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 ABSTRACT 

 Socio-Demographic Patterning of Phthalate Burden in the U.S. (2001-2016) 

 by 

 Gabrielle Eva Benoit 

 For most humans, environmental exposure to toxicants begins as early as the moment of conception and 

 accrues differently based on where a person lives, the nature of their work, and a variety of other 

 socio-economically linked behaviors. A toxicant of particular interest are phthalates – the chemicals used 

 to make plastics flexible and durable. They are found in clothes, furniture varnishes, toys, 

 pharmaceuticals, food containers, and personal care products - to name just a few sources of exposure. 

 Phthalates can make their way into bodies through ingestion, inhalation, and dermal absorption, and the 

 breakdown of them within bodies can be measured as phthalate metabolites in urine. The specific 

 physiological mechanisms linking phthalate exposure to health outcomes are still being deciphered, 

 although it is abundantly clear that they pervade all aspects of the environment and our bodies, resulting 

 in negative health outcomes. We study the level of the metabolite, mono-ethyl phthalate (MEP), in urine 

 samples of children and adult participants in the National Health and Nutrition Examination Survey 

 (NHANES), years 2001-2016. We have chosen mono-ethyl phthalate as our biomarker indicating 

 exposure to phthalates because it is one of the most abundant phthalate metabolites present in human 

 urine; it is the primary metabolite of diethyl phthalates (DEP). We ask which socio-demographic 

 characteristics are associated with higher phthalate levels in urine within children and adults. 

 Socio-demographic characteristics we examine include: age, gender, education, race/ethnicity, family 

 income to poverty level, citizenship status. We expect that socio-demographically disadvantaged groups 

 will have the highest levels of phthalate exposure. Factors such as education, SES, and gender influence 

 where people live, (and their built environment exposures), their time-use patterns, their occupation, their 
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 treatment at healthcare facilities, and their purchasing patterns. Those factors (where people live, time-use 

 patterns, occupation, etc.) shape phthalate exposure. Consequently, we expect some of these groups to 

 have more phthalates in their bodies than other groups. This research contributes to understanding health 

 experiences outside of clinical definitions, drawing attention to structural vulnerabilities and the way that 

 environmental toxicants are embodied in individuals and populations. 
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 I. Introduction 
 Plastics were created in the 1940s, and the time period from then to the present has been labeled by some 
 researchers as “the plasticene” because of the ubiquitous and enduring nature of plastics in modern 
 society (Campanale et al., 2020). There is a brewing public health crisis related to microplastics, yet due 
 to a lack of immediately conclusive science that links the wide variety of plastics (and their 
 accompanying chemicals) to precise health impacts, scholars fear a delay in public health and policy 
 action similar to the delays in tackling the crisis of smoking during the 1920s-1950s (Parker, 2022). 
 Experts in the field of microplastics, endocrinology, and epidemiology encourage a more proactive 
 approach to intervening in the growing problem of plastics. 

 Microplastics are plastics that are less than 5mm, about the size of a pencil eraser tip. As they break down 
 into their chemical components, whether that is due to time, heat exposure, or a contact interaction, they 
 pose greater threat to the health of humans. Phthalates are primarily used in the creation of plastics and 
 solvents, and they are colorless, odorless, oily liquids. They do not chemically bind to the material they 
 are added to, which leads to them being readily absorbed into the human body (NIH PEPH, 2021, Meeker 
 et al., 2009). They can make their way into bodies through leaching into food or water that has been 
 stored in container made with phthalates, exposure to airborne phthalate particles when working with 
 materials such as plastic piping or synthetic furniture, and our skin can absorb phthalates from certain 
 lotion and cosmetics (Zarus et al., 2021). 

 Phthalates are chemically disruptive through their ability to mimic and alter the synthesis and function of 
 natural hormones (Fackelmann and Sommer, 2019). The extent of exposure that one has to phthalates – 
 even before they are born, as phthalates do cross the placenta – creates the urgency to better identify 
 populations most at risk of greater exposure to phthalates. Research has shown that within the range of 
 what is normally found in indoor environments, phthalates are associated with allergic symptoms in 
 children (Bornehag et al., 2004). Furthermore, research has suggested that exposure to phthalates leads to 
 differential brain development and poor outcomes that can persist throughout the lifecourse. Li et al., 
 conducted a longitudinal study of mothers and children, and assessed phthalate level in urine samples of 
 the women prenatally (16 weeks gestational age), and the women-children pairs from birth to 8 years old 
 (2019). They found that there was a correlation between phthalate metabolites and children’s full scale 
 IQ. Primarily leaning on animal studies, the mechanism thought to be at play are related to phthalates’ 
 endocrine disruptive nature; they impact the development of the thyroid, which creates hormones that are 
 essential for the proper development of the hippocampus (Akaike et al., 1991; Breous et al., 2005; Huang 
 et al., 2007; Meeker et al., 2007; Miodovnik et al., 2014; Moog et al., 2017). The lipid signal transduction 
 pathway is hypothesized to influence brain development as well (Xu et al., 2007). An additional pathway 
 that could be a mechanism through which the neurodevelopmental process is interrupted is via the 
 anti-androgenic properties of phthalates (Andrade et al., 2006; Howdeshell et al., 2008b). Li et al., found 
 that the cumulative urinary concentration of the phthalates di- ethylhexyl phthalate (DEHP), monobenzyl 
 phthalate (MBzP), mono-ethyl phthalate (MEP), and mono-(3-carboxypropyl) phthalate (MCPP) in the 2 
 to 3 year olds were inversely associated with their IQ (2019). 
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 The inverse relationship between increased phthalate levels prenatally and in early childhood and IQ 
 persists in school age children (Factor-Litvak et al., 2014). Similarly, a longitudinal pregnancy and birth 
 cohort (HOME) that enrolled pregnant women from Cincinnati, Ohio, reported that the greater the 
 childhood phthalate index level was associated with more problem behaviors (Li et al., 2020). The 
 problem behaviors were documented using the behavioral assessment system for children, second edition 
 (  BASC2  ), which assesses hyperactivity, anxiety, depression,  leadership. They highlighted that the 
 phthalates monobenzyl phthalate (MBzP), mono-carboxy-isononly (MCNP), and mono-ethyl phthalate 
 (MEP) largely contributed to these associations. 

 The first national research to measure phthalate levels within population health data was conducted by the 
 Centers for Disease Control in the NHANES 1999-2000. Testing for phthalates in urine samples has 
 remained in the survey continuously since then. Even though evidence is mounting about negative effects 
 of phthalates on health, we don't have population-level estimates of actual phthalate levels according to 
 socio-demographic characteristics (social determinants of health). This paper seeks to determine which 
 socio-demographic characteristics are associated with higher levels of phthalate in urine, observed in 
 NHANES, years 2001-2016. The final sample size is 19,113. We are exploring our sample stratified by 
 age – 7,727 children and 14,622 adults. NHANES has been used to investigate the increase/decrease of 
 urinary phthalate levels in the U.S. population over time, however, none have focused on the 
 socio-demographic variation of urinary phthalates among NHANES participants, who are a representative 
 sample of the U.S. population. We examine various socio-demographic characteristics – including 
 education (of both the participants and household head), age, gender, race/ethnicity, family income to 
 poverty level, and citizenship status. We expect urinary phthalate levels to differ by education, 
 race/ethnicity, gender, citizenship status, and income level because these factors shape exposure to 
 phthalates through area of residence, built environment, time-use trends, healthcare interactions, and 
 purchasing patterns. We hypothesize that historically disadvantaged groups will have higher levels of 
 phthalates. We expect that lower levels of education will be associated with higher levels of mono-ethyl 
 phthalate, even when holding other covariates constant; minority racial groups and females will be 
 associated with higher levels of mono-ethyl phthalate; non-U.S. citizenship status and those earning lower 
 incomes will be associated with higher levels of mono-ethyl phthalate. 

