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es (M.E. López), henriqueta.louro@insa.min-saude.pt (H. Louro), kristin.macey@hc-sc.gc.ca (K. Macey), konstantinos.makris@cut.ac.cy (K.C. Makris), Melnyk. 
lisa@epa.gov (L. Melnyk), aline.murawski@uba.de (A. Murawski), joshnaiman@gmail.com (J. Naiman), julianne.nassif@aphl.org (J. Nassif), nolwenn.noisel@ 
umontreal.ca (N. Noisel), devika.poddalgoda@hc-sc.gc.ca (D. Poddalgoda), lalcala1@jhu.edu (L. Quirós-Alcalá), rafieeta@ualberta.ca (A. Rafiee), Loic. 
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A B S T R A C T   

Human biomonitoring (HBM) data measured in specific contexts or populations provide information for 
comparing population exposures. There are numerous health-based biomonitoring guidance values, but to locate 
these values, interested parties need to seek them out individually from publications, governmental reports, 
websites and other sources. Until now, there has been no central, international repository for this information. 
Thus, a tool is needed to help researchers, public health professionals, risk assessors, and regulatory decision 
makers to quickly locate relevant values on numerous environmental chemicals. A free, on-line repository for 
international health-based guidance values to facilitate the interpretation of HBM data is now available. The 
repository is referred to as the “Human Biomonitoring Health-Based Guidance Value (HB2GV) Dashboard”. The 
Dashboard represents the efforts of the International Human Biomonitoring Working Group (i-HBM), affiliated 
with the International Society of Exposure Science. The i-HBM’s mission is to promote the use of population-level 
HBM data to inform public health decision-making by developing harmonized resources to facilitate the inter
pretation of HBM data in a health-based context. This paper describes the methods used to compile the human 
biomonitoring health-based guidance values, how the values can be accessed and used, and caveats with using 
the Dashboard for interpreting HBM data. To our knowledge, the HB2GV Dashboard is the first open-access, 
curated database of HBM guidance values developed for use in interpreting HBM data. This new resource can 
assist global HBM data users such as risk assessors, risk managers and biomonitoring programs with a readily 
available compilation of guidance values.   

1. Introduction 

Scientists use numerous approaches for evaluating human exposures 
to environmental chemicals. One approach – human biomonitoring 
(HBM), or the measurement of chemical biomarkers in human matrices 
such as urine or blood – has been referred to as the gold standard of 
exposure characterization (Sexton et al., 2004). Since the 1990s, the use 
of biomonitoring to characterize human exposures has experienced 
unprecedented growth (Angerer et al., 2007; Calafat 2016; Paustenbach 
and Galbraith 2006; Pirkle et al., 1995; Sobus et al., 2015; US EPA 
2012), to some degree supplanting other approaches. Biomonitoring has 
been used in exposure and epidemiology research globally (NRC 2006). 
It has also been used to obtain nationally representative information on 
human exposures to a large number (e.g., hundreds) of chemicals (Apel 
et al., 2017; Bastiaensen et al., 2021; Centers for Disease Control and 
Prevention, 2022; Fillol et al., 2021; Gilles et al., 2021; Health Canada 

2021; Hong et al., 2021; Jeon et al., 2021; Jung et al., 2022; Liao et al., 
2021; Schoeters et al., 2017; Schulz et al., 2021; Seifert et al., 2000; Seo 
et al., 2021; VITO 2022). 

HBM data can provide insight into overall population exposures 
(Angerer et al., 2007, 2011). HBM data or biomarker concentrations 
from a sample population may also be compared to reference concen
trations from national surveys or large population studies. HBM data 
from such surveys or studies constitute a relevant source to determine 
reference values (RVs). RVs are particularly relevant in the absence of 
HBM health-based guidance values (HB2GV), either when such values 
are not available or cannot be derived (Vogel et al., 2019). The RVs are 
based on the upper end of the exposure distribution, such as 95th 
percentile concentrations and may be used for comparisons (Vogel et al., 
2019). 

