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Note 

This report was compiled by scientists of Toxicology Excellence for Risk Assessment (TERA). 
The peer experts served as individuals, representing their own personal scientific opinions. They 
did not represent their companies, agencies, funding organizations, or other entities with which 
they are associated. Their opinions should not be construed to represent the opinions of their 
employers or those with whom they are affiliated. 
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Introduction 
 

In July 2009, Toxicology Excellence for Risk Assessment (TERA) convened a Science Advisory 
Board (SAB) that provided guidance on a protocol for a series of studies investigating the mode 
of action by which hexavalent chromium (Cr(VI)) is carcinogenic in rats and mice following 
drinking water exposure.  The research project was organized by ToxStrategies  The final report 
of the July peer review was issued in late 2009 (available at: 
http://www.tera.org/Peer/Chromium/Chromium.htm) and expressed the expert panel’s 
recommendations on studies designed to assess chromium’s mode of action following a 90-day 
drinking water exposure in mice and rats.  Following the release of the peer report, ToxStrategies 
incorporated the panel’s recommendations and engaged several research laboratories to conduct 
the proposed studies.   
 
As part of the evaluation of the Cr(VI) mode of action (MOA), a multi-compartment 
physiologically based pharmacokinetic (PBPK) model was developed to describe the behavior of 
Cr(III) and Cr(VI) in humans.  Compartments were included for GI lumen, oral mucosa, 
stomach, small intestinal tissue (duodenum, jejunum, ileum), blood, liver, kidney, bone, and a 
combined compartment for remaining tissues.  For model development, toxicokinetic data for 
total chromium in human tissues and excreta were identified from the published literature.  
ToxStrategies has prepared a manuscript describing the model development. 
 
Toxicology Excellence for Risk Assessment (TERA) arranged for a written peer review of 
ToxStrategies’ draft manuscript on the human PBPK model (Physiologically Based 
Pharmacokinetic Model for Humans Orally Exposed to Chromium by Kirman C.R., Aylward 
L.L., Suh M., Harris M.A., Thompson C.M., Haws L.C.; Proctor D.M., Parker W., Hays S.M. 
August 2012).  This review was conducted by three risk assessment experts with expertise in 
constructing PBPK models and use and interpretation of PBPK models for risk assessment:  
Lynne Haber, TERA; Claude Emond, University of Montreal; and Elaina Kenyon, U.S. EPA.  
The objective of the review was to provide ToxStrategies with independent scientific and 
technical expert opinion and comment on their draft manuscript.  The experts provided their own 
personal opinions, and did not represent the opinions of their employers or other organizations 
they may be affiliated with.  The information in this report does not represent the opinions of 
TERA.  This work was done under contract to ToxStrategies who received funding from the 
American Chemistry Council.   

The experts received the draft manuscript and charge questions on August 2, 2012.  Reviewers 
were asked to carefully review the document and provide written responses to the charge 
questions, including a clear rationale and support for their opinions.  This report is a compilation 

http://www.tera.org/Peer/Chromium/Chromium.htm
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of the reviewers’ written comments, organized by charge question.  Appendix A contains the 
Instructions to Reviewers. 
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Reviewers’ Comments 
 

General Comments 
 

Reviewer 1: None provided.  

Reviewer 2:  None provided. 
 
Reviewer 3:  The authors have developed a highly complex PBPK model that looks like it 

will be useful in forwarding the risk assessment for orally administered 
chromium(VI).  However, in order for the model to be useful for that purpose, 
improved documentation of the model development and basis for parameters, 
as well as improved transparency, is needed. Additional care and 
documentation of the issues noted here also help to provide the reader 
confidence that details of the modeling that may not be investigated by the 
casual reader have received adequate internal review. 

 

Responses to Specific Charge Questions 
 

Charge Question 1:  Are you aware of any toxicokinetic data sets that should/could have been 
used in model development/validation, but were not?  (If yes, please provide citation.) 
 

Reviewer 1:  I am not aware of any data sets in other publications. 

 
Reviewer 2:  No I am not aware of any additional human data relevant for model 

development/validation. 
Reviewer 3:  I am not aware of any other useful data sets. 

 
 

Charge Question 2:  Does the conceptual model presented by the authors seem to be adequately 
justified by the supporting information?  If no, which aspects should be better justified? 
 

