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Abstract

Despite the unequal burden of environmental exposures borne by racially minoritized 

communities, these groups are often underrepresented in public health research. Here, we 

examined racial/ethnic disparities in exposure to metals among a multi-ethnic sample of pregnant 

women. Our objective was to examine what disparities, if any, exist in metal exposure among 

a sample of pregnant women. The sample included women enrolled in the PRogramming 

of Intergenerational Stress Mechanisms (PRISM) pregnancy cohort (N = 382). Urinary metal 

concentrations (arsenic [As], barium [Ba], cadmium [Cd], cesium [Cs], chromium [Cr], lead 

[Pb], antimony [Sb]) were measured during mid-pregnancy and information on individual- 

and neighborhood-level characteristics was ascertained during an in-person interview and from 

publicly available databases, respectively. Linear regression was used to examine individual and 

neighborhood characteristics in relation to metal concentrations.

Black/Black-Hispanic women had Cd, Cr, Pb, and Sb levels that were 142.0%, 10.9%, 35.0%, and 

32.1% higher than White, non-Hispanic women, respectively. Likewise, White-Hispanic women 

had corresponding levels that were 141.5%, 108.2%, 59.9%, and 38.3% higher. These same 

metals were also higher among women residing in areas with higher crime, higher diversity, lower 

educational attainment, lower household income, and higher poverty. Significant disparities in 

exposure to metals exist and may be driven by neighborhood-level factors. Exposure to metals for 
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pregnant women can be especially harmful. Understanding exposure inequalities and identifying 

factors that increase risk can help inform targeted public health interventions.

Graphical Abstract

To be supplied with any subsequent revisions.

Keywords

metals; exposure; race/ethnicity; disparities; environmental justice; pregnancy

Introduction

In the United States, many toxic environmental exposures are unevenly distributed at 

the neighborhood-level, with lower socioeconomic status (SES), racially minoritized 

communities often bearing a disproportionate burden of environmental pollution1, 2. Lower 

SES neighborhoods often arose from redlining and other practices that promoted segregation 

and typically received fewer public works maintenance projects. These neighborhoods 

have older housing stock and are frequently located near highly trafficked roadways, 

transportation hubs, disposal and legacy contamination sites, and industrial plants3, 4. In 

turn, these neighborhoods have also been shown to experience higher rates of infectious 

disease, most notably COVID-19, and increased exposure to indoor pests, extreme heat, 

noise pollution, and air pollution2, 5-8. Growing research has also demonstrated disparities in 

exposure to lead (Pb), however, few studies have considered disparities in exposure to other 

toxic metals.

Metals are pervasive in our environment being commonly found in soil, water, air, dust, 

food, and consumer products 9-17. Human exposure occurs through a number of pathways 

including ingestion, inhalation, and dermal contact17, 18 and is associated with a range 

of adverse health outcomes across the neurological, cardiovascular, endocrine, pulmonary 

and renal systems17, 19-21. Exposure to metals during pregnancy is a particular concern 

given the high sensitivity of the developing fetus and the enduring consequences of early 

environmental insults across the life course. For example, prenatal cadmium (Cd) exposure 

has been shown to impair steroidogenesis and Pb exposure can interfere with calcium 

deposition in bone, both leading to suboptimal fetal growth22, 23. Prenatal exposure to metals 

has also been associated with adverse birth outcomes, including preterm birth and lower 

birthweight24, 25, as well as long-term consequences for neurodevelopment26. Expanding 

evidence further suggests that pregnancy may be a period of enhanced vulnerability for the 

mother, as the physiological shifts that occur to support the fetus may render the maternal 

metabolic system susceptible to dysregulation. For example, chromium (Cr) exposure during 

pregnancy has been linked to irregular blood sugar levels and antimony (Sb), along with 

other metals, has been associated with the development of gestational diabetes27, 28 and high 

blood pressure in women29. Exposure to metals, including during the vulnerable pregnancy 

period, is thus a salient public health concern.
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In the present paper, racial and ethnic disparities in exposure to metals were examined 

among a multi-ethnic sample of pregnant women living in two major metropolitan areas in 

the northeastern United States (U.S.). Other sociodemographic and lifestyle factors that may 

contribute to differential exposure were also explored and variability in biomonitoring data 

by neighborhood-level characteristics was examined.

