark: __Fieldmark__737_858051916][bookmark: __Fieldmark__6067_858051916][bookmark: __Fieldmark__739_858051916][bookmark: __Fieldmark__6071_858051916][bookmark: __Fieldmark__741_858051916][bookmark: __Fieldmark__6075_858051916][bookmark: __Fieldmark__743_858051916][bookmark: __Fieldmark__6079_858051916][bookmark: __Fieldmark__745_858051916][bookmark: __Fieldmark__6083_858051916][bookmark: __Fieldmark__747_858051916][bookmark: __Fieldmark__6087_858051916][bookmark: __Fieldmark__749_858051916][bookmark: __Fieldmark__6091_858051916][bookmark: __Fieldmark__751_858051916][bookmark: __Fieldmark__6095_858051916][bookmark: __Fieldmark__753_858051916][bookmark: __Fieldmark__6099_858051916][bookmark: __Fieldmark__755_858051916][bookmark: __Fieldmark__6103_858051916][bookmark: __Fieldmark__757_858051916][bookmark: __Fieldmark__6107_858051916][bookmark: __Fieldmark__759_858051916][bookmark: __Fieldmark__6111_858051916][bookmark: __Fieldmark__761_858051916][bookmark: __Fieldmark__6115_858051916][bookmark: __Fieldmark__763_858051916][bookmark: __Fieldmark__6119_858051916][bookmark: __Fieldmark__765_858051916][bookmark: __Fieldmark__6123_858051916][bookmark: __Fieldmark__767_858051916][bookmark: __Fieldmark__6127_858051916][bookmark: __Fieldmark__769_858051916][bookmark: __Fieldmark__6131_858051916][bookmark: __Fieldmark__771_858051916][bookmark: __Fieldmark__6135_858051916][bookmark: __Fieldmark__773_858051916][bookmark: __Fieldmark__6139_858051916][bookmark: __Fieldmark__775_858051916][bookmark: __Fieldmark__6143_858051916][bookmark: __Fieldmark__777_858051916][bookmark: __Fieldmark__6147_858051916][bookmark: __Fieldmark__779_858051916]In 1918, the Institute of Medicine (IOM) established a general approach to assessing the “fractional contribution” of the environment to the causation of illness in the United States (Institute of Medicine Committee for a Planning Study on Ongoing Study of Costs of Environmental-Related Health, 1981).  PAF is defined as “the proportion of the disease or health-related event that would be prevented in the population if the risk factor was eliminated” (Powles, Zatonski, Vander Hoorn, & Ezzati, 2005). The IOM is method designed usinuses the g PAF to identify the relationship between chemical exposure and health outcome. PAF defined as “the proportion of the disease or health-related event that would be prevented in the population if the risk factor was eliminated” (Powles, Zatonski, Vander Hoorn, & Ezzati, 2005).
[bookmark: __Fieldmark__6172_858051916][bookmark: __Fieldmark__801_858051916][bookmark: __Fieldmark__6175_858051916]Using PAF has  beenwell usefuld in public health prevention policy since it assumesd a complete exposure elimination of exposure (de Rezende & Eluf, 2016; Rockhill, Newman, & Weinberg, 1998). This assumption is an important common point to connect with TUR policy since TUR policy also emphasizes as a source reduction prevention through the complete exposure elimination of exposurefor prevention. Therefore, we used ththe modified IOM’s health benefits analysis model was modified from tto be appropriate for studying the health benefits of ute of Medicine for TUR he Instit TUR policiesy. This eloped e devframework for analysis was then of health benefits analysis for TUR policy was applied to two case studies. These cases were carefully chosen from a number of among various ongoing TUR case studies. The two case studies se were selected because they used technologies that re were developed technologies in place that entirely replaced the use of toxic chemicals  in the workplace as a solution to source reduction. 
The original IOM method from the Institute of Medicine was modified to enable practitioners or TUR planners to evaluate both a the health and economic benefits of replacing toxic chemicalmic value  and econostogether.  ), aigure 1 (Folicy consisted of six stepsfor TUR p The health benefits analysisThend six steps of the detail mhealth benefits analysis ethodological framework areis described below and is illustrated in Figure 1. 

1) Step 1: Characterization of exposure scenario related to TUR policy	Comment by Cathy : Seems redundant to have both numbering and step numbers. Is there a reason?


[bookmark: __Fieldmark__6315_858051916][bookmark: __Fieldmark__939_858051916][bookmark: __Fieldmark__6063_1466884043][bookmark: __Fieldmark__6357_858051916][bookmark: __Fieldmark__977_858051916][bookmark: __Fieldmark__6249_1466884043]The first phase of the analysis was a characterization of the exposure scenario for due to the TUR interventionpolicy. Exposure scenarios usually help to the assess ofor conduct assessments exposure, dose, and risk; it includes facts, data, and assumptions about to indicate how the exposure takes place (Agency, 2004). Therefore, target exposure, possible pathways, and health outcomes for benefits analysis wereas considered in the exposure scenario. In practice, many industrial chemicals are used at the same facilityies or in the same process, but TUR policy usually focuses on makes a priority target chemical for an effective intervention,  based on the chemical’s’ toxicity or the feasibility of using a safer alternative (Ellenbecker & Geiser, 2011). Therefore, it was a necessary to identify clarify a target chemical among used chemicals for analysis through the review of TUR policy or intervention. 
2) Step 2: Estimation of target population and prevalence of exposure 
[bookmark: __Fieldmark__6387_858051916][bookmark: __Fieldmark__1003_858051916][bookmark: __Fieldmark__6350_1466884043]The second step of the analysis consists of the estimating the size of the on of target population and the prevalence of exposure. The  health benefits analysis determines the target population to indicate a distribution of impacts (W. Miller, Robinson, L. A., Lawrence, R. S., & Institute of Medicine 2006; OECD, 2006). In the same way, target populations affected by TUR policy are also estimated in consideration of the exposure scenario. Assured government census DB is widely used to indicate the number of the target population.	Comment by Cathy : Unclear paragraph


