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Abstract

Navajo Nation residents are at risk for exposure to uranium and other co-occurring metals found in
abandoned mine waste. The Navajo Birth Cohort Study (NBCS) was initiated in 2010 to address
community concerns regarding the impact of chronic environmental exposure to metals on
pregnancy and birth outcomes. The objectives of this paper were to 1) evaluate maternal urine
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concentrations of key metals at enrollment and delivery from a pregnancy cohort; and 2) compare
the NBCS to the US general population by comparing representative summary statistical values.
Pregnant Navajo women (N=783, age range 14-45 years) were recruited from hospital facilities on
the Navajo Nation during prenatal visits and urine samples were collected by trained staff in pre-
screened containers. The U.S. Centers for Disease Control and Prevention (CDC), National Center
for Environmental Health’s (NCEH) Division of Laboratory Sciences (DLS) analyzed urine
samples for metals. Creatinine-corrected urine concentrations of cadmium decreased between
enrollment (15t or 2" trimester) and delivery (3 trimester) while urine uranium concentrations
were not observed to change. Median and 95t percentile values of maternal NBCS urine
concentrations of uranium, manganese, cadmium, and lead exceeded respective percentiles for
National Health and Nutrition Evaluation Survey (NHANES) percentiles for women (ages 14-45
either pregnant or not pregnant.) Median NBCS maternal urine uranium concentrations were 2.67
(enrollment) and 2.8 (delivery) times greater than the NHANES median concentration, indicating
that pregnant Navajo women are exposed to metal mixtures and have higher uranium exposure
compared to NHANES data for women. This demonstrates support for community concerns about
uranium exposure and suggests a need for additional analyses to evaluate the impact of maternal
metal mixtures exposure on birth outcomes.
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1. INTRODUCTION

More than 500 uranium mines have been abandoned on the Navajo Nation since the
cessation of mining in the 1980s. These abandoned mines contain complex mixtures of
metals and metalloids (hence forth referred to as metals for simplicity) including arsenic,
uranium, lead, manganese, mercury, and others (Eichstaedt 1994). The presence of metal
mixtures at these abandoned uranium mines places Navajo Nation residents at risk for
exposure. Participation in traditional practices may also increase contact with environmental
metals at these abandoned sites (Harper et al. 2012). Other non-mining sources of metals
includes cadmium from smoking (Richter et al. 2009) and consumption of meat (Olmedo et
al. 2017), as well as coal burning for home heating and power generation in the region
(Bunnell et al. 2010). Additionally, arsenic and uranium are detected commonly in
groundwater on the Navajo Nation and may be present in unregulated and regulated water
sources (Corlin et al. 2016; Credo et al. 2019; Hoover et al. 2018; Hoover et al. 2017;
Ingram et al. 2020; Jones et al. 2020). Previous work with Navajo communities in New
Mexico used surveys and a Bayesian multivariate t-model to assess non-occupational
uranium exposures. Survey data and self-reported health outcomes from 1,304 people were
modeled and it was found that exposure to abandoned mine waste was associated with
elevated risk of developing hypertension, diabetes, and kidney disease (Hund et al. 2015).
Additionally, serum inflammatory markers from 273 Navajo men and women living in the
Eastern Agency (New Mexico portion of Navajo Nation) were inversely associated with
residential proximity to abandoned waste piles and induction of a pathway leading to
development of atherosclerosis and cardiovascular disease (Harmon et al. 2017). These
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previous studies recruited an older population of Navajo Nation residents (mean age 56
years) who lived on the New Mexico portion of Navajo Nation and investigated chronic
disease and uranium exposure. Other studies relied on medical record abstraction and
reported that negative birth outcomes were associated with proximal residential location to
abandoned uranium mine wastes in Shiprock, NM (Shields et al. 1992). Navajo community
members who live near abandoned mines remain concerned about impacts on infant and
child health (Lewis et al. 2015).

Many of the metals found in abandoned uranium mine waste are known to influence birth
outcomes negatively. Oral and subcutaneous uranium exposure in animals is associated with
reduced growth in offspring (Domingo 2001). Information about direct toxicity of natural
uranium in a pregnant human population remains limited, however (Craft et al. 2004).
Arsenic exposure is associated with a reduction in birth weight (Quansah et al. 2015), and
manganese exposure is associated with low birth weight (Xia et al. 2016b), increased fetal
mortality (Hafeman et al. 2007), and intellectual impairment in children (Bouchard et al.
2011). Maternal lead exposure is associated with anthropomorphic changes in newborns
(Wang et al. 2017; Xie et al. 2013) and thallium exposure is associated with increased risk of
low birth weight (Xia et al. 2016a). Cadmium exposure has been associated with fetal
growth restrictions due to changes in placental trophoblast cells (Yang et al. 2006). Prenatal
mercury exposure is also a concern because there is ample evidence it may affect fetal
growth (Karagas et al. 2012; Murcia et al. 2016) and the development of neurodevelopment
disorders (Counter and Buchanan 2004; Davidson et al. 2004). There is also limited
evidence suggesting that co-exposure to lead and manganese or cadmium and arsenic could
exacerbate neurotoxicity in children (Sanders et al. 2015). Although previous work
demonstrated that abandoned uranium mine waste exposure is associated with an increased
risk for developing multiple chronic diseases among older Navajo community members
(Hund et al. 2015), there remains limited research investigating maternal exposure to metals
found in abandoned uranium mine waste. A more developed understanding of maternal
exposure to uranium, arsenic, cadmium, lead, manganese, mercury, and thallium will inform
population studies investigating metals exposure and birth outcomes.

The Navajo Birth Cohort Study (NBCS) was initiated in 2010 to address community
concerns regarding the impact of chronic environmental exposure to uranium and other co-
occurring metals. The research team, led by the University of New Mexico Health Sciences
Center Community Environmental Health Program, included partnerships with Navajo
Nation Department of Health, Navajo Area Indian Health Service, Southwest Research
Information Center, the US Centers for Disease Control and Prevention (CDC), and the
Agency for Toxic Substances and Disease Registry (ATSDR). The NBCS provides a
platform to assess maternal urine metal concentrations during pregnancy among a cohort
with a range of exposures to uranium and co-occurring metals.