Reviewer 1: The current conceptual model for humans refers to the conceptual model for 
mice and rats that was reviewed earlier this year. I do not believe that this 
current manuscript has improved on the weaknesses of that previous 
manuscript. Nonetheless, I also believe that this is an interesting 
physiologically based pharmacokinetic (PBPK) model that improves the 
previous one published by O’Flaherty in 1996 and 2001. In particular, this 
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model considers the gastrointestinal (GI) tract, which is an important organ for 
the reduction of hexavalent chromium (Cr[VI]) into trivalent chromium 
(Cr[III]) and an target endpoint. I also believe that the organization of this 
manuscript needs to be revised. To me, the major improvement is the pH 
dependency, which seems to be important; however, I do not believe that the 
improvement of this model is enough to justify its use.  

 
 I would strongly suggest reorganizing the document accordingly. The Method 

section should cover the entire development of the PBPK model, the Result 
section should discuss the model’s predictions, and then the Discussion and 
Conclusion sections should provide strong support to spur confidence in the 
model. 

 
Reviewer 2:  Yes, the conceptual model is justified by the supporting information. I am 

assuming here that the question refers to the biological basis for the model 
structure and assumptions.  These are clearly articulated and supported by data, 
both their own experimental data and data from the literature.  The need and 
justification for the additional complexity in the GI tract is very clear.  A 
summary table of model assumptions would be desirable and their biological 
basis would make the paper easier to read. 

 
Reviewer 3:  The conceptual model is generally well-justified.  However, in light of the 

complexity of the conceptual model, it would be very useful to present the 
conceptual model figure with this paper, rather than just referring the reader to 
the paper describing the rodent model.  Also, in looking back at the draft 
rodent model paper, I noticed that Figure 3 of that paper shows flow from 
systemic plasma to the stomach, duodenum, jejunum, and ileum, I could not 
find the relevant parameter(s) in the rodent paper, and there is no flow from 
systemic plasma to the GI tract compartments in the human model.  I’m 
guessing that this means that the rodent figure was in error, and this has been 
corrected in the human model, but if this is a real difference between the 
models, that should be addressed. 

 

Charge Question 3:  Do the model equations as presented appropriately capture the processes 
described in the conceptual model? 
 

Reviewer 1:  In general, yes. However, because we do not have access to the code (e.g., the 
m and csl files), I am a little bit suspicious about how the model works in 
reality. In addition, when I compared the code values in the appendix and in 
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Table 2, I found a few different values. Do these discrepancies mean that the 
changed values reflect what has been included in the m file? We cannot tell for 
sure. In addition, there are many constants missing in Table 2. Is there a reason 
for that? To me, it does not make any sense to peer review a model without 
having access to the code files. In addition, without the code, I cannot 
determine what the impact is of the discrepancy in the values. 

 
Reviewer 2:  The model equations presented in the manuscript seem to be consistent with 

the model code provided in Appendix A.  However, it would be desirable to 
provide a more detailed diagram that describes the Cr(VI) and Cr(III) kinetic 
equations as was done for the rodent model and include parameter symbols on 
the diagram.  As currently presented this material is difficult to follow even for 
someone familiar with these models and their use. 

 
Reviewer 3:  I am not an expert in constructing PBPK models, but I believe they do. 

 

Charge Question 4:  Are the approaches to parameter estimation adequately described? 
 

Reviewer 1: The approaches to parameter estimation seem to be adequate, except the authors 
should indicate and separate the data set that they used for the optimization and 
the one that they used to evaluate the model. In addition, a large portion of the 
Results section should be part of the methodology because the purpose of this 
work was to develop a PBPK model for human Cr(VI) and Cr(III).  For 
example, Section 4.2.1 on model structure should be in the Method section. For 
me this is part of the description and part of the method section. In addition, on 
the top of page 17, there is a section 4.1 which should be removed or modified 
accordingly. 

 
Reviewer 2:  See response to (5) below.  For any parameter whose value cannot be directly 

read from the literature cited, either (1) the exact data (type, author, exposure 
and time course details) used to estimate the parameter by optimization needs 
to specified as well as the optimization method (statistical or visual), or (2) the 
calculations (e.g., for scaled parameters) need to be explicitly shown in an 
Appendix or the scaling method sufficiently described to allow its evaluation.  
The issue of parameter identifiability should be explicitly addressed. 