[bookmark: __Fieldmark__6407_858051916][bookmark: __Fieldmark__1020_858051916][bookmark: __Fieldmark__6410_858051916][bookmark: __Fieldmark__1023_858051916][bookmark: __Fieldmark__6395_1466884043][bookmark: __Fieldmark__6400_1466884043][bookmark: __Fieldmark__6424_858051916][bookmark: __Fieldmark__1031_858051916][bookmark: __Fieldmark__6407_1466884043] For estimating the general population, U.S. Census data is publically available; it is commonly used for risk assessment or health benefits analysis of air pollution or hazardous waste sites (Agency  2009; Agency 2011; Agency  2015). For the occupational population, the Occupational Employment Statistics (OES) program and the Current Population Survey (CPS) from the Bureau of Census for the Bureau of Labor Statistics are also commonly  used. It provides a broad range of demographic employment and other labor force information (Husain, Kalinin, Truong, & Dinov, 2015).  
[bookmark: __Fieldmark__6474_858051916][bookmark: __Fieldmark__1081_858051916][bookmark: __Fieldmark__6622_1466884043]However, sometimes, it is sometimes not possible hard to use these databses a suggested DB since certain target population data werewas not included in public census DB. In theseis cases, target population data can be estimated using previous studies. For example, EPA used  a 1997 survey to estimated the number of workers and bystanders potentially exposed to TCE using  a 1997 survey   This is still which is assumed to be the  ourbest estimate. today (Agency  2014).   
[bookmark: __Fieldmark__6499_858051916][bookmark: __Fieldmark__1102_858051916][bookmark: __Fieldmark__6502_858051916][bookmark: __Fieldmark__1105_858051916][bookmark: __Fieldmark__6700_1466884043][bookmark: __Fieldmark__6705_1466884043][bookmark: __Fieldmark__6541_858051916][bookmark: __Fieldmark__1139_858051916][bookmark: __Fieldmark__6850_1466884043]Once the size of the target population is estimated, , In the second stepthe prevalence of exposure is estimated for calculating PAF.  There are two ways to estimate the prevalence of exposure.  The first way is a direct survey. This might lead to more accurate results, but it requires time and effort and is thererfore costly. (Fritschi et al., 2016; Mittleman, 1995). The second way is to use  using publically available databasesDB or previous studies. In Canada and the EU, the national surveillance databasesDB (CAREX Canada and CAREX EU) areis well used to estimates the prevalence of chemical exposure in workplaces and the environment (Peters, Ge, Hall, Davies, & Demers, 2014). However, the estimated prevalence of exposure in the U.S might be different from those countrieswith the providing information from DB since each country has different working conditions and economic structures. For the our case studies described below,  the related we usedprevious studies and public surveillance databases were used DB to estimate the prevalence of exposure, rather than f the  instead odirect surveys. 
3) Step 3: Estimation of the relationship (relative risk) between exposure and health outcome 
[bookmark: __Fieldmark__6606_858051916][bookmark: __Fieldmark__1202_858051916][bookmark: __Fieldmark__7138_1466884043]In this step, the relative risks of health outcome (disease or injury) associated with the risk factor (exposed or used chemical) were measured through the comprehensive review of the epidemiological literature.  There is inherent uncertainty and variability in the relative risks identified across studies. Thus, it was an important to select well-designed and conducted epidemiology studies. This wais done by systematically reviewing the literature, applying using criteria, and performing meta-analysis to compute summary risk estimates that to provide more precise conclusions than  several systematically fromprevious studies (Haidich, 2010).  	Comment by Cathy : Not sure if this is what is meant.


4) Step 4:  Estimation of the population attributable fraction (PAF) 
[bookmark: __Fieldmark__6643_858051916][bookmark: __Fieldmark__1235_858051916][bookmark: __Fieldmark__7266_1466884043]The PAF wawas calculated using as an integration between the prevalence of an exposure and the relative risk of disease associated with exposure; it wasis estimated according to using the following equation (Rockhill et al., 1998):
PAF = Prevalence Exposure × (RR-1) / [ 1+(Prevalence Exposure × (RR-1))] 
The term of “ RR” is the relative risk of disease or injury associated with the exposure. 
5) Step 5: Estimation of health benefit (attributable health burden) 
[bookmark: __Fieldmark__6686_858051916][bookmark: __Fieldmark__1275_858051916][bookmark: __Fieldmark__6689_858051916][bookmark: __Fieldmark__1278_858051916][bookmark: __Fieldmark__7370_1466884043][bookmark: __Fieldmark__7373_1466884043] The Institute of Medicine provided  a method for to calculating  assessthe attributable disease burden using the PAF in 1981(Institute of Medicine Committee for a Planning Study on Ongoing Study of Costs of Environmental-Related Health, 1981; Trasande et al., 2015). In this study, we considered the attributable disease burden as a health benefit since the estimated attributable disease burden from chemical exposure would be prevented due to TUR policy with complete elimination of exposureelimination . It was estimated using the following equation:
Health Benefit (Attributable Disease Burden) =Disease rate × Population Attributable fraction (PAF) × Population size
Disease rate refers to red either the incidence or prevalence of a health outcome from the exposure scenario.  Moreover, the size of the population was the estimated number of target population that would be affected by due to TUR policy. 

6) Step 6: Estimation of the cost s of health benefits (attributable costs)
The Institute of Medicine also provided athe way to calculate the attributable costs using the PAF. We calculated used this equation to indicate the costs of health benefits.  It was calculated using that e following equation
Cost of health benefit (Attributable Costs) = Disease rate × PAF × Population size × Cost per case 
In this study, the term of “case” was used for as categorized into two type of diseases such both fatal and non-fatal diseases. If asome disease such as cancer could be either of fatal or and non-fatal disease, we used the survival rate to categorized the rate of fatal and non-fatal disease. For example, if there are 100 leukemia cases and the literature indicates that leukemia has a bout 60% of survival rate,  we assumed that 40 cases of leukemia are fatal and 60 cases of leukemia are non-fatal cancer. Then, the economic values of fatal disease and nonfatal diseases illness were differently estimated based on the EPA guidelines for economic analysis.
[bookmark: __Fieldmark__6870_858051916][bookmark: __Fieldmark__1454_858051916][bookmark: __Fieldmark__8000_1466884043]T According to the EPA guidelines for economic analysis recommend, using the default value of statistical life (VSL) was recommended for the cost of a fatal disease. VSL is a summary measure of the dollar value of small changes in mortality risk among the public (Agency  2016). The EPA currently recommends a default VSL of $7.9 million (in 2008 dollars) to reduced mortality for all programs and policies. This VSL was updated from the $4.8 million ($1990) estimate using the GDP deflator inflation based on the Consumer Price Index (CPI). We adopted the recommended VSL and readjusted the value of VSL from $7.9 million in 2008 dollars to $8.9 million in 2017 dollars. The U.S. CPI calculator was used, with based on a 13.2 % cumulative rate.  	Comment by Cathy : Is “default” necessary?

