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Introduction  

In this document, Vale Canada Limited (Vale) provides responses to review comments received 

from the Ontario Ministry of Environment and Climate Change (currently the Ministry of the 

Environment, Conservation, and Parks (MECP or “the Ministry”)) in a memorandum (dated May 

17, 2016) concerning the report entitled ‘Port Colborne Community-Based Risk Assessment 2014 

Update Report’.   

The Ministry has provided several rounds of comments and its dedication to the file is 

appreciated. There remain some disparities between the Ministry’s position and Vale’s position 

on a number of issues, and this response to comments outlines the basis for Vale’s position on 

these issues in 2020, particularly the human health non-cancer TRV (toxicity reference value) for 

Ni.   

The TRV issue is perhaps the single most important issue that has caused Vale and the Ministry 

to “agree to disagree” about the CBRA HHRA findings, including the large numerical values of 

the RBSCs (risk-based soil concentrations).  Vale believes that the Ministry’s “preferred” non-

cancer Ni TRV is flawed in several ways and it simply cannot be accepted by Vale, scientifically.  

Vale has provided detailed analysis of the Ministry’s preferred TRV in Annex 2 of this response to 

comments.  That detailed analysis has been provided in the spirit of the Ministry’s comment that 

the CBRA reports must be able to withstand scientific scrutiny.  This is true not only for the risk 

assessment, but reviewer comments, both from the Ministry and others – all must be able to 

withstand scientific scrutiny.  The evidence must be weighed carefully, and a truthful, meaningful 

assessment should result from these deliberations.  Vale believes that this is what has occurred 

with the Port Colborne CBRA, although there is still some finalization work required.   

Throughout this document, the Ministry’s comments are presented in Times New Roman font 

from its original memorandum.   Vale’s responses to the Ministry’s comments are provided in 

bolded italics, as per these opening remarks, and organized by risk assessment chapter.   In many 

responses, Vale has provided commentary which is intended to provide additional context for 

scientists and non-scientists alike wishing to understand the risk assessments and scrutinize the 

weight-of-evidence. 



 

 

 

As requested by the Niagara District Office, we have reviewed the most recent submission from 
Vale Canada Limited (Vale) on the Port Colborne Community Based Risk Assessment (CBRA). 
This report titled “Port Colborne Community-Based Risk Assessment 2014 Update Report” dated 
September 12, 2014 was prepared by Stantec Consulting Limited (Stantec) to revise the CBRA to 
address previous comments provided by the Ministry of the Environment and Climate Change 
(MOECC or the ministry, and formerly MOE). However, a complete submission was not 

provided to the ministry for review until March 3, 2015. 
 
Our involvement with this file started in August 2010 when Vale submitted a series of “final” 
CBRA reports and Addenda Reports on the Human Health Risk Assessment, the Crops Study, and 
the Ecological Risk Assessment for the Natural Environment.  These reports were prepared by 
Jacques Whitford Limited or Stantec and ranged in date from September 2004 to February 2010 (list 
of reports provided below). Even though the CBRA started in 2000, the ministry reviewers were 
intentionally held “in reserve” in order to conduct an independent review. The overall goal of our 



 

 

review is to ensure that the CBRA has been conducted in accordance with appropriate risk 
assessment methodologies and practices, that risk has been properly characterized, and that any 
proposed risk based soil concentrations are appropriate. 
 
We previously provided detailed and comprehensive comments to Vale on the previous CBRA 
reports in a May 2011 letter to Mrs. Maria Bellantino Perco (Senior Specialist, Environment, Vale) 
from Camilo Marinez (Coordinator, Community Based Risk Assessment, MOECC). Because of the 
nature and extent of our comments, and the extensive public review and consultation process that 
had already occurred, we met with Vale and their consultants on numerous occasions between June 
2011 and November 2013 to help Vale understand our comments and resolve outstanding concerns.  
Our May 2011 comments and responses from Vale are included as part of the CBRA 2014 Update 
Report (Appendix 1A). 
 
Overall, we reviewed the following Port Colborne CBRA Reports (most of these reports have been 
included as Appendixes in the CBRA 2014 Update Report but the HHRA Addendum report #1 and 
the ERA Crops Addendum Report #2 were missing from the update report): 

 Port Colborne Community-Based Risk Assessment 2014 Update Report. 
 Human Health Risk Assessment “Final Report” dated December 2007. 

 HHRA Addendum Report #1 – Response to PLC Consultant Report Human Health Risk 
Assessment Port Colborne, Ontario dated February 2010. Responds to comments 
received on Sept 2009 from Watters Environmental Group Inc. (Watters Environmental); 
the Public Liaison Committee’s (PLC) Consultant. 

 Crop Studies Report “Final Report” dated December 2004. 
 Crops Studies – Addendum Report #1 dated September 2006. Responds to comments 

received following a public review and comment period on the final Crop Studies Report. 
 Crops Studies – Addendum Report #2 dated April 2009. Responds to comments received 

on Oct 2008 from Watters Environmental. 
 ERA Natural Environment “Final Report” dated September 2004. 
 ERA-NE – Addendum Report #1 dated March 2005. Responds to comments received 

following a public review and comment period on the final report and documents the 
CBRA public review process. 

 ERA-NE – Addendum Report #2 dated January 2009. Responds to comments received 
on Oct 2008 from Watters Environmental. 

 
It addition, we also considered comments on the CBRA reports provided to the ministry on 
November 2013 by Ms. Diana Wiggins  

 
We recognize that Vale has spent considerable effort to update the CBRA to address our previous 
comments. However, despite these revisions, the ministry continues to have numerous concerns 
with the Port Colborne CBRA reports and the proposed Risk-Based Soil Concentrations (RBSC) 
(also referred to as site-specific threshold levels, SSTLs).  Overall, we are unable to endorse the 
current CBRA or support the proposed RBSC’s. Below, we have provided our comments on the 
CBRA Update report for each chapter. Comments on Vale’s responses to our previous comments 
from May 2011 will be provided in a separate memorandum.  In general, we have focused on 
Nickel (Ni) as the primary contaminant of concern (COC) for our review. Any risk management 
activities required to address elevated Ni contamination in soil are anticipated to also address the 
other metals of concern (i.e., Arsenic, Copper and Cobalt). 

 

Vale response: The Port Colborne Community-Based Risk Assessment (CBRA) process has been 

underway since year 2000, with several years of prior preparatory discussions between Inco and 

the Ministry.  From the outset, the goal of the CBRA was to evaluate the potential human health 



 

 

and environmental risks associated with the  metals in soil that are attributed to  the historical 

emissions from Inco’s Port Colborne Nickel Refinery, for which the company has accepted 

responsibility.  The 2014 Update Report was intended to be a consolidation of the individual risk 

assessments (Human Health, Ecological – Natural Environment, and Ecological – Agricultural 

Crops) which would serve as the primary source of information concerning the potential risks 

associated with the chemicals of concern (CoCs) identified within the CBRA process (nickel, 

copper, cobalt and arsenic).   

Vale Canada Limited believes that the risks have generally been characterized appropriately, 

although it must be acknowledged that there are some aspects in which the CBRA risk 

assessment reports never did, and still do not represent standard practice.  Vale is proposing 

further follow-up activities in the Port Colborne Community-Based Action Plan (PCCAP) with the 

intention of addressing outstanding Ministry concerns to the extent possible.   
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Comments on Chapter 1 – Introduction 
 

1.   Section 1.0. This section provides background information on the overall CBRA, various 
challenges in conducting the assessment, and subsequent discussions that were held to address 
ministry review comments from May 2011. To be clear, the fact that independent ministry 
reviewers were involved in the technical review is not a limitation of the review process and 
should not be seen as the reason for the extensive concerns that the ministry raised. The final 
CBRA report should be able to withstand scientific scrutiny from anyone qualified to review 
risk assessments; not just those involved in conducting the CBRA. 

Vale Response: This introductory section provided context for the reader.  Surrounding the Ministry’s 

comments provided to Vale in 2011, there was considerable discussion and development of the 

understanding on Vale’s part that the Ministry’s reviewers did find it difficult to review the CBRA 

component risk assessments.  The extensive concerns show good engagement from Vale’s 

environmental regulator and are appreciated.  Scientific scrutiny is, of course, critical to achieving a 

successful, truthful risk assessment.  

2.   Section 1.1, page 1.7. The 2nd paragraph should indicate that in addition to the additional soil 
investigation, the MOE 2002 report also contains the results of the Human Health Risk 
Assessment that was conducted by the ministry for the Rodney Street Community. A brief 
summary of the Rodney Street HHRA could also be added at the end of Section 1.2.1. 

Vale Response: Comment received.  Vale does not intend to re-engage the consultant to revise the 

reports, so it will be known to interested parties only via this comment-response dialogue that the 

Ministry has provided this comment.  The Ministry’s Rodney Street Risk Assessment report was 

referenced several times and cited in Chapter 2 (Site Characterization) as well as in Chapter 3 (Human 

Health Risk Assessment). 

3.   Section 1.3.3. While the two large farms were not sampled as part of the CBRA, the risk based 
soil concentrations developed from the crops study should still apply to them; hence they are 
not excluded from the CBRA. 

Vale Response: Comment received.  While not sampled, the farms were certainly in the zone of impact 

from historical refinery emissions.  The findings of the CBRA are applicable to these properties.  The 

owners may require additional sampling to determine how the CBRA findings would be relevant for 

the properties. 

4.   Section 1.6. The CBRA does not provide any information on ecological risks for “human-
influenced environments such as parks, playgrounds, gardens, and residential yards”. Given the 
absence of a formal risk assessment for these areas, information from the ERA natural 
environment and the crops study should be used to establish appropriate risk based soil 
concentrations for these areas to allow for reasonable use that is not impacted by elevated 
COCs in soil. 

Vale Response: The human-influenced environment was excluded from the CBRA process, as agreed by 

the TSC (Technical Subcommittee) at the time.  The Update Report included the consideration of an 

additional receptor, the red fox, as a surrogate for a pet such as a dog living in the human-influenced 
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environment.  It is understood that the Ministry considers the use of the Modified Ecological 

Protection (MEP)  approach inappropriate, and Vale accepts this concern.  As such,  new risk 

calculations are provided below (see Annex 1) to demonstrate that under a worst-case exposure 

scenario, using concentrations of CoCs identified in Woodlot #17 (the “Reuter Road” woodlot), and the 

adjacent field environment. The results indicate that unacceptable risks would be anticipated  for a 

family pet (using the red fox as a surrogate for a pet dog) exposed to the extreme concentrations 

identified in Woodlot #17.  However, in the adjacent field environment (soil Ni concentration of 3,147 

mg Ni/kg soil and Ni concentrations in food items of 5.48 mg/kg fresh weight), the risks would be 

calculated to be acceptable.   

Regarding risk to non-agricultural plants, unacceptable risks to populations of certain plant species 

could be calculated for both the field and woodlot, based on information contained within the Crops 

Risk Assessment, as proposed by the Ministry.  Vale has continued to promote analysis and publication 

of the previously collected data from the CBRA.  An example of Vale’s continued interest in the effects 

of legacy metal deposition on  terrestrial ecological communities, including that of the human-

influenced environment, please refer to  Hale and Robertson (2016 [Env. Poll.212: 41-47]) in which 

measures of woodlot health have been linked to soil metal concentrations in the Port Colborne region.  

That paper was derived from the woodlot studies conducted as part of the CBRA.  

   

5.   Section 1.8. The CBRA reports and addenda reports were not formally reviewed by the 
ministry until August 2010. 

Vale Response: Comment received.   

6.   Section 1.9. The HHRA Addendum Report #1 should be included in this section (Response 
to PLC Consultant Report, Human Health Risk Assessment Port Colborne, Ontario dated 
February 2010). 

Vale Response:  Comment received.  The PLC’s consultant was delinquent in providing their review 

comments, which were not received  until January 2011, several months after the PLC had produced its 

final report.  The document referred-to in the Ministry’s comment is entitled, “Response to PLC 

Consultant Report Human Health Risk Assessment Port Colborne, Ontario”, marked draft, and is dated 

February 23, 2011.  

Comments on Chapter 2 – Site Characterization 
 

7.   Section 2.5, page 2-12. While excluded from the CBRA, these industrial lands (i.e., the 
refinery property) should be identified in future risk management plans as a potential source 
of COCs to the surrounding area if the soil is disturbed. Measures to minimize this pathway 
may already be in place and should be summarized in the planned Implementation Report. 

Vale Response: The Refinery site has a Closure Plan, most recently submitted to the Ministry of Energy, 

Northern Development and Mines in May 2019. The closure plan is a legal requirement under the 
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Mining Act, and given the planned closure date of 2042, and risk management related to lands 

covered by the CBRA must, as a practical matter, be kept separate, but certainly Vale is aware that 

risk assessment will be a valuable tool to guide closure planning. 

8.   Section 2.6., page 2.12.  Presumably, this section is referring to Table 2-2 since there is no 
Table 2-4 in Appendix 2A. The focus of these comparisons is to show that Ni levels are much 
higher in woodlot soils than in nearby field soils. That is not in dispute. However, given the 
extensive data collection summarized in Section 2.1, it is surprising that only 3 comparisons 
are made and that two of the locations are over 4 km away from the refinery (e.g., only one 
comparison occurs within the original primary study area). 

Vale Response: Error in table numbering noted.  It should have been Table 2-2 as noted by the 

Ministry’s comment.  The table was not meant to be exhaustive, but illustrative of the fact that 

woodlot canopies concentrate metal particulates relative to adjacent but leeward field environments, 

an important aspect of site characterization.  The fact that only three examples were used in this table 

does not materially affect the findings of the CBRA. In fact, the site just a km from the refinery was the 

most extreme illustration of this phenomenon.  Table 2.2 should be read in conjunction with section 

2.6. 

9.   Section 2.8.3. This section should note that while fish may not be present, these intermittent 
drains and ditches still provide habitat for aquatic organisms when water is present and that 
organisms may be exposed to elevated COCs from water and sediment. This is one of the 
reasons that amphibians were evaluated in the risk assessment. Also, information should be 
provided on the sediment and surface water samples collected and summarized in Table B-3 
(Primary and Secondary Study Areas, and Control Area Sediment Concentrations Used in 
Revised Risk Calculations) and Table B-4 (Primary, Secondary, and Control Area Surface 
Water Concentrations Used in Revised Risk Calculations). 

Vale Response: See response to comments 15 and 19 below under the section Specific Comments on 

“ERA-NE Report” and Annex 1.  

Comments on Chapter 3 – Human Health Risk Assessment 
 
The following provides a brief summary of the ministry’s review of the Human Health Risk 
Assessment component of the Port Colborne CBRA Updated Report 2014. As soil Ni is the most 
significantly elevated COC in the community above background levels and human health based soil 
criteria, the review focuses on the toxicity, and potential exposure to Ni. This review considers the 
information within the revised CBRA report, as well as additional information from other regulatory 
agencies and current scientific literature, in order to better characterize the risks from Ni exposure and 
identify appropriate Ni Risk Based Soil Concentrations (RBSCs).  RBSCs were developed for the 
toddler receptor as they have higher contact rates with soil and are still developing into adults. 

 
Overall, the ministry has numerous major concerns with the revised CBRA that are provided in 
detailed Appendixes at the end of this memorandum. These concerns include: 
 

 The oral Ni Toxicity Reference Value (TRV) that was used as the toxicity benchmark 

 How dietary background exposure was estimated 
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 The bioavailability and bioaccessibility of Ni in soil 

 How outdoor soil was used to estimate indoor dust concentrations 

 The Ni soil ingestion rate that was used to estimate exposure to the Toddler 
 
As these concerns are significant in nature and have not been resolved, specific comments on 
Chapter 3 are not provided. 

 

Vale Response: In the HHRA, Vale believes that the Ni TRV selected to characterize human health risks 

and establish corresponding risk-based soil concentrations (RBSCs) in Port Colborne  represents  the 

most significant  divergence of opinion  between Vale and the Ministry.  

Three of the issues in the bulleted list above (i.e., dietary background exposure estimates, the methods 

used to approximate indoor dust concentrations, and the soil ingestion rate among toddlers) are a 

matter of professional/scientific judgment.  Vale accepts the Ministry’s selected approaches and 

suggested numerical values to be used in the CBRA HHRA for these three aspects of exposure 

estimation as they are within a range of reasonable values.  However, Vale strongly disagrees with 

the Ministry in the areas of (1) Ni TRV selection, and in particular, the underlying science selected by 

the Ministry from other jurisdictions around the world, and (2) the bioavailability and bioaccessibility 

of Ni in soil (and food).  This will be discussed below in detail in Annexes 2 and 3. 

Overall Conclusions on the Oral Ni TRV (Appendix A): The ministry does not support the Ni TRV 
used in the revised CBRA for assessing oral Ni exposure. A TRV is the benchmark used in risk 
assessment as an indicator of the maximum acceptable daily dose to which a person may be exposed 
without adverse effects. The oral Ni TRV of 20 micrograms per kilogram body weight per day (µg/kg-
bw/day) used in the CBRA is based on adverse changes in body weight and organ weight observed in 
exposed test animals (rodents). This TRV was originally supported by the MOECC as noted in 
previous ministry comments (MOE 2011). However, based on the most up- to-date scientific 
information, changes in weight are no longer the most sensitive endpoint to use in assessing oral Ni 
exposure. Instead, the MOECC supports a TRV of 11 µg/kg-bw/day based on adverse reproductive and 
developmental effects observed in rodents. 

 
Overall, the TRV of 11 µg/kg-bw/day is considered by the MOECC to be appropriate for the 
protection of Ni-associated reproductive and developmental adverse effects, including the potential 
toxicity of Ni in developing male reproductive organs. However, it must be noted that this TRV may 
not be fully protective of Ni-sensitized individuals from the development of dermatitis. Finally, this 
TRV of 11 µg/kg-bw/day is supported by Health Canada (2010), the 

World Health Organization (WHO, 2007) and the Office of the Environmental Health Hazard 
Assessment, California Environmental Protection Agency (OEHHA, 2012) and the analysis by 
the European Food and Safety Authority (EFSA , 2015). This TRV represents the most up-to-date value 
to use in risk assessment as an indicator of the maximum acceptable daily dose to which a person may 
be exposed without adverse effects. 

Vale Response:  There is considerable new information regarding TRVs since the 2014 Update report 

was submitted to the Ministry.  Since then, the European Food Safety Authority (EFSA) has conducted 

a draft re-assessment of the oral Ni TDI (tolerable daily intake – a type of TRV) 

(https://www.efsa.europa.eu/en/topics/topic/metals-contaminants-food).  This latest TDI replaces 

the EFSA (2015) value referenced in the Ministry’s comment, which has since been shown to be an 
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erroneous value. 

In 2019, the Human Toxicology and Air Standards (HTAS) Section, Technical Assessment and Standards 

Development Branch (TASDB) of the Ministry released an approved oral TRV for Ni of 11 µg/kg/d, as 

per the document entitled: ‘Human Health Toxicity Reference Value (TRVs) Selected for Use at 

Contaminated Site in Ontario’ (MECP, 2020). The Ministry’s rationale for the selection of this TRV was 

summarized in a 2019 document entitled ‘Toxicity Reference Value (TRV) Selections for Nickel (Ni) 

various CAS#’ (MECP,2019). Effectively, the rationale used by the Ministry for the selection of an oral 

Ni TRV (of 11 µg/kg/d) was the adoption of a TRV derived by California Environmental Protection 

Agency (OEHHA, 2001, 2005).  In earlier discussion with Vale prior to the 2014 Update Report, the 

Ministry had used TRVs derived by the DEPA (2008), the OEHHA (2012), HC (2010), and the European 

Food Safety Authority (EFSA, 2015) as justification for TRV 11.  

Vale rejects the validity of the 11 µg/kg/day TRV (“TRV 11”), the reasons for which are explained in 

more detail below in the comment-response dialogue and in Annex 2.  The acceptance of the TRV 11 

by the various agencies listed above (OEHHA, Health Canada, etc.) requires scientific scrutiny and 

should not be accepted as correct without detailed analysis. The rationale presented in MECP (2019) 

for the selection of “TRV 11” does not suggest the Ministry performed detailed scrutiny of the 

underlying scientific information, but rather, suggests acceptance, at face value, of analyses 

conducted by other regulatory agencies. Regulatory Agencies (competent authorities) are not 

infallible, and the citation chain provided by the Ministry above should undergo scientific scrutiny, 

which Vale has provided in Annex 2 below in response to the specific comments provided by the 

Ministry on this particular issue.  

Overall Conclusions on Dietary Exposure (Appendix B): The ministry does not support using the 
estimated Ni concentrations in garden produce and supermarket foods that were developed for 
evaluating dietary Ni exposure in this CBRA, despite the extensive work that was done by Vale in 
attempting to develop a Port Colborne specific estimate for this exposure pathway. Deficiencies in 
sampling of both garden produce and supermarket food significantly limit the interpretation of these 
results and the final CBRA estimates for the Port Colborne diet fall within the low range of the expected 
community exposure of Ni through the diet.  Instead of the estimates proposed in this CBRA, the 
ministry recommends that the overall average estimate from Health Canada’s Total Diet Survey’s 
between 2000 and 2007 should be used instead. Supermarket exposure should be similar throughout 
Canada and given that the available data from the CBRA update report clearly indicate that Ni is 
elevated in local garden produce (i.e., locally grown fruits and vegetables), dietary exposure to residents 
of Port Colborne should be higher than the Canadian average; not lower as indicated in the report. 

Vale Response: The garden and supermarket food surveys were conducted by Inco’s consultants with 

the guidance of the TSC (Technical Subcommittee) and the PLC’s (Public Liaison Committee) 

consultant.  There were necessarily sampling limitations in the Port-Colborne-specific analyses.  As a 

result of discussions held between Vale, its consultant, and the Ministry between 2011 and 2013, a 

revised approach to dietary intake was adopted in the 2014 Update Report.  Vale believes that the 

inclusion of locally obtained supermarket produce metal data (with regional/national data as well) is 

preferable to data collected from distant Canadian locations for which the food supply source is likely 

from different jurisdictions. 
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Regarding backyard fruits and vegetables, the 90th percentile values from the entire Port Colborne 

garden dataset  were used in the Update Report.  These data are provided in Appendix 3B of the 

Update Report.  There is no national database containing metal concentrations in backyard garden 

produce. Local data are essential to developing the best possible exposure estimates for Port Colborne 

residents. 

Overall Conclusions on Bioaccessibility (Appendix C): The ministry supports the general argument 
that not all of the Ni in soil is biologically available. That is, if a person consumes soil containing Ni, 
not all the Ni would be available for absorption from the soil in the gastrointestinal tract (i.e., 
bioaccessible) and the resulting absorption of Ni into the bloodstream would be less than 100% (i.e., 
bioavailable). However, the ministry does not support the approach used in the risk assessment to 
estimate the bioaccessibility of Ni. Specifically, the ministry believes that the estimates are too low and, 
for the purpose of this risk assessment, underestimate Ni exposure from soil and the risk resulting from 
incidental ingestion. 

Vale Response: Vale disagrees with the Ministry on this matter, but recognizes that the Ministry’s 

approach would lead to a conservative assessment of human health risk.  However, the comment 

indicating that the Ministry “…believes that the estimates are too low and…underestimate Ni 

exposure from soil….” requires  supporting scientific justification.  Further detailed discussion follows 

in Annex 3 below in response to the specific comments provided by the Ministry. 

Overall Conclusions on the Outdoor Soil to Indoor Dust Ratio (Appendix D): Based on a 
limited number of samples, the ratio between Ni in indoor dust and Ni in soil was estimated in this 
CBRA to be 0.2 (i.e., dust contains 20% of the total Ni that is found in soil from the Port Colborne 
community). This ratio was used in the CBRA to estimate the Ni concentration of indoor dust from 
measured Ni concentrations in soil as part of developing the RBSC. The ministry has concerns with 
this ratio primarily because the dataset is too small to develop a robust estimate and also because the 
ratio of Ni in indoor dust to Ni in soil is often much higher than 0.2 when soil Ni concentration is 
less than 2,000 mg/kg. 

Vale Response: Vale recognizes that the Ministry’s approach would lead to a conservative assessment 

of human health risk.  Further discussion follows below in the comment-response dialogue in response 

to the specific comments provided by the Ministry. 

Overall Conclusions on Soil Ingestion Rate (Appendix E): The ministry has considered the 
alternative incidental soil ingestion rate (SIR) of 110 mg/day for the toddler receptor and finds that it is 
reasonable for use in the CBRA. However, this represents a Central Tendency Exposure (CTE) estimate 
in the calculation of exposure from the soil and dust pathways. The ministry also considers the SIR of 
200 mg/day to be valid for use in the CBRA as a Reasonable Maximum Exposure (RME) estimate. The 
SIR of 200 mg/day has been identified as a conservative assumption (MOE, 2011) and MOECC 
maintains its use in the development of Brownfields (O. Reg. 153/04) soil standard setting. The 
incidental SIR is the key exposure assumption used in the CBRA in estimating exposure from the 
combined soil and dust pathways. As the SIR does not distinguish between soil and dust it may be 
assumed for both the soil and dust exposure pathways by using the 45:55 ratio as assumed in the US 
EPA’s Integrated Exposure and Uptake Biokinetic (IEUBK) model for lead in children (US EPA, 
2002). In addition, as done in the CBRA, the soil pathway may also be pro-rated for winter snow cover, 
where exposure to soil outdoors is considered negligible or zero. 

Vale Response: Vale recognizes that the Ministry’s approach would lead to a conservative assessment 
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of human health risk.  Further discussion follows below in response to the specific comments provided 

by the Ministry. 

Overall, based on our review, the ministry has determined that the most appropriate oral TRV for Ni is 
11 µg/kg-bw/day. This TRV is based on both reproductive and developmental effects observed in 
animals.  However, background dietary exposure to Ni makes up the majority of the exposure to the 
toddler and is also estimated to be 11 µg/kg-bw/day. Thus, background dietary exposure to Ni – 
irrespective of any elevated soil Ni exposure for conditions in Port Colborne – is similar to the health 
based toxicity benchmark. Given this fact, an alternative approach will need to be considered that 
allocates an appropriate amount of overall Ni exposure to soil. Because of these concerns, the ministry 
believes that the revised CBRA currently underestimates the potential risk from Ni exposure in Port 
Colborne soils to toddlers in some areas of Port Colborne with elevated Ni levels in soil. 

Vale Response: Vale strongly disagrees with the Ministry’s assessment.  TRV 11 is scientifically 

unsound for reasons discussed below in the response to specific TRV comments (i.e., in the Ministry’s 

Appendix A) and Annex 2 of this Response to Comments. 

Comments on Chapter 4 – Natural Environment Environmental Risk 

Assessment 
 
Based on comments the ministry provided in May 2011, Stantec has substantially revised the format and 
approach of this ecological risk assessment for the natural environment. Instead of estimating risks 
based on averaging soil concentrations across the entire study area, the revised approach now focuses on 
the most contaminated lands that are closest and downwind of the refinery to determine potential risks 
to ecological receptors. However, the revised approach incorrectly uses the Modified Ecological 
Protection (MEP) option under O. Reg. 153/04 to characterize the risk for the entire Port Colborne 
natural environment (i.e., non-residential woodlots and non-agricultural fields). This MEP option is 
specific for individual properties being evaluated under O. Reg. 153/04 if certain conditions are met and 
requires a certificate of property use to inform future land owners that adverse effects may occur to 
some plants, soil organisms, and wildlife that might reside in or frequent the site. The MEP approach is 
not appropriate for identifying and characterizing risks for large scale ecological risk assessments as it 
uses less stringent eco-toxicity values to develop site-specific soil standards. No information is provided 
on potential risks without the MEP option. Additional site characterization information has been 
provided which addresses many of our previous comments relating to site characterization. In addition, 
the ERA now includes some new water surface water quality data for the Wignell and Beaverdams 
drains for use in further characterizing risks to amphibians. However, there remain significant concerns 
with this risk assessment and the ministry is not in a position to accept the proposed site-specific soil 
intervention values as appropriate for the Port Colborne natural environment. 

Vale Response:  The use of the MEP approach may be controversial, but the following passage is taken 

from the Ministry’s guidance regarding MEP in the Nov., 2016 document on the Modified Generic Risk 

Assessments under the Brownfields Regulation: 

In order to allow the development and application of less stringent PSS, current practice in Ontario 

may be to remove ecological habitat to ensure no ecological species are present or exposed to 

contamination. This practice results in the removal of habitat which, although degraded, could and 

often does support a variety of ecological species. While redevelopment needs may drive the removal 
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of habitat, the ministry’s intent is to provide another option that will allow for greater preservation of 

ecological habitat. The ministry has developed a “modified ecological protection (MEP)” option within 

the Approved Model, which is intended to both promote brownfield redevelopment and preserve 

existing and potential future ecological habitat. This means getting more brownfield properties 

developed and providing developers a greener alternative to paving over ecological habitat. The 

ministry will continue to look at new ways of promoting ecological habitat preservation as part of 

brownfield redevelopment.  

 
MEP is an option available to risk assessors within the MGRA process in Ontario that uses 
less stringent ecotoxicity values to develop PSS. The use of the MEP option will allow for 
the maintenance or establishment of natural habitat; habitat that is not comparable in 
quality to habitat in an uncontaminated setting, but instead is habitat comprising of 
assemblages of species that are adapted or less sensitive to the contaminants of concern 
at the property. Use of the MEP option may result in impacts to some plants, soil 
organisms and wildlife that might reside in or frequent the site. The MEP option does 
provide the same degree of protection to humans as the Tier 1 generic standards. 

While it is true that the Brownfields Regulation is intended to be used at specific properties and not for 

wider area contamination as seen in Port Colborne, there are certainly parallels between the situation 

in the natural environment at Port Colborne and those at individual properties anywhere in Ontario 

having contaminated soil issues.  The reality is that there is dispersed Ni, Cu, Co, and As contamination 

due to legacy operation of Inco’s Ni refinery. The ecosystems appear to be functioning more or less 

normally, and a citizen walking through the Reuter Road Woodlot (Woodlot #17) would likely not 

notice anything different from any other woodlot they have walked through in their lifetime, even 

though experts familiar with the woodlot would be able to say that soil invertebrate communities and 

soil decomposer communities are impaired, associated with soil Ni concentrations ranging from 

10,000-33,000 ppm.   

How to manage these contaminated natural areas remains an open question.  Vale is moving forward 

to study options for these natural areas, of which there are a small number immediately to the east of 

the Refinery property. Natural forces (Climate change, development, invasive species) are likely 

contributing to the structure of these woodlots, common to woodlots across the southern range of the 

province. It is possible that, as envisioned in the Integration Report previously released by Vale, these 

woodlots should be left to naturally recover.  The MEP approach provides a different lens for viewing 

these risks within that context.  Vale recognizes that non-MEP risk calculations should be undertaken, 

and several “worse-case” (sic) (i.e., worst-case) scenarios are provided in this comment-response 

dialogue for clarity.  See Annex 1 for details. 

Specific Comments on ERA-NE Report 

 
10. Page 4-2. Ecological Risk Assessment Objectives and Scope. As noted, the “ERA focused 

on the natural environment: human-influenced environments such as parks, playgrounds, 
gardens, and residential yards were not considered”. However, these 
human-influence environments are not addressed elsewhere in the various CBRA reports and 
represent a limitation in the CBRA report that will need to be addressed. While this 
may have been an acceptable approach when the CBRA was started, it is no longer the case that 
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these human-influenced environments can be overlooked. However, information 
is available from the Crops ERA and this ERA-NE to develop appropriate soil thresholds for the 
protection of soil invertebrates, residential gardens, and grasses, shrubs, and trees that would be 
expected in these environments. 

Vale Response: The CBRA process did not consider these human-influenced environments specifically.  

(See comment-response for comment #4 regarding the Introduction of the 2014 Update Report, 

above.) 

 

11. Page 4-4, Section 4.2.2.1. Site Description.  As noted in previous ministry comments, some 
woodlots have too few samples to properly characterize the variability in the patchiness of COC 
concentrations. As a result, additional data collection may be needed for some woodlots to 
determine if they have acceptable COC concentrations or not. 

Vale Response: Vale will not support further data collection under the CBRA process.  Vale believes 

that the worst-case risk scenarios addressed for the Reuter Road woodlot (Woodlot #17) in the 

original CBRA NE ERA) and adjacent fields (see Annex 1) along with the Update Report and the 

original Natural Environment ERA, provides sufficient context that would allow risk management 

plans to be developed for these, the most contaminated woodlots.  Further sampling analysis of 

Woodlot #17 is planned, but this would take place outside of the CBRA process.  

12. Page 4-5, Section 4.2.2.3 Data Used in the ERA.  This section should include the detailed 
maps illustrating sample location by receptor and environmental media that were provided 
separately as hardcopy to the ministry. 

Vale Response: The Ministry is referring to figures which are now provided in Annex 4 of this response 

to comments.  The figures can’t be added to the Update report directly, as the Update Report is 

considered to be a final report. 

13. Page 4-6. 1st paragraph. In general, the MOECC agrees with the approach of using the 
95% UCLM as a reasonable worse-case woodlot and adjacent field scenario (although, see 
comments #17 and 18 below). However, using the 95% UCLM will not result in an 
overly conservative prediction of potential exposure and subsequent risk as noted in the 
report. Instead, the risk-based estimate for this woodlot and nearby field area will be 
appropriate for predicting potential impacts across the entire site as they can be adjusted to 
determine the risk threshold where soil concentrations are equal to a HQ of 1.0. Also, there 
was not a “perceived influence of unequal distribution of sampling”; this was a fact as 
described in previous Ministry comments. 

Vale Response: This passage was poorly worded.  The issue discussed was that the UCLM is sample-

size dependent.  When fewer samples are present in a data set, the UCLM could be larger than the 

highest value in the dataset.  The statement mentioning unequal distribution of sampling simply refers 

to that phenomenon. 

14. Page 4-7. Table 4-1 shows a very limited dataset and only includes 1 example of data close to 
the refinery; the other 2 are over 4km away. Using the data provided in Tables B1 and B2, the 
average COC concentrations from the worse-case scenario woodlot and field scenario are 
likely a better example for conditions close to the refinery (e.g., mean 
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Ni in woodlot = 18,000 mg/kg; mean Ni in nearby fields = 1,870 mg/kg). Similarly, using data 
from the woodlot 1 km to the East of this area provides a better example of the decrease in COC 
levels (e.g., using woodlot data from LL19, SSH1 to SSH3 and field 
data from CSH7, CSH8, OSH27 and OSH28 results in average Ni concentrations of 
2,700 mg/kg in woodlots and 930 mg/kg in nearby fields). It is also important to note that the 
difference in COC concentrations between the woodlots and the fields are less at 
woodlots and fields farther away from the refinery. 

Vale Response: It is true that Table 4-1 is based on a limited data set.  Vale agrees that the difference 

in CoC concentrations in woodlots and adjacent fields diminishes with distance.  With distance, there 

was less metal load in the air to be concentrated in the windward portions of the canopies of the 

woodlots and (because of this fact) less difference between woodlot soils and those in the adjacent 

fields with increasing distance from the refinery.  Fortunately, for the purposes of this discussion, the 

most-contaminated woodlot highlighted in Table 4-1 represents the worst-case scenario for 

evaluating risk. 

15. Page 4-8.  Even though the aquatic features are intermittent in nature (ponding in woodland 
swamps; ephemeral conditions in Wignell and Beaverdams drains), aquatic receptors may 
be exposed to elevated COCs when these features are present and risks associated with this 
exposure should be characterized. 

Vale Response:  This comment is discussed below at comment 19. 