The objectives of this paper were to use the NBCS to 1) evaluate maternal urine
concentrations of key metals at enrollment and delivery from a pregnancy cohort; and 2)
compare the NBCS to the US general population by comparing representative summary
statistical values. This information may also inform development of policies to address risks
to the Navajo population from exposures to key metals in the waste.
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2. MATERIALS AND METHODS
2.1 Study population

The sample population for this paper included 783 pregnant Navajo women recruited
between February 2013 and June 2018 from locations across the Navajo Nation (Figure 1).
Navajo staff recruited women during prenatal visits at participating Indian Health Service or
Public Law 638 hospitals on the Navajo Nation. Inclusion criteria included 1) a clinically
confirmed pregnancy; 2) maternal age between 14 and 45 years; 3) residence on the Navajo
Nation for a minimum of five years; 4) willingness to deliver at one of six participating
Indian Health Service or Public Law 638 hospital facilities; and 5) willingness to allow
follow-up evaluations during the baby’s first year of life. At time of enrollment, a survey
was administered to maternal participants to obtain information about age, employment
status, educational attainment, annual household income, smoking status, home heating
options and fuels, drinking water source, if they eat any fruits or vegetables they grow, and
other information.

Medical records were also reviewed by trained staff for pre-pregnancy height and weight.
All women provided written informed consent and consent was obtained from a guardian for
women who were minors at time of enrollment. While enrollment targeted women during
their 15 trimester (<13 weeks gestation), women were also enrolled during 2" (14-28
weeks gestation) and 3" trimesters (>29 weeks) gestation. Statistical analysis was limited to
enrollment samples collected during the 15t or 2"d trimester and delivery samples. Delivery
samples were urine samples collected after 36 weeks gestational age or when a pregnant
mother was admitted to the hospital for labor. The University of New Mexico Institutional
Review Board and the Navajo Nation Human Research Review Board approved the study
protocol. The involvement of the Centers for Disease Control and Prevention (CDC)
laboratory did not constitute engagement in human subjects research.

2.2 Biological sample collection

Spot urine samples were collected in sterile 50 mL pre-screened urine collection cups
provided by the National Center for Environmental Health’s Division of Laboratory
Sciences (DLS). Hospital laboratory personnel used a pre-screened transfer pipette to aliquot
1.8 mL of urine into separate 2.0 mL Nalgene cryovials for multi-element metals, total
arsenic, and creatinine analyses. Urine samples were stored at —80°C in a freezer until
University of New Mexico (UNM) staff picked up and transferred samples on dry ice to
UNM freezer storage facilities where they were stored at —80°C. Staff reviewed and
validated Chain of Custody forms at each stage of collection and storage. UNM staff shipped
samples overnight on dry ice to the DLS and, once received, samples were stored at < -20°C
until preparation for analysis. Sample collection and storage protocols match CDC
recommendations and NHANES protocols.

2.3 Sample preparation and analysis

Urine samples were measured for metals by the DLS using the same laboratory methods
used in NHANES (Caldwell et al. 2005; CDC 2011; 2013; 2014; Jarrett et al. 2007; Jarrett et
al. 2008). Total urine element concentrations of antimony, arsenic, barium, beryllium,
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cadmium, cesium, cobalt, iodine, lead, manganese, mercury, molybdenum, platinum,
strontium, thallium, tin, tungsten, and uranium were measured using inductively coupled
plasma dynamic reaction cell mass spectrometry (ICP-DRC-MS). Two or three, depending
on the method, custom-made, characterized urine bench quality control materials were
inserted at the beginning and end of each analytical run, and the multi-rule quality control
system (MRQCS), developed by Caudill et al. (2008), was used to determine if runs were in
control. The limits of detection for these elements in urine ranged from 0.002 to 2.4 pg/L,
depending on the analyte. Creatinine concentrations were determined using Enzymatic by
Roche/Hitachi Modular P Chemistry Analyzer.

Subsequent statistical analysis focused on urine concentrations of total arsenic, cadmium,
lead, manganese, mercury, thallium, and uranium because these elements may be found in
abandoned mine waste and are associated with negative birth outcomes, as indicated in
Section 1.

2.4 Statistical analysis

Urine metal concentrations were creatinine corrected to account for hydration status and
flow rate differences among participants. Only urine samples with creatinine concentrations
less than 300 mg/dL and greater than 0.3 mg/dL were included in this analysis (Figure 2).
Figure 2 illustrates the available samples for this study and reasons samples may have been
excluded from analysis. Spearman’s Rho correlation coefficient was calculated among urine
metals at enrollment and delivery and between enrollment and delivery for individual urine
metals. Additionally, because the biomonitoring data were non-normally distributed, the
two-sided Mann-Whitney U Test was used to evaluate for differences in median urinary
metal concentrations between enrollment and delivery. For the Mann-Whitney U test,
concentrations less than the limit of detection (LOD) were imputed as the LOD/V(2).

Descriptive statistics including sample size, percentage of samples below the LOD, range,
median, geometric mean, and 95" percentile values were calculated for each urine metal at
enrollment and delivery using the creatinine corrected results. Most urinary metals included
some measurements less than LOD so robust Regression on Order Statistics (R-ROS), a left-
censored data analysis method was used to generate the geometric mean, median, and 95
percentile for each urine metal. Left-censored methods have previously been shown to
produce more stable and less biased measures of central tendency when compared to
substitution methods (Helsel 2006; 2012). In the present analysis values for urine metal
measurements less than the LOD were imputed using the R-ROS method and were not
assumed to be zero. Calculations were completed using the R (v 3.6.2) Nondetects And Data
Analysis (NADA) package (v 1.6-1) and confidence intervals were generated using the
package boot (v 1.3-23)

Reference values were calculated using data from the National Health and Nutrition
Evaluation Survey cycles 2011-12, 2013-14, and 2015-16. Data from these cycles were
limited to women ages 14-45; demographic information including body mass index,
smoking status, and educational achievement were extracted along with urine metal and
creatinine measurements. Cycle results were combined by dividing the two-year weights by
three (the number of cycles combined) to generate a new 6 year weight, as recommended by
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the CDC (CDC 2018). The 6-year weights were used to account for the complex survey
design when calculating summary statistics. For simplicity women ages 14-45 sampled for
NHANES cycles 2011-12, 2013-14, and 201516 are referred to as the US reference
population in the present study.

3. RESULTS

3.1 Demographic summary

Women participating in the NBCS have a similar median age, income, and unemployment
status compared to all women of the Navajo Nation (Table 1). Pre-pregnancy body mass
index (BMI) results indicate that a higher percentage of women in the study were
overweight and a lower percentage of study participants were obese relative to the Navajo
Nation. Although a higher percentage of study women had a normal BMI than seen in the
Navajo population, the percentage relative to women from the US reference population was
lower.

Never-smoker status among NBCS women was similar to all women on the Navajo Nation
and more frequent than the US reference population. Compared to the US reference
population, NBCS women were of similar age, have lower household incomes, higher rates
of unemployment, higher BMI, and a higher frequency of never-smokers. No differences
were observed when pre-pregnancy BMI, age, household income, employment status, or
education attainment was compared among women who gave 0, 1 or 2 samples for metals
analysis (Table 2).