Reviewer 3:  Much of the approach was well-described, but there were several cases where 
the approach was confusing or incompletely described.  Improved clarity and 
transparency would be useful.  Some examples: 
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 --P. 14 – ranges of 40-60 mg/L and “<10 mg/L” are presented for estimates of 
reducing equivalents in the fed and fasted states.  It is not clear how these 
ranges were converted to a daily average value.  P. 14 also refers to “A range 
of estimates obtained for reducing equivalents (4 to 10 mg/L gastric fluid),” but 
it is not clear where this range came from.  Also, the text at the end of Section 
4.1 seems to imply that the value of <10 mg/L is the final number for the 
model, but the table of parameters says the value of 4-10 mg/L was used for 
the fasted state. 

 
 --P. 17 – The rate of reduction (V/K) and Km for reduction in GI cells was 

based on the rodent data, with no further explanation or justification.  This 
would appear to be a fairly significant assumption, and it is important to 
provide the basis for that assumption, and any supporting data.  Also, in light 
of the numerous parameters (which are generally well-organized in the table), 
it would help the reader for the table of parameters (Table 2) to use the same 
terminology in identifying parameters – i.e., not just the descriptions, but V/K 
and Km.  

 
 --P. 17 – Perhaps most importantly, the process used for parameter 

optimization is not clear, in light of the many parameters that were optimized 
and the many available data sets.  How were the different data sets used?  Was 
the parameter optimization done separately for each data set or were the data 
sets combined in some manner?  If done separately, how did results from on 
optimization feed into another?  It would be useful to note early on that one 
data set was held back for model validation. 

 

Charge Question 5:  Do the model parameter values seem justifiable? 
 

Reviewer 1: The parameters seem to be justifiable considering the complexity of the 
interaction with the biological tissues; however, the authors should include 
better descriptions of all parameters, which are not currently in the manuscript. 
I also strongly suggest adding a few descriptions of schematics (possibly 
indicating with arrows) of different phases, particularly in the GI tract. I have 
provided the following figure as an example of what I am suggesting to help 
clarify my point.   
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 Wang, X., et al. (1997). Determination of parameters responsible for 

pharmacokinetic behavior of TCDD in female sprague-dawley rats. Toxicology 
and Applied Pharmacology 147, 151-168. 

 
 
Reviewer 2:  Probably, but significant clarification is needed is some places to properly 

answer this question.  For table 2, the following clarifications are needed:  (1) 
GI transit group parameters – were these kept constant across all simulations 
and explicitly show the calculations, (2) GI Lumen Content Rates  - provide 
details of how these rates were calculated, (3) GI absorption – show 
calculations for sloughing rates based on cell turnover rates, (4) blood:tissue 
transfer – Specify range used for kout6.  For table 3, the following 
clarifications are needed: (1) explicitly show how tissue volume and blood 
flows were calculated for “other tissues”, (2) how were the blood:tissue 
transfer coefficients scaled from mice for distribution of Cr(III) in bone, liver 
and other tissues, show the scaling calculations, (3) For kinccr and kintcrk, 
specify exactly which data were used to estimate these parameters and if they 
varied across simulations, specify a range, (4) For krbcin6, krbcin3, and 
krbcout3 clarify exactly what data were used to estimate these parameters, (5) 
For kurcc – clarify if same value was used in all simulations.   

 
 I would like to see an explicit discussion on the issue of parameter 

identifiability.  This would be facilitated by an explicit listing of the parameters 
that were estimated based on optimization and the data used to estimate them, 
as well as clarification of other parameters that might be sensitive to changes in 
that same data. 

 

Reviewer 3: This is outside my area of expertise. 
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Charge Question 6:  Is the model adequately predictive of the data sets (i.e., is the “fit” good 
enough)? 
 

Reviewer 1:  For some data sets, the prediction was good (e.g., Paustenbach [Figure 11], 
Kerger [Figure 12], Goulle [Figure 13], Finley [Figure 14]). However, the data 
set available for humans is limited. 

 
Reviewer 2:  From the standpoint of visual fits and generally being within a factor of at least 

2-3 fold for most of the data, the model appears to do an excellent job 
predicting the evaluation (validation) data used as displayed in Figure 14.  The 
authors need to clarify whether Finley et al. data at exposure levels of 0.1, 0.5 
and 1.0 mg Cr were below detection limits in the study itself or below 
background levels.  It is strongly recommended that the authors try to identify 
additional model evaluation data as this would give the manuscript added 
credibility. 