16. Page 4.11. Section 4.2.3.2. Identification of Receptors. Table 4.2. No major concerns with 
using MOECC VECs from the generic model in the revised risk assessment except for 
evaluating plants, soil invertebrates and decomposers. These receptors should 
continue to be assessed separately and not as a group (especially since site-specific data is 
available from the Crops ERA (e.g., for herbaceous plants) and the Natural Environment 
ERA (e.g., site-specific information for maple trees, soil invertebrates and decomposers). 

Vale Response: Comment received. 

17. Page 4.13, Section 4.2 4.1. Exposure Point Concentration. The revised CBRA uses the 
95% UCLM as the exposure point concentration based on the rationale that this upper estimate of 
the central tendency is appropriate for evaluating the “population” of non- mobile soil 
invertebrates and plants. However, we recognize that exposure will exceed these values in some 
places and that risks will be higher for organisms exposed to concentrations above the 95% 
UCLM. Areas in excess of the 95% UCLM should be identified and if discrete contiguous areas 
in excess of the 95% UCLM are present (e.g., contaminated hot spots), then it may be necessary 
to evaluate risks at the maximum concentration for those areas as well. Overall, the areas 
potentially impacted by elevated COC concentrations in soils needs to be clearly delineated. 

Vale Response: The “Safe” Soil CoC concentration, as determined in the Update Report is well below 

the UCLM. See Table 4-16 in Update Report.  For consideration, risks in “hot spots” are represented by 

the maximum value of 33,000 ppm Ni (see Annex 1).  Further delineation would be valuable for risk 

management.  Delineation of the Ni contamination will be undertaken in PCCAP follow-up activities.   

18. Page 4.13. Table 4-5.  No concern that the 95% UCLM for woodlot #3 is an appropriate upper 
estimate of central tendency exposure that would be expected in any woodlot in the Port 
Colborne area.  However, some concerns with the corresponding “worse-case” field scenario as 
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several relevant soil samples are not considered (e.g., data from IH2 and IH4 are not used yet 
they have elevated Ni concentrations of 3,790 and 2,600 mg/kg respectively).  Hence, the 95% 
UCLM may be too low to characterize the field habitat. 

Vale Response: See Annex 1 for the detailed response to this comment.   

 
19. Page 4.14. BLM modelling has been conducted on a very limited dataset (n=3 for Beaverdams; 

n=6 for Wignell) from water samples collected from only one sampling event on Oct 3, 2013. 
No rationale is provided on if parameter values (e.g., for pH, DOC and hardness) would be 
expected to vary over the course of the year and if modelling water quality conditions in 
October are appropriate. In addition, total concentrations of COCs collected in 2013 from these 
drains are much lower than the concentrations measured from the intermittent ponds and used 
in the risk modelling of other receptors (see Table B-4). For example, the EPC for Ni from the 
primary areas is 1,063 ug/L whereas the EPC for Ni from the Wignell drain is 8.3 ug/L 
(reduced to a BLM EPC of 
3.5 ug/L) and the EPC for Ni from the Beaverdams drain is 19 ug/L (reduced to a BLM EPC 
of 1.4 ug/L).  In fact, except for Co, the maximum concentrations are less than the 
applicable PWQO (max Cu = 1.9 ug/L; max Ni = 19 ug/L), hence, there would be no 
need to model bioavailability as total concentrations in these drains on this date were 
acceptable. 

Vale Response: The PWQO can now be considered to be an outdated dataset.  The BLM represents the 

most current scientific approach to assessing risk in freshwater environments, with the European 

Union having developed a BLM-based water quality standard for Ni in freshwater of 4 µg/L (as 

bioavailable Ni).  In late 2016, the OECD published a Guidance Document under the auspices of its 

Testing and Assessment program (Publication No. 259) entitled, “Guidance on the Incorporation of 

Bioavailability Concepts for Assessing the Chemical Ecological Risk and/or Environmental Threshold 

Values of Metals and Inorganic Metal Compounds”. The document is available at 

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)66&d

oclanguage=en .  This document represents the “latest science” on this topic. 

The consideration of bioavailable Ni, Cu, and Co concentrations in a limited sample set was intended 

to provide further knowledge on the matter, given that the CBRA has spanned 20 years, beginning at a 

time when BLMs had not yet been conceptualized.  The current best and most scientifically sound 

approach for assessing aquatic risk is via the use of BLMs, which correctly evaluates  the risk due to 

dissolved metal ions and also considers water hardness, pH, and dissolved organic carbon.  Toxicity 

and risk are a function of all four of these factors.  The reassessment of aquatic risk in the Update 

Report used the most up-to-date scientific approach to assess the off-site aquatic risk. 

It should be noted that three of the water samples included in the 2004 Natural Environment Risk 

Assessment and in the 2014 Update Report (samples S1, S2, and S3 containing 101, 884, and 626 µg Ni 

/L) were considered to be in the primary study area.  In fact, these were all from the active Port 

Colborne Refinery Site and as such, should be excluded from consideration in the CBRA (because the 

refinery site is still an active operation under the Mining Act and has its own closure plan).   When 

these samples are excluded, the remaining water samples were all less than 29 µg Ni /L in unfiltered 

water samples, which is  similar to the values measured in the Wignell and Beaverdam Drains in 2013 
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and assessed via BLM.  The following figure provides further context.   

Total aqueous Ni concentrations in the Wignell Drain, slightly upstream of the control structure near 

the Lake Erie shoreline were obtained from the Niagara Peninsula Conservation Authority (NPCA).  The 

NPCA periodically produces Water Quality Monitoring Reports, and the 2016 report is available at 

https://npca.ca/water-quality.  The figure below shows total Ni concentrations from the Wignell 

Drain from 2007-2014.  In addition, the total and dissolved Ni concentrations from the October, 2013 

sampling event are included. 

 
 

These NPCA data and Vale’s 2013 sampling and subsequent use of the BLM do corroborate the 

Ministry’s comment that the aquatic risks have not been adequately characterized by today’s 

standard.  There are many questions that should be asked about aquatic risk.  Are the elevated 

aquatic Ni concentrations seen in the figure above related to runoff of soil particles from the impacted 

lands associated with rain events?  Do they contribute to toxicity, or do the total metal concentrations 

reflect the presence of poorly bioavailable Ni associated with suspended particulate matter? Is there 

any metal-associated toxicity?  What about agricultural impacts?  The NPCA data show that 

phosphate, suspended solids, and E. coli concentrations are elevated in the Wignell Drain, which is 

also known to impact Gravelly Bay.  What about risk due to pesticide run-off from agricultural and 

commercial use?  What about the contribution to risk from upstream industrial activities (quarry 

dewatering and industrial effluent releases)?  How are these risks to be assessed in addition to those 

of the CoCs from the Port Colborne Refinery legacy operations?  Vale recognizes that the aquatic risks 

in the original CBRA Natural Environment Risk Assessment are not characterized by today’s standards, 
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the original CBRA data collection and analysis occurred two decades ago.  The assessment of risk in 

these drains will be updated via follow-up activities under the PCCAP.  

20. Page 4.15. No information is provided for the EPC for sediment. Table B-3 provides data but it 
is not clear if it is used in the risk assessment. 

Vale Response: Sediment risks were not calculated in the Update Report.  As mentioned in the 

response to the previous comment, there is likely to be considerable confounding due to agricultural 

and current industrial uses in the Wignell Drain watershed.  Also, as these are municipal drains, they 

are periodically dredged of sediment, as the majority of the Port Colborne Drain was in 2016. 

Sediment risk will be evaluated under the PCCAP. 

21. Page 4.15. Section 4.2.4.2. Calculation of Tissue Residues for Food and Forage. No 
information has been provided on what site-specific uptake factors were used in this assessment 
and if they are appropriate to use at the soil Ni concentrations found under the “worse-case 
scenarios” tested. The update report simply cites the previous 2004 risk assessment. A 
comparison between the site-specific uptake factors used in this risk assessment and the generic 
BAFs provided in the generic model (MOE 2011) should also be provided. As an example, the 
reviewer was unable to duplicate the estimated Ni uptake into terrestrial plants provided in 
Table 4.7. 

Vale Response:  Vale also could not duplicate the estimated Ni uptake in Table 4.7.  Revised example 

calculations are provided below in Annex 1. 

22. Page 4.16 Section 4.2.4.3. Calculation of Average Daily Dose for Birds and Mammals. No 
information has been provided on what site-specific absorption factors were used in this 
assessment and if they are appropriate to use at the soil Ni concentrations found under the 
“worse-case scenarios” tested for the receptor evaluated. 
The report refers to information in Appendix 3.E of Chapter 3 of this update report but no 
specific information is provided here. For consistency, a comparison between the site- specific 
absorption factors used in this risk assessment and the factors provided in the generic model 
(MOE 2011) should also be provided. 

Vale Response: Comment received.  Revised example calculations are provided below in Annex 1.  

23. Table 4.8 and 4.9.  It is difficult to determine how the total average daily dose (ADD) was 
calculated for mammals and birds in the woodlots and adjacent field. The information provided 
in Appendix C is difficult to review and insufficient as no rationale is provided for any of the 
inputs. Additional rationale is needed to support why the ADD for some receptors in the 
woodlot are so low when compared to the adjacent field given the much higher soil EPC for the 
woodlot. For example, the estimated total ADD for the short-tailed shrew (90 vs 165 mg/kg-
day) and woodcock (98 versus 207 mg/kg-day) are all lower in the woodlot than the adjacent 
field even though Ni concentrations are 10 times higher in the woodlot. 

Vale Response: There certainly appears to be a calculation error that the Ministry has uncovered.  

Also, Vale agrees that the consultant’s proprietary ecoRAM printout model provided in Appendix C of 

the Update Report is difficult to parse and adds limited value to the assessment.  The revised example 

calculations in Annex 1 provide Vale’s current understanding of wildlife risk in the woodlots and 

adjacent fields.   
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24. Page 4.17. Section 4.2.5. In this revised CBRA, Stantec changed their TRVs from the TRV’s 
used in the previous version of this CBRA to the default MOE TRVs from O. Reg. 153/04 
(MOE 2011). However, they did not consider if the default MOE TRVs are appropriate for 
this site or if they are based on the most up to date science. This is a requirement for all risk 
assessments submitted under the regulation and is especially relevant for a site-specific 
assessment within a CBRA. For example, for mammals, the original Ni TRV used by JWEL 
(2004) was based on a LOAEL of 30 mg/kg-day from a two-generation study with rats 
(Springborn 2000a). However, a re-analysis of this study conducted by the WHO (2005) 
results in a LOAEL of 2.2 mg/kg-day (based on post- implantation loss and perinatal 
mortality). CCME (2015) selected this analysis for 
deriving the human health based soil quality guideline. However, for mammals and birds, 
CCME used a TRV of 14.6 mg/kg-day based on a 44% reduction in growth in Holstein calves 
over an 8 week period. These lower values are based on more up-to-date science and are lower 
than the TRV used previously (30 mg/kg-day), the TRV used in the generic model (80 mg/kg-
day) or the TRV used in this risk assessment under the Modified Ecological Protection option 
(152 mg/kg-day). A rationale is required for all TRVs to support their use in this risk 
assessment. 
 

Vale Response: The Ministry’s default TRV for mammals is based on the Ambrose et al. (1976) study, 

which was confirmed as the TRV to be used under the Ministry’s Modified Generic Model in Nov. 2016.  

The original CBRA risk assessment used a TRV derived from the Springborn 2-generation reproductive 

toxicity study, but it was used incorrectly, the dose of NiSO4·6H2O being used rather than the dose of 

Ni contained in the nickel sulfate hexahydrate (NSHH) (the Ni content of NiSO4·6H2O is 22%).  The 

LOAEL-based TRV would therefore be 2.2 rather than 10, as indicated in the original CBRA Natural 

Environment Ecological Risk Assessment.  

The CCME’s selected TRV is based on O’Dell et al. (1971) [J. Animal Sci. 32(4): 769-773].  This 49 year-

old study is not new science.  The problem with the O’Dell study is that the authors used nickel 

carbonate added exogenously to the food as a powder.  It is well known that palatability due to the 

metallic taste of the added nickel salt is a deterrent to food consumption.  This was seen in the 

Ambrose et al. (1976) [J. Food Sci. Technol. 13: 181-187] study as well, which dosed rats in a similar 

manner to O’Dell.  Some of the reduced growth seen in the Ambrose study was also interpreted to be 

due to food palatability causing reduced food intake and reduced growth.  It is for this reason that 

newer studies such as the Springborn 2-generation rat reproductive study use gavage dosing, since 

this removes the issue of food palatability which can act as an experimental confounder that can lead 

to reduced growth and potentially be misinterpreted as a sign of toxicity.  TRVs based on the Ambrose 

study are more scientifically sound values than the O’Dell value that was surprisingly selected by 

CCME for the derivation of soil quality guidelines for Ni in Canada.  In Annex 1, Vale has provided a 

revised ecological TRV based on the Springborn study. 

25. Page 4.18. Section 4.2.5.1. Modified Ecological Protection. It is highly unusual to apply the 
modified ecological protection option for a large geographic area as done in this revised CBRA. The 
MEP approach was developed under O. Reg. 153/04 to minimize inappropriate risk management on a 
local scale (i.e., on individual properties); it was never intended to be used for a CBRA over a large 
geographic scale. It also has several conditions that need to be met and requires a certificate of 
property use to inform future land owners that adverse effects may occur to some plants, soil 
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organisms, and wildlife that might reside in or frequent the site. This option essentially treats the land 
as zoned industrial and uses less stringent eco-toxicity values to develop site-specific soil standards. 
In addition, risks need to be calculated with and without modified ecological protection. Overall, it is 
not acceptable to only use this approach for estimating risks to ecological receptors in this CBRA. 

Vale Response: As discussed above, the MEP approach was used to assess risk for the wider area of 

Port Colborne, knowing that the contamination is widely distributed and the ecosystems seem to be 

generally functioning normally in terms of many ecological processes.  For the contaminated woodlots 

of Port Colborne, as an example, appear to have impairment in decomposer pathways and 

invertebrate populations, yet the woodlots still appear to be more or less normal.  The question for 

risk management has always been (during the CBRA process) whether to cut down the woodlots to 

remediate the soil metal contamination.  It was thought, in earlier discussions, that remediation by 

cutting down woodlots and remediating the soil would be worse than the soil metal contamination 

itself.  The use of MEP was an attempt to put a different lens on the issue.   

Vale has recently begun re-examining the woodlot remediation issue, and current thinking is that the 

woodlots could be managed using selective silviculture methods to remove trees from areas with 

elevated metal concentrations, associated with hot-spot removal and replanting or natural 

recolonization by trees.  Risk management activities need not involve the cutting down of entire 

woodlots.  In addition, the impacted ecological processes such as decomposition functions, will be 

reassessed in the PCCAP to obtain additional knowledge to support or reject the previous view that 

the woodlots should be left alone. 

26. Page 4.18, second paragraph. The objective of the risk assessment was not to identify those 
areas where remediation was or was not required. 

Vale Response: Comment received.  This was part of the objectives in a practical sense. 

27. Page 4.18, third paragraph. Using the MEP approach is not a reflection of the 
“conservatism inherent in the standards”. As noted, the main purpose of the MEP is to avoid 
inappropriate risk management activities that result in net environmental damage (e.g., 
removing terrestrial habitat by paving an area to limit exposure). 

Vale Response: Comment received.  Paving of a small industrial property is an obvious example for the 

use of MEP, but the Port Colborne situation is another unique example where some risk management 

activities could lead to net environmental damage, or at least no net gains of ecological integrity.  

Additional discussion on the use of MEP is provided elsewhere in the comment-response dialogue.   

28. Page 4.19. Section 4.2.5.2 Surface Water. Aquatic Protection Values (APVs) have not 
replaced Provincial Water Quality Objectives (PWQOs). APVs can be used to better 
understand potential risks of elevated COCs in surface water but they should be used in 
conjunction with PWQOs. 

Vale Response: Comment received.  Ideally, bioavailability-based approaches to assess chronic aquatic 

risks would be used, as these reflect the latest scientific understanding of aquatic risk of metals such 

as Ni, Cu, and Co.  Such an assessment will occur in the PCCAP. 
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29. Page 4.21. Section 4.2.6.1. Assessment of Risks to Plants and Invertebrates. Since 
these HQ were developed using the MEP option, a HQ of 4.7 does not represents a 
“marginal risk” to plants and invertebrates.  Since limited site-specific information is 
available for herbaceous plants in woodlots and non-agricultural fields (other than the 
goldenrod data), information from the Crops ERA would be more appropriate for 
assessing risks to plants in woodlots and non-agricultural fields. Risks to invertebrates 
should be addressed separately. In addition, instead of a qualitative statement defining 
potential areas at risk, a spatial analysis should be provided that clearly identifies those 
areas where soil COC concentrations exceed a HQ of 1. 

Vale Response: Comment received. A detailed spatial analysis of the Reuter Road woodlot (the topic of 

Section 4.2.6.1, given that the highest Ni concentrations were located there) should be possible 

following the PCCAP woodlot soil mapping work. 

30. Page 4.22, 3rd and 4th paragraph. The presence of a few adult and/or juvenile earthworms 
at soil concentrations greater than 20,000 mg/kg does not indicate a “healthy earthworm 
population”. While there is variability in total number of earthworms at lower 
concentrations, there are clearly adverse impacts to earthworms at elevated Ni 
concentrations (see MOECC Figure 1). The field results support the site-specific earthworm 
toxicity data of adverse impacts occurring at much lower soil Ni concentrations. 

 
 
MOECC Figure 1: Relationship between Total Number of Earthworms and Soil Ni 
Concentration 

Vale Response: Comment received.  Clearly, that passage was inappropriate.  Indeed, adverse effects 

have been identified and acknowledged elsewhere.  

31. Page 4.23, 3rd paragraph. A well conducted field survey with the ability to detect 
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differences is needed to support the approach discussed in Chapman 2005. 

Vale Response: Comment received. 

32. Page 4.24. Section 4.2.6.2. Assessment of Risks to Birds and Mammals. MOECC does not 
consider the potential risk to mammals and birds to be irrelevant. Given the uncertainty over the 
estimated Average Daily Dose (from Section 4.2.4.3), and the use of inappropriately high TRVs 
using the MEP option, it is clear that many of the Hazard Quotients calculated for most of these 
VECs will exceed 1.0 under the worse-case scenario. 

Vale Response: Comment received.  See Annex 1 for a detailed response. 

33. Page 4.25. Table 4-14. Risks to sheep in the adjacent field scenario will need to be based on an 
agricultural setting; not industrial as assumed under the MEP option. 

Vale Response: Comment received.  See new calculations provided in Annex 1. 

34. Page 4.26. Section 4.2.6.3. Assessment of Risks to Amphibians. The assessment of risks to 
amphibians are only appropriate for the Wignell and Beaverdam drains but are limited by the 
fact that they are based on only one water quality sampling event from October 2013 and that 
the hazard quotients are calculated based on comparisons to APVs instead of PWQOs. As noted 
previously, total concentrations of COCs collected from these drains are much lower than the 
concentrations measured from the intermittent 
ponds found in the primary and secondary area that were used in the risk modelling of other 
receptors (see Table B-4). Overall, despite the discussion provided on the frog calling survey, 
the CBRA is unable to discount that adverse impacts may be occurring to amphibians in some 
intermittent aquatic habitats. However, it is likely that the potentially impacted areas overlap 
with areas already identified as having an adverse impact based 
on elevated COC levels in soils and impacts to other ecological receptors. 

Vale Response: First, the current science regarding aquatic risk would use 0.45 µm-filtered samples 

and BLM-based risk assessment rather than total, unfiltered samples as required by the outdated 

PWQO approach.  The original sampling of the aquatic environment in the CBRA was conducted in 

2000-2002 and assessed risk using unfiltered water samples.  This approach potentially overestimated 

risk and certainly did not underestimate risk.  The additional sampling conducted by Vale at two 

sampling locations in the Wignell and Beaverdam Drains in October 2013 and included in the ERA 

chapter of the Update Report was intended to provide a link to the most up-to-date science via the use 

of BLMs for Ni, Cu, and Co.  Second, the original analysis and that in the Update Report included 

samples from the primary study area which were actually from the current operating site, which is not 

subject to the CBRA.  Samples S1-S3 in Table B-4 of Chapter 4 of the Update Report should not be 

included for assessing aquatic risk outside of the operating site.   

35. Page 4.27. Section 4.3. Conclusions. There is no rationale provided to support the conclusion 
that the previous SSTLs developed by JWEL are valid. No analysis has been conducted to 
determine what the soil COC concentration would be at an HQ of 1.0 based on this revised 
assessment under the worse-case scenario for the woodlot and adjacent field habitat. Areas 
greater than the recommended soil thresholds should be identified to inform potential risk 
management measures. 
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Vale Response:  Revised risk calculations for the woodlot and adjacent field scenarios are provided in 

Annex 1. 

 

36. Appendix B of Chapter 4. 
a. Table B-1: It is not clear why the soil sample from LL17 was not included in this 

dataset.  Regardless, the risk estimates based on the currently 95% UCLM is unlikely to 
change if this data is added. 

b.   Table B-2: It is not clear why the soil samples from IH2 (Ni = 3,790 mg/kg) and 
IH4 (Ni = 2,600 mg/kg) are not included in this dataset while data collected 
nearby these samples are. As noted, the absence of these 2 datapoints may 
influence the 95% UCLM for the “worse-case” field environment. 

c. Table B-3 and B-4. A few sediment and surface water samples in the primary study 
area have much higher COC concentrations than the rest (e.g., sediment 
site FH3; surface water sites S2 and S3). These samples may be more 
representative of the worse-case scenario analysis since they appear to be located in or 
around Woodlot #3 (at least for sediment; not clear for surface water where samples are 
from). 

Vale Response: Regarding (a), Sample LL17 should probably have been included (22,700 mg Ni/kg).  

Regarding (b) it is not clear why the consultant left these samples out of the analyses. Also, samples 

CS-H-7, CS-H-8, and CS-H-9 were all relatively low values and probably should not have been used to 

calculate the worse (sic) case (i.e., worst-case) UCLM values for the field environment.  See Annex 1 for 

detailed response to these comments. 

Comments on Chapter 5 – Ecological Risk Assessment - Crops 
 
The following review comments are for the report titled Port Colborne Community-Based Risk 
Assessment (CBRA) 2014 Update Report, Chapter 5 – Ecological Risk Assessment –Crops, prepared 
for Vale Canada Limited by Stantec Consulting Limited, Guelph, Ontario, File number 
122210662, September 12, 2014 (Update Report). The update refers to updating the Crops Studies 
section of the CBRA conducted in the early 2000s (Jacques Whitford, 2004)1. Crop studies were 
conducted on Port Colborne soils in the field and in greenhouses in 2000 (referred to as JW 2000) and 
in 2001 (referred to as JW 2001). These studies were designed to determine the effects of arsenic, 
cobalt, copper and nickel in Port Colborne soils on selected crops. Nickel was targeted as the primary 
toxicant. The consulting firm Jacques Whitford Limited conducted these studies for Inco Limited. 
Although Vale (then CVRD) took over Inco in 2006 and Jacques Whitford became Stantec Consulting 
Limited in 2010, the primary authors of this chapter of the Update Report have been involved with the 
CBRA review and response process for years and one of the authors was lead scientist for the JW 2001 
crop studies. 

 
The following comments on the Update Report follow the sections given in Chapter 5 of the 
Update Report. 

 
37. Section 5.1 of the Update Report provides background information and states the purpose of the 

 
1 Jacques Whitford, 2004. Port Colborne Community Based Risk Assessment – Ecological Risk Assessment, Crops 
Studies, Project No. ONT34663. Prepared for Inco Limited by Jacques Whitford, December. 
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Crop risk assessment, which was to determine “the concentrations in historically deposited 
COC in Port Colborne soil that represent an unacceptable risk (phytotoxicity) to agricultural 
crops”. The authors go on to give the purpose of the Update Report “Based on the multiple 
rounds of review and response, there were areas of disagreement between reviewers [of the 
CBRA Crop Studies] and the authors of the report. To this discussion, the MOE review is 
added, and this chapter of the 2014 Update Report is primarily a response to the MOE’s review 
comments. It is hoped that the discussion 
below provides the necessary clarity to finalize the Crop risk assessment fourteen years 
after its initiation.” The MOECC understands that this has been a very long process, with 
multiple rounds of review and responses and considerable discussions on how best to 
move forward to address our concerns. While the update report has considered additional 
information from other crop studies conducted in the Port Colborne environment, the new 
analysis does not adequately reflect our previous concerns. As a result, the proposed SSTL’s are 
exactly the same as the SSTL’s in the original 2004 Crop Studies report (Jacques Whitford, 
2004). 

 
Although the 2004 Crops Report includes several studies, the SSTL values are based only on 

the JW 2001 greenhouse studies.  As has been stated previously by the Ministry (MOE2011)
2

, 
these studies are not considered definitive for several reasons including the lack of yield data, 
the growing of plants in a mix of soils other than agricultural soils (soils were collected from 
woodlot and railroad right of way), the growing of plants in pots, the growing of plants in a 
greenhouse rather than under field conditions, and the focus on only one crop (oats). The 
ministry recognizes that Vale has put considerable time and resources into conducting these 
studies, with the likely expectation that these studies would be definitive. Also, we 
acknowledge that when the JW 2000 study did not work out as expected, Vale was willing to 
fund a new upgraded study for the JW 2001 studies. The ministry understands that the 
development of SSTLs by Vale is a voluntary process and that conducting additional crop 
studies may not address limitations in the JW 2000 and 2001 studies. However, the ministry is 
also very aware of the historic concerns expressed by the Port Colborne agricultural community 
regarding adverse effects to crops attributed to emissions from the nickel refinery and high 
nickel and other metal concentrations in the area soils. The Ministry is also very familiar with 
many of the studies conducted in the Port Colborne area on the effect of nickel and other COCs 
on crops. In fact, several of these studies, as well as complaint investigations, were conducted 
by Ministry scientists. Consequently, the Ministry suggested in discussions with Vale after our 
comments were provided in May 2011 that it might be possible to develop more appropriate 
SSTL’s incorporating not only the CBRA studies but also studies conducted on crops in soils 
from the Port Colborne area. We note that although the ministry has not recently received 
complaints regarding nickel toxicity in Port Colborne crops, this should not be interpreted as 
meaning that there is no longer a problem with soil nickel toxicity to agricultural crops in the 
Port Colborne area. 

Vale Response: Comment received.  The Ministry’s comment identifies many of the problems faced by 

Vale (Inco at the time) as the new (at the time) CBRA process unfolded.  Vale has been evaluating 

remedial options in earnest over the past five years, with field trials of agricultural liming (at 88 

tonnes/hectare, as recommended in the Integration Report) on clay soil (crop yield was measured), 

some additional phytoremediation trials using Alyssum murale (lab only), and a deep tilling trial, work 

 
2 MOE 2011. Letter to Mrs. Maria Bellantino Perco (Senior Specialist, Environment, Vale) from Camilo Marinez 
(Coordinator, Community Based Risk Assessment, MOECC) providing ministry comments on Vale Port Colborne 
Community Based Risk Assessment. 
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completed under an NSERC Collaborative Research and Development Grant to Professor B.A. Hale at 

the University of Guelph (entitled ”Remediation of Ni Toxicity by Liming – Field Validation”) which 

followed-up on the earlier (year 2000 and year 2001) studies conducted for the CBRA.  Vale has acted 

to respond to the Ministry’s comments over the past few years by initiating new, further study to help 

manage the agricultural risks appropriately. 

38. Section 5.3 gives an overview of the JW 2000 and JW 2001 crop studies. For the JW 
2000 study, the Update Report states “Data generated from the 2000 Greenhouse Trials 
proved unsuitable for derivation of phytotoxicity thresholds due to confounding soil variables, 
analytical difficulties and (in some cases) an inappropriate range in soil CoC exposure 
concentrations (Section 5.3.1, pg. 5). It is understood that Dr. Jim Warren was 
in charge of the JW 2000 studies and that while these studies were less than ideal, it is not clear 
whether Dr. Warren, the person in the best position to judge the merits of the 
studies, considered the 2000 data unsuitable. In the Crops Report and the Update Report, 
evidence of suppressed growth of corn, oats and soybeans from the JW 2000 studies at nickel 
concentrations at or close to 200 ug/g nickel (Tables GH-1, GH-2, GH-5, and GH- 
9) is largely ignored (Jacques Whitford, 2004) yet the Update Report uses the JW 2000 results 
to support conclusions regarding the suitability of the Port Colborne soils for crop 
growth, such as “The result of the field trials conducted in 2000 were equivocal; however, 
they generally supported the tenet that crops could successfully be grown in soils greatly 
exceeding the MOE generic soil criteria for nickel” (pg. 5.4). The Ministry acknowledges that 
there were shortcomings to the JW 2000 studies, but also recognizes that the results from 
these studies have some validity. 

Vale Response:  In the Update Report (Chapter 5, Appendix 5B, section 1.3.14), Vale reanalyzed the 

year 2000 greenhouse studies.  In the original Crops ERA, this was not done.  In response to the 

Ministry’s 2011 comments, Vale specifically addressed these experimental results.  Because of 

problems that occurred during the year 2000 greenhouse studies, these data were difficult to analyze 

and develop toxicity thresholds for.  The only data from year 2000  used in the reanalysis in the 

Update Report, were the soybean data associated with organic soil.  See section 1.3.14.1 of Appendix 

5B of the Update Report.  Vale believes that it has, in fact, conducted the analysis that the Ministry 

requested in its 2011 comments.  Again, see Appendix 5B, section 1.3.14 of the Update Report for a 

clear explanation of the data analysis conducted by Vale.   

39. As stated previously, a major shortcoming of the JW 2001 studies was the lack of yield data. 
This issue was never directly addressed in the Vale/Stantec responses to our previous 
comments on the crops study. However, this issue was also raised by the independent 
consultant peer reviewer (Watters, 200833

) and at that time, a response was provided (Jacques 
Whitford, 200944). Although this response went into considerable detail explaining how there 
can be a relationship between biomass and grain production, using terms such as harvest 

 
3 Watters, 2008. Independent Consultant Peer Review Report for the Community Based Risk Assessment 
(CBRA) Ecological Risk Assessment on Agricultural Crops in Port Colborne, Ontario. Prepared for the Public 
Liaison Committee and City of Port Colborne by Watters Environmental Group Inc., Reference No. 
04-0007, October 2008. 

 
4 Jacques Whitford, 2009. Commentary on Watters Environmental Group Inc. October 2008 Document – CBRA 
Crops Studies in Port Colborne, Ontario, Project No. ONT34657, Prepared for Vale Inco Limited, April 2009. 



27 

 

 

index and mentioning that “plant biomass is a standard measurement used in phytotoxicity 
studies” and that “the results obtained by using plant biomass data are reliable and 
comparable with other well documented scientific studies” (Jacques Whitford, 2009), it failed 
to address the key issue, which is that for the agricultural community, yield is critically 
important and yield of oats means the quantity of grain produced. It is understood that for 
some farmers, oat straw may be of interest and that oats may be used as a forage crop, but 
including a measure of the amount of grain produced is critical in any agricultural study 
looking at oat crops. Furthermore, Stantec has often used the term yield when referring to 
biomass of oats; this is not acceptable and should be changed in the reports. Trying to 
redefine the term “yield” does not change the fact that for an agricultural study with oats, the 
lack of any information on the amount of grain produced is a major shortcoming and a major 
source of uncertainly in the development of SSTLs from the JW 2001 greenhouse studies. 

Vale Response:  Vale recognizes that the Ministry’s reviewer of both Chapter 5 of the Update Report 

and the original CBRA Crops ERA, remains dissatisfied with the use of the term “yield” regarding the 

bioassays using oats, in which above-ground plant biomass is the metric to which the term “yield” was 

attached.  The response referenced in the Ministry’s comment remains true.  Harvest Index (HI) can be 

used to relate above-ground biomass to grain yield (see Lopez-Castaneda and Richards (1994) [Field 

Crops Research 37: 51-64] for an example of this usage) and clearly could be used to transform the 

data from the CBRA crops studies into a form that should satisfy the Ministry’s review comments on 

this matter.  Vale will not be making such data transformations, however.  As mentioned in Vale’s 

response to comment 37, in the past five years, Vale has been evaluating risk management options for 

agricultural crops, including phytoremediation, liming, and deep-tilling.  The data generated in these 

field trials has been obtained in the form of yield measurements.  Vale intends to consider these data 

with the earlier crop data generated under the CBRA process, and simply cannot accept that the data 

collected during the CBRA cannot be used and that the Ministry rejects the CBRA Crops Risk 

Assessment because yield was not evaluated, but only assessed phytotoxicity in terms of biomass.  

40. Section 5.3.2. The relationship between soil and plant tissue concentrations of COCs in the 
greenhouse crops and the goldenrod collected as part of the Biomonitoring Study was 
considered to be similar and the report authors state that the Biomonitoring Study 
“greatly reduced the uncertainty regarding the legitimacy of the toxicity thresholds as 
calculated.” This is similar to the wording used in the conclusions of the Biomonitoring 
Section of the CBRA Crop Studies report; yet in the results section of the Crop Studies report 
(3.0 Results) it is stated “the limitations of the experimental protocol, particularly the low 
replication of samples and lack of replication of sample sites within each treatment, restrict our 
ability to make generalizations regarding the COC uptake of goldenrods on different soils.” 
(Jacques Whitford, 2004 – pg. 5-8). Viewing the data given in Appendix B-2 of the Crops 
Report, the latter appraisal is far more accurate than the former (i.e., there are significant 
limitations in the experimental protocol of the Biomonitoring Study and that the results do not 
“greatly reduce” the uncertainty as suggested). As can be seen in the data for the high sand 
plot (Plot 3) and the high clay plot (Plot 4), there is poor agreement between replicates of soil 
and plant tissue nickel concentrations (MOECC Table 1). Also, higher soil nickel 
concentrations do not necessarily mean higher plant tissue nickel concentrations (MOECC 
Table 1). 

 

 

MOECC Table 1: Selected soil and goldenrod nickel concentrations from a sand and a 
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clay site as given in Appendix B-1 Data for Biomonitoring Study (Jacques Whitford, 
2004) 

 
Site Plot Replicate Soil Ni (mg/kg) Goldenrod Ni (mg/kg) 
Sand 3 1 600 28.4 
Sand 3 2 3440 28.1 
Sand 3 3 4690 15.0 
Sand 3 4 462 5.9 
Clay 4 1 7267 8.8 
Clay 4 2 6397 12.7 
Clay 4 3 3583 12.4 
Clay 4 4 3200 17.1 

 

There are other weaknesses with the Biomonitoring Study which were pointed out in the 
Ministry’s 2011 comments, including the assessment of only one plant species, the lack of 
separation of plant parts before chemical analysis, the differing ages and stages of 
development of the plant samples, and the lack of root data. Furthermore, the goldenrod is 
referred to as Solidago spp., which suggests that more than one species of goldenrod may have 
been sampled. It is possible that metal uptake and metal tolerance could vary by species. Also, 
goldenrod is a weedy species that is known to colonize well in heavy 
metal polluted areas (Dong et al., 20065) and this plant can be considered a metal tolerant 
species rather than a good representative of Port Colborne flora. In summary, given the 
lack of replication, the uncertainty in what plant parts were sampled, the uncertainty as to 
the age and developmental stage of the sampled tissue, the lack of clarity on what species was 
sampled, the often high variability in uptake results, and the selection of a species 
known to tolerate highly metal contaminated sites, the argument that the Biomonitoring 
Study reduces the uncertainty of the calculated toxicity thresholds is not supported. 

