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Abstract

The mechanisms by which neighborhood environmental exposures influence health are poorly 

understood, although immune system dysregulation represents a potential biological pathway. 

While many neighborhood exposures have been investigated, there is little research on residential 

proximity to brownfield waste. Using biomarker data from 262 participants in the Detroit 

Neighborhood Health Study (DNHS), we estimated the association between proximity to 

brownfields and heavy traffic and signal-joint T-cell Receptor Excision Circles (sjTRECs, a 

measure of naïve T-cell production), C-reactive protein (CRP, a measure of systemic 

inflammation), and interleukin 6 (IL-6, a proinflammatory cytokine). We assessed residential 

proximity ≤200 meters from brownfields and highways on all three biomarkers using multivariate 

regression. We demonstrated that living ≤200m from a brownfield site was associated with a 0.30 

(95% CI = 0.59, 0.02, p = 0.04) loge-unit decrease in sjTRECs per million whole blood cells, as 

well as non-significantly elevated levels of CRP and IL-6. Heavy traffic was not associated with 

any biomarker. Persons living in close proximity to brownfield sites had significantly lower naïve 

T-cell production, suggesting accelerated immune aging. Decreased T-cell production associated 

with brownfield proximity may be caused by toxicant exposure in brownfield sites, or may serve 

as a marker of other neighborhood stressors.
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INTRODUCTION:

Multiple neighborhood-level environmental exposures, including heavy metals, traffic, and 

air pollution, have been shown to influence health. While exposures like air pollution (1–4) 

and heavy metals (5–8) have been well studied, there is far less data on the health effects of 

exposure to brownfield sites in the United States. The majority of published brownfield 

literature focuses on identifying soil-based contaminants (9,10), technical remediation 

strategies (11,12), and land use redevelopment (13–15). Previous research on the health 

effects of brownfield sites is limited to a regional investigation of mortality related to ward-

level brownfield concentration in England (16) and a single study of mortality related to 

tract-level brownfield concentration in Baltimore (17). No study, to our knowledge, has 

investigated associations between residential proximity to brownfield sites and biomarkers 

of immunity in the United States.

Much of the difficulty in studying the health impacts of domestic brownfield sites results 

from the sheer diversity of the label, “brownfield”. Since the passage of the Small Business 

Liability Relief and Brownfields Revitalization Act of 2002, the United States 

Environmental Protection Agency has defined a brownfield as any “real property, the 

expansion, redevelopment, or reuse of which may be complicated by the presence or 

potential presence of a hazardous substance, pollutant, or contaminant” (18, now codified at 

42 U.S.C. § 9601(39)(A)). This definition is broad enough to include contamination from 

manufacturing, waste management, plastic and petroleum products, metals, etc. Thus, the 

“exposure” to brownfield sites can be difficult to quantify unless researchers have access to 

granular data on location-specific contaminants from air, water, and soil samples. Many state 

governments, however, collect site-specific brownfield information that may be leveraged to 

study the potential health effects of exposure to brownfield sites.

In contrast to the state of research on brownfields and health, multiple studies have linked 

exposure to high-traffic areas and motor vehicle exhaust to the incidence of such disparate 

outcomes as preterm birth/low-birth weight (19,20), female pubertal development (21), 

airway hyper-responsiveness (22,23), cardiovascular disease (24), rheumatoid arthritis (1), 

lung cancer (2), and more. Multiple studies in urban Chinese cohorts, which suffer from air 

pollution above levels experienced in most of the United States, have linked motor vehicle 

exhaust exposure with multiple biological markers of cardiovascular and metabolic disease, 

including elevated fasting insulin levels, hypertension, elevated heart rate, 

hypercholesterolemia, and DNA damage due to oxidative stress (25–28). Weaker 

associations between exposure to vehicle exhaust and C-reactive protein, a marker of 

systemic inflammation, have been noted in both the United States (29), and Europe (3,4,30), 

but not all domestic studies have found significant associations between traffic and C-

reactive protein or interleukin-6, a proinflammatory cytokine (31).

Using data from the Detroit Neighborhood Health Study (DNHS), a representative sample of 

adults living in Detroit, Michigan, from 2008–2013, we sought to estimate the association of 

household proximity to brownfield sites and a global measure of T cell production and 

generalized inflammation. We used signal-joint T-cell receptor excision circles (sjTRECs) as 

a marker of naïve T-cell production and aging of the thymus, and C-reactive protein (CRP) 
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and interleukin 6 (IL-6) as markers of inflammation. We used data on brownfield sites 

collected by the Michigan Department of Environmental Quality under the Michigan Natural 

Resources and Environmental Protection Act (NREPA) of 1994, Parts 201 (“Environmental 

Remediation”) and 213 (“Leaking Underground Storage Tanks”) (32). We also investigated 

the association between all three biomarkers and residential proximity to primary and 

secondary roadways and heavy traffic.

