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SECTION 1 

PROJECT SCOPE AND BACKGROUND 

1.1  SCOPE 

This Scientific and Technical Report describes work accomplished under Delivery 
Order 56 for the Air Force Institute for Environment, Safety, and Occupational Health 
Risk Analysis (AFIERA). The work described in this report follows the work plan to 
complete a feasibility study regarding the use of bioavailability adjustment factors in 
human health risk assessment. This work plan was presented in the Pretest Survey 
Report (PSR) submitted March 26, 2000. This technical narrative describes the approach 
to the work, the findings of the feasibility study, and conclusions and recommendations 
based on those findings. 

1.2 BACKGROUND 

The primary purpose of this effort was to investigate the feasibility of developing 
and using bioavailability adjustment factors to modify current remediation goals for soils. 
Bioavailability is the fraction of an applied dose of a chemical or environmental 
contaminant that reaches the blood, whether from the gastrointestinal tract, skin, or lungs. 
For the purposes of this project, emphasis was given to bioavailability from the 
gastrointestinal tract. 

The results of two separate tasks are presented in this report. The first task was a 
literature review of the analytical techniques used to estimate the desorption of chemicals 
from soils in the stomach. The findings of this literature review are summarized in this 
document. Criteria for ranking the techniques were also developed. A discussion of the 
top-ranking techniques, their merits and drawbacks, the associated costs, and a list of all 
references were prepared. 

The second task was a survey of state and United States Environmental Protection 
Agency (USEPA) regulators to determine past use of bioavailability adjustment factors in 
their state or region, including the success of such arguments and the likelihood of such 
arguments being accepted in the future. Where bioavailability factors have been used in a 
risk assessment in the past, a discussion of these "success stories" is included. 

1.3 SCIENTIFIC AND TECHNICAL REPORT (STR) OVERVIEW 

This STR comprises four sections and four attachments. Section 1 provides the 
general project scope and project background. Section 2 provides the results of the 
literature review. The results of the state survey are presented in Section 3, and Section 4 
provides the cited references for the STR. 
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SECTION 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

This document describes an investigation into the feasibility of developing and 
using bioavailability adjustment factors to modify current remediation goals for soils. 
Bioavailability is defined as the fraction of an applied dose of a chemical or 
environmental contaminant that reaches the blood, whether from the gastrointestinal tract, 
skin, or lungs. In this report, emphasis is given to bioavailability from the 
gastrointestinal tract. 

This document is intended to complement and not repeat information that was 
provided in two recent reports a 2). Specific issues addressed in this document are a 
review of the available in vitro and in vivo methods along with an evaluation of their 
relative efficacy and cost. 

2.2 METHODS 

The initial step in the preparation of this report was the conduct of several 
literature searches. This was accomplished by a number of on-line database searches. 
The initial search was conducted on the Medline database for years 1985 and forward 
using the keywords: bioavailability and soils. This resulted in 122 abstracts being 
identified that were possibly relevant to this effort. The next search was conducted on the 
Toxline database for years 1985 and forward using the keywords: bioavailability, soils, 
and oral. This resulted in an additional 49 abstracts determined to possibly be relevant. 
It should be noted that the addition of the "oral" search criteria was added to the Toxline 
search (verses the Medline search) in order to focus the results and assure the relevance of 
the outcome for purposes of this report. 

Finally, an additional search was conducted in an attempt to capture literature 
outside the realm of the two databases discussed above. Specifically, this search was 
directed toward the agricultural industry and included 280 additional databases with a 
variety of date ranges. These databases are listed in Attachment A. This search resulted 
in the identification of 80 additional possibly relevant abstracts using the keywords: 
bioavailability, chemical, soil, and oral. 

The results of these literature searches were then reviewed by title or abstract to 
determine if the information presented would be relevant to this effort. Overall, the 
results of the literature search were disappointing in that little information could be found 



which was directly relevant to this report and outside the realm of information presented 
in the two reports mentioned above °-2). 

In an attempt to determine the relative costs of some of the techniques used to 
determine bioavailability, an informal phone survey was conducted. A list of exhibitors 
at the March 2000 Society of Toxicology (SOT) convention conference meeting was 
downloaded from the SOT website (www-sotorg) and the organizations known to be 
toxicity testing laboratories were contacted. This effort was unsuccessful in identifying 
any commercial laboratory that routinely conducts either in vitro or in vivo bioavailability 
assays. However, three academic institutions were identified that could perform the tests 
on a contract basis. 