 
The MOECC understands that the contaminated organic muck soils in the vicinity of the refinery 
are currently owned by Vale and no longer in agricultural production. However, if these lands 
were sold, it is possible that they could be put back into agricultural 
production. Since it is not known what a farmer might try to grow on these lands or how a 
farmer might alter the soil chemistry though tillage practices, fertilization, liming, acidification 
or pesticide applications, it is important not to underestimate the phytotoxic potential of the 
nickel in these soils. It is important to remember that nickel toxicity in these soils is not a 
theoretical problem, since historically muck farmers have reported serious issues in growing 
crops on these lands that were attributed to soil nickel contamination. 

Vale response:  Vale agrees that potential future landowners should have the knowledge regarding 

potential environmental issues on the lands that they purchase.  The public record being what it is, 

and given the legal obligations to disclose contamination of land offered for sale, it is difficult to 

imagine that Vale or any land owner could sell property without full legal disclosure of the soil 

contamination.  Regarding the goldenrod biomonitoring study, there has been significant study on 

goldenrod reported in the literature since 2006.  It may well be that goldenrod (Solidago canadensis) is  

a highly suitable plant species for biomonitoring.  Immel et al. (2012) [J. Proteom. 75: 1129-1143] 

provides one example of such recent research.  It has been found that goldenrod is likely a highly 

suitable biomonitoring plant species, with proteomic responses including up- and down-regulation of 

 
5 Dong et al., 2006 
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a large number of proteins indicative of stress.  Goldenrod also has complicated environmental 

interactions, including allelopathy, promotion of soil microbial biomass, microbial functional diversity, 

nitrogen fixation, increase in soil pH, soil bulk density, and pathogen suppression.     

41. Sections 5.4 and 5.5 (including the various subsections). Stantec identifies the MOECC 
concerns, outlines a strategy to resolve the issues and provides a meta-analysis of the data. It is 
important to note that the MOECC, Stantec and Vale were initially working through this 
process together but that Vale ended the consultative process and the MOECC was not 
involved in the final meta-analysis of these studies. As with any meta-analysis, the decisions to 
include or exclude data are critical to the outcome and the ministry was involved with and 
agreed with the inclusion/exclusion decisions and score assigned to each study.  Our concern 
rests with how the meta-analysis was used to support the SSTLs developed in the JW2001 
document rather than as the basis for the development of new SSTLs based on all Port 
Colborne crop studies. 

 
In Section 5.5, the Update Report mentions studies dating back to the 1950s, and points out that 
when the nickel refinery was in full production that there was a significant amount of nickel, 
possibly water soluble, deposited on local vegetation and soils, which resulted in phytotoxicity. 
It is important to note that the amount of nickel emitted and the composition of refinery 
emissions changed dramatically after an electrostatic precipitator was installed at this refinery 
in 1961. Prior to this installation, the refinery operated largely without pollution controls and 
approximately 97% of the nickel emitted from the refinery from 1918 to 2000, occurred prior to 
1960 (MOECC Figure 2). Given the drastically different levels of pollution in the Port 
Colborne area from the 1950s to late 
1970s, the ministry does not consider it appropriate to refer to studies conducted on the 
1950 in order to downplay the importance of nickel uptake from the soil in studies 
conducted from the late 1970s to early 2000s. 

 
The Update report also makes the argument that the refinery was still in operation when many 
of the complaints were made by local farmers and that nickel concentrations in local vegetation 
were much higher when the refinery was in operation than after it shut down in 1984. The 
authors show a graph of nickel in unwashed silver maple foliage from the late 1950s to 2001 
(Figure 5-1), which shows a steep decline in nickel concentrations with time. The authors state 
that this “points to the importance of active emissions to nickel accumulation and toxicity of 
silver maples” and that “The same trend would apply to agricultural plants” (page 5.11). While 
this may seem reasonable, the argument is not supported when stations closer to affected farms 
are considered. The data given in Figure 
5-1 is for MOE Station 11, yet it is MOE Station 14 that is adjacent to two muck farms where 
many of complaints and MOE investigations and studies were conducted (MOE, 
1979). 

 
When comparing nickel concentrations in unwashed silver maple foliage collected by the MOE 
at Stations 11 with Station  14 from 1974 to 1991, it is clear that Station 11 has much higher 
foliar nickel concentrations and that the decrease in foliar nickel concentrations is much more 
pronounced at Station 11 than at Station 14 (MOECC Figures 3 and 4). 
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MOECC Figure 2: Estimated nickel emissions (tonnes) from the Port Colborne refinery from 
1918 to 2000 (JWEL, 2001c) 

 

 
 

 
MOECC Figure 3: Nickel concentrations in silver maple foliage (ug/g dry weight) from 
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MOE Station 11 in the vicinity of the Port Colborne nickel refinery – 1974 to 1991 

 
MOECC Figure 4: Nickel concentrations in silver maple foliage (ug/g dry weight) from 
MOE Station 14 in the vicinity of the Port Colborne nickel refinery – 1974 to 1991 

 
 

It is acknowledged that aerial deposition of nickel onto tree leaves can cause injury to leaves, 
but this should not be over-stated. In the late 1970s when injury to silver maples leaves was 
noted in the vicinity of Christmas and Killaly Streets (850 m northeast of the refinery), nickel 
concentrations in unwashed maple foliage at these sites were as high as 309 ug/g (MOE, 
1977). This concentration is approximately double the foliar nickel concentration observed at 
Station 11 (MOECC Figure 3) and over four times higher than the foliar nickel concentration 
at Station 14 (MOECC Figure 4) over the same time period. Also, nickel in particulate on the 
leaf surfaces may not be available for plant uptake and the particulate can be washed or 
blown from the leaves by precipitation and high winds before it affects the foliage. 
Furthermore, the nickel toxicity was noted in plants grown in the Port Colborne muck soils 
even when there was no particulate on the leaf surfaces from Inco emissions. The “bioassay 
experiments” conducted on muck soils from the farms around Station 14 by the Ministry in 
the 1970s were conducted in greenhouses in Toronto, well away from any influence from the 
Port Colborne refinery emissions. This means the phytotoxicity documented in this study 
was from soil uptake of nickel and not from aerial deposition of nickel (MOE, 1978)6. 
Although the Update Report downplays the relevance of studies conducted before 1984, with 
statements such as “some caution is required when comparing the toxicity of nickel in Port 
Colborne soils from the period before 1984 with the toxicity of the nickel in soil today” (pg. 
5.13), the Ministry considers these studies still relevant today and that less caution in 
accepting the relevance of these studies is required than suggested. Again, it should be noted 

 
6 Although root-knot nematodes were found to cause significant growth reductions in lettuce and celery grown in 
these muck soils, metals in these soils were calculated to reduce lettuce growth by 20-35% and celery growth by 30-
35% (MOE, 1978) 
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that the vast majority of the nickel in these soils was deposited prior to 1960 and that this 
nickel had at least 15 years to equilibrate with the soil before the earliest of these MOECC 
bioassay studies were conducted. 

Vale response:  Vale suspended the consultation process with the Ministry due to the inability to 

bridge the gap over the TRV issue in the HHRA.  Vale acknowledges that there were inadequacies in 

the CBRA process, which was a new process for Vale (Inco), the Ministry, and Ontario when it began in 

the year 2000.  Vale recognizes that some of the CBRA studies which were used to generate data to 

inform the risk assessments could have been done differently, particularly when compared  to current 

scientific practices.  With each passing year, the studies appear more dated, as there are gains in the 

body of scientific knowledge.  Nevertheless, there are some basic points of contention between the 

Ministry’s review and Vale’s understanding of the issues mentioned in its comments.   

Regarding this particular comment, the point being made in the Update Report was that the Ministry 

had been focusing on studies conducted while Ni emissions were still occurring from the refinery, and 

considering that those studies conducted during that time period should be considered equivalent to 

those studies conducted in a time period that was more than 15 years after refinery atmospheric Ni 

emissions essentially ceased.  This is not to say that  

 

these studies conducted by the Ministry and others during the several years before closure of the Ni 

Refinery were not necessarily good studies, but rather, that the source of Ni being added to the 

agricultural fields near the Refinery included an “un-aged” or fresh component in addition to the 
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“aged” component of the soil Ni.  Vale contends that this un-aged component no longer exists.  The 

figure immediately above demonstrates that at Station 11 and Station 15, in the years prior to closure 

(1978-1982) the emission levels were higher than in the years from Refinery closure until 1991, when 

the effect of Refinery closure could be seen in the dustfall data.  Vale’s point is only that some of the 

studies conducted by the Ministry in the period around 1978 would have included a proportion of Ni 

that would have been more bioavailable, and hence more toxic than the aged Ni in the same soil, due 

to the presence of soluble Ni in the emissions, as discussed in the Update Report.  Vale considers that 

the numerical values from these earlier studies should be viewed with this consideration in mind as 

part of the overall weight of evidence. 

42. Section 5.6.2. This section considers other studies that have been conducted since 2004. 
Studies were conducted from 2005 to 2007 by growing oats and soybean on clay soils by 
a master’s student under the supervision of Dr. Bev Hale of the University of Guelph. Yields 
of oats were poor and the Ministry agrees with the authors of the Update Report 
that it is difficult to make “specific conclusions as to the impact of the soil metal 
contamination on oat growth and yield” (pg. 5.17). Soybean yield was better, but variable from 
year to year. The Ministry agrees that it is not clear to what extent soybean grown in the Port 
Colborne clay soils are being affected by soil nickel concentrations. In August 
2010, Vale arranged for a site visit for the MOECC to a farm northeast of the refinery where 
there appeared to be a good soybean crop growing, in spite of elevated soil nickel 
concentrations. It should be noted that this site visit was not an assessment of a field study 
but simply the observation of a soybean crop grown on contaminated land by an 
area farmer. From this brief visit it was not clear how the soil chemistry had been altered by the 
farmer through liming and fertilization or how soybean yield had been affected by the various 
soil nickel concentrations across the field. 

Vale response:  Comment received.  A paper from the Cioccio thesis has now been published.  The 

citation is: S. Cioccio et al. 2016 Environ. Toxicol. Chem.  DOI: 10.1002/etc.3634. 

43. Section 5.6.2. There is considerable discussion regarding various soil extracts in this section, 
with the conclusion that strontium nitrate, calcium chloride, or aqueous extractants offer the 
most information. The use of various soil extractants can help to determine the availability of 
nickel to plants growing in these soils and possibly other organisms. The authors conclude that 
“the long-term management of the agricultural lands affected by nickel contamination at Port 
Colborne will need to balance production and nickel translocation into crops” (pg. 5.20). The 
Ministry agrees with this statement and no specific comments are warranted for this section. In 
terms of the availability of nickel in the Port Colborne soils and the translocation of nickel into 
crops, it should be noted that Vale put considerable resources into investigating the potential of 
plants, such as Alyssum murale and Alyssum corsicum, to extract nickel from these soils 
(Chaney et. al., 2003). This research showed that some plants can hyperaccumulate nickel 
from Port Colborne soils even in the 2000s, which is direct evidence of nickel translocation 
into plants. 

Vale response:  Comment received.  Ni can be translocated into plants from soil, particularly in 

hyperaccumulator species. 
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Comments on Chapter 6 – Summary of Conclusions in CBRA 
 

44. We recognize that Vale has spent considerable effort to update the CBRA to address our 
previous comments. However, despite these revisions, the ministry continues to have 
numerous concerns with the Port Colborne CBRA reports and the proposed Risk-Based Soil 
Concentrations (RBSC) (also referred to as site-specific threshold levels, SSTLs). Overall, we 
are unable to endorse the current CBRA or support the proposed RBSC’s. 

Vale response:  Regarding Human Health, Vale believes that the Ministry has selected an 

inappropriate TRV for the human health risk assessment, as discussed throughout this comment-

response dialogue and Annex 2.  Vale could accept the majority of Ministry comments related to the 

HHRA  other than the TRV issue. 

Regarding the Natural Environment and Crops Assessments, Vale believes that the Update Report and 

original CBRA Crops Risk Assessment have appropriately identified thresholds for risk management 

and is proceeding to evaluate risk management options, including liming, deep-tilling, and 

phytoremediation.  These options have been evaluated in a recently-funded NSERC Collaborative 

Research and Development (CRD) Grant, as mentioned elsewhere in the comment-response dialogue.   

Vale is undertaking an assessment of Ni in the waters of the Wignell and Beaverdam Drains. 

Vale is undertaking further study of the need for risk management options for woodlots east of the 

Refinery. 
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Appendixes Providing Detailed Comments on the Human Health Risk 

Assessment Component of the Revised CBRA 

 
 

Appendix A: Toxicity Reference Value (TRV) for Nickel 

 

Overall Conclusions on Oral Ni TRV: 
 
The ministry does not support the Nickel (Ni) toxicity reference value (TRV) used in the revised 
CBRA for assessing oral Ni exposure. A TRV is the benchmark used in risk assessment as an indicator 
of the maximum acceptable daily dose to which a person may be exposed without adverse effects. The 
oral Ni TRV of 20 micrograms per kilogram body weight per day (µg/kg- bw/day) used in the CBRA 
is based on adverse changes in body weight and organ weight observed in exposed test animals 
(rodents). This TRV was originally supported by the MOECC as noted in previous ministry comments 
(MOE 2011). However, based on the most up-to-date scientific information, changes in weight are no 
longer the most sensitive endpoint to use in assessing oral Ni exposure. Instead, the MOECC supports 
a TRV of 11 µg/kg-bw/day based on adverse reproductive and developmental effects observed in 
rodents. 

 
A number of considerations support the ministry’s decision that 11 µg/kg-bw/day is the appropriate Ni 
TRV to use. This TRV was derived from studies where oral exposure to Ni was associated with 
increased post-implantation and perinatal lethality (i.e., effects on the developing fetus). In addition, 
this TRV is also appropriate for protecting adverse effects of Ni exposure on the male developing 
reproductive tract (i.e., effects in both toddler and adult males). Although this TRV of 11 µg/kg-bw/day 
was used in the CBRA in the sensitivity analysis, its application was limited to the adult receptor of 
reproductive age. In contrast, because of the concerns associated with Ni and adverse effects to the 
developing fetus and reproductive system in males, the MOECC supports using this TRV for both the 
adult and toddler receptor. 

 
Nickel is also associated with oral provocation of dermatitis in humans. This effect has been 
observed in a study where Ni sensitized individual’s experienced systemic dermatitis after ingesting 
a single oral Ni dose of 12 µg/kg-bw (Nielsen et al., 1999). This effect has also been observed at 
lower doses as well. Given the fact that this adverse effect of Ni exposure was observed in a human 
study, the MOECC considers (at the very least) an exposure dose of 12 
µg/kg-bw/day as an upper limit for establishing an oral Ni TRV. 

 
Overall, the TRV of 11 µg/kg-bw/day is considered by the MOECC to be appropriate for the protection 
of Ni-associated reproductive and developmental adverse effects including the potential toxicity of Ni 
in developing male reproductive organs in toddler and adult males. However, it is noted that this oral 
TRV may not be fully protective of Ni-sensitized individuals from provoking dermatitis. Finally, this 
TRV of 11 µg/kg-bw/day is supported by Health Canada (2010), the World Health Organization 
(WHO, 2007), the Office of the Environmental Health Hazard Assessment, California Environmental 
Protection Agency (OEHHA, 2012) and the analysis by EFSA (2015). This TRV represents the most 
up-to-date value to use in risk assessment as an indicator of the maximum acceptable daily dose to 
which a person may be exposed without adverse effects. 

 
As described in more detail below, the recommended TRV of 11 µg/kg-bw/day is based on the 
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following: 
1.   The previous TRV of 20 µg/kg-bw/day based on changes in body and organ weight is no 

longer appropriate. 
2.   The TRV of 11 µg/kg-bw/day, based on developmental and reproductive effects, represents the 

most up-to-date science and uses the most appropriate endpoints. 
• It is supported by Health Canada (2010), WHO (2007), OEHHA (2012) and the 

analysis by EFSA (2015), 
• and is protective of effects on the male reproductive system for both adult males and 

toddlers 
3.   Oral provocation of Ni dermatitis in humans has been measured at a dose of 12 µg/kg- bw. 

 The TRV of 12 µg/kg-bw/day should be applied as an intake dose; not an uptake dose. 

Vale Response: The question as to which TRVs are the most appropriate  for assessing human health 

risks is probably the single most important aspect of the CBRA risk assessments, because the selection 

of a TRV can lead to very disparate conclusions concerning  the level of health risk present in Port 

Colborne.  The use of the TRV (11 µg/kg/d) derived by the Danish EPA or the TRV derived by the 

European Food Safety Agency (2.8 µg/kg/d) lead to the conclusion that even background (baseline) 

exposures to Ni from a typical Canadian supermarket diet (an average Ni intake of 11.1 µg/kg/d for 

children 1 to 4 years as per the Health Canada Total Diet Survey – 2000 – 2007 (HC, 2007)) represents 

an unacceptable health risk.  In this response to comments, Vale’s interpretation, which it considers to 

be completely transparent and  scientifically valid , is presented in Annex 2.   

 
Detailed Comments on Oral Ni TRV Selection: 

 
1)   The previous TRV of 20 µg/kg-bw/day based on changes in body and organ weight is no 

longer appropriate 
 
Stantec used a TRV of 20 µg/kg-bw/day from Ambrose et al. (1976) to evaluate oral exposure to Ni as 
part of developing risk based soil concentrations (RBSC) for the Port Colborne CBRA (see TRV “A” 
in MOECC Figure A1). This TRV was originally supported by the ministry at the onset of the CBRA 
review (2011). However, during the extensive consultation process (over several years) since our 
original comments were prepared, new toxicological assessments of Ni and Ni TRVs have been 
published. Consequently, the MOECC conducted a thorough review of 
all the new information on Ni toxicology and concluded that the TRV of 20 µg/kg-bw/day can no 
longer be supported. 

 
The TRV used in the Port Colborne CBRA is the 1996 US EPA reference dose (RfD) for Ni based on a 
two year study in which rats were exposed to Ni sulfate (a water soluble form of Ni) spiked in their 
feed. From this study, a No Observable Adverse Effect Level (NOAEL) of 5 mg/kg/day was identified 
as the Point of Departure (POD) based on decreased organ and body weight (Ambrose et al., 1976). The 
TRV was derived by the application of a combined uncertainty factor of 300: 10 to account for 
intraspecies variability, 10 for interspecies variability, and 3 for inadequacies in reproductive studies to 
the NOAEL. At higher Ni doses, Ambrose et al. (1976) observed changes in body and organ weight but 
also observed increased lethality rates in the exposed animals. The low survival rate in the study, 
particularly in the control group, was criticized by both the California EPA (Cal EPA chRD, 2005; 
OEHHA 2012) and WHO (WHO DW, 2011) as a source of uncertainty in relying on this study to 
derive a TRV. 
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Although an uncertainty factor of 3 for inadequate reproductive studies was incorporated into the TRV 
derived from the Ambrose et al. (1976) study, there are other reproductive studies (e.g. Springborn, 
2000a,b and Smith 1993) that were either not available or not considered by US EPA at the time of 
establishing its RfD. These reproductive studies have observed adverse effects at levels lower than the 
NOAEL of 5 mg/kg-bw/day reported in the Ambrose et al. (1976) study. 
The Lowest Observable Adverse Effect Level (LOAEL) from these studies is plotted in MOECC 
Figure A1 

 
MOECC Figure A1 illustrates the different TRVs considered in this review; the points of departure 
(PODs; LOAEL, NOAEL or BMDL10) as well as the uncertainty factors applied to the POD (x = 
times) are included. 
 
 
 
MOECC Figure A1  Ni Oral TRVs 

 
 
In summary, adverse reproductive and developmental effects may occur at lower levels of oral 
exposure to Ni than adverse changes to body and organ weight. Therefore, changes in body 
and organ weight cannot be considered as the most representative toxicological endpoint for 
establishing a TRV for oral Ni exposure.  As a result, the TRV of 20 µg/kg-bw/day that was 
used in the Port Colborne CBRA is out-of-date and no longer supported. 

Vale Response:  The CBRA HHRA was based on the “Ambrose” TRV 20, but Haber et al. (2017) 
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undertook a new derivation of a TRV for non-cancer Ni risk based on the Springborn 2-generation 

reproduction study using the preferred benchmark dose (BMD) approach and determined that the 

numerical value of the most sensitive (reproductive) endpoint is  20 µg/kg/d.  A detailed discussion is 

provided in Annex 2. 

2)   The TRV of 11 µg/kg-bw/day based on developmental and reproductive 
effects represents the most up-to-date science and uses the most appropriate 
endpoints. 

 
In the CBRA update report, the TRV of 11 µg/kg-bw/day was considered in the sensitivity 
analysis for assessing exposure to an adult of reproductive age.  However, the MOECC 
supports using this TRV for the main analysis as it is based on the most up-to-date science and 
appropriate endpoints (reproductive and developmental effects), and is applicable to the toddler 
receptor. 

Vale response:  The rationale for applying a TRV (of 11 µg/kg/d)  to adults (specifically to females of 

reproductive age) was that the Springborn 2-generation study administered the dose  to  female rats, 

so that any potential reproductive toxicity was conferred upon offspring via their mothers, first in the 

womb, and later via milk.  The reproductive effects are not relevant to toddlers, who are 

prepubescent.  It is noted that no  developmental effects in rats were observed in the definitive 2-

generation Springborn study (SLI, 2000b).  Refer to  Annex 2 for further discussion. 

TRV of 11 µg/kg-bw/day is supported by Health Canada (2010), WHO (2007), OEHHA 
(2012), and analysis by EFSA (2015). 

 
The TRV of 11 µg/kg-bw/day (see TRV “B” in MOECC Figure A1) is supported by Health 
Canada (2010), WHO (2007), OEHHA (2012) and the analysis conducted by EFSA (2015). 
This TRV is based primarily on the Springborn (2000 a,b) studies that identified an increased 
rate of post-implementation loss and perinatal lethality in rats treated by gavage with nickel 
sulfate (hexahydrate) in drinking water. The TRV was derived from a NOAEL of 1.1 mg/kg-
bw/day and the application of a combined uncertainty factor of 100: 10 to account for 
intraspecies variability, and 10 for interspecies variability. 

Vale response:  It is imperative to recognize that the Springborn studies (i.e., the dose range-finding 

study (SLI, 2000a) and the definitive 2-generational study (SLI, 2000b)) did not identify an increased 

rate of post-implantation loss and perinatal lethality (PPL).  It was an  analysis of the Springborn data 

by regulatory agencies that identified the NOAEL for PPL to be 1.1 mg/kg/d.  How these agencies 

appear to have come to the conclusion that the NOAEL for PPL was 1.1 mg/kg/d is discussed in Annex 

2.   

Vale’s overall assessment is that the rationale used by other regulatory agencies to support a NOAEL 

for PPL (of 1.1 mg/kg/d) largely reflects superficial review and some degree of mis-citation or rubber-

stamping of the regulatory literature, which was serially perpetuated by each additional regulatory 

agency in the citation chain. This is discussed in detail in Annex 2. 

The NOAEL of 1.1 mg/kg-bw/day was identified based in part on the fact that an unbounded LOAEL 
of 2.2 mg/kg-bw/day was observed from the first generation range finding study (Springborn 2000a) 
(i.e., no NOAEL could be developed from this study alone). The analysis conducted by OEHHA 
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(2012) supported the NOAEL of 1.1 mg/kg-bw/day from the Springborn studies, and considered the 
Smith et al. (1993) study that independently identified a LOAEL of 
1.3 mg/kg-bw day as supporting evidence. In addition, the CBRA report identifies the dose of 2.2 
mg/kg-bw/day as a LOAEL for reproductive effects, relying on an independent analysis 
conducted by Seilkop (2013). 

Vale response:  Vale has great respect for Steve Seilkop, and his analysis provided in Seilkop (2013) is 

honest and well thought out.  However, Vale’s understanding of the basic scientific principles 

underlying DEPA’s approach has continued to develop, and Vale now believes that a less complicated 

approach exists to assess the results of the Springborn studies.  This is discussed in detail in Annex 2. 

DEPA (2011) also considered the NOAEL of 1.1 mg/kg-bw/day based on the identification of a 
LOAEL of 2.2 mg/kg-bw/day from the combined post-implantation loss and perinatal lethality from the 
Springborn (2000b) study. DEPA’s re-analysis considered that there was a mechanistic basis to assume 
that the effects on the developing fetus appear to be the same. This POD for reproductive and 
developmental effects was supported by WHO (2007) and Health Canada (2010). However, DEPA 
determined a TRV range of 3.7 to 5.5 µg/kg-bw/day after applying a combined uncertainty factor of 
200-300: 10 to account for intraspecies variability, 10 for interspecies variability, and 2-3 for severity 
of effects observed at only twice the dose level of the NOAEL (see TRV “C” in MOECC Figure A1). 
Upon considering the rationale provided by DEPA (2011), the MOECC does not support the use of an 
additional uncertainty factor of 2-3 for severity of effects. 

 
Recently, the European Food and Safety Authority (EFSA, 2015) reanalyzed the first generation range 
finding study (Springborn 2000a) and the subsequent full 2-generation study in rats (Springborn 
2000b), combining the results from the two studies.  EFSA identified reproductive and developmental 
toxicity as the critical effects for the risk characterization of chronic oral exposure to Ni, and derived a 
benchmark response at 10% extra risk (BMD10) of 0.76 mg/kg- 
bw/day) with a lower 95th confidence limit (BMDL10) of 0.28 mg/kg-bw/day), based on post- 
implantation loss of the combined single data set. Using the derived BMDL10, EFSA estimated a 
tolerable daily intake (TDI) of 2.8 μg/kg-bw/day upon the application of a combined uncertainty 
factor of 100: 10 to account for interspecies differences, and 10 for human variability (see TRV 
“D” in MOECC Figure A1). 

 
The MOECC agrees with the approach used by EFSA 2015 of combining the two Springborn 
rodent studies (2000a,b) and using of benchmark dose response analysis for deriving a TRV. 
However, the MOECC considers that the application of a total uncertainty factor of 100 to a 
BMDL10 is tending towards an overly conservative consideration for use in the Port Colborne 
CBRA.  For example, the use of BMD10 instead of BMDL10 would yield a TRV of 7.6 μg/kg- 
bw/day instead of 2.8 μg/kg-bw/day. 

Vale response:  EFSA’s 2015 BMD analysis is inappropriate.  The Benchmark Dose (BMD) approach is a 

regression approach that was conceptualized as a replacement for the conventional NOAEL/LOAEL 

approach.  The NOAEL/LOAEL approach essentially compares the toxicological response at each dose 

and compares it with the response in control animals receiving no toxicant exposure.  The NOAEL is 

the highest dose for which the toxicological response is not significantly different from that seen in the 

control animals.  The LOAEL is the lowest dose for which the toxicological response is significantly 

different from that seen in the control animals.  The NOAEL and LOAEL are independent of the 

toxicological responses observed at other dose levels.  In contrast, the Benchmark Dose approach is 

intended to use the entire range of the dose-response data to develop statistical relationships 
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between the toxicological response and the corresponding doses, and for this reason, is preferred, 

scientifically.  In theory, when sufficient data are available, the BMD approach is preferred over the  

NOAEL/LOAEL approach as the entire range of dose-response data is considered in a statistical 

manner.   

EFSA’s analysis has several errors, in Vale’s opinion.  First, the response metric commonly used for PPL 

is expressed as a percentage.  This is because litter sizes are variable, as is the rate of PPL.  For 

example, if there are 2 cases of PPL in a litter of 8 pups and 2 cases of PPL in a litter of 14 pups, the 

rates of PPL are 25 and 14%, respectively.  What initially seems to be a similarity (2 cases of PPL) is 

actually seen to reflect important differences between the rates of perinatal mortality in the litters 

(those 2 failed cases of reproduction represent different rates of 25% and 14% PPL, which must be 

reflected in the analysis). 

It must be noted that PPL is a natural phenomenon.  Reproduction in vertebrates does not occur with 

complete fidelity.  There is a natural rate of reproductive failure seen in mammals.  This includes 

miscarries, resorptions, still births, and deformities, which occur at low rates in the absence of toxicant 

exposure.  In the Sprague Dawley rats used in the Springborn 2-generation reproductive toxicity study, 

for example, the baseline rate of PPL in control animals is approximately 8% (8.13% as per Lang, 

1993).  This baseline rate of PPL among female rats (of 8%) was obtained from 3,541 dams (control 

female rats not exposed to any toxicant) from a total of 209 individual studies.   

As previously mentioned, Vale is of the opinion  that EFSA made two errors in its analysis.  The metric 

for PPL was only considered on an absolute basis, not as a percentage of litter size.  EFSA considered 

that baseline PPL occurred at an average rate of 2.3 per litter.  As a result, EFSA  developed  the metric 

for its BMD analysis as the “number of litters with 3 or more instances of PPL” (since it is not possible 

to have 2.3 animals in an actual litter, EFSA rounded up to 3). This selected metric  for  PPL fails to use 

the entire range of dose-response data, contrary to the general goals for the BMD approach, and it 

also  alters the dose-response relationship, as seen in the figure below.  
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For clarity, this figure considers the data from the Springborn dose range-finding (DRF) study (SLI, 

2000a) only.  It can be seen that by changing the metric for PPL from “percent PPL” on a per litter basis 

to “percent of litters with 3 or more cases of PPL”, the slope of the dose-response curve is increased by 

roughly three times (from y=0.0037x to y=0.0104x in the figure above).  This change in slope caused by 

EFSA’s data transformation has the effect of making the 5% or 10% levels of increased risk from 

baseline (control) risk occur at a lower numerical value (due to the almost 4-times steeper slope of 

EFSA’s transformed dose-response curve).   

By altering the dose-response metric to “percentage of litters with 3 or more cases of PPL”, EFSA’s 

2015 analysis also makes it (incorrectly) appear that PPL was absent in the control litters.  There was 

PPL seen in the control animals, as would be expected biologically.  The baseline rate of PPL is 

approximately 8% (see red hatched line in the figure above, calculated from Lang (1993)).  The 

Springborn DRF study did have a low PPL rate of 2.1%, but it was not zero.  The EFSA metric “zeroes 

out” PPL in control animals, suggesting that there is no PPL seen in the reproduction among the 

control animals.  This further alters the dose-response, making it appear that there is no PPL seen in 

control animals.  Finally, the intent of the BMD approach is the consideration of the entire dose-

response relationship in characterizing the risk of the test item. By failing to include PPL events less 

than 3 per litter, these data are effectively “lost” from the analysis, minimizing the value of using a 

BMD approach.   

In the Springborn DRF study (SLI, 2000a), out of eight control (unexposed) dams, one had 2 PPL cases, 
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two had 1 PPL case, and the remaining 5 litters had no PPL incidence.  For the control animals, the 

EFSA analysis would suggest that there was no PPL in the controls, whereas there was 2.1% PPL 

among the controls in the DRF.  When the DRF and both (F1 and F2) generations of the Springborn 

definitive study (SLI, 2000b)  are considered (n=57 dams/litters) the rate of PPL (% per litter) among 

the controls was 5.6±1.7% (95% confidence limits).  This central tendency value (and associated 

measure of variability) included 29 litters with no cases of PPL, 12 litters with 1 case of PPL, 13 litters 

with 2 cases of PPL, and 3 litters with 3 cases of PPL.  The consideration of the test data in this way (on 

a per litter basis) is the most correct, scientifically, because the test item is applied to each dam 

individually.  The dose is applied to the dams, so from a statistical perspective, the dams are the 

experimental unit, and their litters are true replicates.  The EFSA 2015 analysis uses the treatments as 

experimental units, and is therefore incorrect, as are the BMDs derived therein. 

Within these ranges of TRVs and considering the variability and uncertainty inherent in TRV 
derivation, the MOECC considers that the TRV of 11 µg/kg-bw/day is an appropriate and 
reasonable estimate for assessing oral Ni exposure and protecting against reproductive and 
developmental Ni toxicity. 
 

Vale response: The TRV derivation already includes two 10-fold multiplicative uncertainty factors, 

resulting in a total uncertainty factor of 100.  The selection of the point of departure must  reflect the 

most appropriate interpretation of the experimental weight of evidence, including the use of historical 

data, without consideration of uncertainty factors.  Uncertainty factors would then be applied 

independently of the statistical analysis to derive a conservative TRV. 

 
TRV of 11 µg/kg-bw/day is also protective of effects on the male reproductive system for both 
adult males and toddlers 

 
Several studies have provided evidence of an association between Ni exposure at low doses and the 
male reproductive system. EFSA (2015) used the potential toxicological effects on male fertility to 
support its selection of a POD of 0.28 mg/kg-bw/day for assessing post-implantation loss in rats. EFSA 
(2015) cited two studies conducted by Pandey et al. (1999, 2000) which indicated adverse effects of Ni 
on sperm (decreased sperm count and motility and an increase in abnormal sperm) and on accessory 
sexual organs (decreased weight of seminal vesicle and prostate gland) in mice at oral doses as low as 
1.1 mg/kg-bw/day.  While these studies were not considered adequate for the hazard characterization by 
EFSA (2015), a preliminary dose response analysis on sperm motility and sperm count conducted by 
EFSA (2015) estimated a BMD05 and BMDL05 varying from 0.42 to 0.38 mg Ni/kg-bw/day for sperm 
motility, and from 0.62 to 0.46 mg Ni/kg-bw/day for sperm count. 

 
Study limitations such as poor documentation and data inconsistencies and potential confounding effects 
of feed restriction, were cited in the CBRA by Stantec in their rationale for considering the evidence on 
the toxicity of Ni in the male reproductive tract and function. Even though these confounding factors 
cannot be ruled out, these studies provide supportive evidence on the adverse impact of Ni on the male 
reproductive system, particularly since these effects were observed at concentrations lower than the 
NOAEL of 5 mg/kg-bw/day for body and organ weight changes reported by Ambrose et al. (1976) and 
the NOEAL of 1.1 mg/kg-bw/day from the Springborn studies, and were used by EFSA to support the 
POD based on post-implantation loss (EFSA 
2015). 
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Pandey et al. (1999) also observed an increase in pre- and post- implantation loss at 2.2 mg/kg- bw/day 
when only male mice were treated with Ni. This suggests that the reproductive and developmental 
effects reported in the Springborn (2000a,b) studies may not necessarily be limited to parturition (as 
suggested by NiPERA in a separate briefing to the MOECC provided on May 
17, 2012 (Oller, 2012). In addition, in a reproductive study conducted by Toman et al. (2012), a time-
dependent degradation of the seminiferous tubes of the testis was observed in Ni exposed mice. The 
effects were observed at 3, 6, 9, and 12 weeks in male mice treated at puberty with 2.5 mg/kg-bw/day 
Ni in feed (Ni spiked chow). The study by Toman et al. (2012) was considered by the MOECC to 
support the observations made by Pandey et al. (1999) of adverse effects of Ni on sperm and on 
accessory sexual organs in mice. In contrast, in the CBRA, Stantec suggests that restricted feed in this 
study was a potential confounding factor on the observations.  Although the confounding effects of diet 
cannot be ruled out, the finding from this study that the intake of Ni caused serious damage on 
spermatogenesis and the developing testicular structure was considered by the MOECC as valuable 
information in understanding the overall toxicity of Ni. 

 
Taking in consideration all the published evidence on this toxicological endpoint, the MOECC 
considered that a TRV of 11 µg/kg-bw/day based on developmental and reproductive effects also 
confers protection against Ni toxicity to the male reproductive system.  Therefore, the MOECC concurs 
with the application of the TRV of 11 µg/kg-bw/day to the toddler stage to ensure that potential adverse 
impacts to the developing male reproductive system are included in this CBRA. 