METHODS:

Study Population:

We used data from the Detroit Neighborhood Health Study (DNHS), a longitudinal 

observational study of adults aged 18 years and older living in Detroit, Michigan. The 

DNHS proceeded annually in five waves from 2008–2013. Wave 1 participants were 

recruited in 2008–2009 using a two-stage probability sample of all households in Detroit, 

with one adult from each household randomly selected for inclusion. Participants completed 

a 40-minute telephone survey on individual and household demographics, life-course 

stressors, physical and mental health, neighborhood attributes, and substance abuse. The 

response rate among all eligible contacted adults was 53.0% (33). The survey was pilot-

tested before each wave and used validated scales from comparable past research (33,34). 

Two-tailed chi squared testing showed that the DNHS study population was representative of 

the Detroit population in age, gender, race, income, and educational attainment when 

compared to American Community Survey data (34).

Wave 1 (2008–2009) included 1,547 participants. 1054 participants (68%) from Wave 1 

completed Wave 2 (2009–2010), and a supplemental group of 534 individuals was recruited 

during Wave 2 to increase the overall sample size. All participants were contacted annually 

to participate in Waves 3 through 5 (2010–2011, 2011–2012, and 2012–2013). 614 

participants from the original 1,547 (39.7%), and 231 participants from the supplemental 

sample of 534 (43.3%), completed surveys in Wave 4 (when sjTRECs were assessed).

In addition to the telephone survey, participants could elect to provide a venous blood 

sample at their home during Waves 1, 2, 4, and 5. Previous work has shown that the sample 

of participants who provided blood was comparable to the overall DNHS population (34). 

All participants who provided a venous blood sample for assessment of CRP (Waves 1 and 

2), IL-6 (Waves 1 and 2), and sjTRECs (Wave 4) were eligible for this analysis (n = 263). 

We used Wave 2 CRP and IL-6 measurements for participants who provided blood during 

both Waves 1 and 2, as Wave 2 measurements were more proximate to our environmental 

exposure data. Household address and GPS coordinates were recorded during each wave. 

After excluding missing data, a final n = 262 was available for this analysis.

Compared to all Wave 4 participants, participants in this study were slightly older (mean of 

60 years versus 58 years in Wave 4 overall) and had slightly lower educational attainment 

(57% completed more than High School versus 66% in Wave 4 overall). Other 

sociodemographic characteristics (gender, race, income, etc.) were very similar between this 

population and the total Wave 4 cohort.
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All participants provided informed consent and the study was approved by the Institutional 

Review Board at the University of Michigan and the University of North Carolina.

Biomarker Quantification:

Participant DNA was isolated from venous whole blood samples and shipped on dry ice to 

the Laboratory of Immunovirology at the University of Seville, Spain, for thymic function 

assessment as sjTRECs per million whole blood cells. sjTREC quantification was performed 

in a two-round quantitative polymerase chain reaction (qPCR) as previously described 

(35,36).

Serum CRP was measured at the University of Michigan using the CRPUltra Wide Range 

Reagent Kit (Genzyme, USA – lot 9CRPC45) following the manufacturer’s protocol. CRP 

values below the limit of detection (0.05 mg/L) were coded as 0.025 mg/L, as done 

previously by our research group (37).

Serum IL-6 was measured at the University of Michigan using the QuantiGlo Human IL-6 

quantitative sandwich immunoassay kit (R&D Systems, USA – lot 241400) following the 

manufacturer’s protocol. IL-6 values below the limit of detection (0.50 pg/mL) were coded 

as 0.25 pg/mL, as done previously by our research group (37).

All three biomarkers of interest (sjTRECs, CRP, and IL-6) were modeled as continuous, 

loge-transformed variables in order to approximate a normal distribution.

Environmental Exposure Assessment:

Brownfield data were downloaded from the Michigan Department of Environmental Quality 

(MDEQ) portal (https://secure1.state.mi.us/FacilitiesInventoryQueries/) on November 13, 

2014, by Data Driven Detroit (https://portal.datadrivendetroit.org/). The brownfield dataset 

includes locations with a known release of hazardous substances as defined by the MDEQ 

under the Michigan Natural Resources and Environmental Protection Act (NREPA) parts 

201 (“Environmental Remediation”) and 213 (“Leaking Underground Storage Tanks”). Of 

the 34,085 sites present in the raw data from the MDEQ, we removed all sites (n = 31,340) 

outside of the City of Detroit using MDEQ-provided location data. We also removed all 

Baseline Environmental Assessments (BEAs) inside of Detroit (n = 1,566), which do not 

necessarily meet standards for remediation under NREPA parts 201 and 213. Thus, our final 

sample of 1,208 sites is a blend of sites qualifying for environmental remediation under parts 

201 and 213, which we hereafter refer to as “brownfields.”

