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BackgroundBackground

There has been considerable interest in the 
Agency’s assessments on metals and metal 
compounds

recent events surrounding promulgation of 
the Toxics Release Inventory (TRI) lead 
rulemaking
development of the Agency’s Waste 
Minimization Prioritization Tool



BackgroundBackground

The Agency therefore initiated a process
to address issues associated with metals
to provide opportunities for external input, 
peer review and cross-Agency involvement
that assigned responsibility to the Science 
Policy Council with technical support from 
the Risk Assessment Forum 



BCFs for metals vary with species, environmental 
conditions, generally show an inverse relationship with 
concentration and are not a predictor of toxicity

unlike organics with high BCFs, metals do not 
biomagnify up the food chain

only metals that that biotransform to organo-forms 
will biomagnify

mercury, selenium

most organisms have evolved mechanisms to 
regulate (excrete/store) metals

Speciation and bioavailability are more meaningful than 
persistence when evaluating hazard potential

Issues Associate with the PBT Framework Issues Associate with the PBT Framework 
as Applied to Metalsas Applied to Metals



Regulatory ChallengesRegulatory Challenges
Difficult to develop a single approach for all 
programs based on available science

EPA programs conduct different levels of 
assessment, e.g., hazard assessment/ ranking, 
national level, and site specific

Programs have different ways of dealing with 
the unique features of metals due to:

statutory requirements and assessment 
goals
availability of exposure and effects data
degrees of conservatism
ways of dealing with uncertainties



CollaborationCollaboration

Involved national and international experts in 
two workshops and five issue papers that 
supported the development of the document

We were active with MERAG in Europe 
attending workshops and reviewing 
documents

Active in Canadian Metals in the Human 
Environment Research Network 

Co-sponsored a SETAC workshop on metals 
issues



Metals FrameworkMetals Framework

Charge:

Develop a comprehensive 
framework that could be the 
basis of future Agency actions

Provide a consistent set of 
basic principles to be 
considered in assessing risks 
posed by inorganic metals 

Identify available methods, 
models, and approaches for 
use in metals assessments



Phase I: Metals Action 
Plan Dec 2002 

Phase II: Issue Papers
Aug 2004

Phase III: Draft Metals 
Framework  Dec 2004

Phase IV: Final Document
March 2007 and Agency

Implementation

Metals Framework TimelineMetals Framework Timeline



PurposePurpose

Present key guiding principles based on the 
unique attributes of metals
Describe how metals-specific attributes and 
principles may then be applied in the 
context of existing EPA risk assessment 
guidance and practices 
Outline key metal principles and how they 
should be considered in existing human 
health and ecological risk assessment 
practices
Foster consistency across EPA programs 
and regions 



PrinciplesPrinciples

Metals are naturally occurring constituents in 
the environment and vary in concentrations 
across geographic regions

All environmental media have naturally 
occurring mixtures of metals, and metals 
often are introduced into the environment as 
mixtures

Some metals are essential for maintaining 
proper health of humans, animals, plants, 
and microorganisms



PrinciplesPrinciples

Unlike organic chemicals, metals are neither 
created nor destroyed by biological or chemical 
processes

they can transform from one species to 
another (valence states) and can convert 
them between inorganic and organic forms

The absorption, distribution, transformation, 
and excretion of a metal (toxicokinetics) within 
an organism depends on:

the metal
the form of the metal or metal compound
the organism’s ability to regulate and/or   
store the metal



Science Policy IssuesScience Policy Issues

Limited use of BAF/BCF 
Incorporation of Bioavailability
Essentiality and application of RDA
Environmental Chemistry
Human Health



BAF/BCF IssuesBAF/BCF Issues

Certain metal compounds are known to 
bioaccumulate in tissues and this 
bioaccumulation can be related to their 
toxicity

The latest scientific data on 
bioaccumulation do not currently support 
the use of bioconcentration factor (BCF) 
or bioaccumulation factor (BAF) values 
when applied as generic threshold criteria 
for the hazard potential of inorganic 
metals



