
1 

 

 

 

 

 

Results of the public consultation on SCHER's preliminary 
opinion on Chromium VI in Toys 

 

A public consultation on this Opinion was opened on the website of the Scientific 
Committees from 01 August and 28 September 2014. Information about the 
public consultation was broadly communicated to national authorities, 
international organisations and other stakeholders. 
 
Thirteen organisations and individuals provided in total 95 comments in the 
public consultation to different chapters and subchapters of the opinion. Among 
the 13 organisations participating in the consultation, there were institutes of 
public health, public authorities, and private companies, notably the toy industry.  
 
Each contribution was carefully considered by the SCHER and the scientific 
opinion has been revised to take account of relevant comments. The reference 
list has been accordingly updated with relevant publications. The scientific 
rationale and the opinion section were clarified and strengthened. 
 
The SCHER thanks all contributors for their comments and for references sent 
during the public consultation. 
 
The table below shows all the comments made about each of the 
questions posed in the Opinion and SCHER's response to them. It is also 
indicated if the comment resulted in a change of the Opinion.  
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Comments received during the public consultation on the SCHER preliminary opinion on "Chromium VI 

in Toys" and SCHER's responses 
 

SUBMISSIONS SCHER's Response 

Name of 
individual/organisation 

Table of content 
to which 

comment refers 

Comment SCHER Response 

1/ Edmonds Eric, Toy 
Industries of Europe, 
eric.edmonds@eepsc.com, 
Belgium 

1. BACKGROUND Page 9, Line 15: This sentence should be qualified as follows: SCHER also recommended the amount allocated to exposure from toys to be limited to a maximum of 10% of the TDI or virtual safe dose. Page 9, Line 23:  Add ‘0.02 μg/L in drinking water’ after 0.02 parts per billion (ppb) 

This is outside the scope of the mandate.  The SCHER agrees with this comment and the opinion has been changed accordingly. 
2/ RIVM 
,wouter.ter.burg@rivm.nl  

1. BACKGROUND Chapter 1, page 9, line 16. SCHER by default recommends the amount allocated to exposure from toys to be limited to a maximum of 10% of the VSD. However, in the other parts of the opinion, SCHER takes 5% of the VSD forward in the calculations, without any explicit justification to deviate from the 10% previously mentioned (see for example the executive summary on page 7, line 32). The reference for this choice should be made more transparent in the opinion.  

The SCHER agrees with this comment. This part of the opinion has been further elaborated. 

mailto:eric.edmonds@eepsc.com
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3/ MASON Ann , American 
Chemistry Council, 
ann_mason@americanchem
istry.com, United States 

1. BACKGROUND p.9, 17-22.  SCHER should retain the words representing the ‘highly uncertain’ conclusions by RIVM.  Since publication of the 208 NTP study, at least 15 manuscripts related to the mode of action were published.  These post 2008 studies clarify that the carcinogenic effect observed at the highest doses in the NTP (2008) rodent study (60,000 ug/L and above) are not seen at lower doses in rodents.  In addition, no worker studies ever reported small intestinal cancers.  Thus, the data from the MOA studies combined with worker studies suggest that the effects observed by the 2008 NTP study are high dose effects and are not relevant to humans (or mice for that matter) at environmental levels such as those in drinking water, which are below 100 ppb in the US (the USEPA Administrator reported that all public water utilities comply with the US Federal Drinking Water Standard of 100 ppb).   

This is requested by the mandate and cannot be changed.  

mailto:ann_mason@americanchemistry.com
mailto:ann_mason@americanchemistry.com
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4/ Mason Ann, ACC, 
ann_mason@americanchem
istry.com, United States 

1. BACKGROUND p.9, 17-22.  SCHER should retain the words representing the ‘highly uncertain’ conclusions by RIVM.   Since publication of the 208 NTP study, at least 15 manuscripts related to the mode of action were published.  These post 2008 studies clarify that the carcinogenic effect observed at the highest doses in the NTP (2008) rodent study (60,000 ug/L and above) are not seen at lower doses in rodents.  In addition, no worker studies ever reported small intestinal cancers.  Thus, the data from the MOA studies combined with worker studies suggest that the effects observed by the 2008 NTP study are high dose effects and are not relevant to humans (or mice for that matter) at environmental levels such as those in drinking water, which are below 100 ppb in the US (the USEPA Administrator reported that all public water utilities comply with the US Federal Drinking Water Standard of 100 ppb).  

See reply to comment 3.  Further studies have been included in the final opinion. 

5/ Mason Ann , ACC, 
ann_mason@americanchem
istry.com, United States 

1. BACKGROUND p. 9, Line 23:  The opinion does not clearly identify the ‘recent study,’ on which the PHG is based.  In fact, the ‘recent study’ is the 2008 NTP study.  At least 15 additional studies have been published since 2008 building upon the 2008 NTP study and expanding the knowledge on CrVI.  All of these studies published post 2008 should have been reviewed and considered in this SCHER opinion.  If SCHER does not review the recent primary literature, then the words, ‘recent study’ should be replaced with: ‘Based on the findings of the 2008 NTP study, a Public Health Goal (PHG) of 0.02 ug/L in drinking water [0.02 parts per billion (PPB)] for hexavalent chromium was set by OEHHA in July 2011.’  As noted in comments on p.7, line 28, 

The SCHER agrees with this comment. This part of the opinion has been further elaborated and an additional paragraph on further data and PBPK modelling has been added to the final opinion. 

mailto:ann_mason@americanchemistry.com
mailto:ann_mason@americanchemistry.com
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SCHER seems to be confused about both the numerical value and the units reported in the PHG documents. SCHER should be interested that OEHHA received many comments from scientists highly critical of its approach. OEHHA chose to ignore public comments when it adopted the final PHG in 2011. 
6/ MASON  Ann, American 
Chemistry Council, 
ann_mason@americanchem
istry.com, United States 

2. TERMS OF REFERENCE p.10, Line 1-3:  SCHER has not completed the first of its three tasks.  Instead of reviewing the considerable volume of primary literature published post the 2008 NTP report, SCHER defaulted to using old assessments whose data bases also did not use any research more recent than 2008.  Specifically, the 2011 PHG used data pre-2008; the ATSDR Toxicological Profile (2012) did not review data post 2008; and WHO/IPCS (2013) did not review data post 2008 even though more recent data were provided (by this commenter).  Thus, SCHER’s opinion is outdated because data post-2008 was available to it and not reviewed or referenced.  

See reply to comment 5. 

mailto:ann_mason@americanchemistry.com
mailto:ann_mason@americanchemistry.com
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7/ MASON Ann , American 
Chemistry Council , 
ann_mason@americanchem
istry.com , United States 

2. TERMS OF REFERENCE p.10, Line 1-3:  SCHER has not completed the first of its three tasks.  Instead of reviewing the considerable volume of primary literature published post the 2008 NTP report, SCHER defaulted to using old assessments whose data bases also did not use any research more recent than 2008.  Specifically, the 2011 PHG used data pre-2008; the ATSDR Toxicological Profile (2012) did not review data post 2008; and WHO/IPCS (2013) did not review data post 2008 even though more recent data were provided (by this commenter).  Thus, SCHER’s opinion is outdated because data post-2008 was available to it and not reviewed or referenced.  SCHER should either: 1. complete its first task and review the recent primary scientific data published post 2008 and reissue another preliminary opinion for review, or 2. change its language to remove the words ‘scientific data’ to:  ‘1. to review the available reviews and assessments on chromium VI including the scientific data referenced in the technical support document for the OEHHA Public Health Goal (2011).’  In making its choice to base its opinion on the OEHHA PHG (2011), SCHER should have considered and added relevant input from two separate panels of experts who were organized by either OEHHA or the state of California to review OEHHA’s 2009 draft PHG.  Specifically, the first panel peer-reviewed a pre-release version of the proposed PHG.  A reviewer on the second external peer review panel that the state of California organized criticized OEHHA’s assumption “that CrVI in drinking water has a mutagenic MOA with no threshold,” and noted that the assumption resulted in an “unrealistically low” PHG of 60 ppt. (http://oehha.ca.gov/water/phg/pdf/092010RossmanReview.

See reply to comment 5. 
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pdf at page 4 ). See scientific reviewer comments on OEHHA’s PHG at:  http://oehha.ca.gov/water/phg/chrom092010.html and http://oehha.ca.gov/water/phg/chrom091009.html.  Despite OEHHA’s own peer reviewers’ comments regarding the MOA and the likely presence of a threshold dose below which cancer risk is not increased, OEHHA revised the proposed PHG downward to 0.02 ppb (20 ppt), after applying age dependent adjustment factors.  It is disappointing that SCHER took this ‘short cut’ and based its opinion on OEHHA 2011 PHG and then failed to consider the critical comments of OEHHA’s peer review experts of the draft PHGs.  The comments from these peer reviewers add appropriate perspective on the scientific uncertainty of the PHG.  SCHER should review sections of its draft opinion 
8/ Verband der 
Mineralfarbenindustrie e.V. 
(VdMi), meyer-
rogge@vdmi.vci.de,  
Germany 

3. SCIENTIFIC RATIONALE The determination of Chromium (VI) in the presence of Chromium (III) in aqueous solution faces the permanent risk of redox-processes. This effect is well documented in literature mainly under the topic of corrosion as Pourbaix diagrams*. At low pH less hazardous Chromium (III) predominates through reduction of Chromium (VI), but less hazardous Chromium (III) may be detected as Cr(VI) depending on sample preparation. These difficulties have been observed and well documented during the revision of the European standard DIN EN 71-3:2013 (refer to CEN/TC 52/WG 5). As a result the standard recommends a total chromium determination at least for toys category I (dry/powder) and II (liquid/sticky). The determination of Chromium (VI) in the presence of Chromium (III) in aqueous solution faces the permanent risk of redox-

The SCHER agrees with this comment. An additional part on analytical methods and their limitations has been added to the final opinion. 
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processes. This effect is well documented in literature mainly under the topic of corrosion as Pourbaix diagrams*. At low pH less hazardous Chromium (III) predominates through reduction of Chromium (VI), but less hazardous Chromium (III) may be detected as Cr(VI) depending on sample preparation. These difficulties have been observed and well documented during the revision of the European standard DIN EN 71-3:2013 (refer to CEN/TC 52/WG 5). As a result the standard recommends a total chromium determination at least for toys category I (dry/powder) and II (liquid/sticky). Reference: DIN EN 71-3:2013 Annex I.2 2nd paragraph: For Chromium VI the method in Annex F the limit of quantification is higher than the migration limit for category I and II toy materials. Compliance with the limits cannot be demonstrated by a migration test, however other options are available: - determination of the content of combined chromium; The standard further outlines the current limit of detection for Chromium (III) as 0,064 mg/kg toy material (LOQ 0,128) and for Chromium (VI) as 0,026 mg/kg toy material (LOQ 0,053). Taking this into account the proposal of SCHER has no analytical basis for the detection, neither manufacturers nor authorities can reliably determine the proposed migration limit of 0,0094 mg/kg toy material for scraped-off toy materials, 0.0008 mg/kg toy material for dry (powder like or pliable) toy materials and 0.0002 mg/kg toy material for liquid or sticky toy materials. CEN has initiated a follow-up project to determine analytical procedures for the two missing toys categories on the current LOD/LOQ basis (see above). refer to attached pdf.  
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9/ Mason Ann, ACC, 
ann_mason@americanchem
istry.com , United States 

3. SCIENTIFIC RATIONALE p. 11, Line 10:  The opinion incorrectly states that human activities are the primary sources of CrVI in the environment.  Other authoritative sources (see Section 3.3.1 of the draft opinion) correctly report that natural sources, such as geologic formations, including serpentine rocks, are the predominant source of wide-spread environmental levels of CrVI.  This is not to diminish the importance of localized human activates that could lead to localized high levels of CrVI.  SCHER should reword the sentence for correctness and consistency with text later in this opinion.  ACC suggests, “Chromium VI in the environment is largely due to natural geologic sources supplemented in some local areas by human activities.”  This change is required to be consistent with the text in Section 3.3.1 Environment.  

Further references have been added to the final opinion in order to highlight primary sources of chromium VI. 

10/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3. SCIENTIFIC RATIONALE p. 11. Line 19-24:  This paragraph refers to out-dated data (2005) related to chromium releases to water from metal treatment and wood preservative applications.  Many of these sources have significantly improved their environmental footprint through the installation of either treatment technologies or a move to alternative chemicals and/or processing methods.  SCHER should not rely on old data; but rather use newer data.  

The SCHER is of the opinion that the report contains valuable and important information. Many recent papers have been used in the opinion. No change is considered necessary. 
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11/ MASON Ann  , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

3.1. Occurrence, Sources and Use of Chromium compounds 
p. 11, Line 10:  The opinion incorrectly states that human activities are the primary sources of CrVI in the environment.  Other authoritative sources (see Section 3.3.1 of the draft opinion) correctly report that natural sources, such as geologic formations, including serpentine rocks, are the predominant source of wide-spread environmental levels of CrVI.  This is not to diminish the importance of localized human activates that could lead to localized high levels of CrVI.   

See reply to comment 9. 