 II. Conceptual Framework 
 Social determinants of health frameworks can inform expectations for how phthalate levels may differ by 
 socio-demographic factors. Social determinants of health refers to the upstream factors - those that are 
 occurring prior to health care interventions - that contribute to health outcomes (CDC, 2022). An 
 overarching concept is that social determinants of health are influential across the life course. There are 
 vast differences among where people are born, grow, live, work, and age (Marmot, 2015). Frequently, 
 there are wide disparities and inequities across these environments. While some aspects of the 
 environment are determined by nature, many are impacted by historical, economic, and sociopolitical 
 factors subjecting some populations to greater harm, and protecting other populations (  Healthy People 
 2030  ). 
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 A. Life Course Factors 

 Throughout the lifecycle, exposures influence health in differing ways. “Life course effects” captures the 
 phenomenon of how both current and previous living circumstances (such as in utero effects) influences 
 health status at every age, for each given birth cohort (Kawachi et al., 2002). Kawachi et al. (2002) 
 outlines the leading hypotheses that connect lifecourse effects to the origins of health inequalities;  latent, 
 pathway,  and  cumulative effects.  Latent effects  identify  how early life environments have far reaching 
 effects during adulthood later in life.  Pathway effects  are the way in which early life environments 
 influence the trajectory one embarks on, and consequently, health status over time.  Cumulative effects 
 ensue  as a result of the dose-response relationship  between the extent of exposure to detrimental 
 environments across many years. These are independent and potentially additive effects; they are not 
 mutually exclusive. Life course theory suggests that there are potentially critical time periods for 
 development, during which, phthalate exposure could be more detrimental. Additionally, it can be inferred 
 from life course theory that phthalate levels and/or the lagged effect of phthalates (such as fertility 
 challenges) could vary among age groups. 

 i. Age 

 Age is potentially a critical predictor leading to phthalate burden. The timing of exposure to 
 environmental hazards, particularly during sensitive developmental windows, can have exaggerated 
 effects. Exposure to phthalates can begin prior to birth. Maternal exposure to phthalates are able to impact 
 the developing fetus, due to their ability to cross the placenta (Qian et al., 2020). Once born, children’s 
 physiology causes them to be more vulnerable to exposure to toxicants. They are not in control of where, 
 with what, and how they play, and naturally, young children explore with their mouths, causing them to be 
 more exposed to ingestion of phthalates. They have developing organs and faster metabolisms, leading to 
 greater potential harm of phthalates. Cumulative effects of susceptibility factors, such as age, heat, 
 pollution, and poverty results in greater risk of health complications and less ability to make adaptations 
 in behavior and the surrounding environment (Balbus and Malina, 2009, Pacheco, 2020). Within our 
 sample of children, we will explore the relationship between the variable continuous age and phthalate 
 level, in order to get a more fine gradient effect of age. Among the adults in our sample, we will explore 
 the relationship between age and phthalate level using a categorical age variable, seeking to identify 
 differences in phthalate level among young adults, middle aged adults, and older adults. 

 ii. Environment 

 All three of the life course arguments involve one’s “environment.” This leads to the question of what 
 constitutes “environment?” A definition of environment is offered by the work of Karlsson et al. (2021), 
 describing the “human exposome,” which refers to the lifetime sum of environmental exposures. Through 
 this lens, Karlsson et al. emphasizes the non-genetic factors that make up our physical and chemical 
 “environment.” “Environment” captures those that are social in nature, such as stress, behavior, education, 
 policy, and those that are physical hazards, such as air pollution, drugs, radiation, microbiota, and 
 psychosocial stress (2021). The physical and chemical environment that we are exposed to changes 
 throughout our life course, and a way that our exposures get under our skin is through these 
 environmental exposures modifying the expression of our DNA. Essentially all people, particularly those 
 living in industrialized societies, have countless exposures to phthalates in their daily lives. To identify a 
 few sources of phthalates in our environment consider the components of typical food packaging, water 
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 bottles, body products, and furniture. Even before birth, the environment is shaping human development, 
 and more research is needed to understand, given the ubiquitous exposure to phthalates within our 
 environment, how some populations within the same given city, for example, have differing levels of 
 phthalates. Do environmental factors such as pollution and stress contribute to greater/less absorption of 
 phthalates and more/less excretion? This paper is laying the foundation for future research, by first 
 identifying the populations that have greater levels of urinary phthalates. 

 iii. Upstream and downstream factors 

 The distribution of people, and consequently, their unequal exposure to environmental hazards, is a 
 function of their socio-demographics. Residential mobility and neighborhood choice are shaped by 
 socio-demographic factors (Foster, 2017). Furthermore, neighborhood resources and processes are shaped 
 by the socio-demographic composition of neighborhoods and communities, resulting in “unequal 
 neighborhood environments by racial and economic status” (Candipan & Sampson, 2023). This is seen 
 through decisions such as where to locate new schools, healthy grocery stores, and companies that 
 pollute. For example, even amidst nationwide declines in pollution levels, on average, Blacks and Latinos 
 are exposed to greater amounts of nitrogen dioxide (NO2) and particulate matter (PM2.5 and PM10) 
 (Kravitz-Wirtz et al., 2016). There is a relationship between socio-demographic factors and social 
 determinants of health, and both influence exposure and elimination of phthalates (see Figure 1). 

 Figure 1. Conceptual framework linking socio-demographic factors to phthalate burden. 