Vale response:  From a reproductive/developmental toxicity perspective, the Springborn study (SLI, 

2000b), which was conducted under GLP principles, found there to be no biologically meaningful 

statistically significant dose-response relationships, as indicated in the passage below, which are the 

final two paragraphs from Spingborn’s study report summary. 
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These two paragraphs from the 2-generation Springborn study (SLI, 2000b),  a study conducted 

according to the principles of Good Laboratory Practice (GLP), indicate that there were no statistical 

differences in sperm parameters or other reproductive indicators at a NOAEL (of 10 mg/kg/day) for 

oral administration of nickel sulfate hexahydrate (NSHH) (or 2.2 mg Ni/kg/day as Ni) over two 

generations in rats.  The Pandey studies are not without several issues and are generally considered to 

be of  poor quality.  The reference to MOE (2013) provided in the Ministry’s references below is 

included in Annex 5. 

3)   Oral provocation of Ni dermatitis in humans has been measured at a dose of 12 µg/kg- bw; a 
TRV of lower than 12 µg/kg-bw/day (WHO 2007) is supported. 

 
The WHO (2007) used a TRV of 12 µg/kg-bw/day for Ni based on a human study by Nielsen (1999) 
that identified the oral provocation of dermatitis (see TRV “E” in MOECC Figure A1). This study 
included 20 Ni sensitized individuals who were exposed to Ni under fasting conditions after consuming 
a Ni reduced diet for 48 hours; 9 of the 20 individual’s experiences a flare-up of dermatitis following a 
single dose of 12 µg/kg-bw of Ni sulphate administered in drinking water. Of these 9 individuals who 
developed symptoms, 3 experienced a severe reaction (2 individuals developed a maculopapular rash, 
and “baboon syndrome” was observed in another). The dose of 
12 µg/kg-bw Ni in drinking water is considered by the WHO (2005) as an acute LOAEL in fasting 
subjects since adverse impacts were observed in 45% of the exposure individuals.  No uncertainty 
factors (UF) were applied to this dose by the WHO (2005) because the test subjects represented a 
“highly sensitive population”. Stantec also considered this TRV in the Port 
Colborne CBRA but only in the sensitivity analysis as they consider that it is overly protective for the 
general population. 
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However, other agencies determined that an UF may be warranted as adverse effects were observed 
after a single oral exposure to Ni. DEPA (2008) applied an UF of 7 to account for “sensitized” to 
“highly sensitized individuals”. Although they provide no elaboration of the foundation of this UF, 
DEPA derived a TRV of 1.7 µg/kg-bw/day (see TRV “F” in MOECC Figure A1).  Recently, EFSA 
(2015) relied on an analysis conducted by Jensen et al. (2006) and applied BMD modeling to the Jensen 
(2003) dermatitis data. The dose associated with a 10% adverse effect (BMD10) was estimated to be 2.6 

μg Ni/kg-bw with a lower 95th confidence limit (BMDL10) of 1.1 μg Ni/kg-bw. Using the BMDL10, 
EFSA considered the large inter-individual variability in the immune response that might not be covered 
by the limited number of individuals examined in the selected study and applied a margin of error of 10, 
resulting in an equivalent 
TRV of 0.11 μg Ni/kg-bw /day (see TRV “G” in MOECC Figure A1). 

 
However, as noted by EFSA (2015), it cannot be predicted that all sensitized individuals will actually 
develop adverse reactions nor what percentage eventually will develop such reactions at the estimated 
levels of Ni intake. Since the studies included a highly sensitive study group exposed under fasting 
conditions to Ni sulphate in lactose capsules, absorption is assumed to be considerably higher than it 
would be from food. These considerations were used by EFSA to conclude that the use of these studies 
would be conservative for characterizing acute risks. 

 
Based on these considerations, the MOECC does not support using these lower TRVs of 0.11 μg Ni/kg-
bw or 1.7 µg/kg-bw/day for evaluating chronic exposure risk for dermatitis in the Port Colborne CBRA.  
However, the analysis by DEPA (2008) and EFSA (2015) refutes the argument that a TRV of 12 µg/kg-
bw/day is overly protective for the general population as postulated in the CBRA.  Instead, the MOECC 
believes that using the TRV of 11 µg/kg-bw/day based on reproductive and development effects in 
rodents  is appropriate for evaluating the oral exposure 
of Ni in the Port Colborne CBRA but that the TRV of 11 µg/kg-bw/day may not be fully 
protective for Ni-sensitized individuals. 

 

Vale Response:  Vale rejects the use of the sensitization endpoint for RBSC development under the 

CBRA.  The sensitization of humans towards Ni is largely due to the exposure to Ni present in jewelry 

and clothing fasteners (snaps and zippers)  plated with Ni.  This is a significant world-wide problem, 

and regulatory initiatives such as that of the EU’s Jewelry Directive have begun to deal with this 

inappropriate use of Ni, (i.e. plated on jewelry,  clothing, and similar items) which are expected to 

readily come into direct contact with skin.  Vale fully supports the view that Ni is inappropriate for 

uses which would result in direct contact with skin.  However, the Ni sensitization problem is a global 

social health phenomenon.   

Vale believes that this issue would be better dealt-with directly by governing health bodies rather 

than trying to implicate the soil Ni contamination as a root cause of sensitization and (or) a cause of 

exacerbation of Ni-induced allergic contact dermatitis in Port Colborne residents.  To date, Vale has no 

perception or understanding that the exacerbation of allergic contact dermatitis due to Ni in Port 

Colborne is different than anywhere else in Canada.  The Community Health Assessment Study 

(CHAPS) conducted in parallel to the CBRA indicated that the rate of Ni allergy was similar in Port 

Colborne than elsewhere in Canada.  Vale considers that Ni allergic contact dermatitis is a societal 

issue that has a much more complicated solution than declaring that Port Colborne residents should 

be concerned with  “chronic exposure risk for dermatitis”.  Indeed, a TRV of 11-20 µg/kg-bw/day may 
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not be protective for individuals sensitized to Ni as a result of inappropriate uses such as Ni-plated 

jewelry.  The Update Report addressed this endpoint but did not develop RBSCs for this endpoint  for 

the reasons discussed above. 

Since the CBRA 2014 Update Report was submitted, Haber et al. (2017) developed a TRV for protection 

of Ni-sensitized individuals from flare-up of dermatitis from acute exposure – 4 µg/kg/d – in addition 

to baseline Ni in food. 

 
The TRV of 12 µg/kg-bw/day should be applied as an intake dose; not an uptake dose 

 
As noted, Stantec used the 12 µg/kg-bw/day TRV in their sensitivity analysis to account for Ni 
dermatitis but in that analysis, they converted this intake dose TRV (i.e., how much Ni is ingested), to 
an absorbed dose TRV (i.e., how much of the ingested Ni is absorbed into the body). In order to do so, 
Stantec relied on a number of assumptions outlined by Oller (2012). However, the current risk 
assessment paradigm that is followed by MOECC, Health Canada, and the US EPA is to rely on a TRV 
based on intake doses as they are related to the environmental media that is being monitored or 
regulated. For example, a TRV based on drinking water can be directly applied to a measured water 
concentration, and no assumptions on absorption are required for regulatory purposes. 

 
At present, there are a number of limitations to assessing Ni exposure based on conversion of an intake 
dose to an uptake dose as there is insufficient knowledge about Ni absorption (especially in the toddler), 
and about absorbed doses that are associated with the toxicological effects. 
Currently, information on estimated Ni exposure based on absorption of Ni is limited to short term 
adult human studies or rodent studies. However, it is not clear how the toddler exposure can 
be estimated with any degree of confidence since there are data gaps in our understanding and 
questions as to how well the rat absorption data are predictive of absorption in humans. In 
addition, the California Environmental Protection Agency (CAL EPA) notes that the absorption rate 
of Ni in children may be several times higher than observed in adults (CAL EPA 2005). In 
light of these considerations, the conversion of the intake doses to uptake doses is not supported by 
the MOECC. 
 

Vale Response:  Data in this area is sparse.  Vale agrees that bioavailability correction adjusting only 

for the exposure medium is an appropriate approach.  See Annex 3 for further discussion. 
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Appendix B: Background Dietary Exposure to Ni in Port Colborne 

 
Overall Conclusions on Dietary Exposure: 

 
The ministry does not support using the estimated Ni concentrations in garden produce and 
supermarket foods that were developed for evaluating dietary Ni exposure in this CBRA, despite the 
extensive work that was done by Vale in attempting to develop a Port Colborne specific estimate for 
this exposure pathway. Deficiencies in sampling of both garden produce and supermarket food 
significantly limit the interpretation of these results and the final CBRA estimates for the Port 
Colborne diet fall within the low range of the expected community exposure to Ni through the diet. 
Instead of the estimates proposed in this CBRA, the ministry recommends that the overall average 
estimate from Health Canada’s Total Diet Survey’s between 2000 and 2007 should be used instead. 
Supermarket exposure should be similar throughout Canada and given that the available data from the 
CBRA report clearly indicate that Ni is elevated in local garden produce (i.e., locally grown fruits and 
vegetables), dietary exposure to residents of Port Colborne should be higher than the Canadian 
average; not lower as indicated in the report. 

 
The ministry recognises that dietary sources of Ni is a major contributor to the baseline or background 
Ni exposure and recent findings from CCME and other regulatory sources have determined that dietary 
exposure alone may approach or exceed the recommended total daily intake of Ni from all sources. 
However, the ministry also acknowledges that there is variability and uncertainty associated with these 
estimates. As such, dietary estimates based on larger sampling of food such as the Health Canada Total 
Diet Survey are considered to be more reliable than the relatively limited information provided in this 
report. The overall average Health Canada estimated dietary exposure of Ni in food is 183.4 µg Ni/day 
or 11.14 µg/kg-bw/day for the 
toddler based on the 2000-2007 surveys (CCME 2015, Appendix 9).  In contrast, the estimated dietary 
Ni exposure developed by Stantec for Zone B (the combined residential scenario) ranged from 150.9 
to 169.7 µg Ni/day (or 9.1 to 10.3 µg/kg-bw/day) depending on how the garden produce data was 
used. These dietary estimates for Port Colborne are lower than the most recent Canadian estimate of 
exposure (CCME 2015), but within the low end of the year-to-year variation from the Health Canada 
Total Diet Survey (2000-2007). 

 
The ministry’s concerns with the dietary estimate used in the CBRA are primarily related to: (1) 
limitations in sampling design (a relatively small number of samples are available to characterize Ni 
concentrations in locally grown fruits and vegetables and the majority of available data is for soils with 
Ni concentrations less than 1,500 mg/kg) and (2) that the estimated contribution of Ni from the 
supermarket food basket is lower than predicted for the average Canadian consumer resulting in a 
lower total Ni dietary estimate for residents of Port Colborne than the Canadian average.  Overall, the 
proposed Ni levels in locally grown garden produce combined with the estimated Ni levels for the 
supermarket food basket used in this CBRA is not adequate to represent community exposure to Ni 
from the diet. 

 
Ideally, the total Ni dietary estimate should be re-assessed for the Port Colborne CBRA using the Health 
Canada Total Diet Survey Ni estimate for supermarket exposure and the contribution of Ni from local 
backyard produce. However, in absence of that reassessment, MOECC recommends that the Canadian 
average estimate of 11.14 µg/kg-bw/day developed by CCME, based on Health Canada Total Diet 
Survey (2000-2007) of total dietary intake, should be used for the toddler resident in the CBRA and in 
calculation of the RBSC. 
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While the CCME’s (2015) total dietary estimate does not consider the contribution of Ni from 
local produce, MOECC considers it to be an upper bound estimate of the mean for the following 
reason: CCME calculated the average Ni concentrations in food by including non-detect samples 
at the method detection limit concentration instead of using ½ of the detection limit as was done 
in the CBRA and as recommended by the Country Foods Guidance of Health Canada (2010). 

 
The ministry recognises that there is some uncertainty with this approach as it assumes that the 
contribution of Ni from local produce may be accounted for if the total dietary Ni exposure based 
on Health Canada Total Diet Survey (2000-2007) of total dietary intake is an upper bound 
estimate of the mean instead of the average estimate. That assumption may not be supported. As a 
result, MOECC recommends that proposed risk management measures recognize that Ni 
exposure from locally grown garden produce may be a concern and that measures to reduce this 
exposure pathway should be available (e.g., build raised garden beds and use clean topsoil for 
areas with elevated Ni concentrations in soil). 

Vale Response: This issue of local dietary exposure would be a concern if the TRVs such as EFSA’s 

2015 2.8 µg/kg/d or the Danish EPA’s 11 µg/kg/d were scientifically correct.  However, they are 

not scientifically sound values and do not meet reasonable expectations for scientific scrutiny.   

It must be recognized that the rats in the Springborn 2-generation reproductive toxicity study 

(SLI, 2000b) were fed Purina Rodent Chow , which contained 1.45 ± 0.16 µg Ni/g (95% C.I., n=4 

samples analyzed for Vale), derived entirely from  naturally sourced ingredients.  A detailed 

discussion of baseline (background) dietary exposures of laboratory rats to Ni is provided in 

Dutton et al. (2019) and here again in Annex 2.  The Springborn study gavage dosed animals 

with NSHH in water.  These doses were in addition to the baseline dietary Ni exposure.  There 

was no NSHH in the baseline dietary exposure, so it is true that the controls received zero nickel, 

but only in terms of NSHH.  The controls actually received a baseline dose of Ni that had been 

naturally incorporated in plant- and animal-derived ingredients in the rat chow used in the 

study, as do Canadians in their everyday diets.    Therefore, the point of departure (POD) taken 

from the Springborn study is on an “in addition to baseline exposure” basis.  EFSA and other 

regulatory agencies have apparently been unaware of this distinction.  The failure to apply Ni 

non-cancer TRVs on an “in addition to baseline dietary exposure” basis results in the apparent 

paradox whereby Canadian toddlers would appear to be ‘at risk’ due to Ni exposure solely from 

the consumption of a typical Canadian supermarket  diet.  This paradox is resolved when it is 

realized that  TRVs developed using Springborn (SLI, 2000a,b) are incremental in nature and are 

to be applied in addition  to baseline (or background) dietary exposures. Refer to Annex 2 for a 

detailed discussion concerning the appropriate application of such TRVs. 

Limitations in Sampling Design 
 
At first glance, the sample size for determining Ni in locally grown fruits and vegetables appears 
to be adequate in the CBRA report. For zone A, B, and C combined, a total of 30 fruits and 121 
vegetables were collected. Similarly, Zone D had a total of 36 fruits and 102 vegetables collected. 
However, for individual fruits and vegetables, the sample size is often small (sometimes limited 
to one sample) and does not capture the range of Ni levels found in the garden soils examined. 
This should be viewed within the context to the larger multiyear composite samples collected by 
Health Canada in the Total Diet Study to characterize Ni levels in fruits and vegetables. The 
following table provides information on the number of times a fruit or vegetable was collected 
from the various zones 
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MOECC Table B1: Port Colborne Backyard Produce Samples 

 
 Backyard Produce 

(Number of Samples Taken) 
Fruit Vegetable 

Zone B (A, B, C) 30 (2, 1, 27) 121(0, 30, 91) 
Zone D 36 102 

 
It is clear from MOECC Table B1 that the majority of the samples for the combined zone A, B 
and C were determined from zone C (which doesn’t include the most contaminated residential 
soil Ni levels).  Overall, MOECC is concerned that the limited number of samples from the 
residential areas in Port Colborne significantly limits the interpretation of these results. 

 
Despite the limitations in the available data for Ni concentrations in backyard garden produce, it is 
apparent that Ni concentrations are higher in fruits and vegetables from Port Colborne when 
compared to the average Canadian value. This is demonstrated in the CBRA report in Figure 3B.2 
(Comparison of the Average Concentration in Backyard Fruits to the Average Concentration from 
the Health Canada Total Diet Study, 2001-2007) and Figure 3B.3 (Comparison of the average 
concentration in backyard vegetables to the average concentration from the Health Canada Total 
Diet Study, 2001-2007). These Figures are included below.   
 

 
(Screen Grab Stantec 2014, Appendix 3B page 1-20) 
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(Screen Grab Stantec 2014, Appendix 3B page 1-21) 

 
It is noteworthy that Ni levels are elevated even in samples collected from Zone D, an area with 
lower Ni soil contamination than found in Zone B. In addition, in some cases, there is very high 
uncertainty in the estimated Ni concentration in specific produce as the results are based on only 
one sample (e.g. the concentration for broccoli in Figure 3B-3 is based on a single sample). 
Another concern with the sampling design is that the majority of the data is for soils with Ni 
concentrations less than 1,500 mg/kg. No data is available for Ni levels in local garden produce 
when Ni soil concentrations exceed 6,680 mg/kg.  According to the CBRA report (HHRA 2007), 
soil concentrations are a poor predictor of produce concentration; however, some relationships 
between soil Ni concentration and Ni concentrations in fruit (Peaches, Plums, and Strawberries) 
and vegetables (leafy vegetables, rhubarb) were identified in the CBRA report. A positive 
correlation of higher Ni in plants at higher soil Ni concentrations would be expected based on 
the results of the Crops ERA. While the backyard garden sampling was designed to represent 
community exposure, the available data does not reflect the upper end of expected soil Ni levels 
that can occur in residential gardens in Port Colborne (See MOECC Table B2 below).  In 
addition, there is no information on the potential exposure to Ni from locally grown garden 
produce at the soil concentrations recommended in the CBRA report at the RBSCs (i.e., 48,000 
mg/kg Ni in Zone B). Therefore, in absence of additional sampling, caution is warranted in using 
this information as part of developing the RBSC and in applying the recommended RBSC (that 
has not considered the potential for backyard garden produce grown in soil conditions at the 
RBSC) to contribute to the total dietary exposure. 

 
 
MOECC Table B2: Port Colborne Garden Soil Ni Concentrations 

 
 Co-localized Garden Produce Soil Ni Concentrations 

Zone Average 
(mg/kg) 

75th Percentile 
(mg/kg) 

95th Percentile 
(mg/kg) 

Maximum 
(mg/kg) 

B (ABC combined) 705 845 1552 6680 
D 353 380 1450 2720 
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Vale Response: Comment received. 

Estimated Contribution of Ni from the Supermarket Food Basket 
 
For the supermarket exposure, the revised estimate developed by Stantec for Ni levels in various 
food products incorporates Port Colborne data supplemented with the Canadian data. This was 
done by Stantec using the following protocol: (1) for food categories with less than 10 samples, 
food concentrations were based on the average of the Port Colborne study but supplemented with 
the Canadian yearly averages (developed from a total of 8 data sets between 2001 and 2007) and 
(2) for food categories with 10 or more samples, concentrations food concentrations were 
estimated based on the higher of the upper confidence level of the (geometric) mean and the 75th 

percentile from the Port Colborne data only. As demonstrated in the CBRA report in Figure 3B.7 
(Concentrations of Nickel in Supermarket Food), Ni concentrations used in the CBRA are 
generally similar to the Canadian average (2001-2007). However, notable exceptions are apparent 
where lower Ni concentrations are observed for the Port Colborne estimate for beverages, meat 
and poultry, and fruits (Figure 3B.7 provided below). For these food categories, it is unclear why 
the Port Colborne data should be lower than the Canadian average and raises questions regarding 
the adequacy of this Port Colborne specific Supermarket data to properly represent the 
community supermarket diet. It is noteworthy that consistent with the findings from the Crops 
ERA, higher Ni concentrations were observed for the Port Colborne estimate for the grain 
products food. The food categories beverages and meat and poultry are discussed in more detail 
below.   

 
(Screen Grab Stantec 2014, Appendix 3B pp 1-29) 

 
For the beverages food category, Ni concentrations are estimated to be 5 times lower in 
the CBRA than the Canadian average (HC Total Diet Study, 2001-2007). The 
discrepancy for this difference was not identified. However, the lower Ni content in this 
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category reported for Port Colborne is similar to estimates reported by the US FDA and 
the UK. While a total of 11 samples were collected (see Table 3B.7 of CBRA report, 
Food Categories and Sample Sizes used in the Port Colborne Food Basket Study), 
MOECC believes this food category should be treated as if it had less than 10 samples 
and that the data should be combined with the Canadian yearly average for non-alcoholic 
beverages. This is because the Port Colborne estimate includes inappropriate beverages 
for a toddler such as white wine, whiskey, coffee, tea, beer, and caffeinated cola drinks 
((see Table E.2-1 Supermarket Food Results (Beverages) - Port Colborne Determination 
of Gravimetric Metal Concentrations Port Colborne CBRA June-August, 2002 (Volume 
V - Appendix 19, Local Supermarket Food Basket  2007)). These beverages samples 
should not be used to represent a toddler’s intake for the beverage food category. 

 
For the Meat and Poultry food category, the estimate is based on 22 samples (Table 3B.7 
Food Categories and Sample Sizes used in the Port Colborne Food Basket Study). The 
estimated Ni in this food category is substantially lower than the average Canadian 
(2001-2007) estimate. The CBRA report accounts for this discrepancy by noting that 
special control for Ni during sample preparation and cooking was done (including the 
avoidance of Ni containing utensils and pots), to avoid any contribution of Ni from 
sample preparation. This was done because an earlier Canadian Total Diet Survey 
(Dabeka 1995), observed that new stainless steel cookware contributed to the 
Ni content of food. This finding was supported by a limited study undertaken by Jacques 
Whitford 2007 (Volume V, Appendix 19, Attachment D, Cooked Food Screening Study Report)   
that reported no significant contributions of Ni occurred due to cooking in a well-used stainless 
steel pan in comparison to a ceramic pan. As mentioned in the CBRA report (page 1.25 of 
Appendix 3B, Changes in Input Assumptions and Data), Health Canada did not process food with 
specific control for nickel, that cookware is typically reused from year to year, and that Health 
Canada does not keep track of when specific cooking items are replaced with new ones. 
Therefore, Stantec concluded that “it is possible that the elevated concentrations of nickel 
reported in meat and poultry from the Health TDS (2001-2007) are due to the release of artificial 
nickel from the use of new stainless steel cookware”. MOECC does not dispute that Ni may be 
released into the meats and poultry as part of food preparation and cooking. However, the Health 
Canada Total Diet Study contains appropriate and valid data as it uses food preparation and 
cooking methods that are reflective of typical cooking methods. It is unreasonable to assume that 
local residents in Port Colborne would not cook with stainless steel cookware and that they would 
not be replaced from time to time. In addition, given that Health Canada’s data is based on a 
much larger multiyear sampling (2000-2007) and that they re-used cookware, any release of Ni 
associated with brand new stainless steel cookware would not be expected to repeatedly occur. It 
is also noted that the Health Canada Total Diet Study has recently been used by CCME (2015) to 
estimate total Ni dietary intake in developing the most recent Canadian Soil Quality Guideline. 

 
Based on these examples, and given the limited Port Colborne sampling, MOECC recommends 
that for estimating the supermarket food basket, the Health Canada estimate should be used or 
that all food categories should be combined with the Canadian yearly averages. It is anticipated 
that this would result in a higher estimate of supermarket dietary exposure for the average Port 
Colborne toddler used in the CBRA. 

 
Note: some discrepancies in reported values were noted between the written text in the updated 
CBRA report (2014) and the model provided to the ministry by Stantec. In order to facilitate the 
MOECC’s review of the CBRA, the model values are reported. 

Vale Response: Comment received.  Given that the appropriate application of any TRV based on 

the Springborn (SLI, 2000a,b) data is in addition to baseline (or background) dietary exposures, 

the Port Colborne-specific incremental contribution of backyard garden produce to baseline 
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dietary exposures is an important consideration. 
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Appendix C: Bioavailability/Bioaccessibility of Ni in Port Colborne Soils to 

People via Ingestion Route 

 
Overall Conclusions on Bioaccessibility: 

 
The ministry supports the general argument that not all of the Ni in soil is biologically available. 
That is, if a person consumes soil containing Ni, not all the Ni would be available for absorption 
from the soil in the gastrointestinal tract (i.e., bioaccessible) and the resulting absorption of Ni 
into the bloodstream would be less than 100% (i.e., bioavailable).  However, the ministry does 
not support the approach used in the risk assessment to estimate the bioaccessibility of Ni. 
Specifically, the ministry believes that the estimates are too low and, for the purpose of this risk 
assessment, underestimate Ni exposure from soil and the risk resulting from incidental ingestion. 
A summary of the key issues are provided below followed by a detailed discussion. 

 
Summary of Key Issues: 

 
1.   MOECC does not support Ni bioavailability estimates from in-vivo studies with rats 

 
Laboratory studies on rats were conducted for this CBRA to estimate the amount of Ni that is 
absorbed from ingestion of Ni in Port Colborne soil. This in-vivo estimate is not supported by the 
ministry for the following reasons: 

 Bioavailability studies using Ni: There is no approved method for estimating 
absorption of Ni from in-vivo studies. The approach followed for the other COCs in 
the risk assessment was based on in-vitro bioaccessibility studies. This information 
is also available for Ni and is more reliable for use in the risk assessment. 

 Species tested: The bioavailability studies were conducted using adult rats. 
o Rats are not an appropriate species for estimating Ni absorption from the 

gastrointestinal tract because they have a different gut physiology from 
humans and do not reflect human absorption; and 

o The adult rat is not relevant for estimating bioavailability in a human toddler 
(which has the highest estimated exposure to Ni in soil through incidental 
ingestion). 

 Experimental conditions: A single dose was used in the experiment. 
o Depending on the soil type, the bioavailability of Ni in soil may be greater at 

lower soil concentrations. Since mainly high soil Ni concentration were 
evaluated in these experiment, the estimated bioavailability may not be 
applicable to some of the Ni soil concentrations in Port Colborne that are 
appropriate for the residential community; and 

o The single dose tested was not sufficient to achieve steady state conditions as 
expected under chronic conditions thus limiting the interpretation of the 
study. 

 
2.   MOECC does support using bioaccessibility estimates from in-vitro studies 

 
New bioaccessibility data has been provided and has contributed greatly to the understanding of 
bioaccessibility for the various soil types and has filled significant data gaps identified previously 
by MOECC. 

 
The ministry reviewed the Ni bioaccessibility estimates made for the three soil types: fill, clay 
and organic soil; and recalculated the Ni bioaccessibility using all of the fill data (including the 
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2002 Exponent data for the fill soil that was omitted by Stantec) and using the 95th upper 
confidence limit of the mean (95th UCLM) rather than the mean. The 95th UCLM should be used 
in the risk assessment as a reasonably conservative and supportable estimate of the fraction of Ni 
in soil that is soluble in the human gastrointestinal environment and available for absorption. 
Based on the ministry’s recalculations, the estimated bioaccessibility of Ni in soil is now much 
higher than those values used in the CBRA. Estimated Ni bioaccessibility that is supported by the 
MOECC is provided below (MOECC Table C1) along with a comparison to the values referenced 
in the CBRA sensitivity analysis. Additional discussion of the bioaccessibility values supported 
by the MOECC is provided in the detailed comment section below. 

 
MOECC Table C1: Comparison of Stantec/Vale Bioaccessibility Calculations to MOECC 
Recalculations 

 

 
Soil Type 

 

Stantec Calculations (Mean) Ni 
Bioaccessibility (%) 

 

MOECC Calculations (95th UCLM) 
Ni Bioaccessibility (%) 

Fill *8.7 (without 2002 Exponent data) 21 (with 2002 Exponent data) 

Clay 9.4 15 
Organic 22 32 

* used in the sensitivity analysis by Stantec (note: 5.8% bioavailability was used in the CBRA) 
 
 
Detailed Comments on Bioavailability and Bioaccessibility 

 
1.   Inappropriate Reliance on in-vivo Data Derived from Studies using an Adult Rat to 

Estimate the Relative Oral Bioavailability in Human Toddlers 
 
MOECC has significant concerns with the reliance on in-vivo data derived from studies using an 
adult rat to estimate the Relative Oral Bioavailability (ROB) for human toddlers. Specifically 
these concerns are: 

 Inappropriate use of the rat model to investigate soil oral Ni bioavailability. 
 Limitations in the in-vivo study design and context to existing literature on Port Colborne 

soil bioavailability. 
 Limitation in the extrapolation of bioavailability information to predict absorption of Ni 

in toddlers. 
 Inability to develop a ROB for toddlers because critical information is missing from the 

key studies used for the oral Ni TRV. 
 
The inappropriate use of the rat model together with the limitations in the bioavailability testing 
preclude the use of this in-vivo bioavailability information in the determination of the ROB for 
use in the Port Colborne CBRA. 

Vale Response: Responses to these individual bullet points are interleaved in each section. 

 

Inappropriate use of the in-vivo rat model to investigate Ni soil oral bioavailability. 
 
In general, the rat model is an inappropriate model to investigate the soil oral bioavailability of Ni 
and is not recommended by other regulatory agencies. This is supported by Health Canada 
(2010), which notes that “…laboratory rat species appear to be inappropriate for in-vivo 
investigations of oral bioavailability from soil”.  Physiologically, the rat gut is different than 
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humans, in that it has a two compartment stomach (including a fore-stomach) rather than a one 
compartment stomach. As a nocturnal feeder, the fore-stomach functions to store food for later 
digestion. Consequently the rat stomach does not reach a low pH of 1 -2 that is typical in humans 
under fasting conditions and associated with increased Ni uptake. In humans under experimental 
conditions, there is a decrease in Ni absorption when Ni is taken with food. Experimentally, a low 
pH has been demonstrated to liberate more Ni from Port Colborne soils thus increasing the 
available Ni for absorption. As a consequence, the rat model would not liberate as much Ni from 
soil as would be expected in humans under fasting conditions and cannot be relied on for estimating 
a health-protective soil Ni bioavailability estimate. 

 
In soil bioavailability testing, the accepted in-vivo models rely on testing done with a juvenile pig 
(as used in the IEUBK US EPA model for Pb, US EPA 2002). The juvenile swine gut is more 
physiologically comparable to that of the human toddler. In the revised report, Stantec refers to 
the use of the rat in-vivo data as being the “gold standard” (page 3.77). This statement is not 
supportable. The “gold standard” would be a chronic, multiple exposure in-vivo study with 
juvenile pigs. 

 

Vale Response: Health Canada (2010) also made the following statement regarding the use of 

rats for in vivo bioavailability estimation (p. 52, section 4.7.3.1 of Health Canada (2010) [Federal 

Contaminated Site Risk Assessment in Canada, Part V: Guidance on Human Health Detailed 

Quantitative Risk Assessment for Chemicals (DQRAChem)].  

It should be noted, however, that laboratory rat species appear to be inappropriate 
for in vivo investigations of oral bioavailability from soil. A review of published 
studies pertaining to arsenic (As), cadmium (Cd), and lead (Pb) concluded that 
bioavailability of these soil-borne contaminants in rats was consistently low 
relative to other mammalian species, including humans (JWEL, 2005). 

Health Canada’s citation of JWEL (2005) refers to the report entitled “Ingestion bioavailability of 

Arsenic, Lead, and Cadmium in Human Health Risk Assessments: Critical Review and 

Recommendations.  Prepared for Health Canada Environmental Health Assessment Services, Safe 

Environments Program.  Project No. N050604.”  The JWEL (2005) report, which is available online  

(http://www.bioavailabilityresearch.ca/Health%20Canada%20Bioavailability.final.pdf ) 

reviewed several studies and purported to show  that arsenic bioavailability in rats was the 

lowest among several different animal species.  The Health Canada (2010) and JWEL (2005) 

reports raise more questions to Vale than they provide answers, and they certainly do not 

unequivocally demonstrate that a rat model is inappropriate for studying bioavailability.  The 

studies that used rats for estimating bioavailability did not uniformly indicate lower 

bioavailability estimates, and the two papers by Ng et al.  (Ng et al. 1998 and Ng et al. 2003) 

cited by JWEL (2005) reported arsenic bioavailability differently. Secondly,  the values reported 

by JWEL (2005) in the report to Health Canada do not appear to reflect the information present 

in the original papers by Ng et al.  Vale will not critique the JWEL (2005) report in detail here, but 

considers the report to be  flawed.  The studies reviewed by JWEL (2005) covered a wide range of  

methodological differences.   The differences among the speciation of  As, Pb, and Cd compounds 

presented within each of these different studies makes it difficult (if not impossible) to compare 

the results in any meaningful way.  However, it is of interest to Vale that the JWEL (2005) report 

clearly recommends that for Ni, at least, a rat model should be used for bioavailability studies for 

Ni in soil, since the toxicity study upon which the TRV is based is also a rat model.  The following 

passage is taken from p. 19 of JWEL (2005). 
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In the case where oral toxicity reference values for use in human health risk 
assessment have been derived from a specific test species, then it would be most 
appropriate to use that test species in the development of oral bioavailability of 
contaminants from soil. For example, the United States Environmental Protection 
Agency (US EPA) oral reference dose (RfD) used in the toxicity assessment of oral dose 
of nickel from soils of 20 µg/kg-d, was derived from the no observed adverse effect 
level (NOAEL) from a feeding study of rats with nickel dosed food (US EPA, 1987). The 
RfD is used as an administered dose and thus the oral bioavailability is accounted for 
in the administered dose. Therefore, subsequent bioavailability studies of nickel from 
soil should employ a similar rat model so that administered doses could be compared. 

This comment was not carried forward by Health Canada, but makes perfect sense.  In cases 

where TRVs have been derived from rat studies, it makes sense to use a rat model to ascertain 

site-specific bioavailability in human health risk assessments which rely on a TRV derived from a 

rat study (with uncertainty factors of 100 applied to the point of departure).  The consideration 

of site-specific bioavailability in rats is a logical approach in cases where a TRV has been derived 

from a rat study.   

 

 
Limitation in the extrapolation of bioavailability information to predict absorption of Ni in 
toddlers. 

 
There is an inherent limited ability to use animal models to make predictions on the absorption of 
Ni in the toddler. Even with available information in humans there is variability in absorption of 
Ni between the adult versus the toddler. This is highlighted by Cal EPA (2005) that considers Ni 
absorption in the toddler to be generally 10 times greater than the adult. In addition, Cal EPA 
2005, which developed a child specific Ni TRV (chRD) do not recommend applying an 
adjustment for bioavailability or bioaccessibility when conducting an exposure assessment 
because of uncertainties associated with predicting update in toddlers (See also MOE 2011, 
HHRA review comment #18).  Cal EPA recommendation supports a prudent approach when 
considering the ROB for the assessment of the toddler to ensure that Ni exposure from soil is not 
underestimated. 

 
Compounding this issue is the fact that the rat model used by the proponent is an adult that does 
not represent a toddler stage. In rats, the juvenile stage is considered less than 21 days old. 
In spite of these limitations, the in-vivo information is considered further by the ministry as the Ni 
oral TRV used in the CBRA was determined using a rat model and additional discussion is 
warranted. 

Vale Response: Vale agrees with the Ministry that animal models have a limited ability to predict 

the absorption of substances ingested orally by humans.  Nevertheless, the rat is the most 

heavily studied and common mammalian model for use in clinical studies of pharmaceuticals and 

other substances.  Both key studies used as the basis for TRVs (Ambrose et al. 1976 and SLI, 

2000a,b) used rats.  It seemed obvious to Vale to use a rat model to conduct further studies to 

supplement the findings of the original rat bioavailability study conducted in the CBRA.  The use 

of other animal models (juvenile swine or primates) is fraught with difficulties and their value is 

overstated.  Rat studies represent a logical approach for understanding nickel risk. 
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Limitations in the in-vivo study design and context to existing literature on Port Colborne soil 
bioavailability. 

