September 25, 2014

Making Sense of Human
Biomonitoring Results:
understanding these exposure data in the
context of potential human health risks
Biomonitoring Studies - What
can they tell us?
Scientists have long recognized
that our bodies can absorb,
metabolize and excrete chemical
substances in our environment.
Today, thanks to advances in
analytical technology, it is possible
to detect and measure incredibly
small concentrations of natural
and manmade substances within
the human body.

“The presence of a chemical
does not imply disease. The
levels or concentrations of
the chemical are more
important determinants of
the relation to disease, when
established in appropriate
research studies, than the
detection or presence of a
chemical” (CDC, 2005).

Biomonitoring studies such as the
CDC’s National Report on Human
Exposure to Environmental
Chemicals can provide valuable,
powerful data on the presence of
trace levels of chemicals in
human blood or urine. Determining the presence of a chemical,
however, is not enough to
establish the potential risk to
human health.
When looking at biomonitoring
results, some may be tempted to
draw immediate conclusions and
make assumptions about what the
results mean. But, to be most
useful to the public and policymakers, the results must be placed
in a public health risk context.
Without such context, biomonitoring data are of limited value in
efforts to protect public health.

A Biomonitoring Equivalent
(BE) is defined as the
concentration of a chemical
in blood or urine that
corresponds to an allowable
exposure guidance value,
such as a reference dose
(RfD) or tolerable daily intake
(TDI), considered safe by
regulatory agencies.

Biomonitoring Equivalents –
Scientific tools for understanding
the data in a risk context.
Acting upon the recommendations of the National Research
Council’s report, Human Biomonitoring for Environmental
Chemicals (2006), ACC’s
Regulatory and Technical Affairs
supported the development of
the Biomonitoring Equivalents (BEs)
method to understand
population-based biomonitoring
results in a public health risk
context. BEs are tools that allow
agencies, lawmakers and the
public to have a better understanding of what biomonitoring
levels actually mean.
Although the science can be
complicated, the basic approach
for deriving BEs is straight forward.
It entails converting the exposure
guidance value, the “safe” daily
intake in mg/kg-day, into the
corresponding concentration in
urine or blood that would be
expected to be seen in a person
exposed to that intake amount.
These scientific conversions are
compound specific, since the
absorption, distribution,
metabolism and excretion
processes and rates vary for each
substance.
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Using BE values to assess biomonitoring data.

By relying on existing chemical risk assessments developed by
EPA and other similar government agencies, BEs are efficient
and effective tools for interpreting biomonitoring data in a
public health risk context. To date, over 20 peer reviewed
scientific papers have been published documenting the
derivation and utilization of BEs. A number of these research
articles have been co-authored by leading scientists in CDC
and EPA. In addition, Health Canada provided research
support for development of a number of BEs as part of their
nationwide human biomonitoring program, and the German
biomonitoring program has formally recognized the BE
methodology and incorporated it into their national program
guidance. This year, BE values have been incorporated into
the ITER database and uploaded onto the National Library of
Medicine’s web site, making it much easier for scientists and
health professionals worldwide to access and use BEs.
Just recently, Steve Hentges Ph.D. (Executive Director of
ACC’s Polycarbonate/BPA Global Group) used the BE for BPA
(http://www.science20.com/steve_hentges/are_you_expose
d_to_bpa_and_does_it_matter-140495 ) to interpret the latest
data from CDC on biomonitoring levels of BPA in the US
population. Figure 1 below is reprinted from his article.
Figure 1. Comparison of Human Biomonitoring Levels of
BPA to the BE. The BE Value depicted in this figure was
taken from the peer reviewed publication of a project
sponsored by Health Canada to calculate the BE value
for BPA in urine. Based on Health Canada’s TDI for BPA,
the BE value was calculated as 1,000 micrograms/L,
which is shown as a bar across the top of the figure.
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BEs allow scientists to make sense of biomonitoring
results and inform policy makers about the
potential risks a chemical may pose.

Once a BE is available, interpreting biomonitoring data in a
risk context is straightforward. The Hazard Quotient (HQ)
approach is used – the concentration detected in a
biomonitoring study is compared to (divided by) the BE. If the
concentration is below the BE (i.e., the HQ < 1), this means the
intake is below the health guidance value and is considered
safe. The greater the difference between the BE and the
actual level detected in the biomonitoring study, the lower
the concern.
With more than 130 BEs now available to interpret human
biomonitoring results, Summit Toxicology scientists
collaborated with the then director of CDC's National Center
for Environmental Health and a leading scientist from EPA to
publish a peer reviewed study in Environmental Health
Perspectives using BEs to interpret the US NHANES national
biomonitoring data. As shown in Figure 2 below, many of the
chemicals measured in CDC’s human biomonitoring studies
are 10s to 1000s of times lower than BE values. Despite the
demonstrated utility of using BEs to interpret human
biomonitoring data in scientific publications such as this,
formal adoption by programs such as CDC's is lagging.
Education and outreach and scientific engagement with
such programs, however, is continuing.
Figure 2. Evaluation of Biomonitoring Data from the CDC
National Exposure Report in a Risk Assessment Context:
Perspectives across Chemicals
(from Aylward et al. 2013. Environ Health Perspect. 121:287-94)

(http://ehp.niehs.nih.gov/1205740/)

“…, it is also important to note that for most of the
chemicals evaluated here the HQ values are < 1 for all or
the majority of the population.”

Even the highest urine concentrations of BPA (95th
percentile levels in the US population) are approximately
2 orders of magnitude below the BE value.
Typical median human exposures are almost 1000-times
below the BE value (i.e., 1000-times below Health
Canada’s safe intake level). Thus, the conclusion that
“the large margin of safety between the BE value and
the recent biomonitoring data clearly indicates that the
U.S. population and pregnant women in Canada are not
at risk from real-life exposures to BPA.”

Legend (from Aylward et al. 2013. Environ Health Perspect. 121:287-94): “HQs for NER
analytes with available BEs or other biomarker-based screening values, excluding VOCs (see
Figure 2 for VOCs); screening values and NHANES data reported in Table 1. Open symbols
correspond to the HQ at the limit of detection (LOD) in cases where the analyte was not detected
in the NHANES survey at the specified quantile. For dioxin toxic equivalency (TEQ) and PBDE-99,
concentrations were not quantifiable at the GM, and variable LODs in the NHANES data set
prevent selection of a single value to represent LOD. DDT, dioxin TEQ, and PCBs HQs are shown
by age in years. aDeltamethrin and cyfluthrin were not detected at either the GM or the 95th
percentile; The HQ associated with the LOD is indicated in the figure.”

ACC’s Regulatory and Technical Affairs Department is continuing to support applied research projects to improve
methods for interpreting human biomonitoring studies. For more information on these activities please contact Sarah
Brozena (sarah_brozena@americanchemistry.com) or Rick Becker (rick_becker@americanchemistry.com).