Methods

The PRISM cohort

The study sample included a subset of women enrolled in the PRogramming of 

Intergenerational Stress Mechanisms (PRISM) pregnancy cohort, which recruited women 

from prenatal clinics in Boston and New York City beginning in 2011. Recruitment 

remains ongoing and at the time of this study, 936 eligible participants had been enrolled. 

Women are considered ineligible if they are less than 18 years old, HIV positive, drink 

any alcohol during pregnancy or more than seven alcoholic drinks per week before 

pregnancy recognition, do not speak English or Spanish fluently, or have a multiple gestation 

pregnancy. Urinary metals and creatinine were measured in N = 409 participants during 

pregnancy (mean ± sd: 31±6 weeks, range: 11-40 weeks). An additional 27 participants 

missing information on key determinants of interest were also excluded, resulting in a final 

analytic samples of 382 women.

Urinary metals and creatinine

Participants collected a clean catch, spot urine sample in their home on the morning of 

a scheduled study visit. Samples were kept cool in the participant’s home freezer until 

transport to the PRISM laboratory on the day of collection. Upon arrival, urine samples 

were immediately thawed, aliquoted, and stored at −80°C. Samples (200 μL) were diluted 

to 10 mL with a solution containing 0.05% Triton X-100, 0.5% nitric acid, and appropriate 

internal standard for each element (As and Sb: tellurium; Ba, C, Pb: lutetium; Cd: rhodium; 

Cr: yttrium). Samples were then analyzed for metals using an inductively coupled plasma-

mass spectrometer-triple quadrupole (ICP-MS) instrument (Agilent 8900-QQQ)30, 31. Urine 

creatinine was measured using a well-established colorimetric method (limit of detection 

[LOD]: 0.3125 mg/dL). Quality control measures for metals and creatinine analysis have 

been previously described in detail 32, 33. The current analysis included seven metals with 

established toxicity, including: arsenic (As), barium (Ba), cadmium (Cd), chromium (Cr), 

cesium (Cs), lead (Pb), and antimony (Sb). The number of samples with non-detectable 

values were as follows: As (n = 1, 0.0%), Ba (n = 6, 1.6%), Cd (n = 53, 13.9%), Cr (n = 

43, 11.3%), Cs (n = 0, 0.0%), Pb (n = 2, 0.5%), Sb (n = 77, 20.16%). Metal concentrations 

below the limit of detection (LOD) were replaced with the LOD divided by the square root 

of two34. Creatinine-standardized metal concentrations (μg/g creatinine) were derived by 

dividing metal levels (μg/L) by creatinine (mg/dL) and applying a conversion factor of 100.

Covariates

Information on race/ethnicity (White, non-Hispanic vs. White-Hispanic vs. Black/Black-

Hispanic), education (less than high school vs. high school degree vs. college degree 

or more), age (in years), financial strain (low vs. moderate vs. high), and smoking 
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during pregnancy (ever vs. never) was collected from participants via self-report using a 

standardized questionnaire administered during an in-person study visit during pregnancy. 

Financial strain was assessed using the question “In general, how do your family’s finances 

usually work out at the end of the month?" Responses were classified into low, moderate, 

and high corresponding with self-report of ‘extra money at the end of the month’, ‘just 

enough money at the end of the month’, or ‘not enough money at the end of the month’, 

respectively. Pre-pregnancy body mass index (BMI) was calculated as self-reported pre-

pregnancy weight divided by height squared and categorized women as healthy weight (<25 

kg/m2), overweight (25 - 29.9 kg/m2), or obese (≥30 kg/m2) based on standard guidelines.

Neighborhood-level characteristics

For each participant, residential address during pregnancy was geocoded using ArcGIS 

Esri World Geocoder technology as previously described35. Initial completeness was 

approximately 90% and the few erroneous or unmatched addresses were then geocoded 

manually. Geocoding was validated by visually examining the locations on a map using 

established map services like the Environmental Systems Research Institute (ESRI) ArcGIS 

street datasets for 15% of the sample. Neighborhood-level characteristics spanning the 

2019-2020 period were ascertained from ArcGIS at the census tract-level and included the 

following variables: median household income, percent of households below the poverty 

level, Diversity Index, Crime Index, and percent of the population age 25 or older with a 

high school degree (or equivalent) or less. The Total Crime Index provides an assessment 

of the relative risk of seven major crime types: murder, rape, robbery, assault, burglary, 

larceny, and motor vehicle theft. It is modeled using data from the FBI Uniform Crime 

Report and demographic data from the Census and Applied Geographic Solutions (AGS). 