12/ MASON Ann  , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

3.2. Health effects p. 12, line 4-15:  In this section SCHER clarifies that it reviewed ‘recent reviews and assessments’ and NOT data.  SCHER should make changes in all part of this opinion to remove the words ‘recent data’ from the opinion and insert ‘recent reviews and assessments.’   
See reply to comment 4 on additional data. 

13/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.2. Health effects p. 12, line 4-15:  In this section SCHER clarifies that it reviewed ‘recent reviews and assessments’ and NOT data.  SCHER should make changes in all part of this opinion to remove the words ‘recent data’ from the opinion and insert ‘recent reviews and assessments.’  SCHER should be aware that ALL of the reviews it used (OEHHA 2011 PHG, WHO/IPS 2013) used a similar data set that ends with literature published in or before 2008.  Thus, SCHER should remove ‘recent data’ from all parts of this assessment because it did NOT consider the significant volume of studies published after 2008.  SCHER should also acknowledge the presence of research findings more recent that those used in the referenced assessments, i.e., research published after 2008, and that several assessment activities are on-going to evaluate these new data.  With that in mind, SCHER 

See reply to comment 4 on additional data. 
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should maintain its historic opinion and not call for any changes.  SCHER should also recommend that it re-evaluate this opinion after these assessments become final.   
14/ MASON Ann , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

3.2.1. Kinetics p. 12, line 20-23:  SCHER refers to a large inter- and intra-individual variability in humans since the conversion to CrIII depends on the gastric content and on pH.  This statement is based on a small study of human volunteers.  SCHER should review the PK model published by Kirman et al., 2012 and 2013, as well as Schlosser and Sasso 2014 on the kinetics of Cr VI.   
 See reply to comment 5. 

15/ Mason Ann , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

3.2.1. Kinetics Kirman, C.R., S.M. Hays, L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, and D.M. Proctor. 2012. Physiologically Based Pharmacokinetic Model for Rats and Mice Orally Exposed to Chromium. Chemico-Biological Interactions. 200(1):45-64.  http://www.sciencedirect.com/science/article/pii/S0009279712001548?v=s5 s5   Kirman, C.R., L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, D.M. Proctor, W. Parker, and S.M. Hays. 2013. Physiologically Based Pharmacokinetic Model for Humans Orally Exposed to Chromium. Chemico-Biological Interactions. 204(1):13-27. http://www.sciencedirect.com/science/article/pii/S0009279713000823     Proctor, D.M., Suh, M., Aylward, L.L., Kirman, C.R., Harris, M.A., Thompson, C.M., Gürleyük, H., Gerads, R., Haws, L.C., Hays, S.M. 2012. Hexavalent chromium reduction kinetics in rodent stomach contents. Chemosphere. 89(5): 487-93. 

See reply to comment 5. 
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16/ Mason Ann , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

3.2.1. Kinetics p. 12, line 20-23:  SCHER refers to a large inter- and intra-individual variability in humans since the conversion to CrIII depends on the gastric content and on pH.  This statement is based on a small study of human volunteers.  SCHER should review the PK model published by Kirman et al., 2012 and 2013, as well as Schlosser and Sasso 2014 on the kinetics of Cr VI.   
See reply to comment 5. 

17/ Mason Ann , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

3.2.1. Kinetics p. 12, line 34:  SCHER refers to the O’Flaherty et al., 2001 model.  On line 34 SCHER should add, ‘The O’Flaherty et al., model has been replaced with one published in Kirman et al 2012 and 2013 and that the EPA is developing a new model (Schlosser and Sasso 2014).’  Using the 2008 NTP and MOA research data, in the PBPK model for rodents (Kirman et al) the lower confidence limit on the benchmark dose (BMD) for hyperplasia (crypt cell proliferation), which is a precursor key event in the MOA, was calculated (Thompson et al, 2013b).  The lower confidence level on the 5% response level was used as the point of departure (POD) for purposes of the risk assessment.  The POD was then divided by a 3-fold uncertainty factor to account for interspecies (mouse to human) variability in toxicodynamics (sensitivity).  Next, the human PBPK model was used to calculate a human equivalent lifetime average daily dose (LADD), consistent with the POD.  The LADD was divided by another 10-fold uncertainty factor to account for variability in the human population.  The result is an RfD of 0.006 mg/kg/day.  The drinking water equivalent level (DWEL) of the RfD is 210 ppb, which is more than twenty  times higher than the California MCL for CrVI of 10 ppb.  This RfD is over 1000 times higher than the previous virtual safe dose of 0.0053 ug/kg/d.  Thompson, 

See reply to comment 5. 
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C.M., C.R. Kirman, D.M. Proctor, L.C. Haws, M. Suh, S.M. Hays, and M.A. Harris. 2013b. A Chronic Oral Reference Dose for Hexavalent Chromium—Induced Intestinal Cancer. Journal of Applied Toxicology. Available on Journal website at: http://onlinelibrary.wiley.com/doi/10.1002/jat.2907/abstract http://onlinelibrary.wiley.com/doi/10.1002/jat.2907/pdf  Supplemental Information:  http://onlinelibrary.wiley.com/store/10.1002/jat.2907/asset/supinfo/jat_2907_Supplemental%20Material_Appendices.docx?v=1&s=64762ef5f64f32afac1581e845f27ebcc9eeed1e  Schlosser P, Sasso, A. 2014. A revised model of ex-vivo reduction of hexavalent chromium in human and rodent gastric juices. Toxicology and Applied Pharmacology. Available at: http://www.sciencedirect.com/science/article/pii/S0041008X14003020 
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18/ Mason Ann  , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.2.1. Kinetics p. 12, line 19:  SCHER refers to reduction studies by DeFlora et al., 1997.  Additional reduction studies have been published and are missing from SCHER’s discussion, including Kirman et al., 2012 and 2013 and Proctor et al 2012.  In Kirman et al., researchers used PBPK modeling to determine target tissue dose (i.e., the concentration taken up by the cells of the small intestine) as the basis for calculating a point of departure for risk assessment purposes, and the human PBPK model to extrapolate between species.  Kirman, C.R., S.M. Hays, L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, and D.M. Proctor. 2012. Physiologically Based Pharmacokinetic Model for Rats and Mice Orally Exposed to Chromium. Chemico-Biological Interactions. 200(1):45-64.  http://www.sciencedirect.com/science/article/pii/S0009279712001548?v=s5   Kirman, C.R., L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, D.M. Proctor, W. Parker, and S.M. Hays. 2013. Physiologically Based Pharmacokinetic Model for Humans Orally Exposed to Chromium. Chemico-Biological Interactions. 204(1):13-27. http://www.sciencedirect.com/science/article/pii/S0009279713000823     Proctor, D.M., Suh, M., Aylward, L.L., Kirman, C.R., Harris, M.A., Thompson, C.M., Gürleyük, H., Gerads, R., Haws, L.C., Hays, S.M. 2012. Hexavalent chromium reduction kinetics in rodent stomach contents. Chemosphere. 89(5): 487-93. 

See reply to comment 5. 
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19/ Edmonds Eric , Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

3.2.2. Mode of action Page 13, Line 20: In papers subsequent to the IARC report there is further evidence that does not support a mutagenic mode of action. Thompson et al (2014) suggest that the weight of evidence based on recent studies “supports a nonmutagenic mode of action based on chronic intestinal wounding leading to compensatory regenerative crypt hyperplasia, and ultimately, intestinal carcinogenesis”  

The paragraph on MOA has been further elaborated in the final opinion.   

20/ Mason Ann , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

3.2.2. Mode of action p. 13, line 20:  The term ‘weight of evidence’ should not be used in this opinion.  SCHER appears to be referring to the studies that are either in-vitro studies where large concentrations of CrVI were used or in-vivo studies where non-relevant exposure routes were used.  These studies should not be used to make a declaration that CrVI is mutagenic in humans at low exposure concentrations.  We suggest that SCHER add:  ‘Experts reviewing both the draft PHG and the draft IRIS Toxicological Review suggested that CrVI may act through a genotoxic, non-mutagenic mode of action.  Additional mode of action research has been published post the 2008 NTP study used to support the 2011 PHG and 2012 IARC reviews.  While SCHER did not review primary literature in the preparation of this opinion, EPA and OEHHA are reviewing these newer studies for governmental assessments.’   Although NTP 2008 reported the observations from exposure to high concentrations of CrVI in drinking water, the NTP Study did not collect sufficient data to determine why the tumors occurred (i.e., to identify the MOA that led to the tumors), or whether the high dose findings from the study are of biological relevance to humans exposed to significantly lower levels of CrVI in drinking water.  Thus, the 

 See reply to comment 19. 
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SCHER opinion should reflect the limitations of the 2008 NTP study as uncertainties.   
21/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.2.2. Mode of action p. 13, line 23-26:  SCHER’s stated assumption that CrVI acts by a mutagenic MOA ignores the existence of DNA repair mechanisms, the production of reactive oxygen species (ROS) from reduction of CrVI, resulting alterations in control of the cell cycle and apoptosis and the MOA established by Thompson et al. (2013) that is based on epithelial cell damage and compensatory hyperplasia to replace the damaged cells (reference below).  On line 25, SCHER should delete the text, ‘…thereby inducing toxic effects.’  Following this sentence, SCHER should add:  ‘Each day, ROS occurring from naturally occurring substances in the body modify 20,000 bases of DNA in each cell (Sablina et al., 2005) and repair mechanisms have evolved to ameliorate this DNA damage.  CrVI and some of its metabolic products [e.g., Cr(V) and Cr(IV)] are DNA-reactive and may produce DNA damage, but DNA damage does not necessarily result in mutagenesis, i.e., a base change in DNA that cannot be repaired.  While DNA damage can lead to mutations via DNA repair (Zhitkovich, 2005), it is more likely that the MOA for the late-occurring (>451 days) tumors in the small intestines of mice are fostered by a cytotoxic MOA with the following key events: (a) absorption of Cr(VI) from the intestinal lumen, (b) toxicity to intestinal villi, (c) crypt regenerative hyperplasia and (d) clonal expansion of mutations within the crypt stem cells, resulting in late onset tumorigenesis (Thompson et al., 2013a).’  Thompson, C.M., D.M. Proctor, M. Suh, L.C. Haws, C.R. Kirman, and M.A. Harris. 2013a. Assessment of the Mode of Action 

See reply to comment 19. 
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Underlying Development of Rodent Small Intestinal Tumors Following Oral Exposure to Hexavalent Chromium and Relevance to Humans. Critical Reviews in Toxicology. 43(3):244-274; Available http://informahealthcare.com/doi/abs/10.3109/10408444.2013.768596 
22/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.2.2. Mode of action p. 13, line 30:  SCHER discussed DNA damage and reflects a general support that DNA damage appears to support mutagenicity.  SCHER should reflect the variety of perspectives related to DNA damage.   Since SCHER heavily relied upon the OEHHA PHG, the view of Dr. David Berry, then senior toxicologist for the Human and Ecological Risk Division of the California Department of Toxic Substance Control, (in a memo dated October 23, 2008) would be of particular interest.  Dr. Berry writes: “It is clear the tumor development [in NTP (2008)] is related to local inflammation and hyperplasia in the target tissue.  One candidate MOA concerns the chronic local inflammation induced by the chronic tissue damage inflicted by high-dose chromate and the role of reactive oxygen species.  Since the NTP concluded that the lesions in the duodenum in mice were seen in concert with local regenerative hyperplasia, it appears that the highest dose induced overt tissue damage (in addition to the presence of chronic inflammation) and that the tumors arose as a result of that damage.  . . .  All of these features point to the conclusion that ingested doses of Cr+6 that are insufficient to produce local irritation, tissue damage, inflammation and regenerative hyperplasia are also without additional carcinogenic risk.” This view was echoed in the 

See reply to comment 19. 
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conclusions of Thompson et al. (2011a and 2013a) and Nickens et al. (2010) indicating that mutagenesis likely does not play a role in the carcinogenic MOA of CrVI.  OEHHA acknowledges significant uncertainties its earlier draft PHG documents that were not carried forward to 2011 PHG.  For example, OEHHA states “[h]owever, due to the reductive capacities of the lung for inhalation exposures or the stomach for oral exposures (De Flora, 2000), it is unclear whether significant DNA damage is likely to result from low environmental exposures to Cr VI.” (OEHHA 2009, p. 38)  This is critical to understanding the risk from very low environmental exposures, especially drinking water.   
23/ Mason Ann , ACC   
,ann_mason@americanche
mistry.com , United States 

3.2.2. Mode of action p. 13, line 32:  SCHER states that ‘… in vivo, chromium VI has been shown to be genotoxic by all routes of administration in rodents treated with high doses of chromium VI.’   SCHER should add another sentence, ‘SCHER is aware that the 2008 NTP study was not designed to determine the mode of action for CrVI and that subsequent papers have been published that provide insights to the mode of action.’  Most of the positive in-vivo studies used exposure routes that are not relevant to human health risk assessment.  SCHER should at least acknowledge and refer to the MOA Studies that build upon and extend the 2008 NTP study to answer whether high dose findings are seen at lower doses and whether the effect in NTP rodents are of biological relevance to humans exposed to lower levels.  While SCHER did not review the peer reviewed manuscripts from the MOA research, those who have reviewed this substantial volume of data report that these studies support 

See reply to comment 19. 
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a MOA based on compensatory hyperplasia and not mutagenesis. Hence, there exists a threshold dose of CrVI below which there is no increased risk of adverse effects in the small intestine, including cancer.  (Thompson et al., 2013b)   The MOA Studies significantly enhance understanding of the MOA of intestinal tumor formation in mice following the high concentration exposures in the NTP Study.  The findings from the MOA Studies also support the development and application of state-of-the-art physiologically based pharmacokinetic (PBPK) modeling techniques to more accurately assess the public health risk posed by human exposure to low levels of CrVI in public drinking water supplies.  The new data allow for a more refined risk assessment using PBPK models to evaluate the internal dose of CrVI that caused the tumors.  Use of such models is necessary to account for the fact that humans are exposed at much lower levels than were tested in the 2008 NTP study, and have notable differences in gastrointestinal anatomy and physiology as compared to rodents. US EPA has carefully evaluated the PBPK model and underlying data and published the first of several papers (Schlosser and Sasso et al., 2014).    The MOA Studies support a non-mutagenic MOA and are consistent with a cytotoxic (cell toxicity) / proliferation MOA which does not result in toxic effects at low level exposures (i.e., there is a threshold dose below which exposure to Cr6 will not produce toxic effects).   
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24/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.2.2. Mode of action p. 13, line 34:  SCHER should also add the companion comments in the IARC 2012 reference in its opinion: ‘In contrast, no micronucleus induction was observed after oral administration, indicating that chromium (VI) does not reach the target cells to a high extent by this route of exposure (De Flora et al., 2006).’  In addition, we question the relevance of occupational inhalation studies to SCHER’s opinion since it should be focused on data from oral exposures, since this is most appropriate route of exposure for children chewing on toys.   