	Comment by Cathy : The reason for this sentence is not clear.


[bookmark: __Fieldmark__6940_858051916][bookmark: __Fieldmark__1523_858051916][bookmark: __Fieldmark__8281_1466884043][bookmark: __Fieldmark__6953_858051916][bookmark: __Fieldmark__1533_858051916][bookmark: __Fieldmark__8298_1466884043]For non-fatal diseases, the EPA preferreds to use the value of willingness- to -pay (WTP), but cost -of illness (COI) values arewere also accepted. However, there is was uncertainty when default WTP represents the economic value of each specific nonfatal disease (EPA, 2000). Therefore, we only used the estimated cost of treatment (direct medical cost) for the economic value of non-fatal disease from EPA's Cost-of-Illness Handbook (Toxics, 2007). Note that Therefore, the estimated cost in this case study might be underestimated compared to rather than WTP for and COI of non-fatal diseases.	Comment by Cathy : Not clear what this means.

	Comment by Cathy : Unclear. Why would the estimated cost be lower? 





Result (case studies)
Thie results section describesd the detail results of the two case studies, using the framework developed for analyzing the k ofmethod (framewor health benefits of analysis for TUR policiesy). We described  each case study’s possible exposure scenario and back ground based on existing or the proposeding or ongoing TUR policies for y about toxic chemicals in the U.S. 	Comment by Cathy : Information or background levels?


Case study 1: Health benefits and costs of a proposed EPA policy to ban the use of TCE in industrial vapor degreasing. in U.S
Trichloroethylene (TCE) is considered a well-known carcinogen and is associated with adverse effects on the liver, kidneys, and immune system {Scott, 2011). Although there is a grave concern about itsthe high toxicity, TCE is still widely used inat metal degreasing facilities. Recently, EPA proposed banning the use of TCE in industrial vapor degreasing, based on identified health risks identified in from previous studies (EPA, 2016).  In this case study, we used the health benefits analysis to estimated the potential ssible health benefits of due to the proposed EPA policy to ban. the use of TCE in industrial vapor degreasing in U.S based on the developed method. 
1) Characterization of exposure scenario 
[bookmark: __Fieldmark__7098_858051916][bookmark: __Fieldmark__1675_858051916][bookmark: __Fieldmark__8999_1466884043][bookmark: __Fieldmark__7118_858051916][bookmark: __Fieldmark__1691_858051916][bookmark: __Fieldmark__9054_1466884043]TCE iswas generally used as a degreasing solvent for metal degreasing in industrialprocess at processesfacilities. EPA found that the main exposure pathway of TCE iswas the inhalation, due to ofbecause  TCE’s high vapor pressure (Agency  2014). Dermal exposure  might account for aAbout 1% of total TCE exposure exposuremight relate to dermal  (Tibaldi, ten Berge, & Drolet, 2014), but this case study did not consider dermal exposure and considered only . Therefore, this case focused on exposure through inhalation. We assumed that there wouldill be no TCE exposure after the implementingon of ati the proposed policy inthroughout all US commercial vapor degreasing facilities. That is,; all will have switched their degreasing solvents from TCE to safer alternatives.     
[bookmark: __Fieldmark__7170_858051916][bookmark: __Fieldmark__1743_858051916][bookmark: __Fieldmark__9287_1466884043]Since this case study aimed to estimate occupational health benefits, tThe target population only focused onwas workers and bystanders at metal degreasing facilities. since this case study aimed to estimated occupational health benefits. The target health outcome was kidney cancer since there is strong evidence forto support the a causal relationship between TCE and kidney cancer (Chiu et al., 2013). his case- study, win tAs a result, Thus, we estimated the health benefits and costs the proposed policy by estimating kidney cancer from between TCE inhalation exposure for and kidney cancer among workers and bystanders at metal degreasing facilities. due to the EPA proposed policy to prohibit the use of TCE in industrial vapor degreasing facilities. 
2) Estimations of the size of the number of target populations and the prevalence of exposure 
[bookmark: __Fieldmark__7254_858051916][bookmark: __Fieldmark__1823_858051916][bookmark: __Fieldmark__9672_1466884043]In 2006, EPA conducted the risk assessments for he thalogenated solvents,  cleaning source category including TCE. The study estimated the total number of degreasing facilities to be approximately 1,900 (EPA, 2006). This It included 154 large industrial facilities and the 1,746 small-medium industrial facilities.  In  a 2014 EPA risk assessment (EPA, 2014), it was estimated that 5five workers per facility and 12 occupational bystanders per facility were exposed to TCE.  Based on these estimatesis results, we estimated a target population for this study of total that 9,500 employees and 22,800 occupational bystanders at industrial vapor degreasing facilities. in U.S could be a e target population in this case study. Also, according to the EPA risk assessment, at least 90 % of the solvent used degreaser used was TCE (Agency  2014). We used this rate foras a prevalence of exposure and therefore among workers at vapor degreasing facilities.  As a result, we assumed that 90% of the target population (workers at vapor degreasing facilities) was exposed to TCE.  	Comment by Cathy : Confusing. Workers only or workers plus bysanders?