• Steve Roberts 

University of Florida 
Gainesville, Florida 

(352) 392-4700, ext. 5500 smr@ufl.edu 

• Stan Casteel 
University of Missouri - Columbia 
Columbia, Missouri 

(882)681-1210   CasteelS@,missouri.edu 

• John Drexler 
University of Colorado 
Boulder, Colorado 

(303)492-5251    John.Drexler@Colorado.EDU 

The following section discusses a summary of the results and relevant findings 
from the evaluation of the literature and other activities discussed above. 

2.3 DISCUSSION 

There are numerous methods for estimating the oral absorption of chemicals from 
a soil matrix. Although it is not the intent of this paper to review each of these methods 
(see 1,2), Table 2.1 summarizes some of the in vivo and in vitro techniques along with 
their relative strengths and limitations(3). 



Table 2.1 Comparison of Methods to Study Oral Unavailability* 

General 
Method 

Objective Technique Strengths Limitations 

In vivo 
j 

Bioavailability 
Factor 

Measurement 
of Blood Level 

Accurate 
Reliable 

Inconvenient 

In vivo Bioavailability 
Factor 

Measurement 
of Urinary 
Level 

Simple 
Convenient 
Inexpensive 
Rapid 

Underestimation 
Unreliable 

In vivo Bioavailability 
Factor 

Mass-Balance Accurate 
Reliable 

Technically demanding 
Expensive 
Time-Consuming 

1 
In vivo Dissolution 

rate 
Various Simple 

Inexpensive 
Rapid 

Not accurate 
Unreliable 

In vivo Bioavailability 
Factor 

Measurement 
of Fecal Level 

Simple 
Convenient 

Overestimation 
Unreliable 

In vivo Bioavailability 
Factor 

Chronic 
Isolated Loop 

Controlling 
variables 
Remaining 
physiological 
function 

Overestimation 
Unreliable 

In vivo Bioavailability 
Factor 

Measurement 
of Liver Ratio 

Direct    measure 
of factor 

Assumes chemicals 
concentrations in liver 
representative of 
systemic levels 

In vitro Dissolution 
rate 

Various Simple 
Inexpensive 
Rapid 

Not accurate 
Unreliable 

In vitro Partition 
coefficient   in 
GI tract 

Various Simple 
Inexpensive 
Rapid 

Not accurate 

a. Table i adapted from reference #3. 

These methods encompass a diverse set of methods, endpoints, and utility. 
Although most of these techniques have limited applications, the literature review 
indicated some correlation between recent studies. Tables 2.2 and 2.3 summarize the 
methodology, model, and endpoints used in some of the recent studies. 



Table 2.2 Examples of Recent Oral Bioavailability Studies -In Vivo 

Chemical Animal Model   i        Tissue Collected        j     Analytical    j    Ref. 

Arsenic New Zealand 
White Rabbit 

Feces, Urine AAS 

Lead ! Fischer 344 Rat j     Blood, Bone, Liver ICP-MS 

PAHs Lewis Rat Blood, Feces, Urine Metabolite 
detection 

Cadmium Lewis Rat 

Mercury Swiss Mice 

Blood, Urine, Liver, 
Kidney, Heart, Brain 

AAS 

Feces 

AAS = Atomic Absorption Spectroscopy 
ICP-MS = Inductively Coupled Plasma- Mass Spectrometry 
ICP-HG = Inductively Coupled Plasma - utilizing Hydride Generation 

Cold Vapor   I      8 

Lead Human Feces Radiological 
Tracer 

9 

PAHs B6C3F1 Mice Urine Metabolite 
detection 

10 

Lead, Arsenic New Zealand 
White Rabbit 

Gastric Fluid AAS 11 

Arsenic Wistar Rats Blood ICP-MS 12     1 

Arsenic Immature Swine Urine ICP-HG 13 

Arsenic Non-human 
Primate 

Not Reported Not Reported 14 



Table 2.3 Examples of Recent Oral Bioavailability Studies -In Vitro 

Chemical* In Vitro Method Analytical Ref. 

PAHs        ! Dissolution under simulated rabbit gastric 
! extraction conditions. 

AAS 10 

Lead \ Dissolution under simulated rabbit gastric 
I extraction conditions. 