See reply to comment 19. 

25/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.2.2. Mode of action p. 14, line 3-6: SCHER identifies studies related to biochemical in vitro studies and references IARC 1990 as it concludes ‘…CrVI ions generated at critical sites in the target cells are responsible for the carcinogenic action observed.’  SCHER should acknowledge that there is a large volume of data published since 2008 by adding the following sentence after line 12: ‘Recent in silico toxicogenomic studies reported a significant increase in MYC expression in the duodenal epithelia of mice, but only at a drinking water concentration of 520 mg/L. The observance of this threshold supports a nonlinear MOA.  (Kopec et al., 2012a; Kopec et al., 2012b; and Thompson et al., 2012c).’ A large literature base has developed regarding the genomics of gastric cancer in humans. A PubMed search for “gene expression gastric cancer” produced 4857 articles.  Genomic and epigenetic profiles are being used for diagnosis and therapeutics of gastric cancer (Yamashita et al., 2011).  Increased expression of the MYC gene is associated with gastric cancer and measurement of MYC expression is being used a part of a predictor array for clinical outcome of chemotherapy for gastric cancer patients 

See reply to comments 4, 5 and 19. 
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(Zhang et al., 2010; Kim et al., 2010).  MYC gene expression in humans and the dose response of MYC in mouse duodenum to inform risk assessment is consistent with NRC report, Toxicity Testing in the 21st Century:  A Vision and A Strategy (NRC, 2007).  Dr. Tim Zacharewski of Michigan State University investigated CrVI-induced dose-dependent changes in gene expression in mouse duodenum using both microarray methods and RT-PCR.  Dr. Zacharewski observed a significant increase in MYC expression in the duodenal epithelia of mice, but only at a drinking water concentration of 520 mg/L. This observance supports a threshold CrVI carcinogenesis and a nonlinear MOA.  Kopec, et al., 2012a. Genome-wide gene expression effects in B6C3F1 mouse intestinal epithelia following 7 and 90 days of exposure to hexavalent chromium in drinking water.  Toxicology and Applied Pharmacology.  259(1):13-26. Kopec, et al., 2012b. Comparative toxicogenomic analysis of oral Cr(VI) exposure effects in rat and mouse small intestinal epithelia. Toxicology and Applied Pharmacology. 262(2):124-138 Thompson, et al., 2012c. Assessment of Genotoxic Potential of Cr(VI) in the Mouse Duodenum: An In Silico Comparison with Mutagenic and Nonmutagenic Carcinogens Across Tissues. Regulatory Toxicology and Pharmacology. 64(1): 68-76.  
26/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.2.2. Mode of action p. 13, line 23-26:  SCHER’s stated assumption that CrVI acts by a mutagenic MOA ignores the existence of DNA repair mechanisms, the production of reactive oxygen species (ROS) from reduction of CrVI, resulting alterations in control of the cell cycle and apoptosis and the MOA established by Thompson et al. (2013) that is based on epithelial cell damage and 
 See reply to comment 19. 
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compensatory hyperplasia to replace the damaged cells (reference below).  On line 25, SCHER should delete the text, ‘…thereby inducing toxic effects.’  Following this sentence, SCHER should add:  ‘Each day, ROS occurring from naturally occurring substances in the body modify 20,000 bases of DNA in each cell (Sablina et al., 2005) and repair mechanisms have evolved to ameliorate this DNA damage.  CrVI and some of its metabolic products [e.g., Cr(V) and Cr(IV)] are DNA-reactive and may produce DNA damage, but DNA damage does not necessarily result in mutagenesis, i.e., a base change in DNA that cannot be repaired.  While DNA damage can lead to mutations via DNA repair (Zhitkovich, 2005), it is more likely that the MOA for the late-occurring (>451 days) tumors in the small intestines of mice are fostered by a cytotoxic MOA with the following key events: (a) absorption of Cr(VI) from the intestinal lumen, (b) toxicity to intestinal villi, (c) crypt regenerative hyperplasia and (d) clonal expansion of mutations within the crypt stem cells, resulting in late onset tumorigenesis (Thompson et al., 2013a).’  Thompson, C.M., D.M. Proctor, M. Suh, L.C. Haws, C.R. Kirman, and M.A. Harris. 2013a. Assessment of the Mode of Action Underlying Development of Rodent Small Intestinal Tumors Following Oral Exposure to Hexavalent Chromium and Relevance to Humans. Critical Reviews in Toxicology. 43(3):244-274; Available http://informahealthcare.com/doi/abs/10.3109/10408444.2013.768596 
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27/ Edmonds Eric ,Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

3.2.3. Effects in animals Page 15, Line 19: Although it is stated that there is clear evidence of carcinogenicity in male and female B6C3F1 mice in the GI tract, the lack of tumours in other tissues where Cr (VI) was measured at high concentrations in the NTP study is not identified or explained.  
 See reply to comment 19. 

28/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com ,United States 

3.2.3. Effects in animals p. 14, line 21:  Delete the words ‘most recent’ in referring to the 2008 NTP study.  While it is true that this report is their most recent foray, the report is almost seven years old and can hardly be considered recent. 
See reply to comment 4. 

29/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.2.3. Effects in animals p. 14, line 27: After the existing sentence, SCHER should add:  ‘Additional research to illuminate the mode of action for CrVI has been published following the experimental protocol used in the 2008 NTP study.  This mode of action study is a 90-day animal study designed to build upon and expand the NTP’s study into investigating the mode of action for the effects seen in the NTP rodents.  (Thompson et al., 2011a;  Thompson et al., 2011b; Thompson et al., 2012a; Thompson et al., 2012b).’  Thompson, C.M., L.C. Haws, M.A. Harris, N.M. Gatto, and D.M. Proctor. 2011a. Application of the U.S. EPA Mode of Action Framework for Purposes of Guiding Future Research: A Case Study Involving the Oral Carcinogenicity of Hexavalent Chromium. Toxicological Sciences. 119(1): 20-40.  Manuscript:  http://toxsci.oxfordjournals.org/content/119/1/20.full.pdf+html?sid=896b4c7e-b535-4884-aa79-261ecc512de8; Supplemental data:  http://toxsci.oxfordjournals.org/content/119/1/20/suppl/DC1 Thompson, C.M., D.M. Proctor, L.C. Haws, C.D. Hébert, S.D. 

See reply to comments 4, 5 and 19. 
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Grimes, H.G. Shertzer, A.K. Kopec, J.G. Hixon, T.R. Zacharewski, and M.A. Harris. 2011b. Investigation of the Mode of Action Underlying the Tumorigenic Response Induced in B6C3F1 Mice Exposed Orally to Hexavalent Chromium. Toxicological Sciences. 123(1):58-70. Manuscript : http://toxsci.oxfordjournals.org/content/123/1/58.full.pdf+html?sid=d185e9e8-71d0-415b-9e2d-97ca5844207c; Supplemental data:  http://toxsci.oxfordjournals.org/content/123/1/58/suppl/DC1 Thompson, C.M., D.M. Proctor, M. Suh, L.C. Haws, C.D. Hébert, J.F. Mann, H.G. Shertzer, J.G. Hixon, and M.A. Harris. 2012a. Comparison of the Effects on Hexavalent Chromium in the Alimentary Canal of F344 rats and B6C3F1 Mice Following Exposure in Drinking Water:  Implications for Carcinogenic Modes of Action. Toxicological Sciences. 125(1): 79-90.  Manuscript:  http://toxsci.oxfordjournals.org/content/125/1/79.full.pdf+html?sid=d7c79f9a-4b38-46d1-953e-81449fd02eae; Supplemental data:  http://toxsci.oxfordjournals.org/content/125/1/79/suppl/DC1 Thompson, C.M., D.M. Proctor, and M.A. Harris. 2012b. Duodenal GSH/GSSG Ratios in Mice Following Oral Exposure to Cr(VI). Toxicological Sciences. 126(1): 287-288. doi:10.1093/toxsci/kfr337. Letter to Editor:  http://toxsci.oxfordjournals.org/content/126/1/287.full.pdf+html    
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30/ Mason Ann ,ACC 
,ann_mason@americanche
mistry.com ,United States 

3.2.3. Effects in animals p. 14, line 25:  WHO/IPCS (2013) calculated a benchmark dose based largely on the 2008 NTP study and 2011 OEHHA PHG.  Instead, SCHER should include the Thompson et al., 2013b study since it uses the correct methodology for conducting dose response modeling using the 2008 NTP data.  Use of Thompson et al., 2013b, is important since OEHHA did not choose the best-fitting model based on Chi-square or the model that provides the best fit and most parsimony based on the Akaike information criterion, as is indicated in EPA’s Benchmark Dose Technical Guidance Document (EPA, 2000).  Models meeting these criteria are the probit model for male mice and the log-probit model for female mice rather than the multistage model.  Specifically, SCHER should review Figure 2 in Thompson et al., 2013b, which explains how to do dose response modeling on the 2008 NTP data.  

See reply to comments 4, 5 and 19. 

31/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.2.3. Effects in animals p. 15, line 16:  SCHER reports that the 2008 NTP study observed cancer in the oral cavity in rats and concludes that there is ‘clear evidence of cancer evidence...in male and female F344 rats.’  Based upon a review of the 2008 NTP data and the MOA data, it is more likely that tumors of the oral mucosa observed in rats are likely a portal-of-entry effect.   
 See reply to comment 19. 
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32/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.2.3. Effects in animals p. 15, line 17.  In the 2008 NTP study rats and mice were exposed to high doses of CrVI in drinking water at concentrations ranging from 5,000 to 180,000 ppb.  NTP reported an increased incidence of tumors in the small intestine of the mice exposed to concentrations of 20,000 ppb and 60,000 ppb relative to NTP Study controls.  The NTP drinking water exposure levels were orders of magnitude higher than typical levels of CrVI in drinking water supplies.  Therefore, while NTP observed small intestine tumors, subsequent MOA research published in 2011-2013 clarified that these small intestine tumors are high dose events at doses not relevant to human exposures.  In addition, additional studies reported the presence of a threshold and non-mutagenic mode of action (Thompson et al., 2013a). NTP (2008) observed that most small intestinal tumors in mice were located in the duodenum, proximal to the stomach.  Dose-related chromium levels were measured in the glandular stomach and livers of female mice and were higher than dose-related levels in these same tissues in rats (NTP, 2008).  This suggested that the first susceptible tissue in mice encountered by ingested CrVI is the small intestinal mucosa.  In contrast, the tumors of the oral mucosa observed in rats are likely due to systemic effects that may involve disruption of iron homeostasis – all of which are non-mutagenic effects.  These species differences in tumor site concordance and tissue susceptibility raise the question of human relevance. The risk analyses conducted in OEHHA’s PHG assumes that humans and mice are equally susceptible, even though mice and rats are not equally susceptible. The findings in NTP (2008) indicate the need for a careful deliberative consideration of MOA rather than 

See reply to comment 19. 
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simply choosing the most sensitive response upon which to base a toxicity criterion. Additional support for a portal-of-entry effect is that tumor frequency was reduced in the jejuna of the mice and tumors were absent from the ilea in both male and female mice. Hence, the tumors in the small intestine of mice are related to direct contact of CrVI with the small intestinal epithelium. These observations highlight the need to consider variability in species-specific gastrointestinal (GI) tract anatomy and physiology to understand the relevance of the mouse intestinal tumors to low-concentration oral exposures to CrVI in humans.  
33/ Edmonds Eric , Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

3.2.4. Effects in humans Page 17, Line 13: Although epidemiological evidence has been presented demonstrating causality between occupational exposure and respiratory tract cancers in humans and gastrointestinal (GI) tract cancers due to exposure from contaminated drinking water in a single cohort in China, there is no reference to studies that show a lack of incidence of GI cancers in exposed workers (Gatto et al (2010). On the assumption that workers exposed to airborne Cr (VI) would also have had significant oral exposure to Cr(VI) through accidental ingestion it would have been reasonable to expect a higher incidence of GI cancers but this was not the case.  

