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Biomonitoring: A New LensBiomonitoring: A New Lens



Role of Analytical SciencesRole of Analytical Sciences

 19701970’’s chemicals in air and drinking waters chemicals in air and drinking water

 19801980’’s dioxins, PCBs, waste sitess dioxins, PCBs, waste sites

 19901990’’s indoor and personnel samplings indoor and personnel sampling

 20002000’’s biomonitorings biomonitoring



Transforming EnvironmentalTransforming Environmental
Health?Health?

 Has the potential to impact all aspects ofHas the potential to impact all aspects of
environmental healthenvironmental health

 Exposure assessmentExposure assessment

 EpidemiologyEpidemiology

 Toxicity testingToxicity testing

 Risk assessmentRisk assessment

 Policy evaluationPolicy evaluation

 Future priorities?Future priorities?



BackgroundBackground
 Biomonitoring is defined as one method for assessingBiomonitoring is defined as one method for assessing

human exposure to chemicals by measuring thehuman exposure to chemicals by measuring the
chemicals or their metabolites in human tissues orchemicals or their metabolites in human tissues or
specimens, such as blood or urine (CDC 2005).specimens, such as blood or urine (CDC 2005).

 Repeatedly, biomonitoring data have confirmedRepeatedly, biomonitoring data have confirmed
environmental exposures and validated publicenvironmental exposures and validated public--healthhealth
policies.policies.

 Lead exposure reductionLead exposure reduction
 MercuryMercury

 Environmental tobacco smokeEnvironmental tobacco smoke

 PCBs, dioxinsPCBs, dioxins

 Persistent pesticidesPersistent pesticides



Biomonitoring is leading the way…Biomonitoring is leading the way…

Measurement of chemicals and otherMeasurement of chemicals and other
agents inside the body has a tremendousagents inside the body has a tremendous
impact on individualsimpact on individuals

 It becomes personal..It becomes personal..

 It is newsIt is news

 And, it is extremely challenging to evaluateAnd, it is extremely challenging to evaluate
and communicate risksand communicate risks



CDC 4CDC 4thth National ReportNational Report

 CDC’s Environmental Health Laboratory measured 212 chemicals –
75 of which have never been measured in the U.S. population.

 The samples were collected from approximately 2400 people who
participated in CDC's National Health and Nutrition Examination
Survey (NHANES) from 1999 -2002.

 The report provides exposure data on the U.S. population by age,
sex, and race or ethnicity.

 The report includes extensive data for such chemicals as arsenic,
mercury, lead, cadmium, and other metals; BPA,triclosan,
phthalates; perflourinsted chemicals, PBDEs, organochlorine
pesticides; organophosphate pesticides; pyrethroid insecticides;
herbicides; polycyclic aromatic hydrocarbons; dioxins and furans;
PCBs.



CDC National Exposure ReportCDC National Exposure Report
 determine which chemicals get into Americansdetermine which chemicals get into Americans’’

bodies and at what concentrations;bodies and at what concentrations;

 determine what proportion of the population hasdetermine what proportion of the population has
levels above those associated with adverselevels above those associated with adverse
health effects for chemicals with a known toxicityhealth effects for chemicals with a known toxicity
level;level;

 establish reference values that can be used byestablish reference values that can be used by
physicians and scientists to determine whether aphysicians and scientists to determine whether a
person or group has an unusually high exposureperson or group has an unusually high exposure



••CDC National Exposure ReportCDC National Exposure Report

 assess the effectiveness of public health effortsassess the effectiveness of public health efforts
to reduce exposure of Americans to track levelsto reduce exposure of Americans to track levels
over time;over time;

 determine whether exposure levels are higherdetermine whether exposure levels are higher
among minorities, children, women ofamong minorities, children, women of
childbearing age, or other special groups; andchildbearing age, or other special groups; and

 direct priorities for research on human healthdirect priorities for research on human health
effects from exposureeffects from exposure



"This is a giant step forward to"This is a giant step forward to
understanding the relationshipunderstanding the relationship

between exposure to chemicalsbetween exposure to chemicals
and their potential health effects"and their potential health effects"

Dr. Julie Gerberding, CDC's directorDr. Julie Gerberding, CDC's director



HeadlinesHeadlines

 'Watershed event' finds human body'Watershed event' finds human body
awash in pesticides, solvents, metalsawash in pesticides, solvents, metals

 CDC report says everybody'sCDC report says everybody's
contaminatedcontaminated

 CDC results are in: We're full ofCDC results are in: We're full of
contaminantscontaminants

 Dozens of Chemicals Found in MostDozens of Chemicals Found in Most
Americans' BodiesAmericans' Bodies



Presence of Harmful Chemicals In
Humans Is Broad, Common
Peter Waldman. Wall Street Journal
(July 22,2005. p. B.2 astern Edition). New York

“This study is a breakthrough; it's just the
information we haven't had," said Thomas
Burke of Johns Hopkins University,
chairman of a National Academy of
Sciences panel on applying and
interpreting biomonitoring data. "Yet this
is still in its infancy. Our ability to detect
chemicals is way ahead of our ability to
identify risks."