 
Even though the rat was used in the determination of the Ni TRVs, there are general limitations in 
the study design (in addition to the above noted limitations to the rat model) that do not support 
the use of the in-vivo information in the ROB estimate. The in-vivo experimental design included 
the dosing of male Sprague-Dawley rats with a single gavage dose of NiSO4.6H2O or with soil 
containing Ni. The absorption of the control test substance nickel sulfate has been reported as 
high as 39% (Vasiluk et al., 2011). This absolute bioavailability is substantially higher than what 
is expected under chronic conditions. Under chronic conditions, the absolute bioavailability is 
expected to be much lower in the low percent range (e.g., 5%) under steady state conditions. As 
steady state conditions were not reached in the experiment conducted for this CBRA, this raises 
concerns about the representativeness and utility of a single dose scenario to provide an estimate 
of the relative absorption between soil and the control test substance. 

 
In these experiments, in order to detect absorbed Ni in urine, the rats received a large quantity of 
soil. It is expected that this will disproportionally affect the stomach pH, essentially mimicking 
greater feed state, in comparison to the control test substance dosing. It is also important to note 
that specific details on dosing were not available for the MOECC review (Vale 2012) and 
therefore our comments are based on the assumption that there are no concerns with that data. 

 
An additional degree of uncertainty is raised in the ROB estimates (ranging from 5.8% to 22%) 
used in the revised CBRA report in comparison to a higher 56% reported in Vasiluk et al., (2011) 
for a Port Colborne soil sample (based on an absolute bioavailability of 22 ± 12% in comparison 
to the 39% absolute bioavailability of the control test substance (NiSO4.6H2O)). A direct 
comparison from this study to the Port Colborne CBRA cannot be made as a particle fraction of 
the soil sample tested (particle size ranged between 150-250 µm at a soil concentration of 1720 
mg/kg) differs from the standard testing procedure and the vehicle for the control test substance 
dosing was different. 

Vale Response: The Vasiluk et al. (2011) value cited by the Ministry is a 24-hour estimate based 

on the partially complete fecal mass balancing of the applied dose.  The value reported by 

Vasiluk et al. (2011) should therefore be considered to be a lower-tier data source.   Dutton et al. 

(2019) have provided context for this result that was not available when the Ministry reviewed 

the Update Report.   

The single dose of NSHH provides a “clean” estimate of oral bioavailability with no concern over 

carry-over from dosing in previous days.  There is no inherent reason to think that bioavailability 

is different after one or many days of exposure; there would just be different technical 

considerations as to how to measure it after repeated doses.  Refer to Annex 3 for an in-depth 

discussion concerning the interpretation of nickel bioavailability in Port Colborne.  

 
 
Inability to develop a ROB for toddlers because critical information is missing from the key 
studies used for the oral Ni TRV. 

 
The absolute bioavailability or absorption of Ni was not determined in the rat study by Springborn 
2001 (supporting the TRV of 11 µg/kg-bw/day) or the human study by Neilson et al., 1999 
(supporting the TRV of 12 µg/kg-bw/day). This limits the ability to develop relative oral 
bioavailability estimates. While a ROB based on literature values could be estimated, it would be 
of limited value as most of the available information is confined to the adult and not the toddler 
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receptor. 

Vale Response: The in vivo studies conducted by Vale included two “mini-studies” (Dutton et al., 

2019).  The mini-studies mimicked the bioavailability of NSHH under conditions of the Springborn 

study and approximating that of the Ambrose study (the two studies mostly commonly used as 

the basis for TRVs).  The term “approximated” is used because in the Ambrose study, exposed 

rats were allowed to feed freely (ad libitum) on NSHH added to rat chow, but in Mini-study #2 

(Dutton et al., 2019) the Ni-spiked rat chow was dosed to rats by gavage to ensure accurate 

dosing, which could not be obtained from the original Ambrose study.  The correction for oral 

bioavailability was achieved  by comparing bioavailability from the “Springborn” mini-study with 

the “Ambrose” mini-study and applying this estimate of relative oral bioavailability to the 

human receptor for which risk is being assessed.  This follows from the Ministry’s own direction 

to Vale for both the Sudbury Soils Study and the CBRA in its memo entitled “Port Colborne CBRA 

HHRA – MOE comments on May 2005 draft (as presented to the proponent on September 6, 

2007)”  

 
 

2.   Inappropriate Screening and Analysis of in-vitro Bioaccessibility Data 
 
Bioaccessibility can be determined in a test tube (referred to as an in-vitro assay) under 
standardized laboratory conditions. The procedure consists of a 2-step process that mimics 
conditions in the stomach (phase one) and the intestine (phase two). Although, an established 
method for determining Ni bioaccessibility in soil does not currently exist, the methods used in 
the CBRA to determine bioaccessibility in Port Colborne soils are similar to the method used and 
accepted by the US EPA (2007) for lead (Pb), arsenic (As) and some other metals. For Ni, the 
first phase of the process, that mimics conditions in the stomach (under acidic or low pH 
conditions) is the phase used in the assessment of Ni bioaccessibility. 

 
In this CBRA update report, Stantec considered the in-vitro bioaccessibility data for Ni only in 
their sensitivity analysis. However, in-vitro bioaccessibility data was used in the main analysis for 
the other COC’s (Cu, As and Co). The estimated ROB values for Ni in soil have been revised for 
each of the 3 soil types (fill, clay, and organic) in this CBRA update report but rely only on new 
data from Vale 2012 and previous data from JWL 2002. The in-vitro data developed by Exponent 
2002 and used by the MOE in the Rodney Street Risk Assessment (2002) was not used. 

 
The bioaccessibility values presented by Stantec in the updated CBRA report are generally higher 
than those in the earlier version of the CBRA, and now are specific to each soil type based on the 
new information from Vale 2012. For Ni, the revised in-vitro bioaccessibility values are 8.7% for 
fill soil, 9.4% for clay soil, and 22% for organic soil. These values are all higher than the previous 
version where Ni ROB was estimated at 4% for all 3 soil types. 

 
MOECC reanalyzed the in-vitro bioaccessibility data for all three soil types using all of the 
bioaccessibility data (Exponent 2002, JWL, 2002 and Vale 2012). This re-analysis is presented 
below for each of the soil types. 

 
Fill Soil Type: Inappropriate Analysis of in-vitro Bioaccessibility Data 

 
Overall, a small number of soil sampling locations were used to represent the variability of Ni 
bioaccessibility in the Fill soil type. While the revised CBRA report suggests a sample size of 6, 
only 2 soil locations were tested (TP17 and TP9). The variability in the soil matrix has not been 
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sufficiently addressed by using repeated sampling from the TP9 location (5 of the 6 soil samples 
used to determine the bioaccessibility estimate were from TP9 (see Table 3E-3). Although these 
soil samples cover a large range of Ni soil concentrations (from about 8,800 to 17,500 mg/kg), 
the bioaccessibility estimates for TP9 are relatively stable at 7.0 ± 0.8% (mean ± standard 
deviation). This can be compared to the one measurement at TP17 (soil Ni = 3,265 mg/kg), where 
the Ni bioaccessibility estimate is much higher at 17.0%. Comparing the results from TP9 and 
TP17 suggests that the Ni concentration in the soil and/or the soil sampling location has a strong 
influence on Ni bioaccessibility. The data was re-plotted by sample location to reflect the 
influence of sample location and soil conditions on Ni bioaccessibility (MOECC Figure C1). 

Vale Response: Vale recognizes that these samples were from a small number of test pits.  The 

samples were archived and had been characterized in the CBRA and were available to conduct a 

bioavailability study.  Despite these issues, it is the underlying speciation that determines the 

bioavailability, so there is value to this research. 

 
Fill Soil Type: Inappropriate Screening of in-vitro Bioaccessibility Data 

 
The original bioaccessibility information determined by Exponent (2002) should also have been 
used to estimate the bioaccessibility for the Fill soil type. This Exponent data was not used in the 
revised CBRA report by Stantec despite being used in previous version of the CBRA primarily 
due to concerns with potential interference from the glycine buffer used in the Exponent (2002) 
testing procedure. However, the effect of glycine buffer (isoelectric point pH 6) is limited to 
potential interference in the second phase (phase two - intestinal) bioaccessibility estimate; not 
the first phase (phase one - stomach) bioaccessibility estimate. MOECC believes the Exponent 
data is valid and should be used to determine Ni bioaccessibility since the phase one data is not 
compromised by the additional of the glycine buffer. 

 
Another concern Stantec had with the Exponent data was that there was higher average 
bioaccessibility estimates in the Exponent (2002) samples which Stantec/Vale attribute to the 
presence of organic soils. As noted in the revised CBRA report, organic soils are predicted to 
have higher bioaccessibility than Fill or Clay soil samples. MOECC believes that the Exponent 
(2002) samples are representative of the Rodney Street community, which has been 
characterized using the general term of “Fill” to reflect the variable nature of the soil type and 
to reflect that it is neither organic or clay soil types. Together, the Exponent (2002) samples are 
considered by the MOECC to be valid phase one (stomach) bioaccessibility estimates that 
represent 10 sample locations within the Rodney street community at expected soil Ni levels 
(all less than 8,000 mg/kg) and therefore, were considered in the re-analysis of the Fill soil 
type. 

 

Fill Soil Type: Re-analysis of the ROB 
 
There appears to be a relationship between Ni bioaccessibility and soil Ni concentration where Ni 
bioaccessibility is higher at lower soil Ni levels (MOECC Figure C1). This relationship can be 
statistically determined with high confidence (see Section 3 below). However, MOECC believes 
that a reasonable conservative (i.e., erring on the side of caution) estimate is to use the 95% 
UCLM (an upper estimate of central tendency). This is consistent with the MOECC practice for 
all risk assessments. Using all of the bioaccessibility data (including the data from Exponent, 
2002) results in a 95% UCLM of 21% for fill soils (see MOECC Figure C1 and Table C2 below). 
Note: this recommended bioaccessibility estimate captures the range of bioaccessibility for soils 
with Ni concentrations <8,000 mg/kg (which range from 11 to 28%). 
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MOECC Figure C1 

 

 

MOECC Table C2: The following data was used to determine the Fill soil 
bioaccessibility estimate: 

 
 CBRA Report (2014) Re-analysis (MOECC)  

In-vitro 
Experiment 

Sample 
Location 

[soil]Ni 
mg/kg 

Bioaccessibility 
(%) 

[soil]Ni 
mg/kg 

Bioaccessibility 
(%) 

Vale (2012) TP17 3265 17 3265 17 

Vale(2012) TP9 13848 6.7 
 

 
 

12007 ± 
3752 

 
 
 

7.0 ± 0.8 

Vale(2012) TP9 17420 7.7 

Vale(2012) TP9 8680 7.8 

Vale (2012) TP9 8489 5.8 

JWL (2002) TP9 11600 6.9 
Exponent 

(2002) 
 

1 
  

 

7310 
 

11 

Exponent 
(2002) 

 
2 

  
 

1840 
 

28 

Exponent 
(2002) 

 
3 

  
 

5370 
 

20 

Exponent 
(2002) 

 
4 

  
 

6410 
 

18 

Exponent 
(2002) 

 
5 

  
 

5620 
 

23 

Exponent 
(2002) 

 
6 

  
 

5730 
 

16 

Exponent 
(2002) 

 
7 

  
 

6200 
 

11 

Exponent 
(2002) 

 
8 

  
 

5290 
 

20 

Exponent 
(2002) 

 
9 

  
 

3040 
 

20 
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Exponent 
(2002) 

 

10 
  

 

4270 
 

18 

  

8.7 
 

 

17.4 
Average 
(Mean) 

  

21.0 
95th

 

UCLM 

28.0 95th ile 

 
Summary Point Estimate of Bioaccessibility for Fill Soil Type 

 
For the HHRA, the 95th UCLM of the Fill soil type data at 21.0% bioaccessibility is 
supported as a CTE estimate.  For the sensitivity analysis, the 95th percentile at 28.0% 
bioaccessibility is supported as a RME estimate. 

Vale Response: As mentioned in the previous response, the Ministry’s data overestimate (provide 

a conservative estimate of bioaccessibility. 

Clay Soil Type: Inappropriate Analysis of in-vitro Bioaccessibility Data 

 
As with the fill soil type, many of the clay soil samples were taken from the same sampling 
location suggesting a greater number of soil locations than actually tested and raising concerns 
with treating the bioaccessibility estimates from the same location as independent discrete 
samples. As a consequence, the clay bioaccessibility data were re-analyzed by MOECC by 
sample location (MOECC Figure C2). It should also be noted that the amount of bioaccessibility 
information for the clay soils is vastly improved over previous versions of the CBRA. Instead of 
only one soil location, information is now available for 8 locations. 

Vale Response: Vale recognizes that these samples were from a small number of test pits.  The 

samples were archived and had been characterized in the CBRA and were available to conduct a 

bioavailability study. 

Clay Soil Type: Re-analysis of the ROB 
 
Contrary to the results for the fill soil, there does not appear to be a relationship between Ni 
bioaccessibility and soil Ni concentrations. However, as with the fill soil, MOECC believes that a 
reasonable conservative estimate is to use the 95% UCLM. Using all of the bioaccessibility data 
(including the data from Vale 2012) results in a 95% UCLM of 15% for clay soils (see MOECC 
Figure C2 and Table C3 below). Note: this recommended bioaccessibility estimate captures the 
range of bioaccessibility for clay soils with Ni concentrations <8,000 mg/kg (which range from 
10 to 17%). 
 

 
MOECC Figure C2 
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MOECC Table C3: The following data was used to determine the clay soil type bioaccessibility: 
 
 CBRA Report (2014) Re-analysis(MOECC)  

In-vitro 
Experiment 

Sample 
Location 

[soil]Ni 
mg/kg 

Bioaccessibility 
(%) 

[soil]Ni 
mg/kg 

Bioaccessibility 
(%) 

Vale (2012) TP3 8912 9.4 8912 9.4 
Vale (2012) TP5 9527 10.2  

7775 ± 2344 
 

9.8 ± 1.0 Vale (2012) TP5 8686 10.1 
Vale (2012) TP5 5112 9.1 
Vale (2012) TP6 13798 12 13798 12.0 
Vale (2012) TP-J2 5816 14.5  

4579 ± 1749 
 

16.7 ± 3.0 
Vale (2012) TP-J2 3342 18.8 
Vale (2012) TPK2-1 968 12.2  

939 ± 40 
 

13.0 ± 1.0 
Vale (2012) TPK2-1 911 13.8 
Vale (2012) TP206 12495 7.9  

8399 ± 3631 
 

10.1 ± 2.8 Vale (2012) TP206 5572 9.1 
Vale (2012) TP206 7131 13.2 
Vale (2012) Hruska 5019 16.4 5019 16.4 
JWL (2002) G3A 9580 14 9580 14.0 

  

12 
 

 

12.7 
Average 
(Mean) 

  

15.0 
95th

 

UCLM 
16.7 95th ile 

 
 
 

Summary Point Estimate of Bioaccessibility for Clay Soil Type 
 

For the HHRA, the 95th UCLM of the Fill soil type data at 15.0% bioaccessibility is 
supported as a CTE estimate.  For the sensitivity analysis, the 95th percentile at 16.7 % 
bioaccessibility is supported as a RME estimate. 

Vale Response: Comment received. 

Organic Soil Type: Inappropriate Analysis of in-vitro Bioaccessibility Data 
 

As with the fill soil type, many of the organic soil samples were taken from the same 
sampling location suggesting a greater number of soil locations than actually tested 
and raising concerns with treating the bioaccessibility estimates from the same location 
as independent discrete samples. As a consequence the organic bioaccessibility data 
were re-analyzed by MOECC by sample location (MOECC Figure C3). It should also 
be noted that the amount of bioaccessibility information for the organic soils is vastly 
improved over previous versions of this report. Instead of only one soil location, 
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information is now available for 8 locations. 
 

Organic Soil Type: Re-analysis of the ROB 
 

As observed for the clay soil, there does not appear to be a relationship between Ni 
bioaccessibility and soil Ni concentrations. However, as with the fill soil, MOECC 
believes that a reasonable conservative estimate is to use the 95% UCLM. Using all of 
the bioaccessibility data (including the data from Vale 2012) results in a 95% UCLM of 
32% for organic soils (see MOECC Figure C3 and MOECC Table C4 below). Note: 
this recommended bioaccessibility estimate captures the range of bioaccessibility for 
organic soils with Ni concentrations <8,000 mg/kg (which range from 15 to 35%). 

 

 
 

MOECC Figure C3 

 
 
 

MOECC Table C4: The following data was used to determine the 
organic soil type bioaccessibility: 
 CBRA Report (2014) Re-analysis(MOECC)  

In-vitro 
Experiment 

 

Sample Location 
[soil]Ni 
mg/kg 

Bioaccessibility 
(%) 

[soil]Ni 
mg/kg 

Bioaccessibility 
(%) 

Vale (2012) Groetlarr 9754 20.6 8921 ± 
1177 

 

21 ± 0.5 
Vale (2012) Groetlaar 8089 21.3 

 

Vale (2012) 
SS20 Low 
Organic 

 

239 
 

32.0 
 

239 
 

32.0 

 

Vale (2012) 
SS27 Med 
Organic 

 

1640 
 

23.5 
 

1640 
 

23.5 

 

Vale (2012) 
SS25 V.High 

Organic 

 

8125 
 

34.4 
 

8125 
 

34.4 

Vale (2012) Ni 1000c 2547 15.3 2547 15.3 
Vale (2012) TP-R4 2369 33.1 2369 33.1 
Vale (2012) TP-S 1980 26.0  

 
1668 ± 210 

 
 

26.7  ± 0.9 
Vale (2012) TP-S 1527 27.0 
Vale (2012) TP-S 1590 27.8 
Vale (2012) TP-S in Qe 1574 25.9 
JWL (2002) G1A 9980 26.0 9980 26 
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26 
 

 

26.5 
Average 
(Mean) 

  

32.0 
95th

 

UCLM 
34.4 95th ile 

 

 

Summary Point Estimate of Bioaccessibility for Organic Soil Type 
 
For the HHRA, the 95th UCLM of the Fill soil type data at 32.0% bioaccessibility is supported as 
a CTE estimate. For the sensitivity analysis, the 95th percentile at 34.4% bioaccessibility is 
supported as a RME estimate. 

Vale Response:  Comment received.  Vale understands that the organic muck soils have higher 

bioavailability than clay or fill. A potential mechanism responsible for this has been proposed in 

Dutton et al. (2020). 

 
3.   Other factors that combined reduce the overall confidence in the proposed 

bioavailability and bioaccessibility estimates. 
 
The ministry has low confidence in the revised CBRA report for the changes made to determine 
the Relative Oral Bioavailability based on Bioavailability and Bioaccessibility estimates for the 
following reasons: 

 Only summary information is provided for both the bioavailability and bioaccessibility 
estimates in the revised CBRA; this includes new information (Vale 2012) presented for 
the first time to the MOECC. For example, the updated CBRA report does not provide 
any information on study design, lab reports (SOPs, QA/QC procedures) and methods of 
analysis. 

 There are still inconsistencies in the reporting of sample information.  For example, the 
sample locations as reported in Tables (e.g. Tables 3E-1 and 3E-2) is sometimes different 
than those indicated in Figures (e.g. map Figures 3E-3 and 3E-3). 

 Figure 3E-4 line (including r2) could not be reproduced by the ministry based on the 
information provided in Tables 3E-2 and 3E-3 (Figure 3E-4 provided below followed by 
the ministry’s re- analysis in MOECC Table 5C). 

 
Screen Grab:  Figure 3E-4: Optimized log relationship between bioaccessibility (BA) of nickel 
and the concentration in fill soil (Updated Report 2014) 
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MOECC Table 5C: Ministry Re-analysis of fill soil bioaccessibility 
 

 

 Log R2
  

 

Fill Bioaccessibility 
with MOE 

(Exponent, 2002) 

BA = -9.8 In {Ni} soil + 101 0.82 Reported 
BA = -9.98 In {Ni} soil + 101.9 0.717 Re-calculated 
BA = 32.99 - 0.003796 x [Ni] 
soil + 1.336E-7 x ([Ni] soil)2

 

 

0.756 
 

Re-calculated 

 
 
Note: Even though the reported relationship in the CBRA report could not be reproduced; the 
potential change does not result in a significant difference in the bioaccessibility estimates, but a 
lower confidence in the equation (R2). The Line of Best Fit statistics have not been used to 
determine the quadratic line, but it appears to have a better fit to the data. 

 
Estimated Bioaccessibility (%) using the recalculated new line (Ln) 

 
 Bioaccessibility (%) 

[soil]Ni mg/kg Measured Calculated 
7310 11 12.4 
1840 28 26.5 
5370 20 16.4 
6410 18 14.1 
5620 23 15.9 
5730 16 15.6 
6200 11 14.6 
5290 20 16.6 
3040 20 22.7 
4270 18 19.2 

13848 6.7 6.0 
17420 7.7 7.3 
8680 7.8 10.1 
8489 5.8 10.4 
3265 17 22.0 

11600 6.9 6.9 
 



48 

 

 

 
 

Discussion 
 
Several meetings were held between Vale and the MOECC on Ni speciation work to investigate 
if distance from the refinery (i.e., the source) was related to Ni solubility (i.e., bioaccessibility) 
due in part to a decrease in particle size with distance (since smaller particles travels farther in 
air) and Ni speciation of these particles.  In other words, the closer a soil is to the facility, the 
more likely it is to have larger particles associated with lower soluble Ni metal. Thus, the highest 
concentrations of soil Ni close to the facility may not be as bioaccessible as lower soil Ni 
concentrations farther from the facility. Based on the analysis conducted with this data, it appears 
to be the case for Fill soil where Ni bioaccessibility in soils with Ni greater than 8,000 mg/kg is 
much lower (about 7%) than Ni bioaccessibility estimates for soils with Ni less than 8,000 mg/kg 
(range from 10 to 28%). While this would be expected to hold true for all three soil types, the 
analysis was not able to support this for the clay or organic soils. 

Vale Response: Comment received.  

Summary Estimate of Bioaccessibility data for Fill Soil: 
 
The ministry’s re-analysis supports the Fill soil equation of BA = 32.99 - 0.0003796 x [Ni]soil + 
1.336E-7 x ([Ni]soil)2, based on individual samples; not considering sample location. While the 
upper confidence limits for this relationship could be used to develop a site-specific 
bioaccessibility estimate for any given soil Ni concentration, the Ministry recommends that the 
95th UCLM of 22% be used instead (as discussed previously). A comparison of the 
bioaccessibility estimates from the updated CBRA report and the ministry’s re-analysis is 
provided below (MOECC Table C6). 
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Appendix D: Outdoor Soil to Indoor Dust Ratio in Port Colborne 

 
Overall Conclusions on the outdoor soil to indoor dust ratio: 

 
Based on a limited number of samples, the ratio between Ni in indoor dust and Ni in soil was 
estimated in this CBRA to be 0.2 (i.e., dust contains 20% of the total Ni that is found in soil from 
the Port Colborne community).  This ratio was used in the CBRA to estimate the Ni concentration 
of indoor dust from measured Ni concentrations in soil as part of developing the RBSC. The 
ministry has concerns with this ratio primarily because the dataset is too small to develop a robust 
estimate and also because the ratio of Ni in indoor dust to Ni in soil is often much higher than 0.2 
below a soil Ni concentration of 2,000 mg/kg. 

 
The ministry agrees that given the uncertainty associated with the limited data available, a ratio of 
0.2 could be considered an acceptable qualitative value for characterizing soil with Ni 
concentrations greater than 2,000 mg/kg. However we do not support using this ratio for soils 
with Ni concentrations less than 2,000 mg/kg. Instead, MOECC calculated a ratio of Ni in indoor 
dust to Ni in outdoor soil of 0.56 for Ni concentrations < 2,000 mg/kg using a modified dataset of 
the CBRA’s dust and soil data. 

 
MOECC notes that while the ratio of 0.2 may be acceptable at the RBSC proposed in the CBRA 
(e.g., 48,000 mg/kg for the Rodney Street community), it is inappropriate to use for developing a 
RBSC at soil Ni concentrations less than 2,000 mg/kg. Quantitatively, the use of this ratio is 
limited for the following reasons: (1) it was based on a limited number of paired samples with 
high Ni soil concentrations (n=6); (2) approximately 65% of the data has a ratio greater than 0.2); 
and (3) it does not account for the variability across the distribution of the data. 

 
For Ni concentrations less than 2,000 mg/kg, the ratio of 0.56 determined by the MOECC lies 
between the generic default values of 0.39 used in the Rodney Street Risk Assessment Report 
(MOE, 2002) and a ratio of 0.7 used in the US EPA’s Integrated Exposure and Uptake Biokinetic 
(IEUBK) model for lead exposure to children (US EPA, 2002). MOECC is aware that even 
higher indoor dust to outdoor soil ratios in residential areas has been reported in the literature. 
However, these higher estimates are derived at relatively low soil Ni concentrations (as compared 
to the large range of elevated Ni soil concentrations observed in Port Colborne soil) and are often 
influenced by indoor sources of Ni that are independent of the outdoor soil. 

 
The ratio used for Ni in indoor dust to outdoor soil is also much lower than that observed for the 
other compounds of concern in this CBRA. For example, the concentration of arsenic in dust is 5 
times the levels in soil. Similarly, copper dust concentrations are 2 times and cobalt dust 
concentrations are equal to the outdoor soil concentrations. These higher ratios for the other 
COCs are likely due to the fact that the soil concentrations are not as elevated (when compared to 
Ni)  than background levels and do not reflect the wide range of soil concentrations as observed 
with Ni. MOECC is also aware that a higher residential ratio of Ni in indoor dust of 4.3 times the 
outdoor soil concentration was determined as part of the Sudbury Soils Study from a much larger 
dataset (n = 88; SARA, 2005). However, this higher ratio for Sudbury (which ranged from 1.5 to 
32 times the outdoor soil) than observed for Port Colborne would be expected as the Sudbury data 
had lower Ni soil concentrations (from 22 to 3,390 mg/kg; mean = 480 mg/kg), and there 
continues to be an active sources of Ni from aerial emissions in Sudbury. Overall, despite the 
limited paired samples from the Port Colborne dataset (n=15 from zones 1 and 2), a site-specific 
ratio calculated from the limited available data is preferred than using a literature default value. 
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In summary, the basis of a ratio of 0.2  proposed by Stantec is limited and at best can be used to 
predict Ni in dust for soil Ni concentrations greater than 2,000 mg/kg. MOECC supports the use 
of a Ni in indoor dust to Ni in outdoor soil ratio of 0.56 when soil Ni concentrations are less than 
2000 mg/kg. 

Vale Response: Vale accepts the Ministry’s analysis, given the limited data available.   

Limitations in Data and Analysis 
 
In MOECC Figure D1 (Concentration Ratio Plots for COCs - Nickel), the ratio of 0.2 proposed 
by Stantec is represented by a red line. As noted in the CBRA report, based on a “visual 
inspection” of these 28 co-localized soil and indoor dust samples, Stantec identified a Ni 
concentration of 1,500 mg/kg as a inflection point or as a “ratio cut-off” and selected a ratio of 
0.2 that appears to reflect an upper estimate of the 6 datapoints above this concentration. 

 

 
 
MOECC Figure D1 (Figure 3B.1; Screen Grab Stantec 2014, Appendix 3B pp 1.12) 

 
 
However, most of the data is for soil Ni concentrations below 1,500 mg/kg (n=21 of 28 samples). 
The large variability of the Ni in indoor dust to Ni in outdoor soil ratio in these samples is also 
clearly evident at Ni concentrations < 1,500 mg/kg ranging from 0.1 to 2.3. The limited number 
of samples at the higher soil Ni concentrations (n = 6 for Ni > 1,500 mg/kg; n = 4 for Ni > 2,000 
mg/kg) is insufficient to properly characterize the variability and uncertainty inherent in this ratio 
and severely limits meaningful statistical interpretation of this data at these Ni concentrations. 
An indication of this variability can be seen when the actual dust and soil data is plotted 
(MOECC Figure D2). 
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MOECC Figure D2 

 
 

While a weak linear relationship can be determined (r2 = 44) when comparing the natural log of 
Ni in indoor dust to the natural log of Ni in outdoor soil (MOECC Figure D3), this plot clearly 
illustrates the high variability in this relationship. 

 
 
MOECC Figure D3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ni Concentration at Inflection Point or “Ratio Cut Off” 
 
In the CBRA update report, Stantec states that the ratio of 0.2 is “conservative for predicting the 
concentrations in dust when the concentrations in soil exceed the ratio cut-off in each CR plot. 
Ratio cut-offs were established by determining the soil concentration where the data clearly 
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departs from the horizontal relationship.”  However, since this ratio cut-off was based on visual 
observation and not on statistical analysis, the ratio of 0.2 and the “ratio cut-off” of 1,500 mg/kg 
can’t be supported quantitatively. However, qualitatively, MOECC recognizes that: 

 At low Ni outdoor soil concentrations, other indoor sources of Ni can contribute to the 
observed higher ratios of Ni in indoor dust to Ni in outdoor soil concentrations and likely 
contribute to the higher variability of the data, and 

 At higher Ni outdoor soil concentrations, indoor sources of Ni are less influential 
 
Based on this qualitative assessment, it is reasonable to expect that a decrease in Ni 
concentrations in dust to soil ratios would be expected as soil Ni concentrations increases over the 
observed range of soil Ni concentrations. However, it is not clear where the cut-off should be that 
distinguishes between high and low soil Ni concentrations. Based on the limited data, it appears 
that 1,500 mg/kg may be too low as out of the 6 datapoints between 1,000 and 2,000 mg/kg, one 
value greatly exceeds this ratios (i.e., sample #205: soil = 1,064 mg/kg, ratio = 0.7). As a result, 
MOECC believe that the ratio cut-off point should be 2,000 mg/kg instead of 1,500 mg/kg. 
Despite the limited number of paired samples, the ratio of 0.2 is greater than the maximum 
calculated ratio of 0.16 observed in this dataset. Therefore, MOECC recommends using the ratio 
of 0.2 only if soil Ni concentrations exceed 2,000 mg/kg. 

Vale Response: Vale accepts the Ministry’s analysis, given the limited data available. 

Re-analysis of the Paired Outdoor Soil to Indoor Dust Ratio 
 
In order to address concentrations below 2,000 mg/kg, the paired dust and soil data was re- 
analyzed (raw data provided in MOECC Table D1). Only soil data from Zone 1 and 2 with soil 
Ni concentrations greater than 200 mg/kg but less than 2,000 mg/kg were used in this re-analysis 
to minimize the likelihood of other indoor sources of Ni influencing the results and to focus on 
the concentration range of interest. The modified dataset had a smaller number of paired samples 
(n=15) with soil Ni concentrations ranging from 222 to 1,783 mg/kg. The overall average soil and 
dust Ni concentration was calculated to be 835 and 291 mg/kg respectively. 

 
Based on this re-analysis, the average (arithmetic mean) of 0.56 is recommended by MOECC for 
use in the calculation of the RBSC when soil Ni concentrations are less than 2,000 mg/kg. 
Although a higher dust to soil ratio is expected for homes with soil Ni concentrations below 200 
mg/kg (as high as 2.3), the overall contribution of Ni in dust to overall Ni exposure at this soil Ni 
concentration is relatively minor. 

 
Overall, MOECC recognizes that there is uncertainty with this estimate and that further paired 
sampling would be required to better characterize the relationship between Ni concentrations in 
indoor dust and outdoor soils. 
 
 

MOECC Table D1 - Data used to determine the outdoor soil to indoor dust ratio. 
Data was extracted From Table 3B.2: Concentration of paired samples of outdoor 
soil and indoor dust (vacuum samples of soft surface only) from Port Colborne 
homes. 

 
  

CBRA Report (2014) 
 

Re-analysis (MOECC) 
 

Sample 
ID 

Soil [Ni] 
(mg/kg) 

Dust[Ni] 
(mg/kg) 

Soil [Ni] 
Dust [Ni] 

Soil [Ni] 
(mg/kg) 

Dust[Ni] 
(mg/kg) 

Soil [Ni] 
Dust [Ni] 

101 1319 167 0.13 1319 167 0.13 
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103 6800 629 0.09    

104 5428 247 0.05    

106 1560 245 0.16 1560 245 0.16 

107 625 775 1.24 625 775 1.24 

108 1278 141 0.11 1278 141 0.11 

109 1783 300 0.17 1783 300 0.17 

110 814 112 0.14 814 112 0.14 

112 4384 652 0.15    

113 1563 189 0.12 1563 189 0.12 

201 496 217 0.44 496 217 0.44 

202 2935 409 0.14    

203 603.5 150 0.25 603.5 150 0.25 

204 351 170 0.48 351 170 0.48 

205 1063.5 743 0.7 1063.5 743 0.7 

206 72.25 138 1.91    

207 272 628 2.31 272 628 2.31 

208 222.75 312 1.4 222.75 312 1.4 

209 268.25 106 0.4 268.25 106 0.4 

210 310 104 0.34 310 104 0.34 

301 96.5 108 1.12    

302 177.75 113 0.64    

304 109 95 0.87    

305 123.5 52 0.42    

306 172 N/A N/A    

307 42.5 67 1.58    

308 51 72 1.41    

309 113 170 1.5    

310 64.75 83 1.28    

 835 291 0.56 Average 
 
 

Vale Response: Vale accepts the Ministry’s analysis, given the limited data available. 

 

Appendix E: Soil Ingestion Rate Exposure Assumption 

 
Overall Conclusions on Soil Ingestion Rate: 

 
The ministry has considered the alternative incidental soil ingestion rate (SIR) of 110 mg/day for 
the toddler receptor and find that it is reasonable for use in the CBRA. However, this represents a 
Central Tendency Exposure (CTE) estimate in the calculation of exposure from the soil and dust 
pathways. The ministry also considers the SIR of 200 mg/day to be valid for use in the CBRA as 
a Reasonable Maximum Exposure (RME) estimate. The SIR of 200 mg/day has been identified as 
conservative assumption (MOE, 2011) and MOECC maintains its use in the development of 



58 

 

 

Brownfields (O. Reg. 153/04) soil standard setting. The incidental SIR is the key exposure 
assumption used in the CBRA in estimating exposure from the combined soil and dust pathways. 
As the SIR does not distinguish between soil and dust it may be assumed for both the soil and 
dust exposure pathways using the 45:55 ratio as assumed in the US EPA’s Integrated Exposure 
and Uptake Biokinetic (IEUBK) model for lead in children (US EPA, 2002). In addition, as done 
in the CBRA, the soil pathway may also be pro-rated for winter snow cover, where exposure to 
soil outdoors is considered negligible or zero. 

 
It is recognised that the SIR inherently has limitations in estimating the amount of soil and dust 
ingested. In fact, the US EPA (2011) noted that the SIR has an overall “low” confidence rating. 
Given these limitations and based on the rationale provided by Stantec in the CBRA, the ministry 
can support using a SIR of 110 mg/day as a CTE in the CBRA. However, the ministry does not 
agree with the statement that “A soil/dust ingestion rate of 200 mg/day (MOE, 2011) for a toddler 
is not supported by current literature or recommendations by the US EPA (1997, 2011) and 
Health Canada (2009, 2012) for application as a chronic intake.”  It should be noted that the 
children’s SIR in the US EPA’s 2011 Exposure Factor Handbook recommends 100 mg/day 
(rounded from 110 mg/day) for ages 1 to <6 years as a population central tendency estimate. The 
upper percentile recommendation for soil and dust ingestion of 200 mg/day for 3 to < 6 years old 
is based on the 95th percentile value obtained from modelling (Ozkaynak et al., 2011) and from 
the 95th percentile value obtained from tracer studies (Stanek and Calabrese, 1995). In addition, 
the Ozkaynak et al., (2011) modelling (probablistic human-activity-based-physical model) was 
limited to the 3 to < 6 years old child; a younger age category would have been preferred, to 
cover the age around the 2 year old toddler when hand-to-mouth activity is assumed to be higher. 