3) Estimation of the relationship between exposure and health outcomes 
[bookmark: __Fieldmark__7286_858051916][bookmark: __Fieldmark__1852_858051916][bookmark: __Fieldmark__9688_1466884043][bookmark: __Fieldmark__7311_858051916][bookmark: __Fieldmark__1874_858051916][bookmark: __Fieldmark__9695_1466884043]The association between TCE and kidney cancer was assessed through athe comprehensive review of the epidemiological literature of TCE (Scott & Jinot, 2011). The research used meta-analysis based ofn the systematically reviewed well-designed studies for a. Therefore, it provided quantitative evaluations of the evidence for associations between TCE exposure and kidney cancer(Scott & Jinot, 2011). 
[bookmark: __Fieldmark__7351_858051916][bookmark: __Fieldmark__1915_858051916][bookmark: __Fieldmark__9706_1466884043]For the overall TCE exposure group, of both workers and  occupational bystanders,  the evaluation showed a summary relative risk (RRm) ofwas 1.27 (95% CI: 1.13, 1.43).. We assumed that workers were  the higher exposure group and and the estimated the relative risk for workers only to be , highest exposure groups was 1.58 (95% CI: 1.28, 1.96) (Scott & Jinot, 2011). We presumed that the higher exposure group represented the exposure of worker at industrial vapor degreasing facilities and the overall exposure group indicated the occupational bystanders. As a result, the relative risk of kidney cancer among metal degreasing worker was 1.58, and the relative risk of kidney cancer among bystanders at vapor degreasing facilities was 1.27.   
4) The population attributable fraction (PAF) in the exposure scenario 
We estimated the PAF between TCE and kidney cancer based on the assumption that which about TCE accounts for 90 % of the TCE used as degrdegreasing solvents used in at industrial vapor degreasing facility. The estimated PAF for among workers was 0.34 (95% CI: 0.2, 0.46) and the estimated PAF among bystanders was 0.2 (95% CI: 0.1, 0.26) for bystanders.  This suggests It stated that 34 % of kidney cancer among workers and 20 % of kidney cancer among bystanders at vapor degreasing facilities could be preventedable if TCE were removed. 
5) The estimation of health benefit (attributable health burden) due to the EPA’s proposeding a policy 
 In 2014, theNational Cancer Institute Surveillance, Epidemiology, and End Results (SEER) pProgram of the National Cancer Institute estimated that about 483,225 people were living with kidney cancer in the United States (NCI, 2014). According to the U.S. Census, the estimated total U.S. population was 323,127,513 in 2016 (US census, 2016). Based on this dataese record, the estimated prevalence of kidney cancer in the U.S was 0.0015.  Using this estimated prevalence, we calculated t he hHealth benefits foramong workers and bystanders at vapor degreasing facilities was calculated using the suggest equations and described in Table 1 (table 1). 
In conclusion, we found that about 5five kidney cancers among workers and 7seven kidney cancers among bystanders at industrial vapor degreasing facilities could be prevented by adue to EPA proposed EPA policy to ban the use of TCE in such facilitiesindustrial vapor degreasing in U.S.
6) The eEstimation of the economic value of health benefit s due to the EPA’s proposeding a policy
The avoided costs of the health benefits (avoiding kidnedy cancer) wereas separately assessed using  assumptions that depending on the probability that a case of kidney cancer will be is going to be fatal or non- fatal.; they are valued differently from a monetary point of view. The 5-year survivaling rate was of kidney cancer for five years used to classify kidney cancer cases as either the rate of fatal orand non-fatal. cancer. According to the SEER program, the survivaling rate of kidney cancer was 74.1% between 2007 and 2013. Based on the survivaling rate, we estimated that about one fatal kidney cancer and four non-fatal kidney cancers among workers at metal degreasing facilities cwould be prevented with a TUR approachable at metal degreasing facilities. 
[bookmark: __Fieldmark__7601_858051916][bookmark: __Fieldmark__2169_858051916][bookmark: __Fieldmark__9748_1466884043]For fatal cancer, we applied the VSL to measure the economic value of lives saved.  Since  the current VSL is was $8.9 million in (2017 dollars), . As a result, the economic value of one avoided one fatal kidney cancer due to the new policy to ban the TCE usage for vapor degreasing was is about $8.9 million. For non-fatal cancer, the estimated medical cost of kidney cancer from EPA's Cost-of-Illness Handbook was used (Toxics, 2007). The estimated direct medical cost of kidney cancer was about $ 47,288 in 1984 dollars. We readjusted the value using the US CPI inflation calculator based on 13.2 % cumulative rate of inflation. After The readjusting for inflation (using the U.S. CPI inflation calculator, based on 13.2 % cumulative rate of inflation) ed medical cost of kidney cancer in 2017 was this is about 0.1 million dollars ($113,138) in 2017 dollars. Therefore, tThe economic value of four nonfatal kidney cancers among workers would thus be was about 0.4 million dollars ($452,552).  When the economic values of fatal and nonfatal cancers are combined, T the EPA’s proposed policy could save he total economic value of all avoided kidney cancer among worker due to EPA proposed policy was about $9.3 million. 	Comment by Cathy : This seems like a detail


[bookmark: _GoBack]Using the same methodologies, we also calculated the economic the value of the health benefits of the proposed EPA policy among for bystanders at commercial vapor degreasing facilities due to EPA proposed policy.  The estimated cost of 2two fatal kidney cancers among bystanders at facilities was preventable, and the estimated cost wasis  $17.8 million and . Tthe estimated cost of five5 non-fatal kidney cancers among bystanders wais $0.5 million ($565,690). Combining both costs, Tthe economic value of health benefits for among bystanders due to EPA’s proposed policy wais about $18.3million.  In conclusion, the total estimated economic value of health benefits due to EPA proposed policy is $36.1 million. 
The detailed calculations of economic values of potential health benefits for among workers and bystanders wasi are shown described in Table 2
(Table 2)



Case Study 2: Health benefits and cost s of a new policy to prohibit the use of PERC infor dry cleaning in the U.S. 
 Perchloroethylene (PERC) (also known as tTetrachloroethylene or eEthylene tetrachloride) is the most commonly used dry cleaning solvent in the U.S; more than 85% of U.S. dry cleaners use PERC as a cleaning solvent because it removes stains and dirt from all common types of fabrics (Guha N, 2012). However, PERC is now considered a possible human carcinogen based on animal and epidemiology studies.  Iin 2008, the Environmental Protection Agency (EPA) concluded that PERC should be classified as a "likely human carcinogen” based on suggestive evidence from of epidemiological studies and animal studies (NPT, 1993). The International Agency for Research on Cancer (IARC) has also listed PERC in Group 2A, “Probably carcinogenic to humans” (IARC, 1995).
Because of these adverse health impacts, PERC is more strictly regulated today than in the past, causing and many dry cleaners to are considering or use alternatives. For instance, in 2007, California banned the installation of new PERC dry cleaning machines and required the mandatory replacement of old machines until 2010. Moreover, California has also banned all use of PERC for dry cleaning by 2023; EPA approved this law in 2011. Wet cleaning technologies arey is being used as an alternative to PERC for dry cleaning in Massachusetts A (Onasch, J., 2011). 	Comment by Cathy : Unclear. Should this be “after”?