3.2 Urinary metals

Enrollment urine samples were collected from 304 pregnant women during the 15t or 2"d
trimester and delivery samples were collected from 449 women. At enroliment 6 samples
were excluded due to creatinine concentrations exceeding 300 mg/dL and creatinine
measurements were missing for four additional samples. At delivery, 1 sample was excluded
due to creatinine concentrations exceeding 300 mg/dL and creatinine measurements were
missing for two additional samples (Figure 2). Of the 783 enrolled women, 22.4% did not
provide an enrollment sample and 33.2% did not provide a delivery sample.

Creatinine corrected urinary metal concentrations for the select elements are shown in Table
3. Urinary concentrations of cadmium, lead, arsenic (total), thallium, and uranium were
detected in more than 90% of enrollment samples. Manganese and mercury were detected in
65.5% and 48.8% of enroliment samples, respectively. At delivery arsenic (total), lead,
thallium, and uranium were detected in more than 95% of samples. Cadmium, manganese,
and mercury were detected in 76.9%, 68.9% and 40.4% of delivery samples, respectively.

For NBCS enrollment and delivery samples the geometric mean, median, and 95t percentile
values of cadmium, lead, manganese, and uranium exceeded the respective NHANES values
for US reference population (Figure 3). In contrast, the geometric mean, median, and 95t
percentile values of arsenic (total), mercury, and thallium for NBCS women were lower than
the respective values for US reference population.
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Generally, weak but statistically significant correlation coefficients were observed between
metals at the enrollment and delivery time points (Figure 4). Spearman rho correlation
coefficients were generated for creatinine corrected urine metal concentrations, units of
ug/g-creatinine. At enrollment, the correlation coefficients ranged from —0.05 to 0.36. The
strongest correlations were observed for mercury-manganese (p=0.36), thallium-manganese
(p=0.30) followed by lead-manganese (p=0.28), thallium-mercury (p=0.21) and mercury-
cadmium (p=0.11). Correlation values were similar for delivery samples ranging between
0.00 and 0.38. The strongest correlations were observed between mercury-manganese
(p=0.38), uranium-lead (p=0.33), lead-manganese (p=0.32), uranium-cadmium (p=0.22),
and uranium-arsenic (total) (p=0.21), and lead-cadmium (0.19).

3.3 Comparing observed enroliment/delivery differences to method variability

To evaluate how much of the differences we observed could be explained within normal
method variability, we also compared the median un-corrected concentration changes with
3.0 times the standard deviation of repeated measurements of quality control materials at
concentrations similar to the median concentrations observed in this study (Table 4). The
NEHC lab only reports method variability in terms of raw metal concentrations, so raw
concentrations from the NBCS were used for this analysis.

Changes in metal concentrations between enrollment and delivery (units = pug/L) exceeded
or were equivalent to expected method variability for cadmium, arsenic (total), and thallium.
Observed variability for mercury, manganese, lead, and uranium were less than expected
method variability.

3.4. Correlation of paired enrollment/delivery urine samples

Pairwise enrollment and delivery samples (per participant) were available for 196 women.
Paired maternal urinary concentrations (—pug/g creatinine) were significantly correlated for
arsenic (total), cadmium, lead, thallium, mercury, and uranium (Table 5). Manganese
concentrations were not significantly correlated between enrollment and delivery samples
(p=0.133, p-value=0.091) when creatinine corrected concentrations were evaluated. When
uncorrected concentrations were evaluated manganese was correlated (p=0.243, p-
value=0.001). No other differences were observed when uncorrected urine concentrations
were analyzed.

Paired differences between enrollment and delivery were also evaluated. Median creatinine-
corrected concentrations of cadmium and thallium decreased from enrollment to delivery
while creatinine-corrected concentrations of arsenic (total) increased from enroliment to
delivery. The median concentrations of lead, mercury, and uranium were not different
between time points.

4. DISCUSSION

The presence of abandoned mines on or near Native American reservations increases the risk
for exposure to mine waste and metal mixtures. This paper emphasized maternal exposure to
uranium, arsenic (total), cadmium, lead, manganese, mercury, and thallium because they are
constituents of mine waste (US EPA 2006) and there is evidence suggesting these metals are
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associated with negative birth outcomes (Hafeman et al. 2007; Quansah et al. 2015; Wang et
al. 2018; Wang et al. 2017; Xia et al. 2016a; Xia et al. 2016b; Xie et al. 2013; Zhang et al.
2015). The discussion first focuses on exposure and potential metal sources followed by a
discussion of observed concentration changes in urine metals during pregnancy.

4.1 Uranium exposure

Few studies report urine uranium concentrations for the general population or among
pregnant women (Callan et al. 2013; CDC 2018; Jain 2013). The median urine uranium
concentration for NBCS women was 2.67-2.8 times higher than the US reference
population. Similarly, the geometric mean and 95% percentile concentration for NBCS
participants were also greater than respective NHANES values. These findings support long
standing community concerns about uranium exposure (Lewis et al. 2015). Uranium was
mined on the Navajo Nation from the mid-1940s until the late 1980s and previous work has
identified uranium at elevated concentrations in abandoned uranium mines, waste piles, and
water resources (Blake et al. 2015; Corlin et al. 2016; Credo et al. 2019; Hoover et al. 2018;
Hoover et al. 2017) when compared to background sites in the region. Exposure to uranium
may be linked with subsistence or traditional activities proximal to abandoned uranium mine
sites (Lewis et al. 2017). Previous research in Spain indicated that dietary uranium exposure
was predominately from fish and seafood as well as dairy products (Bellés et al. 2013);
however, for Navajos, seafood and fish are not traditional dietary components and previous
nutritional research indicated that these food items comprise less than 1% of dietary energy
or protein (Ballew et al. 1997). Other exposure sources may include ingestion of uranium via
drinking water, use of unregulated water sources (Ingram et al. 2020), inhalation of
windblown dust (Zychowski et al. 2018), or ingestion of locally grown foods (Samuel-
Nakamura 2013).

The NBCS uranium biomonitoring results support observations from other biomonitoring
studies conducted in New Mexico, Arizona, and the Navajo Nation (Table 6). For example,
the Grants Mineral Belt Uranium Biomonitoring Project surveyed 99 men and women who
lived in an area proximal to the eastern portion of the Navajo Nation. While not directly
comparable to NBCS results, this project reported an average urine uranium concentration of
0.067 pg/g creatinine (NMED 2011) which is greater than the median reported for the NBCS
and higher than the NHANES values for the general population in the United States. Despite
inclusion of some individuals with potential occupational exposure, results from the Grants
Mineral Belt Uranium Biomonitoring Project similarly reflects uranium exposure among
residents who live on or near the Navajo Nation. Another uranium exposure assessment
study focused on Navajo households in the Arizona portion of Navajo Nation and reported a
median urine uranium concentration of 0.031 ug/g creatinine (Murphy et al. 2009). This
concentration is greater than the median reported for the NBCS. Despite different target
populations, these studies consistently indicate greater uranium exposure for residents of the
Navajo Nation when compared to nationally representative biomonitoring studies.