 
In consideration of the US EPA 2011 Exposure Factor Handbook, the OSWER Directive 9200.1- 
120 (2014) (which applies to Superfund sites) considers 200 mg/day as an upper bound estimate 
for residential child soil ingestion rate as their standard default exposure factor. This 
recommendation supersedes the Risk Assessment Guidance for Superfund: Human Health 
Evaluation Manual (RAGS), Parts A through E. 

 
In summary, the MOECC supports the use of SIRs of 110 and 200 mg/day within the CBRA as 
CTE and RME estimates respectively.  Furthermore, it is recommended that in calculating the 
RBSCs that the CTE and RME estimates are used to bracket risk management considerations. 

Vale Response: Vale accepts the Ministry’s analysis. 
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Annex 1. Natural Environment ERA Additional Details 

As the Ministry has pointed out in comments, the original CBRA Natural Environment Risk 

Assessment did not evaluate a worst-case scenario for terrestrial ecological risk.  Rather, more of 

a central tendency estimate of exposure across the entire area of deposition was assessed, so 

risks associated with exposures in the areas of highest contamination, such as woodlot #17 (the 

“Reuter Road” woodlot) were not calculated, and the risk estimates were underestimated for 

such sites.  The Update Report proceeded to estimate risk for the areas of highest contamination, 

but the use of the MEP approach did not characterize the worst-case risk.  In this annex, the 

tables below provide an assessment of the worst-case risk expected in the terrestrial natural 

environment of the Port Colborne area.  Several other ancillary issues are also discussed in this 

annex, in reference to Ministry comments in the main body of the comment-response dialogue 

above. 

In relation to comment #18 above, Table A1-1 provides the 95% UCLM (calculated in Excel), 

which becomes 2,943 mg Ni/kg soil with these two data points (I-H-2 and I-H-4) included and 

with three samples (CS-H-7, CS-H-8, and CS-H-9) removed, as their Ni concentrations (364, 410, 

and 355 mg/kg, respectively) were clearly not from the same population of contamination as the 

other soil samples in the data set.  In addition, an organic soil (denoted as “earthworm soil” and 

containing 2,971 mg Ni/kg) that was orally dosed to rats by gavage in a bioavailability study 

conducted by Vale has also been included in Table A1-1 (Dutton et al., 2019).  Risk estimates in 

this response to comments consider this new value (2,943 mg/kg rather than the 2,404 mg/kg 

value used in the Update Report).  In addition, earthworms were collected from the same 

location from which the organic soil was collected and their guts were allowed to clear so that 

no soil was present.  These worms were pooled and homogenized and orally dosed to rats by 

gavage.  The Ni content of these gut-cleared worms was 6.9 ± 1.0 mg/kg (wet weight) and, 

coincidentally, the bioavailability was 6.9% (95% CI [2.27, 11.48]) (Dutton et al., 2019). 
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The Ni TRVs commonly used for ecological receptors are quite outdated by now.  The NOAEL- and 

LOAEL-derived TRVs from Sample et al. 1996 (Toxicological Benchmarks for Wildlife: 1996 

Edition) are based on the Ambrose et al. (1976) study, and the “O’Dell” TRV used by CCME and 

promoted by the Ministry in its comments are no longer relevant.  Ecological risks due to Ni 

should be assessed using a TRV derived from the Springborn reproductive studies, just as human 

health risks are.  Jacques Whitford initially attempted to use a TRV derived in such a way in the 

original Port Colborne Ni ERA, but derived it on a nickel sulphate hexahydrate basis, not on a Ni 

basis, the latter being the appropriate approach, given that we are interested in Ni, not NSHH. 

In Table A1-2, the post-implantation and perinatal loss (PPL) data in their totality for the three 

components of the overall Springborn 2-generation reproductive toxicity studies are provided.  

The pooled control data (second last row of Table A1-2) are the most appropriate for identifying 

the NOAEL and LOAEL doses to use for ecological risk assessment.   

Sample Nickel

CS-H-4 2460

CS-H-5 2000

I-H-3 1860

I-H-5 4310

OS-H-1 1350

OS-H-2 1550

OS-H-26 1770

OS-H-27 935

OS-H-28 2000

OS-H-29 2000

OS-H-3 2900

I-H-2 3790

I-H-4 2600

Earthworm Soil 2971

OS-H-6 3820

Average 2421

S.D. 943

n 15

95% C.I. 522

Upper 95% UCLM 2943

Table A1-1.  Soil [Ni] (mg/kg) revised 

fromTable B-2 of Stantec 2014 CBRA 

Update Report
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The upper confidence limit for the pooled controls (7.4 %) does not overlap with the lower 

confidence limit for the 16.5 mg/kg/d dose level from the F0 generation (13.9%), making 16.5 

mg/kg/d the LOAEL.  The upper confidence limit for the pooled controls (7.4 %) does overlap with 

the lower confidence limit for the 11 mg/kg/d dose level from the F0 generation (6.5 %), making 

11 mg/kg/d the NOAEL.   

In Tables A1-3-A1-5, below, risk scenarios are presented for the woodlot, while in Tables A1-6-1-

A8 contain calculations for the adjacent field conditions. Three receptors were selected for these 

comparisons: the meadow vole (Tables A1-3 and A1-6), the short-tailed shrew (Tables A1-4 and 

A1-7), and the red fox (Tables A1-5 and A1-8).  In these tables, the columns are notated so that 

the reader might scrutinize the calculations for accuracy. 

In each of these pairs of tables, six individual scenarios have been selected.  The specific changes 

Study

Dose  (mg Ni/kg/d)                                     

(in addition to baseline 

dietary exposure)

Post-

implanation 

and perinatal 

loss (PPL) (%)

95% 

Confidence 

Interval

Lower 95% 

confidence 

limit

Upper 95% 

confidence 

limit

F0 Generation (dose range-

finding study) 0 (controls) 2.1 3.1 -1.0 5.2

F0 Generation (dose range-

finding study)
1

2.2 4.3 3.8 0.5 8.14

F0 Generation (dose range-

finding study) 4.4 10.4 8.2 2.2 18.6

F0 Generation (dose range-

finding study) 6.6 14.4 10.6 3.8 25

F0 Generation (dose range-

finding study) 11 17.5 11 6.5 28.5

F0 Generation (dose range-

finding study) 16.5 36 22.1 13.9 58.1

F1 generation 0 (controls) 6.6 3.1 3.5 9.7

F1 generation 0.22 10.9 7.7 3.2 18.6

F1 generation 0.55 8.1 4 4.1 12.1

F1 generation 1.1 10.2 4.5 5.7 14.7

F1 generation 2.2 14.6 5.7 8.9 20.3

F2 generation 0 (controls) 5.9 2.5 3.4 8.4

F2 generation 0.22 9.3 6.2 3.1 15.5

F2 generation 0.55 8.8 3.5 5.3 12.3

F2 generation 1.1 8.6 2.8 5.8 11.4

F2 generation 2.2 9.9 2.8 7.1 12.7

Pooled controls (F0, F1, 

and F2) 0 (controls) 5.7 1.7 4.0 7.4

From the Literature Historical Controls
2

8.13 8.13 8.02 8.24

Table A1-2.  Post-implantation and perinatal loss data from the Springborn Ni reproductive toxicity studies used to 

derive mammalian TRVs for the ecological setting.

2..  The historical control data are from 3541 pregnant female rats from 209 studies, as compiled by Lang (1993).

1.  One dam (#204) at this dosing level lost all pups on lactation day 0 and was excluded from analysis.  Had that dam 

been included, the average and 95% C.I. would become 16.2 and 26.7, respectively (which also would have 

overlapped the control confidence limits - i.e. were not different from controls).
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to each scenario are provided immediately below. 

Exposure Point Concentration (EPC): In column B of Tables A1-3-A1-5 (woodlot scenario), the 

exposure point concentration(EPC) was the maximum soil [Ni] of 33,000 mg/kg, which was also 

the maximum value measured in the CBRA.  In column B of Tables A1-6-A1-8, for the field 

scenarios, the EPC was the maximum soil Ni concentration from Table A1-1 (4,310 mg Ni/kg soil). 

TRV: For each of the three pairs of scenarios in each table, different TRVs were used (column M) 

to allow some discussion of the estimated risk from the different scenarios.  Scenarios 1 and 2 

used the “O’Dell” TRV employed by the CCME, as mentioned by the Ministry.  This TRV is not a 

scientifically sound TRV, in Vale’s opinion, but is provided for context.  Scenarios 3 and 4 use the 

NOAEL-based TRV of 11 mg/kg/d, derived above.  Typically, NOAEL-based TRVs are used to 

assess risk to endangered or otherwise sensitive species.  In this case, the NOAEL-based TRV is 

already for a sensitive endpoint (reproduction) and the TRV is essentially identifying the 

maximum dose that could be applied to a receptor without causing a significant increase in 

reproductive impairment among the population of exposed receptors.  Scenarios 5 and 6 use the 

LOAEL-based TRV derived above (16.5 mg/kg/d).  In this case, the LOAEL-based TRV would 

indicate moderate reproductive impairment would be possible under the scenario. 

Bioaccessibility/Bioavailability:  In all six tables, for each pair of scenarios using the same TRV, 

the bioavailability assumptions used for soil and food are provided in Columns C and H.  In each 

table, scenarios 1, 3, and 5 use the Ministry-recommended values of 0.22 for soil bioaccessibility 

and 1.0 for food bioaccessibility, with the bioaccessible values representing a conservative 

representation of bioavailability.  In scenarios 2, 4, and 6, the upper 95th percentile value of the 

measured bioavailability of organic soils from Dutton et al. (2019) was used (0.0067 (0.67%))7.  

The bioavailability of Ni from food (default value of 1.0 recommended by the Ministry) is 

replaced in the second pair of each scenario by the value 0.1148, which is the UCLM of 

bioavailability of gut-cleared earthworms gavage dosed to rats in Dutton et al. (2019).  The 

bioavailability adjustments are discussed in detail in Annex 3. 

The TRVs have similar values, so the Hazard Quotients are quite similar, although the O’Dell TRV 

is not particularly sound and should not be used.  For both the woodlot scenarios and the field 

scenarios, the Hazard Quotients for all three receptors are heavily influenced by the 

bioavailability assumptions.  A detailed discussion of bioavailability assumptions is provided in 

Annex 3.  When appropriate bioavailability adjustments are used, the risks are seen to be 

acceptable for all six scenarios.  It initially may seem counter-intuitive that such a very large soil 

Ni concentration (33,000 mg/kg) would have such low predicted risk for the woodlot scenarios, 

but it is because of the chemical forms of the Ni in the soil, which are so poorly bioavailable that 

this is the case.  Failing to account for this factor leads to risk overestimation.  Vale has 

 

7 The oral bioavailability of Ni in organic soil was determined for seven soil samples from three sampling 

locations in Dutton et al. (2019).  Eight animals were dosed with each soil.  The highest upper 95% 

confidence limit value values from among these organic soils was extracted from Table 5 of Dutton et al. 

(2019)) 0.67 (%) (i.e., 0.0067). 
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continued to conduct research to understand the risks associated with the metal contamination 

caused by its refinery emissions between 1918 and 1984.  These new risk calculations reflect 

Vale’s continued learnings. 

 

 

 

Scenario # Organism Site

    (A)              Soil 

Ingestion Rate 

(kg/d)

        (B)                    Soil 

[Ni] (mg/kg)

  ( C)           

Bioaccessible/   

Bioavailable 

Fraction

     (D)                         

(A*B)               

Total Daily Ni 

Intake from Soil 

(mg)

      (E)                         

(A*B*C)                        Total 

Daily Actual 

(Bioaccessible) Ni Intake 

from Soil (mg)

1 Meadow Vole Woodlot 0.00037 33000 0.22 12.197 2.683

2 Meadow Vole Woodlot 0.00037 33000 0.0067 12.197 0.082

3 Meadow Vole Woodlot 0.00037 33000 0.22 12.197 2.683

4 Meadow Vole Woodlot 0.00037 33000 0.0067 12.197 0.082

5 Meadow Vole Woodlot 0.00037 33000 0.22 12.197 2.683

6 Meadow Vole Woodlot 0.00037 33000 0.0067 12.197 0.082

Scenario # Organism Site

                                              

(F)               Food 

Intake Rate 

(kg/d)           (fw 

basis)

                                                             

(G)                         Food 

[Ni]                     

(mg/kg fw)

                                                    

(H)             

Bioaccessible/   

Bioavailable 

Fraction

      (I)                          

(F*G)                

Total Daily Ni 

Intake from Diet 

(mg)

                                                                      

(J)                                 

(F*G*H)        

Bioaccessible Daily Ni 

Intake from Diet (mg)

1 Meadow Vole Woodlot 0.0154 37.0 1 0.571 0.571

2 Meadow Vole Woodlot 0.0154 37.0 0.1148 0.571 0.065

3 Meadow Vole Woodlot 0.0154 37.0 1 0.571 0.571

4 Meadow Vole Woodlot 0.0154 37.0 0.1148 0.571 0.065

5 Meadow Vole Woodlot 0.0154 37.0 1 0.571 0.571

6 Meadow Vole Woodlot 0.0154 37.0 0.1148 0.571 0.065

Scenario # Organism Site

    (K)              

Body Weight 

(kg)

 (L)                           

((E+J)/K)          Sum of 

Daily Oral 

Bioaccessible/   

Bioavailable Ni from 

Soil and Food 

(mg/kg/d)

        (M)                     

Daily Toxicity 

Reference Vale 

(TRV) (mg/kg/d)

1 Meadow Vole Woodlot 0.044 74.0 14.5

2 Meadow Vole Woodlot 0.044 3.3 14.5

3 Meadow Vole Woodlot 0.044 74.0 11.0

4 Meadow Vole Woodlot 0.044 3.3 11.0

5 Meadow Vole Woodlot 0.044 74.0 16.5

6 Meadow Vole Woodlot 0.044 3.3 16.5

Table A1-3.  Ecological Risk Assessment Woodlot Risk Scenarios for the Meadow Vole.

 (N)                                                                            

(L/M)                                                    Hazard 

Quotient

5.10

0.23

6.72

0.30

4.48

0.20
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Scenario # Organism Site

    (A)              Soil 

Ingestion Rate 

(kg/d)

        (B)                    Soil 

[Ni] (mg/kg)

  ( C)           

Bioaccessible/   

Bioavailable 

Fraction

     (D)                         

(A*B)               

Total Daily Ni 

Intake from Soil 

(mg)

      (E)                         

(A*B*C)                        Total 

Daily Actual 

(Bioaccessible) Ni Intake 

from Soil (mg)

1 Short-tailed shrew Woodlot 0.000191 33000 0.22 6.3 1.4

2 Short-tailed shrew Woodlot 0.000191 33000 0.0067 6.3 0.0

3 Short-tailed shrew Woodlot 0.000191 33000 0.22 6.3 1.4

4 Short-tailed shrew Woodlot 0.000191 33000 0.0067 6.3 0.0

5 Short-tailed shrew Woodlot 0.000191 33000 0.22 6.3 1.4

6 Short-tailed shrew Woodlot 0.000191 33000 0.0067 6.3 0.0

Scenario # Organism Site

                                              

(F)               Food 

Intake Rate 

(kg/d)           (fw 

basis)

                                                             

(G)                         Food 

[Ni]                     

(mg/kg fw)

                                                    

(H)             

Bioaccessible/   

Bioavailable 

Fraction

      (I)                          

(F*G)                

Total Daily Ni 

Intake from Diet 

(mg)

                                                                      

(J)                                 

(F*G*H)        

Bioaccessible Daily Ni 

Intake from Diet (mg)

1 Short-tailed shrew Woodlot 0.00795 35.3 1 0.281 0.3

2 Short-tailed shrew Woodlot 0.00795 35.3 0.1148 0.281 0.0

3 Short-tailed shrew Woodlot 0.00795 35.3 1 0.281 0.3

4 Short-tailed shrew Woodlot 0.00795 35.3 0.1148 0.281 0.0

5 Short-tailed shrew Woodlot 0.00795 35.3 1 0.281 0.3

6 Short-tailed shrew Woodlot 0.00795 35.3 0.1148 0.281 0.0

Scenario # Organism Site

    (K)              

Body Weight 

(kg)

 (L)                           

((E+J)/K)          Sum of 

Daily Oral 

Bioaccessible/   

Bioavailable Ni from 

Soil and Food 

(mg/kg/d)

        (M)                     

Daily Toxicity 

Reference Vale 

(TRV) (mg/kg/d)

1 Short-tailed shrew Woodlot 0.015 111.1 14.6

2 Short-tailed shrew Woodlot 0.015 5.0 14.6

3 Short-tailed shrew Woodlot 0.015 111.1 11.0

4 Short-tailed shrew Woodlot 0.015 5.0 11.0

5 Short-tailed shrew Woodlot 0.015 111.1 16.5

6 Short-tailed shrew Woodlot 0.015 5.0 16.5

Table A1-4.  Ecological Risk Assessment Woodlot Risk Scenarios for the Shrew.

0.45

6.73

0.30

 (N)                                                                            

(L/M)                                                    Hazard 

Quotient

7.61

0.34

10.10
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Scenario # Organism Site

    (A)              Soil 

Ingestion Rate 

(kg/d)

        (B)                    Soil 

[Ni] (mg/kg)

  ( C)           

Bioaccessible/   

Bioavailable 

Fraction

     (D)                         

(A*B)               

Total Daily Ni 

Intake from Soil 

(mg)

      (E)                         

(A*B*C)                        Total 

Daily Actual 

(Bioaccessible) Ni Intake 

from Soil (mg)

1 Red Fox Woodlot 0.010800 33000 0.22 356.400 78.408

2 Red Fox Woodlot 0.010800 33000 0.0067 356.400 2.388

3 Red Fox Woodlot 0.010800 33000 0.22 356.400 78.408

4 Red Fox Woodlot 0.010800 33000 0.0067 356.400 2.388

5 Red Fox Woodlot 0.010800 33000 0.22 356.400 78.408

6 Red Fox Woodlot 0.010800 33000 0.0067 356.400 2.388

Scenario # Organism Site

                                              

(F)               Food 

Intake Rate 

(kg/d)           (fw 

basis)

                                                             

(G)                         Food 

[Ni]                     

(mg/kg fw)

                                                    

(H)             

Bioaccessible/   

Bioavailable 

Fraction

      (I)                          

(F*G)                

Total Daily Ni 

Intake from Diet 

(mg)

                                                                      

(J)                                 

(F*G*H)        

Bioaccessible Daily Ni 

Intake from Diet (mg)

1 Red Fox Woodlot 0.45 37.0 1 16.672 16.672

2 Red Fox Woodlot 0.45 37.0 0.1148 16.672 1.914

3 Red Fox Woodlot 0.45 37.0 1 16.672 16.672

4 Red Fox Woodlot 0.45 37.0 0.1148 16.672 1.914

5 Red Fox Woodlot 0.45 37.0 1 16.672 16.672

6 Red Fox Woodlot 0.45 37.0 0.1148 16.672 1.914

Scenario # Organism Site

    (K)              

Body Weight 

(kg)

 (L)                           

((E+J)/K)          Sum of 

Daily Oral 

Bioaccessible/   

Bioavailable Ni from 

Soil and Food 

(mg/kg/d)

        (M)                     

Daily Toxicity 

Reference Vale 

(TRV) (mg/kg/d)

1 Red Fox Woodlot 4.5 21.1 14.6

2 Red Fox Woodlot 4.5 1.0 14.6

3 Red Fox Woodlot 4.5 21.1 11.0

4 Red Fox Woodlot 4.5 1.0 11.0

5 Red Fox Woodlot 4.5 21.1 16.5

6 Red Fox Woodlot 4.5 1.0 16.5

Table A1-5.  Ecological Risk Assessment Woodlot Risk Scenarios for the Red Fox.

1.28

0.06

 (N)                                                                            

(L/M)                                                    Hazard 

Quotient

1.45

0.07

1.92

0.09
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Scenario # Organism Site

    (A)              Soil 

Ingestion Rate 

(kg/d)

        (B)                    Soil 

[Ni] (mg/kg)

  ( C)           

Bioaccessible/   

Bioavailable 

Fraction

     (D)                         

(A*B)               

Total Daily Ni 

Intake from Soil 

(mg)

      (E)                         

(A*B*C)                        Total 

Daily Actual 

(Bioaccessible) Ni Intake 

from Soil (mg)

1 Meadow Vole Field 0.00037 4310 0.22 1.593 0.350

2 Meadow Vole Field 0.00037 4310 0.0067 1.593 0.011

3 Meadow Vole Field 0.00037 4310 0.22 1.593 0.350

4 Meadow Vole Field 0.00037 4310 0.0067 1.593 0.011

5 Meadow Vole Field 0.00037 4310 0.22 1.593 0.350

6 Meadow Vole Field 0.00037 4310 0.0067 1.593 0.011

Scenario # Organism Site

                                              

(F)               Food 

Intake Rate 

(kg/d)           (fw 

basis)

                                                             

(G)                         Food 

[Ni]                     

(mg/kg fw)

                                                    

(H)             

Bioaccessible/   

Bioavailable 

Fraction

      (I)                          

(F*G)                

Total Daily Ni 

Intake from Diet 

(mg)

                                                                      

(J)                                 

(F*G*H)        

Bioaccessible Daily Ni 

Intake from Diet (mg)

1 Meadow Vole Field 0.0154 6.9 1 0.106 0.106

2 Meadow Vole Field 0.0154 6.9 0.1148 0.106 0.012

3 Meadow Vole Field 0.0154 6.9 1 0.106 0.106

4 Meadow Vole Field 0.0154 6.9 0.1148 0.106 0.012

5 Meadow Vole Field 0.0154 6.9 1 0.106 0.106

6 Meadow Vole Field 0.0154 6.9 0.1148 0.106 0.012

Scenario # Organism Site

    (K)              

Body Weight 

(kg)

 (L)                           

((E+J)/K)          Sum of 

Daily Oral 

Bioaccessible/   

Bioavailable Ni from 

Soil and Food 

(mg/kg/d)

        (M)                     

Daily Toxicity 

Reference Vale 

(TRV) (mg/kg/d)

1 Meadow Vole Field 0.044 10.4 14.5

2 Meadow Vole Field 0.044 0.5 14.5

3 Meadow Vole Field 0.044 10.4 11.0

4 Meadow Vole Field 0.044 0.5 11.0

5 Meadow Vole Field 0.044 10.4 16.5

6 Meadow Vole Field 0.044 0.5 16.5

Table A1-6.  Ecological Risk Assessment Field Risk Scenarios for the Meadow Vole.

0.63

 (N)                                                                            

(L/M)                                                    Hazard 

Quotient

0.72

0.04

0.94

0.05

0.03



68 

 

 

 

Scenario # Organism Site

    (A)              Soil 

Ingestion Rate 

(kg/d)

        (B)                    Soil 

[Ni] (mg/kg)

  ( C)           

Bioaccessible/   

Bioavailable 

Fraction

     (D)                         

(A*B)               

Total Daily Ni 

Intake from Soil 

(mg)

      (E)                         

(A*B*C)                        Total 

Daily Actual 

(Bioaccessible) Ni Intake 

from Soil (mg)

1 Short-tailed shrew Field 0.000191 4310 0.22 0.8 0.2

2 Short-tailed shrew Field 0.000191 4310 0.0067 0.8 0.0

3 Short-tailed shrew Field 0.000191 4310 0.22 0.8 0.2

4 Short-tailed shrew Field 0.000191 4310 0.0067 0.8 0.0

5 Short-tailed shrew Field 0.000191 4310 0.22 0.8 0.2

6 Short-tailed shrew Field 0.000191 4310 0.0067 0.8 0.0

Scenario # Organism Site

                                              

(F)               Food 

Intake Rate 

(kg/d)           (fw 

basis)

                                                             

(G)                         Food 

[Ni]                     

(mg/kg fw)

                                                    

(H)             

Bioaccessible/   

Bioavailable 

Fraction

      (I)                          

(F*G)                

Total Daily Ni 

Intake from Diet 

(mg)

                                                                      

(J)                                 

(F*G*H)        

Bioaccessible Daily Ni 

Intake from Diet (mg)

1 Short-tailed shrew Field 0.00795 6.9 1 0.055 0.1

2 Short-tailed shrew Field 0.00795 6.9 0.1148 0.055 0.0

3 Short-tailed shrew Field 0.00795 6.9 1 0.055 0.1

4 Short-tailed shrew Field 0.00795 6.9 0.1148 0.055 0.0

5 Short-tailed shrew Field 0.00795 6.9 1 0.055 0.1

6 Short-tailed shrew Field 0.00795 6.9 0.1148 0.055 0.0

Scenario # Organism Site

    (K)              

Body Weight 

(kg)

 (L)                           

((E+J)/K)          Sum of 

Daily Oral 

Bioaccessible/   

Bioavailable Ni from 

Soil and Food 

(mg/kg/d)

        (M)                     

Daily Toxicity 

Reference Vale 

(TRV) (mg/kg/d)

1 Short-tailed shrew Field 0.015 15.7 14.6

2 Short-tailed shrew Field 0.015 0.8 14.6

3 Short-tailed shrew Field 0.015 15.7 11.0

4 Short-tailed shrew Field 0.015 0.8 11.0

5 Short-tailed shrew Field 0.015 15.7 16.5

6 Short-tailed shrew Field 0.015 0.8 16.5

Table A1-7.  Ecological Risk Assessment Field Risk Scenarios for the Shrew.

0.95

0.05

 (N)                                                                            

(L/M)                                                    Hazard 

Quotient

1.08

0.05

1.43

0.07
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Scenario # Organism Site

    (A)              Soil 

Ingestion Rate 

(kg/d)

        (B)                    Soil 

[Ni] (mg/kg)

  ( C)           

Bioaccessible/   

Bioavailable 

Fraction

     (D)                         

(A*B)               

Total Daily Ni 

Intake from Soil 

(mg)

      (E)                         

(A*B*C)                        Total 

Daily Actual 

(Bioaccessible) Ni Intake 

from Soil (mg)

1 Red Fox Field 0.010800 4310 0.22 46.548 10.241

2 Red Fox Field 0.010800 4310 0.0067 46.548 0.312

3 Red Fox Field 0.010800 4310 0.22 46.548 10.241

4 Red Fox Field 0.010800 4310 0.0067 46.548 0.312

5 Red Fox Field 0.010800 4310 0.22 46.548 10.241

6 Red Fox Field 0.010800 4310 0.0067 46.548 0.312

Scenario # Organism Site

                                              

(F)               Food 

Intake Rate 

(kg/d)           (fw 

basis)

                                                             

(G)                         Food 

[Ni]                     

(mg/kg fw)

                                                    

(H)             

Bioaccessible/   

Bioavailable 

Fraction

      (I)                          

(F*G)                

Total Daily Ni 

Intake from Diet 

(mg)

                                                                      

(J)                                 

(F*G*H)        

Bioaccessible Daily Ni 

Intake from Diet (mg)

1 Red Fox Field 0.45 6.9 1 3.105 3.105

2 Red Fox Field 0.45 6.9 0.1148 3.105 0.356

3 Red Fox Field 0.45 6.9 1 3.105 3.105

4 Red Fox Field 0.45 6.9 0.1148 3.105 0.356

5 Red Fox Field 0.45 6.9 1 3.105 3.105

6 Red Fox Field 0.45 6.9 0.1148 3.105 0.356

Scenario # Organism Site

    (K)              

Body Weight 

(kg)

 (L)                           

((E+J)/K)          Sum of 

Daily Oral 

Bioaccessible/   

Bioavailable Ni from 

Soil and Food 

(mg/kg/d)

        (M)                     

Daily Toxicity 

Reference Vale 

(TRV) (mg/kg/d)

1 Red Fox Field 4.5 3.0 14.6

2 Red Fox Field 4.5 0.1 14.6

3 Red Fox Field 4.5 3.0 11.0

4 Red Fox Field 4.5 0.1 11.0

5 Red Fox Field 4.5 3.0 16.5

6 Red Fox Field 4.5 0.1 16.5

Table A1-8.  Ecological Risk Assessment Field Risk Scenarios for the Red Fox.

0.20

 (N)                                                                            

(L/M)                                                    Hazard 

Quotient

0.27

0.01

0.01

0.18

0.01
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Annex 2.  Vale’s Interpretation of TRV 11. 

Vale has previously responded, in detail, to the Ministry’s recommended TRV of 11 µg/kg body 

weight/day.  A slide deck from a presentation previously made to the Ministry explaining Vale’s 

stance is appended to this annex for reference.  In addition, the following commentary is 

provided to reflect the new information available in the literature as well as work completed by  

Vale since the Ministry’s comments were provided to Vale in 2016. 

In 2020, the Human Toxicology and Air Standards (HTAS) Section, Technical Assessment and 

Standards Development Branch (TASDB) of the Ministry released an ‘approved’ oral TRV for Ni of 

11 µg/kg/d, as per the document entitled: ‘Human Health Toxicity Reference Value (TRVs) 

Selected for Use at Contaminated Site in Ontario’ (MECP, 2020). The Ministry’s rationale for the 

selection of this TRV was summarized in an earlier document entitled ‘Toxicity Reference Value 

(TRV) Selections for Nickel (Ni) CAS# various’ (MECP,2019), dated August 2019.  

The Ministry’s  approved  non-cancer oral TRV for Ni (of 11 µg/kg/d) is not robust because it 

failed to evaluate the  underlying scientific data and relies on the work published by other 

regulatory agencies. More specifically, the MECP (2019) document indicates that the Ministry 

has relied upon four other regulatory TRV derivations, the California Environmental Protection 

Agency’s child-specific Reference Dose (chRD) development document from 2005 (OEHHA, 2005), 

Health Canada’s Ni TRV from its 2010 document (HC, 2010), California EPA’s 2012 document 

(OEHHA, 2012), and the European Food Safety Agency’s 2015 derivation (Fig. A2-1).   

 

The TRVs published by HC (2010), OEHHA (2012), and EFSA (2015) have been evaluated 

previously by Vale and were shown to have significant issues. This information was given to the 

Ministry in the form of a presentation provided to Dr. Jim Gilmore on November 28, 2016 (Vale, 

2016)8 .   As previously illustrated in Vale (2016),  three of the TRV derivations cited in Fig. A2-1 

are seriously flawed and are seen to not withstand scientific scrutiny.  It should also be noted 

that EFSA was required to re-evaluate its 2015 assessment of nickel by the European 

 
8 Presentation is appended to this Annex. 
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Commission.  EFSA’s draft reassessment was released in June, 2020 (EFSA, 2020).   

The revised EFSA  (2020) TDI value (tolerable daily intake) has been revised upwards from 2.8 to 

13 µg/kg/d; however, like EFA’s previous 2015 derivation, the new analyses (presented by EFSA 

and used to develop their draft 2020 TDI) is not transparent nor does it currently provide 

sufficient detail to facilitate an independent analysis to determine if the EFSA results can be 

replicated.  The 2020 EFSA analyses  are  less preferred (scientifically) than the benchmark dose 

(BMD) derivation of Haber et al. (2017), which is  completely transparent and, unlike EFSA’s 

analyses,  can  be replicated by others.  Haber et al. (2017) provided the raw data  used in their  

analysis and  transparent documentation of the methods used, enabling others to duplicate 

Haber’s findings as a means of scrutinizing and verifying the methods and results.  The Ministry’s 

own 2019 Ni TRV derivation as cited in MECP (2019) makes no mention of this latest work (Haber 

et al., 2017) nor does it present an independent evaluation of the actual toxicity data obtained 

from the original sourced materials. The rationale provided by the MECP (2019) appears to rely 

on the interpretation and judgement put forward by other jurisdictions published, in some 

instances, more than a decade ago.   

The issues of concern that Vale has presented previously regarding the Health Canada (HC, 

2010), California EPA (OEHHA, 2012), and the European Food Safety Agency (EFSA, 2015) non-

cancer Ni TRV derivations did not include the California EPA’s chRD development document 

(OEHHA, 2005).  As such, Vale’s review of this information source (OEHHA, 2005)  is provided 

here to complete the discussion. 

OEHHA (2005) in turn cited an earlier California EPA document – the PHG (Public Health Goal) for 

Ni in drinking water (OEHHA, 2001) as the source of a NOAEL value (of 1.1 mg Ni/kg body 

weight/day) that OEHHA (2005) subsequently used to support its chRD, and which the Ministry 

has accepted via serial citation.  It is therefore necessary to evaluate the OEHHA (2001) PHG 

(primary health goal) derivation, as it represents the first identified regulatory use of the 

reproductive toxicity studies conducted by Springborn Labs on behalf of the Nickel Producers 

Environmental Research Association (NiPERA).  A 1-generation dose range-finding (DRF) study of 

nickel sulphate hexahydrate (NSHH - NiSO4·6H2O) was first conducted using a broad range of 

doses and moderate replication (SLI, 2000a).  These results guided the selection of doses for the 

definitive 2-generation study, which had a smaller range of doses and much greater replication 

(SLI, 2000b).   

The Springborn DRF study (SLI, 2000a)  reported  the occurrence of significant increases in the 

incidence of pup mortality on lactation day 0 at all treatment levels, except the 50 mg/kg/d 

treatment (p. 24 of SLI, 2000a).  It is likely  that this statistic  was the source of the stated LOAEL 

reported by OEHHA (2001), as the raw mortality incidence in the lowest treatment level (10 

mg/kg/day as NiSO4 ·6H2O or 2.2 mg/kg/day as Ni) was reported to be significantly different 

from control mortality in Table 17 of SLI (2000a).  However, there are errors in Table 17 of the 

Springborn DFR study (SLI, 2000a) – the mortality numbers for most of the treatment levels were 

incorrectly reported in this table – this becomes evident when cross referencing the data 

presented in Table 17 with the raw data presented in Appendix U of SLI (2000a).  Table A2-1 

(below) provides  pup mortality data on lactation day 0   as well as the associated average values 



72 

 

 

and  95% confidence limits for the dose groups sourced from Appendix U of the Springborn DRF 

study (SLI, 2000a). These data (as presented in Table A2-1) allow the reader to calculate these 

values for themselves.  It can be seen that for the 10, 20, and 30 mg/kg/d dose groups, the lower 

confidence limits overlap with the upper confidence limit for the controls, indicating that pup 

mortality among these NSHH-dosed rats was actually not different from that observed in the 

control animals not exposed to NSHH. As such, based on a review and analysis of the raw data 

(Table A2-1) extracted from the Springborn DRF study (SLI, 2000a), the NOAEL for perinatal 

mortality of NSHH appears to be 30 mg/kg/d NSHH,  as pup mortality rates in this group are no 

different from those observed in the control group as evident from the overlapping confidence 

intervals.    