	Comment by Cathy : Is this needed? Seems like a detail.

	Comment by Cathy : This make is sound like wet cleaning is only in Masschusetts.


In this case study, we estimated the possible health benefits for among dry cleaning workers and bystanders er if PERC iswas prohibited for dry cleaning in the U.S.. This analysis could be used to inform decision making, as there currently are no federal laws or policies banning the use of PERC.  
 
1) Characterization of exposure scenario 
[bookmark: __Fieldmark__7855_858051916][bookmark: __Fieldmark__2442_858051916][bookmark: __Fieldmark__7858_858051916][bookmark: __Fieldmark__2445_858051916][bookmark: __Fieldmark__9806_1466884043][bookmark: __Fieldmark__9811_1466884043]We examined exposure scenarios for dry cleaning employees in the U.S. Exposures to the public due to environmental releases of PERC from dry cleaning shops were not considered. Dry cleaning employees may be exposed to PERC while performing both everydayroutine tasks and machine maintenance inat dry cleaning facilitiesshop; they routinely breathe excessive amounts of the PERC vapor and spilled it on their skin (Agency, 2017; Guyton et al., 2014). Therefore, So, the possible exposure pathways in this case study areis both inhalation and dermal exposure. This case study focused on the occupational exposure among dry cleaning employees in U.S as a target population. Environmental exposure to the public due to the released PERC from dry cleaning shops was not considered in this case study. Bladder cancer was selected as the target health outcome for analysis since increased bladder cancer cases among dry cleaners have beens reported (Guha et al. 2010; International Agency for Research on Cancer (IARC) 2009). As a result, we estimated the health benefit and cost of a  hypothetical policy to ban the use of PERC.by estimating the health benefits and costsof bladder cancer due to between occupational PERC exposure of and bladder cancer among U.S. dry cleaning workers inat dry cleaning shops due to a hypothetical policy to ban the use of PERC.	Comment by Cathy : check


2) Estimation of the size of the number of target population and prevalence of exposure
[bookmark: __Fieldmark__7932_858051916][bookmark: __Fieldmark__2518_858051916][bookmark: __Fieldmark__9833_1466884043]The U.S. EPA estimated in 2006 that there were about 34,000 dry cleaner facilities nationwide and o, of these, approximately 28,000 dry cleaner suse PERC (Agency, 2006). Also, according to tFor estimating the size of the target population, we used data from the Bureau of Labor (BLS) Statistics Database shows 110,640 workers, the estimated number of workers ofin dry cleaning and laundry services was 110,640 workers in 2016. In this case study, we used the recent estimated number from the BLS to estimate the number of the target population. 	Comment by Cathy : The target population works in laundry services as well? Isn’t that a problem? Why does the rest of this section refer only  to dry cleaners?  


[bookmark: __Fieldmark__7990_858051916][bookmark: __Fieldmark__2577_858051916][bookmark: __Fieldmark__9848_1466884043]Few studies have reported the prevalence of PERC exposure among dry cleaning workers. In 2008, the Halogenated Solvents Industry Alliance (HSIA) estimated that 70% of dry cleaners in the U.S used PERC as a solvent. Also, in 2010, Whittaker and Johanson’s team found that roughly 66% of the dry cleaning machines in King County, Washington, used PERC as a dry cleaning solvent in King County, Seattle (Whittaker & Johanson, 2013). Based on these reports, we assumed that the prevalence of PERC exposure among dry cleaning workerser was 70%. 
3) The association between exposure and health outcomes using epidemiology studies
PERC is now considered a possible human carcinogen, based on animal and epidemiology studies. A recent review study from the International Agency for Research team on Cancer (IARC) found a significantly increased risk of bladder cancer (RR 1.47, 95% CI: 1.16 - 1.85) among dry cleaning workers (Vlaanderen J et al., 2014). This study was well conducted, using comprehensive review and meta-analysis of 26 selected studies.  We therefore used the result of IARC study results to and estimated the PAF, based on exposure scenarios.  
4) The population attributable fraction (PAF) for in the exposure scenarios 
Based on the collected informaition, we estimated the PAF in the exposure scenario (PERC exposure among dry cleaner with bladder cancer). PAF = 0.7 (1.47-1) / [0.7(1.47-1) +1] = 0.25 	Comment by Cathy : What is this referring to?


This It means that about 25% of bladder cancers among dry cleaning workersers would be preventable if the PERC exposures were completely removed. for dry cleaning. 
5) The eEstimation of the health benefits (attributable health burden) of due to the a new policy to prohibit the use of PERC infor dry cleaning in the U.S.
We used the incidence rate of bladder cancer among the general population to assess the attributable burden. According to the National Cancer Institute SEER program, the incident rate of bladder cancer was 19.5 per 100,000 people.  Using the provided equation described above,, we calculated that the estimated attributable burden of bladder cancer iswas  3.64. This It means that about four bladder cancers among dry cleaner could be preventable by due to the new a policy to prohibit the entire use of PERC in for dry cleaning in the U.S. 	Comment by Cathy : When? Need reference.


6) The estimated economic value of health benefit (attributable costs)
The cost of health benefits (avoided bladder cancer) wereas separately assessed , depending on whether the types such as fatal the bladder cancer is considered and not fatal or nonfatalbladder cancer. The survival rate was used to make this determinationof bladder cancer used to categorize the rate of fatal and non-fatal disease. According to the SEER program, the survivaling rate of bladder cancer was 76% between 2007 and 2013. Using this data, Therefore, about 3three nonfatal bladder cancers and wwas assumed as non-fatal cancer and about 1one fatal bladder cancer wereas assumed for this studyas fatal in this study. 	Comment by Cathy : 5-year?


For 1 non-fatal bladder cancer, the estimated medical cost  of bladder cancer was used from EPA's Cost-of-Illness Handbook was used (Toxics, 2007). This e estimated direct medical cost of bladder cancer was about $ 66,362 in 1991 dollars. We reaAdjusted for inflation the value using the U.S. CPI inflation calculator,  based on 13.2 % cumulative rate of inflation. The readjusted medical cost of bladder cancer in 2017 wasthis is about $1.2 million ($1,200,201) in 2017 dollars. Therefore, the economic value of 4four non-fatal bladder cancers among dry cleaning workerser iswas about $0.33 million ($332,878). 	Comment by Cathy : Unclear how this number was derived.