The NBCS results indicated that pregnant Navajo women are more exposed to uranium than
women ages 14-45 in the US reference population. There are few comparable non-
occupational exposure studies, especially those emphasizing pregnant women. Callan et al.
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(2013) investigated heavy metal exposure of pregnant women in Australia and reported a
median creatinine corrected urine uranium concentration of 0.01 pg/g and 65.3% of samples
less than the instrument limit of detection. For comparison, uranium was less than the limit
of detection in less than 3.5% of NBCS samples. Reporting on results from a cohort of
reproductive-aged Danish women, Rosofsky et al. (2017) reported that 68% of samples had
detectable concentrations but a geometric mean of 0 ng/mL. Bloom et al. (2015) reported a
median uncorrected urine uranium concentration of 0.003 pg/L for women with singleton
deliveries that participated in the Longitudinal Investigation of Fertility and the Environment
(LIFE) study in Michigan, USA and the US Gulf Coast. Comparison with these studies
suggests that urine uranium concentrations among NBCS participants are higher than in
other populations.

4.2 Exposure to other metals

Although NBCS urine arsenic (total) concentrations were less than values for the reference
population, maternal arsenic exposure remains a concern because it is associated with a host
of negative birth outcomes (Vahter 2009). Previous research suggests an association between
negative birth outcomes and environmental arsenic when environmental concentrations
exceed 50 pg/L (Kile et al. 2016; Milton et al. 2017; Quansah et al. 2015; Vahter 2009). We
hypothesize that total arsenic concentration differences between NBCS participants and the
US reference population may be driven by a number of factors including drinking water and
diet. Drinking water is a potential source of arsenic exposure for residents of the Navajo
Nation because it is regularly detected in unregulated water sources (Credo et al. 2019;
Hoover et al. 2018; Hoover et al. 2017; Jones et al. 2020) and in some public water systems
at concentrations exceeding the Safe Drinking Water Act Maximum Contaminant Level
(MCL) of 10 pg/L. The Safe Drinking Water Act is the federal law enabling the US
Environmental Protection Agency to regulate concentrations of specific chemicals in
drinking water provided by public water systems. The maximum contaminant level (MCL)
is the legally enforceable maximum concentration allowable under the regulatory power
granted by the SDWA (Tiemann 2010). Contaminant specific MCLs provide benchmarks for
comparison even for water sources that are not regulated by the SDWA. A review of the
Enforcement and Compliance History Online (ECHO) data portal indicated 142 public water
systems operating on the Navajo Nation in reporting year 2017. Twenty-three of these
systems had health-based violations of the Safe Drinking Water, including seven systems
with arsenic concentrations exceeding the MCL. Previous studies in Arizona, USA indicated
that for individuals who drink water with arsenic concentrations that exceed the MCL (and
do not consume seafood), 40% of total arsenic comes from drinking water. For people who
use public water with arsenic concentrations less than the MCL, 7% of total arsenic intake is
from water and the remainder is from diet (Kurzius-Spencer et al. 2013).

Diet is the dominant source of inorganic arsenic exposure for people using drinking water
with arsenic concentrations less than the MCL (Kurzius-Spencer et al. 2014). It is well
established that arsenic is present in food supplies in the United States and that common
dietary sources of inorganic arsenic include rice, rice derived products, other cereals,
vegetables, seafood, fruits, shellfish, and seaweed (Nachman et al. 2017). Of these foods,
rice, most shellfish and seaweeds have very high concentrations of inorganic arsenic (as high
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as thousands of ng inorganic arsenic per g) while the other food types have lower
concentrations (<20 ng inorganic arsenic per g) (Cubadda et al. 2017). Arsenic in seafood is
generally in an organic form (arsenobetaine) that is considered low toxicity; however, certain
seafood products may have 20-30% in an inorganic or methylated form that has greater
toxicity (Kurzius-Spencer et al. 2013). This is particularly pronounced in like mollusks,
crustaceans, and edible seaweed (Cubadda et al. 2017). Among the US general population,
consumption of fish and seafood is a key driver of total urinary arsenic concentrations
(Hughes et al. 2011; Navas-Acien et al. 2011). For Navajos, seafood and fish are not
traditional dietary components and previous nutritional research indicated that these food
items comprise less than 1% of dietary energy or protein (Ballew et al. 1997). De La Rosa et
al. (2020) reported that NBCS women had lower seafood intake when compared to women
14-45 samples for NHANES. Consumption of other foods that may have higher arsenic
accumulation, such as grains, are higher among NBCS participants compared to NHANES.
Additional investigation is needed to evaluate the arsenic accumulation and type found in
foods commonly consumed by NBCS participants — a broad challenge for dietary exposure
assessments (Nachman et al. 2017) - and to conduct a more targeted dietary assessment to
evaluate sources of arsenic intake and their correspondence with urine arsenic
concentrations.

Total urine mercury is considered to represent predominately inorganic mercury exposure,
which may include inorganic mercury from dental amalgams and demethylated fish-derived
mercury (Sherman et al. 2013), and to a lesser extent, elemental mercury (Berglund et al.
2005). Previous research reported that recent seafood and fish consumption led to higher
urine mercury concentrations among the US population (Jain 2017). NBCS participants
reported less seafood intake compared the women in NHANES (De La Rosa et al. 2020),
which may contribute to the lower overall urine mercury concentrations observed in this
cohort when compared to NHANES. Dental health is of particular concern on the Navajo
Nation because nearly 90% of preschoolers on the Navajo Nation experience dental decay
and as much as 70% of individuals have untreated dental decay (Batliner et al. 2014).
Previous studies have demonstrated that dental amalgams may help to explain urine mercury
concentrations due to the presence of mercury in the amalgams (Carta et al. 2002); however,
within the present study no data were available to assess the association between dental
amalgams and urine mercury. Other potential mercury exposure sources for NBCS
participants include the presence of three coal-burning power plants on and near the Navajo
Nation (USEPA 2011), especially in areas where thermal inversions trap emissions closer to
the surface (Bunnell et al. 2010).

Coal burning for home heating is another potential exposure source for mercury, cadmium,
lead and other metals. Enrollment survey responses indicated that 40.3% of NBCS
participants report burning coal for home heating. Unprocessed bituminous coal is widely
available at a low cost on the Navajo Nation (Kirschbaum et al. 2000). Previous research
demonstrated elevated concentrations of particulate matter (PM,, 5) that contained cadmium,
lead, manganese and mercury (Bunnell et al. 2010) and thallium (Dreesen et al. 1977) in
Navajo homes where coal is burned for home heating.

Environ Res. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoover et al.