OEHHA (2001) incorrectly asserted that there was increased perinatal mortality at the 10 mg 

NSHH/kg/day group level, presumably as a result of erroneous data presented in Table 17 of the 

Springborn DFR study (SLI, 2000a)  and, therefore, considered  10 mg NSHH/kg/day  to be the  

LOAEL for perinatal mortality.  This incorrect assertion would not have occurred if OEHHA had 

undertaken an analysis of the data as part of its scrutinizing of the Springborn reproductive 

studies.  Instead, OEHAA (2001) reported the first POD (a LOAEL of 10 mg/kg/d)    for 

reproductive toxicity of the highly soluble salt of Ni sulphate using erroneous data (i.e., 

information from Table 17 of the DRF study).   
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OEHHA’s reporting that 10 mg/kg/d was a LOAEL for perinatal mortality was the first benchmark 

in a chain of serial regulatory citation, which terminated, for Ontarians, in the Ministry’s 

Dose Animal #

Implantation 

scars Live d0 Dead d0

Dead d0 

Average 95% C.I.

Lower 

95% C.L.

Upper 

95% C.L.

0 192 17 17 0 0.38 0.58 -0.21 0.96

0 196 17 16 1

0 206 16 16 0

0 219 13 13 0

0 221 17 17 0

0 231 19 17 2

0 233 16 16 0

0 237 16 16 0

10 188 6 6 0 0.71 0.65 0.07 1.36

10 195 17 16 1

10 224 18 18 0

10 229 16 0 161

10 234 14 14 0

10 236 17 15 2

10 238 15 14 1

10 243 18 17 1

20 177 15 14 1 1.50 1.25 0.25 2.75

20 198 16 15 1

20 205 16 15 1

20 208 13 13 0

20 218 17 12 5

20 239 16 16 0

20 241 9 7 2

20 242 16 14 2

30 200 17 12 5 2.29 1.69 0.59 3.98

30 204

30 207 14 12 2

30 212 18 16 2

30 217 16 15 1

30 222 15 10 5

30 230 13 13 0

30 240 15 14 1

50 194 15 9 6 3.13 1.69 1.43 4.82

50 199 13 12 1

50 202 18 16 2

50 215 16 12 4

50 216 14 13 1

50 226 16 12 4

50 232 16 15 1

75 197 15 9 6 4.75 1.76 2.99 6.51

75 210 17 14 3

75 213 15 9 6

75 220 17 14 3

75 228 17 12 5

75 235 12 11 1

75 244 17 11 6

75 245 8 0 8

Footnote 1: Total litter loss was reported for dam 204.  Dam 204 has been excluded from analysis.

Table A2-1.  Perinatal mortality assessment from SLI (2000a). 

No impantation data -excluded from analysis



74 

 

 

“preferred” Ni TRV (MECP, 2019).  It was the  subsequent definitive Springborn 2-generation 

reproductive toxicity study (SLI, 2000b), with significantly greater replication,  that identified  10 

mg/kg/d NSHH (the highest dose group test in the  2-generation  study) as the NOAEL for 

perinatal mortality (SLI, 2000b). 

The OEHHA (2005) reference cited by the Ministry stated that OEHHA (2001) “…observed 

significant pup mortality at the lowest dose (10 mg nickel sulfate hexahydrate/kg-day or 

equivalent to 2.2 mg nickel/kg-day) and deemed it as the LOAEL for this study.” 

Furthermore, OEHHA (2005) stated the following: 

Following the range-finding study, Springborn Laboratories (2000b) 

conducted a two-generation reproduction study. Nickel sulfate 

hexahydrate was administered at 0, 1, 2.5, 5, or 10 mg/kg-day. Dosing of 

the F0 animals began at 10 weeks prior to mating and dosing of the F1 rats 

began on postpartum day 22 (just after weaning, at a young age). For both 

generations, daily dosing of the dams was continued until lactation day 

21. In this two-generation study, no adverse effects were observed even 

at the highest dose, 10 mg/kg-day (2.2 mg nickel/kg-day). In reviewing 

these three studies in totality, OEHHA concluded that the 1.1 mg 

nickel/kg/day (5 mg nickel sulfate hexahydrate/kg-day) dose in the two-

generation study was the appropriate NOAEL for use in calculating the 

PHG. It represents the highest NOAEL that is lower than the LOAEL 

from either the Smith, or Springborn range-finding, study. 

In the cited passage, OEHHA (2005) perpetuated the incorrect assertion that the 10 mg 

NSHH/kg/d dose level in the Springborn DRF study was a LOAEL rather than a NOAEL as was 

identified by the subsequent 2-generation study (SLI, 2000b).  Regardless of the fact that the 10 

mg/kg/d “LOAEL” from the DRF study was actually a NOAEL (identified from the 2-generation 

study), the regulatory approach of the California EPA was to select a POD  from the  DRF study 

(SLI, 2000a)  rather than using  the definitive 2-generation Springborn study (SLI, 2000b) that 

followed the DRF study.  The 2-generation Springborn study (SLI, 2000b) has  substantially more 

replication (28 rats per dose level versus 8 in the range-finding study) and  effectively superseded 

the DRF study with its NOAEL of 30 mg/kg/d.  The 2-generation study moved the science 

forward, but the California regulators selected the less robust POD from the less replicated DRF 

as the starting point for the derivation of its child-specific reference dose (chRD).   

Ontario, in turn, appears to have  accepted this work  without conducting its own review of the 

underlying Springborn data.  Like many other regulatory agencies,  Ontario appears to have also  

relied, at face value, on  the analyses and interpretations  of other reputable agencies that, in 

this case,  are clearly and unfortunately incorrect.   In conjunction with Vale’s previous analysis 

of Ni TRVs, Vale has clearly demonstrated that the Ministry’s “preferred” Ni TRV (of 11 µg/kg 

bw/day) is not scientifically robust and, in fact, appears to be based on an earlier erroneous data 

analysis originating with the initial study report from the Springborn DRF.  
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Vale’s presentation on TRV selection mentioned above should be referenced to identify Vale’s 

scientific critique of the other TRV derivations cited as supporting evidence for the Ministry’s Ni 

TRV selection in 2019 (Fig. A2-1), namely Health Canada’s TRV adoption from other agencies (HC, 

2010) and Cal EPA’s 2012 revision of its chRD (OEHAA, 2012). 

It is widely understood that the Springborn reproductive toxicity studies of NSHH are the most 

robust studies in the literature, addressing what is likely the most sensitive toxicological 

endpoint for NSHH (reproduction – NSHH being previously shown to not be carcinogenic by oral 

ingestion).  The most scientifically robust and transparent derivation of a TRV for NSHH is that of 

Haber et al. (2017), which used a benchmark dose approach (the Ministry’s preferred approach 

to TRV derivation) and was published in the peer-reviewed literature.  Although based on better 

scientific principles than the much earlier study of Ambrose et al. (1976), conveniently, the 

numerical value of the Ambrose TRV (20 µg Ni/kg/d) is the same as the Haber et al. (2017) TRV. 

This value is the most scientifically robust value, is supported by the current state of the science, 

and is numerically identical to the TRV currently present in Ontario regulation. 

Both the DRF study (SLI, 2000a) and the definitive 2-generation study conducted by Springborn 

Laboratories (SLI, 2000b)  administered test animals (rats) with nickel sulfate hexahydrate 

(NSHH) dissolved in reverse osmosis-deionized (RO-Di) water via oral gavage. Both studies (SLI 

2000a,b) provided municipal tap water (treated using reverse osmosis) and Purina Certified 

Rodent Chow #5002 (Purina Mills, Inc) to all test animals (both controls and test groups). 

According to SLI (2000a,b), an analysis of the feed and water indicated that, within ‘generally 

accepted limits’, there were no contaminants (in the feed or drinking water) that would interfere 

with the study. More specifically, the definitive 2-generation study (SLI, 2000b), took samples of 

feed from each new lot and analyzed them via by atomic absorption,  most likely flame atomic 

absorption spectroscopy (FAAS) based on the limits of quantitation (LOQ) reported in Appendix B 

of SLI (2000b). The analysis indicated that the nickel content in the Purina Rodent Chow #5002 

was below the achieved LOQ for NSHH (SLI, 2000b).  Appendix B of SLI (2000b) report LOQ values 

of 20 µg/L and 10 µg/L, depending on the preparation lot number. Based on this information, SLI 

(2000b) could only have been using FAAS. Literature from Perkin-Elmer report the detection 

limits for various analytical methods (Table A2-2). In highlighting this, it becomes evident (by the 

fact that nickel sulfate hexahydrate was not detected above the LOQ achievable using FAAS) 

that the Springborn studies (SLI 2000a,b)  did not consider the dose of Ni received by rats from 

diet. This is understandable, since Springborn Labs  was studying NSHH, not Ni.  However, when 

the results of a NSHH toxicity test are extrapolated in the development of a TRV for human 

health purposes, baseline dietary Ni from uncontaminated food sources resulting from the 

natural uptake of Ni from soil into plants and animals (which is a source of dietary Ni not just for 

the animals used in the toxicity testing, but also for humans for which TRVs are derived) must be 

considered. 

Table A2-2 Reported Detection limits of Various Analytical Methodsa 

Analytical method Detection limit (µg/L) 

Flame atomic absorption spectroscopy (FAAS) 6 

Graphite furnace (GFAAS) 0.07 

ICP-OES 0.5 
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ICP-MS 0.0002 
aPerkin-Elmer URL: 

https://www.perkinelmer.com/PDFs/downloads/BRO_WorldLeaderAAICPMSICPMS.pdf 

Vale conducted in vivo rat studies in 2002 and in 2013 to estimate the bioavailability of nickel in 

Port Colborne soil (Dutton et al., 2019, 2020). In these studies, the animals had access to food 

throughout the 4-day studies.  In order to estimate the dose of Ni from diet, the concentration of 

Ni in the rodent chow used in the in vivo experiments was determined (i.e., Harlan Teklad 8728C) 

as well as the Certified Rodent Chow used in the Springborn studies (Purina lab diet 5002) (Figure 

A2-2 – Vale Canada Limited – unpublished data). As expected for these diets, which were both 

sourced from natural ingredients, the values were comparable and indicate that the 

concentration of nickel in the Purina Certified Rodent Chow used in the Springborn (2000a,b) 

studies was certainly measurable when using appropriate analytical methods, and was found to 

contain 1.45±0.1 µg Ni/g food (95% C.I. 0.16 µg Ni/g). 

 

The contribution of Ni from diet alone is significant and cannot be overlooked. Control animals in 

the SLI (2000a,b) studies9 were receiving approximately 70 µg/kg/d to 175 µg/kg/day Ni from 

food alone (Figure A2-3). This represents approximately 3% to 8% of the NOAEL (2,200 µg 

Ni/kg/d) for oral administration of NSHH over two generations of rats (SLI, 2000b) and 6% to 

16% of the inappropriate POD (1,100 µg Ni/kg/d) that was rationalized and adopted for use by 

DEPA 2008), OEHHA (2012) and HC (2010).   

 
9 Male rats have been considered in this analysis, but the trends are similar for females, although female 
rats are typically smaller than male rats at a given age and consume less food per unit body weight. 
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As part of a review of the toxicology of soluble nickel compounds prepared by the Toxicology 

Excellence for Risk Assessment (TERA, 1999), an oral reference dose of 8 µg Ni/kg/d for ingested 

nickel-soluble salts was derived. TERA (1999) derived its oral RfD using data generated by 

Vyskocil et al. (1994), where male and female rats showed an increase in albuminuria (an 

indication of renal glomerular dysfunction) after being exposed to nickel in drinking water for 6 

months. A minimal study LOAEL of 7.6 mg Ni/kg/d was identified and a composite uncertainty 

factor (UF) of 1,000 (10 for human variability, 10 for inter-species variability, and 10 to account 

for sub-chronic-to-chronic extrapolation, an insufficient database, and the use of a minimal 

LOAEL) was applied to derive an oral RfD of 8 µg Ni/kg/d. TERA (1999) clearly indicates that the 

nickel doses cited in the animal study (used to derive the oral RfD) did not include nickel 

exposure from the diet and, therefore, the oral RfD (of 8 µg Ni/kg/d) represents the dose of 

nickel in addition to the amount obtained from food.  

The oral RfD (of 8 µg Ni/kg/d) was considered, by TERA (1999), to be consistent with the oral RfD 

developed by the US EPA (of 20 µg Ni/kg/d) based on Ambrose et al. (1976). The rationale 

provided was that a) the US EPA oral RfD was based on total Ni intake (including diet) while 

TERA’s oral RfD (of 8 µg Ni/kg/d) was in addition to diet and as such, TERA’s RfD was expected to 

be lower than that of the US EPA; and b) TERA’s oral RfD (of 8 µg Ni/kg/d) was within a factor of 
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2 of the US EPA’s RfD value, a difference considered by TERA (1999) to be within the range of 

uncertainty surrounding the RfD.  Although an independent peer review panel, through TERA’s 

Peer Review program, approved the RfD, TERA’s oral RfD (of 8 µg Ni/kg/d) was not used in the 

Sudbury Area Risk Assessment (SARA) as the oral RfD values for all other chemicals of concern 

were expressed on a total exposure basis. The TERA’s oral RfD was considered an incremental 

value or to be in addition to dietary sources (SARA, 2008).  As with the TERA (1999) oral RfD (of 8 

µg Ni/kg/d), any TRV developed using the Springborn data (SLI, 2000a,b) needs to be interpreted 

in addition to the Ni obtained from baseline dietary sources.  

Failure to recognize the significance of  baseline dietary Ni intakes  in the Springborn studies (SLI, 

2000a,b) and others, such as  Vyskocil et al. (1994),  has a direct implication on how the TRV 

should be applied. By way of example, default uncertainty factors (UFs) for inter-species 

variability (a factor of 10) and human variability (a factor of 10) applied to an inferred  NOAEL of 

1,100 µg Ni/kg/d (rationalized by OEHHA (2012), HC (2010), DEPA (2008) and others), results in a 

TRV (11 µg Ni/kg/d) that is essentially equal to the average daily dose received by young 

children (1 to 4 years of age) as a result of consuming a typical Canadian diet.   

Health Canada’s Total Diet Survey reports a range of average dietary Ni intake rates (on a µg 

Ni/kg/d basis) for different age groups, including young children between the ages of 1 and 4 

years, the primary  group of interest as it pertains to Ni exposure from soil and dust. Between the 

years 2000 and 2007 Health Canada reported average dietary Ni intake rates of between 5.5 µg 

Ni/kg/d to 18.6 µg Ni/kg/d for male and female children combined (1 to 4 years), with an 

average dietary intake (over the 8 year period from 2000 to 2007) of 11.1 µg Ni/kg/d (Table A2-3 

and Fig. A2-3). The current approach, which fails to accommodate baseline dietary Ni exposure, 

makes it appear that the entire Canadian toddler population is at risk of Ni toxicity, which is 

clearly incorrect (Fig. A2-4 and Fig. A2-5).  Consistent with the interpretation and application of 

the TERA (1999) TRV (of 8 µg Ni/kg/d),  any TRV developed using SLI (2000a,b) regardless of its 

value, should be applied in addition to baseline dietary exposure. 

 

Table A2-3 Average Dietary Intakes (µg/kg/d) of Nickel in Canada from 2000 – 2007a  

Year City Average Dietary Intake (µg/kg/day) – M&F 
Children (1 to 4 years) 

2000 Ottawa 18.62 

2001 St John’s 15.01 

2002 Vancouver 14.75 

2003 Montreal 9.2 

2004 Winnipeg 8.7 

2005 Toronto 7.4 

2006 Halifax 5.5 

2007 Vancouver 9.8 

Average (2000 – 2007) 11.1 

aHealth Canada – Canadian Total Diet Survey https://www.canada.ca/en/health-

canada/services/food-nutrition/food-nutrition-surveillance/canadian-total-diet-study/dietary-
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intakes-contaminants-other-chemicals-different-sex-groups-canadians.html 
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European Food Safety Authority (2020) 

EFSA (the European Food Safety Authority) released a TDI (tolerable daily intake) value of 2.8 

µg/kg body weight/day in 2015.  The EFSA TDI used a benchmark dose (BMD) approach and was 

quite flawed, as previously presented to the Ministry by Vale.  In 2017, Haber et al. (2017) 

published a peer-reviewed BMD reassessment of the Springborn data.  The Haber et al. (2017) 

study was open and transparent and provided their data so that others could replicate their 

calculations if desired.  Haber et al. (2017) used the BMD approach and proper metrics describing 

post-implantation and perinatal loss (PPL), ultimately deriving  a TRV of 20 µg/kg body 

weight/day.  Haber also provided a critique of the EFSA (2015) derivation.   

The European Commission required EFSA to revise its 2015 TDI (of 2.8 µg/kg body weight/day ).  

EFSA has recently released a revised TDI value in draft, which is now 13 µg/kg body weight/day 

(EFSA, 2020).  The revised TDI still lacks transparency regarding its derivation.  Consequently, the 

Haber et al. derivation is still preferred over the opaque supporting documentation currently 

provided by EFSA which does not allow an independent scientist to scrutinize EFSA’s derivation. 

 

References Used in Vale’s Response 
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Annex 3  Vale’s Interpretation of Bioavailability of Port Colborne 

Soils. 

The Ministry has provided detailed comments on the aspect of bioavailability and bioaccessibility 

adjustments for both the ecological and human risk assessments.  When the CBRA was initiated, 

the use of bioavailability adjustments in risk assessment  was a relatively new phenomenon, but 

was known by the majority of practitioners to be important and necessary. At the time, it was 

generally recognized that by not including such adjustments, risk estimates resulting from 

exposures of individuals to certain metals in soil and/or dust could be  highly inflated in many 

cases.   

Bioaccessibility (BAc) and bioavailability (BAv) have undergone significant discussion in the 

CBRA, and the reader is referred to the original CBRA documents and the 2014 Update Report for 

background.  Briefly, BAc is an indirect estimate of BAv and is determined in vitro, whereas BAv 

is determined using live organisms.  BAc provides conservative estimates of true BAv because it 

only considers the dissolution (leaching) of target substances (here, Ni, Cu, Co, and As) from the 

soil matrix.  BAc measurements ignore the components of BAv that relate to competitive uptake 

(both in terms of diffusive transport across cell membranes and facilitated uptake and active 

transport across membranes).  The most conservative approaches for estimating BAc use acidic 

assay conditions that mimic the acid conditions of the stomach (usually pH 1.5), thereby 

maximizing the dissolution of metals from the soil matrix.  For metals and metalloids that are 

absorbed via the intestinal epithelium, some methods adjust the pH upwards to intestinal pH (ca. 

pH 7.5) at which point the solubility of Ni and other cationic metals is reduced relative to lower 

pH.  This pH adjustment typically results in reduced estimates of BAc. 

The chemical form (speciation) of metals in soil affects both BAv and BAc.  Highly soluble salts of 

Ni are highly bioaccessible, and although poorly bioavailable in an absolute sense, they (soluble 

salts) are the most bioavailable form of Ni. In a recent publication concerning the in vivo 

bioavailability studies conducted using Port Colborne soils, rats were gavage dosed with 

NiSO4·H2O at the same dose levels used in the Springborn 2-generation reproductive study to 

mimic the BAv that would have been occurring during the Springborn studies (Dutton et al., 

2019).  The absolute BAv of Ni from NiSO4·H2O was found to be approximately 2%.  Elsewhere, 

the BAc of NiSO4·H2O (NSHH) has been estimated by others to be approximately 92% (Henderson 

et al., 2012; Lau, 2012), showing the large degree of conservatism that exists between BAv and 

BAc for this highly soluble Ni salt.  In contrast, the fill, clay, and organic soils displayed a range of 

BAc values and much lower BAv; relationships between BAc and BAv were developed that 

highlight these differences (Dutton et al., 2019).  The Ni, Cu, and Co in the contaminated soils 

near Port Colborne are present in poorly bioavailable forms, as previously documented in the 

CBRA and more recently described in Dutton et al. (2019). 

The Ministry provided the following comments on bioavailability correction in its memo of 

September 27, 2007, in which it reviewed the draft CBRA HHRA. 

“The Ministry’s position is that SARA can use currently acceptable methods to adjust soil and dust 
CoC intakes as follows: 
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(A) using RAF (soil-oral) based directly on the measured in vitro bioaccessibility results (this 
approach assumes that the TRV is 100% bio-available and the bioaccessibility data is the 
upper estimate of bioavailability): 

• CoC intake from soil or dust = Soil ingestion rate (SIR) X CoC soil concentration X 
bioaccessibility value, or 

(B) a relative bioaccessibility based RAF (soil-oral) which is based on the measured in vitro 
bioaccessibility of the soil or dust and the reported or estimated bioaccessibility of the 
medium in the TRV: 
 
• CoC intake from soil or dust = SIR X CoC soil concentration X (bioaccessibility of CoC in 
soil / bioaccessibility of CoC in TRV medium), or 
 

(C) using RAF (soil-oral) based on the relative bioavailability (RBA) of the soil CoC and the 
bioavailability of the CoC in the TRV medium: 
 
• CoC intake from soil or dust = SIR X CoC soil concentration X (absolute 
bioavailability of CoC in soil / absolute bioavailability of CoC in TRV medium). 
 

MOE (and USEPA) already permit the use of methods A and C. Method B combines A and 
C, but does not appear to be used extensively at this time. In all cases, a proponent should 
support their calculations with relevant science from the literature and supporting data from 
speciation, as well as other studies pertaining to the solubility and/or bio-availability of the 
CoC in question MOE further comments on the SARA data for the in vitro bio-accessibility 
of lead in Sudbury soils in terms of measurement reliability, QA/QC and whether it meets 
required analytical sensitivity criteria (± 20 to 25%). Also, the sequential extraction results 
and the speciation data in the Sudbury study appear to validate the in vitro data. 

Further examination of the scientific literature regarding upper limits on the bioavailability of 
soluble lead may assist SARA in applying methods A, B or C.” 

With regard to data for in vitro bio-accessibility, the consultant should ensure measurement 
reliability, QA/QC and whether it meets required analytical sensitivity criteria (± 20 to 25%).  
Also, the sequential extraction results and the speciation data in should be reviewed to 
validate the in vitro data. 

Later comment (part of MOE’s response to the proponent (September 6, 2007)) 

 
The issue for CoCs other than lead is that USEPA does not officially consider use of in vitro 
bioaccessibility values without the requisite level of in vivo validation as credible.  Arsenic is 
in the position of having considerable in vivo validation (the State of Hawaii has 
promulgated soil standards for bioaccessible arsenic 
http://www.hawaii.gov/health/environmental/hazard/pdf/arsenicactionlevelsaug2006.pdf ). 
However, USEPA has only validated the use of IVBA for lead 
http://epa.gov/superfund/bioavailability/guidance.htm, July 3, 2007). USEPA has recently 
proposed a Recommended Decision Framework for Assessing Oral Bioavailability (BA) of 
Metals at Contaminated Sites (see url above). USEPA has instituted a special committee to 
validate bioavailability assessments. For a proponent to use in vivo or in vitro based data to 
adjust bioavailability for non-validated CoCs, the default is to use 100% bioavailability. If 
this 100% approach results in an exposure calculation that exceeds the TRV being used then 
any proposed bioavailability adjustments must be supported by strong weight of evidence 
arguments. MOE recommends that proponents contact SDB for advice. 
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BAc and BAv analyses have been conducted for Port Colborne soils.  The Ministry has conducted 

BAc on fill soils from the Rodney Street community, and within the initial CBRA HHRA, BAc and 

BAv were conducted on only three samples, one each of a fill, a clay, and an organic soil.  This 

level of coverage of the soil types was insufficient to characterize the BAv and BAc of these soils.  

Vale conducted additional BAv studies to increase the sample coverage, gavage dosing male 

Sprague-Dawley rats with soil solutions in methyl cellulose carrier.  The Ministry has previously 

commented that because several of these samples were from the same location, there is less 

coverage than it might appear, and that this invalidates the BAv data.  Despite these 

shortcomings, the BAv study conducted for the 2014 CBRA Update Report has been published in 

the peer-reviewed literature (Dutton et al., 2019) and has contributed substantially to the BAv 

weight of evidence for the contaminated Port Colborne soils.   

The BAv studies conducted for the CBRA evaluated the availability of NSHH.  As mentioned 

above, the initial BAv study evaluated NiSO4·H2O taken up into blood and excreted in urine, while 

the Update BAv study evaluated NiSO4·H2O BAv only via urinary excretion mass balance (Dutton 

et al., 2019).  The Ministry has commented previously that single oral gavage doses are 

inappropriate because they do not represent steady-state conditions.  In fact, single oral doses 

represent the best way to get an accurate estimate of oral bioavailability because the approach 

gives unambiguous evidence of true bioavailability.  Fig. A3-1 provides an example of such 

evidence, from the CBRA HHRA. 

 

Single oral dose studies are the preferred approach to estimating oral Ni BAv. 

The Ministry has previously stated that it considers only juvenile swine studies to be acceptable 

sources of evidence of bioavailability.  However, based on item “C” in the Ministry’s statements 

above, the most  logical approach  (given that the TRV is based on a rat toxicity study) is to 

conduct the bioavailability study of site soils using rats, not juvenile swine. 
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The discussion above has focused on the oral bioavailability of Ni from incidentally ingested soil.  

The oral bioavailability of Ni and the other CoCs from food in the CBRA to date has assumed that 

the bioavailability of Ni present in food items is 100% - i.e. all Ni ingested in food will be 

systemically available to cause toxicity.  In the Update Report, BAv studies found that the 

baseline dietary Ni bioavailability in rats fed a naturally sourced diet containing 1.94 mg Ni/kg 

was approximately 2%, not 100% and the BAv of Ni in gut-cleared worms was 6.87% 95% C.I. 

[2.27,11.48] (the upper confidence limit value was used in the ecological risk calculations in 

Annex A1).   Failure to incorporate realistic BAv estimates for baseline dietary Ni consumption 

greatly inflates risk estimates.  The literature on the BAv of baseline uncontaminated Ni 

exposure is developing.  Recently, Babaahmadifooladi et al. (2020) reported BAc and BAv 

estimates from dietary items and found that using an assumption of 100% BAv will overestimate 

the true exposure.  
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Annex 4  Additional Figures Requested by the Ministry 

 

(See pdf attachments)  
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Annex 5  Comment-Response Dialogue associated with Ministry-Vale 

Discussion of Male Reproductive Effects. 
 

(See pdf attachment) 
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Reproductive and Developmental Effects of Nickel on Male 
 Re: Consideration of Ni Oral TRV  


 
The following is prepared in context to the presentation “Nickel Reproductive Toxicity and the 
Nickel Reference Dose (RfD), Tolerable Daily Intake (TDI), or Toxicity Reference Value (TRV)” by 
Dr. Hudson Bates for NiPERA as a follow-up to the May 17, 2012 meeting with Vale, NiPERA, and 
Vale’s consultants. 


Key NiPERA (Slide 5):  


 







June 20, 2013 


 2 


Selected References 


The following presents some of the key tables and graphs from the Pandey et al., (A & B) 
references along with a more recent reference (C).  


Dose indicators (used as a reference point, in the consideration of the following papers) 


≈2.2 mg Ni/kg bw/day was referred to as “a reasonable NOAEL”.    


≈1.1 mg Ni/kg bw/day was referred to as “unequivocal NOEAL” 


A)  Pandey and Srivastava 2000   Spermatotoxic effects of nickel in mice. Bull Environ 
Contam Toxicol. 2000 Feb;64(2):161-7. PMID: 10656880    


Background: 


 Reproductive study: Male mice (at puberty -25 g n = 6 per group) were gavaged with 
nickel chloride or nickel sulphate for 5 days a week for 5 weeks at 0, 5, 10 or 20 mg/kg 
bw/day. 


 Equivalent doses of Nickel chloride (Fw 237.7) are 1.2, 2.5, 4.9 mg Ni/ kg bw/day and 
nickel sulphate are (Fw 262.9) are 1.1, 2.2, 4.5 mg Ni/ kg bw/day. 


 


Comment: 


 Dose dependant decrease in epididymis sperm count and sperm motility that reached 
statistical significance at 2.5 and 2.2 mg Ni/ kg bw/day (LOAELs) for NiCl and NiSO4 
respectively. 
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 Vale response1: Strictly speaking, there was a non-significant decrease in motility for both 
salts at the 1.1 mg/kg/d (sulphate) and 1.2 mg/kg/d (chloride) treatments.  Therefore, for 
the motility endpoint, these treatments are NOAELs.  For epididymal sperm counts, there is a 
non-significant increase at the 1.1/1.2 doses, followed by a dose-dependent decrease in 
epididymal sperm count for both salts.  The NOAEL for NiSO4 is 2.2 mg Ni/kg/d.  For NiCl2, the 
NOAEL is 1.2 mg Ni/kg/d according to this measurement. 


 


Comment:  


 Dose-dependent increase in abnormal sperm.  2 times increase (17.9/8.5 = 2.1 times 
18.9/8.7 = 2.2 times) in abnormal sperm at 1.1-1.2 mg Ni/ kg bw/day (LOAELs) for NiCl and 
NiSO4 respectively. 


 Vale response: There’s no way to know how many cells were enumerated for any of these 
groups, and there were only 6 animals per treatment group.  In contrast, Springborn 
evaluated 200 cells per animal (n=26 to28 animals for all doses in F0 males and n=28 
animals for controls and the 10 (2.2) mg/kg/d dose in F1 males.  The higher sample sizes and 
transparent and well-documented procedures in the Springborn study conducted according 
to Good Laboratory Practice (GLP) principles should take precedence over the information 
from a poorly documented study (and with small sample sizes).  


 Vale response: A second point regarding the Pandey and Srivastava  (2000) paper is that 
they observed that growth was significantly reduced at the 10 & 20 mg/kg/d treatments.   
The authors claimed that there were no changes at the 5 mg/kg/d treatment, but there’s no 
way to check, as no data were provided in the paper on either body weight or food 
consumption.  Furthermore, the authors don’t describe the strain of mouse used for the 
study.  Food restriction has been documented as a cause of sperm morphology abnormalities 


 


1 In this document, Vale’s responses to Ministry comments are provided in italics. 
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in BDF1 mice (Komatsu et al 1982) and reduction in epididymal sperm number in Swss CD-1 
mice (Chapin et al. 1993a), and in in C57BL/6 mice (Johnson et al. 1992). 


B) Pandey R, Kumar R, Singh SP, Saxena DK, Srivastava SP.  Male reproductive effect of 
nickel sulphate in mice. Biometals. 1999 Dec;12(4):339-46. PMID:  10816734  


Background:  


 Reproductive study: Male mice of Swiss strain 2(at puberty  25 g n = 10 per group) were 
gavaged with nickel sulphate for 5 days a week for 5 weeks with 0, 5, or 10 mg/kg 
bw/day. 


 Equivalent doses of nickel sulphate are (Fw 262.9) are 1.1, or 2.2 mg Ni/ kg bw/day. 


 


Comment:  


 Dose dependent decrease in testis, seminal vesicle and Prostate gland organ weights LOAEL 
at 1.1 mg Ni/ kg bw/day.  (See also Table 5 organ Ni content)  


 Vale response: The authors stated that there were no changes in body weight as a result of 
the treatments.  I tried to conduct a check on their assertion.  It is difficult to do exactly, as 
the authors did not provide any data tables to support their statements, but they claim to 
have used mice that were 25±5 grams.  I back-calculated the animal weights from the organ 


 


2 The edit “of Swiss strain” was inserted by Vale as part of its response. 
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and relative weights.  The results are in the following table.  There would appear to be a 
number of errors in the paper.  The back-calculated body weights are in general agreement 
for the control animals, but for the Ni-exposed animals, the back-calculated body weights 
are, in some cases, quite far from 25 g.  Based on the seminal vesicle data, the animals in 
Group II should have weighed 35.7g, while those in Group III must have weighed 68 g!  These 
data are not particularly reliable. 


 


Group Testis Epididymis
Seminal 
Vescicle


Prostate 
Gland


Absolute Wt. (g) 0.199 0.056 0.175 0.035
I Relative Wt. (g)* 0.787 0.266 0.694 0.135
Control Back-calculated animal wt (g) 25.3 21.1 25.2 25.9


II Absolute Wt. (g) 0.165 0.045 0.173 0.021
1.1 mg Ni/kg/d Relative Wt. (g)* 0.676 0.218 0.485 0.101


Back-calculated animal wt (g) 24.4 20.6 35.7 20.8


III Absolute Wt. (g) 0.153 0.048 0.223 0.018
Relative Wt. (g)* 0.625 0.191 0.328 0.072


2.2 mg Ni/kg/d Back-calculated animal wt (g) 24.5 25.1 68.0 25.0


*Rel. Wt = Abs. Wt/(Animal Wt)*100  


 


 


Comment:  
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 Dose dependent decrease in sperm motility and count that was statistically significant at 2.2 
mg Ni/ kg bw/day (LOAEL).  Vale response: Chapin et al. (1993a) found that sperm motility 
was one measurement that was not influenced by feed restriction in Swiss mice.  The authors 
claim that there were no reductions in body weight in Groups II and III, and if so, it is likely 
that treatment II (1.1 mg Ni/kg/d) is a NOAEL for sperm motility and total sperm count, 
unconfounded by issues of dietary restriction.  However, based on the information provided 
in Table 2 of Pandey et al. (1999), the means and standard errors (assumed to mean 
standard error of the mean, or SD/√n) could be deconstructed to get 95% confidence 
intervals based on student’s t distribution (using excel’s “Confidence.T” function).  The upper 
confidence limit for Group III sperm motility is 85.7 (i.e. 76.75+8.91) whereas the lower 
confidence limit for Group I (control) sperm motility is 76.0 (i.e. 82.5-6.52).  These two 
confidence limits overlap.  I can’t see how the authors reported that Group III (2.2 mg 
Ni/kg/d) had statistically reduced sperm motility.  Ditto for sperm count.  Based on the 
authors’ summary data, it appears that 2.2 mg Ni/kg/d is also a NOAEL for the endpoints 
under consideration in their paper, unless I’m missing something.   


 


Comment: 


 Dose dependent increase in abnormal sperm at 1.1 mg Ni/ kg bw/day (LOAEL). 


Background:  


 Reproductive study: Male mice (at puberty - 25 g n = 15) were gavaged with nickel 
sulphate for 5 days a week for 5 weeks prior to with 0, or 10 mg/kg bw/day then mated 
with untreated dams. 


 Equivalent dose of nickel sulphate are (Fw 262.9) is 2.2 mg Ni/ kg bw/day. 
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Comments:  


 Increase in pre- and post- implantation loss at 2.2 mg Ni/ kg bw/day (LOAEL).  


 Supportive study of a LOAEL of 2.2 mg Ni/ kg bw/day based on reproductive outcome, also 
that the effect is observed with untreated dams, thus adverse reproductive effects may be 
associated with male exposure.   


 Vale response: Subject to the constraints surrounding the article, this is definitely a good 
observation.  However, the perinatal mortality documented in rats (in the Springborn 2-gen 
study), appears to be expressed maternally, as the Sprague-Dawley rats used in Springborn 
demonstrated none of the effects on males seen by Pandey in mice.  In any event, the LOAEL 
levels appear to be similar, regardless of whether the reproductive toxicity is due to male or 
female effects.  The 1.1 mg Ni/kg b.w./d NOAEL in Springborn is not disproved by Pandey et 
al. (1999). 


C) Toman R, Massányi P, Adamkovicova M, Lukac N, Cabaj M, Martiniakova M. 2012 
Quantitative histological analysis of the mouse testis after the long-term 
administration of nickel in feed. J Environ Sci Health A Tox Hazard Subst Environ Eng. 
2012;47(9):1272-9. PMID:22540651 


Background: 
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 Reproductive study: Male ICR3 mice (at puberty 4 weeks, n = 5 per group) were dosed 
with nickel chloride  in feed (pellets) for 3, 6, 9 and 12 weeks with 10 mg NiCl/kg 
bw/day. 


