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Abstract

Background: Characterizing the complexity of environmental exposures in relation to human 

health is critical to advancing our understanding of health and disease throughout the life span. 

Extant cohort studies open the door for such investigations more rapidly and inexpensively than 

launching new cohort studies and the Human Health Exposure Analysis Resource (HHEAR) 

provides a resource for implementing life-stage exposure studies within existing study 

populations. Primary challenges to incorporation of environmental exposure assessment in health 

studies include: (1) lack of widespread knowledge of biospecimen and environmental sampling 

and storage requirements for environmental exposure assessment among investigators; (2) lack of 

availability of and access to laboratories capable of analyzing multiple environmental exposures 

throughout the life-course; and (3) studies lacking sufficient power to assess associations across 

life-stages. HHEAR includes a consortium of researchers with expertise in laboratory analyses, 
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statistics and logistics to overcome these limitations and enable inclusion of exposomics in human 

health studies.

Objective: This manuscript describes the structure and strengths of implementing the 

harmonized HHEAR resource model, and our approaches to addressing challenges. We describe 

how HHEAR incorporates analyses of biospecimens and environmental samples and human health 

studies across the life span - serving as a model for incorporating environmental exposures into 

national and international research. We also present program successes to date.

Discussion: HHEAR provides a full-service laboratory and data analysis exposure assessment 

resource, linking scientific, life span, and toxicological consultation with both laboratory and data 

analysis expertise. HHEAR services are provided without cost but require NIH, NCI, NHLBI, or 

ECHO funding of the original cohort; internal HHEAR scientific review and approval of a brief 

application; and adherence to data sharing and publication policies. We describe the benefits of 

HHEAR’s structure, collaborative framework and coordination across project investigators, 

analytical laboratories, biostatisticians and bioinformatics specialists; quality assurance/quality 

control (QA/QC) including integrated sample management; and tools that have been developed to 

support the research (exposure information pages, ontology, new analytical methods, common 

QA/QC approach across laboratories, etc.). This foundation supports HHEAR’s inclusion of new 

laboratory and statistical analysis methods and studies that are enhanced by including targeted 

analysis of specific exposures and untargeted analysis of chemicals associated with phenotypic 

endpoints in biological and environmental samples.

Conclusion: HHEAR is an interdisciplinary teams of toxicologists, epidemiologists, laboratory 

and data scientists across multiple institutions to address broad and complex questions that benefit 

from integrated laboratory and data analyses. HHEAR’s processes, features, and tools include all 

life stages and analysis of biospecimens and environmental samples. They are available to the 

wider scientific community to augment studies by adding state of the art environmental analyses to 

be linked to human health outcomes.

Introduction

The etiology of health and disease is increasingly recognized to result from a complex 

interplay of environmental influences with the genome and biological processes across time. 

While genomics is a well-established field, the exposome is frequently a key missing 

component. This is significant as it is estimated that 70 to 90% of chronic disease risks are 

affected to some extent by the environment (Rappaport et al. 2010). Systematically 

analyzing multiple exposures and their associations with health endpoints throughout the 

life-course and across cohorts is the 21st century challenge facing human health researchers 

(Wild 2005, Cui et al. 2016). The time varying nature of the environment makes exposomics 

an extraordinarily complex science. DNA sequence is static but environment changes with 

time and requires multiple assessments. Furthermore, the life-stage at the time of assessment 

is important.

Specific challenges facing exposomics include the lack of sufficient resources to measure the 

multiple environmental exposures at life-stage specific windows of susceptibility, while 

including a sufficient number of subjects to attain the statistical power required to assess 
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associations across developmental life-stages (fetal, infancy, childhood, pre-adolescence, 

adolescence, etc.). To overcome the latter challenge, evidence accumulated from 

independently conducted studies is required - especially data from longitudinal cohorts. 

Combining such cohorts with newer laboratory analysis technologies, such as untargeted 

metabolomics analyses, allow for simultaneous analysis of thousands of biomarkers (i.e., 

endogenous metabolites) and exogenous chemical exposures; however, these analysis 

methods are complex to apply and interpret, and are even more challenging when comparing 

results across laboratories (Rappaport 2012; Uppal et al. 2016; Athersuch 2016). Cross-

validation of these discovery-driven approaches with traditional targeted biomonitoring and 

data analysis methodologies require organization and standard assessments for comparisons 

and integration. In addition, familiarity with environmental assessment tools is still lacking 

for many health researchers, particularly those in fields outside environmental health. By 

partnering with a harmonized exposure analysis resource, the interdisciplinary research team 

(neurosciences, infectious disease/immunology, endocrinology, etc. with exposure science) 

is more likely to discover new insights that will drive the field of health research forward. 