 Broadly, health inequalities impact morbidity and mortality, resulting in patterns arising by a variety of 
 factors including income, education, location of residence, occupation, sex, race/ethnicity. The 
 mechanisms that underpin these patterns are complex and interrelated. “Upstream factors” refers to the 
 social and structural contexts which shape the manifestation of health outcomes, whereas “downstream 
 factors” refers to the immediate response and direct intervention to a health crisis (McKinlay, 1975). In 
 order to demonstrate potential pathways that elucidate how health inequalities arise within individuals and 
 populations at large, we will explore the role of education, race/ethnicity, and age as associated with 
 phthalate levels. 
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 iv. Education 

 Education is one of the most significant socio-demographic variables that correlates positively and 
 consistently with healthy behaviors (Ross and Mirowsky, 2010). Education is a component of human 
 capital, given that it allows for individuals to have greater knowledge, skills, and personal characteristics 
 that position them to be more productive, typically in terms of economic attainment and economic 
 mobility (OECD, 2020). Education cultivates the diligence to solve problems, to apply analytical skills to 
 challenges, and provides opportunities to gain a sense of self assurance amidst adversity (Ross and 
 Mirowsky, 2010). Through this understanding, the effects of education are far-reaching, beyond simply 
 knowledge acquisition and preparation for employment. Lack of access to quality education, an upstream 
 effect, may put people at greater risk of certain behaviors and exposures that lead to poorer health 
 outcomes (Link and Phelan, 1995). For example, among middle aged Americans, higher education leads 
 to more healthy behaviors, such as refraining from smoking and engaging in physical activity, in addition 
 to more beneficial life adjustments following a new diagnosis, all of which point to socio-economic status 
 offering opportunity to manage health more effectively (Margolis, 2013). Research has demonstrated that 
 educational attainment is a critical predictor for risky alcohol consumption (Kaplan et al., 2015). This 
 informs our work that tests whether education serves as a proxy for access to resources and therefore, an 
 indicator of socioeconomic status influencing phthalate burden among certain NHANES participants. We 
 expect that even when holding other covariates constant, lower levels of education will be associated with 
 higher levels of mono-ethyl phthalate. 

 A downstream example of socio-demographics influencing phthalate burden is through access to lifestyle 
 factors that can enable the body to work as an efficient detox system. Four common ways that phthalates 
 are eliminated from the body are through the skin, liver, kidneys, and gastrointestinal tract (Anderson et 
 al., 2001). Engaging in behaviors that allow these systems to function effectively, such as adequate 
 exercise, hydration, minimal alcohol intake, and eating plenty of fiber could allow for the body to more 
 quickly and completely eliminate phthalates in the body.  It has been established that phthalates are 
 associated with metabolic disruptions, including obesity, insulin resistance, and diabetes (Radke et al., 
 2019, Gaston and Tulve, 2019). Possibly, some phthalates get taken up by fat cells in the body and then 
 gradually excreted via the urine over time, in addition to those phthalates that take the direct route. The 
 process of  urinary  metabolites accumulating though  is contrary to the knowledge that the relatively short 
 half life – some sources report 5 hours, other 12hr. We expect that those with higher educational 
 attainment will have less exposure to phthalates, and consequently, a lower level of mono-ethyl phthalate. 

 v. Citizenship 

 There are 40 million immigrants in the U.S., which represents nearly a fifth of immigrants worldwide 
 (Budiman, 2020). Mexico is the largest source of immigrants, composing 25% of all immigrants living in 
 the U.S. (Gonzalez-Barrera and Krogstad, 2019). In research regarding diversions within immigrant 
 health frameworks, it is revealed that the medicalization of inequalities allows policy makers to hide 
 behind an equity agenda without truly addressing the fundamental causes of health (Garcia et al., 2021). 
 Garcia’s research reinforces the importance of assessing the demographic variable, citizenship status, 
 within our models. Social structures, institutional behavior, privilege, and power varies widely for those 
 of immigrant descent. They potentially have fewer flexible resources such as knowledge, money, prestige, 
 and beneficial social connections. This has led to us exploring the relationship between citizenship status 
 and phthalate levels. We anticipate that non-U.S. citizens will have higher phthalate levels. 
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 vi. Race/Ethnicity 

 Another socio-demographic variable that we expect to be correlated with phthalate burden is 
 race/ethnicity. This expectation is not because of a biological mechanism, but rather because of the social 
 and structural systems that provide unequal access to resources and knowledge to non-white populations. 
 Race is not a biological category, it is a social and cultural category. The Human Genome Project found 
 that the amount of genetic diversity that we observe within races is actually larger than what we observe 
 across races (Duello et al., 2021). However, differential treatment within medical facilities persists. There 
 is evidence that quality of medical care is inferior for racial minorities, and the disparity in the 
 effectiveness of access to medical care varies across SES gradients (Ross and Mirowsky, 2010). 

 A case study that demonstrates this phenomenon is found among women with uterine fibroids. Uterine 
 fibroids are benign (noncancerous) growths within the uterus that can be entirely asymptomatic or cause a 
 variety of symptoms including heavy menstrual bleeding, pelvic pain, urinary disruption, and backaches 
 (Louie, 2022). Some risk factors identified with increased incidence of uterine fibroids include diet and 
 lifestyle behaviors such as a diet high in red meat, a diet low in green vegetables and fresh fruit, alcohol, 
 and vitamin D deficiency (Louie, 2022). These downstream “choices” could be rooted in neighborhood 
 deprivation constraining the choices available to individuals. Neighborhoods that are primarily 
 Non-Hispanic Black are spatially disadvantaged; regardless of their socioeconomic composition, they are 
 consistently associated with overwhelmingly disadvantaged surroundings (Sharky, 2014). While there is 
 still a lack of research regarding what definitively causes fibroids, a known risk factor is race/ethnicity. 
 Black women are more likely to have fibroids, and more severe symptoms, than any other racial group 
 (Louie, 2022). Emerging research has shown that phthalates are positively correlated with uterine volume, 
 and likely associated with fibroid outcomes (Zota et al., 2019). Black women with uterine fibroids are 
 twice as likely to undergo hysterectomies as opposed to minimally invasive options compared to white 
 women with uterine fibroids (Mostafavi, 2020). Racial/ethnic disadvantage is embedded in interactions 
 with healthcare providers and can result in: 1) lack of access to regular visits, 2) fewer resources to 
 manage symptoms, or 3) reduced sets of treatment options. 

 A similar pattern of lack of timely, effective, and sufficient health care could be seen in the treatment of 
 other symptoms that can arise from exposure to phthalates, such as allergies, attention disorders, and 
 infertility, furthering the detrimental effect of phthalate burden. This supports our choice to examine 
 race/ethnicity as a variable of importance determining phthalate burden, and can motivate awareness of 
 disparities, in addition to initiating more targeted interventions to help alleviate underserved communities. 

 B. Motivation 

 Through an approach that is informed by social determinants of health and life course theory, with an 
 understanding of “environment” in the most all-encompassing sense of the word, we find an abundance of 
 motivation demonstrating the need for our work. We are running two fully stratified models by age to 
 identify key characteristics of populations with the highest levels of urinary mono-ethyl phthalates, since 
 it appears that the processes of exposure differ significantly by age. This work will serve as a proof of 
 concept for identifying populations that elicit further inquiry into the social and structural systems that are 
 resulting in their disproportionate phthalate burden, and consequently, inform policies that remedy the 
 situation. 
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 III. Data and Sample 
 We use the publicly available National Health and Nutrition Examination Survey (NHANES), years 2001 
 to 2016 to investigate the relationship between socio-demographic characteristics and the urinary 
 metabolite, mono-ethyl phthalate. NHANES was the first program in the United States to begin collecting 
 phthalate samples within a nationally representative sample. The CDC surveys about 5,000 people in 15 
 different counties across the U.S that results in a nationally representative sample of the civilian, 
 non-institutionalized U.S. population. One person in the study represents about 65,000 other individuals 
 like themselves across the country. We use data from 2001-2002, 2003-2004, 2005-2006, 2007-2008, 
 2009-2010, 2011-2012, 2013-2014, 2015-2016 cycles of NHANES. Of the 40,000 participants in the 
 sample across our years of study, there were 22,439 participants during these years that had phthalate 
 metabolite measurements. There were participants with missing demographic data (n = 3,326), which 
 resulted in a final sample size of 19,113 study participants. Descriptive statistics for the demographic 
 variables in our sample of children are provided in Table 1A. Descriptive statistics for the demographic 
 variables in our sample of adults are provided in Table 2A. We run bivariate models, then multiple 
 regression models - one for children and one for adults. All estimates are weighted, with the sample 
 weights accounting for the unequal selection probability of the complex NHANES sampling and the 
 oversampling of selected population subgroups. Both the summary statistics and model results use the 
 sampling weights. 