Risk assessors can also compare biomarker concentrations measured 
in specific contexts or populations to health-based guidance values 
derived from human or animal data using uncertainty factors or 

Abbreviations 

ADI Acceptable Daily Intake 
BE Biomonitoring Equivalent 
CHMS Canadian Health Measures Survey 
DEHP di-(2-ethylhexyl) phthalate 
GV Guidance Value 
HB2GV Human Biomonitoring Health-Based Guidance Value 
HBM Human Biomonitoring 
HBM-GV Human Biomonitoring Guidance Value 
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i-HBM International Human Biomonitoring Working Group 
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modelling approaches, such as physiologically-based pharmacokinetic 
(PBPK) modelling. Most guidance values (with a few exceptions 
described later in this paper) are derived from toxicological studies that 
use dose information (e.g., mg/kg bw/day of a chemical entering the 
body), but biomonitoring data describe the bioavailable concentration 
from all sources in a given human matrix (e.g., ng/mL blood). Con
necting a dose such as a Reference Dose (RfD) to a biomonitoring con
centration requires additional processes. Specifically, modelling efforts 
can convert dose-based guidance values to concentrations in blood or 
urine (Hays et al., 2008; Pletz et al., 2020). These efforts have resulted in 
a large number of human biomonitoring health-based guidance values 
(HB2GVs), but to locate these values, interested parties need to seek 
them out individually from publications, governmental reports, websites 
and other sources. Until now, there has been no central, international 
repository for this information. Thus, a tool is needed to help re
searchers, public health professionals, risk assessors, and regulatory 
decision makers quickly locate relevant data on numerous environ
mental chemicals. 

An effort to develop a repository for health-based guidance values to 
facilitate the interpretation of HBM data started with the formation of 
the International Biomonitoring Network (IBN) in 2018. The IBN ob
jectives were to enable knowledge exchange, collaboration, and 
harmonization across international biomonitoring programs (St-Amand, 
2021; Nassif and St-Amand 2021). In 2020, the International Human 
Biomonitoring Working Group (i-HBM), proposed by the IBN, became 
formally affiliated with the International Society of Exposure Science 
(ISES). 

The i-HBM’s mission is to promote the use of population-level HBM 
data to inform public health decision-making by developing harmonized 
resources to facilitate the interpretation of HBM data in a health-based 
context (https://intlexposurescience.org/i-hbm/). 

A first step was the development of a free, on-line repository (the 
“Human Biomonitoring Health-Based Guidance Value (HB2GV) Dash
board”) for health-based biomonitoring guidance values. The objectives 
of the Dashboard are:  

• To be an open-access, curated database of biomonitoring guidance 
values developed for use in interpreting and understanding human 
biomonitoring data for the general population;  

• To provide a user-friendly search tool for human biomonitoring 
guidance values for specific chemicals and/or biomarkers of expo
sure; and  

• To assist users (risk assessors, risk managers and biomonitoring 
programs) with the interpretation of HBM data by allowing users to 
compare population-level data to the guidance values and providing 
standardized outputs in the form of figures and descriptive text. 

This paper provides a description of the HB2GV Dashboard including 
the methods used to compile the values contained in the database, and 
how the Dashboard can be accessed and used. Finally, we offer thoughts 
on caveats with using the Dashboard for interpreting human bio
monitoring data. 