Page 11

Urine concentrations of cadmium are higher among NBCS mothers compared to the US
reference population. Cigarette smoking is considered the primary non-dietary source of
cadmium exposure for the US population (Richter et al. 2009). Tobacco has naturally high
cadmium concentrations and urinary concentrations of cadmium of smokers are elevated
when compared to non-smokers (ATSDR 2012; Tellez-Plaza et al. 2012). Nationally, a
decreasing trend in urine cadmium concentrations has been observed since 1988, which may
be due in part to decline smoking rates among the US population and smoking cessation
programs (Tellez-Plaza et al. 2012). The majority of NBCS participants are never-smokers
(smoked <100 cigarettes in their lifetime) however, which suggests that smoking may not be
the primary source of cadmium exposure among participants. Although food is considered to
be the most significant source of cadmium for non-occupational exposure (Faroon et al.
2012), it is unclear from the available data how locally grown foods contribute to cadmium
exposure on the Navajo Nation. Enrollment survey results indicated that 16.1% of NBCS
women reported growing fruits or vegetables for consumption. Locally grown vegetables
may contribute to cadmium intake, as cadmium in the soil could be a significant source.
However, there is limited investigation of soil cadmium concentrations on the Navajo
Nation. Samuel-Nakamura and Hodge (2020) analyzed soil samples from locations in the
Eastern Agency of Navajo Nation. They found soil cadmium concentrations of 0.50 mg/kg
around plant roots and 0.512 mg/kg in topsoil, which is comparable to the crustal average of
0.1-0.5 mg/kg. Observations that median urine cadmium concentrations among pregnant
Navajo women exceed women from NHANES suggests a need for follow up investigation to
determine if adverse health outcomes are associated with the higher levels and a more
thorough investigation of exposure routes to inform possible interventions to reduce
exposure.

Urine lead measurements are less invasive than blood measurements but urine
concentrations are subject to more biological variation than other biological fluids (Barbosa
Jr et al., 2005). For this reason, urine is less preferred for evaluating lead exposure but has
seen some use in long-term occupational exposure monitoring. Results from the present
study indicate higher urine lead concentrations compared to NHANES; however, urine lead
concentrations experience much biological variation so we suggest a follow up investigation
emphasizing blood lead measurements. For individuals with lead exposure there are several
potential sources on the Navajo Nation including ingesting water from some unregulated and
regulated water sources (Hoover et al. 2018), inhaling coal dust from in-home burning of
coal for heating (Bunnell et al 2010), and cigarette smoking (Richter et al 2009).

Overall thallium exposure for NBCS participants was lower compared to NHANES data,
suggesting less exposure. There are several potential exposure sources for NBCS
participants, including the environment and diet. Thallium is a metal that is regularly found
in the environment at concentrations less than 1 part per million (Belzile and Chen 2017).
Mining activities may lead to increased thallium concentrations and previous studies
reported concentrations as high as 20,000 parts per million thallium in pyrite slag from
antimony-thallium mines (Baceva et al. 2014); however, previous research on Navajo Nation
has not indicated extensive environmental testing for thallium in water sources across the
Navajo Nation (Hoover et al. 2018), and in cases where thallium was measured it was
infrequently detected in groundwater (US EPA 2006). Diet is another potential thallium
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source, including home grown fruits and green vegetables, and shellfish (Tyrrell et al. 2013).
Survey results indicated that 16.1% of NBCS study participants indicated that they grow
fruits or vegetables, suggesting this is a possible exposure source.

Urine manganese concentrations for NBCS participants were observed to be higher than the
NHANES comparison group. Manganese is an essential element and potential neurotoxicant
that has been associated lower birth weight (Eum et al 2014), diminished attention span, and
lower intellectual growth in children (Wasserman et al., 2006; Wasserman et al., 2016).
There are several possible sources of manganese exposure on the Navajo Nation. Hoover et
al (2018) reported spatial clusters of unregulated water sources with water manganese
concentrations regularly exceeding the Health-Based Screening Level of 300 pg/L.
Manganese has also been identified in PM2.5 associated with soils on the Navajo Nation
(Gonzalez—Maddux et al. 2014) and in coal burned in homes in the northern area of Navajo
Nation (Bunnell et al. 2010). Additional investigation is needed to discern the dominant
source (i.e., coal burning, regional power plants, diet, cigarette smoking) of cadmium, lead,
thallium, and manganese exposure among NBCS participants and associations with negative
birth outcomes and neurodevelopment.

4.3 Urine metals concentration changes during pregnancy

Collection of urine samples at two time points during pregnancy enabled evaluation of
changes in urinary concentrations. There are few previous studies that investigated urine
metal variability during pregnancy (Ashrap et al. 2020) and these cohorts were primarily
urban populations (Fort et al. 2014). Available evidence from these studies suggests that
some urine metal concentrations change during pregnancy. For example, Fort et al (2014)
indicated a 9.4% increase in the median arsenic concentration from 1st to 3rd trimester and
an 11.5% median decrease in urine cadmium from 1st to 3rd trimester.

The median concentration of cadmium in NBCS maternal samples decreased from
enrollment to delivery trimester. This decrease has been observed in other pregnancy cohorts
(Fort et al. 2014) and may be due to metallothioneins causing cadmium to accumulate in the
placenta (Osman et al. 2000; Rudge et al. 2009). To investigate the role of smoking status on
this observation we determined enrollment to delivery trends stratified into groups of never
smokers and ever smokers and found a statistically significant decrease for both groups (data
not shown). Nonetheless, we cannot rule out that the decrease may have been caused, in part,
by participants changing their smoking habits during pregnancy, though we consider this to
be less likely because 81.9% of NBCS maternal participants were never smokers before
enrolling in the study. We observed a decrease in median, uncorrected urine cadmium
(-0.060 pg/L) in agreement with the direction of change observed in the corrected
concentrations.

The median creatinine corrected urine uranium results were not different between
enrollment and delivery. The observed decrease (-0.0021 ug/L) using the uncorrected
concentrations was less than the expected method variability (3.0 SD = 0.0034 ug/L).
Pairwise individual-level evaluation of uranium from enrollment (15t or 2" trimester) and
delivery (3™ trimester) samples has not been reported for other pregnancy cohorts. Uranium
concentrations were positively correlated between enrollment and delivery and median
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pairwise uranium concentrations were not different between the time points. Previous
research using biomonitoring data from a subset of the NBCS cohort indicated no difference
in urine uranium concentrations when 15t, 214, and 3'd trimester samples were compared
(Dashner-Titus et al. 2018). The previous analysis focused on a subset of samples from the
overall cohort and used enrollment samples only. No paired analysis was conducted to
evaluate individual level changes in urine metal concentrations as pregnancy progresses.
Additionally, the previous work compared NBCS urine metal concentrations to women
sampled during NHANES 2011-12. In the present paper we expanded the reference group to
include women ages 14-45 who participated in NHANES 2011-12, 2013-14, and 2015-16
so that the reference group would be temporally similar to the recruitment period for NBCS.
The analysis presented in this paper is also different from previous publications of NBCS
data because we investigated individual level differences for paired enrollment and delivery
samples.