Median household income refers to current-year estimate of median household income as 

defined by the Census Bureau. Percent of households below the poverty level is derived from 

the American Community Survey (ACS) with period estimates based on a rolling sample 

survey spanning a 60-month period. The Diversity Index shows the likelihood that two 

persons chosen at random from the same area belong to different race or ethnic groups. The 

index ranges from 0 (no diversity) to 100 (complete diversity). These neighborhood-level 

characteristics were available for a subsample of 359 (94% of the 382) participants included 

in this analysis.

Statistical analysis

First, the frequency and percent of participants within categories of sociodemographic 

and lifestyle characteristics was calculated. Then the distribution of each urinary metal 

was visualized using boxplots and histograms, descriptive statistics for each metal were 

calculated, and Spearman correlations between metals were examined. Linear regression 

was used to examine associations between gestational age at sample collection, in weeks, 

and urinary metal concentrations additionally adjusting for urinary creatinine, an indicator of 

urine dilution; these relationships were visualized using scatter plots. Next, linear regression 

was used to examine associations between metals and a series of individual-level (race/

ethnicity, education, financial strain, age, smoking, BMI) and neighborhood-level (median 

household income, percent of households below the poverty level, Diversity Index, Crime 

Index, percent of the population age 25 or older with a high school degree or less) 
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characteristics, each in a separate model. These models were adjusted for urinary creatinine 

and gestational week of urine collection, which were considered precision variables that 

may influence urinary metal concentrations. In secondary analyses, mutually adjusted 

multivariable models that included all individual-level covariates (urinary creatinine, 

gestational week at urine collection, race/ethnicity, education, financial strain, age, smoking, 

BMI) were explored. In all regression models, metal concentrations were natural-log 

transformed to normalize the distribution and each metal was considered separately. Because 

metal concentrations are log-transformed, effect estimates are interpreted in terms of percent 

change.

Results

The sample is racially/ethnically diverse, with approximately 14% of participants 

self-identifying as White, non-Hispanic, 32% as White-Hispanic, and 54% as Black/

Black-Hispanic. Table 1 provides individual- and neighborhood-level characteristics for 

participants by race/ethnicity. Approximately 20% of women had less than a high school 

education and 20% reported a high degree of financial strain. On average, women were 28 

years old and 13% reported smoking during pregnancy. In this sample, White, non-Hispanic 

women were older, more highly educated, less likely to experience financial strain, less 

likely to smoke during pregnancy and less likely to be overweight or obese, compared 

to White-Hispanic and Black/Black-Hispanic women. With regards to neighborhood-level 

factors, compared to White, non-Hispanic women, racially minoritized women were more 

likely to live in census tracts with lower median incomes, a higher percent of households 

below the poverty level, and a higher percent of the population with a high school degree 

or less. White-Hispanic and Black/Black-Hispanic women were also more likely to live in 

areas with higher crime and higher diversity (Table 1). A map of participant residential 

location by race/ethnicity is provided in Supplemental Figure S1.

Metal concentrations for the sample overall and by race/ethnicity are provided in Table 

2. Metal concentrations were log-normally distributed (Supplemental Figure S2) and 

moderately to highly correlated with each other, with the strongest positive correlations 

observed for Pb, Cr, and Sb (Supplemental Figure S3). On average, As and Ba increased 

over the course of gestation, whereas the other metals decreased, with significant negative 

associations observed for Cd (percent change per week: - 2.30%, 95% CI: - 3.60, - 0.98), Cr 

( - 1.58%, 95% CI: - 0.63, - 2.52), Cs (- 1.15%, 95% CI: - 0.38, - 1.92), Pb ( - 1.48%, 95% 

CI: - 0.56, - 2.39) and Sb ( - 1.61%, 95% CI: - 0.71, - 2.49) (Supplemental Figure S4).