For fatal bladder cancer, wWe applied the VSL to estimate measure the economic value of a fatal bladder cancer, . Using the US CPI inflation calculator, Wwe readjusted this e recommend VSL to obtain a value of $8.9 million for 1 fatal bladder cancer that could be avoided by the value of $8.9 million in 2017 dollar using the US CPI inflation calculator based on 13.2 % cumulative rate of inflation. As a result, the economic value of avoided fatal bladder cancer eliminating percdue to EPA new policy was about $8.9 million.	Comment by Cathy : year


Combining the costs of both fatal and nonfatal The total economic value of avoided bladder cancers, a  among dry cleaners due to the policy to ban the use of percPERC in dry cleaning could avoid iswas about $9.2 million in costs. 



Discussion / Conclusion

[bookmark: __Fieldmark__8300_858051916][bookmark: __Fieldmark__2894_858051916][bookmark: __Fieldmark__9935_1466884043][bookmark: __Fieldmark__8313_858051916][bookmark: __Fieldmark__2903_858051916][bookmark: __Fieldmark__9942_1466884043][bookmark: __Fieldmark__8359_858051916][bookmark: __Fieldmark__2947_858051916][bookmark: __Fieldmark__9949_1466884043]The PAF is commonly defined interpreted as ” the proportion of disease risk or incidence that could be eliminated from the population if exposure were eliminated” (Eide & Heuch, 2001; Levine, 2007) by implementation of  public health policy. However, there are concerns about misapplication of PAF in health policy (Rockhill et al., 1998). For proper interpretation of PAF in health policy it is necessary foruse, certain conditions should to be met. First, the PAF assumes that entire exposure is entirely eliminatedion. Second, the relationship between exposure and disease is assumed to be a causal rather than weakly associated. Third, the exposure is assumed to be an independent risk factors (exposure) should be an independent. This It means that there areis no confounding risk factors affectingof the relationship between exposure and disease. If these conditions are not satisfied, the estimated PAF would be a meaningless value for health benefits analysis (Levine, 2007). Levine and Rockhill arguestated that in some previous studies of health policy, the using PAF used in health policy did not meet with these criteria and therefore led to unwarranted conclusionswere misused. 	Comment by Cathy : Need citation.


These conditions for using the PAF also apply to  the framework described here, These conditions are critical and related with several limitations of the developed framework using PAF. To comply with these conditions,  for PAF, the developed health benefit model should is only be used available for certain TUR interventions or policies that y to eliminate switch the a entire toxic chemical to the alternative at the source. Thus, it is necessary to check whether applied  a TUR policy or intervention completely eliminates the entire exposure to aof target chemical at the source. In our case study, we assumed that a new policy to prohibit the use of  TCE or PERC would eliminates anythe entire TCE or PERC exposure among workers. However, in practice, TUR interventions commonly reduce the use of toxic chemicals rather than usage instead of completely eliminating their use. This is  because of feasibility constraints, such as  or the economic burden of alternatives. As a result, there is a limitation to this method thThis at suggests athe cautious interpretation of  the estimated  health benefits of for TUR policies.y to reduce the usage of chemical using modified processing or administration intervention like training. 	Comment by Cathy : Unclear. The model is not about eliminating a toxic chemical at the source but rather eliminating  occupational uses. 
	Comment by Cathy : Unclear. What is the source? 
	Comment by Cathy : Earlier in paragraph?

[bookmark: __Fieldmark__8542_858051916][bookmark: __Fieldmark__8545_858051916][bookmark: __Fieldmark__2977_858051916][bookmark: __Fieldmark__9970_1466884043][bookmark: __Fieldmark__2980_858051916][bookmark: __Fieldmark__9965_1466884043][bookmark: __Fieldmark__8583_858051916][bookmark: __Fieldmark__9977_1466884043][bookmark: __Fieldmark__2988_858051916]Also, this approach has a limitation to The selection of  the target chemicals and diseases is another limitation of this approach. The developed method investigates designed to understand the health impacts of exposure and illness are by reviewing from the published studies.  However, there areis a serious knowledge gaps concerning the of health effects of exposure to industrial chemicals. For example, only small portion of risk assessment including epidemiological studies among 85,000 chemicals have been performed and published (Villanueva et al., 2014; Wilson & Schwarzman, 2009).  Publication bias may mean that studies showing no association between exposure and disease are not likely to be published. The lack of chemical-specific studies makes it difficult to It might lead to the difficulty of collecting relevant studies of industrial chemicals.  or might refer to the publication bias that studies showing no association between exposure and disease are not likely to be published (Villanueva et al., 2014). Therefore, there is a possibility that the developed health benefits analysis model cannot be used due to the lack of information on target chemicals or disease.  	Comment by Cathy : Unclear. Only a small number of risk assessments, including some  with epidemiological studies, have been performed? Or of the risk assessments that have been performed, only a small number include epi studies? Or something else?
	Comment by Cathy : Seems too strong.

Moreover, there is uncertainty about the extent to which generalizability of the health benefits and costs identified in a  chosen epidemiology study to indicate the relationship between the exposure and illness. Thus, it is critical to understand that the developed method was not designed to for evaluateion of health benefits of one facility since each facility has distinctfferent working conditions that might lead to  different health benefits and costs. Conducting a comprehensive review before the calculatingon of a PAF or conducting additional uncertainty analysis is recommended. to make a better analysis. 	Comment by Cathy : Review of what?

In our case studies, we intentionally selected cases with only one target chemical used in the process.; ie.  TCE for vapor degreasing and PERC for dry cleaning.  This simplified theour analysis but in further TUR applications of this method, the interactions of various chemicals and how they might affect disease risks may need to be considered.. A strength of our studymethods is that we obtained our risk estimates of the impact of the causal relationship between exposure and diseases like TCE and kidney cancer through an extensive systematic review processing and meta-analysis. This Therefore, minimizeding the chance of confounding and uncertainty in the calculatingon of the PAF. 
[bookmark: __Fieldmark__8698_858051916][bookmark: __Fieldmark__2999_858051916][bookmark: __Fieldmark__10000_1466884043]In practice, Mmost health or safety regulations, including TUR policies,y frequently lead to more than one type of health benefit in practice (W. Miller, Robinson, L. A., Lawrence, R. S., & Institute of Medicine 2006). For instance, a policy of banning TCE use theoretically,could theoretically avoid  various health benefits from different diseases such as prevented lung cancer, malignant lymphoma, or immune disease, in addition to kidney cancer could be happened due to the same policy to ban the TCE usage. However, the developed TUR framework presented here for TUR is only designed for athe single-dimension specific health outcomeunit. Thus, each health benefits from other the different type of illness from TUR intervention was not able tocould not be combined to understand the total health benefit sof the TUR policy. For the same reason, the TCE case study only estimated the number of prevented kidney cancers among workers. As a result, our model can not estimate the total health benefits when several health benefits appeared through the same TUR intervention or policy.	Comment by Cathy : Unclear. How is this different from what the preceding sentences say?