AAS 15 

PAHs        I Dissolution under simulated rabbit gastric 
extraction conditions. 

AAS 16 

Cadmium      I Dissolution under simulated swine gastric 
i extraction conditions. 

ICP-HG 13 

AAS = Atomic Absorption Spectroscopy 
ICP-HG = Inductively Coupled Plasma - utilizing Hydride Generation 

The relative number of recent studies found using the techniques in Tables 2.2 and 
2.3 compared to some of the other study techniques listed in Table 2.1 may be a useful 
indicator of which studies might have a higher probability of acceptance by a regulatory 
agency. In general, the in vivo studies are conducted in mammalian models and the in 
vitro studies are dissolution studies which are designed to mimic the gastric conditions of 
the mammalian model of interest. 

Several factors should be considered when determining the most appropriate test 
to conduct. One consideration is the acceptability of the data. At the time this report was 
prepared, the USEPA was not accepting in vitro study results as valid data for adjusting 
bioavailability factors. However some states such as Illinois. Michigan, Oklahoma, 
California, and Massachusetts have accepted in vitro study data to adjust for 
bioavailability(17). 

Another consideration is the purpose for the bioavailability information. For 
instance, if the information is intended to be used to adjust a toxicity factor, then it would 
be prudent to use an animal model similar to the animal used in the study from which the 
toxicity factor was derived. If the information is to be used to determine bioavailability 
in humans, then a non-human primate may be more appropriate. 

Consideration should also be given to the characteristics of the chemical being 
studied, technical limitations such as analytical detection limits, and nontechnical issues 
such as financial and time constraints(l). For instance, organic compounds present a more 
complicated and more expensive undertaking than inorganics due to the lack of current 
bioavailability data and the necessity of determining which chemical species (i.e., the 
parent or a metabolite) to analyze. Some organic compounds such as PCBs and dioxins 
require significant initial pilot study before conducting definitive studies since available 
data are so sparse. Another consideration is an in vitro study.   Although the USEPA is 



not currently accepting in vitro studies to support adjustment of bioavailability factors, 
these studies can be quite useful in helping to design and evaluate the results of in vivo 
studies. 

Availability of the laboratory and cost are other important aspects to consider 
before conducting a bioavailability study. Table 2.4 shows estimated costs of conducting 
some of these studies. These costs are based on single soil samples for an inorganic 
constituent. Cost of the studies for organic constituent would be significantly higher due 
to added analytical costs. 

Table 2.4 Representative Costs for Conducting Bioavailability Studies3 

Study System - ■"■•""" \      Approximate Cost* ^     j 

In vivo Swine                             -$35,000 - $48,000 

In vivo Non-human Primate -$60,000 
  —. 

In vivo Rodent $6,000 -$10,000 

In vitro Dissolution $100-$1500 

a. Costs estimates will be confirmed and refined for final document 

2.4 CONCLUSIONS AND RECOMMENDATIONS 

Before conducting a bioavailability study or studies several factors should be 
considered: feasibility of gathering information that may be useful in helping to reduce 
the time or costs associated with a remedial activity; relative costs of doing a 
bioavailability study verses the potential for remedial costs reduction; probability of 
acceptance of the study information by the regulatory agency; availability of suitable 
technology, laboratory space and personnel; and the characteristics and technical 
limitations associated with the chemical intended to by studied. 

Overall, a prioritized scheme should be used to determine whether to go forward 
with bioavailability studies. A higher priority should be given to well-studied metals 
such as arsenic where the regulatory agency has a history of accepting in vitro studies to 
establish alternative clean-up levels. On the other end of the spectrum are cases which 
receive a lower priority such as an organic contaminant with sparse bioavailability data in 
the literature, at a site where only in vivo studies are likely to be accepted, where time and 
financial resources are minimal, and where the likelihood of successfully reducing the 
clean-up criteria is low. Each chemical/site combination should be evaluated on a case 
by case basis to determine the best path forward. 



SECTION 3 

SURVEY OF STATE REGULATORS 

3.1 INTRODUCTION 

In order to support the goal of this project to investigate the feasibility of 
developing and using bioavailability adjustment factors to modify intake assumptions on 
a site-specific basis, a survey was conducted for the Air Force Institute for Environment, 
Safety, and Occupational Health Risk Analysis (AFIERA) to determine the policies of 
each state regarding use of site-specific bioavailability data in conducting human health 
risk assessments. Each of the fifty states was contacted via electronic mail and/or 
telephone to request information on guidance documents used to determine the 
applicability of bioavailability considerations in risk assessment, the previous use of site- 
specific bioavailability adjustments, and the likelihood of the state accepting 
bioavailability considerations in future risk assessments. 