Hold on…..Hold on…..

We are better at measuring than weWe are better at measuring than we
are at interpreting the public healthare at interpreting the public health
implications.implications.

 Interpretation and communication ofInterpretation and communication of
the results of biomonitoring studiesthe results of biomonitoring studies
present an enormous challengepresent an enormous challenge

Where do we begin?Where do we begin?



What does it mean?What does it mean?

 Our ability toOur ability to
measure pollutantsmeasure pollutants
has outpaced ourhas outpaced our
ability toability to
understand theunderstand the
health effects.health effects.

 Low doseLow dose --
responseresponse

 ThresholdsThresholds

 Cumulative effectsCumulative effects

 Chronic impactsChronic impacts



EWG ReportEWG Report



ABC News RequestABC News Request
I was hoping you would be willing to lend your expertise to the following

questions:

1) To what extent is this something parents and doctors should be
worried about, in your view? And to what extent do you agree with
the authors' assertion that these chemicals have measurable and
detrimental effects in humans?

2) The authors note that the EU has already taken certain measures to
phase out certain phthalates, but that similar actions have yet to take
place in the U.S. What, if anything, do you believe the U.S.
government should do about he presence of these chemicals in certain
products?

3) What, if anything, do you think parents should do in order to limit
their children's exposure to phthalates?



Threat to Progress?Threat to Progress?

DonDon’’t measure it if you cant measure it if you can’’t explaint explain
what it means……what it means……

This can be a big impediment toThis can be a big impediment to
innovation and adaptation of newinnovation and adaptation of new
technologytechnology



Marla ConeMarla Cone.. Los Angeles TimesLos Angeles Times.. Los Angeles,Los Angeles,
Calif.:Calif.: Feb 23, 2005.Feb 23, 2005. pg.pg. A.12A.12

THE NATION:
Rocket-Fuel Chemical Found in Breast Milk

Perchlorate is found in almost all samples
tested, a study finds, raising concerns about the
substance‘s effect on the thyroid and brain
effect on the thyroid and brain



Cord Serum Concentrations of Perfluorooctane Sulfonate (PFOS)Cord Serum Concentrations of Perfluorooctane Sulfonate (PFOS)
and Perfluorooctanoate (PFOA) in Relation to Weight and Size atand Perfluorooctanoate (PFOA) in Relation to Weight and Size at

BirthBirth
Benjamin J. Apelberg,1 Frank R. Witter,2 Julie B. Herbstman,3 Antonia M. Calafat,4Benjamin J. Apelberg,1 Frank R. Witter,2 Julie B. Herbstman,3 Antonia M. Calafat,4

Rolf U. Halden,5 Larry L. Needham,4 and Lynn R. Goldman5Rolf U. Halden,5 Larry L. Needham,4 and Lynn R. Goldman5

 PFOA was detected in 100% of cord bloodPFOA was detected in 100% of cord blood
serum samples, and PFOS was detected in >serum samples, and PFOS was detected in >
99% of samples. The median PFOA99% of samples. The median PFOA
concentration was 1.6 ng/mL (range, 0.3 to 7.1concentration was 1.6 ng/mL (range, 0.3 to 7.1
ng/mL) and the median PFOS concentration wasng/mL) and the median PFOS concentration was

5 ng/mL5 ng/mL



WTC responders have high blood levels ofWTC responders have high blood levels of
perfluorinated compoundsperfluorinated compounds

ES and T Science NewsES and T Science News March 26, 2008March 26, 2008

 The analyses show that workers exposed to dustThe analyses show that workers exposed to dust
or smoke had about twice as muchor smoke had about twice as much
perfluorooctane sulfonate (PFOS),perfluorooctane sulfonate (PFOS),
perfluorooctanoic acid (PFOA), perfluorohexaneperfluorooctanoic acid (PFOA), perfluorohexane
sulfonate (PFHxS), and perfluorononanoic acidsulfonate (PFHxS), and perfluorononanoic acid
(PFNA) in their blood as the(PFNA) in their blood as the general U.S.general U.S.
populationpopulation. However, studies have shown that. However, studies have shown that
people in Portland, Ore., and Boston havepeople in Portland, Ore., and Boston have
concentrations similar to those of the WTCconcentrations similar to those of the WTC
workers. This may be a factor of urban living.workers. This may be a factor of urban living.