[bookmark: __Fieldmark__8785_858051916][bookmark: __Fieldmark__3017_858051916][bookmark: __Fieldmark__10050_1466884043][bookmark: __Fieldmark__8809_858051916][bookmark: __Fieldmark__3024_858051916][bookmark: __Fieldmark__10057_1466884043][bookmark: __Fieldmark__8824_858051916][bookmark: __Fieldmark__3031_858051916][bookmark: __Fieldmark__8827_858051916][bookmark: __Fieldmark__3034_858051916][bookmark: __Fieldmark__10062_1466884043][bookmark: __Fieldmark__10067_1466884043]On the other hand, some health economic analysies used a summary health measures that combine which different types of health effects convert into an integrated health unit (Agency  2016; W. Miller, Robinson, L. A., Lawrence, R. S., & Institute of Medicine 2006). For example, dDisability-adjusted life years (DALYs) and quality-adjusted life years (QALYs) are widely used health measures that to combine different type of health impacts, including morbidity and mortality, into a single common unit (Gold, Stevenson, & Fryback, 2002).  DALY and QALY are useful for overall estimates of the burden of disease and, evaluations of the relative impact of specific diseases and injuries in economic analyses (Gold et al., 2002; Nelson et al., 2005). 
[bookmark: __Fieldmark__8851_858051916][bookmark: __Fieldmark__3045_858051916][bookmark: __Fieldmark__10084_1466884043] As a result, thise developed model of health benefits analysis for TUR has the advantage of being relatively straightforward but may not be applicable when several types of health benefits are of  interest (W. Miller, Robinson, L. A., Lawrence, R. S., & Institute of Medicine 2006). Further research would bemight needed to adapt the summary health units for to estimatinge  the total health benefits ofdue to TUR policiesy.
[bookmark: __Fieldmark__8954_858051916][bookmark: __Fieldmark__10097_1466884043][bookmark: __Fieldmark__3055_858051916][bookmark: __Fieldmark__9000_858051916][bookmark: __Fieldmark__10107_1466884043][bookmark: __Fieldmark__3062_858051916]At last, tThe estimated economic value of health benefits in our model can be variable. We used a readjusted U.S. EPA’s recommended default VSL ($7.9 million in 2008 dollars) to estimate the assigned economic value of (avoiding the risk of fatal cancer)  ffrom TCE or PERC exposure. However, the value of VSL value is differsent, depending on the country.  According to the OECD report,In 2014, the default VSL for OECD countries of USD (2005-USD)  ranged from was USD 1.5 million to USD– 4.5 million, with a base value of USD 3 million. For the EU-27, the VSL range is USD 1.8 million – 5.4 million (2005-USD), with a base value of USD 3.6 million (OECD, 2014). Also, some studies indicated that default VSLs might be under-estimated the value of a life since it VSL does id not include medical costs (US EPA, 2001). One study valued fatal cancers(avoiding fatal leukemia) from benzene exposure using a VSL that was based on the estimated VSL (avoiding fatal leukemia) and adjustedment for medical expenses (Agency  2009). 	Comment by Cathy : Why not $8.9 million in 2017 dollars?
	Comment by Cathy : What is this?
	Comment by Cathy : What is this?
	Comment by Cathy : Is that the only reason it might under-estimate the value of a life?

[bookmark: __Fieldmark__9038_858051916][bookmark: __Fieldmark__3071_858051916][bookmark: __Fieldmark__10118_1466884043][bookmark: __Fieldmark__9056_858051916][bookmark: __Fieldmark__3078_858051916][bookmark: __Fieldmark__9059_858051916][bookmark: __Fieldmark__3081_858051916][bookmark: __Fieldmark__10123_1466884043][bookmark: __Fieldmark__10128_1466884043]Further more, Tthe estimated economic value forof non-fatal cancer in this study was also under-estimated. Mostly, wWillingness to pay (WTP) value is the preferred economic measure for the health benefits of non-fatal diseases (Agency  2016). According to the EPA guidelines for performing economic analyses, WTP is a maximum monetary amount that an individual or group would voluntarily pay to enjoytake the benefits (or avoid the damages) from a policy change (Agency  2016; Martín-Fernández et al., 2010). It generally includes medical treatment costs, indirect costs such as lost time from work, and costs of emotional pain like discomfort or suffering (Freeman, 2003).  However, rather than use WTP, we only used only an estimateed of direct medical costs as an economic value of non-fatal disease since there is significant the uncertainty in using of WTP for related with specific cancers from chemical exposure in the U.S. 
[bookmark: __Fieldmark__9179_858051916][bookmark: __Fieldmark__10139_1466884043][bookmark: __Fieldmark__3092_858051916][bookmark: __Fieldmark__9192_858051916][bookmark: __Fieldmark__10146_1466884043][bookmark: __Fieldmark__3099_858051916]Roughly, WTP is estimated in two approaches. The first method is a survey-based technique that asks which selected population asked to state how much they would be willing to pay for the benefits. The second method relies on the previous WTP research related WTP foron  other health outcomes or market data.  For example,  EPA converted a default VSLv alue to the economic value of non-fatal cancers in studying adue to the policy to which reduced carcinogens in drinking water (U.S. EPA 2005). However, in practice, the selecting a feasibilityle method for of measuring WTP is often limited. For example, conducting using surveys requires enough time as well as , human,  and financial resource. Also, there is uncertainty about to transfering benefit values from related studies or market data to estimate a the economic value (WTP value) for other health outcomes or populations (Agency  2016). (Agency  2016).  	Comment by Cathy : Why is there so much discussion about a method that was not used?