 Our variables of interest are: education, age, gender, race/ethnicity, ratio of family income to poverty 
 level, and citizenship status. The outcome variable is mono-ethyl phthalate. Appendix 1 outlines the 
 variables chosen for this analysis, the way they were originally coded, and the way we have re-coded 
 them into logical categories. The phthalate metabolites were measured via spot urine samples collected in 
 the Mobile Examination Center for a subsample within NHANES. The samples were stored at –20°C and 
 shipped to the CDC’s National Center for Environmental Health in Atlanta, Georgia for analysis. We 
 restricted our sample to participants with phthalate metabolites measured and we also eliminated missing 
 data from our sample. There is 1.4% missing data in the sample of children and 1.4% missing in the 
 sample of adults. 
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 Table 1 A. Descriptive statistics (weighted) of the 2001-2016 NHANES: children (n = 6,632), age 3 - 18, 
 and sampled for phthalates. 
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 Table 2A. Descriptive statistics (weighted) of the 2001-2016 NHANES: Adults (n = 12,481), age 19 - 85, 
 and sampled for phthalates. 

 A. Measures 
 The metabolite, mono-ethyl phthalate, is quantitatively measured in urine samples by harnessing two 
 techniques: high performance liquid chromatography and electrospray ionization-tandem mass 
 spectrometry (HPLC-ESI-MS-MS). The detailed protocol is described in the Laboratory Manual for 
 NHANES (NCHS, 2015). Previous research has demonstrated that using urinary metabolites rather than 
 air samples reduces exposure misclassification, which further strengthens our use of urinary phthalates for 
 our analyses (Adibi et al., 2008, Hoppin et al., 2002). Urinary mono-ethyl phthalate values in the sample 
 are heavily right-skewed. All of the regression results use the log-transformed phthalate values so that 
 model errors are approximately normal and hypothesis tests are valid. Summary measures for the 
 untransformed and transformed mono-ethyl phthalate among the children in the sample are in Table 1B, 
 and the graphical representation is in Figure 2. Summary measures for the untransformed and transformed 
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 mono-ethyl phthalate among the adults in the sample are in Table 2B, and the graphical representation is 
 in Figure 3. 

 Table 1B. Summary measures for the untransformed and log transformed mono-ethyl phthalate among the 
 children in the sample. 2001-2016 NHANES: children (n = 6,632), age 3 - 18, and sampled for 
 phthalates. 

 Figure 2 Distribution and of the untransformed mono-ethyl phthalate urinary metabolite and the 
 transformed mono-ethyl phthalate among the children in the sample. 2001-2016 NHANES: children (n = 
 6,632), age 3 - 18, and sampled for phthalates. 
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 Table 2B. Summary measures for the untransformed and log transformed mono-ethyl phthalate among the 
 adults in the sample. 2001-2016 NHANES: Adults (n = 12,481), age 19 - 85, and sampled for phthalates. 

 Figure 3 Distribution and of the untransformed mono-ethyl phthalate urinary metabolite and the 
 transformed mono-ethyl phthalate among the adults in the sample. 2001-2016 NHANES: Adults (n = 
 12,481), age 19 - 85, and sampled for phthalates. 

 Two variables that require background information are  household reference person,  and  ratio of family 
 income to poverty level.  The household reference person  is defined by NHANES as the first household 
 member 18 years of age or older, who is listed on the household member roster and the member of the 
 household that owns or rents the location where members of the household live. It is common for analysts 
 to focus on the household reference person when they are characterizing the socioeconomic status of 
 survey participants in that household (NCHS, 2015). We have chosen to use the education level of the 
 household reference person in our analyses for the children model due to that variable consistently 
 carrying over throughout the duration of our survey years, few missing data points (whereas the child 
 participant’s education level has far more education data missing), and due to theory reinforcing the idea 
 that a household reference person’s educational attainment potentially exerts power and control over the 
 household’s lifestyle factors, such as location and quality of residence, food security and nutrition, 
 healthcare coverage and usage (NCHS, 2015). 
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 The ratio of family income to poverty level reports a household’s income in relation to whether it is at the 
 poverty level, 2, 3, 4, or 5+ times the poverty threshold. Within our analyses, we organize family income 
 to poverty level into the following categories:  “  at  poverty threshold”:  fpl  ≤  1, “family income 2x poverty 
 threshold”: 1  ≤  fpl < 2, “family income 3x poverty  threshold”: 2  ≤  fpl < 3, “family income 4x poverty 
 threshold”: 3  ≤  fpl < 4, “family income 5x poverty  threshold: 4  ≤  fpl < 5, “family income more than  5x 
 poverty threshold”: fpl = 5. We chose to use family income to poverty ratio due to the availability of the 
 data – we do not have access to income or occupation data. NHANES utilizes the Department of Health 
 and Human Services poverty guidelines to calculate the ratio (National Center for Health Statistics, 2023). 
 These calculations are used to determine eligibility for national programs such as Head Start, 
 Supplemental Nutrition Assistance Program (SNAP), Special Supplemental Nutrition Program for 
 Women, Infants, and Children (WIC), and the National School Lunch Program. The poverty guidelines 
 vary in relation to family size and geographic location. There are different guidelines for the 48 
 contiguous states, the District of Columbia, Alaska, and Hawaii, however, these state thresholds don’t 
 take local cost of living into account. 

 B. Analytic Strategy 
 We were informed by theory as to which variables would make most sense to include in our models. 
 While gender was not a significant explanatory variable when exploring the bivariate relationships among 
 the adult NHANES sample (however, it was for children), theory informs us that there are gender 
 differences that would influence phthalate exposure, such as personal care routines, occupational 
 exposure, and metabolism. Additionally, AIC model fit tests guided us in our model selection. We expect 
 that phthalate levels are likely to differ by geographic location, however, the NHANES restricts 
 geographic location below the national level (CDC/NCHS, 2018). In our future work, we plan to analyze 
 the geographic variation using the restricted data. All statistical analyses were performed using R Studio, 
 Version 2022.12.0+353, and P < 0.05 was regarded as statistical significance. 