HUMAN
BIOMONITORING FOR

ENVIRONMENTAL
CHEMICALS

National Research Council
Division on Earth and Life Studies

Board on Environmental Studies and Toxicology



Roadmap for AddressingRoadmap for Addressing
Unanswered QuestionsUnanswered Questions

 Framework for Characterizing Biomarkers and UsesFramework for Characterizing Biomarkers and Uses
of Biomonitoring Data.of Biomonitoring Data.

 Guidelines to ensure the proper conduct ofGuidelines to ensure the proper conduct of
biomonitoring studiesbiomonitoring studies

 Options for interpreting biomonitoring dataOptions for interpreting biomonitoring data

 Challenges in communicating resultsChallenges in communicating results

 Research AgendaResearch Agenda
-- Findings and RecommendationsFindings and Recommendations



Few health based guidelinesFew health based guidelines

 A very small percentage of theA very small percentage of the
measured chemicals have RfDs ormeasured chemicals have RfDs or
other health based guidelinesother health based guidelines

What do the measurements mean?What do the measurements mean?

How do we characterize the risks?How do we characterize the risks?



Need to fill in the gaps…..Need to fill in the gaps…..

TABLE 1-1 Numbers of Chemicals in Third National Report on Human Exposures to
Environmental Chemicals for Which Health-Based Values Are Available

148a Number of chemicals sampled by CDC in third national report
25 Number of chemicals for which EPA reference values (i.e., RfCs or RfDs) and/or cancer

slope factors are establishedb

23 Number of chemicals for which TLV-TWAs are established
5 Number of chemicals for which BEIs are established
3 Number of chemicals for which RfDs/RfCs, TLVs, and BEIs are established

aThe CDC measures 148 total analytes; however many are similar compounds that are members of a
broader class of chemicals, such as polychlorinated biphenyls, dioxins and furans, organophosphorus
pesticides, and heavy metals.
bMany of the chemicals do not have specific health-based values, but because many are in similar classes of
compounds, alternative approaches to evaluate toxicity, such as toxic equivalency factors, are available.
Source: CDC 2005.



Framework for CharacterizingFramework for Characterizing
BiomarkersBiomarkers

 The framework is intended to characterize theThe framework is intended to characterize the
properties of biomarkers as a means to informproperties of biomarkers as a means to inform
scientists and the general public about biomarkersscientists and the general public about biomarkers
and their significance when used in biomonitoringand their significance when used in biomonitoring
studies.studies.

 Summarizes what is known about a biomarker andSummarizes what is known about a biomarker and
thus indicates potential research gaps that need to bethus indicates potential research gaps that need to be
addressed to meet the requirements for specificaddressed to meet the requirements for specific
uses.uses.

 Is intended to crystallize scientific discussion overIs intended to crystallize scientific discussion over
specific biomarker issues and serve as a guide inspecific biomarker issues and serve as a guide in
interpreting the studies, in setting priorities amonginterpreting the studies, in setting priorities among
research needs, and in communicating studyresearch needs, and in communicating study
objectives to different audiences.objectives to different audiences.



Biomarker Properties?Biomarker Properties?

 Reproducible sampling/analytical methodologyReproducible sampling/analytical methodology

 External doseExternal dose--[BM] relationship in animals[BM] relationship in animals

 External doseExternal dose--[BM] relationship in humans[BM] relationship in humans

 [BM][BM] –– biological effect relationship in animalsbiological effect relationship in animals

 [BM][BM] –– biological effect relationship in humansbiological effect relationship in humans

 External doseExternal dose--response relationship in animalsresponse relationship in animals

 External doseExternal dose--response relationship in humansresponse relationship in humans



Framework for Characterizing BiomarkersFramework for Characterizing Biomarkers

TABLE 3-1 Framework for Grouping Biomarkers of Exposurea

Biomarker Group
Properties of Biomarkers I II III IV V VI VII

Reproducible sampling and analytic method R R R R R R
Known relationship of external dose to [BM] in animalsb R
Known relationship of external dose to [BM] in humansb R R R
Known relationship of [BM] to biologic effect in animals O
Known relationship of [BM] to biologic effect in humans R R
Known relationship of external dose to response in animals O
Known relationship of external dose to response in humans O

Internal dose      
External dosec

   
Biomarker
informs about

Biologic effectsd
  
Potential for risk

assessment
aCheckmark in lower portion of table means that biomarkers in group can inform about stated elements of dose and
effect.
bImplies knowledge of pharmacokinetics of biomarker in relation to exposure to parent chemical.
cThe relationship between external dose and internal dose may be influenced by metabolic polymorphisms and
other factors, including socioeconomic status and racial and ethnic differences.
dBiologic effects may include a wide range of observations, from very early biochemical perturbations to clinical
signs of alteration of health.
Abbreviations: [BM] = concentration of biomarker; R = required: O = optional (at least one of these is required).