This kind of inter-disciplinary cross-talk is often the seed that leads to breakthroughs in 

science.

To address these issues, the National Institute of Environmental Health Sciences (NIEHS), 

the National Cancer Institute (NCI), the National Heart, Lung, and Blood Institute (NHLBI), 

and Environmental Influences on Child Health Outcomes (ECHO) established the Human 

Health Exposure Analysis Resource (HHEAR) in 2019. HHEAR is a consortium of 

environmental health researchers and laboratories which provides eligible investigators 

access to expert laboratory and data analyses that add or expand environmental exposures in 

health studies, at no cost to the investigator (Balshaw et al. 2017). HHEAR is a continuation 

of the NIEHS Children’s Health Exposure Analysis Resource (CHEAR) that was expanded 

to include environmental sample analysis and health outcomes at all life stages. In addition, 

HHEAR has the capability for analyses of environmental samples linked to health outcomes 

to examine the sources of environmental exposures. The goal is to provide the research 

community access to laboratory and statistical analyses to add or expand the inclusion of 

environmental exposures in their research and to make that data publicly available. This will 

serve as a means to improve our knowledge of the comprehensive effects of environmental 

exposures on human health throughout the life course. In addition, the data will add to our 

understanding of the processes that occur between exposure and disease, which can help 

health officials determine possible intervention points to prevent disease and improve 

chemical risk assessment.

This manuscript describes the structure and strengths of implementing the harmonized 

HHEAR model and our approaches to addressing challenges. We describe how HHEAR 

incorporates analyses of biospecimens and environmental samples and data for human 

health studies across the life span - serving as a model for incorporating environmental 

exposures into national and international research. We also present program achievements to 

date.
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Discussion

Governance and Structure

HHEAR governance includes a deliberative body – the Steering Committee, and a decision-

making entity – the Executive Committee. The resource focuses on consensus building for 

decision making, with input from working groups established to address specific facets of 

the program. The HHEAR Scientific Expert Panel, which reviews proposals, is composed of 

subject matter experts outside the HHEAR Program with relevant scientific expertise. A 

major strength of HHEAR is the transdisciplinary expertise and years of experience in health 

research among the consortium members (Wright et al. 2018). As the research community’s 

portal to HHEAR services, the Coordinating Center is particularly important in this 

initiative, organizing the many administrative activities, and allowing the laboratory and data 

analysis experts to focus on their specific technical work.

Outreach

An outreach effort is ongoing to inform the human health research community about 

HHEAR’s available services. Because many researchers have not previously included 

environmental exposures or expanded their exposure assessments in their study designs, 

education on the potential of HHEAR to enhance their research is needed. The public 

website is the primary communication vehicle. The website encourages researchers to 

consider whether and how their research could utilize the services and incorporate 

environmental exposures into their studies. This is accomplished via Frequently Asked 

Questions about HHEAR and Exposure Information Pages which explains why 

environmental exposures are relevant to health, provide descriptions of specific chemical 

classes that could be analyzed and the kinds of analyses provided including media (e.g., 

blood, urine, serum, dust, sediment/soil, or silicone wristbands), and quality and quantity of 

samples necessary for laboratory analysis. As the exposome and new, highly sophisticated 

untargeted exposomic and metabolomic analyses are not well known among health 

researchers, a separate information page has been included on the public website to explain 

these terms.

Over the four years of CHEAR, the website had over 7,600 new visitors and over 26,700 

page views, with over 300 people subscribed to receive regular email updates about CHEAR 

services. Since the application process for the program’s continuation as HHEAR opened on 

January 31st, 2020, the HHEAR website has had over 6,000 new visitors and over 21,132 

page views. The top five pages visited have been the HHEAR Homepage, How to Apply, 

HHEAR Application and Review Schedule, Targeted Analysis, and the Sample Matrix table 

(https://hhearprogram.org/).