 Children  : (population subset to children, age < 19) 
 log(mono-ethyl  ) =  0  +  1  +  2  +  3  +  4  +  5  +  6  𝑖 β β  𝑟𝑒𝑓𝐸𝐷 β  𝑎𝑔𝑒 β  𝑔𝑒𝑛𝑑𝑒𝑟 β  𝑟𝑎𝑐𝑒  /  𝑒𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦 β  𝑓𝑝𝑙 β

 +  7  +  𝑐𝑖𝑡𝑖𝑧𝑒𝑛𝑠ℎ𝑖𝑝 β  𝑦𝑒𝑎𝑟 ε 𝑖 

 Where, 
 log(mono-ethyl) = logged mono-ethyl phthalate level (ng/mL) 

 = household reference person education attainment  (ref = college and  𝑟𝑒𝑓𝐸𝐷 
 beyond) 

 = age of the participant (continuous)  𝑎𝑔𝑒 
 = gender of the participant (ref = female)  𝑔𝑒𝑛𝑑𝑒𝑟 

 = race/ethnicity of the participant  (ref = Non-Hispanic white)  𝑟𝑎𝑐𝑒  /  𝑒𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦 
 = ratio of family income to poverty level (ref  = at poverty threshold)  𝑓𝑝𝑙 

 = U.S. citizenship status of the participant  (ref = US citizen by birth  𝑐𝑖𝑡𝑖𝑧𝑒𝑛𝑠ℎ𝑖𝑝 
 or naturalization) 

 = year of participant survey (ref = 2001)  𝑦𝑒𝑎𝑟 
 0,...,  7  are regression coefficients β β
 = error term ε 𝑖 
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 Adults  :  (population subset to adults, age ≥ 19) 
 log(mono-ethyl) =  0  +  1  +  2  +  3  +  4  +  5  +  6 β β  𝑎𝑑𝑢𝑙𝑡𝐸𝐷 β  𝑎𝑔𝑒 β  𝑔𝑒𝑛𝑑𝑒𝑟 β  𝑟𝑎𝑐𝑒  /  𝑒𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦 β  𝑓𝑝𝑙 β

 +  7  +  𝑐𝑖𝑡𝑖𝑧𝑒𝑛𝑠ℎ𝑖𝑝 β  𝑦𝑒𝑎𝑟 ε 𝑖 

 Where, 
 log(mono-ethyl) = logged mono-ethyl phthalate level (ng/mL) 

 = educational attainment of participants  20+ y.o. (ref = college graduate  𝑎𝑑𝑢𝑙𝑡𝐸𝐷 
 or above) 

 = age of the participant (categorical, ref =  middle-aged)  𝑎𝑔𝑒 
 = male or female listed gender of the participant  (ref = female)  𝑔𝑒𝑛𝑑𝑒𝑟 

 = race/ethnicity of the participant  (ref = Non-Hispanic white)  𝑟𝑎𝑐𝑒  /  𝑒𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦 
 = ratio of family income to poverty level (ref  = at poverty threshold)  𝑓𝑝𝑙 

 = U.S. citizenship status of the participant  (ref = U.S. citizen by  𝑐𝑖𝑡𝑖𝑧𝑒𝑛𝑠ℎ𝑖𝑝 
 birth or naturalization) 

 = year of participant survey  (ref = 2001)  𝑦𝑒𝑎𝑟 
 0,...,  7  are regression coefficients β β
 = error term ε 𝑖 

 IV. Results 
 We estimated bivariate analyses for all socio-demographic characteristics that we hypothesized to be 
 associated with phthalates. Table 3 and Table 4 show the model coefficients when not controlling for any 
 other variables; simply examining the mean differences. Figures 3A and 3B show the visual depiction of 
 the bivariate analyses among children in the sample, and figures 4A and 4B show the visual depiction of 
 bivariate analyses among adults in the sample. 
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 Table 3 Bivariate associations between log-phthalate levels and socio-demographic characteristics. 
 2001-2016 NHANES: children (n = 6,632), age 3 - 18, and sampled for phthalates. 
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 Table 4 Bivariate associations between log-phthalate levels and socio-demographic characteristics. 
 2001-2016 NHANES: Adults (n = 12,481), age 19 - 85, and sampled for phthalates. 
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 Figure 3 A Graphical representation of bivariate analyses of the variable of interest to be used in the 
 multiple regression among the children in the sample. 2001-2016 NHANES: children (n = 6,632), age 3 - 
 18, and sampled for phthalates. 

 16 



 Figure 3 B Graphical representation (continued) of bivariate analyses of the variable of interest to be 
 used in the multiple regression among the children in the sample. 2001-2016 NHANES: children (n = 
 6,632), age 3 - 18, and sampled for phthalates. 
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 Figure 4 A Graphical representation of bivariate analyses of the variable of interest to be used in the 
 multiple regression among the adults in the sample. 2001-2016 NHANES: Adults (n = 12,481), age 19 - 
 85, and sampled for phthalates. 
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 Figure 4 B Graphical representation of bivariate analyses of the variable of interest to be used in the 
 multiple regression among the adults in the sample. 2001-2016 NHANES: Adults (n = 12,481), age 19 - 
 85, and sampled for phthalates. 

 Looking at those distributions, we see some patterns of differences in phthalates by socio-demographics. 
 The bivariate analyses demonstrate that education level of the household reference person, participant’s 
 age, race/ethnicity, ratio of family income to poverty level, and citizenship status are significantly 
 associated with levels of mono-ethyl phthalate in the urine of participants. We find that among children in 
 the sample, lower household reference person educational attainment, older age, female gender, 
 non-Hispanic white race/ethnicity, and earlier year of the survey is associated with increased phthalates. 
 Among adults in the sample, we find that minority race/ethnicity, lower educational attainment of the 
 participant, and earlier year of the survey is associated with increased phthalates. From these results, we 
 created two regression models and reported on the estimated coefficients. 

 As previously mentioned, we run separate models for children and adults given differences in their 
 physiology. The processes by which phthalates enter, harm, and leave the body differ for adults and 
 children. See Figure 4 and Figure 5 for multiple regression models. 
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 A. Phthalate patterns among children in NHANES 
 Results from the regression analysis are displayed in Figure 5. We find that many socio-demographic 
 characteristics are associated with phthalate levels in children, independent of other control variables. 
 First, as hypothesized, education of the household reference person was significantly associated with 
 phthalate levels in children, with lower education associated with higher phthalate level. Participants less 
 than nineteen years old, in a home with a household reference person that has attained partial college and 
 below, have a predicted higher phthalate level: 0.24(SE 0.06) compared to participants that have attained 
 college education or more schooling, holding other variables constant. Age of the child was also 
 significantly associated with phthalate levels: each standard deviation increase in age predicted higher 
 phthalate level of: 0.09 log mono-ethyl phthalate (SE 0.00). Gender and ethnicity were also significantly 
 associated with phthalate levels in the urine of children. Holding other variables constant, children 
 identifying as male, compared to females, had a predicted lower phthalate level of: -0.16(SE 0.04). 
 Compared to Non-Hispanic white children, Mexican American children and other Hispanics had a 
 predicted higher phthalates level of: 0.30(SE 0.06) and 0.50(SE 0.08), respectively. Non-Hispanic Blacks 
 had a predicted higher phthalate level: 0.83(SE 0.05). Other or Multi-ethnic participants had a statistically 
 insignificant predicted higher phthalate level: 0.08(SE 0.08). Results suggest that family income to 
 poverty level and citizenship status are not significantly associated with phthalate level among children in 
 our sample. However, the year the participant completed the survey is significantly associated with the 
 expected phthalate level for the more recent years (2009-2015) as compared to the survey year of 
 2001-2002, which suggests that the year the participant took the survey significantly impacted their 
 urinary phthalate level, holding all other variables constant. 
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 Figure 5. Forest plot showing multiple regression analysis of socio-demographic variables and phthalates 
 among child participants. Coefficients with CI = 0.95. N = 6,632. 