Of brownfield sites within Detroit’s city limits, we removed all locations missing latitude/

longitude data from the MDEQ (n = 28), then removed all duplicated sites (n = 2) for a final 

dataset of 1,149 sites. This dataset does not necessarily include all contaminated areas in 

Detroit, as land owners are not required to notify the MDEQ of on-site contamination if they 

pursue site remediation independently. It does, however, contain all known active sites under 

NREPA Parts 201 and 213 in 2014, a good proxy for known contaminated sites during the 

study period.
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In order to better understand the range of potential contaminants included in the MDEQ’s 

brownfield data, we investigated a random sample of 200 sites from our analysis using the 

MDEQ “Facility Name” associated with each site. Brownfields were manually coded as 1) 
“Industrial” when the facility name included terms such as “industrial,” “manufacturing,” 

“production,” “engine plant,” or other industry-related terms, 2) “Gas Station” when the 

facility name included terms such as “gas,” “petro,” “gas station,” or other gas station-

related names/terms, 3) “Auto Shop” when the facility name included terms such as “auto 

center,” “automotive service,” “car service,” “oil change,” “auto repair,” “tire shop,” or other 

auto shop-related terms, 4) “Commercial” when the facility name included terms such as 

“restaurant,” “condominium,” “mini mart,” “bank,” “catering company,” “pharmacy,” or 

other commercial-related terms, 5) “Municipal” when the facility name included terms such 

as “water department,” “police station,” “school,” “mail service,” or other municipal 

government-related terms, 6) “Auto Wash” when the facility name included the phrase “car 

wash” or “auto wash,” or 7) “Unknown” when the facility name did not include any terms 

clearly identifying it as one of the above categories or any other type of facility.

We also investigated roadway proximity and heavy traffic as a proxy for air quality. Average 

annual daily traffic (AADT) rates for all primary and secondary highways in Detroit during 

2011 were collected from the Michigan Department of Transportation (MDOT). Participant 

household environmental exposure was calculated as the Great Circle distance between a 

participant’s household GPS coordinates and, separately, the nearest brownfield or highway. 

Exposure to brownfields was coded “close” if the participant’s household was ≤200 meters 

from the nearest brownfield (n = 66) and “far” if > 200m (n = 196). Participant exposure to 

high-traffic areas was coded “high” if the household was ≤200m from a highway with 

AADT ≥50,000 vehicles/day (n = 18), “medium” if the household was ≤200m from a 

highway with AADT <50,000 vehicles/day (n = 31), and “low” if the household was >200m 

from the nearest highway (n = 213). We chose 200m as the cutoff for environmental 

exposure a priori based on previous work that shows a strong gradient of highway pollution 

ending within the 150–250 meter range (19,23,31,38,39). Proximity measures were 

calculated for each wave of biomarker assessment (Wave 1 or 2 for CRP and IL-6, Wave 4 

for sjTRECs) using GPS coordinates to control for any changes in household address 

between waves.

In order to investigate potential exposure-response relationships between environmental 

exposure and biomarkers of interest, within the limits of our sample size, we further 

separated brownfield-proximate participants based on the number of brownfields within 

200m of their residence (1 vs. 2 or more). We similarly stratified highway-proximate 

participants into those living 0–100m and 101–200m from the nearest highway, regardless of 

traffic.

Covariate Assessment:

We used directed acyclic graphs to assess the inclusion of potential confounders of the 

exposure-outcome relationship for both exposures (brownfields, high traffic areas) and all 

three biomarker outcomes (sjTRECs, CRP, IL-6). We included age, gender, race/ethnicity, 

income, educational attainment, BMI, and cigarette smoking status for all exposure-outcome 
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relationships in our final models. All covariates for CRP and IL-6 were evaluated by 

telephone interview during Waves 1 and 2, and all covariates for sjTRECs were evaluated 

during Wave 4. BMI was assessed continuously in kg/m2 during Wave 3 and 4 blood draws; 

we used wave 4 BMI records for analyses regarding sjTRECs and wave 3 BMI records for 

analyses regarding CRP and IL-6. Age was assessed continuously in years. Gender was 

dichotomized as female or male. While race/ethnicity was assessed in the survey as Black or 

African American, American Indian/Alaskan Native, Native Hawaiian/other Pacific islander, 

Hispanic, Asian, White, or other, we dichotomized race/ethnicity as “non-Hispanic Black/

African American” and “Other” for our analysis, due to the DNHS population being 

primarily non-Hispanic Black/African American. Income was categorized as <$15000, 

$15000–34999, $35000–74999, and $75000 and above. Educational attainment was 

dichotomized as high school education or less, or more than a high school education. 