In the NBCS there is limited evidence of urine concentration change between enroliment
and delivery for manganese, thallium, mercury, lead, or arsenic. The median creatinine
concentration change for thallium decreased from enrollment to delivery (-0.020 pg/g) but
the uncorrected concentration change (—0.025 pg/L) was equivalent to expected method
variability (3.0 SD = 0.025 ug/L). Furthermore, the median creatinine concentration change
of lead indicated a decrease (—0.003 pg/g) that was also reflected in the uncorrected
concentrations (—0.050 pg/L); however, this change was less than the reported method
variability (3.0 SD = 0.053 pg/L). The median creatinine corrected urine manganese
increased (+0.109 pg/g) from enrollment to delivery, but no change was observed when
uncorrected concentrations were evaluated (0.000 pg/L). The observed increase in creatinine
corrected concentrations was less than expected method variability (3.0 SD = 0.225 ug/L).
Similarly, urine mercury concentrations increased (+0.010 pg/g) when the creatinine
corrected values were evaluated but no changed was observed using the raw concentrations
(0.000 pg/L). The method variability for urine mercury was 0.210 ug/L. For urine arsenic
(total) we observed a median increase of 0.64 pg/g creatinine using corrected concentrations
but a median decrease of —0.60 pug/L when uncorrected concentrations were used, which is
slightly greater than method variability (3.0 SD = 0.570 pg/L). We interpret these
observations with caution because the results seem influenced by creatinine correction. This
suggests that creatinine correction of urine metal concentrations may have unintended
impacts on results (Barr et al. 2004). More generally these results suggest that it is critical to
include a measure of method variability when evaluating concentration differences among
paired samples.

Observed changes in urine concentrations of metals between time points may be caused by
metabolic changes experienced during pregnancy. Pregnancy is known to increase
glomerular filtration rate (Cheung and Lafayette 2013) and cause plasma volume expansion
(Hytten and Paintin 1963), both of which may result in altered metal and metalloid filtration
from blood into urine. For example, metabolic changes during pregnancy may influence
urine manganese concentrations, which has been observed in other birth cohorts (Arbuckle
et al. 2016). Pregnant women and their infants may see an increase in blood manganese
concentrations due to fetal demands for manganese during pregnancy (Spencer 1999).
Changes in urine metal/metalloid concentrations may also be caused by diet changes during
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pregnancy. No information is available for the present study to evaluate diet changes during
pregnancy. The food frequency analysis previously completed and reported by De La Rosa
et al. (2020) relied on one-time data collection to characterize general patterns of food
consumption throughout pregnancy. A follow up study could be conducted to evaluate diet
changes during pregnancy, which would provide additional information to interpret changes
in urine metal concentrations.

Correlations among creatinine corrected urine metals were generally weak, as evidenced by
the correlation plots (Figure 4). Statistically significant correlations were observed among
metals at both timepoints. Generally low and many insignificant correlations is consistent
with other investigations. Ashrap et al (2020) reported a lead-manganese correlation of
p=0.26, which is similar to the present study (p=0.28) and a strong correlation between
cadmium and lead (p=0.55). The cadmium-lead correlation observed in the present study
was not as strong (p=0.19) at delivery but statistically significant. These differences could be
due to the use of creatinine corrected values and not specific gravity correction or raw values
as presented in other publications. The significantly correlated values for some of the metals
may indicate common sources of exposure, such as drinking water, sociodemographic, diet,
or other exposures. More focused exposure assessments for these metals may help further
explain common sources, suggested by the correlation values.

4.4 Limitations

The recruitment protocol for this study enabled women to enroll at any point during their
pregnancy. As a result, there is variability in the number of samples available for analysis by
time point. While all urine samples were collected at the hospital during appointments
between normal clinic hours and therefore represent a restricted 8-hour period, the data have
not been analyzed with respect to morning versus afternoon collections; diurnal variations in
urine metal and creatinine concentrations cannot be ruled out. Additionally, seasonal effects
might influence metals exposure and was not explicitly assessed in this paper. NBCS sample
collection occurred throughout the year with samples collected during all seasons so
seasonal effects should be minimized. We also assume that metals exposure during the
pregnancy period is generally consistent because few participants reported moving during
this period and previous research demonstrated the mean duration of residence to exceed 36
years in some Navajo communities. The recruitment procedure emphasized women who
sought prenatal care at one of six hospital facilities on the Navajo Nation and willingness to
delivery at one of the six participating facilities was an inclusion criterion. While there is
potential for selection bias due to this inclusion criterion, the participating hospital facilities
are the largest on the Navajo Nation and account for the majority of births. Lastly, the
reference population used in this study was limited to women ages 14-45 from NHANES
cycles 2011-12, 2013-14, and 2015-16. The population was not limited to pregnant women
which likely contributes to some of the differences observed between the NBCS study
population and the reference population.

This study also did not consider residential proximity to abandoned uranium mines and its
relationship with urine metal concentrations. Previous research on the Navajo Nation found
positive associations between residential proximity to abandoned uranium mines and
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circulating biomarkers of inflammation potential (Harmon et al. 2017). A similar approach
could be applied to evaluate associations between residential proximity and urine metal
concentrations in this cohort because home locations were collected for approximately half
of the study participants. De la Rosa et al (2020) reported food frequency questionnaire
results for a subset of NBCS participants. These questionnaires were administered late in the
third trimester and were designed to assess typical diet throughout pregnancy. Information is
not available to evaluate dietary changes throughout pregnancy, though we cannot rule it out
as a possible explanation for changes in urine metal concentrations between 15t and 3™
trimester. Lastly, dietary assessment of metals exposure faces a broader challenge of
characterizing the occurrence and form of metals in food products. Although new
technologies are available to support this effort, dietary exposure assessment previously
completed, including those on the Navajo Nation, have not quantified the metals occurrence
in many of the foods consumed by the study population. This remains an area for future
research to evaluate the role of diet in metals exposure. Despite this limitation, the study
results are consistent with other investigations that reported some changes in urine metal
concentrations during pregnancy, without considering dietary changes. Follow up
investigations could be designed to specifically address the relationship between diet
changes, metabolism changes, and urine metal concentration changes throughout pregnancy.