 B. Phthalate patterns among adults in NHANES 
 Results from the regression analysis for adults are displayed in Figure 6. Gender and age among 
 participants nineteen years and older did not result in statistically significant difference in phthalate level. 
 There is a significant association between race/ethnicity and the level of phthalate in urine. Compared to 
 Non-Hispanic whites, Mexican American and other Hispanic participants nineteen years and older have a 
 predicted higher phthalate level: 0.43(0.05) and 0.58(0.08), respectively. Non-Hispanic Black adult 
 participants have a predicted higher phthalate level: 0.91(SE 0.04), as compared to Non-Hispanic whites. 
 Other or Multi-ethnic identifying adult participants have a predicted lower phthalate level compared to 
 Non-Hispanic whites, holding other variables constant: -0.20(SE 0.07). Education is significantly 
 associated with the level of phthalate in urine. Holding other variables constant, participants nineteen 
 years and older that have an educational attainment of high school completion or GED have a predicted 
 higher phthalate level compared to college completion and above: 0.32(SE 0.05). Those with an education 
 attainment of less than high school completion or GED have a predicted higher phthalate level compared 
 to college completion and above: 0.26(SE 0.06). Those with an education attainment of some college or 
 associated degree have a predicted higher phthalate level compared to college completion and above: 
 0.28(SE 0.05). Family income to poverty level and citizenship status did not result in a statistically 
 significant impact on predicted phthalate levels. However, the year the participant completed the survey is 
 significantly associated with the expected phthalate level for the more recent years (2007-2015) as 
 compared to the survey year of 2001-2002, which suggests that the year the participant took the survey 
 significantly impacted their urinary phthalate level, holding all other variables constant. 
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 Figure 6. Forest plot showing multiple regression analysis of socio-demographic variables and phthalates 
 among adult participants. Coefficients with CI = 0.95. N =  12,481. 

 V. Discussion 
 Our results suggest that several of the socio-demographic characteristics are associated with statistically 
 significant differences in urinary phthalate levels, with a primarily finding that historically disadvantaged 
 groups tend to have higher phthalate levels. We found similar results among the children in the sample 
 and among the adults in the sample. Age, education, race/ethnicity, and year of survey all lead to 
 statistically significant differences among levels of the variable. Generally, higher household head 
 educational attainment is associated with lower phthalate levels among children living in the household. 
 Similarly, among adults, higher levels of education were also associated with lower levels. Non-Hispanic 
 white and those identifying as Other or Multi-ethnic have lower predicted phthalate levels compared to 
 Mexican Americans. Non-Hispanic Blacks have higher predicted phthalate levels compared to Mexican 
 Americans. Of note, however, is that in children, those identifying as Other Hispanic had higher predicted 
 levels of phthalate, whereas this was not a finding in adults. Among adults, age and gender were not 
 significant predictors of mono-ethyl phthalates, however they were among children. Within the children 
 model, male gender was associated with lower predicted phthalate levels among children, as was younger 
 age. Family income to poverty level was not found to be significant predictors of mono-ethyl phthalate, 
 nor was citizenship status, among both models. 
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 A. Education 
 Among children, higher household education levels predicted lower phthalate levels. In the adults model, 
 compared to those who have an educational attainment of college completion and beyond, those that have 
 an educational attainment of less than high school completion/GED, completed high school/GED, and 
 those that have completed some college or an AA have a higher predicted phthalate level. This may be a 
 result of lack of educational attainment and absence of associated knowledge, awareness, and lifestyle 
 benefits. It is important to note that while education has a significant effect on predicted phthalate levels, 
 family income does not, which was contrary to our expectations – we thought both education and family 
 income to poverty level would be statistically significant. Possibly this is due to the benefits of education 
 above and beyond the higher earning potential it offers. Ultimately, more research is needed to untangle 
 the role of income, wealth, and relative poverty on urinary phthalate metabolites. 

 The findings in our work could be explaining the role education has, serving as a proxy for greater access 
 to resources and higher socioeconomic status. Socioeconomic status is a composite measure that typically 
 incorporates economic, social, and work status (income, education, occupation). There is a gradient in 
 health that parallels socioeconomic status; it’s not just lowest and highest, it’s every step along the way 
 (Marmot, 2017). However, recent research counters this theory, pointing out that there is a “glitch” in the 
 trajectory of ‘more education, more health’ among those with “some college” rather than college 
 completion (Zajacova et al., 2012). This informed our grouping of educational attainment among 
 household heads as “partial college and below” and “college completion and above.” Building upon the 
 theory expressed in the life course approach, we chose to explore the relationship between a variety of 
 socio-demographic characteristics and urinary phthalate level due to the understanding that engagement 
 with healthy behaviors that position the body and mind to perform at its best is often rooted in structural 
 barriers and facilitators that enhance or limit accessibility of knowledge, resources, and time. People of 
 different class, race, and gender have dramatically different environments that lead to both immediate and 
 delayed impacts to their health and well-being. The role of socio-demographic variables can be viewed 
 through a spatial lens, seen as the clustering of populations based on race, educational attainment, and 
 occupation, and as a result, patterns of neighborhood wealth and deprivation. Social organization has a far 
 reaching influence on health. 

 Our data are showing a clear relationship between greater educational attainment and decreased phthalate 
 burden. Whether this is a result of greater awareness of the dangers of phthalates, and therefore greater 
 avoidance of phthalate-containing products, it is unclear and unable to be answered with our current data. 
 Education could also be serving as an avenue to greater access to resources, resulting in subconsciously 
 less exposure to phthalates, and a lifestyle through which the baseline health is superior and harm from 
 phthalates is less detrimental, such as the work by Dolinoy et al., demonstrating that supplementing with 
 folic acid muted the effect of BPA (2007). This suggests that there is a connection between the way that 
 nutrition interacts with harm from phthalates, such as BPA, and this could be a nexus of intervention. 
 Maternal behavior, such as dietary supplements, can mitigate the epigenetic impact of exposure to 
 phthalates. There are many upstream factors that shape diet. Accessibility, cost, and knowledge of 
 nutritious food are impacted by social policies that influence the quantity and location of stores in a 
 neighborhood and the marketing practices that target certain vulnerable populations. Possibly there are 
 other such nutrients that serve as protection against the endocrine disrupting effects of phthalates, and 
 these might be more commonly eaten among those with higher socioeconomic status. 
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 The role of education in health cannot be understated. In the coming years, those with greater educational 
 attainment might also be those that will be exposed to more media and knowledge related to the harms of 
 phthalates, and they may have the motivation, resources, and strategies to better avoid phthalates, 
 resulting in less phthalate burden for themselves, but increasing the gap between those with knowledge, 
 skills, and resources, and those without. 