Stages of Biomonitoring Study



Biomonitoring
Dataset Becomes

Available

Evaluate dataset quality
-what is it suitable for?

Descriptive Approaches

□ Reference range

□ Societal use pattern

□ Use of workplace
reference values
(e.g., BEIs)

□ Who is most exposed, who
least?

□ Comparison of individual
results to total population or
workplace targets

□ Is this a new or long-
standing exposure?

Risk-Based Approaches

Do we need to
understand risk?

Biomarker dose-response relationship
available from epidemiology studies

□ Direct risk analysis
of biomonitoring
results

Use Existing Traditional
Risk Assessment

Biomonitoring-Led
Approaches

□ PK modeling
□ Collection of animal

biomarker data

Yes

□ Can biomarker-response
relationship be constructed via PK
modeling?

□ Can biomarker-response
relationships be developed from
animal PK data?

□ Can human PK model help to
interpret biomonitoring data?

□ What new exposure or toxicity
studies are needed for risk
assessment?

□ Put biomonitoring
results into a risk
context

No

FIGURE 5-1 Overview of interpretive options for biomonitoring data.



Upper 10% of Exposure Distribution, USUpper 10% of Exposure Distribution, US
Women Ages 16Women Ages 16--49, from NHANES 199949, from NHANES 1999--20022002

and 1999and 1999--20002000
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Coalition Removes Opposition to Calif.Coalition Removes Opposition to Calif.
Biomonitoring LegislationBiomonitoring Legislation

 "For the past three years, we have indicated our support for"For the past three years, we have indicated our support for
scientifically sound biomonitoring research" said Timscientifically sound biomonitoring research" said Tim
Shestek, spokesman for the American Chemistry Council,Shestek, spokesman for the American Chemistry Council,
one of many trade associations that had opposed SB 1379.one of many trade associations that had opposed SB 1379.
"Many of the concerns we expressed on previous"Many of the concerns we expressed on previous
biomonitoring legislative efforts were underscored by thebiomonitoring legislative efforts were underscored by the
National Research Council's 2006 Report HumanNational Research Council's 2006 Report Human
Biomonitoring for Environmental Chemicals. We encourageBiomonitoring for Environmental Chemicals. We encourage
California to consider the recommendations in this report asCalifornia to consider the recommendations in this report as
guiding principles for the design, conduct, riskguiding principles for the design, conduct, risk--basedbased
interpretation and communication of California'sinterpretation and communication of California's
biomonitoring studies undertaken as a result of thisbiomonitoring studies undertaken as a result of this
legislation."legislation."



Schwarzenegger OKs chemical exposureSchwarzenegger OKs chemical exposure
researchresearch

Fri Sep 29, 2006Fri Sep 29, 2006

 "There are literally thousands of chemicals being used in"There are literally thousands of chemicals being used in
our everyday products in the United States in cleaningour everyday products in the United States in cleaning
supplies, pesticides, cosmetics and more. It's important tosupplies, pesticides, cosmetics and more. It's important to
know more about how those chemicals are building up inknow more about how those chemicals are building up in
our bodies or how they may be affecting our health,"our bodies or how they may be affecting our health,"
Schwarzenegger said in a statement.Schwarzenegger said in a statement.

 "Bio"Bio--monitoring will do just that by shedding some light onmonitoring will do just that by shedding some light on
our bodies, our environment and on public health," heour bodies, our environment and on public health," he
added.added.



“MPs want all Canadians monitored
for chemicals”

Dennis Bueckert

Canadian Press

Thursday, May 03, 2007

OTTAWA - The Commons environment committee is
calling for major changes to the environmental protection
act, and biomonitoring programs to measure toxic
chemicals in the bodies of Canadians.