The SCHER agrees with this comment. This paragraph has been further elaborated in the final opinion and the reference is included. 

34/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.2.4. Effects in humans p. 16, line 37:  SCHER has not included at least two major epidemiological studies of workers: Gatto et al., 2010 and Armienta-Hernandez and Rodriquez Castillo 1995.  SCHER should add another sentence on line 37:  ‘While OEHHA included some studies, it did not consider others in the PHG.  A 
See reply to comment 33. 
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full review of all of the epidemiology literature is outside SCHER’s scope but other researchers have not reported any oral or small intestine tumors associated with drinking water. (Armienta Hernandes and Rodriquez Castillo, 1995 and Gatto et al., 2010).’ OEHHA neither conducted a meta-analysis nor provided the study size or other indication of study power; instead, the results of individual studies were reported.  This is a serious omission, especially when OEHHA draws conclusions about epidemiologic relationships.  In contrast, Gatto et al., (2010) provided the size of the study group so that readers could judge the relative power of the study. Commenters to the 2010 OEHHA draft PHG noted the omission of the Armienta-Hernandez and Rodriguez-Castillo (1995) study of a chromite refinery and tannery in town with CrVI groundwater concentrations between 0.5 and 10 mg/L compared to a reference group.  These authors observed no adverse health effects, including cancer.  These data provide evidence for a threshold for adverse effects for CrVI exposure from drinking water above 0.5 mg/L.  Gatto et al. (2010) conducted a meta-analysis of 32 studies of cancer in populations with occupational exposure to CrVI.  The meta-analysis did not find a statistically significant effect between exposure and death from oral, esophageal, gastric or small intestinal cancer.  Gatto et al. (2010) used inverse variance weighting to account for the size of the study population, it is unlikely that inclusion of other smaller studies would have affected the results of the meta-analysis of Gatto et al. (2010).   
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35/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.2.4. Effects in humans p. 17, line 9-12:  SCHER reports the Chinese study without acknowledging that it has largely been discounted by peer reviewers and agencies alike.  Kerger et al., 2009, reported for this population: ‘The overall findings in the studied population do not indicate a dose-response relationship or a coherent pattern of association of lung-, stomach-, or all-cancer mortality with exposure to Cr(VI)-contaminated groundwater.’ In spite of their own reviewer’s criticisms and cautions, OEHHA included data from the Chinese study to support their claim that the small intestine cancer NTP observed in mice is of human relevance.  If SCHER includes these studies, it should also reflect not just ‘uncertainties in the estimation of the exposures’ but rather state that both expert peer reviewers, including OEHHA’s, and other agencies have rejected the use of the Chinese studies in any assessment. On line 11, SCHER should rewrite the sentence that starts ‘But...’ and replace with ‘The Chinese study has been criticized by OEHHA’s and EPA’s expert reviewers and other agencies have indicated that due to significant uncertainties, including in the estimation of exposure, this study is not appropriate for consideration in a risk assessment (Brandt-Rauf, 2006; . . .).  In addition, there are human studies that report no adverse effects, leading to an inconclusive picture of human effects from CrVI in drinking water (Armienta-Hernandez and Rodriguez-Castillo (1995); and Gatto et al., 2010; and Kerger et al., 2009).’ Kerger, B. D., et al. (2009). "Cancer mortality in chinese populations surrounding an alloy plant with chromium smelting operations." Journal of Toxicology and Environmental Health, Part A: Current Issues 

See reply to comment 33. 
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72(5): 329-344.   
36/ Verband der 
Mineralfarbenindustrie e.V. 
(VdMi) , meyer-
Rogge@vdmi.vci.de , 
Germany 

3.3. Exposure assessment Even if a suitable analytical method would be available there would be no significant risk reduction for the subpopulation in focus. As SCHER stated correctly the chromium intake from food or drinking water has a much greater impact on small children (0-3y) than the exposure to toys. The current EU drinking water directive (COUNCIL DIRECTIVE 98/83/EC ) defines a total chromium limit at 0,050 mg/l which results in combination with the EFSA opinion “Scientific Opinion on Dietary Reference Values for water” (EFSA Journal 2010; 8(3):1459 ) in a daily chromium intake between 0,05 mg/d (age 6 month) to 0,1 mg/d (age 9-13 y). Since these values are much higher than the current existing chromium limits in toys we fail to identify the logic in SCHERs deduction to keep the chromium (VI) intake from toy materials as low as technical achievable. Following the rules of risk assessment (hazard identification and hazard characterisation followed by exposure assessment and risk characterization) and the studies referenced by SCHER itself, a revision of chromium limits of the main contributing factors - food and water – would be the logical rationale rather than the chromium intake through toys.  

See reply to comment 8. 

37/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.3. Exposure assessment p. 17, line 17:  Add the words ‘and geologic’ between ‘…according to geographic and geological variations’… Geography is only part of the exposure factors and related to human activities.  Geology plays a more significant role for natural sources of CrVI depending on the deposits of serpentine and other rock formations of importance to the contribution of 
The SCHER agrees with this comment and the word is added in the final opinion. 
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CrVI to the environment and ground water.   
38/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.3. Exposure assessment p. 17, line 28:  SCHER assumes that in alkaline conditions (above pH 8) the environmental reduction of CrVI to CrIII is slow with a half-life around one year.  SCHER should provide the basis for this assumption or delete it.   
Citation is already given in draft opinion. 

39/ Mason Ann ,ACC 
,ann_mason@americanche
mistry.com ,United States 

3.3. Exposure assessment p. 17, line 31-34:  SCHER lists all of the possible human exposures pathways.  However, for consistency with the rest of the opinion SCHER should add a new sentence on line 34:  ‘While all of these exposures are possible, the key human exposure pathway to CrVI is through food and drinking water.’  SCHER should make it clear that the focus of the science supporting its opinion is based on oral exposure.  

The SCHER has noted this comment and revised the final opinion accordingly.  
40/ De DEYNE Christophe , 
Pébéo , 
cdedeyne@pebeo.com 
,France 

3.3.1. Environment 16 : the presence of "chromium" (not chromium VI) in the urine indicates only an elimination of this chromium. The part on biomonitoring has been revised in the final opinion. 
41/ De DEYNE Christophe 
,Pébéo 
,cdedeyne@pebeo.com 
,France 

3.3.1. Environment 20 : chromium in contaminated soils should be the priority, as children will always plays with soils This comment is outside the scope of the opinion. 
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42/ Mason Ann  , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.3.1. Environment p. 18, line 22-28:  SCHER has included an out of date New Jersey soil analysis of CrVI.  SCHER should reflect the results of the expert panel reviewing the work by the NJ Department of Health which indicated that the NJ study (Fagliano study) was flawed. Anderson RA, Colton T, Doull J, Marks JG, Smith RG, Bruce GM, Finley BL, Paustenbach DJ. 1993. Designing a biological monitoring program to assess community exposure to chromium: conclusions of an expert panel. J Toxicol Environ Health. 40(4):555-83. PMID: 8277519 Finley BL, Scott PK, Norton RL, Gargas ML, Paustenbach DJ. 1996. Urinary chromium concentrations in humans following ingestion of safe doses of hexavalent and trivalent chromium: implications for biomonitoring. J Toxicol Environ Health. 48(5):479-99. PMID: 8751836 Gargas ML, Norton RL, Harris MA, Paustenbach DJ, Finley BL. 1994. Urinary excretion of chromium following ingestion of chromite-ore processing residues in humans: implications for biomonitoring. Risk Anal. 14(6):1019-24. PMID: 7846309 

See reply to comment 40.     

43/Mason Ann ,ACC 
,ann_mason@americanche
mistry.com ,United States 

3.3.1. Environment p. 19, line 11-16:  SCHER estimates that 10% of ingested CrVI might be absorbed by the gut and become bioavailable without identifying the source of this value.  In EPA’s 1998 IRIS Toxicological Review, based on O’Flaherty, 1996, EPA stated that “Ingested hexavalent chromium is efficiently reduced to the trivalent form in the gastrointestional tract.  Gastrointestional absorption of Cr VI occurs with greater efficiency than absorption of Cr III, though absorption of ingested hexavalent chromium is estimated to be less than 5%.” (EPA, 1998 at p. 47).  In the 2008 NTP study, the absorption of CrVI was 0.2-0.8% in 

 The part on kineticshas been further elaborated in the final opinion in order to justify the estimation made by the SCHER . 
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mice, 0.2-0.5% in rats.  Thus, SCHER has likely significantly overestimated the absorption of CrVI in humans.  A value of 1% would be more appropriate. SCHER should change its absorption percentage from 10% to 1-5% to be consistent with published literature and SCHER should recalculate its exposure assessment.   
44/ De DEYNE Christophe , 
Pébéo , 
cdedeyne@pebeo.com , 
France 

3.3.2. Food 6. Does that mean bread should not be given to children ?  The comment is outside the scope of the opinion. 
45/ De DEYNE Christophe , 
Pébéo , 
cdedeyne@pebeo.com , 
France 

3.3.2. Food 7. should breast-feeding mothers avoid eat bread ? The comment is outside the scope of the opinion. 
46/ De DEYNE Christophe , 
Pébéo , 
cdedeyne@pebeo.com , 
France 

3.3.3. Drinking water 10. the total chromium VI intake from drinking water all along the 14 years of a child is much more greater than the intake from toys (at acual level), a toy is not used every day by a children, but everyday a child drink water ! 
The SCHER has noted this comment. The comment is outside the scope of the opinion.  

47/ De DEYNE Christophe , 
Pébéo , 
cdedeyne@pebeo.com , 
France 

3.3.3. Drinking water 3.3.4. almost every week the Rapex show leather product exceding chromium VI levels. On the other side I do not remember any RAPEX for toy exceding chromium VI level (even with a 1000 time limit lower). Children are in contact with leather shoes mor than with toys, instead of lowering again and again chromium VI in toys it should be more effective to lower 
The SCHER has noted this comment. The comment is outside the scope of the opinion.  
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chromium VI in leather products. 
48/ De DEYNE Christophe , 
Pébéo , 
cdedeyne@pebeo.com , 
France 

3.3.3. Drinking water 32. Liquid paint toys are mainly conposed of drinking wather (between 50 to 70 %). If the new limit for toys is lower than the one for drinking water, liquid paints will no more be available. The SCHER has noted this comment. The comment is outside the scope of the opinion. 
49/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.3.3. Drinking water p. 21, line 1-3:  SCHER refers to an OEHHA estimate of 0.2 ug/d CrVI based on a concentration of 10 ug/L, 2 L ingested drinking water and an absorption from the gut of 1%.  The analysis by SCHER is insufficient because it does not take into account pharmacokinetics.  A PBPK model has recently been developed and should be used to estimate dose for children.  SCHER should consider the Kirman et al., 2012 and 2013 and Sasso and Schlosser 2013 papers and revise this entire section.  Kirman, C.R., S.M. Hays, L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, and D.M. Proctor. 2012. Physiologically Based Pharmacokinetic Model for Rats and Mice Orally Exposed to Chromium. Chemico-Biological Interactions. 200(1):45-64.  http://www.sciencedirect.com/science/article/pii/S0009279712001548?v=s5 Kirman, C.R., L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, D.M. Proctor, W. Parker, and S.M. Hays. 2013. Physiologically Based Pharmacokinetic Model for Humans Orally Exposed to Chromium. Chemico-Biological Interactions. 204(1):13-27. http://www.sciencedirect.com/science/article/pii/S0009279713000823   Schlosser P, Sasso, A. 2014. A revised model of ex-vivo reduction of hexavalent chromium in human and rodent gastric juices. Toxicology and Applied Pharmacology. Available 

The part on drinking water has been changed in the final opinion.   
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at: http://www.sciencedirect.com/science/article/pii/S0041008X14003020 
50/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.3.3. Drinking water p. 21, line 3-5:  Sufficient research concurs that drinking water is the key route of exposure of humans to CrVI.  No change suggested.  See reply to comment 49.  
51/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.3.3. Drinking water p. 21, line 12-15:  SCHER uses an estimate of 10% for the absorption of ingested CrVI into the gut and bioavailable without citing the reference for the estimate.  EPA indicates that CrVI absorption in the gastrointestional tract is less than 5% (EPA 1998).  In line 12, SCHER should change its estimate from 10% to 1-5% AND revise its calculations.   
See reply to comment 49. 