Figure 1 presents the percent change in urinary metal concentrations across individual-level 

participant characteristics, adjusting for urine creatinine and gestational week of urine 

collection. A majority of the metals significantly varied by race/ethnicity, with racially 

minoritized women having higher levels of Cd, Cr, Pb and Sb. In addition, these four 

metals showed a similar pattern across the other characteristics considered, and were 

generally associated with younger age, lower education, higher financial strain, smoking 

and obesity, with the exception that Cd was associated with older age. As and Cs were also 

associated with older age. In multivariable linear regression models mutually adjusting for 

all individual-level characteristics, minority race/ethnicity remained strongly associated with 
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metals exposure. Compared to White, non-Hispanic women, Black/Black-Hispanic women 

had Cd, Cr, Pb, and Sb levels that were 142.0% (95% CI: 111.1, 173.0), 73.0% (95% 

CI: 51.7, 94.3), 35.0% (95% CI: 14.1, 55.8), and 32.1% (95% CI: 11.7, 52.5%) higher, 

respectively. Likewise, White-Hispanic women had corresponding levels that were 141.5% 

(95% CI: 109.1, 174.1), 108.2% (95% CI: 85.8, 130.5), 59.9% (95% CI: 38.0, 81.8), and 

38.3% (95% CI: 16.9, 59.7) higher (Figure 2). When considering neighborhood-level factors 

in separate models, urinary levels of Cd, Cr, Pb, and Sb were higher among women residing 

in areas with higher crime, higher diversity, lower educational attainment, lower household 

income, and higher poverty; these associations were significant with the exception of Cd and 

lower educational attainment (Figure 3). A model mutually adjusted for all neighborhood-

level factors was not considered given a high degree of spatial overlap across several of the 

characteristics considered.

Discussion

In this study, racial/ethnic disparities in exposure to metals was evaluated among a multi-

ethnic sample of pregnant women living in two major metropolitan areas in the Northeastern 

United States. Compared to White, non-Hispanic women, Black/Black-Hispanic women and 

White-Hispanic women had significantly increased urinary levels of Cd, Cr, Pb and Sb. 

In addition to race/ethnicity and other individual-level characteristics, urinary metals were 

also explored in relation to neighborhood-level factors, which revealed that urinary levels 

of the same four metals (Cd, Cr, Pb, and Sb) were higher among women residing in areas 

with higher crime, higher diversity, lower educational attainment, lower household income, 

and higher poverty. These findings suggest that social drivers of residential location may 

contribute to an individual’s propensity for exposure to metals in the environment.

Compared to pregnant women enrolled in the National Health and Nutrition Examination 

Survey (NHANES, cycles 1999-2016), women in this study had higher geometric mean 

urinary levels of all metals considered except for Cs36. This could reflect different sources 

of metals contamination by region, as NHANES enrolls participants from across the U.S., 

whereas this study enrolled from two large urban areas on the northeast coast. Our findings 

are also consistent with a 2017 analysis of socioeconomically disadvantaged black pregnant 

women in Houston, TX that found elevated levels of urinary Cd and Sb compared to a 

nationally representative sample of adult women in the US (NHANES) 37. In this prior 

study, exploratory factor analysis revealed that potential sources of metals exposure may 

include the home environment, diet, industrial and natural sources, or traffic37.

Our finding of higher Pb levels among racial/ethnic minorities and among lower-income, 

higher poverty households is aligned with decades of research documenting racial and 

socioeconomic disparities in Pb exposure. For example, a New York City-based study 

conducted as far back as the early 1970s found blood Pb levels (BLLs) varied by race 

and ethnicity, with minorities having higher body burdens38. In other urban areas such 

as Chicago, it has also been shown that neighborhoods with the highest prevalence of 

elevated BLLs are predominately occupied by people of color39. These neighborhoods 

often have older housing stock that release ingestible or inhalable fine Pb paint dust 

into the home environment40. Pb is also present in neighborhood soils and community 
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gardens due to decades of emissions from car exhaust prior to the ban of leaded gasoline41. 

Furthermore, studies examining the distribution of air Pb levels suggest that it is not only 

the home environment that presents a risk, but also the air quality around the home42. 

For example, a positive relationship has been demonstrated between the percentage of 

Black children residing in a county and the average air Pb concentration42. NHANES 

has likewise documented persistent disparities in exposure to Pb, with Hispanic and 

Black children consistently having higher BLLs compared to White children 43. Findings 

from these previous studies in conjunction with our research reflects a form of biosocial 

stratification not only present in the northeastern U.S. where our study focuses, but 

across the country44, 45 and exposes neighborhood-level factors46, 47 that contribute to 

environmental injustices and reinforce racial inequality 48.

With regard to Cd, the racial and ethnic differences that were observed may in part reflect 

differences in smoking. Tobacco plants are known to take up soil cadmium49 and in our 

sample, 16.3% of White-Hispanic women and 12.1% of Black/Black-Hispanic women 

reported smoking during pregnancy compared to 11.5% of White, non-Hispanic women. 