Cigarette smoking was operationalized as current, former, or never smoker.

Statistical Analysis:

All data organization, statistical analysis, and image generation were conducted in R 
(version 3.5.2). Code and data cannot be made available due to protected health information 

in the DNHS. Participant characteristics were calculated as means and standard deviations 

(SD) for continuous variables. Categorical variables were calculated as counts and 

proportions.

We assessed the impact of household proximity to brownfields and high-traffic highways on 

the biomarkers of interest using generalized linear regression. For each biomarker and 

exposure of interest, we tested 4 models stepwise: Model 1 adjusted for age; Model 2 

additionally adjusted for gender, and race; Model 3 additionally adjusted for income and 

education; and Model 4 additionally adjusted for BMI and smoking status. We conducted 

complete case analysis in all models, excluding 24 of 262 participants (9.2%) due to missing 

at least one covariate in the final model. All tests of significance were two-sided with α = 

0.05.

RESULTS:

Sociodemographic and clinical characteristics from Wave 4 participants in this analysis are 

shown in Table 1. Participants were 60 years old on average (SD = 14), majority female 

(61%), and majority non-Hispanic African American (80%). The mean BMI was 32 (SD = 

9.2), and 29% were current smokers. Individuals living ≤200m from the nearest brownfield 

were older, more likely to be female, earned less money, and more likely to be current or 

former smokers than individuals living >200m from the nearest brownfield. A similar 

pattern of high individual social and economic disadvantage existed for individuals living in 

close proximity to areas with heavy traffic. Mean levels of sjTRECs were lower, and mean 

levels of CRP and IL-6 higher, among participants living near brownfield sites and heavy 

traffic.

The characteristics of a random sample of 200 brownfields is shown in Table 2. Sites with 

no clear identifying name (“Unknown”) were the most common in the dataset (41.5%), 

followed by industrial sites (21.5%) and gas stations (16.0%). Among the 43 industrial sites 
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in our sample, a diverse set of automotive plants, metalworking facilities, and other 

manufacturing parks was represented. Municipal sites represented multiple police stations, 

the Highland Park Water Department, several Detroit schools, the Detroit Housing 

commission, and a mail delivery facility. Sites with a clear identifying name listed by the 

MDEQ under Part 201 of the NREPA were primarily industrial, whereas sites under Part 213 

were more likely to be gas stations. This is in keeping with NREPA guidelines, which 

outlines Part 213 remediation “as a result of releases from underground storage tank 

systems,” whereas Part 201 refers to “environmental remediation” more generally (32). 

While these findings are not informative regarding relative concentrations of any specific 

toxicants in the soil, water, or air of sites included in this study, they provide a rough 

estimate of the types of environmental exposures that may be present in the brownfield 

dataset.

Coefficients and 95% confidence intervals from regression analysis are shown in Table 3. 

We observed a significant negative association between household proximity to brownfields 

and thymic function in Model 4, which adjusts for age, gender, race, income, education, 

BMI, and smoking status. Participants living within 200 meters of the nearest brownfield 

had a 0.30 (95% CI = 0.59, 0.02, p = 0.04) loge-unit decrease in sjTRECs per million whole 

blood cells compared to their counterparts living more than 200m from the nearest 

brownfield. Previous work in the DNHS showed a 0.039 loge-unit decrease in sjTRECs with 

each year of age (37), so we estimate that household proximity to brownfields is associated 

with a roughly 7.7 year age decrement in thymic function. By stratifying participants based 

on the number of proximate brownfields in Model 4, we observed that individuals with one 

proximate brownfield had −0.26 (95% CI: −0.58, 0.06, p=0.11) loge-unit sjTRECs compared 

to non-proximate participants, while individuals with two or more proximate brownfields 

had −0.41 (95% CI: −0.90, 0.08, p=0.10) loge-unit sjTRECs compared to non-proximate 

participants. Neither of these associations was statistically significant, but suggest a possible 

exposure-response association between number of proximate brownfield sites and thymic 

function in this cohort. CRP and IL-6 were not significantly associated with brownfield sites 

in this analysis, although both showed consistently positive associations with brownfield-

proximate households across all 4 models.