 B. Age 
 We found that younger age among children is associated with lower predicted phthalate levels, however, 
 among adults, age is not significantly associated with predicted phthalate levels. Among children, there 
 appears to be a pattern of increasing phthalates in those of greater age, which signifies a cumulative effect 
 occurring throughout childhood, but then we see a plateau once adulthood is reached, through the fact that 
 age is not a significant predictor of expected phthalate level among adults. 

 C. Race/Ethnicity 
 Our work identified that across the board, those identifying as non-Hispanic Black had higher levels of 
 predicted phthalate burden compared to Non-Hispanic whites. Those identifying as Mexican American 
 and Other Hispanic also had higher predicted levels of phthalates compared to Non-Hispanic whites as 
 well. Among children, identifying as other or multi-ethnic did not result in a statistically significant 
 difference in phthalate level compared to Non-Hispanic whites, however, among adults, those identifying 
 as other or multi-ethnic resulted in a statistically significant expectation to have the lowest level of 
 expected urinary phthalates. According to the U.S. Census, the largest multiracial combinations in 2020 
 were “white and some other race.” When comparing the 2020 census to the 2010 census, the “white 
 alone” category decreased and there was a marked rise in the “two or more races” category, leading us to 
 consider the role of question design and and coding procedures in the results that we observe among 
 Non-Hispanic Whites and other or multi-ethnic groups (Jones, 2022). 

 Environmental racism may explain these patterns we see among non-Hispanic Blacks, Mexican 
 Americans, and Other Hispanics. A first step to alleviating these disparities is to gather the data and report 
 who is unequally burdened in society, and how the ease of plastics and all the products they make 
 possible, are simultaneously causing insidious harm when left unchecked and unregulated. The next steps 
 of the research – adding in geocoded data for the participants – has the potential to elucidate underserved 
 populations, paint a picture of the community within the context of their surroundings, and elevate the 
 voices of populations bearing the brunt of the burden, receiving the least support, and enjoying few 
 benefits, which, across our two models, are identified as people of color. 

 D. Citizenship Status 
 Within our findings, among children, there was no significant impact of citizenship status on the predicted 
 level of urinary phthalates. However, among adults, those that are not U.S. citizens have a predicted 
 higher phthalate level compared to U.S. citizens by birth or naturalization. It is likely that non-citizen 
 children may have spent fewer cumulative years in another country compared to non-citizen adults, who 
 likely spent large portions of their lives in a country other than the U.S. This leads us to believe that there 
 needs to be greater attention focused on the upstream social determinants of health, such as education, 
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 socioeconomic equality, adequate housing, access to healthy food and health care, all of which come 
 before the direct health outcome of phthalate exposure and the resulting higher urinary phthalates. 

 E. Year 
 We have included the variable “year” within our model due to the role that time of survey (i.e.: a survey 
 taking place in 2007, or a survey taking place in 2014) has on the prevalence of phthalates and phthalate 
 alternatives in society. Over the years, information has become increasingly accessible and digestible. 
 Citizens are able to explore their own questions about their environment, health, and various phenomena, 
 and then alter their decisions and behaviors according to their new knowledge. For example, vinyl shower 
 curtains are a common source of phthalate exposure in the home, and the added aspect of hot 
 temperatures leading to greater phthalate leaching compounds the exposure. However, in recent years, 
 there is more awareness about this, and alternatives are available and marketed, such as curtains made of 
 cotton, hemp, and sail cloth. With this in mind, we expected to see a relationship between year and 
 expected phthalate level. Our results for adults reinforce the broader literature on this topic – more recent 
 year results in decreased phthalate level among participants in our sample. However, among children, we 
 see that the lowest level was for the 2013 survey year, and then an increase in 2015. This raises concerns 
 about the emergence of look-a-like phthalates replacing banned phthalates in children’s toys, food 
 packaging, and other items geared toward children (Huo et al., 2023). Yet this is a hypothesis; further 
 work is needed in order to identify a causal link between year of survey and policies within society. 

 F. Limitations and Future Work 
 While NHANES is the most comprehensive data source for longitudinal panel data of urinary phthalates, 
 NHANES does not adequately categorize a handful of their demographic variables. They conflate race 
 and ethnicity and they heavily aggregate data having many individuals falling into the category of “Other 
 or Multi,” for example, persons that identify as a race/ethnicity from Asia. The NHANES data combines 
 racial and ethnic groups in non-logical ways, and muddles the possibility of understanding the nuances 
 between different racial and ethnic populations. Additionally, our work is correlational, not causal. 
 However, this work serves as a jumping off point for further research that has the potential to identify the 
 differences in experiences and behavior between those identifying as non-Hispanic Black, and those 
 identifying as non-Hispanic white and Other or Multi-Ethnic. What about their environment and 
 perspective is detrimental or protective in relation to phthalate burden? 

 i. Analysis of Gender 
 Another language limitation that the NHANES poses is for “gender.” The data for gender is not posed as 
 a question, rather it is just “entered” by the interviewer as “male,” “female,” or “missing” [  Interviewer 
 Procedure Manual  , page 69]. ” It would be best if  it was either gathered as “sex assigned at birth” or, it 
 could be more inclusive than its current binary options by incorporating an option that allows 
 self-identification of gender. This is all the more important due to the vast difference in personal care 
 product usage, and consequently phthalate exposure, between people identifying as male versus those 
 identifying as female (Braun et al., 2014). 
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 ii. Policy 
 Policy has played a role in reducing the burden of certain phthalates within the population. This is why 
 the variable “year” within our model is a critical piece in the prediction of urinary phthalate levels. Zota et 
 al., studied the trend in phthalate exposure and explored how the concentration of phthalates in urine 
 samples of NHANES participants have changed over time (2014). An example of a policy action that led 
 to a marked reduction in phthalate burden in the U.S. population is the  Campaign for Safe Cosmetics  . 
 This is a national science-based advocacy organization that strives to prevent breast cancer by creating 
 awareness and motivating industry changes in order to eliminate environmental exposures linked to breast 
 cancer. Zota et al., found that there was a decline for phthalates that are the biomarkers for chemicals that 
 have been banned in recent years (DEP, DnBP, BBzP, and DEHP), however, they also note a modest 
 increase for unbanned chemicals (DiBP and DiNP), and they found phthalates in all participants sampled 
 (2014). This raises concerns about companies replacing banned chemicals with minorly different 
 chemicals (look-a-likes) that evade the ban but exert a comparable harm. 

 The Environmental Protection Agency (EPA) is another potential point where policy intervention could 
 raise the bar in terms of what chemicals are allowed to be in the materials that humans interface with 
 where we live, work, and play. The Toxic Substances Control Act (TSCA) dictates that the EPA Chemical 
 Data Reporting (CDR) gathers information from manufacturers every four years regarding the types, 
 amount, end uses, and possible exposure to chemicals in commerce. However, there are many points in 
 this process where manufacturers and chemicals can fall through the cracks and not be accounted for. 
 Points of concern include that reporting is generally required for manufacturers producing 25,000 lbs or 
 more per year and only for chemical substances listed in TSCA. Information on chemical data reporting is 
 available at:  https://www.epa.gov/cdr  , however, more  discussion is beyond the scope of this paper. 