While this finding is consistent with prior studies documenting racial/ethnic disparities in 

Cd body burden attributable to smoking behavior50, previous research among non-smokers 

has also reported higher levels of Cd among Black and Hispanic individuals compared to 

White individuals51. Possible explanations could relate to differences in diet and cultural 

practices. For example, foods including shellfish and several common vegetables such as 

potatoes and onions are high in Cd and the intake of these items has been shown to vary 

across racial and ethnic groups 52-54. Furthermore, disparities in essential micronutrient 

intake may also in part explain these results, as human and animal research has shown 

increased Cd absorption when intake of calcium, iron, or zinc is deficient55, 56. Notably, 

inadequate micronutrient intakes during pregnancy that varied based on sociodemographic 

factors and race/ethnicity have been previously described among women enrolled in the 

PRISM cohort57. While it was beyond the scope of this analysis to examine dietary drivers 

of the observed disparities, future research that considers how food security, availability and 

choice influences environment exposures is needed to more comprehensively understand 

potentially modifiable exposure pathways.

Consistent with this study, prior research has also documented associations between Sb and 

both race/ethnicity and neighborhood deprivation 58-60. Sb is a metalloid with properties 

similar to arsenic that is used in a range of industrial products, including household paint, 

sheet metal, ammunition and storage batteries 61. It is also released by several anthropogenic 

sources, including power plants, tobacco smoke and traffic emissions (from brake dust)61. 

Despite repeated findings of higher levels of Sb among racially minoritized community 

samples, the specific determinants underlying this unequal exposure pattern are poorly 

understood. It is also worth highlighting that Sb and Cr were highly correlated with Pb, 

suggesting possible shared exposure sources and/or pathways. For example, lead chromate 

(PbCrO4) is a vivid yellow color that has been used for various applications, including in 

printing inks and traffic paint. PbCrO4 particles are detectable in the atmosphere and could 

be one possible combined source of both Pb and Cr exposure 62.
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Strengths of this study include the inclusion of a racially and ethnically diverse sample, 

which is a traditionally understudied demographic and which allowed us to examine 

disparities in exposure. This research was focused on pregnant women, who may be 

particularly sensitive to metals exposure and who may respond differently to metals due 

to pregnancy-related physiological and metabolic shifts. This study also examined how 

multiple metals varied across a wide range of socioeconomic and lifestyle characteristics, 

including at both the individual- and neighborhood-levels. Unfortunately, there were a 

number of factors that we were not able to consider here that would be interesting to 

examine in future research, such as diet, acculturation and household properties. With 

the exception of Cd and Cs, the metals we measured have short urinary half-lives, thus 

concentrations detected in our spot urine samples may not reflect long-term exposure. 

However, many of the characteristics that were associated with metal exposure are likely 

stable over time, especially the neighborhood-level factors. Nonetheless, the potential for 

misclassification exists if the sociodemographic characteristics of neighborhoods, which 

were ascertained for the 2019-2010 period, changed across the birth cohort enrollment 

period from 2011-2020. Additionally, As was not speciated and therefore represents total 

levels, including largely non-toxic forms such as arsenobetaine. It is likely that dietary 

sources contributed to measured variability in As levels between participants, potentially 

masking our ability to identify other individual and neighborhood-level determinants.

In summary, this research supports that both individual- and community-level factors are 

associated with differential distributions of metal exposures by race/ethnicity, which may 

translate to disparities in health outcomes. Despite the unequal burden of environmental 

exposures borne by lower-SES communities and communities of color, these groups are 

often underrepresented in public health research. Our findings emphasize the importance of 

conducting environmental health research across socioeconomic and demographic strata and 

can help guide public health interventions to reduce environmental and health disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights for Review

• Despite the unequal burden of environmental exposures borne by racially 

minoritized communities, these groups are often underrepresented in public 

health research.

• Our objective was to examine what disparities, if any, exist in metal exposure 

among a sample of pregnant women.

• Black/Black-Hispanic women had Cd, Cr, Pb, and Sb levels higher than 

White, non-Hispanic women, respectively.

• White-Hispanic women also had increased levels of Cd, Cr, Pb, and Sb.

• These metals were also higher among women residing in areas with 

higher crime, higher diversity, lower educational attainment, lower household 

income, and higher poverty.
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Figure 1. 
Percent change in urinary metal concentrations by individual-level characteristics (N = 382).