4.5 Conclusions

The Navajo Birth Cohort Study was initiated to address community concerns about exposure
to uranium and co-occurring metals. Biomonitoring results from NBCS women indicated
higher uranium exposure for pregnant Navajo women compared to women ages 14-45 in the
US general population and lower exposure to other toxic metals and metalloids, such as
mercury and arsenic. These results support longstanding community concerns about uranium
exposure and provides evidence of exposure to multiple metals — many of which have
previously been associated with negative birth outcomes. Furthermore, comparison of urine
metal concentrations from two time points during pregnancy indicated that concentrations of
some metals do change as pregnancy progresses while other remain stable This suggests that
for some elements gestational age at time of sample collection may impact measured urine
concentrations. These findings suggest a continued need to refine our understanding of the
environmental and dietary sources of metals exposure to inform strategies that reduce
exposure among pregnant women and residents of the Navajo Nation.
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Highlights

. Navajo Nation residents may be exposed to uranium (U) and co-occurring
metals

. Median urine U value for pregnant Navajo women is 2.8 times higher than
NHANES

. Urine cadmium and lead are higher among pregnant Navajo women compared
to NHANES

. Urine metal concentrations may be impacted by gestational age at time of
collection
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Figure 1.

Study area map illustrating the location of abandoned uranium mines (red X), Navajo Nation
boundaries and the location of enrollment facilities.
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Enrolled Participants - Navajo Birth Cohort Study

N =783
| l
Enrollment Urine Sample for
Survey Biomonitoring
N = 607 N =677

l

Enrollment Urine Sample
N = 591
Excluded
3rd trimester (N = 217) Delivery Urine Sample
Missing trimester information (N = 60) N = 449
1st or 2nd Trimester Excluded
N = 304 >300 mg/dL creatinine (N = 1)
Missing creatinine information (N = 2)
Excluded
>300 mg/dL creatinine (N = 6)
Missing creatinine information (N = 4)

Paired 1st/2nd Trimester Enroliment
& Delivery
Urine Samples
N = 196

Figure 2 —.
Summary of surveys and biomonitoring samples selected for analysis
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Figure 3.
Bean plot illustrating the distribution and median concentration for urine creatinine-

corrected metal concentrations, stratified by enrollment (during 15t or 2" trimester) and
delivery (collected after 36 weeks gestational age or when a pregnant mother was admitted
to the hospital for labor). Reference population (NHANES) median concentrations are
plotted as a dashed line for each metal.

Environ Res. Author manuscript; available in PMC 2021 November 01.

Uranium

1st/2nd 3rd



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Hoover et al. Page 26

Enrollment Samples (1st or 2nd Trimester) Delivery Samples
Uranium-| 009 | -0.02 | 0.09 0.17 024 | -0.05 (1.22’E 0.12 0.10 0.33* 0.21* 0.0:|
7 i . " e " Correlation
Thallium-| 0.01 0.21 0.30 | 0.17 0.14 0.03 0.12 0.0 | 0.04 0.09 Coefficient (p)
l 1.0
Arsenic
(total) -0.04 | 008 | 015 | 022 002 | 015 | 0.16 | 0.19 B 05
* 0.0
Lead -| 004 | 007 | 028 019 | 019 | 032
-0.5
Manganese o7 | 036" 013 | 038 &
Mercury -| 0.11" 0.20
S % % e, W 4 S % % e ko %
&) ) S & ) &) ) S < 3, %,
(07 7 7, % e S, (oA 7 7, % 28 Sy,
B Y & TR 4 %y & &, O %%y Y
D v TR, YT @D T R, T
]
Figure 4.

Correlation heat maps for seven metals at enrollment (15t or 2™ trimester) and delivery.
Units are pg/g-creatinine. An * indicates a p-value <0.05.
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Table 1.

Characteristics of pregnant women enrolled in the Navajo Birth Cohort (N=607)

Characteristic

NBCS

Navajo Nation

NHANES?

Age — Median

26 (25-27)

32,0 (31.4-32.6)°

29.5(29.1-29.9)

Body Mass Index (BMI):

<=25 (Normal)

28.2% (24.6-32.1%)

17.6% (16.7-18.5%)°

42.6% (40.4-44.8%)

25-30 (Overweight)

30.2% (26.4-34.0%)

32.8% (31.7-33.9%)°

24.2% (22.74-25.7%)

30-35 (Obese)

41.7% (37.6-45.9%)

49.6% (48.5-50.7%)°

33.3% (31.6-35.0%)

Education (Less than High School)

21.7% (18.5-25.2%)

18.4% (17.6-19.2%) 7

24.7% (22.8-26.6%)

Household Income <$20,000 annually

65.7% (61.2-69.9%)

42.6% (41.2-44.0%)°

14.1% (12.2-16.0%)

Not working

68.8% (64.9-72.5%)

65% (64.5-65.5%)

35.0% (32.8-37.2%)

Smoking status

Ever smoker

18.2% (15.3-21.8%)

14.1% (13.1-15.1%)7

31.3% (29.2-33.4%)

Never smoker

81.8% (78.4-84.9%)

85.9% (84.9-86.9%)7

68.7% (66.6-70.8%)

Not reported

53%

Note.

aNHANES — National Health and Nutrition Evaluation Survey 2011-12, 2013-14, and 2015-16, females ages 14-45

bWomen only, from Table S0101, 2015 American Community Survey [5-year estimates], margin of error is a 90% Confidence Interval
C(SIattery et al. 2010)

dFrom Table S1501, 2015 American Community Survey [5-year estimates], margin of error is a 90% Confidence Interval

eFrom Table B19001C, 2015 American Community Survey [5-year estimates], margin of error is a 90% Confidence Interval

fFrom Table S2301, 2015 American Community Survey [5-year estimates], margin of error is a 90% Confidence Interval

g(Redwood D et al. 2010)
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Table 2.

Key demographic variables stratified by number of collected urine samples

Page 28

Characteristic

0 Urine Setmplesa

1 Urine Sample

2 Urine Samples

Median Age - Years (Median, SD)

26.15 (6.36)

27.50 (5.89)

27.58 (5.96)

Median Body Mass Index (Median, SD):

29.20 (6.55)

29.06 (6.71)

29.00 (6.46)

Proportion of participants with education less than high school (proportion,

95% CI)

0.23 (0.11-0.41)

0.24 (0.18-0.31)

0.21 (0.17-0.25)

Proportion of participants with household income <$20,000 annually

(proportion, 95% CI)

0.86 (0.66-0.95)

0.63 (0.54-0.71)

0.65 (0.60-0.70)

Proportion of participants unemployed

0.77 (0.59-0.89)

0.69 (0.61-0.75)

0.68 (0.63-0.73)

Proportion of participants classified as never smoker (proportion, 95% CI)

0.24 (0.11-0.42)

0.18 (0.13-0.25)

0.18 (0.14-0.22)

Notes -

a . - . . ] . .
Indicates that a woman agreed to participate in the study, completed an enrollment survey but did not provide a urine sample for metals analysis.
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Table 3.