We found no significant associations between high-traffic areas and CRP, IL-6, or sjTRECs, 

with estimates of effect on both sides of the null for all three biomarkers and levels of 

exposure (Table 3). Participants living within 200m of the nearest highway with AADT 

<50,000 vehicles/day appear to experience a non-statistically significant protective effect 

associated with their highway proximity (i.e. increased thymic function and decreased 

inflammation), but participants living within 200m of the nearest highway with AADT 

≥50,000 vehicles/day experience a non-statistically significant deleterious effect due to their 

highway proximity (i.e. decreased thymic activity and increased inflammation). Stratifying 

highway-proximate participants into individuals living 0–100m, 101–200m, and >200m 

from the nearest highway yielded no apparent patterns in any biomarker of interest and was 

challenged by limited precision due to low sample size at each level of highway exposure.

Regression coefficients and 95% confidence intervals for all model covariates are displayed 

in supplementary tables 1–6. In fully adjusted models, sjTRECs were strongly negatively 
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associated with increasing age, male gender, and increasing BMI, CRP was positively 

associated with increased BMI and current smoking, and IL-6 was positively associated with 

increased age, increased BMI, and positive smoking history. Associations between these 

covariates and each biomarker of interest should not be interpreted causally, however, due to 

potential unresolved confounding by other covariates not included in our analysis (40).

DISCUSSION:

Using a community-based sample of residents from Detroit, Michigan, we found a robust 

negative association between household proximity to brownfield sites and thymic activity as 

measured by sjTRECs, representing an increased thymic “age” among individuals who lived 

closer to brownfield sites. We also found suggestive evidence of an exposure-response 

relationship between brownfield proximity and thymic age, with lower levels of loge-

transformed sjTRECs among individuals living near two or more brownfields compared to 

individuals living near just one brownfield site. Systemic inflammation, as measured by CRP 

and IL-6, were not significantly associated with brownfield proximity. In our full model, 

CRP was positively associated with elevated BMI and smoking, and IL-6 was positively 

associated with BMI and increased age; all four associations have been described previously 

in other populations (41–47).

Overall, our findings mark the first study (to our knowledge) describing an association 

between brownfield proximity and a global measure of immunity, sjTREC production. 

Previous work has identified sjTRECs as sensitive markers of thymic involution (35), the 

age-related decline in naïve T-cell production that ultimately reduces the diversity of the T-

cell repertoire in later life (48). The immune system’s ability to mount a T-cell response to 

new antigens throughout the life course relies almost entirely on the diversity of receptors 

present at any given time in the naïve T-cell pool (49,50). Any biological or stress-related 

process that decreases output of naïve T-cells from the thymus, therefore, may diminish the 

immune system’s ability to mount responses to novel pathogens or cancers.

Exposure to pollution is often conceptualized in one of two ways, either as an effect of 

actual environmental toxicants (e.g. contamination of soil, water, air, and food) or a 

manifestation of social and economic deprivation (e.g. a marker of poverty, transiency, or 

limited social and economic opportunity). Assuming the associations observed in this study 

are causal, however, we would argue that exposure to brownfield sites may reflect both 

toxicological and social mechanisms of increased thymic aging. Figure 1 presents this 

conceptual framework as two pathways leading from brownfield pollution to thymic 

function. While the present study cannot identify any specific agents that may directly 

contribute to the observed decrease in naïve T-cell production associated with brownfield 

exposure (Figure 1, pathway 1), the brownfields in our study area suggest many candidate 

chemicals that warrant further investigation. Potential soil-based contaminants that may 

impact thymic activity and immune function include polycyclic aromatic hydrocarbons, 

organic solvents, combustion products, industrial-use chlorinated hydrocarbons, and heavy 

metals such as lead, chromium, mercury, and arsenic (9,11,51,52). For example, 

hydrocarbons such as gasoline have been linked to changes in lymphohematopoietic stem 

cell-cycle regulation in children and adults in multiple epidemiologic studies, raising the 
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possibility that we are capturing decreased stem cell activity due to hydrocarbon exposure in 

this cohort (53–55).

In addition to actual toxicant exposure, however, the presence of one or more brownfield 

sites in a community puts demonstrable limits on neighborhood economic, social, and 

political opportunity (Figure 1, pathway 2) in the surrounding area (14,56). In many cases, 

brownfield sites represent absence of opportunity in the most literal sense, as many old 

manufacturing sites used to provide labor opportunities that are no longer available. The 

DNHS was coincidentally conducted during the Great Recession, when the presence of 

abandoned houses, vacant properties, and other remnants of a faltering economy served as 

physical reminders of accelerating economic losses in Detroit since the mid-20th century 

(57). Thus, the presence of brownfields in a neighborhood may also represent loss of 

economic mobility and income, which has been previously tied to immune aging and T-cell 

immunosenescence through various stress-related pathways in the DNHS cohort (58). This 

makes it challenging to disentangle the economic impacts of brownfield sites, with the 

available data, from the chemical hazards they contain. If complete environmental data were 

available (e.g. soil, water, and air samples combined with detailed historic land use 

information), it would be possible to investigate the direct effect of brownfield toxicants 

while controlling for neighborhood-level social, economic, and historical factors. Until then, 

however, critically evaluating brownfield sites as sources of mixed environmental and 

socioeconomic risk is crucial as efforts to remediate and revitalize polluted areas continue in 

the coming years.