Note: Points indicate percent change and bars indicate 95% confidence intervals. Each 

characteristic (age, education, financial strain, race/ethnicity, smoking, BMI) is considered 

in a separate model adjusted for urinary creatinine and gestational week at urine collection.
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Figure 2. 
Percent change in urinary metal concentrations during pregnancy among Black/Black-

Hispanic and White-Hispanic participants compared to White, non-Hispanic participants 

from models adjusted for urinary creatinine, gestational week at sample collection, 

education, financial strain, age, pre-pregnancy BMI and smoking during pregnancy.
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Figure 3. 
Percent change in urinary metal concentrations by census tract-level characteristics (N = 

359).

Note: Points indicate percent change and bars indicate 95% confidence intervals. Each 

characteristic (age, education, financial strain, race/ethnicity, smoking, BMI) is considered 

in a separate model adjusted for urinary creatinine and gestational week at urine collection.
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Table 1.

Participant- and neighborhood-level characteristics stratified by race/ethnicity. Values are N (%) unless 

otherwise noted.

All
(n = 382, 100%)

White,
non-Hispanic
(n = 52, 14%)

White-Hispanic
(n = 123, 32%)

Black/
Black-Hispanic
(n = 207, 54%)

Individual-level factors

 Education

  < High school 75 (20) 1 (1.9) 31 (25) 43 (21)

  High school degree 213 (56) 6 (12) 76 (62) 131 (63)

  College degree or more 94 (25) 45 (87) 16 (13) 33 (16)

 Financial strain

  Low 148 (39) 44 (85) 38 (31) 66 (32)

  Moderate 162 (42) 6 (12) 57 (46) 99 (48)

  High 72 (19) 2 (3.8) 28 (23) 42 (20)

 Age (years)

 18 - 28 210 (55) 8 (15) 73 (59) 129 (62)

  >28 172 (45) 44 (85) 50 (41) 78 (38)

 Smoking during pregnancy

  Never 331 (87) 46 (89) 103 (84) 182 (88)

  Ever 51 (13) 6 (11) 20 (16) 25 (12)

 Pre-pregnancy BMI

  Healthy weight 181 (47) 39 (75) 53 (43) 89 (43)

  Overweight 96 (25) 9 (17) 31 (25) 56 (27)

  Obese 105 (28) 4 (7.7) 39 (32) 62 (30)

Neighborhood-level factors 
a 

 Median household income ($) 36,600 (30,400) 104,000 (45,600) 32,000 (18,200) 36,000 (24,700)

 Percent below poverty level
c 29 (21) 9.5 (9.8) 31 (15) 30 (19)

 Diversity Index 87 (21) 55 (25) 89 (5) 87 (15)

 Crime Index 104 (48) 68 (52) 102 (52) 110 (42)

 Percent with HS degree or less
d 26 (9.9) 10 (14) 25 (8.3) 27 (7.4)

a
N = 23 missing. Vales are median (interquartile range)

c
Percent of households below the poverty level

d
Value is the median of the percent of the population age ≥25 with a high school degree (or equivalent) or less
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Table 2.

Metal concentrations stratified by race/ethnicity. Values are median (interquartile range).

All
(n = 382,
100%)

White,
non-Hispanic

(n = 52,
13.6%)

White-
Hispanic (n =
123, 32.2%)

Black/
Black-Hispanic

(n = 207,
54.2%)

P-
valuea

Metals (μg/g creatinine)

  Arsenic (As) 8.77 (12.7) 9.60 (25.9) 8.75 (10.9) 8.76 (12.7) 0.18

  Barium (Ba) 2.63 (3.25) 3.46 (4.67) 2.99 (3.41) 2.25 (2.92) 0.01

  Cadmium (Cd) 0.195 (0.18) 0.136 (0.14) 0.223 (0.17) 0.195 (0.18) <0.001

  Chromium (Cr) 0.540 (0.53) 0.434 (0.33) 0.675 (0.75) 0.538 (0.47) <0.001

  Cesium (Cs) 4.30 (2.27) 4.62 (2.56) 4.35 (2.27) 4.15 (2.23) 0.44

  Lead (Pb) 0.645 (0.46) 0.475 (0.49) 0.767 (0.48) 0.603 (0.44) <0.001

  Antimony (Sb) 0.111 (0.08) 0.0864 (0.08) 0.114(0.10) 0.112 (0.08) 0.01

P-values are from Kruskal-Wallis ANOVA test for the difference in metals concentration by race/ethnicity.
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