BAF/BCF IssuesBAF/BCF Issues
Single value BAF/BCFs hold the most value for 
site-specific assessments

extrapolation across different exposure 
conditions is minimized

For regional and national assessments, 
BAF/BCFs should be expressed as a function 
of media chemistry and metal concentration for 
particular species (or closely related 
organisms)

Bioaccumulation of metals is the net 
accumulation of a metal in the tissue of 
interest or the whole organism that results 
from all environmental exposure media, 
including air, water, solid phases (i.e., soil, 
sediment), and diet, and that represents a net 
mass balance between uptake and elimination 
of the metal (SAB, 2006)



Bioavailability IssuesBioavailability Issues

Bioavailability of metals and the associated 
risk vary widely according to the physical, 
chemical, and biological conditions under 
which an organism is exposed

Bioavailability should be explicitly 
incorporated into all risk assessments

Assumptions should be clearly articulated
in situations where data or models are 
insufficient to address bioavailability 
rigorously 



Oral IngestionOral Ingestion

Bioavailability - critical factor in 
determining the uptake of 
contaminants;  important in 
determining potential threats   
to HH posed by contaminated 
sites 

Risk assessments used to 
determine whether a 
contaminated site poses a 
current or future threat to 
human health that warrants 
remedial action

Oral ingestion of soil and dust 
– “risk driver” for human 
exposure to metal 
contaminants 



Assessing  Bioavailability in SoilAssessing  Bioavailability in Soil
In vivo methodologies

Quantification of metal present in various tissues       
and excrement
Used to develop quantitative bioavailability 
adjustments
Expensive and time consuming

In vitro methodologies
Physiologically-based extraction tests
Measures bioaccessibility (e.g. solubility)
Used for screening purposes and reducing uncertainty
Quick and inexpensive 

Mineralogical/speciation studies
Importance of solid phase distribution, speciation        
and particle size
Provides supporting bioavailability/bioaccessibility 
information



Bioavailability Research at EPABioavailability Research at EPA
Current research includes development of
bioavailability/bioaccessibility screening tools: 

Assays to determine potential human exposure through 
the dietary route and biological availability to receptors

Models to determine the influence of physicochemical 
properties of soil/dust on bioavailability and 
bioaccessibility

Evaluation and development of an alternative in vivo
model

In vitro methodologies: 
Development of physiologically-based (human) extraction 
tests used to mimic human gastrointestinal system
Measures bioaccessibility (e.g. solubility)
Development of method includes side-by-side comparison       
with in vivo model



Recent EPA SymposiumRecent EPA Symposium
2007 International Society of Exposure Analysis
Symposium “Use of In Vitro Bioaccessibility/Relative 
Bioavailability Estimates in Regulatory Settings: What is 
Needed?”

A few summary notes from symposium:
• Establishing a correlation between an in vitro method 

and an in vivo method considered an important step

• A single animal model may not work for all metals 
because of differences in pharmacokinetics

• Cost is a factor for assays - in vitro methods that are 
cost effective and relatively quick are needed

Complete symposium proceedings available at: 
http://www.epa.gov/superfund/health/contaminants/bioavail
ability/links.htm



EPA's Bioavailability CommitteeEPA's Bioavailability Committee
EPA's Technical Review Workgroup (TRW) for Metals was 
initiated March 2007.  Purpose of committee: 

Develop new guidance concerning site assessment and 
cleanup at hazardous waste sites 

Primary point of contact, information archive, and 
repository of outreach materials for the methods 
recommended in the guidance document

Provide site consultation in support of regional requests 

Identify research needs to address data gaps relevant to 
contaminant bioavailability in soil site assessment 
activities



Essentiality IssuesEssentiality Issues

RFDs should not be below RDAs

Essentiality should be viewed as part of 
the overall dose-response relationship for 
those metals shown to be essential