52/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.3.3. Drinking water p. 21, line 16-19:  SCHER should revise Table 2 to reflect the revised percent absorption from the gut.   See reply to comment 49. 



36 

 

53/ Edmonds Eric , Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

3.3.4. Consumer products Page 23, Line 3: The statement regarding levels of Cr (VI) in wooden toys as notified in RAPEX is inaccurate. A RAPEX database search for category ‘toys’ and free text ‘chromium VI’ did not return any results. Searching for category ‘toys’ and free text ‘chromium’ identified 60 entries but relating to chromium and not differentiated by oxidation state as per the previous EN71-3 test method. All of these were identified prior to the entry into force of the TSD chemical requirements and in most cases related to co-migration of lead that suggests the deliberate use of lead/chrome pigments.  

The SCHER agrees with this comment. This part has been revised in the final opinion. 

54/ De DEYNE Christophe , 
Pébéo , 
cdedeyne@pebeo.com , 
France 

3.3.4. Consumer products 27. that means 95 % of children exposure to chromium VI do not come from toys. What will be the efficiency of a reduction only in the 5% coming from toys ??? The SCHER has noted this comment. The comment is outside the scope of the opinion. 
55/ Edmonds Eric , Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

3.4. Risk characterisation Page 23, Line 20: It is not clear on what grounds the additional safety of 10 is justifiable  No additional safety factor has been used. This has been made clearer in the final opinion. 
56/ Verband der 
Mineralfarbenindustrie 
e.V.(VdMi), meyer-
rogge@vdmi.vci.de , 
Germany 

3.4. Risk characterisation What is worse than worst? A combination worst case szenarios leads not necessarily to safer migration limits. If a chosen health based migration limit gets close to the natural background at some point any further reduction leads to a complete ban of the products in scope. This is simply because there will be no suitable raw materials anymore – at least in europe. For this reason any decision on lower limits should be checked on their real impact on consumer safety. SCHER referenced the RIVM 

The SCHER has noted this comment. See also reply on comment 55.   
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deduction of limits in toys and their system of three categories. It is outlined that based on newer studies a further refinement of the chromium limit would be required. However, the RIVM approach should be checked for plausibility at first. A small calculation will reveal that the RIVM approach is already a sufficient worst case scenario with appropriate safety margin.  - Taking the amount of 508 mg as TDI for toy sample material, 100 children (a midsized nursery) will “consume” during one year (average of 250 visits) a total of 12,7 kg plastics material or about 3 ¨bobby cars¨ or 60 fingerpaint tubes.  - Certainly there are multiple good reasons for a replacement of toys in nurseries, but because they simply having eaten up is quite unheard of. Bottomlined the RIVM model has a sufficient safety margin to control the risk of chromium exposition to small children. This argument is scientifically reflected by the ECHA Guidance “Information requirements and chemical safety assessment, Chapter R.8: Characterisation of dose [concentration]-response for human health”. Within this document the cancer risk level for workers is 10^-5 and for the rest of the population 10^-6. Therefore an additional safety factor of 10 is not required, since it has been already implemented. 
 57/ RIVM 
,wouter.ter.burg@rivm.nl  

3.4. Risk characterisation section 3.4.3: Please note that the dermal route of exposure is relevant too for children’s toys containing chromium VI. This was previously concluded for chromium VI in the RIVM (2008) report as well.  In addition, it should be noted that skin sensitization is a relevant health endpoint. At least SCHER should provide a 

The SCHER has noted this comment, however, SCHER is not aware of data on cancer from dermal exposure of CrVI. Sensitisation is not included 
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statement if the derived migration limit values would protect children against possible health effects related to dermal exposure.   Page 26, line 32: the factor of 26.5 is correct, but as SCHER provided rounded values, this factor is not obtained when the current and revised migration limit values are compared. Page 27, line 6:  
The AMT parameter should be expressed as amount of toy material ingested per day (scraped-off toy materials) or amount of toy material ingested per week (dry, powder like or pliable toy materials; liquid or sticky toy materials) (please refer to the RIVM (2008) report, Chapter 3, where these defaults were derived).  

in the mandate.   The SCHER has noted this comment and is of the opinion that the rounded figure has no major impact on the outcome of the opinion. The final draft has been revised with respect to the amount of toys ingested. 
58/  RIVM 
,wouter.ter.burg@rivm.nl  

3.4. Risk characterisation Page 27, Table 5: since the amount of toy material ingested for dry, powder like or pliable toy materials or liquid or sticky toy materials should be expressed in mg/week (or correct the daily ingested amount), the migration limit values will increase by a factor of 7 for these two toy categories. It should be noted that there exists an inconsistency in the RIVM (2008) report. In Chapter 3 of the RIVM report, a choice is made regarding the ingested amount of toys material and the frequency of exposure. The ingested amount of toy material is chosen as 100 mg (dry, pliable or powder-like toy materials) and 400 mg (liquid or sticky material). It is noted that "The ingestion of 100 mg by children is considered reasonable, but may not occur daily. For 

See reply to comment 57. 
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exposure assessment refinement purposes, we propose to use a frequency of 1/week for this ingestion default when the exposure is compared to a chronic health-based limit value. This is a rough estimate and needs further research." And: "Similar to the ingestion default for dry, brittle, powder-like and pliable materials, an ingestion of 400 mg may occasionally occur, but not daily. For the purpose of an exposure assessment refinement, when comparing exposure to a chronic health-based limit value, we propose to use a frequency of 1/week as a default. This is a rough estimate and needs further research.” The proposed frequency of exposure is once a week. In Chapter 8, the migration limit values are derived. In the calculation 100 mg and 400 mg per day is used erroneously, with a reference for the explanation to Chapter 3. The result is that the current limits should have been higher by a factor of 7. A corrigendum of the RIVM report will be available in short notice on the RIVM website. If SCHER remains with their view of mg/d for these categories, there should be a notion that the calculated migration limit values are conservative.  
59/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4. Risk characterisation p. 23, line 10-12:  SCHER indicates that the 2011 OEHHA PHG is can be used to estimate additional cancer cases attributed to CrVI (via drinking water).  SCHER should delete the sentence, ‘The SCHER is of the opinion that the general approach from OEHHA is justified in order to estimate additional cancer cases attributed to chromium VI exposure.’ For ‘additional cancer cases’ to be true, it first needs to be shown that drinking water levels of CrVI are associated with human cancers of the small intestine.  Worker studies do not support this association 

The final opinion has been adapted. 
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(Armienta Hernandes and Rodriquez Castillo, 1995; and Gatto et al., 2010).  Additionally environmentally-relevant doses of CrVI, such as those occurring naturally in drinking water supplies, would not provide a sufficient dose of CrVI to the small intestine to induce hyperplasia and, thus, carcinogenesis would not occur.  The temporal progression of responses observed in the 2008 NTP bioassays indicates that histiocytic infiltration occurs in mice by 90 days; hyperplasia occurs in mice at both non-tumorigenic and tumorigenic doses by 90 days; and tumors occur at two years at doses above 1 mg/kg/d, corresponding to a concentration of 28.6 mg/L in drinking water (NTP, 2007, 2008).  These data indicate a multi-step progression that is more consistent with the rarity of small intestine tumors and their long latency.  Thus, SCHER’s opinion is not supported by either the human studies or by the 2008 NTP study. Hence, the implicit assumption of a mutagenic MOA is unfounded and, in fact, contradicted by data from the 2008 NTP study itself and subsequent research published in the peer reviewed literature.  For these reasons, the choice of linear low dose extrapolation cannot be supported. In the Draft August 2009 PHG on page 98, OEHHA clearly states there is “large uncertainty” in the calculation of the PHG.  Several peer reviewers commented on the absence of analyses of the data that would show a range of results that better reflect the uncertainty and inconsistency in the shape of the dose-response curves in rats and mice.  OEHHA did not responded to these comments and did not reflect this uncertainty in its final PHG.  
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60/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4. Risk characterisation p. 23, line 13-15:  SCHER speculates that the conversion of CrVI to CrIII may not be sufficient to exclude carcinogenic effects.  If SCHER had reviewed the primary literature, rather than rely on older reviews, it would have determined that the conversion of CrVI to CrIII occurs rapidly. Unfortunately, the OEHHA analysis is both out of date and calculated incorrectly.  SCHER should include references to several recent papers including Thompson et al., 2013a, reporting on the mode of action for CrVI and Thompson et al., 2013b which provides the proper way to calculate an acceptable overall dose for CrVI.  Importantly, the 2013 risk analysis is based on substantially more data for dose-response analysis, especially in the low dose range for the small intestine than previously published risk reviews including OEHHA’s 2011 PHG.  In its risk assessment, OEHHA relied on only the four dose groups used in the 2008 NTP study for outcomes in one sex (male mice) to characterize the entire small intestine, i.e., four doses times 1 sex times 1 organ.  In contrast, using the data from the MOA Study, an alternate dose response curve is constructed based on PBPK models using 24 dose groups with outcomes at four administered doses for both males and females in each of the three segments of the small intestine, i.e., 4 doses times 2 sexes times 3 sections of the small intestine. By relying on only older reviews, SCHER has missed the opportunity to provide a current assessment of the science and an opinion that reflects current information. Thompson, C.M., D.M. Proctor, M. Suh, L.C. Haws, C.R. Kirman, and M.A. Harris. 2013. Assessment of the Mode of Action Underlying Development of Rodent Small Intestinal Tumors Following Oral Exposure to Hexavalent Chromium and Relevance to Humans. 

See reply to comments 5 and 19.  
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Critical Reviews in Toxicology. 43(3):244-274; Available http://informahealthcare.com/doi/abs/10.3109/10408444.2013.768596 Thompson, C.M., C.R. Kirman, D.M. Proctor, L.C. Haws, M. Suh, S.M. Hays, and M.A. Harris. 2013. A Chronic Oral Reference Dose for Hexavalent Chromium—Induced Intestinal Cancer. Journal of Applied Toxicology. Available  at: http://onlinelibrary.wiley.com/doi/10.1002/jat.2907/pdf Supplemental Information:  http://onlinelibrary.wiley.com/store/10.1002/jat.2907/asset/supinfo/jat_2907_Supplemental%20Material_Appendices.docx?v=1&s=64762ef5f64f32afac1581e845f27ebcc9eeed1e  
61/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.1. Dose response analysis p. 23, line 21:  SCHER should reconsider whether 2011 OEHHA PHG is the correct assessment upon which to base its opinion.  In September 2010, US EPA issued a draft Toxicological Review (also referenced in SCHER draft opinion) of exposure to CrVI in drinking water  US EPA derived a cancer slope factor from the same 2008 NTP study that OEHHA used to support its CrVI PHG.  Like OEHHA, US EPA applied a linear extrapolation from the high dose rodent exposures to low dose human exposures. In early July 2011, just prior to OEHHA’s adoption of the Cr VI PHG, US EPA released the final comments of a nine member peer review panel of independent, nationally-recognized CrVI experts commissioned to evaluate the 2010 draft EPA Toxicological Review of CrVI.  The quantitative dose-response assessment of EPA’s draft Toxicological Review was identical to that which is the basis of OEHHA’s 2011 PHG.  A majority of these peer reviewers criticized US EPA for assuming that the tumors observed in the rodents in the NTP Study were the 

See reply to comments 5 and 19. 
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result of a mutagenic MOA and for using a linear, no-threshold, dose-response curve.  These expert reviewers stated that both existing scientific evidence and data emerging from the MOA Studies strongly suggested that the MOA is non-mutagenic and that a threshold dose exists.  Accordingly, these reviewers urged US EPA to assess the new MOA Studies and to revise its analysis as appropriate in light of the new data.  OEHHA was aware of the comments by these reviewers and chose to ignore them.  See Reviewer Post-Meeting Comments (July 6, 2011).  Available at http://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=221433  
62/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.1.1. Non carcinogenic end points p. 23, line 25-31:  SCHER should follow the approach outlined in Thompson et al., 2013b for conducting dose response modeling on the 2008 NTP study.  Importantly, because the MOA for the development of cancer in the small intestine is non-mutagenic and hyperplasia is a key event in the MOA, SCHER should use this endpoint to develop a safe dose.  This safe dose would be protective of both cancer and non-cancer effects – the results of such an analysis would dramatically impact the overall conclusions by SCHER.  The steps for doing this have been described in great detail in Thompson et al., 2013b.  SCHER should not utilize the other analyses cited in lines 25-31 as they are out of date.  Thompson, C.M., C.R. Kirman, D.M. Proctor, L.C. Haws, M. Suh, S.M. Hays, and M.A. Harris. 2013b. A Chronic Oral Reference Dose for Hexavalent Chromium—Induced Intestinal Cancer. Journal of Applied Toxicology.  Available at: http://onlinelibrary.wiley.com/doi/10.1002/jat.2907/pdf  Supplemental Information:  

See reply to comments 5 and 19. 