 
 It is somewhat unclear from the description on p. 17, how the data were 

converted to added chromium, with respect to what “non-exposed individuals” 
were used – are these control subjects from each individual study or were these 
based on some type of regional or national average and were the same 
“background” levels assumed for all subjects and data? 

 

Reviewer 3:  The fits look generally good, with the exception noted by the authors, but I will 
defer to a modeler regarding the adequacy of the predictivity of the data. 

 
 In most of the modeling figures (particularly Figures 4, 5, 8), the sharp corners 

in the model output seem very strange, and not typical of such modeling.  Are 
they “real”?  An artifact of the plotting (i.e., plotting of lines rather than 
curves)?  Because this phenomenon appears not specific to an individual study, 
it would be useful to address the issue in the text. 

  
 The authors note that the model could not be used for validation of the lower 

dose levels tested by Finley et al., because the plasma levels were 
indistinguishable from background.  I agree that this would be a problem, but I 
would think the model could still be used for a crude validation of the results at 
low doses, based on the level of detection in the assay used.  If the model 
predicts chromium levels that are substantially above the level of detection, but 
Finley et al. found the levels to be indistinguishable from background, that 
finding would suggest additional work is needed. 
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Charge Question 7:  Is the model documentation complete? 
 

Reviewer 1:  It would be interesting and very helpful to see more expanded descriptions of 
the model in the Method section. Currently, I do not think the descriptions are 
adequate. 

 
Reviewer 2:   No. If this model is to be used for risk analysis and estimation of safe levels 

for human exposure based on extrapolation from rodent data, all of the 
information needed to reproduce the simulations and results in this and other 
reports will be necessary.  Specifically, all of the runtime files needed to 
reproduce the plots presented in the report will be required, including the data 
presented in Figures 3 through 14.  The level of detail presented is may be 
sufficient for a manuscript for publication in the peer-reviewed literature if it is 
re-organized to be easily readable. 

 

Reviewer 3:  With the exceptions noted elsewhere in these comments, the documentation is 
appropriate for a published paper, although additional documentation, 
including the csl and m files, would need to be made available in order for the 
model to be used in a risk assessment. 

 

Charge Question 8:  Have the authors adequately conveyed the limitations of the model? 
 

Reviewer 1:   In the manuscript, the authors discussed the model’s limitation (i.e., that the 
model could not be used for exposures higher than 30 mg/kg-day). They also 
discussed the differences between the rat, mice and human models regarding 
acid content in GI tract and also human variability. This part was relatively 
well covered in the Discussion section. 

 
Reviewer 2:   This appears to be adequately covered in the discussion, particularly in regards 

to known and needed information and sources of uncertainty. 
 

Reviewer 3: Yes. This section was well-written, particularly with regard to additional effort 
that would be needed in applying the model for risk assessment and 
consideration of human variability. 

 

Charge Question 9:  Is this model suitable to adequately fulfill its intended purpose? 
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Reviewer 1:  The model attempted to describe the mode of action, which is the conversion 
of Cr(VI) into Cr(III) following a non-enzymatic process. During this process, 
an important variability comes from the actual pH at the moment of exposure. 
No characterization was performed in the model to evaluate the influence of 
pH. The authors performed a conversion of Cr(VI) in Cr(III) in a human gastric 
juice to determine the equation used for the pH conversion, but this was not 
conducted in the model to determine its limitation. The equation in the model 
can change the behavior of the prediction curves. I would recommend 
performing this variability limit analysis based on the pH variability and 
representing a real situation that can occur in humans. 

 

 
Reviewer 2:  Yes, although additional documentation and clarification are needed in the 

report as specified throughout this review.  The stated purpose of the model is 
to better characterize internal dose metrics for chromium to allow a more data-
driven, mechanistically-based approach to dose-response analysis and 
extrapolation of toxicity data from rodents to humans.  The model is sufficient 
for this purpose based on the data provided, assuming that the deficiencies in 
documentation can be properly addressed. 

 

Reviewer 3:  It appears to be so, pending adequate documentation of the issues raised in 
these comments. 

 
 

Charge Question 10:  Are there supplemental analyses of the model that should be conducted at 
this time (e.g., quantitative assessment of quality of fit, sensitivity analyses)? 
 