Summary statistics of select urinary metals (ug/g creatinine) by enroliment and delivery with NHANES
comparison (females only, ages 14-45)

Metal Measure NBCS - Enrollment NBCS - Delivery NHANES

cd GM (95% CI) 0.219 (0.202 -0.236)  0.148 (0.138 - 0.159)  0.133 (0.125-0.141)
Median (95% CI)  0.225 (0.209 —0.247)  0.141 (0.132 - 0.154)  0.132 (0.122-0.143)
P95 (95% CI) 0.609 (0.564 — 0.761) 0.495 (0.425-0.613)  0.543 (0.476-0.61)
Range 0.028 - 1.713 0.015-8.277 0.012-7.56
%<DL 6.2 21.4 222
N 304 449
Detection Limit 0.036 pg/L

Hg GM (95% ClI) 0.155(0.129-0.186)  0.162 (0.137-0.193)  0.263 (0.247-0.28)
Median (95% CI)  0.123 (0.108 - 0.159)  0.120 (0.109 - 0.157)  0.243 (0.224-0.261)
P95 (95% Cl) 1.114 (0.902 - 1.480)  1.24 (1.01 - 1.43) 1.489 (1.304-1.673)
Range 0.044 - 2.627 0.048 — 3.856 0.02-70.966
%<DL 51.2 58.3 33.8
N 299 446
Detection Limit 0.13 pg/L

Mn GM (95% CI) 0.189 (0.173-0.208)  0.326 (0.296 — 0.362)  0.145 (0.135-0.155)
Median (95% CI)  0.172 (0.158 —0.194)  0.299 (0.277 — 0.343)  0.139 (0.128-0.15)
P95 (95% Cl) 0.744 (0.568 —1.110)  2.071 (1.74-355)  0.565 (0.504-0.627)
Range 0.052 —2.948 0.059 — 24.855 0.012-22.083
%<DL 345 29.2 57.4
N 304 448
Detection Limit 0.13 pg/L

Pb GM (95% ClI) 0.282 (0.266 —0.299)  0.314 (0.296 —0.334)  0.265 (0.249-0.281)
Median (95% CI)  0.261 (0.252 - 0.284)  0.292 (0.275-0.316)  0.252 (0.233-0.27)
P95 (95% Cl) 0.78 (0.609 — 0.899) 0.962 (0.817 —1.34)  0.876 (0.762-0.989)
Range 0.039-2.324 0.039 - 22.164 0.03-27.529
%<DL 13 1.6 1.7
N 304 449
Detection Limit 0.03 pg/L

As (Total)  GM (95% Cl) 5.834 (5.490 - 6.210)  6.233 (5.91 — 6.59) 6.991 (6.5-7.519)
Median (95% CI)  5.449 (5.060 -5.740  5.871(559-6.20)  5.791 (5.374-6.208)
P95 (95% Cl) 13.983 (11.3-15.300) 15.817 (14.0-17.4)  48.646 (36.706-60.585)
Range 1.915-192.503 0.282 - 403.273 0.947-987.826
%<DL 0 0.2 3.8
N 302 448
Detection Limit 0.26 pg/L

Tl GM (95% CI) 0.159 (0.151-0.167)  0.141 (0.136 - 0.147) ~ 0.176 (0.17-0.183)
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Metal Measure NBCS - Enrollment NBCS - Delivery NHANES
Median (95% CI)  0.158 (0.148 -0.170)  0.141(0.135-0.151) 0.174 (0.165-0.182)
P95 (95% ClI) 0.332(0.291-0.354)  0.297 (0.272-0.319)  0.453 (0.412-0.494)
Range 0.038 - 0.862 0.011 - 0.685 0.007-2.568
%<DL 1 3.8 0.5
N 304 449
Detection Limit 0.018 pg/L

U GM (95% ClI) 0.018 (0.017 - 0.02) 0.018 (0.017-0.02)  0.006 (0.005-0.007)

Median (95% CI)
P95 (95% Cl)
Range

%<DL

N

Detection Limit

0.017 (0.015 - 0.019)
0.064 (0.053 — 0.0861)
0.003 -1.789

2.6

304

0.002 pg/L

0.016 (0.016 — 0.018)
0.069 (0.059 — 0.082)
0.004 — 0.584

2.9

449

0.006 (0.005-0.006)
0.029 (0.023-0.035)
0.001-1.012

20.7

Page 30

Note: DL — Detection Limit; 95% CI - indicates the 95% confidence interval; NHANES — National Health and Nutrition Evaluation Survey Cycles
2011-12, 2013-14, and 2015-16 limited to females ages 14-45
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Difference in concentrations between enrollment (15t or 2™ trimester) and delivery compared with laboratory

method variability (3.0 times quality control standard deviation). All concentrations in pg/L.

Metal N Median Change, (delivery — enrollment)T Quality control Mean (3.0*SD)
cd 195 -0.060 0.217 (0.049)

Hg 193 0.000 0.329 (0.210)

Mn 195 0.000 0.805 (0.225)

Pb 196 -0.050 0.441 (0.053)

As (total) | 192 -0.600 10.12 (0.570)

Tl 196 -0.025 0.173 (0.025)

U 195 -0.0021 0.0174 (0.0034)

Note.

fpairwise difference
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Page 32

NBCS Pairwise Correlation (Spearman’s p) and median concentration change between enrollment (15t or 2"
trimester) and delivery

Metal NE Correlation (p-value) | Concentration A in pg/g creatinine (p-value) | % Change
Cd 195 0.540 (<0.001) -0.060 (<0.001) -27.4%
Hg 193 0.502 (<0.001) 0.010 (0.153) +6.3%
Mn 195 0.133 (0.091) 0.109 (<0.001) +41.7%
Pb 196 0.435 (<0.001) -0.003 (0.910) -1.6%
As (total) | 192 0.339 (<0.001) 0.64 (0.002) +14.3%
Tl 196 0.229 (<0.001) -0.02 (0.002) -14.6%
u 195 0.452 (<0.001) 0.000 (0.524) -4.0%
Note

a . . . . - . -
number of paired enrollment and delivery samples; metal concentration presented in creatinine corrected units, pg/g creatinine
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Table 6.

Comparison of urine uranium results among studies from the southwest USA

Page 33

Geometric mean

Study Sample Population Measure of central Reported Value
tendency
NBCS Pregnant women between 14-45 on the Navajo Nation Median 0.017 pg/g-creatinine

0.018 pg/g-creatinine

al. 2009)

Reservation

Grants Mineral Belt Uranium 99 men and women living in the Grants Mineral Belt Mean 0.067 pg/g-creatinine
Biomonitoring Project (NMED of western New Mexico

(2011))

CDC Biomonitoring (Murphy et Adult Navajos who live in central area of the Median 0.031 pg/g-creatinine
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