Outreach activities also include presentations by HHEAR resource investigators to other 

NIH institutes and initiatives and at professional meetings, and publications in relevant 

journals. This is building on the outreach efforts by CHEAR, notably a series in Current 
Opinions in Pediatrics (Balshaw et al. 2017; Peterson and Hecht 2017; Stingone et al 2017; 

Wolff et al 2017; Wright 2017).
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Overall, efforts from CHEAR resulted in the completion of over 73,000 sample analyses 

across more than 45 projects, exceeding the program goals to support 20-40 studies (20,000 

sample analyses) in 2018 and an additional 10 studies (10,000 sample analyses) in 2019. As 

HHEAR, the resource continues to further contribute to these harmonized analyses of 

studies across the life span. Notably, the studies have focused on a wide variety of health 

endpoints (Fig. 1) and analysis groups (Fig. 2). The proportion of health outcomes will 

change as studies of adult populations are added to the resource, e.g., cancer outcomes will 

increase through funding from NCI.

Application process

Because many applicants had not previously considered environmental exposures in their 

research, a system of collaboration was developed to provide early and expert consultative 

services, including proposal interest review and feasibility. HHEAR laboratory hub network 

scientists discuss with the applicant the feasibility of the proposed laboratory analyses and 

suitability of the available biospecimens and/or environmental samples. The HHEAR Data 

Center consults with the applicant on the feasibility of the proposed data analysis plan. This 

process results in greatly improved final applications to HHEAR and expands opportunities 

for including environmental assessment in the applicant’s studies.

The HHEAR consortium has also developed a reference table with quantified measures for 

longitudinal surveillance of the total United States population. The most current National 

Health and Nutrition Examination Study (NHANES) data (Centers for Disease Control and 

Prevention 2019) have been integrated into the HHEAR laboratories analytes table to 

support feasibility assessments for biomonitoring projects. NHANES has collected 

biological specimens (i.e., blood, serum, plasma, urine) continuously since 1999 and reports 

known exposures across the United States population. Chemicals of potential concern (e.g., 

arsenic, environmental phenols) continue to be added to NHANES, with the most recent 

report including data on more than 350 chemicals. Including the NHANES exposure data 

with the HHEAR laboratory analytes supports assessment of the technical requirements for 

measuring potential toxicants (i.e., acceptable level of detection), for determining the likely 

prevalence of detectable levels in the population, identifying of unique analytes needed, and 

providing information on the distribution of exposure in the population. This document is 

used by both the HHEAR Lab Hubs and Data Center to support their feasibility assessments.

The HHEAR Scientific Expert Panel assigns an overall priority level to each project, based 

on a variety of considerations, including scientific merit, study type, health endpoints, 

populations, exposures, and the ability and willingness to share data, as well as the ability of 

a specific study to contribute to the overall assessment of human health impacts and 

relationship with respect to HHEAR objectives and the research priorities of the funding 

agencies. The funding agency makes the final decision for project approval based on the 

panel’s recommendation, requested funding, and other considerations.

Each investigator agrees to public use of the complete de-identified dataset (epidemiologic 

and biomarker data) after an embargo period. Investigators also obtain a letter from their 

Institutional Review Board (IRB) attesting that the original study consent permits the use of 
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samples and data for the HHEAR project as well as unspecified future use that could arise 

from the publicly available data.

Workflow management

The Coordinating Center has implemented a systematic proposal review and project 

management process via proposal tracking and service request applications. These systems 

allow for monitoring of the progress of each proposal from its initial submission to final 

resolution, and each approved project from approval to laboratory and data analysis, and 

finally to publications that result from the work. These systems provide proposal and project 

progress in real-time.

Laboratory analysis services

HHEAR offers targeted and untargeted analyses of human biospecimens and environmental 

samples (Table 1). Targeted analyses are directed by hypotheses about potential associations 

between a health-related endpoint and specific exposures [including environmental phenols, 

per- and polyfluoroalkyl substances (PFAS), pesticides, phthalates, polycyclic aromatic 

hydrocarbons (PAH), trace elements, volatile organic compounds (VOCs), and tobacco 

markers]. Untargeted analyses are hypothesis-free exploratory analyses to discover new 

associations between chemicals or metabolites, either endogenous metabolites or exogenous 

xenobiotics and their metabolites, and health. One of the attractive features of untargeted 

exposure assessment by metabolomics is the direct linkage of indicators of environmental 

exposure with alterations in endogenous molecules, which can be mapped onto biological 

pathways to provide a simultaneous assessment of both exposure and response.

Initially, the resource provided analyses of biological response indicators. These included a 

broad range of methods from epigenomic analyses to assays for molecular markers of 

common biological pathways such as inflammatory signaling and oxidative stress markers. 