Reviewer 1: The sensitivity analysis of each parameter should be conducted better. For 
instance, I would highly recommend that the authors include better descriptions 
of their processes during the study and incorporate a parameter’s comparison 
on a graphic. I would also suggest that the authors incorporate the influence on 
a bar graph to provide readers with a global picture of the influence. 

 

Reviewer 2:  The sensitivity analysis presented is reasonable in terms of dose metrics 
selected.  I would like to see an explicit justification for the exposure scenario 
chosen and inclusion of the symbol for the dose metric in column 1 of Table 4, 
or an explicit description of how the dose metrics were calculated.  Although 
available data for model evaluation is limited, the fits are sufficiently 
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impressive that I do not believe that additional formal goodness of fit tests 
would add significant value to the current analysis. 

 

Reviewer 3: I commend the authors for conducting a sensitivity analysis.  More information 
is needed on how the sensitivity analysis was done.  Was each input parameter 
tested against the various measures of Cr(VI) flux?  And how were the 
parameters shown in the table chosen?  I was (perhaps naively) surprised to see 
that the parameters for rate of reduction in GI tissue (V/K and Km) do not 
seem to be key drivers.  Assuming this is correct, it would be useful to note 
that explicitly, in light of the comment above about justification for assuming 
that these parameters are the same in rats and humans. 

 
 I am not aware of other analyses that should be done. 

 

 

Charge Question 11:  Were there critical results or issues that were not addressed? Were there 
any contradictory statements or observations made?  Do you agree with the authors’ 
conclusions in the review document? 
 

Reviewer 1: I agree when the authors concluded the following: “The application of the 
rodent and human PBPK models to human health risk assessment will require a 
careful consideration of the mode of action for the tumorigenic effects.’’ This 
PBPK model is a good start to improve the human risk assessment; however, as 
mentioned by the authors, an analysis of the uncertainty and the variability will 
be required to improve the confidence in this model. 

 
Reviewer 2: The critical overarching issues have been addressed and the conclusions are 

consistent with the results presented; however, the document could use some 
significant clarification to make it easier to read and evaluate as outlined 
elsewhere in this review. 

 
Reviewer 3: I am not aware of any issues.  The conclusions regarding the utility and 

limitations of the model appear appropriate. 
 

Charge Question 12:  Describe the reliability of the model for consideration in the 
determination of the mode-of-action and weight-of evidence for chromium (VI)’s cancer risk 
and the derivation of a cancer slope factor. 
 

Reviewer 1: The major issue for risk assessment purposes is regarding the GI tract and the 
mouth mucosa. The model developed is interesting, but major information is 
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missing from the discussion.  Specifically, the manuscript should address what 
will be the residual concentration (or the biological effective dose) in contact 
with these epithelial tissues? This information should be found in the Result 
section and further described in the Discussion section. 

 

Reviewer 2: The model has many characteristics that enhance confidence in its value for risk 
assessment.  These include a strong qualitative biological basis for model 
assumptions, independent species-appropriate parameter estimates for a number 
of key parameters, clear documentation of model code with appropriate mass 
balance checking incorporated.  The model accounts appropriately for species-
specific differences in relevant physiology that are clearly related to the toxicity 
observed in rodents. 

 

Reviewer 3: I believe the model would be appropriate for such applications, assuming issues 
of documentation and clarity raised here are adequately addressed. 

 

Charge Question 13:  Please identify and discuss any other relevant scientific issues or 
comments not addressed by the above questions. 
 

Reviewer 1: The authors did not prove in the manuscript that the model could be used to 
determine the weight of evidence of a Cr(VI) cancer risk. However, this is not 
the main issue that I have with this manuscript because I believe that a 
calculation of the residual effective dose of Cr(VI) in the GI tract or in the 
epithelium would be a great addition, unless the authors want to use the plasma 
concentration as a surrogate for this linkage. However, because the pH influence 
in the GI tract is so important, the limiting step may make the difficult to use. 

 

Reviewer 2: The organization of the report is makes it difficult to follow and is not 
consistent with a format that most journals would find acceptable, particularly 
the materials and methods section.  The following re-organization is suggested. 