44 

 

http://onlinelibrary.wiley.com/store/10.1002/jat.2907/asset/supinfo/jat_2907_Supplemental%20Material_Appendices.docx?v=1&s=64762ef5f64f32afac1581e845f27ebcc9eeed1e  
63/ Edmonds Eric , Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

3.4.1.2. Oral Potency Estimates for carcinogenicity based on Animal Studies 
Page 25, Line 6: It is stated that the multistage model that was used to determine the ten per cent increase in tumours took into account competing risks and age dependence. It is assumed, although not explicit in the text, that the approach taken was to base the model on a mutagenic mode of action that assumes linearity at low doses to derive the slope factor. If however the mode of action is not mutagenic as commented on in section 3.2.2 then it is likely that the mode of action for Cr (VI )induced intestinal tumours is not linear in the low dose region as suggested by Thompson et al (2014). The multistage model may therefore not be appropriate for this particular endpoint although it is accepted that the slope factor of 0.5mg/kg bw/day was used as the basis for the OEHHA estimation of a public health goal (PHG) for drinking water. Page 25, Line 19: Age sensitive factor: There is no explicit justification for applying a factor of 10 for child exposure apart from the general OEHHA guidance for weighting cancer risks for exposures that occur from the third trimester of pregnancy to <2 years of age. This approach however is contrary to that used in the OEHHA PHG for drinking water where age sensitivity factors and duration adjustments were made for each life stage. If the PHG is used as the virtually safe dose then there is little justification for applying a further factor of 10 for neonatal 

See reply to comments 5 and 19.        
See reply to comment 55.  
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exposure as this has already been taken into account.  
64/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.1.2. Oral Potency Estimates for carcinogenicity based on Animal Studies 
p. 24, line 11: Many reviewers cite McCarroll et al., 2010 as definitive and conclusive support for the mutagenic MOA.  McCarroll et al. actually used the words, “…plausibility that CrVI may act through a mutagenic mode of action.” (emphasis added, McCarroll, et al., 2010).  NTP 2008 was not designed to determine the MOA and thus did not provide the type of data to definitively conclude of a MOA.  As a matter of policy US EPA, McCarroll’s employer, assumes mutagenicity when data are lacking.  Since the publication of McCarroll et al., 2010, significant research has been conducted to provide data to clarify what type of MOA is relevant and to explain the formation of the tumors at high doses observed by 2008 NTP.  Had SCHER done a review of the primary literature post 2008, it would have identified a second hypothesized non-mutagenic MOA, i.e., Thompson et al., 2011a.  SCHER should acknowledge this second hypothesis, even if it reports that it did not review the subsequent published studies. If CrVI acts using a mutagenic MOA, as presented in McCarroll et al. (2010), one would expect neoplasms at sites of contact with the highest Cr VI concentrations (e.g., the glandular stomach and forestomach).  The logical explanation for the absence of tumors in these tissues, and duodenal-to-ileal polarity of the tumors observed in NTP 2008, is that CrVI reduction in the mouth and stomach lowered the effective dose to the stomach.  There are two conclusions one can reach, either there is greater uptake in the small intestine epithelium, or this tissue possesses greater sensitivity to the effects of CrVI than did the epithelium of the 

See reply to comment 19. 
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glandular stomach or forestomach.  Additionally, NTP did not observe evidence of systemic carcinogenesis despite the accumulation of Cr in tissues such as the liver and kidney. Thompson, C.M., L.C. Haws, M.A. Harris, N.M. Gatto, and D.M. Proctor. 2011a. Application of the US EPA Mode of Action Framework for Purposes of Guiding Future Research: A Case Study Involving the Oral Carcinogenicity of Hexavalent Chromium. Toxicological Sciences. 119(1): 20-40.  Manuscript:  http://toxsci.oxfordjournals.org/content/119/1/20.full.pdf+html?sid=896b4c7e-b535-4884-aa79-261ecc512de8; Supplemental data:  http://toxsci.oxfordjournals.org/content/119/1/20/suppl/DC1 
65/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.1.2. Oral Potency Estimates for carcinogenicity based on Animal Studies 
p. 24, line 12-13:  SCHER asserts that ‘a linear extrapolation…is recommended.’  OEHHA applied a linear extrapolation as a matter of policy because the 2008 NTP study was not designed to provide data to derive a MOA.  Additionally, OEHHA had several rounds of peer review and chose to ignore its own reviewer comments pointing out data suggesting a non-mutagenic MOA or data justifying the application of a non-linear threshold approach.  SCHER can find these comments on OEHHA’s website. On line 12, NTP 2008 indicates it is highly likely that CrVI produces tumors by a non-linear MOA. The NTP drinking water studies did provide strong evidence that epithelial proliferation is likely to be an early and necessary key event underlying CrVI-induced carcinogenesis of the mouse 

See reply to comment 19. 



47 

 

small intestine (NTP, 2007, 2008). These NTP bioassay results also provide evidence for the temporal sequencing of subsequent key events. If CrVI were acting by a mutagenic MOA, the early hyperplasia, evident by 90 days, should result in a short time-to-tumor.  However, in the 2008 NTP study the time-to-tumor formation was extended (>451 days), and treatment did not affect survival (i.e., animals were not dying early as would be expected if tumors developed early in life). Dr. Silvio De Flora of the University of Genoa in Italy submitted comments to OEHHA supportive of a nonlinear dose response.  He notes that a statistically significant increase in tumors only occurred at concentrations of 172 mg/L or higher in NTP (2008).  See De Flora, S. (2009) Comments on the draft document entitled “Public Health Goal for Hexavalent Chromium in Drinking Water”, prepared by the California Environmental Protection Agency (Office of Environmental Health Assessment). Available at:  http://oehha.ca.gov/water/phg/pdf/112509deflora.pdf The 2008 NTP bioassay results for epithelial hyperplasia in mice represent “good precursor data” and could be used to derive a point of departure for nonlinear extrapolation and as a precursor effect to inform dose-response modeling. Thompson et al. (2011a) [Figure 6 in that manuscript] shows that the dose response for hyperplasia is supra-linear and occurs at lower doses than does the tumor response.  Hence, this non-cancer event could be used to develop a reference dose that is protective of the cancer endpoint.  Such a method is discussed in EPA’s Cancer Guidelines (EPA, 2005a, pp. 3-17 to 3-18).  
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66/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.1.2. Oral Potency Estimates for carcinogenicity based on Animal Studies 
p. 25, line 16:  SCHER should not just assume that following OEHHA’s calculations is the correct approach for its opinion.  Because of the many flaws in OEHHA’s calculations, SCHER should review the 2008 NTP data and comments submitted on OEHHA’s draft PHG and determine its own approach to calculating the potency. As example, OEHHA did not choose the best-fitting model based on Chi-square or the model that provides the best fit and most parsimony based on the Akaike information criterion, as is indicated in EPA’s Benchmark Dose Technical Guidance Document (EPA, 2000).  Models meeting these criteria fitting the 2008 NTP data are the probit model for male mice and the log-probit model for female mice rather than the multistage model OEHHA used. 

This part has been revised in the final opinion and additional approaches were included.  

67/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com ,United States 

3.4.1.2. Oral Potency Estimates for carcinogenicity based on Animal Studies 
p. 25, line 19:  In Table 4 SCHER provides the oral cancer potency estimates. Because the effects of ingested CrVI observed in rats and mice in NTP (2008) are portal-of-entry effects, the use of allometric scaling (e.g., BW^0.25) is not an appropriate method for species extrapolation.   

See reply to comment 66. 

68/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.1.2. Oral Potency Estimates for carcinogenicity based on Animal Studies 
p. 26, line 20:  Age-dependent adjustment factors (ADAFs) are not applicable for several reasons:  First, if the PHG is used as the virtually safe dose then there is no justification for applying a further factor of 10 for neonatal exposure as this has already been taken into account.  Second, OEHHA’s Guidance for Early Life Susceptibility calls for the application of ADAFs to account for early life sensitivity in the absence of chemical-specific data to the contrary, and OEHHA and US EPA only apply ADAFs for 

See reply to comment 55. 
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mutagenic MOAs.  Third, the chemical specific data from the MOA Studies demonstrates that there is no early life sensitivity to CrVI, so the application of ADAFs is not appropriate, nor necessary to ensure protection of in utero and early life stages.   
69/ Edmonds Eric , Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

3.4.2. Early life exposures Page 26, Line 1: Reference is made to the neonatal stomach pH being higher than adults during the first three months of life as a potential increased exposure factor due to lower conversion of Cr (VI) into Cr (III). However the pH of the mouse stomach is not significantly different from that of an infant. The gastric pH of a newborn is in the neutral range but the pH falls to within 1 and 3 in one day. By the age of three the production of acidity reaches adult levels (Koren (1997). The pH of the mouse stomach varies from 3.1 to 4.5 compared to the human pH range of 1.0 to 3.5 (Stern (2010). This indicates that the mouse model is sufficiently representative of child exposure without the application of further protective factors. Cr(VI) is not metabolically activated.  Reduction of Cr (VI) to Cr (III) is primarily non enzymatic (O’Brien et al (2003) and therefore unlikely to be a factor that is dependent on age related differences in metabolism. With compounds such as Furan that have the liver as a target organ, in early life stages there is a rapid proliferation of cellular growth (Carthew et al (2010), adjustment for age susceptibility would be logical. However the target organ for Cr (VI) is the upper to mid GI that does not exhibit the same characteristics suggesting little justification for age dependent adjustment factors.  

This aspect has been further elaborated in the final opinion.       See reply on comment 19 and 55.  
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 70/ RIVM 
,wouter.ter.burg@rivm.nl  

3.4.2. Early life exposures page 25-26, lines 23 (p25.)-16 (p26.) SCHER is kindly asked to take notice of the work on dose-response relationships of chromium VI of other European expert committees such as the Risk Assessment Committee of ECHA and EFSA. Consistency in assessing substances and their dose-response relationships is highly desirable. Please refer to the provided links: http://echa.europa.eu/documents/10162/13579/rac_carcinogenicity_dose_response_crvi_en.pdf. http://www.efsa.europa.eu/en/efsajournal/doc/282.pdf  

The SCHER supports the exchange and harmonisation of methods. This aspect is further elaborated in the final opinion. 
71/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.2. Early life exposures p. 25, line 22: SCHER reports ‘early life exposure may result in greater lifetime risk compared to exposures later in life (OEHHA 2009).’  Prior to defaulting to OEHHA’s conclusions, SCHER should consider whether it can verify the basis for this statement in OEHHA’s calculations. As example, the water consumption rates used in the non-substantive change document released by OEHHA on January 25, 2011, to support its PHG cannot be verified from the original sources and appear to be incorrect for some age groups (EPA, 2008; Kahn and Stralka, 2009). In section 3.4.2 SCHER does not disclose the basis for its conclusions, i.e., its calculations to derive early life exposures.  If SCHER is defaulting to OEHHA, it should be able to verify OEHHA’s calculations prior to using them in its opinion and should be able to document its calculations and the basis for point estimates of body weights and water consumption rates in L/d for the various age groups so the values could be more readily evaluated.  Consumption rates in L/d are more familiar to most risk assessors than the water consumption expressed in L/kg-d. SCHER mentions oral exposure to CrVI in early life 

The SCHER has noted this comment. Water consumption was not used for derivation of migration limits for toys. 
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exposure.  We call SCHER’s attention to several factors in OEHHA’s calculations for early life exposures that cannot be explained including: 1. Water intake:  In the PHG background document cites OEHHA (2010) as the reference for water intake, but this document could not be found on OEHHA’s website. Using an earlier 2000 version of the Air Toxics "Hot Spots" Program Risk Assessment Guidelines Part IV Exposure Assessment and Stochastic Analysis Technical Support Document, OEHHA’s recommended values for water intake are 0.024 L/kg-d as the central estimate and 0.054 L/kg-d as the high-end estimate and are applicable to all age groups. [See p. 8-11 of OEHHA, (2000].  Instead OEHHA used data in the 2011 PHG that contradicts its own guidance. 2. Form of tap water consumed. OEHHA does not disclose the form tap water is consumed in its PHG.  This is an important issue for CrVI, as it is well known to be rapidly reduced to CrIII in some beverages that are made from tap water in the home (e.g., orange juice, lemonade, coffee, tea).  It appears that OEHHA assumes that all water consumed by the adult is from the same source, despite the fact that most people go to work or school and move several times in a 70-year lifetime.  Such compounded conservative assumptions in exposure assessment overestimate the true risk. 
72/ Mason Ann ,ACC 
,ann_mason@americanche
mistry.com ,United States 

3.4.2. Early life exposures Page 25, line 23: 3. Tap water ingestion rates: On January 25, 2011, OEHHA released “Corrected portions of draft PHG document for hexavalent chromium” and changed the source of the tap water ingestion rates to EPA (2008) and Kahn and Stralka (2009).  The OEHHA-derived tap water ingestion rates from these sources were 0.114, 0.041 and 0.038 L/kg-d for 
See reply to the comment 71. 
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infants, children, and adults respectively.  We derived the values shown in the table below using the community tap water ingestion rates from Table 4 (3rd column) in Kahn and Stralka (2009) or from Table 3-9 (9th column) in EPA (2008). We concluded that the value for infants appears correct, but not the values for children and adults.  The value of 0.038 L/kg-d corresponds to 2.66 L/d in a 70 kg adult.  This value, though not as high as that of 3.15 L/d in the Draft Dec. 2010 PHG is still much higher than the value of 2 L/d, recommended in EPA’s Exposure Factors Handbook (1997) and familiar to risk assessors.   Assuming that OEHHA’s calculations of the tap water ingestion rates were incorrect and those shown above are correct, the adult tap water ingestion rate of 0.031 L/kg-d would correspond to a value of 2.17 L/d, much closer to the EPA default value.  Thus, SCHER should carefully consider its own evaluation as to the values it will use for adults’ and children’s drinking water ingestion rates. [Note 1 It should be noted that in 2009 EPA released and external review draft of an update to the Exposure Factors Handbook (EPA, 2009) and finalized it in 2011.).  This update recommends the use of the data from Kahn and Stralka (2009).]  Table in uploaded file.  
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73/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.2. Early life exposures p. 25, line 24:  SCHER can address the reductive capacity of children as compared to adults using the PBPK model published by Kirman et al., 2012 and 2013, Thompson et al 2013a, and Schlosser and Sasso 2014. Kirman, C.R., S.M. Hays, L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, and D.M. Proctor. 2012. Physiologically Based Pharmacokinetic Model for Rats and Mice Orally Exposed to Chromium. Chemico-Biological Interactions. 200(1):45-64.  http://www.sciencedirect.com/science/article/pii/S0009279712001548?v=s5  Kirman, C.R., L.L. Aylward, M. Suh, M.A. Harris, C.M. Thompson, L.C. Haws, D.M. Proctor, W. Parker, and S.M. Hays. 2013. Physiologically Based Pharmacokinetic Model for Humans Orally Exposed to Chromium. Chemico-Biological Interactions. 204(1):13-27. http://www.sciencedirect.com/science/article/pii/S0009279713000823   Schlosser P, Sasso, A. 2014. A revised model of ex-vivo reduction of hexavalent chromium in human and rodent gastric juices. Toxicology and Applied Pharmacology. Available at: http://www.sciencedirect.com/science/article/pii/S0041008X14003020 

See reply to comment 5. 