HHEAR now focuses on exposure measurements in biospecimens and environmental 

samples. In association with the NIEHS Superfund Research Program, HHEAR provides 

targeted and untargeted analysis to comprehensively measure exposures in air samplers, 

silicone wristbands, and environmental media, including water, soil, sediment, and dust, 

collected from human health studies (Table 1). The silicone wristbands provide additional 

information on cumulative exposures (Hammel et al. 2018). The type of biospecimen or 

environmental sample, the volume available, and how the samples were collected and stored 

will affect the feasibility of requested analyses. Applicant consultations with the resource 

Lab Hubs about the availability and utility of analyses for sample matrices are important to 

determine appropriateness in proposed projects.

To ensure the most accurate and precise data, the HHEAR Laboratory Network has designed 

and implemented quality assurance/quality control (QA/QC) schemes for laboratory 

analyses and reporting.

Targeted analysis is a fairly “mature” field of environmental exposure assessment and 

typically includes a relatively stringent QA/QC scheme for each method. As such, targeted 

analysis include rigorous intra- and inter-laboratory quality control procedures and regular 

participation in international proficiency testing programs. In addition, internal “HHEAR” 
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QC materials (pooled urine, whole blood, or plasma/serum) have been developed to be 

characterized by each laboratory and included in each analytical run. Kannan et al. (2021 in 

issue) and Galusha et al. (2021) further elaborate on the QC and harmonization for organic 

and inorganic chemical analyses across the CHEAR/HHEAR laboratory network. This 

enables the Data Center to conduct direct comparisons between laboratory analyses and help 

to identify any inter-laboratory biases (Mazzella et al. 2021). All Lab Hubs participate in 

common external Proficiency Testing (PT) programs as appropriate. The PT programs 

include trace elements in whole blood, serum, and urine (NYS DOH Biomonitoring); 

organics in urine and serum (German EQUAS and/or Centre de Toxicologie du Québec); 

targeted metals analyses in drinking water and soil (ERA #590, ERA #551, ERA #620); and 

targeted organic analyses in drinking water and soils (ERA #960, ERA #625). If there is not 

an external PT program that covers a HHEAR project analytes in an exposure group for a 

given matrix, the HHEAR Lab Hubs agree on approaches such as splitting samples with 

other labs – either within or external to HHEAR or other review and QC measures for these 

unique situations. These efforts provide assurances that the offered analyses adhere to strict 

performance metrics and are comparable not only within HHEAR but with services provided 

by other laboratories around the world.

The untargeted approaches also undergo rigorous QC measures and take advantage of 

common quality control materials (pooled urine or plasma) that are analyzed across all 

HHEAR laboratories and for each study being analyzed to facilitate the harmonization of 

results from each study. The HHEAR untargeted analyses are also benchmarked against 

other metabolomics programs, such as the NIH Common Fund metabolomics program, to 

ensure that the highest quality services are being provided. Transparency in the HHEAR Lab 

Hubs reporting confidence and evidence of identification and annotation is critical for data 

harmonization.

In addition, the resource includes a component to support development of methods either to 

measure emerging environmental exposures or to utilize new biological and environmental 

matrices that do not currently have existing, well-validated monitoring methods in place. 

Examples of these studies from CHEAR include a rapid method for analysis of perfluoralkyl 

substances in serum by hybrid solid-phase extraction (Honda et al. 2018); determination of 

iodide in dried blood spots (Kim et al. 2018); operationalizing a differential ion-mobility 

platform (DMS) for untargeted metabolomics analysis (Wernisch et al. 2018), and others 

(https://hhearprogram.org/methods-development).

Data Analysis Services.—In addition to the comprehensive laboratory analyses, the 

HHEAR resource contains a full-service data center that serves as the data conduit between 

the laboratories and the HHEAR investigators (https://hheardatacenter.mssm.edu/). The Data 

Center provides a secure venue to access the data generated by the HHEAR laboratories, as 

well as linked data provided by the study investigators, which include data on health-related 

outcomes and phenotypes as well as additional exposure data if available.

HHEAR studies are heterogeneous and include a wide variety of scientific data including 

exposures, outcomes and demographic variables. To facilitate the harmonization of this 

disparate data into a cohesive data repository, an ontology for HHEAR was developed 
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(https://hheardatacenter.mssm.edu/resources.asp). This ontology leverages several 

established open-source ontologies to create a standard vocabulary of environmental, 

perinatal, pediatric and public health concepts. The ontology is then used to map individual 

study terms to concepts within the HHEAR standard vocabulary, identifying commonalities 

across studies and opportunities for data pooling and/or meta-analysis. The creation of a 

HHEAR-specific ontology also enables the development of technologies that allow the 

HHEAR data repository to be browsed and queried using standardized terms and concepts, 

rather than individual study variable names. This greatly enhances the user experience and 

facilitates the users’ ability to identify and download similar data across HHEAR studies.