Section 3.2 of this report provides information on the methods used to conduct the 
survey. Section 3.3 presents the findings and a discussion of the survey questionnaire 
results. Section 3.4 provides a concluding discussion with recommendations for future 
activities. 

3.2 SURVEY METHODS 

The first step in this task involved the preparation of the "State Human Health 
Risk Assessment Survey: Acceptance of Bioavailability Data" questionnaire. The 
questions were selected to provide both general information and specific details on 
selected program elements. The general information included information on the point- 
of-contact (e.g., titles, phone number, e-mail address, agency and division, department, or 
branch primarily responsible) along with the titles of documents related to bioavailability 
guidance or regulations. Some of the specific components included in the survey were: 
1) written guidance on the use of bioavailability in human health risk assessments; 2) 
information regarding the state's plans for producing guidance; 3) default guidelines the 
states use if no state-specific guidance exists; 4) methodologies for incorporating 
bioavailability considerations for organic compounds versus inorganic compounds; and 
5) information regarding the state's acceptance of human health risk assessments that 
successfully incorporated bioavailability data. A copy of the questionnaire is provided as 
Attachment B of this report. 

The point(s)-of-contact for each state were initially identified through the use of a 
database assembled for a previous survey performed for AFIERA by Parsons ES. To 
construct this database the point(s)-of-contact were identified through each states' 
environmental agency web site.  Each of the perspective contacts was phoned to obtain 



some basic information on the current and anticipated risk-based programs and to verify 
the point-of-contact. A phone-log was kept throughout the project. From these phone 
conversations the appropriate contact was identified and arrangements were made either 
via email or FAX to complete the survey and return the response. 

Some of the points-of-contact had changed since the database was initially 
created. In cases where the initial attempt to contact the state contact failed, the above 
process was repeated until a valid point-of-contact was determined. The database was 
updated based on the information received in response to the survey. States that did not 
respond were contacted by phone several times during the course of this project. A phone 
log was kept throughout the project. 

3.3 PRESENTATION AND DISCUSSION OF RESULTS 

The goal of this survey was to identify the prevalence of site-specific 
bioavailability adjustments in human health risk assessment. A secondary goal of this 
survey was to determine the potential acceptability of the use of bioavailability 
adjustments in risk assessment. This was done through contact with those agencies that 
establish guidance for performing risk assessments and review risk assessments for sites 
requiring regulatory oversight. 

Representatives from each of the fifty states and ten USEPA regions were sent 
survey questionnaires via e-mail. Of those, 31 states returned their completed 
questionnaires as of May 25, 2000. However, three states generally viewed as 
progressive in the field of risk assessment, California, Massachusetts, and Texas, have not 
responded to the survey despite repeated requests. In general, the state environmental 
agencies that returned questionnaires do not have guidelines currently in place for the use 
of bioavailability adjustments in human health risk assessment and rely nearly 
exclusively on USEPA risk assessment protocols. These USEPA guidance documents 
(such as the Risk Assessment Guidance for Superfund) generally do not provide guidance 
on developing site specific bioavailability factors. Rather, the guidance outlines the use 
of bioavailability factors (whether site-specific or literature based) in adjusting intake 
rates. 

It should be noted that contact with most states was limited to a single individual. 
Therefore, responses are limited to the specific knowledge of that individual. It is 
recognized that this introduces a level of uncertainty to the analysis of results. It should 
also be recognized that this survey represents a "snapshot in time" of the status of the 
various states acceptance of bioavailability factors. The following section presents a 
summary of the findings of the survey. The survey responses for each state are presented 
in tabular form in Attachment C. 

3.4 FINDINGS 

The findings are summarized and presented with regard to each question of the 
survey. 

10 



Does your state or agency have any written guidance on the use of bioavailability 
(-whether for or against) in conducting human health risk assessments? If so, could you 
provide us copies of this guidance and the reference information below? 

Of the 31 states that responded to the survey, only representatives of West 
Virginia and Minnesota provided guidance documents that specifically address the use of 
site-specific bioavailability data. The documents address both the use of in vivo and in 
vitro studies to determine site-specific bioavailability. 