74/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.2. Early life exposures Page 26, line 5-7:  SCHER refers to the applications of OEHHA’s weighted cancer factors to reflect special sensitivity to carcinogens.  OEHHA’s PHG (see equation on page 93 of draft 2010 PHG) indicate that an age sensitivity factor for the combined life-stages of the third trimester and infancy was used.  This is not consistent with Table 17 on page 94 of the Draft Dec 2010 PHG document that shows separate groups for 

The comment is not relevant to this opinion. 
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the third trimester and infancy. OEHHA derived its age sensitivity adjustment from data only using statistical methods without consideration of biology or MOA.  In calculating the water consumption to calculate life-stage exposures, OEHHA used an unusual and atypical calculation method that expresses life-stage as a unit less fraction of a lifespan.  Using the Draft Dec. 2010 PHG document to reproduce the calculations underlying the PHG value (page 93), the methodology and values used are not clear.  See uploaded file for calculations. However, life-stage exposure duration is not the appropriate multiplier.  Because the slope factors are in units of (mg/kg-d)-1, the exposure term should remain in units of L/kg-d.  The unit kg-d will cancel to leave a water concentration in mg/L.  OEHHA does not explain why it expresses life-stage as a unit less fraction of a 70-year lifespan. The tap water ingestion rates used to derive the water consumption rates are hidden.  For example, OEHHA uses a value of 0.045 L/kg-d as the adult rate.  What is not readily apparent, however, is that this number corresponds to a per-person adult consumption rate of 3.15 L/d for a 70 kg individual.  This value of 3.15 L/d is higher than the 90% upper confidence interval on the 95th percentile of adults, which is 2.883 L/d (EPA, 2000).  OEHHA did not calculate the water consumption rates for the other groups, and these rates may also be unrealistically high.  Moreover, no body weights for the sensitive age groups are presented in the December 2010 draft PHG (p. 93).   
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75/ Mason Ann , ACC  , 
ann_mason@americanchem
istry.com , United States 

3.4.2. Early life exposures p. 26, line 20:  SCHER used the 1999 OEHHA daily virtual safe dose and considered 5% allocated to CrVI from toys.  SCHER should identify the basis and technical support for the percent allocation for CrVI from toys.  
The comment is outside the scope of the mandate.  

76/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

3.4.2. Early life exposures p. 26, line 30:  Application of the 5% allocation for toys and using the new virtual safe dose from OEHHA 2011, SCHER calculated a migration limit in Formula 1 and presented in Table 5.  The correct safe dose should be calculated using the procedures described in Thompson et al 2013b.   
See reply to the comments 5 and 19. 

77/ Mason Ann ,ACC 
,ann_mason@americanche
mistry.com ,United States 

3.4.2. Early life exposures p. 27, line 11-12:  SCHER refers to ‘considerable background exposure’ without defining what that is.  SCHER correctly states that drinking water is reported to be the key exposure pathway for environmental levels.  Using a variety of monitoring efforts, both grab sample and systematic, ASTDR has identified levels of CrVI in drinking water (in the US) between non-detect to approximately 35 ppb, with most concentrations less than 5 ppb.  Higher levels are measured in areas with serpentine rocks and other geologic sources.  Thus, on line 12, SCHER should delete the word ‘considerable’ as this implies levels significantly higher than the ppb-range concentrations of CrVI in drinking water.  Higher doses administered to the NTP experimental research rodents ranged between 5,000 and 180,000 ppb—levels virtually unheard of in natural environments and even outside of localized, human-activity influenced contamination.   

The wording has been changed accordingly in the final opinion. 
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78/ Fritzsche B., ljf@gmx.de 
, Hong Kong 

4. OPINION Please keep on mind that a limit of 0.2 ug/kg in the given matrix is neither controllable by manufacturers nor detectable with state of the art analytical techniques. Particularly given the tendency to interconversion between the chromium species no analytical result at the proposed concentration level would be reproducible. Hence the limit would not be achievable by manufacturers, not enforceable by authorities and remains a theoretical exercise only. It is suggested to keep or raise the current limits at least for cat. II and III materials. Overall the limits shall be set with an perspective to current limits for drinking water considering the estimated daily intake. 

See reply to comment 8.  This comment is related to risk management and is outside the scope of the opinion. 

79/ LOMENECH XAVIER , 
ULMANN SAS , 
xlomenech@ulmann.com 
,France 

4. OPINION Line 17 with the table of migration limit values for Chromium VI from toys. I don't agree with the previsional new values for those migration limit values for chromium. Effectively, the actual limits are already under the limits quantification and detection for this method which is around 0.05 ppm (except for the category III). The more, the results between the laboratories are not homogeneous for the determination of quantities for Chromium VI. So, I am not agree with the proposed new limits of Chromium VI.  

See reply to the comment 8. 
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80/ Edmonds Eric , Toy 
Industries of Europe , 
eric.edmonds@eepsc.com , 
Belgium 

4. OPINION Page 28, Line 28: The OEHHA (2011) does not include any reference to a virtual safe dose (VSD) in μg/kg bw/day. Instead it refers to a PHG of 0.02 μg/L in drinking water’ after 0.02 parts per billion (ppb). It appears that the VSD is calculated using the methodology in Section 3.4.12 and the table should make this clear.  If doubt exists as to the mutagenic MOA but there is sufficient evidence to account for a genotoxic MOA then it may also be appropriate to consider the margin of exposure approach taken by EFSA (2014) for Cr (VI) in drinking water and calculate a new migration limit based on an MOE of 10000, or to review the existing TSD limits as a measure of exposure based on the BMDL10 derived by EFSA of 1.0mg Cr (VI) /kg bw/day. By applying the MOE of 10000 that gives low concern for public health to the BMDL10 this gives a virtually safe dose of 0.1 μg//kg bw/day to use in the derivation of migration limits. Page 29, Line 8: The recommendation that for children additional exposure to chromium VI from toys should be reduced to the lowest levels achievable is related to risk management (ALARA) (SCHER, SCCP,SCENHIR (2009)) and therefore is not appropriate to include as the Committee has no mandate for risk management needs and measures.  

These aspects are further elaborated in the final opinion.  
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81/ DAGUILHANES Bruno , 
SCL laboratoire de 
MARSEILLE , 
bruno.daguilhanes@scl.fina
nces.gouv.fr , France 

4. OPINION On point 3.4.3, calculations are made with a virtual safe dose of 0.0000002 mg/Kg bw/d, 0.0000002 mg of Cr6+ (calculate as chromate ion CrO4 with a molar mass of 116 g) represents1.72 picomole (10-12) as a mole of chromate (116 g) is made of 6*1023 ions 1.72 picomole represent 6/116*1.72 * 10-12*1023 That is to say 0.89 billion of ions (per Kg). It is surprising to see the difference between the opinion and the labs that will be asked to control the limit. On the one hand, a series of assumptions had been made to estimate the safe dose of Cr6, the given data for testing animals with supplemented intakes of Cr6 (cf. 3.23 lines 16-18 page 14) vary in a range from 1 to more than 2. Coefficients of 10 are used three times as margins of safety (without taking into account parameters like a TDI for the whole life versus a limited (sometimes very short time) period of exposure). They arrive to a virtual safe dose of less than 0.9 billion of ions by day by Kg. And no uncertainty is given. The value is taken as a reference, this it is not said in the opinion, but if it is retained by the Commission, it would become a basis for a regulation (like the 400 mg of liquid by day). It would become mandatory for labs to reach the limits, on the other hand those labs, would have an obligation to determine their measurement uncertainty and their limit of detection and quantification (LOD and LOQ), in order to justify their ability to control these values. The last words of the opinion are: “for children any additional exposure to Cr6 from toys should be minimized to the lowest achievable levels” this is the ALARA principle: As Low As Reasonably Achievable, but without the word reasonably.  The SCHER seems to doubt the suggested limits could be achieved. Since 2008 many comments addressed the feasibility in order to 

See reply to the comment 8  
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reach the current values for chromium. The feasibility is more and more topical, and the values are not reached yet. It would be meaningless to set limits if nobody could reach them. As SCHER considers the proposed limits could be exceeded (3.4.3 page 27 line 13), we can wonder if we face an over application of the precautionary principle. A series of worst cases (children with smoking parents, living in contaminated areas, with ingestion of this soil because of pica, with daily contact with CCA, playing with high chromium content painted toys…) and margins of safety might have led to a kind of “catastrophic case” so that the scenario should be downplayed. 
82/  Swedish chemicals 
agency , kemi@kemi.se, 
Sweden 

4. OPINION SE support the revision of the migration limits for Chromium VI in in toys or components in toys made by SCHER. Especially since Chromium VI has shown mutagenic, carcinogenic and reproductive/developmental effects. In addition Chromium VI is a potent sensitizer. The risk should also be noted and taken into account that a child might swallow a part of a wooden toy or a piece of leather. However, SE acknowledge there is a relative high background exposure and the technical and analytical difficulties in measuring the new migration limits proposed by SCHER. Therefore SE support the conclusion that Chromium VI in toys should be minimized to the lowest level achievable. 

The SCHER has noted this comment. No changes in the document have been suggested.   
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83/ RIVM 
,wouter.ter.burg@rivm.nl  

4. OPINION Page 27, line 14-16: Please add a note describing the current analytical limitation with respect to chromium VI measurements. At this moment, it is not possible to detect such low levels of chromium VI and therefore compliance with the migration limit values cannot be proven (the detection limits in current analytical techniques are higher, moreover, one cannot distinct between chromium VI and chromium III). The abovementioned limitations also apply to the current set migration limit values. As is indicated in the opinion, chromium VI is not stable as such. Interconversion takes place between Chromium III and Chromium VI, depending on the conditions such as pH. Migration of interfering substances from the toy matrix (especially for category I and II toys) may also influence the equilibrium between Chromium III and VI. For example it was found that Manganese is a strong oxidizer, capable of oxidising Chromium (III). This oxidation step may occur in the toy material itself or during the migration procedure. In the current EN71-3:2013 an acid migration liquid is used. We question if the migration under these acid conditions corresponds to the actual exposure to Chromium VI migrating from toys. One might consider setting migration limit values (or content limit values) for the total content of chromium rather than a specific migration limit value for chromium. 

See reply to the comment 8. 

84/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

4. OPINION p. 28, line 1-4:  SCHER appears to limit its review to existing reviews, OEHHA, IARC, ATSDR, WHO/IPC, etc., and did not review the primary ‘scientific data’ published after the 2008 end date for each of these reviews.  Thus, the text should delete the words ‘scientific data’ and revise this text to:  “to review existing 
See reply to the comment 4. 
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reviews and conclusions drawn for chromium (VI) including those stated in the OEHHA technical support document…” 
85/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

4. OPINION p. 28, line 6:  There is no evidence that SCHER reviewed any primary papers or data more recent than 2008.  The text in line 6 of this section should be changed to delete any reference to ‘recently published data.’  SCHER identifies other reviews in this preliminary opinion with more recent publication dates, e.g. WHO/IPCS 2013; however NONE of these reviews considered data after a 2008 publication date.  Thus, SCHER is basically stating an opinion based almost entirely on the 2008 NTP study.  In taking this approach, SCHER ignores multiple studies conducted since the NTP study that specifically expand upon the NTP’s findings.  It is disappointing that SCHER could issue an opinion with a 2014 or 2015 date that does not advance the review of CrVI literature beyond the 2008 research!  