Our study has several limitations that should be considered. Neighborhood economic factors 

and brownfield sites have a reciprocal and reinforcing relationship, as economically 

depressed neighborhoods attract industrial development because of the low costs associated 

with such locations, and the presence of industrial development further decreases 

neighborhood economic standing by depressing land and real estate value. This relationship 

raises the potential analytic concern that our fully-adjusted models, which control for 

participant-level income and education, may adjust for a mediator in the association between 

brownfields and immune function. While we cannot completely eliminate that possibility, 

we hypothesize that the majority of the industrial contamination in Detroit most likely 

predates the participants in our analysis, i.e. participants’ low SES is the cause of their 

residing near brownfield sites, but not vice versa. In such a setting, proxies for individual 

SES (income and education) should be controlled as confounders of the brownfield-immune 

function relationship, while brownfield-mediated neighborhood effects on immune function 

(Figure 1, pathway 2) should be left open.

Exposure misclassification for brownfields in this study is a concern. There are almost 

certainly numerous brownfield sites distributed throughout Detroit that were not captured in 

our study due to the reporting system designed by the MDEQ. However, it is unlikely that 

exposure misclassification is differential with respect to our outcomes of interest. In 

addition, the size of brownfield land parcels may vary dramatically. Given the available data, 

however, we are unable to evaluate the effect of this potential bias. Outcome 

misclassification is also possible, as the use of sjTRECs may mask participant-level 

differences in T cell division, T cell death, longevity of naïve T cells, and other markers 
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(59). We expect that these largely stochastic biological processes will only introduce random 

error, not systematic bias, in our results. We were also unable to use the sj/β-TREC ratio, a 

potentially more reliable measure of thymic involution and aging (35), due to a high 

proportion of β-TREC results in the DNHS below the limit of detection (data not shown).

Due to limited sample size (262 participants overall), we were unable to investigate immune 

or inflammatory dysregulation associated with particular types of brownfields to gain a 

better understanding of brownfield toxicology. As an example, it would be possible to 

combine gas stations and auto shops together as areas with high potential gasoline vapor 

concentrations, a more specific exposure to petrochemical pollution. With only 66 

brownfield-proximate participants with biomarker data, however, this was impractical in our 

analytic sample. In addition, future studies should include repeated sjTREC measurements 

to investigate temporal trends associated with brownfield exposure. While we had two 

measurements of CRP and IL-6 for some participants in this study, the sample size was too 

small to conduct any longitudinal analyses. As it is, our results should be used to generate 

new hypotheses about the potential immune impacts of brownfields in larger longitudinal 

population-based studies. Last, we are unable to survey or find specific information on the 

contaminants present at the brownfield sites in our sample. Therefore, we do not know 

whether chemical exposures, either volatile or in soil, are the reason for the observed 

associations between brownfields and thymic function in this study.

High-traffic highway exposure was not consistently associated with any biomarker in this 

study, with estimates on both sides of the null in most models. Our lack of consistent 

findings regarding exposure to high-traffic highways and inflammation as measured by CRP 

and IL-6 is consistent with a similar analysis in Seattle, Washington (31). While previous 

research has identified strong, statistically significant associations between exposure to 

traffic and biomarkers of cardiovascular disease (25–28) and inflammation (3,4,29,30), it 

may be that any pro-inflammatory effects of exposure to traffic and vehicle exhaust are 

simply too small to be statistically significant in our analysis. The direction of effect 

between the three levels of traffic exposure in our analysis does not hold with such an 

interpretation, however, as we observe anti-inflammatory estimates in participants living 

near highways with AADT <50,000 vehicles/day, but pro-inflammatory estimates in 

participants living near highways with AADT ≥50,000 vehicles/day (Table 3). A more 

specific approach may be modeling the effect of true residence-level air pollution (ex. 

particulate matter, NOx, ozone, etc.) on our outcomes of interest to better test the 

relationship between traffic-related air pollution and biomarkers of immune function and 

inflammation. Such an approach has been used in epigenetic (60) and cardiovascular 

epidemiology (61) to provide estimates of effect for household-level air quality.