2. Methods 

To develop the database, we conducted literature searches during 
two periods: during March 2020 to October 2020, and February 2022 to 
March 2022 using PubMed and Google Scholar. Although these litera
ture searches were non-systematic, we targeted several search terms that 
sought to capture as many health-based biomonitoring guidance values 
as possible, including “biomonitoring”, “biological monitoring”, “blood 
guidance values”, “guidance values”, “biomonitoring equivalent(s)”, 
“human biomonitoring values”, “HBM”, “HBM-I”, “HBM-II”, and “HBM- 
GV”. Of note, we did not target search terms for occupational exposures 
or for nutritional or medicinal chemicals. In addition to literature 
searches, we also consulted websites of certain organizations, including 

Health Canada and the HBM Commission of the German Federal Envi
ronment Agency (https://www.umweltbundesamt.de/en/topics/h 
ealth/commissions-working-groups/human-biomonitoring-commiss 
ion-hbm-commission), the Human Biomonitoring for Europe (HBM4EU) 
initiative (https://www.hbm4eu.eu/), and i-HBM Working Group 
member affiliations. 

We extracted information from the identified literature to populate 
the Dashboard. While the preponderance of the Dashboard data (e.g., 
biomarker name, biological matrix, biomonitoring guidance value) were 
taken directly from the associated primary publications, some infor
mation required coding or re-coding for the purposes of consistency (e. 
g., risk level associated with guidance values developed from cancer 
endpoints). 

The Dashboard includes numerous commonly used terms for HBM 
guidance values; the terminology and acronyms are described in 
(Table 1). 

The HB2GV Dashboard was developed in R (version 4.1.2, R Foun
dation for Statistical Computing, Vienna, Austria) using the Shiny Ap
plications package (version 1.7.1, RStudio Inc, Boston, MA, USA). The 
database will be updated on an annual basis as new guidance values are 
identified. 

3. Results 

Five hundred eighty eight (588) biomonitoring guidance values were 
identified from 58 sources. 

The Dashboard was designed with a landing page (https://intlexpo 
surescience.org/i-hbm/) that features the database of guidance values 
shown in a table, as well as a sidebar with multiple reactive search filter 
options that can be selected by the end user. 

The Dashboard has two main functionalities. The first is a Guidance 
Value search function. The user can search for chemicals by chemical 
group, chemical name or CAS RN, biomarker name, matrix (e.g., urine, 
serum), or the units of measure. As the user selects search filters, the 
table automatically updates with only the relevant guidance values. The 
following information is shown in the table: Chemical, Chemical CAS 
RN, Biomarker, Matrix, Group, Exposure Guidance Value Info (Type, 
Value, Risk Type, Source) and Biomonitoring Guidance Value Info 
(Type, Value, Units, Reference). Either the complete or the filtered 
database can be downloaded in a spreadsheet (XLSX) format. When the 
user selects one chemical, biomarker, matrix, and units from the filters, a 
figure will be automatically generated below the table that depicts the 
applicable guidance values as horizontal lines at the appropriate 
concentrations. 

The second main functionality is a comparison feature. The user can 
input one or more biomonitoring-based chemical concentration(s) of 
their choosing and compare it with the available guidance values. The 
user can provide custom labels that describe those concentrations, such 
as the collection period, name of the biomonitoring program, or citation 
for the biomonitoring study. These results and labels will be added as 
bars to the figure in the Dashboard, which allows the user to visually 
compare them against the applicable guidance values. In cases where 
chemical concentrations representative of the Canadian population are 
available, users can import results from the Canadian Health Measures 
Survey (CHMS) directly into the figure for comparison purposes. The 
figure, with or without accompany comparative biomonitoring con
centrations, can be downloaded as an image (PNG) file. A user guide 
containing more detailed instructions and the abbreviations list are also 
made available on the Dashboard. The Dashboard is hosted online 
through RStudio’s shinyapps.io platform. 

4. Discussion 

The HB2GV Dashboard aggregates existing guidance values and fa
cilitates understanding of how they may be used as screening tools in the 
interpretation of HBM data. The Dashboard is for informational 
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purposes only and is not intended for drawing conclusions regarding 
health risk for individuals. For example, it would be appropriate to 
employ population data in the Dashboard to inform chemical prioriti
zation for further follow up. 