If WTP is not available, the cost of illness is an accepted economic alternative in health research, measure with certain limitations as an alternative of WTP in health research. Thus, in this study, we used only adopted the direct medical costs offor non-fatal cancer (kidney and bladder cancers. ) from EPA's Cost-of-Illness Handbook(Toxics, 2007) and readjusted into 2017 monetary value based on the inflation rate. This As a result, the estimated economic value of nonfatal disease had the advantage of being relatively straightforward, using direct medical cost, but it could be undervalue the costsd.  For instance, our value did not include the expenses of to avoiding illness, indirect costs such as lost compensation fromdue to time loss of work, and occurred emotional pain such as discomfort or suffering. 	Comment by Cathy : What is this referring to?

[bookmark: __Fieldmark__9287_858051916][bookmark: __Fieldmark__3111_858051916][bookmark: __Fieldmark__10170_1466884043]Although there were several limitations, this  of the provided framework for of health benefits analysis using PAF, it also has significant advantages.. First, this model was specifically designed to estimate the health benefit due to chemical elimination by TUR.  In practice, only a few studies consider the possible health benefits offrom TUR. Those studies use  or P2 based on the lifecycle assessment LCA or alternative risk assessment (Youngblood, Dvorak, & Hawkey, 2008).
 However, tThese studies were able to indicate the existence of health benefits from TUR, but they did not failed to quantify them health benefits since LCA andor P2OASYS do not examine the represent a change inof health impacts. Our In this study, the developed model using PAF estimated the health benefits depending on the association between a specific chemical and related disease like cancer. Thus, the estimated health benefit was able to indicate the change of health benefit due to chemical elimination. 	Comment by Cathy : This does not follow. Suggest deleting.
	Comment by Cathy : Define or delete.

[bookmark: __Fieldmark__9353_858051916][bookmark: __Fieldmark__3122_858051916][bookmark: __Fieldmark__10185_1466884043][bookmark: __Fieldmark__9364_858051916][bookmark: __Fieldmark__3129_858051916][bookmark: __Fieldmark__10192_1466884043]The sSecond advantage of this framework is that, the estimated health benefits was able to represent the health benefit among total workers at similar process or industry. The previous studies were conducted based on the one facility case information with exposure monitoring data (Kikuchi, Kikuchi, & Hirao, 2011). However, it is rare to measure the exposure level after TUR because there is no legal requirement to report (G. Miller, Burke, McComas, & Dick, 2008). Also, the estimated health impact or benefit based on the exposure data from one facility may not be generalizable to other facilities since each facility has different work environment and exposures. 
In this study, the developed model used a systematic literature review instead of the one facility information from exposure monitoring data. Several published studies were reviewed and analyzed to estimate the association between same chemical and disease among workers at a similar process. Therefore, the result from the developed model can indicate the health benefit among the whole worker at similar industries or process over the result of one facility.  
[bookmark: __Fieldmark__9378_858051916][bookmark: __Fieldmark__3139_858051916][bookmark: __Fieldmark__10210_1466884043]Third,  the unit of estimated health from our model is easier to understand than other models and can transfer to the economic benefit. General risk assessment model evaluates a risk as a quantitative probability of harm to health and LCA models uses a single number like Disability-Adjusted Life Year (DALY) to indicate a health benefit. However, both quantitive units are difficult to interpret for the public, and the general public does not judge risk-based on numbers or statitstics alone (LIN, 2008). 
[bookmark: __Fieldmark__9392_858051916][bookmark: __Fieldmark__3149_858051916][bookmark: __Fieldmark__10227_1466884043]Our model expressed the health benefits of a reduced number of specific disease patients among specific worker due to specific chemical elimination. It is a simple unit to understand.  Moreover, the estimated health benefit can be monetarized. Therefore, the total health benefits from several diseases can be represented as an economic value since each estimated health benefit eventually converts to the same monetary unit like the US dollar. Estimated economic value is crucial for decision-making process since it is necessary to step to qualifying appropriate levels of investment (Buxton, Hanney, & Jones, 2004).   As a result, the estimated health benefit through this model would be more accurate and understandable to the public than other methods like LCA or RA. Therefore, it may be a more useful tool for risk communication to the public and for policy decision making.  
In this study, we provided the framework of health benefits analysis for TUR policy using the PAF from the Institute of Medicine. The outcome of our two case studies indicated that the developed method could estimate the health benefit and cost for the policies to ban the use of TCE for vapor degreasing and PERC for dry cleaning. The framework helps to understand not only the exposed risk but also quantifies the health benefit from toxic chemical elimination at the source. It provides a method to estimate the impact of past TUR interventions and this quantification of benefits may help to expand the reach of TUR policy in the future.  
Further research, utilizing additional case studies, may be useful to test the developed framework of health benefits analysis from the reduction of  industrial toxic chemical use. This method needs to expand to estimate the health benefit of the reduction of toxic chemical usage at the source. Furthermore, the method also needs to update the economic value of avoiding associated non-fatal disease; using the value of willingness to pay after comprehensive valuation review of WTP.
Although there are limitations to using PAF, this is a useful health benefit and decision-support tool to inform environmental or occupational chemical policy that promotes the switch from toxic chemicals to safer alternatives.
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Figure 1 the framework of health benefit analysis using PAF





Table 

Table 1 the estimated health benefit due to the EPA proposed policy

Table 1 ) The estiamted health benefit (attributable health burden) due to the EPA proposing a policy
	Target Population
	Prevalence Rate
	PAF
	Population Number(n)
	Health Benefit

	
	
	
	
	

	Worker
	0.0015
	0.342
	9,500
	4.85

	Bystander
	0.0015
	0.195
	22,800
	6.64

	
	
	
	
	


Table 2 the estimated economic value of health benefit due to the EPA proposed policy

	Target Population 
	Health Benefit
	Survival Rate 
	Kidney Cancer Case (#)
	Direct Medical Cost ($)
	VSL ($)
	Cost ($)
	Total Cost ($)

	Worker (non-fatal)
	4.9
	0.74
	4.0
	113,138
	
	452,552
	9,352,552

	Worker
(fatal)
	4.9
	0.26
	1.0
	
	8,900,000
	8,900,000
	

	
	
	
	
	
	
	
	

	Bystanders (non-fatal)
	6.6
	0.74
	5.0
	113,138
	
	565,690
	18,365,690

	Bystanders
(fatal)
	6.6
	0.36
	2.0
	
	8,900,000
	17,800,000
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