Test Flin Flon citizens for toxins: MD
Critics say ongoing risk assessment not
enough to detect possible harm
Mon Oct 29 2007
By Jen Skerritt

ALL residents of Flin Flon should be tested to see if they
have been exposed to high levels of lead, mercury and
arsenic, health officials tell the Free Press.
Dr. Kapil Khatter, a physician with Toronto-based
Environmental Defence, a non-profit group that studies
the link between the environment and human health,
said a simple blood test could confirm whether a
person's health has been adversely affected by lead, and
other tests can be done to see whether harmful levels of
mercury or arsenic are in the body.
Khatter said emerging research has shown that even low
levels of lead contribute to higher incidences of
hyperactivity, lower IQ and higher rates of anemia
among children.
"I think all the children, in particular, should be tested in
Flin Flon," Khatter said during a phone interview from
Toronto

Marc Gallant/Winnipeg Free Press
Recent Flin Flon soil survey
found much of the town’s
soil was above guidelines
for human health, and high
levels of mercury, lead and
arsenic were recorded at
schools and playgrounds.

If you saw a big boy beating up on a little boy in the playground, your first reaction is
(to say), 'stop that,"' May said. "A health-risk assessment approach would be to study
how many blows the big boy could deliver to the small boy before he actually

sustained any damage.



High Mercury Levels Found in One-Fourth of
Adults

July 24, 2007 New York Times

By DIANE CARDWELL

One-quarter of adult New Yorkers, roughly 1.4 million people, have elevated
levels of mercury in their blood, mainly from eating certain fish, according to

survey results released yesterday by the city’s Department of Health.

The survey, part of a comprehensive study of the health of city residents, found
that blood mercury levels were highest among Asians, women and higher-

income New Yorkers.



The Exposure Challenge: Where isThe Exposure Challenge: Where is
it coming from?it coming from?

We still need improved environmentalWe still need improved environmental
sampling measuresampling measure

 Biomonitoring does not tell us about theBiomonitoring does not tell us about the
source of the contaminantsource of the contaminant



Air levels

Water levels

Soil/dust levels

Food levels

Lifestyle factors

Personal habits

Nutritional status

Genetic factors

MANY OTHER FACTORS

Measured
levels of toxicants

in people

We need to measure contributions from different sources and pathways



1

2

3

Number
of people Few

Many

Human dose
(relative to health threshold)

Low
High

Priority

Low

High

Prioritizing Environmental Health Measures



Race/Ethnicity

Residential Location

Residential Segregation

Environmental
Hazards and
Pollutants

Community
Stressors

Biologically
effective dose

Health effect
(disparities)

Community
stress

Neighborhood
Resources

Individual stressors

Exposure

Community
level
vulnerability

Individual
level
vulnerability

Exposure-Disease-Stress Framework for Environmental Health Disparities

Internal dose
Stress/Coping, Genetics
Life Stage/Style

Structural
Factors

Modified fromGee & Payne-
Sturges, 2004



Expanding Applications ofExpanding Applications of
BiomonitoringBiomonitoring

 National surveillanceNational surveillance

 ChildrenChildren’’s healths health

 Risk assessmentRisk assessment

 Worker protectionWorker protection

 State surveillanceState surveillance

 Epidemiologic investigationsEpidemiologic investigations

 Community studiesCommunity studies

 Individual clinical measuresIndividual clinical measures

 AdvocacyAdvocacy

 LitigationLitigation

 New approaches to environmental health andNew approaches to environmental health and
protection?protection?



In Summary…In Summary…

 Biomonitoring is already impacting our environmentalBiomonitoring is already impacting our environmental
health policies and the expansion of applications hashealth policies and the expansion of applications has
profound implications for the future. But, we have toprofound implications for the future. But, we have to
get it right……get it right……

 It is working in other statesIt is working in other states

 To realize the full potential of biomonitoring as anTo realize the full potential of biomonitoring as an
environmental health tool will require:environmental health tool will require:

-- Prioritizing biomarkers for development.Prioritizing biomarkers for development.

-- Support of epidemiologic, toxicologic, and exposureSupport of epidemiologic, toxicologic, and exposure--
assessment science to interpret biomonitoring data.assessment science to interpret biomonitoring data.

-- Improved communication of biomonitoring results.Improved communication of biomonitoring results.

-- Review of bioethical issues.Review of bioethical issues.

-- Enhancement of scientific infrastructure to support research.Enhancement of scientific infrastructure to support research.



Biomonitoring in MDBiomonitoring in MD

Will transform environmental health in theWill transform environmental health in the
StateState

 Provide practitioners with new tool toProvide practitioners with new tool to
address concerns, identify and manageaddress concerns, identify and manage
hazardshazards

Ultimately… improve the publicUltimately… improve the public’’s healths health