It should be noted that the guidance values have been developed by 
researchers from different sectors (private, government) and areas of 
expertise (toxicologists, PBPK modelers), and with different funding 
sources (private and public) and different levels of confidence under
pinning the values. These specific details have not been incorporated 
into the Dashboard database. It is therefore incumbent upon the 

Dashboard user to examine the chemical-specific publications cited in 
the Dashboard to determine whether the guidance values selected are fit 
for the user’s purpose. For this reason, a direct link to the source of each 
HB2GV is provided and can be accessed from the Dashboard (or in the 
downloaded XLSX file). 

Of note, researchers and government agencies often interpret bio
monitoring data using RVs. While understanding how chemical levels in 
a sample population or individual relate to population levels can be 
useful for a variety of purposes (e.g., better understanding of possible 
sources of exposure or populations that warrant additional study or 
outreach (Vogel et al., 2019)), comparisons to exposure RVs do not offer 
health-related information. It is critical that this distinction be under
stood and recognized when using guidance values to interpret HBM 
data. 

The Dashboard will be updated as new guidance values become 
available. It is our hope that this repository will facilitate already 
existing and innovative screening approaches that orient prioritization 
of future efforts (Aylward et al., 2013; Faure et al., 2020; St-Amand 
et al., 2014). A link is provided in the User Guide for individuals to 
provide information and documentation on new or otherwise missing 
guidance values so that they can be added to the Dashboard. 

4.1. Confidence in HB2GVs 

The HB2GVs are each unique in terms of the toxicological and 
epidemiological data used for their derivation, as well as the models 
used to develop them; not all of these data and models are of equal 
quality. Thus, confidence in the derived HB2GVs will vary from one 
value to the next. Assessing confidence in a given value is a critical step 
in terms of its use. Yet the process of assigning confidence in these values 
is fraught with difficulty and is very much reliant on expert judgment. As 
done with previous efforts to assess confidence in various types of data 
(LaKind et al., 2014; International Programme on Chemical Safety, 
2008) and RVs (US EPA, 1993, 2005), it would be recommended that 
confidence in HB2GVs be categorized as high, medium, or low (Apel 
et al., 2020; Hays et al., 2008). However, it is important to note that the 
processes for assessing high, medium, or low confidence are similar, but 
not identical for BEs, HBM-I, HBM-II, and HBM-GV values (Hays et al., 
2008; Apel et al., 2017, 2020); guidance for the HBM-I and HBM-II 
values is much more explicit. Further, not all HB2GVs have been 
assigned a confidence level. 

Therefore, the current version of the Dashboard does not include the 
existing available confidence assessments. Future iterations of the 
Dashboard may include confidence categories. Several factors that will 
need to be considered have been described (LaKind et al., 2014) and 
include study design aspects such as analytical considerations, and 
sample collection and handling issues. At this time, it is incumbent on 
the user to examine the underlying literature that describes the devel
opment of the HB2GVs in order to assess the confidence in the value, and 
to put risk estimates in the context of underlying uncertainty. 

4.2. Interpretation of HB2GVs 

Availability of health-based guidance values, as well as RVs, are 
useful for the interpretation, risk assessment, and comparison of any 
biomonitoring data. However, it is important to note that comparing 
HBM data to nationally representative RVs or health-based guidance 
values can present major interpretive challenges. Issues include, but are 
not limited to:  

• Biomonitoring results provide information on integrated pathways 
and routes of exposures (Albertini et al., 2006). Thus, HBM data do 
not provide information on individual pathways or routes of expo
sure. This presents difficulties for those seeking to identify and limit 
important avenues for human exposures. In this case, the evaluation 

Table 1 
Human Biomonitoring Health-based Guidance Value (HB2GV) terminology.  