In this study, we report a novel association between immune function and household 

proximity to brownfield sites in Detroit, Michigan. Using a representative sample of Detroit 

residents, we show that participants living in close proximity to brownfield sites in the city 

had accelerated thymic aging compared to their more distant peers. This study highlights the 

utility of sjTRECs in environmental epidemiology. Future studies are needed to replicate 

these findings and should include environmental sampling of brownfield sites to determine 

whether specific contaminant exposures affect thymic function in human populations.
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NOVELTY:

Brownfield sites are extremely prevalent across the country, but the health risks 

associated with exposure to these sites are poorly understood and vastly under-studied. 

This is the first study, to our knowledge, reporting that residential proximity to 

brownfield sites is associated with accelerated thymic aging as quantified by signal joint 

T-cell receptor excision circles (sjTRECs). No other study has reported associations 

between brownfield sites and any biomarker. This study also serves to introduce 

environmental epidemiologists to sjTRECs as a sensitive marker of immune function and 

naïve T-cell production by the thymus.
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Figure 1. 
Simplified conceptual diagram of two pathways leading from brownfield proximity to 

thymic function (as measured by sjTRECs). Pathway (1) represents the direct effect of 

brownfields on immune function due to exposure to toxicants present in the soil, water, and 

air. Pathway (2) represents social and economic pathways that may influence neighborhoods 

that are proximate to brownfield-polluted areas.
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Table 1.

Sociodemographic and clinical characteristics of Wave 4 participants in this analysis (n = 262), Detroit 

Neighborhood Health Study. Note: SD = standard deviation, AADT = Average Annual Daily Traffic, column 

percentages may not sum to 100% due to rounding.

Brownfield Proximity Highway Proximity

Total
(n=262)

>200m
(n=196)

≤200m
(n=66)

>200m
(n=213)

≤200m,
AADT <50,000 

(n=31)

≤200m,
AADT ≥50,000

(n=18)

Age (years)

 Mean (SD) 60 (± 14) 59 (± 15) 63 (± 13) 60 (± 15) 61 (± 12) 65 (± 14)

Gender

 Female 159 (61 %) 112 (57 %) 47 (71 %) 134 (63 %) 16 (52 %) 9 (50 %)

 Male 103 (39 %) 84 (43 %) 19 (29 %) 79 (37 %) 15 (48 %) 9 (50 %)

Race

 non-Hispanic African American 209 (80 %) 156 (80 %) 53 (80 %) 169 (79 %) 24 (77 %) 16 (89 %)

 Other 53 (20 %) 40 (20 %) 13 (20 %) 44 (21 %) 7 (23 %) 2 (11 %)

Income Bracket

 < $15,000 89 (34 %) 61 (31 %) 28 (42 %) 66 (31 %) 11 (35 %) 12 (67 %)

 $15,000 – 34,999 77 (29 %) 61 (31 %) 16 (24 %) 64 (30 %) 8 (26 %) 5 (28 %)

 $35,000 – 74,999 60 (23 %) 48 (24 %) 12 (18 %) 51 (24 %) 8 (26 %) 1 (6 %)

 $75,000 or above 21 (8 %) 17 (9 %) 4 (6 %) 18 (8 %) 3 (10 %) 0 (0 %)

 Missing 15 (5.7%) 9 (4.6%) 6 (9.1%) 14 (6.6%) 1 (3.2%) 0 (0%)

Educational Attainment

 High School or less 112 (43 %) 82 (42 %) 30 (45 %) 90 (42 %) 13 (42 %) 9 (50 %)

 > High School 150 (57 %) 114 (58 %) 36 (55 %) 123 (58 %) 18 (58 %) 9 (50 %)

BMI (kg/m2)

 Mean (SD) 32 (± 9.2) 32 (± 8.8) 31 (± 10) 32 (± 8.8) 30 (± 9.6) 34 (± 12)

 Missing 9 (3.4%) 7 (3.6%) 2 (3.0%) 7 (3.3%) 0 (0%) 2 (11.1%)

Smoking Status

 Never Smoker 85 (32 %) 70 (36 %) 15 (23 %) 68 (32 %) 9 (29 %) 8 (44 %)

Former Smoker 102 (39 %) 74 (38 %) 28 (42 %) 85 (40 %) 10 (32 %) 7 (39 %)

 Current Smoker 75 (29 %) 52 (27 %) 23 (35 %) 60 (28 %) 12 (39 %) 3 (17 %)

loge(sjTRECs)

 Mean (SD) 8.0 (± 1.1) 8.1 (± 1.1) 7.8 (± 1.1) 8.1 (± 1.1) 8.1 (± 1.0) 7.7 (± 1.2)

loge(CRP)

 Mean (SD) 0.72 (± 1.6) 0.66 (± 1.6) 0.99 (± 1.3) 0.69 (± 1.6) 0.66 (± 1.7) 1.2 (± 1.1)

loge(IL-6)

 Mean (SD) 1.2 (± 0.92) 1.2 (± 0.88) 1.3 (± 1.1) 1.2 (± 0.90) 1.0 (± 1.0) 1.5 (± 0.95)
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Table 2.