 
 (1) The reason for developing this model and how it improves upon previous 

models should be covered at least briefly in the introduction. 
  (2) Use a sub-heading immediately under “2. Materials and Methods” to 

provide context.  One possible way to re-organize Materials and Methods with 
major subheadings is as follows:  “Ex Vivo Studies of Cr(VI) Reduction 
Kinetics,” “Model Development” including material covered under section 3.2, 
reference to model diagram and description of overall model development and 
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evaluation process, “Key Data Sets”, “Model Parameterization” (including 
reference to tables with parameters derived from the literature),  

 (3) Make the subheadings under results, traceable and consistent with the 
materials and methods. 

 (4) Correct the title of Table 1 to specify humans rather than rats and mice. 
 (5) For all of the figures that show model simulations with data – specify what 

parameters were different than the values presented in tables 2 and 3, clarify 
what parameters were estimated using this data and distinguish calibration data 
from evaluation data. 

 

Reviewer 3: P. 11 – The implications of the erythrocyte: plasma ratio, and how that serves as 
a potential marker for systemic Cr(VI) absorption, may not be obvious to 
someone who has not followed the earlier papers.  This is discussed further later 
in the paper, but it would be useful to further explain this statement when it is 
first introduced. 

 
 P. 12 and other – The word “chyme” is not frequent in the toxicological 

literature and should be defined. 
 
 P. 12, end of first paragraph – The statement about pH in humans should be 

clarified to say “normal” humans, since the stomach pH is much higher in 
people on PPIs, as noted by the authors. 

 
 P. 13 – The text reference to Figure 1c appears to be missing.  Figure 1d shows 

the rate constant as a function of pH.  Also – figure 1b appears to have some 
glitches, with question marks appearing both in the legend and axis labels, and 
the format is not consistent across the subfigures.  It would be useful to note in 
the legend that the data represent data from patients pooled by pH of the gastric 
fluid, and information on n for each group.  The text on p. 8 refers to 4 pools – 
pH ~1, pH~2, pH~4, and pH~7 from the PPI patients.  Figure 1d has two 
additional data points – a group at pH ~1.5, and a second group at pH ~4.  These 
groups should be addressed in the text.  Why are there two data points at pH 4 
in Figure 1d? 

 
 P. 14, bottom paragraph – should the text say “adapted” instead of “adopted”? 
 
 P. 15, end of first text paragraph – “capacity” is repeated   
 
 Figure 9 – the data point and error bar for plasma are not visible.  (are the bars 

standard deviation or standard error?)  
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Appendix A 

Instructions to Reviewers 
 

Dear Reviewers, 
 
Thank you again for your willingness to provide a peer review of the human PBPK model, which 
has been developed as part of the series of studies investigating the mode of action by which 
hexavalent chromium is carcinogenic in rats and mice following drinking water exposure.  This 
research project was organized by ToxStrategies.  This email provides you with the review 
materials and instructions.  The study and charge questions are attached. 
 
The subject of this review is a draft manuscript that has been prepared by ToxStrategies 
describing the human PBPK model.  Following your peer review, ToxStrategies will be 
submitting the draft manuscript for publication.   
 
For this peer review, the reviewers are asked to carefully review the manuscript and provide 
written responses to the charge questions for each assessment.  Please address each charge 
question (as appropriate given your expertise).  Also, please comment on any aspect of the PBPK 
model that is not specifically addressed by the charge.  For all comments, provide clear 
rationales and support for your opinions. Please identify the page number and line number of the 
text that you are commenting on to allow ToxStrategies easy reference to the specific text.  We 
will need an electronic copy of your comments preferably in MS Word.  We prefer that you use 
the attached charge file as a template and add your answers to it.  If you would like a copy of any 
cited references, please send your request to me (Strawson@tera.org or 910-528-9768).   
 
If possible, please send your written review by email to me by Friday, August 31, 2012.  After 
the reviews are submitted, we may schedule a follow-up with ToxStrategies to resolve any issues 
or to answer any clarifying questions that ToxStrategies may have for the reviewers.  The need 
for follow up will be determined upon receipt of the reviews.  A draft compiled report with the 
other experts’ comments on this study will be forwarded to you and you will be provided the 
opportunity (albeit brief) to revise your comments if you feel that is needed.  At the completion 
of this review, please destroy any copies of the review materials, as they are draft and are not for 
distribution outside of the review panel. 
 
If you have questions regarding the review, please contact me. Thank you again for being willing 
to do this review in such a short time frame.  ToxStrategies very much appreciates your 
assistance. 
 
Joan Strawson 
Review Coordinator 
910-528-9768 

mailto:Strawson@tera.org
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