The HHEAR Data Center leverages a group of statistical analysts, biostatisticians and 

bioinformatics experts to insure the optimal analysis of HHEAR researchers’ data. The 

statistical team has a wide variety and depth of expertise in environmental health research 

including environmental exposure mixtures analysis, high dimensional data analysis, and 

metabolomics data analysis. The Data Center analysts’ access to the HHEAR lab personnel 

allows in-depth, multidisciplinary discussions of the biomarker results (both targeted and 

untargeted data) that are necessary to fully understand the data produced and to 

appropriately include them in the statistical analyses. The HHEAR Data Center provides the 

statistical analysis code to the HHEAR investigator so they can better understand their study 

results and have a template for running future analyses.

The Data Center provides consultation to statistical methods and informatics tools for 

investigators using HHEAR laboratory analysis services as well as for meta- and pooled-

analysis across studies supported by HHEAR or added by individual investigators. As the 

HHEAR data repository grows, these analyses will include linkages across developmental 

windows and multiple environmental factors; it will also include the direct linkage and 

cross-validation of targeted, untargeted, biological, and environmental response data.

Additional HHEAR Services

In addition to supporting the addition of environmental exposure measure to human health 

studies, HHEAR provides a number of other services. HHEAR works to assist potential 

collaborating researchers in planning and developing proposals. HHEAR periodically 

supports a Pilot and Feasibility Program to provide an opportunity for investigators to study 

novel environmental exposures and outcomes on a small scale or to generate preliminary 

data to apply for research funding from NIH or other granting agencies. There were seven 

Pilot and Feasibility Program projects in CHEAR. These included pilot studies looking at 

immunometabolic biomarkers of tobacco exposure in children with cystic fibrosis; 

environmental exposures associated with Kawasaki disease; body size and cholesterol 

fractions of perfluoralkyl substances; health outcomes associated with maternal gut 

microbiome and environmental contaminants; arsenic exposure in children with eosinophilic 

esophagitis; pesticide exposure and childhood acute myeloid leukemia; and metabolomics 

profiles of multiple endocrine disruptor exposures during adolescence.

Some projects were also approved to develop and test CHEAR operational and quality 

control procedures for submission and review of proposals, and coordination and 

standardization of laboratory and data exposure analyses. Examples of these studies include 
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investigating urinary polycyclic aromatic hydrocarbon metabolite associations with 

biomarkers of inflammation, angiogenesis, and oxidative stress in pregnant women 

(Ferguson et al. 2017); and urinary trace metals individually and in mixtures in association 

with preterm birth (Kim et al. 2018) (https://hhearprogram.org/chear-process-and-

procedures-development).

Publications

One of HHEAR’s measures of success is the number of scientific publications that have and 

will come as a result of the supported studies (Fig. 3). These initially addressed methods 

development, i.e., new targeted and untargeted exposure and biological response measures 

(as described above) and statistical methods developed and validated by the resource 

laboratories and the Data Center. HHEAR investigators will continue to publish their 

findings for studies of exposure and health outcomes. Research highlights and publications 

are posted on the public website (https://hhearprogram.org/chear-publications).

In addition, as data are made public in the HHEAR data repository, in accordance with the 

HHEAR publication policy, other investigators will be able to access and utilize this data. To 

facilitate analysis of the data, particularly high dimensional data, HHEAR publications 

document various analytic approaches that are established as well as novel in the field of 

metabolomics (CHEAR Metabolomics Analysis Team et al. 2020).HHEAR publications 

also describe statistical methods to advance approaches for mixture analyses and for the 

identification of susceptible windows of exposure (Bello et al. 2017; Liu et al. 2018).

Evaluation

An evaluation plan contains ten outcomes or key indicators and associated metrics of the 

success of the HHEAR program. Outcomes include inter lab data comparability; data 

harmonization; capacity to measure multiple exposures; dissemination of findings; team 

science; and coordination with ECHO.

As HHEAR is relatively new, an evaluation has not yet been conducted. Some key metrics 

from the CHEAR evaluation have been presented above, i.e., numbers of studies funded by 

health outcome and analysis panel, number of publications, and number of website visits. 

Additional metrics from the CHEAR evaluation include numbers of requests for services 

submitted (75) and approved (32), percent of clients who are new to NIEHS (50%), numbers 

of presentations at professional meeting (65), number of new processes for analyzing 

exposures (35), number of databases, software or statistical models developed (10), number 

of new tools to measure exposures (10), and number of new biological assays developed (3). 