See reply to the comment 4. 

86/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

4. OPINION p. 28, line 11-12:  SCHER should revise the last sentence to reflect that the research post-2008 provides data to replace the use of assumptions allowing more certainty.  The suggested revision is, “Chromium VI is genotoxic; however there is scientific uncertainty about whether the mode of action suggested by McCarroll et al., (2010) holds in light of expert peer reviewer comments to the contrary during the development of the OEHHA 2011 Public Health Goal.  Recent research, not reviewed for this opinion, may hold clarity about the mode of action.” 

See reply to the comments 4 and 19  



62 

 

87/ Mason Ann , ACc , 
ann_mason@americanchem
istry.com , United States 

4. OPINION p. 28, line 14:  SCHER should replace the sentence. ‘An impact of chromium VI after oral exposure may be expected.’ with “An impact of chromium VI after oral exposure was observed in experimental animals at doses significantly higher than those expected in typical drinking water and environments uncontaminated by human activities.  There are no observations of intestinal effects from oral exposure in worker studies.  WHO has established a drinking water guideline level at 50ug/L for total chromium (in which CrVI is also covered).  Monitoring data indicate drinking waters levels are below the WHO guideline.  Thus, human impacts related to CrVI in drinking water remains highly uncertain.”    

The wording of the final opinion has been changed.   

88/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com ,United States 

4. OPINION p. 28, line 15:  The SCHER statement, ‘Reductive capacity might not be sufficient to completely prevent genotoxic effects.’ should be changed to ‘The development of cancer in the small intestine of rodents is due to a cytotoxic MOA with the following key events: (a) absorption of Cr(VI) from the intestinal lumen, (b) toxicity to epithelial cells comprising the intestinal villi, (c) crypt regenerative hyperplasia to replace these cells and (d) clonal expansion of transformed cells within the crypt stem cell population, resulting in late onset tumorigenesis (Thompson et al., 2013a).’ Using this MOA, the recently developed PBPK model and the dose response modeling techniques described in Thompson et al (2013b) leads to an acceptable concentration of Cr(VI) in drinking water of 210 ppb.  This value is orders of magnitude larger than what SCHER is proposing to use.  The small values determined by SCHER (and OEHHA) will not result 

See reply to the comment 19 on additional data and MOA. 
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in genotoxic effects in rodents or humans. 
89/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com , United States 

4. OPINION p. 28, line 25-31: SCHER based its opinion solely on the 2008 NTP study and the OEHHA derivation of a daily dose of 0.0002 ug/kg bw/d, a value we could not reproduce! SCHER did not consider newer research findings published after 2008. Basing an opinion on 2008 data and ignoring the more recent research is inappropriate and SCHER is missing the opportunity to issue an opinion based on current science.  In line 29, SCHER should add a new sentence after ‘..cancer case in a million.’ ‘SCHER is aware of newer research that provides data replacing many of the assumptions used to derive OEHHA’s PHG. SCHER is also aware that these new research data are under review by EPA and OEHHA for inclusion in their individual Toxicological Reviews of CrVI by oral exposure. The SCHER is of the opinion, that pending the outcome of these reviews, the current migration limits for chromium VI from toys should be maintained but that manufacturers should make all efforts to reduce migration limits to as low as possible.’ Researchers applied the data from both the 2008 NTP and MOA studies to a new PBPK model for rodents to calculate the lower confidence limit on the benchmark dose (BMD) for hyperplasia (crypt cell proliferation), which is a precursor key event in the MOA. The lower confidence level on the 5% response level was used as the point of departure (POD) for purposes of the risk assessment. The POD was then divided by a 3-fold uncertainty factor to account for interspecies (mouse to human) variability in toxicodynamics (sensitivity). The human PBPK model was used 

See reply to the comments 4, 5 and 19. 
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to calculate a human equivalent lifetime average daily dose (LADD), consistent with the POD. The LADD was divided by another 10-fold uncertainty factor to account for variability in the human population. The result is an RfD of 0.006 mg/kg/day. The drinking water equivalent level (DWEL) of the RfD is 210 ppb, which is more than twenty times higher than the California MCL for CrVI of 10 ppb. (Thompson et al., 2013b) Thompson, C.M., C.R. Kirman, D.M. Proctor, L.C. Haws, M. Suh, S.M. Hays, and M.A. Harris. 2013b. A Chronic Oral Reference Dose for Hexavalent Chromium—Induced Intestinal Cancer, Journal of Applied Toxicology.  Available on Journal website at: http://onlinelibrary.wiley.com/doi/10.1002/jat.2907/pdf with supplemental Information at:  http://onlinelibrary.wiley.com/store/10.1002/jat.2907/asset/supinfo/jat_2907_Supplemental%20Material_Appendices.docx?v=1&s=64762ef5f64f32afac1581e845f27ebcc9eeed1e  
90/ Mason Ann , ACC , 
ann_mason@americanchem
istry.com ,United States 

4. OPINION p. 28, line 35:  SCHER proposes a revised migration limit for chromium VI.  Prior to SCHER’s proposing a specific migration limit, SCHER should assure that it can replicate all of the calculations for the derivation of OEHHA’s virtual safe dose.    
See reply to comment 66.  

91/ Antonio Mutti , 
Università degli Studi di 
Parma , 
antonio.mutti@unipr.it 

7. REFERENCES Suggested citation: EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), 2014. Scientific Opinion on the risks to public health related to the presence of chromium in food and drinking water. EFSA Journal 2014;12(3):3595, 261 
EFSA opinion has been taken into account in the final opinion. 
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,Italy pp. doi:10.2903/j.efsa.2014.3595 
92/ MASON Ann , American 
Chemistry Council  , 
ann_mason@americanchem
istry.com , United States 

7. REFERENCES p. 31-39:  No research study published after 2008 is used to support this SCHER opinion. It appears that SCHER is relying solely on reviews, which are based on science literature published by 2008.  Additionally, SCHER is not considering any input into the development of the OEHHA PHG, including peer review experts, whose recommendations were ignored by OEHHA.  Add the following references (see in uploaded file)  

See reply to the comment 4. 

93/ Edmonds Eric ,Toy 
Industries of Europe 
,eric.edmonds@eepsc.com 
,Belgium 

ABSTRACT Page 5, Line 11: The recommendation that for children additional exposure to Cr (VI) from toys should be reduced to the lowest levels achievable is related to risk management (ALARA) (SCHER,SCCP,SCENHIR (2009) and therefore is not appropriate to include as the Committee has no mandate for risk management needs and measures.  
This recommendation is requested by the mandate received by SCHER. The implementation of SCHER's recommendation is a risk management decision. 

94/ ,European Food Safety 
Authority - Unit on 
Biological Hazards and 
Contaminants 
,Marco.binaglia@efsa.europ
a.eu ,Italy 

ABSTRACT We would like to point out that EFSA has recently published a Scientific Opinion on the risks to public health related to the presence of chromium in food and drinking water. We kindly ask you to take into account the outcome of the aforementioned opinion in your draft document. The EFSA opinion is publicly available at the following link: http://www.efsa.europa.eu/it/efsajournal/pub/3595.htm    

EFSA opinion has been taken into account to finalise the SCHER opinion. 
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Comments received through email: 

Comment SCHER's Response 

95/ Comments of the German Federal Institute for Risk assessment: Generally the SCHER opinion is mainly based on "Public Health Goal for Hexavalent Chromium (VI) in Drinking water" of the OEHHA as intended by the terms of reference addressed by the DG Enterprise. In the meantime EFSA, too, has published its "Scientific opinion on the risk to public health related to the presence of chromium in food and drinking water" (12 June 214). Hazard identification of chromium VI and a risk assessment of the intake of Cr VI via drinking water based on occurrence and consumption data of the EU are reported. 
Section "3.2. Health Effects" (page 12, lines 4-15) The first paragraph lists the information sources on which SCHER based its assessment. Not included in this list is the recent EFSA opinion on chromium in food and drinking water. It is recommended to include the EFSA opinion as an additional information source as it contains a comprehensive assessment of the exposure of the European population to hexavalent chromium via drinking water which is regarded of relevance for the SCHER opinion. 
Section 3.2.4. Effects in humans" (page 15, second paragraph) This paragraph addresses the sensitizing properties of chromium VI via dermal contacts. The prevalence of chromium sensitivity in dermatological patients is even higher than the reported values for the general population. In Germany the prevalence of chromium sensitivity in patients varies between 5,3 % (Oppel and Schnuch 2006) and 2,6% (Schnuch et al 2012)  As an important measure for the elicitation of contact dermatitis the Minimal Eliciting Threshold (MET 10%) should be additionally reported. This threshold characterises the concentration resulting in an allergic contact dermatitis in 10 % of the sensitised patents. The published data are summarised in the following table:  

 The EFSA opinion has been taken into account in the final opinion.    The EFSA opinion has been taken into account in the final opinion.   Sensitisation is not included in the TOR.      
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Section" 3.3.1 Environment" (page 19, lines 4-17 and table 1) This paragraph describes the exposure assessment for the uptake of Cr (VI) by children from soil. By assuming an oral bioavailability of 10%, internal exposure estimates for different scenarios (best, average, and worst case) were calculated. It is not clear "internal" exposure estimates were calculated because no attempt was made to aggregate the exposures via different routes and from different sources. In the end, the risk assessment for Cr (VI) is based on the comparison of "external" exposures with a toxicological point of departure.  Translating the "internal" exposure estimates for the uptake of Cr (VI) from soil into "external" exposure estimates yields values ranging from 200ng/kg bw/d (best case) to 60,000 ng/kg bw/d (worst case). Relating these external exposure estimates and the risk by chromium via all addressed sources (soil, drinking water, toys) should be discussed and conclusions concerning the migration limits of toys should be given. Furthermore, it should be acknowledged, that the uncertainties in exposure assessment and the low-dose risk extrapolation leads to uncertain risk estimates, even if they are on the conservative side. Therefore, the degree of conservativeness and the magnitude and direction of uncertainty in the exposure assessment for the uptake of Cr (VI) from soil should be addressed.  
Section 3.3.2. Food (page 20, lines 1-6)  SCHER describes the study by Soares et al (2010), in which samples of bread in Portugal were analysed for both total chromium and Cr (VI), and in which roughly 10% of total chromium in bread was found to be Cr (VI). It should be noted that EFSA (2014) dismissed the Cr (VI) findings of Soares et al. (2010) as analytical artefacts. Although acknowledging the lack of 

       The SCHER has noted this comment. A paragraph on uncertainties is added to the final opinion        This part has been revised in the 
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data on the presence of Cr (VI) in food, EFSA (2014) noted that "food is by-and-large a reducing medium, and that oxidation of Cr (III) to Cr (VI) would not be favoured in such medium".  
Section "3.3.3 Drinking water" (page 21, lines 6-15, and Table 2)  This paragraph describes the exposure assessment of the uptake of Cr (VI) by children from drinking water. By assuming an oral bioavailability of 10%, internal exposure estimates for different scenarios (best, average, and worst case) were calculated. Again, it is not clear why 2internal" exposure estimates were calculated (see above). Translating these "internal" exposure estimates into "external" exposure estimates yields values ranging from 40ng/kg bw/d (best case) to 2,000 ng/kg bw/d (worst case). EFSA (2014) calculated estimates for the high (95th) percentile) exposure of infants and toddlers to drinking water which, in the most conservative case(i.e., all chromium assumed to be Cr (V), use of upper-bound estimates and of the maximum value of all surveys), are 6-21-fold lower than the worst-case estimate given by SCHER. It is recommended to take EFSA's comprehensive assessment of the exposure of the European population to hexavalent chromium via drinking water into account.  
Section "3.4.1.2. Oral potency estimates for carcinogenicity based on animal studies" (page 24, lines 6-13) SCHER uses the linear extrapolation and applies and age-sensitive factor to derive a virtually safe dose (VDS) corresponding to an excess lifetime cancer risk (LCR) of 10 -6. In addition to the low-dose risk extrapolation, it is suggested to compare this to the Margin of Exposure (MOE) approach which is recommended by EFSA for substances which are both genotoxic and carcinogenic. Including the MOE approach would enable a better comparison of the risk assessments of SCHER and EFSA. According to EFSA (2014), "an MOE of 10,000 or higher, based on a BMDL10 from an animal study, is of low concern from the public health point of view." It could therefore be an option to use MOE values of 10,000 and 100,000(which would correspond LCR values 10-5 and 10-6) as a starting point for the derivation of dose values from which migration limit values could then be derived.  It is also suggested that the derived dose level for the maximum uptake of Cr (VI) from toys is compared with exposure estimates from other sources. 
Minor comment Besides the health based migration limits derived by SCHER also the analytical feasibility to control these values should be taken into account. The unit for the multistage model slope factor on page 25 should be corrected into 

final opinion.    This paragraph has been changed in the final opinion.      This has been taken into account in the final opinion.      An additional part on analytical methods and their limitations has 
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(mg/kg bw/d)-1. been added to the final opinion. 
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