Zinc IRIS document is a good example



In establishing an RfD for zinc, the data on 
essentiality were combined with the data on toxicity 
to define a level that would meet physiological 
requirements without causing toxic responses when 
consumed daily for a lifetime

The exposure values that were considered in 
determining the RfD suggest that there is only one 
order of magnitude between the minimum amount of 
zinc that will maintain physiological function (5.5 
mg/day) and the amount associated with appearance 
of potentially adverse effects (60 mg/day)

EPA Integrated Risk Information System

http://www.epa.gov/iris/subst/0426.htm#docoral



Four studies involving human volunteers were 
considered to be co-principal studies, and the 
minimal LOAEL (0.91 mg Zn/kg-day, average of these 
LOAELs) was selected as the point of departure

A threefold intraspecies uncertainty factor was 
applied to account for variability in susceptibility in 
human populations

An uncertainty factor of 3 representing the 
uncertainties associated with human variability and 
the need for an adequate dietary level of zinc, was 
then applied to the minimal LOAEL of 0.91 mg Zn/kg-
day to give the RfD of 0.3 mg Zn/kg-day 

IRIS – Reference Dose



Superfund (RAGS) Part A Superfund (RAGS) Part A ––
Essential elementsEssential elements

Chemicals that are: 
essential human nutrients
present at low concentrations (i.e., only slightly 
elevated above naturally occurring levels), and 
toxic only at very high doses (i.e., much higher than 
those that could be associated with contact at the site) 
need not be considered further in the quantitative risk 
assessment

Essential nutrients present at low concentrations (i.e., 
only slightly elevated above background) should be 
eliminated to help ensure that chemicals present at 
potentially toxic concentrations are evaluated in the 
quantitative risk assessment



Environmental ChemistryEnvironmental Chemistry

Metal speciation affects metal behavior in 
environmental media

pH and redox potential affect speciation

Kd values
limited use of single values 

Aging of metals in media reduces 
bioavailability

Metal sorption behavior affects 
bioavailability



Human HealthHuman Health

The organ or tissue in which metal toxicity 
occurs may differ from the organ or 
tissue(s) in which the metal 
bioaccumulates and may be affected by 
the metal’s kinetics

target organs may differ by species, 
mainly owing to differences in 
absorption, distribution, and excretion.  

Both the exposure route and the form of a 
metal can affect the metal’s carcinogenic 
potential and its non-cancer effects 
Sensitivity to metals varies with age, sex, 
pregnancy status, nutritional status, and 
genetics



Human HealthHuman Health

Metals attached to small airborne particles are of 
primary importance for inhalation exposures

Adverse nutritional effects can occur if essential 
metals are not available in sufficient amounts

increases the vulnerability of humans to other 
stressors, including those associated with other 
metals

Because the diets of humans and other animals are 
diverse, there may be wide variability in the dietary 
intake of some metals (e.g., in seafood)

results in temporal, geographic or cultural 
variability of responses 



Metals Framework, March, 2007  
http://www.epa.gov/osa/metalsframework/ 

Fairbrother et al., 2007. Ecotoxicology and 
Environmental Safety. 68: 145-227

Issue papers August 2004: 
http://cfpub2.epa.gov/ncea/cfm/recordisplay.cfm
?deid=86119

ISEA proceedings: 
http://www.epa.gov/superfund/health/contamina
nts/bioavailability/links.htm

EPA’s TRW BA Committee: 
http://www.epa.gov/superfund/health/contamina
nts/bioavailability/trw.htm

Web SitesWeb Sites



Metals Framework Core Metals Framework Core 
Technical PanelTechnical Panel

Co-leads:    Anne Fairbrother ORD/NHEERL
Randy Wentsel    ORD

Steering Committee:
Keith Sappington ORD/NCEA
Bill Wood ORD/RAF
Steve Devito OEI/OIAA
Alec McBride OSWER/OSW
Dave Mount ORD/NHEERL
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