The CHEAR evaluation was used to improve the proposal review process for HHEAR. This 

included revising the Scientific Expert Panel process for external review to include a focus 

on project contributions to the field and adding feasibility confirmation to evaluate 

investigator responsiveness and final assessment of project feasibility.

Conclusions

HHEAR is a unique resource that provides comprehensive services in laboratory and 

statistical analyses allowing researchers to add environmental exposures to their studies of 
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human health. The program expands the number of studies that include environmental 

exposure analysis and creates a public database of human exposures and their health 

consequences which improves our knowledge of the comprehensive effects of environmental 

exposures on human health throughout the life course.

In addition, HHEAR’s implementation of rigorous quality control for laboratory analyses, 

development of an exposure ontology, and establishment of a data repository allow for 

harmonization of data and provide the research community with the opportunity and tools to 

integrate complex exposure data across multiple studies. Ultimately, HHEAR promotes the 

exploration of the complicated interactions between multiple environmental and other 

factors as determinants of human health and development.

A similar exposome framework has been adopted by the broader national and international 

environmental health research community (Gilbertson et al. 2021; Finch and Kulminski 

2019; Maitre et al. 2018; Wright et al. 2018; Buck Louis et al. 2017; Vineis et al. 2017; 

Kawamoto et al. 2014). While each of these programs, including HHEAR, is distinct, they 

provide an opportunity for coordination, cross-study harmonization, data integration, and 

demonstration of the power of the exposome. Such coordination has the potential to 

revolutionize our understanding of the importance of multiple environmental factors along 

the life course trajectory. Disease-based studies allow HHEAR and partner clients to assess 

the role of environment in complex diseases, such as diabetes, and the potential for toxic 

environmental chemicals to exacerbate the impact of infections, such as malaria. HHEAR, 

through assessing chemical signatures of biological and environmental response may, in 

turn, enable a greater understanding of the emerging concept of biological resilience. The 

accumulated burden of damage resulting from life-stage specific multiple environmental 

exposures may decrease the ability of the individual to appropriately compensate for the next 

exposure. Understanding the role of exposure across time can help to distinguish resilient 

and susceptible responses of individuals and populations (Dennis et al. 2016; Miller and 

Jones 2014).
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Fig. 1. 
Studies by Health Outcome
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Fig. 2. Studies by Lab Analysis Panel.
(PAH, Polycyclic Aromatic Hydrocarbons; PFAS, Per- and Polyfluoroalkyl Substances; 

OPFRs, Organophosphorus Flame Retardants; PBDEs, Polybrominated Diphenyl Ether 

Flame Retardants; VOCs, Volatile Organic Compounds)
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Fig. 3. 
Number of resource publications by publication year

Viet et al. Page 16

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Viet et al. Page 17

Table 1.
Examples of laboratory analyses provided by HHEAR.

For sample matrices noted with an * or +, applicants consult with resource Lab Hubs about availability and 

utility of analyses using the sample matrix. An expanded table of laboratory analyses is available on the 

HHEAR website.

Lab Analysis 
Panel

Exposure/Preferred Biospecimen Environmental/Personal Samplers

Urine Plasma/
Serum

Whole 
Blood

Experimental 
Research 

Biomarkers

Air 
Samplers Water House 

Dust
Soil/

Sediment
Silicone 

Wristbands

Targeted Analyses

Brominated 
Flame 

Retardants

at least 1 
mL X*

Breast milk, 
placenta, 

adipose tissue
X* 100 mg 1 gram 1/5 of band

Per- and 
Polyfluoroalkyl 

Substances

0.1-1.0 
mL X*

Amniotic fluid, 
breast milk, 
dried blood 

spots, seminal 
plasma

X*

50 mL 
wastewater, 

200 mL 
surface 

water, 1000 
mL drinking 

water

100 mg 1 gram 1/5 of band

Polycyclic 
Aromatic 

Hydrocarbons

0.1-3.0 
mL X+ 100 mg 1 gram 1/5 of band

Phthalates 01.-1.0 
mL Amniotic fluid X+ 100 mg 1 gram 1/5 of band

Untargeted Analyses

Untargeted 10 to 
250 μl

10 to 
250 μl

10 to 
250 μl

Feces, saliva, 
tissue extracts

50 mL 
wastewater, 

200 mL 
surface 

water, 1000 
mL drinking 

water

100 mg 1 gram 1/5 of band
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