Characteristics of 200 randomly selected brownfields (out of 1149 brownfields in complete analysis). Data 

collected from Michigan Department of Environmental Quality “Facility Name” associated with each 

brownfield site. Facilities with a discernable name collected under NREPA Part 201 are primarily industrial 

sites, whereas facilities collected under Part 213 are primarily gas stations.

Total
(n = 200)

Part 201
(n = 67)

Part 213
(n = 133)

Brownfield Type

 Unknown 83 (41.5%) 35 (52.2%) 48 (36.1%)

 Industrial 43 (21.5%) 19 (28.4%) 24 (18.0%)

 Gas Station 32 (16.0%) 1 (1.5%) 31 (23.3%)

 Auto Shop 18 (9.0%) 2 (3.0%) 16 (12.0%)

 Commercial 14 (7.0%) 7 (10.4%) 7 (5.3%)

 Municipal 8 (4.0%) 3 (4.5%) 5 (3.8%)

 Auto Wash 2 (1.0%) 0 (0%) 2 (1.5%)
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Table 3.

Regression coefficients (β) and 95% confidence intervals for regression analysis of residential proximity to 

brownfields or highways and loge-transformed sjTRECs, CRP, and IL-6. Model 1 adjusts for age, Model 2 

additionally adjusts for gender and race, Model 3 additionally adjusts for income and education, and Model 4 

additionally adjusts for BMI and smoking status. Tests of statistical significance were two-sided with α = 0.05.

Loge(sjTRECs):
β (95% confidence interval)

Model 1 Model 2 Model 3 Model 4

Brownfield Proximity

 >200m REF REF REF REF

 ≤200m −0.19 (−0.46, 0.09) −0.24 (−0.51, 0.03) −0.22 (−0.50, 0.05) −0.30 (−0.59, −0.02)

p = 0.19 p = 0.08 p = 0.12 p = 0.04

Highway Proximity

 >200m REF REF REF REF

 ≤200m, AADT <50,000 0.09 (−0.28, 0.47) 0.14 (−0.22, 0.51) 0.19 (−0.17, 0.56) 0.16 (−0.20, 0.53)

p = 0.63 p = 0.45 p = 0.31 p = 0.39

 ≤200m, AADT ≥50,000 −0.15 (−0.63, 0.32) −0.14 (−0.61, 0.32) −0.11 (−0.59, 0.36) 0.03 (−0.48, 0.53)

p = 0.54 p = 0.55 p = 0.64 p = 0.93

Loge(CRP):
β (95% confidence interval)

Model 1 Model 2 Model 3 Model 4

Brownfield Proximity

 >200m REF REF REF REF

 ≤200m 0.34 (−0.10, 0.77) 0.27 (−0.16, 0.70) 0.24 (−0.20, 0.68) 0.27 (−0.15, 0.70)

p = 0.13 p = 0.22 p = 0.29 p = 0.22

Highway Proximity

 >200m REF REF REF REF

 ≤200m, AADT <50,000 −0.11 (−0.70, 0.49) −0.03 (−0.61, 0.56) −0.04 (−0.63, 0.54) 0.03 (−0.51, 0.58)

p = 0.73 p = 0.93 p = 0.89 p = 0.91

 ≤200m, AADT ≥50,000 0.41 (−0.40, 1.21) 0.49 (−0.30, 1.28) 0.38 (−0.42, 1.18) 0.41 (0.39, 1.21)

p = 0.33 p = 0.23 p = 0.36 p = 0.32

Loge(IL-6):
β (95% confidence interval)

Model 1 Model 2 Model 3 Model 4

Brownfield Proximity

 >200m REF REF REF REF

 ≤200m 0.11 (−0.14, 0.37) 0.09 (−0.16, 0.35) 0.11 (−0.15, 0.37) 0.07 (−0.20, 0.34)

p = 0.38 p = 0.48 p = 0.41 p = 0.61

Highway Proximity

 >200m REF REF REF REF

 ≤200m, AADT <50,000 −0.23 (−0.57, 0.12) −0.20 (−0.55, 0.14) −0.20 (−0.55, 0.14) −0.12 (−0.46, 0.21)

p = 0.20 p = 0.25 p = 0.26 p = 0.48

 ≤200m, AADT ≥50,000 0.09 (−0.37, 0.56) 0.11 (−0.36, 0.58) 0.08 (−0.40, 0.56) 0.23 (−0.26, 0.73)

p = 0.70 p = 0.65 p = 0.75 p = 0.37
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