The contact in Ohio provided a reference to a guidance document which 
addressed the use of gastrointestinal absorption for developing an industrial lead standard. 
However, this document does not consider site-specific bioavailability adjustments. 

The point of contact in Illinois indicated that an internal guidance document was 
produced that allows the use of site-specific bioavailability factors for lead and arsenic. 
This memo states that until more appropriate technical approaches are developed and 
peer-reviewed at a national level, only bioavailability determinations using animal 
models would be allowed. This guidance document was not provided since it is for 
internal use only. The Illinois contact also indicated that in order for bioavailability 
adjustments to be made in risk assessments, the absorption of the chemical in the media 
used in the critical study (e.g., food, water) for determining the toxicity factors must be 
known. 

The New Jersey contact stated that there is an option to develop site-specific 
alternate cleanup criteria when developing soil cleanup criteria. Bioavailability is 
expected to be an option in the development of these criteria, but the methodology is not 
yet developed. 

Michigan's point of contact indicated that some of its technical support 
documents for risk assessment address the use of bioavailability. The contact stated that 
some of these documents do allow for the use of chemical-specific absorption, efficiency 
values, or soil-related characteristics. 

The point of contact in Louisiana stated that they did not have specific guidance 
on the use of bioavailability adjustments, but the data would be allowed in site-specific 
assessments. 

Contacts in a number of states indicated that they followed USEPA guidance on 
bioavailability, and most of those states referenced USEPA's Risk Assessment Guidance 
for Superfund (various citations). 

Are you aware if your state or agency has any plans of producing guidance on the 
use of bioavailability (for or against) in the near future? If so, is there a tentative date 
for when this guidance will be available? 

11 



New Jersey was the only state that indicated plans to produce guidance regarding 
bioavailability. New Jersey's contact indicated that the state is part of a research 
oversight group called the Solubility/Bioavailability Research Coalition (SBRC). The 
key objective of this group is to develop, validate, and standardize an in vitro test for 
estimating the bioavailability of inorganic elements from soil, resulting in accurate 
estimates of human health risk, and more realistic site-specific cleanup criteria. None of 
the other states responding to the survey indicated plans to produce a guidance document 
on the use of bioavailability in risk assessment. However, the contact in Delaware did 
indicate that there was no reason why the concept shouldn't be considered. 

If the state has no documents regarding the use of bioavailability data in 
conducting human health risk assessments, does the state default to other guidelines? If 
so, could you provide us the reference information below? 

Representatives from fifteen of the responding states indicated they follow 
USEPA guidance (both national and regional) with regard to risk assessment. The Risk 
Assessment Guidance for Superfund documents were the most often referenced. 
Contacts from the remaining states either did not respond to the question, indicated that 
they were unaware of any guidance documents, or indicated that the question was not 
applicable. 

Are the methodologies, if any, different for organics versus inorganics? If so, 
how? 

The contact in Illinois indicated that the state is only considering bioavailability of 
lead and arsenic at this time, while the New Jersey representative indicated that the SBRC 
is only looking at inorganic compounds. 

Louisiana's contact stated that they expect methodologies for organic compounds 
and inorganic compounds would be different based on their different chemical/physical 
properties. 

Are you aware if your state or agency has ever accepted a human health risk 
assessment that successfully incorporated bioavailability data? If so, could you please 
provide us a copy of this document? 

Representatives from four states (Arizona, Colorado, Illinois, and Michigan) 
indicated that risk assessments that incorporated site-specific bioavailability factors were 
accepted by their agencies. These risk assessments were all for lead or arsenic. Illinois 
changed its policy since the risk assessments were accepted because they used in vitro 
data, and animal studies are now required in Illinois. Upon further review, the contact in 
Arizona indicated that they used bioavailability data from a site in another state. 

The contact in one state, Kentucky, indicated that risk assessments had been 
submitted that attempted to use bioavailability adjustments. However, the state did not 
accept them because none generated sufficient information to support the evaluation. 

12 



Kentucky's concern is the evaluation of future risks, and they believe there is no way to 
predict changes in the future that may affect bioavailability. 

EPA Region II also indicated that risk assessments had been submitted that 
attempted to use bioavailability arguments. However, these risk assessments used 
bioavailability adjustment factors that were based on values found in the literature, not 
based on a site-specific study. These adjustments were not approved by USEPA Region 

II. 