 Our work only examines a single phthalate, mono-ethyl phthalate, in depth. In future work, we can 
 incorporate multiple phthalates and explore the intersectionality of the various phthalate urinary 
 metabolites and the cumulative effects as well. Our work serves to guide focus to populations that are 
 most at risk of a single phthalate, mono-ethyl phthalate, which is one of the most abundant phthalate 
 metabolites present in human urine; it is the primary metabolite of diethyl phthalates (DEP). DEP is found 
 in insecticides, cosmetics, pharmaceuticals, toothbrushes, automobile parts, toys, and food packaging 
 (  New Jersey Department of Health  , 2012). We expect  that our results would be accentuated if we were to 
 add in multiple phthalates to our analyses. 

 In this work is that we do not know the mechanisms through which socio-demographics are associated 
 with phthalate levels. This research is correlational, not causal, and as with the race/ethnicity and gender 
 variables, the education variables have missing data, which for these analyses, the missing data was 
 omitted (N=3,131). While we have the education and family income to poverty ratio data, and they are 
 closely related to typical types of work, we do not have occupation data, and therefore cannot make 
 conclusions about the way in which occupational exposure influences phthalate burden. 

 Next steps include incorporating the restricted GEO coded files for the NHANES data, which would 
 allow us to analyze the locations of participants, their phthalate levels, and their sociodemographic 
 characteristics. Possibly, we could add in outside data sources related to topics such as water quality, 
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 polluting industry locations, highways, in addition to exploring the intersectionality of the variables 
 within our model. 

 Incorporating additional urinary phthalates and geo-coded participant data would allow us to dive deeper 
 into our understanding of how life course theory impacts exposure to environmental hazards and 
 ultimately both immediate and latent health outcomes. Kawachi et al., outlines the ways health responds 
 to factors across time and space, identifying “pathway effects,” “latent effects,” and “cumulative effects” 
 (2002). This language allows us to conceptualize the socio-demographic patterning of phthalate burden 
 that we are observing in the NHANES data, and anticipate the reinforcing effects that incorporating 
 additional urinary phthalates and adding geo-coded participant data will have on our understanding of the 
 disparities in phthalate exposure and burden at large. 

 VI. Conclusion 
 This research explored the socio-demographic patterning of phthalate burden among NHANES children 
 and adults, who represent the general U.S. population, throughout the years 2001-2016. We analyzed 
 urinary mono-ethyl phthalate levels in relation to age, gender, education, race/ethnicity, family income to 
 poverty level, citizenship status, and year of survey in order to construct a model that is informed by 
 features of social determinants of health. Our results reveal that historically disadvantaged groups – 
 women, Non-Hispanic Blacks, Mexican Americans, Other Hispanics, and those with lower levels of 
 educational attainment – have higher predicted phthalate levels, even when holding all covariates 
 constant. Our work motivates continued research into the socio-demographic patterning of phthalate 
 burden in order to reduce these disparities, and contribute to policies to improve the social and structural 
 systems to cultivate well-being and limit toxicant exposure across all socio-demographic populations. 

 In Nancy Kreiger’s book,  Epidemiology and the People’s  Health  , she proposes points of intervention for 
 improving modern-day public health efforts (2011). She warns of the prevailing trend toward “lifestyle” 
 and the concept of choice when considering individual health. While there are healthy and unhealthy 
 behaviors, of course, the book highlights how the presence of “lifestyle” within the literature of public 
 health didn’t appear in great number until the 1990s; it is essential to unveil the social and structural 
 systems that unequally offer certain lifestyles to certain populations, and therefore, improved health 
 outcomes (Krieger, 2011, p. 146). This research is a call to the socio-demographic patterning of 
 mono-ethyl phthalate burden within the United States - it showcases the way in which populations are at 
 greater risk, and that national policy is essential in reversing the trend toward greater phthalate exposure. 
 Due to how entirely plastics have infiltrated our modern lifestyle, a multi-pronged approach is necessary 
 to mitigate the risk of phthalates in society. There needs to be (1) more rigorous industrial regulations and 
 policy on what food products can be packaged in and what ingredients can be in personal care products, 
 (2) consistent public health surveillance of phthalate exposure, (3) active interventions to reduce exposure 
 among those identified as having a higher phthalate burden (low household education, black persons, 
 people identifying as females, older individuals, and non-US citizens), and (4) health literacy programs 
 regarding where and how phthalate exposure occurs. These interventions could reduce socio-demographic 
 differences in phthalate levels, such as those uncovered by this research. 
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 Appendix 

 Appendix 1: NHANES variables used, renamed, recoded, NAs 

 Original  Re-named  Variable  Categorical Coding  NA values 

 WTINT2YR  persWeight  person-level 
 weight 

 none 

 SDMVPSU  psu  primary sampling 
 unit 

 none 

 SDMVSTRA  strata  strata-level 
 sampling unit 

 none 

 RIDAGEYR  age  age in years at 
 screening 

 Child ≤ 18 
 Young Adult ≥ 19, ≤ 
 25 
 Middle-aged >25, <64 
 Older Adult ≥ 65, 

 220 

 RIAGENDR  gender  Gender (or rather 
 sex) male, female 

 1 = male 
 2 =female 

 0 

 RIDRETH1  ethnicity  race/Hispanic 
 origin 

 1 = Mexican American 
 2 = Other Hispanic 
 3 = Non-Hispanic 
 White 
 4 = Non-Hispanic 
 Black 
 5 = Other or Multi 

 0 

 INDFMPIR  fpl  ratio of family 
 income to poverty 
 level 

 At poverty threshold: 
 <1 
 Family income 2x 
 poverty threshold: ≥1, 
 <2 
 Family income 3x 
 poverty threshold: ≥2, 
 <3 
 Family income 4x 
 poverty threshold: ≥3, 
 <4 
 Family income 5x 
 poverty threshold: ≥4, 
 <5 
 Family income more 
 than 5x poverty 
 threshold: = 5 

 1,750 
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 DMDCITZN  citizenship  citizenship status  1 = birth or 
 naturalization 
 2 = not a US citizen 

 42 

 DMDEDUC2  adultED  the highest 
 grade/level of 
 education 
 completed by 
 participants 20 
 years and older 

 Less than 9th grade = 
 1 
 9-11th grade = 2 
 High school grad/GED 
 = 3 
 Some college or AA = 
 4 
 College grad or above 
 = 5 

 8,723 

 DMDHREDU  refED  the household 
 reference person's 
 education level 

 Partial college and 
 below = 1:4 
 College and beyond = 
 5 

 784 

 DMDHSEDU  refEDspouse  the household 
 reference person's 
 spouse's education 
 level 

 Partial college and 
 below = 1:4 
 College and beyond = 
 5 

 10,778 

 URXMEP  monoEthyl  mono-ethyl 
 phthalate (ng/mL) 

 none  none 

 XXXX  year  year the 
 observation took 
 place *this was 
 added when we 
 merged the years 
 of data 
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