Type of Guidance Value (GV) Definition 

Health GV Derived from epidemiological studies establishing 
a quantitative relationship between 
biomonitoring levels in humans and an observed 
biological response. Exceedance at the individual 
or population level indicates a need for medical 
follow-up, and for jurisdictions to identify and 
mitigate sources of exposure.a 

Biomonitoring Equivalent (BE) Concentration or range of concentrations of a 
chemical or its metabolites that is consistent with 
an existing value such as a reference dose (RfD) or 
tolerable daily intake (TDI) for non-cancer 
endpoints and risk-specific doses for cancer 
endpoints (Hays et al., 2008). BEs are meant to be 
used as a screening value to inform chemical 
prioritization for risk assessment or risk 
management, and they cannot be used to evaluate 
the likelihood of adverse health effects or for 
diagnostic purposes (LaKind et al., 2008). When a 
human biomonitoring value is above the BE value, 
it may inform chemical prioritization for follow 
up, along with investigating underlying exposure 
sources (Aylward et al., 2013; St-Amand et al., 
2014; Faure et al., 2020). 

Human Biomonitoring (HBM-I 
and HBM-II) Values 

Values are health-related guidance values derived 
by the German Human Biomonitoring 
Commission (Apel et al., 2017; Schulz et al., 
2012). They may be derived from epidemiological 
studies, or similar to BEs, by toxicokinetic 
extrapolation of tolerable intakes, such as 
acceptable daily intakes (ADI), TDI, or by 
toxicokinetic extrapolation of TDI-like values 
derived from animal experiments. The HBM-I 
value represents the concentration below which 
there is no risk for adverse health effects and, 
consequently, no need for action. For a chemical 
with a concentration higher than the HBM-I and 
lower than the HBM-II value, the potential sources 
of exposure should be identified and either 
eliminated or reduced by appropriate means. The 
HBM-II value represents the concentration above 
which, according to the knowledge and 
judgement of the commission, there is an 
increased risk for adverse health effects and, 
consequently, an urgent need to reduce exposure 
and to provide individual biomedical care. 

Human Biomonitoring 
Guidance Value (HBM-GV) 

In reference to the general population, the HBM- 
GV refers to the concentration of a substance or its 
metabolites in human biological material at and 
below which there is no risk of health effects 
anticipated for a lifetime exposure (Apel et al., 
2020). Any population exceeding an HBM-GV 
may be prioritized for risk management 
follow-up. These HBM-GVs are equivalent to the 
HBM-I values and BE values.  

a The Centers for Disease Control and Prevention has set a blood lead “refer
ence value” of 3.5 μg/dL, equivalent to the 97.5th percentile of the blood lead 
values among U.S. children aged 1–5 years from recent NHANES surveys 
(Centers for Disease Control and Prevention, 2021). This value describes a cut 
point for children who have high levels of blood lead compared to a nationally 
representative group of children but does not provide information on what this 
level might indicate for children’s health. 
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of information obtained by means of questionnaires within the 
framework of a survey can be helpful.  

• Chemical concentrations in human matrices are inextricably tied to 
the physiological half-life of the chemical, the time between the last 
exposure and sampling of matrix, and the nature of the exposure (e. 
g., constant versus episodic). For many chemicals, half-lives are short 
(on the order of hours) and data on time since last exposure are often 
lacking (Teeguarden et al., 2011). This can make use of the HBM data 
for interpreting human exposure difficult. For example when a 
chemical concentration is non-detectable, it could imply no exposure 
or alternatively it could mean that the sample was collected after the 
chemical was already excreted.  

• Many studies include a single (spot) blood or urine sample, generally 
due to cost and participant burden considerations. A single sample 
often will not represent long-term exposures and can result in 
exposure misclassification, especially for chemicals with short 
physiological half-lives and infrequent exposure patterns (LaKind 
et al., 2019; Pleil et al., 2013; Verner et al., 2020).  

• Placing HBM data into context by comparing results with datasets 
such as those from national surveys provides information on relative 
exposures and if the sample size of a study is large enough, the HBM 
data can represent the population’s exposure status but does not 
provide information related to health.  

• HBM data should be derived from laboratories with extensive QA/ 
QC programs that successfully participate in established laboratory 
harmonization schema (e.g., “round robin” studies, data harmoni
zation programs, external proficiency testing, quality assessment 
programs). 