3.5 CASE STUDIES 

Overall, there are very few "success stories" associated with the use of 
bioavailability adjustment factors. In most cases, the state and EPA regulators that 
responded to the survey were unaware of any risk assessments that successfully 
incorporated bioavailability adjustments. In some cases, states that were reported to have 
accepted risk assessments using bioavailability adjustments^7), such as California, Texas, 
and Oklahoma, reported that they were unaware of any. 

Michigan regulators submitted a risk assessment that successfully incorporated a 
bioavailability adjustment factor of 10% for arsenic in soil. This adjustment was based 
on the findings of an in vitro bioavailability assay that measured dissolution from soil. 
The use of this information resulted in approximately a 10-fold decrease in the risk 
estimate associated with exposure to arsenic. 

USEPA Regions VIII and X, while indicating that they have accepted risk 
assessments using bioavailability adjustments, did not supply copies of these risk 
assessments to evaluate the methodology. Although, it is known that these regions only 
accept in vivo results for use in risk assessments. 

3.6 DISCUSSION AND RECOMMENDATIONS 

Results of this survey indicate there is very little guidance available on the use of 
site-specific bioavailability information in human health risk assessment. While there is 
little guidance, it appears that state regulators are willing to consider the use of 
bioavailability adjustments on a site-specific basis. However, it also appears that most 
states will follow the lead of the USEPA. Therefore, it is critical to get USEPA approval 
on any methodology developed for deriving site-specific bioavailability. Current USEPA 
policy is to require the use of in vivo studies for developing bioavailability adjustments 
for risk assessment. However, in vitro studies can and have been used for range finding, 
to refine the in vivo studies, and thus reduce the cost associated with developing 
bioavailability adjustment factors. 

There are a number of sites that have successfully used site-specific 
bioavailability adjustments in human health risk assessments. However, these sites were 
predominantly lead and arsenic contaminated sites.   These sites were then allowed to 

13 



leave higher levels of contaminants in place because the contaminants were less 
bioavailable then assumed in deriving toxicity factors. 

In conclusion, the use of bioavailability adjustments may be justified at some 
sites. At this point, these sites are generally large sites with lead or arsenic 
contamination. An comparison of the increased study cost to develop bioavailability 
adjustment factors should be compared to the decrease in remediation costs to determine 
if the development of bioavailability factors is justified at the site. Future investigations 
into the bioavailability of other contaminants will facilitate a wider use of bioavailability 
adjustments. 
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STATE HUMAN HEALTH RISK ASSESSMENT SURVEY 

ACCEPTANCE OF BIOAVAILABILITY DATA 

Sir/Madam: 

We are conducting a survey for the Air Force Institute for Environment, Safety 
and Occupational Health Risk Analysis (AFIERA) to determine the acceptability in your 
state for use of bioavailability data in conducting human health risk assessments. We 
would be grateful if you could provide input to the following: 

CONTACT INFORMATION 

Information on Points of Contact Name(s): 

Phone Number: 

Fax Number: 

E-Mail Address: 

Name of state or commonwealth: 

Name of state environmental agency: 

Division, department, or branch primarily responsible for human health risk 
assessment aspects of the program: 

SURVEY 

1. Does your state or agency have any written guidance on the use of bioavailability 
(whether for or against) in conducting human health risk assessments? If so, could 
you provide us copies of this guidance and the reference information below? 

Name of reference: 

Citation or Document Number: 

Date of most recent version: 

Date of next scheduled revision: 

2. Are you aware if your state or agency has any plans of producing guidance on the use 
of bioavailability (for or against) in the near future? If so, is there a tentative date for 
when this guidance will be available? 
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3. If the state has no documents regarding the use of bioavailability data in conducting 
human health risk assessments, does the state default to other guidelines? If so, could 
you provide us the reference information below? 

U.S. EPA Region _ Federal U.S. EPA _ Other _ Not Applicable _ 

Name of reference: 

Citation or Document Number: 

Date of most recent version: 

Date of next scheduled revision: 

4. Are the methodologies, if any, different for organics versus inorganics? If so, how? 

5. Are you aware if your state or agency has ever accepted a human health risk 
assessment that successfully incorporated bioavailability data? If so, could you please 
provide us a copy of this document? 
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