• Serum concentrations of many persistent halogenated organic pol
lutants are reported both lipid-corrected and on wet-weight basis 
(not lipid-corrected) (Bernert et al., 2007). Similarly, urinary con
centrations are often corrected for urine dilution with creatinine or 
specific gravity. Dashboard users will need to ensure that the com
parison between guidance values and their biomonitoring data are 
reported using a common metric (uncorrected or corrected) (Barr 
et al., 2005). It is for this reason that users must select only one unit of 
measure before generating a figure and making a comparison in the 
Dashboard. 

The HBM values in the Dashboard – with the exception of the blood 
lead reference value (CDC 2021) – are not meant to be used for com
parison with an individual’s biomonitoring data. This is especially true 
when only a single sample for an individual has been obtained. Many 
factors influence a single measure and may make it unrepresentative for 
estimations of overall exposure. These factors include (ACGIH 2001; 
Aylward et al., 2014; LaKind et al., 2008): physiological makeup and 
health status, exposure elements such as co-exposures and routes of 
exposures, and methodological issues (e.g., specimen contamination or 
degradation during collection and storage). Further, the Reference Doses 
(RfD) that form the foundation for estimation of GVs are not designed to 
evaluate individual risk, but rather are meant to assess population risk. 
The HBM-I and HBM-II values are in Germany also used for individual 
health counseling, addressing uncertainties and limitations. 

Interestingly, there are substances with multiple Dashboard Values. 
This is the case for a well-studied plasticizer, di-(2-ethylhexyl) phthalate 
(DEHP), which has 36 entries. To properly interpret the Dashboard in 
these cases one must have a clear understanding of differences in the 
various GVs available, how GVs were derived, and their intended use 
and application. On the other hand, the Dashboard can also reveal data 
gaps where chemicals of interest have no health-based guidance values 
available. This can help prioritize future efforts and target resources in 
deriving new values in the future. 

The Dashboard user should also be aware of the possibility that 
guidance values may be updated from time to time. Specifically, existing 
guidance values should be checked periodically to ensure that they are 
up to date. For example, for so called legacy compounds (e.g., vinyl 

chloride, benzene, lead), the values have decreased over the time due to 
a better characterization of their toxicity. It is also the case that fewer 
guidance values have been developed for emerging chemicals of interest 
(e.g., poly- and perfluoroalkyl substances), where a paucity of available 
data might not allow a complete characterization of their toxicity and 
further correlation with certain health effects. Thus, the derived/or to- 
be-derived guidance values might need further revision over time 
availability of data increase. When the body of scientific evidence (also 
the availability of epidemiological, toxicodynamic, and toxicokinetic 
data) is sufficient to quantify an effect threshold with certainty for a 
chemical, a new or updated HB2GV can be derived. 

5. Conclusions 

To our knowledge, the HB2GV Dashboard is the first open-access, 
curated database of human biomonitoring guidance values developed 
for use in interpreting human biomonitoring data. It allows user-friendly 
searches for specific chemicals and/or biomarkers of exposure. It also 
allows users to compare biomonitoring data to the Dashboard values and 
provides standardized outputs in the form of figures and descriptive text. 
This new resource can assist global HBM data users such as risk asses
sors, risk managers and biomonitoring programs with a readily available 
compilation of guidance values. An additional value of the Dashboard is 
to facilitate future HBM efforts by helping to identify knowledge gaps 
and areas where more research could be conducted to improve reliance 
of GV estimates. 

The creation of the Dashboard is a key tangible achievement of the i- 
HBM Working Group. It is our hope that the Dashboard will become a 
vital tool for the international harmonization of HBM data interpreta
tion and will help public and governmental agencies better under
standing the value of HBM. The i-HBM Working Group also envisages 
collaborations among international organizations such as the World 
Health Organization to further promote the use of population level 
human biomonitoring. 
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