 Assumed equivalent doses of nickel chloride (Fw 262.9) is 2.5 mg Ni/ kg bw/day. 


 


Comments:  


 Time-dependant degradation of seminiferious tubules at 2.5 mg Ni/ kg bw/day .  


 Support observations made by the Pandey 1999 & 2000 studies 


 Vale response: This study demonstrated a feed restriction type of effect (at 12 weeks, the 
body weights of the Ni-treated rats were roughly 70% of the control animals – see Fig. 1 of 
Toman et al. (2011)).  This is likely due to failure to eat due to unpalatability.  The authors 
did not report on food consumption, so this can’t be known with certainty.  The ICR mouse is 
derived from Swiss strain, which was the subject of Chapin et al. (1993a), who demonstrated 
that feed restriction (resulting in 70% of control body weight – see table 8 from Chapin 
below) caused changes in several male reproductive parameters.  Is this what Toman was 
showing?  It is difficult to know, as Toman used a range of histological measurements that 
cannot be directly compared with the reproductive measurements commonly used.  This is 
not to say that there is not a potential male reproductive effect in the ICR mouse, but it 
needs to be isolated from the confounding effect of feed restriction (which Toman did not 
do.) 


 


3 The term “ICR” was inserted by Vale as part of its response. 
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D) Summary slide presented by NiPERA,  juxtaposed too the Practitioner’s Guide to Risk 
Assessment for Developmental and Reproductive Toxicology (DART) slide presented by 
TERA (June 13, 2012).  


NiPERA slide 13: 


 


 


TERA slide: 
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Summary Comments for Consideration: 


 The Ni effects on the male reproductive system should be taken into consideration in the 
development of the TRV as supporting studies.  


 The male reproductive data indicate clear effects at the 2.2 to 2.5 mg Ni/ kg bw/day  level 
and a potential LOAEL at the 1.1 to 1.2 mg Ni/ kg bw/day range. 


 When males only were treated effects were observed at  2.2 mg Ni/ kg bw/day.  This 
suggests that the effects reported by Springborn (2001) study are not necessarily related to 
parturition.  


 Vale response: The literature provided above is equivocal.  It can be discussed in the 
uncertainty assessment, but there are a number of shortcomings in the cited literature.  
Using the Klimisch scale (Klimisch et al. 1997), the 3 cited papers would likely classify as 
“Klimisch 3 – not reliable”.  Springborn is still the most appropriate study upon which to base 
a TRV using a reproductive endpoint.  The study was conducted according to GLP, with large 
sample sizes.  The male reproductive measurements showed no effect of the Ni treatment, 
there was no weight loss indicative of a feed restriction effect (which makes sense, since the 
animals were gavaged and therefore did not reject food because of the lack of palatability of 
the applied nickel salt).  In addition, Springborn used Sprague-Dawley rats, which are known 
to be robust against the effects of feed restriction on male reproductive parameters in any 
event (Chapin et al. 1993b).  The perinatal mortality observed in Springborn does indeed 
appear to be associated with parturition.  The NOAEL of 1.1 mg Ni/kg b.w./d in Springborn is 
generally supported by the less reliable literature of Pandey and Toman. 


 


References provided by Vale 


Chapin, R.E. et al. 1993a.  The effects of feed restriction on reproductive function in Swiss CD-1 
mice.  Fund. Appl. Toxicol. 20:15-22. 


Chapin, R.E. et al. 1993b.  The effects of feed restriction on reproductive function in Spregue-
Dawley rats.  Fund. Appl. Toxicol. 20:23-29. 


Johnson, L. et al. 1992.  Effect of age and dietary restriction on daily sperm production and 
number and transit time of epididymal spermatozoa in the mouse.  Age 15: 65-71. 


Klimisich, H-J. et al. 1997.  A systematic approach for evaluating the quality of experimental 
toxicological and ecotoxicological data.  Reg. Toxicol. Pharmacol. 25: 1-5. 


Komatsu, H. et al. 1982.  Increased sperm abnormalities due to dietary restriction.  Mutat. Res. 
93: 439-446. 
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The “Most up-to-date Science” all Derive
from a 16-year old Study
• All recent TRV derivation exercises (DEPA 2008,


WHO 2007, HC 2010, OEHHA 2012, EFSA 2015,
CCME 2015) have relied upon the “Springborn” 2-
generation reproductive study (SLI, 2000) as the
basis of their TRVs.  While other studies have been
considered, the numerical values have ultimately all
been based on SLI (2000).


• The original analysis of the Springborn study
indicated that the highest dose level (2.2 mg Ni/kg
body weight/d) was a NOAEL for all endpoints
considered (SLI, 2000).


• The study proceeded from a dose range-finding study
(DRF – cited as SLI (2000a) to the definitive study
(cited as SLI (2000b)
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How is a Two-Generation Reproductive Toxicity
Study Conducted?
• Proceed from a Dose-Range-finding study to a definitive


study


• DRF use large dose range and fewer animals (8 females
(dams) per dose – less statistical power)


• Definitive study use finer dose range and more animals
(28 females per dose – more statistical power)


• There are actually 3 generations in the study, the F0 (F-
naught or parental), F1(1st filial), and F2 (2nd filial)
generations


• F0 animals dosed 70 d prior to mating; gestation period 21
d; birth on lactation day 0; selection of next generation on
lactation day 4; weaning period 21 d
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Responses in Two-Generation Reproductive
Toxicity Studies


• Indicators of toxicity include survival and
clinical observations; body weight and weight
gain, food consumption, mating and
gestation, parturition and lactation,
reproductive indices, estrous cyclicity, sperm
parameters, necropsy and organ weights,
histopathology focusing primarily on male and
female reproductive tracts)


• PPL – post-implantation and perinatal lethality
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SLI (2000a) - DRF


• The doses in the DRF were 0, 10, 20, 30, 50, and 75 mg/kg/d as
nickel sulphate hexahydrate or 0, 2.2, 4.4, 6.6, 11, and 16.5
mg/kg/d as Ni


• Note the conversion factor of 0.22 to convert from NSHH to Ni


1







Below are the PPL data for the Springborn DRF Study and both
generations (F1 and F2) of SLI (2000) – Lactation Day 0


• The results of the DRF Study were used to set the dose range for the 2-gen study


8
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SLI (2000b) Definitive Study


• Springborn’s original analysis of their study
indicated that the highest dose level (2.2 mg
Ni/kg body weight/d) was a NOAEL for all
endpoints considered (SLI, 2000b).


• The weight of evidence supports a NOAEL of
2,200 µg Ni/kg/d.


• A TRV derived from this NOAEL could be 22
µg Ni/kg/d.


1







SLI (2000b) – Definitive Study:
What do the Data Say? Lactation Day 0 Data:
2,200 µg/kg/d is a NOAEL for PPL in DRF, F1, and F2
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F1 (blue square) at the 2200 µg/kg/d is
not significantly different from controls
and is a NOAEL for  F1, F2, and F1+F2.


PPL = post-implantation and perinatal lethality







Provenance Associated with Regulatory TRV
Development – DEPA (2008)
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DEPA (2008)


• The first regulatory agency to use the Springborn
study was the Danish Environmental Protection
Agency (DEPA), the Rapporteur for the Ni Risk
Assessment conducted under the former Existing
Substances Directive.


• The current version of the European Ni Risk
Assessment (DEPA 2008) refers to NOAELs
derived from SLI (2000) being the highest dose
(2.2 mg Ni/kg bw/d) for both “fertility” impairment
and “effects on male sex organs” and being the
second highest dose (1.1 mg Ni/kg bw/d) for
“increased post-implantation/perinatal lethality…”


2
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DEPA (2008)


• There is no analysis of the derivation of the NOAEL in DEPA
(2008) (it just announces that the NOAEL for PPL (post-
implantation and perinatal lethality) is 1.1 mg Ni/kg bw/d)


• However, earlier versions of the EU Ni RA (DEPA, 2005) contain
a complete record of the reasoning behind the derivation of the
NOAEL from the SLI (2000) study.  (MOECC may be unaware of
this.)


• There were two lines of evidence used by DEPA to determine
that the NOAEL is 1.1 mg Ni/kg bw/d in DEPA (2005).


• Use of lactation day 4 PPL data (rather than lactation day
0 PPL data)


• Potential genetic selection between F1 and F2


2
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DEPA (2008) – Use of Lactation Day 4 Data


• First, the perinatal period for analysis was extended to include the
lactation day 4 PPL data (prior to F2 selection and culling)
because the first four days of life represent a “continuum” (DEPA
2005).


• This is quite unusual. The ICD-10 defines the human perinatal
period ending at 7 days after birth.  This period includes about 4%
of the period between birth and weaning.  In contrast, the use of
day 4 rat data spans 19% of the time between birth and weaning
at day 21.  Day 0 data more closely approximate an equivalent
perinatal period to that of humans.


• Lactation day 4 data indicate a NOAEL at 1,100 µg Ni/kg/d for the
F1 generation, but not the F2 generation.  The pooled F1&F2
data indicate a NOAEL of 2,200 µg Ni/kg/d


• A TRV derived from this NOAEL (ignoring all other data) could be
11 µg Ni/kg/d.


2







What do the Data Say? Lactation Day 0 Data:
2,200 µg/kg/d is a NOAEL for PPL in F0, F1, and F2


15


F1 (blue square) at the 2200 µg/kg/d is
not significantly different from controls
and is a NOAEL for  F1, F2, and F1+F2.


PPL = post-implantation and perinatal lethality







What do the Data Say? Lactation Day 4 Data:
2,200 µg/kg/d is a LOAEL for F1 (according to DEPA)
and F2 should be disregarded (according to DEPA)
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F1 (blue square) at 2200 µg/kg/d is
significantly different from controls and is
a LOAEL for  PPL, but in F2 and F1+F2,
2200 is a NOAEL.  DEPA (2008) names
1100 as the NOAEL for PPL.


Dose (µg/kg/d)







What do the Data Say? Lactation Day 4 Data
2,200 µg/kg/d is a LOAEL for F1 (according to DEPA) and F2
should be disregarded (according to DEPA)
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F2 (blue square) at 2200 µg/kg/d is
significantly different from controls and is
a LOAEL for  F1, but in F2 and F1+F2, 2200
is a NOAEL.  DEPA (2008) names 1100 as
the NOAEL for PPL.


Dose (µg/kg/d)


the only way to have the 2200 dose level be
significantly different from controls (i.e. to be
a LOAEL) is to disregard the F2 generation and
all day 0 data. The day 0 data for the F1 and F2
generations and pooled F1 & F2 data indicate
2200  to be a NOAEL.  The day 4 data for the F1
generation is significantly different from
controls (i.e. is a LOAEL), but not for the F2 or
pooled F1 and F2 day 4 data.







There was no statistically significant effect on postimplantation/perinatal
lethality in F2 offspring. However, the parental animals for this generation were
selected from the F1 generation and obviously the F1 offspring that died pre or
postnatally are not represented. Consequently, the animals that may have had the
highest sensitivity to the effect may not have been included in the production of
F2 (for further discussion related to this, see Appendix 7.9)
7.9 INFLUENCE OF A POTENTIAL NICKEL SENSITIVITY ON THE
FREQUENCIES OF POSTIMPLANTATION/PERINATAL
LETHALITY IN F1 AND F2 OFFSPRING
The influence of a potential genetic predisposition to nickel sensitivity/resistance


on the frequency of postimplantation/perinatal lethality in F2 offspring can be
estimated based on the frequency of postimplantation/perinatal lethality in F1
offspring. If it is assumed that there is a genetic predisposition to nickel
resistance, it is reasonable to assume that the predisposition to vulnerability is
recessive as only some of the offspring in the litters showed the effect in the F1
generation, and that inheritance is Mendelian.


The Second Component of DEPA’s Unconventional
Derivation… an assumed selection for Ni Tolerance!


18







7.9 INFLUENCE OF A POTENTIAL NICKEL SENSITIVITY ON THE
FREQUENCIES OF POSTIMPLANTATION/PERINATAL
LETHALITY IN F1 AND F2 OFFSPRING


The assumption of some heritability is important for the argument that the lack of significant
perinatal mortality in the F2 generation is due to the death of susceptible individuals in the F1
generation.


The assumption of some heritability is important for the argument that the lack of significant
perinatal mortality in the F2 generation is due to the death of susceptible individuals in the F1
generation. The calculations above demonstrate that the increase in offspring mortality in the F2
generation will be of a smaller magnitude than seen in the F1 generation, i.e. reduced from 9% in F1
to 5.3% in F2. The increase in F2 is around 3% and based on the number of litters included and the
variability in the end point it is not surprising that this increase is not statistically significant.
Therefore, it can be concluded that the finding of a significant effect in F1 but not in F2 may not be
an inconsistency, but can be explained by the selection of the F1 parents (i.e. excluding sensitive,
homozygous recessives).


DEPA’s Unconventional Derivation… an explanation for
Not Considering the F2 Data
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7.9 INFLUENCE OF A POTENTIAL NICKEL SENSITIVITY ON THE
FREQUENCIES OF POSTIMPLANTATION/PERINATAL
LETHALITY IN F1 AND F2 OFFSPRING


The assumption of some heritability is important for the argument that the lack of significant
perinatal mortality in the F2 generation is due to the death of susceptible individuals in the F1
generation.


The assumption of some heritability is important for the argument that the lack of significant
perinatal mortality in the F2 generation is due to the death of susceptible individuals in the F1
generation. The calculations above demonstrate that the increase in offspring mortality in the F2
generation will be of a smaller magnitude than seen in the F1 generation, i.e. reduced from 9% in F1
to 5.3% in F2. The increase in F2 is around 3% and based on the number of litters included and the
variability in the end point it is not surprising that this increase is not statistically significant.
Therefore, it can be concluded that the finding of a significant effect in F1 but not in F2 may not be
an inconsistency, but can be explained by the selection of the F1 parents (i.e. excluding sensitive,
homozygous recessives).


The D-EPA’s Unconventional Derivation… an
explanation for Not Considering the F1 Data


20
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DEPA (2008) – Genetic Selection…


• The hypothesis that there may have been selection for tolerant
individuals is not justified.  Although the lactation day 0 PPL was
lower in F2 than in F1, the PPL was not statistically significantly
lower, and while it is true that F2 offspring of 12 females at the 2.2
mg/kg/d dose level had reduced PPL than their mothers, the
overall PPL was not statistically different between generations
(15.7 ±6.5 % in F1 vs. 9.9 ±5.1 % in F2 (95% C.L.)).


• Given the overall lack of difference between F1 and F2 PPL at the
2.2 dose, a conclusion of genetic selection is not justified.


2
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DEPA (2008) - Summary
• Two lines of reasoning were used by DEPA (2005) to reject 2.2 as the


NOAEL for PPL.


• First, it was hypothesized that there could have been genetic selection
for Ni-tolerant animals in the F2 generation and provided some analysis
that this may have been the case, although the analysis was only
partially complete.


• Second, the perinatal period for analysis was extended to include the
lactation day 4 PPL data (prior to F2 selection and culling) because the
first four days of life represent a “continuum” (DEPA 2005).


• Both these purported lines of evidence are not justified – (1) there was
no reason to hypothesize that there was genetic selection for tolerant
individuals in F2, and (2) using the lactation day 4 PPL data is quite
unconventional, which should be noted, particularly since these two
considerations were used sequentially to decide that 2.2 should be
rejected as the NOAEL.


2







23


DEPA (2008) - Summary


• Interestingly, the only way to have the 2.2 dose level be significantly
different from controls (i.e. to be a LOAEL) is to disregard the F2
generation and all lactation day 0 data. The lactation day 0 data for
the F1 and F2 generations and pooled F1 & F2 data indicate 2.2 to be a
NOAEL.  The lactation day 4 PPL for the F1 generation is significantly
different from controls (i.e. is a LOAEL), but not for the F2 or pooled F1
and F2 lactation day 4 data.


• The preferred logic sequence is to reject the EU RA approach of DEPA
(2005/2008), in preference for the decision logic presented here.  The
NOAEL for reproductive and developmental effects from the Springborn
study (SLI, 2000) is 2.2 mg/kg/d.


2







Provenance Associated with Regulatory TRV
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WHO (2005/2007)


• In 2005, the World Health Organization (WHO) developed a
drinking water standard for Ni and stated that “In a well conducted
two-generation study on rats, a NOAEL of 2.2 mg of nickel per kg
of body weight per day was identified for all the end-points
studied, including the variable of post-implantation/perinatal
lethality”, citing both (SLI, 2000) and a 2004 draft of the EU Ni
RA.


• The current version of the WHO Drinking Water Standard
available now states that “In a well conducted two-generation
study on rats, a NOAEL of 1.1 mg of nickel per kg of body weight
per day was identified for all the end-points studied, including the
variable of post-implantation/perinatal lethality” with the same
citations as in the WHO (2005).


3
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WHO (2005/2007)


• The 2007 WHO document replaced the 2005 document with no
consultation.  The altered version simply appeared on the WHO
website in 2007.


• No actual analysis of the Springborn data seems to have been
undertaken by the WHO, as the WHO simply accepted the DEPA
(2005) conclusions.


3
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Health Canada (2010)


• Health Canada has produced a reference book of TRVs for various
substances, including Ni (HC, 2010) in which a TDI of 11 µg/kg/d was
derived from a NOAEL of 1.1 mg/kg/d (1100 µg/kg/d) with uncertainty
factors (UF) totaling 100.  WHO (2005) and SLI (2000) were cited by HC
(2010) in support of their derivation.


• SLI (2000) (cited) never indicated that the NOAEL was 1.1 mg/kg/d (1100
µg/kg/d).


• WHO (2005) (cited) stated that the NOAEL was 2.2 (2200).  It is the
altered WHO (2007) that stated that the NOAEL was 1.1 (1100) with no
apparent consultation with the scientific community.


4
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OEHHA (2012)


• The State of California’s Office of Environmental Health Hazard
Assessment (OEHHA) developed an oral Reference Exposure
Level (oREL) for Ni which is not even based on the definitive 2-
generation reproductive study (SLI, 2000)


• Rather, it’s based on the dose range-finding study that was
used to inform the dosing range in SLI (2000) (cited by OEHHA
(2012) as NiPERA (2000a) – NiPERA being the sponsor of the
studies conducted by Springborn Labs).


5
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OEHHA (2012)
• OEHHA (2012) cited SLI (2000a) being the source of a LOAEL of 2.1


mg Ni/kg/d, but SLI (2000a) was a range-finding study and a LOAEL
value of 2.1 mg/kg/d was never developed by SLI (2000a).


• SLI (2000a) actually said…


• In addition, the control PPL in the DRF was unusually low (2.4% vs
8%).  In cases such as this, toxicologists should consider the weight-
of-evidence when critiquing and developing TRVs.  Otherwise, we
see mis-citations by other agencies…


5







What do the Data Say? Lactation Day 0 Data:
2,200 µg/kg/d is a NOAEL for PPL in F0, F1, and F2
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F1 (blue square) at the 2200 µg/kg/d is
not significantly different from controls
and is a NOAEL for  F1, F2, and F1+F2.


PPL = post-implantation and perinatal lethality







Below are the PPL data for the Springborn Range-Finding Study (and
both generations (F1 and F2) of the Springborn Study


• The blue squares from  the previous slides are the F1 PPL data
• The results of the Range-Finder were used to set the dose range for the 2-gen study
• Note that the scale on the x-axis has been expanded to include the range-finder


doses
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OEHHA (2012)


• Here’s what The Springborn Range-finding Study Report actually
said…


5
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OEHHA (2012)


• OEHHA (2012) ignores the actual Springborn 2-gen study (see
table below) but they did note that there was a “suggestion of a
specific Ni-induced dominant lethal mutation” (which could only
have come from the earlier versions of the EU Risk Assessment
(i.e. DEPA 2005) not cited anywhere in OEHHA 2012).
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EFSA (2015)


• EFSA (European Food Safety Authority) developed a new
TRV of 2.8 µg/kg/d, based on their analysis of the SLI
(2000) data using a benchmark dose approach.


• EFSA’s approach was unusual – rather than calculating
PPL on a per litter basis, they chose to express PPL as a
fraction of litters that had 3 or more mortalities.


• This approach distorts the dose-response relationship and
results in a much-reduced BMD and resultant TRV.


• A BMD approach using the same data but with PPL
expressed on a per litter basis yields a similar value to the
NOAEL as determined directly from the SLI study data.


6
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EFSA (2015)6
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EFSA’s Chosen Metric for PPL Distorts
the Dose-Response (DRF Study Data)


6
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Reanalysis of SLI Data (all data) Using BMDS
version 2.6.0.1 (NiPERA)


• New model
overcomes the
“considerable model
uncertainty”  seen
by EFSA


• BMDL of 4.05
mg/kg/d at 10%
extra risk


• BMDL 1.92 mg/kg/d
at 5% extra risk


• TRVs developed
from these
benchmark doses
would be 100x
lower: ie. 40.5 and
19.2 µg/kg/d for the
BMDL at 10 and 5%
extra risk,
respectively


Note: units on the graph are mg/kg/d
as NiSO4·6H20.
Multiply by 0.22 to convert to an “as Ni”
basis.







Provenance Associated with Regulatory TRV
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CCME (2015)


• Except that WHO (2005) developed a TDI of 22
µg/kg/d – the altered WHO (2007) report changed the
TDI to 11 µg/kg/d
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Summary
• The apparent cross-jurisdictional support for a TRV of


11µg/kg/d is not supported by the actual data from the
original Springborn reports.


• The scientific interpretation of the SLI (2000) data by
DEPA (2008), WHO (2007), HC (2010), OEHHA
(2012), CCME (2015) and EFSA (2015) don’t reflect
the original data.


• The chain of mis-citation from regulator to regulator (6
times) should not be viewed that the world is correct
in going lower.


• A TRV of 20 µg/kg/d is supportable.


• RBSCs in the range calculated in the Update Report
are scientifically supportable.
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Objective 1 was to evaluate the long-term effects of liming on agronomic yield of soybean, soil pH and 
plant-available soil [Ni] in two previously-limed fields in Port Colborne. The fields were amended with 
dolomitic lime at either 10 or 50 tonnes per hectare (t/ha) a decade ago to remediate the effects of elevated 
soil [Ni]; yields of oat and soybean were determined in these fields in each of the three following years. 
 
This project builds on a previous CRD with Vale Ltd completed in 2007 that studied the effect of liming 
(10 or 50 t/ha of crushed dolomitic limestone) on agronomic yield of field-grown soybean and oat, in soils 
with total Ni concentration more than 10-times higher than the Canadian Soil Quality Guideline (CSQG) 
(100 mg Ni/kg) and related any effect on yield to plant availability of soil Ni. Dolomitic lime was the 
preferred amendment for raising pH of agricultural soils, as it contains both Ca and Mg. The liming raised 
soil pH from 5.5 to 6.8 or 7.3 and was related to reduction in plant availability of soil Ni. Extractability of 
soil Ni was reduced proportionally more than foliar accumulation of Ni, endorsing the dual effects of higher 
pH on Ni bioavailability, i.e. reduction in plant available soil [Ni] due to complexation with soil solids, as 
well as reduced competition between H+ and Ni2+ for uptake at the biotic ligand (BL). In 2016 and 2017, 
soils receiving 50 t/ha were re-sampled at 5 locations; in the 10-year interim, soil pH decreased by about 1 
unit (Table 1), providing useful information to the industry partner for planning remediation options for 
nearby properties. Despite the reduction in pH, extractable soil Ni concentration was similar in 2006 and 
2016 (Table 1). 
 
Table 1. Total, extractable (by CaCl2) and soybean nickel, and pH values in Hruska west plot 
(50t/ha) sampled in 2006 vs 2016 and 2017. 
 


Sampling 
points 


[Ni
T
] 


mg/kg 
(2006) 


[Ni
CaCl2


] 
mg/kg 
(2006) 


pH 
(2006) 


[Ni
T
] 


mg/kg 
(2016) 


[Ni
CaCl2


] 
mg/kg 
(2016) 


pH 
(2016) 


Soybean 
[Ni] 2016 
mg/kg 


Soybean 
[Ni] 2017 
mg/kg 


Hruska 
west 
50t/ha 
plot 


2206±465 8.3±3.3 7.3±0.2 2176±550 6.5±3.1 6.4±0.09 24.6±4.16 21.8±1.7 


 
 
Objective 2 was to evaluate immediate effects of very high rates of liming on bioavailability of 
Ni and on agronomic soybean yield in soils nearby a metal refinery in Port Colborne (Ontario) and to 
compare agronomic yields from agricultural fields limed a decade ago to more recently amended with 88 
t/ha (as recommended by previous pot studies of organic soil) of lime for agronomic use. 
 
Vale began agricultural remediation trials in 2015 at Port Colborne on Augustine Farm field the soils of 
which had moderately elevated Ni, between 500 and 900 mg/kg. Augustine agronomic field was split into 
three complete blocks of three treatments:  limed with 88t/ha of calcitic (CaCO3) or dolomitic (CaCO3 + 
MgCO3) lime incorporated into the top 5 cm early in 2015. The third treatment was a positive control, where 
liming machinery was run over the soil with no lime deposition; the surrounding field was the negative 
control, with no treatment other than normal agronomic practices. The soil was sampled before and after 
lime application and soybean planting. Total soil [Ni] was determined by reverse aqua regia, and soil pH 
and plant-available [Ni] were determined using 0.01 M CaCl2. Solutions were analyzed for [Ni] by ICP-
OES or FAAS. Soybean planting and harvest were carried out in 2015 (Y1), 2016 (Y2), 2017 (Y3) and 
2018 (Y4): Y1 - soybean was planted late in the season, after July 1 and hand harvested (subsampled) 
manually mid-October; Y2 - soybean planting was also delayed however the field was combine-harvested; 
Y3 and Y4 – soybean was planted on time and combine-harvested. Plots were also sub-sampled with 
manual harvest in Y4 to validate the yields determined in prior years by manual harvest only. There were 
differences between treatments, with dolomitic liming soybean yield was the same as yields in positive 
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control and calcitic limed plots. In 2016 (Y2) and subsequent years, soybean yield not different among 
treatments, including positive and negative controls (Figure 1). 


 
Figure 1. Qualitative/visual 
observation of soybeans grown on 
treatments in Y1(2015) and Y2 
(2016). 
 
 
 
 


 
 
Figure 2. Soybean [Ni] for 2015, 2016, 2017 and 2018, and [NiBAv] for 2015 and 2017, all in mg/kg.  A 
compact letter display is used - assigned same letter represents means that are not different (p<0.0001) 
within the group. 
 
There was no difference in soybean [Ni] among years 2015, 2016 and 2018, but in 2017 was lower (Figure 
2). The calcitic treatment was not different from negative (mean 18.1 and 17.2 mg/kg) and dolomitic lime 
was not different from positive (mean 21.8 mg/kg). 
 
Yield in Year 1 (2015) was different between dolomitic and calcitic lime treatments, as well as positive and 
negative controls. The Y1 greatest yield was seen in the negative control.  Higher yield in Y1 was seen in 
the dolomitic treatment, which may be due to calcitic pH being too high for optimal soybean production. 
In 2015 (Y1), positive control (mechanical effect) and pH before liming had a significant effect on soybean 
yield. In Y1 yields were low relative to Ontario averages, but in Y2 (2016) agricultural yields had improved 
although not yet reaching typical values for the location possibly due to late seed planting (Table 2). In Y2, 
yield was similar for type of lime, positive control (mechanical only), and pH before liming no longer had 
an effect on soybean yield. In Y4 (2018), agricultural yield on these plots was much improved over Y1 and 
Y2 and our manually estimated yields exceeded typical values for the location and Ontario. Spatial variation 
in soil parameters other than [Ni] continued to play a significant role in final agricultural yield (Table 2). 
In Fall 2018, after the harvest of Y4, winter wheat was planted to achieve healthy crop rotation in Y5 and 
to avoid late planting due to standing water in the fields during Springtime. Y5 was harvested mechanically 
and will be compared to the next year’s yield (Y6).  
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Table 2. Agronomic yield of soybean in Y1 (2015), Y2 (2016), Y4 (2018) and winter wheat Y5 (2019) 


Limestone Row


Niagara 
yield, 
t/ha


%  from 
Niagara 


yield Ave, %
Calcitic A2 0.410 15.59
Calcitic A6 0.318 12.09 16.50
Calcitic A9 0.574 21.82
Positive Control A3 0.325 12.34
Positive Control A5 0.329 12.52 14.20
Positive Control A7 0.466 17.73
Dolomitic A1 0.564 21.43
Dolomitic A4 0.525 19.96 23.46
Dolomitic A8 0.762 28.98
Negative Control A10-11 0.884 33.63


Yield 
2015, 
t/ha


2.63


 


Limestone Row
Niagara 


yield, t/ha
%  from  


Niagara yield Ave, %
Calcitic A2 2.028 90.15
Calcitic A6 1.061 47.15 79.45
Calcitic A9 2.274 101.07
Positive Control A3 1.509 67.07
Positive Control A5 1.129 50.19 59.92
Positive Control A7 1.406 62.50
Dolomitic A1 1.848 82.13
Dolomitic A4 1.155 51.36 71.61
Dolomitic A8 1.830 81.35
Negative Control A10-11 1.880 83.56


2.25


Yield 
2016, 
t/ha


 


Limestone Row
Niagara 
yield , t/ha


%  from 
Niagara Ave, %


Calcitic A2 4.361 140.66
Calcitic A6 5.212 168.13 147.13
Calcitic A9 4.111 132.60
Positive Control A3 3.994 128.84
Positive Control A5 4.010 129.36 126.41
Positive Control A7 3.752 121.04
Dolomitic A1 5.333 172.02
Dolomitic A4 4.665 150.48 162.82
Dolomitic A8 5.145 165.96
Negative Control A10-11 5.344 172.39


Yield 
2018, 


3.1


 


Limestone Row


Yield 
2019, 
t/ha


Niagara 
yield, t/ha


%  from  
Niagara 


yield Ave, %
Calcitic A2 1.897 8.18
Calcitic A6 0.879 3.79 4.72
Calcitic A9 0.509 2.19
Positive Control A3 0.300 1.29
Positive Control A5 0.423 1.82 1.55
Positive Control A7 0.358 1.54
Dolomitic A1 1.138 4.91
Dolomitic A4 1.015 4.37 4.15
Dolomitic A8 0.737 3.17
Negative Control A10-11 1.309 5.64 5.64


23.20


 
 
 
Objective 3 was to evaluate a predictive relationship for phytotoxicity and soil-to-plant transfer of soil Ni. 
 
Both types of lime increased soil pH, though calcitic lime resulted in a greater increase than dolomitic in 
Y1. A decrease in total [Ni] was seen following liming, though this could be explained by the dilution effect 
of adding 88t/ha of lime to the top 5 cm of soil. Plant-available or extractable [Ni] was reduced by both 
types of lime, however calcitic had a greater effect than dolomitic. It was found that there is a very stable 
relationship between soil pH and plant available [Ni] (Fig. 3), which did not depend on the form of lime by 
which pH was increased. Y3 soil analysis demonstrates long-term efficacy of liming by calcitic lime (Figure 
3). 


 
 
Figure 3. Effect of liming and elapsed time on 
extractable [Ni] in Augustine- 2015 vs 2017, 
comparing drift over time in fields treated with 
dolomitic lime (large red circles) versus that in 
fields treated with calcitic lime (large blue circles). 
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Objective 4 was to evaluate phytoremediation of aged nickel using a Ni hyperaccumulator (Alyssum 
murale) and effect on nickel bioavailability. 
 
Several field scale phytoextraction scenarios were simulated in a greenhouse study as an alternate to liming 
as a remediation strategy. Alyssum murale Waldst. & Kit, as a well-known hyperaccumulator of Ni, was 
chosen to remediate Ni from field-collected organic muck (8960 mg kg-1), heavy clay (4450 mg kg-1), and 
sandy soil (6390 mg kg-1) from Port Colborne. Ten wild plants were collected from Port Colborne field and 
propagated using tip cutting. Four cuttings were transplanted to each of eight 6L pots per soil type. The 
study was a full factorial with three factors (three soil types, two irrigation rates and two fertility rates) and 
two replicates of each of the twelve combinations. Pot soils were analyzed for total and extractable [Ni] at 
day 1 and after day 120 of A. murale growth. The aboveground parts of the plants were collected at day 
120 and analyzed for tissue [Ni]. Extraction and accumulation data from these pot studies were modeled to 
the field-scale using STELLA software (version 1.0.3). The data output from Stella professional model was 
predicted reduction in soil [Ni] over the time by modeling the yearly transfer of Ni mass from soil to A. 
murale shoots.  
The Ni extraction efficiency was generally highest for heavy clay, slightly less for sand and very low for 
organic muck with the maximum (0.53%, plant Ni mass/soil Ni mass) in unfertilized clay soil at the higher 
irrigation rate. The extraction of Ni from these soils is highly variable and mainly depend on soil type.  


The soil Ni partitioning coefficient (Kd) 
differed among the soil types and for 
consideration in STELLA models, A. 
murale grown in sand would have a 
relatively constant pool of Ni available for 
plant uptake, which would not be the case 
for plants grown in organic muck and 
heavy clay. 
            
 
Figure. 4. Impact of fertilization and 
irrigation rate on Ni extraction efficiency 
 
 


 
Based on the pot study, the model suggests that 246 years would be required to reduce soil [Ni] in the most 
efficient combination of treatments to the remediation target of 1200 mg kg-1. The most optimized model 
predictions using previously published data for A. murale suggest that 9 years of annual harvests would 
achieve the same reduction, and it is not clear that this optimization is possible in the field. This study 
showed that phytoremediation using A. murale is not likely a feasible and sustainable approach for Port 
Colborne site.  


 
 
 
 
Figure 5. STELLA output 
graph of the most efficient 
scenario using data from 
previous studies. 
 
 
 


 


 


0.001


0.01


0.1


1


10


100


A 
B B B 


A
B 


A 
AA A A A 


A.
 m


ur
al


e 
N


i e
xt


ra
ct


io
n 


ef
fic


ie
nc


y 
(%


) 







Report on Progress CRDPJ 537287 – 2018 Hale 139735 


5 
 


Objective 5 was to evaluate the potential for dilution of surface [Ni] by ‘deep tilling’ versus the expected 
loss in crop productivity by bringing less fertile B horizon soils into the root zone, through pot trials of 
excavated soil as well as a limited field trial. 
 
Surrounding the decommissioned Ni refinery in Port Colborne, Ontario, [Ni] in the upper 10 cm of the soil 
profile reaches upwards of 4500 mg kg-1, while deeper soils remain near background concentrations. A 
laboratory and a field-based study were undertaken to test the viability of reducing the trace metal 
concentrations in the rhizosphere by homogenizing the upper 30 cm of the soil profile.  


1. Growth Chamber Pilot Study 
Soils from Hruska agricultural field (not recently used for agricultural purposes) and a non-agricultural 
section of the Elora research (negative control) were collected, air dried, crushed, and sieved to 2 mm. Soils 
were tested for %TOC, soil pH, total extractable P, extractable Mg and K and total metal content. Seven 
treatments of 6.5kg of dry soil per pot (potting soil, Hruska 0-15 cm, homogenized 0-30 cm, and 15-30 cm, 
and Elora 0-15 cm, homogenized 0-30 cm, and 15-30 cm), each with five replicates were prepared. OAC 
‘Prosper’ soybean was grown, three plants per pot for 134 days to allow for a complete life cycle. All major 
and trace elements were reduced in the homogenized treatment relative to the 0-15 cm treatment in Hruska 
soils. [Ni] was reduced to less than half of the initial value in the mixture treatment. Major essential elements 
and total carbon were evenly combined in the mixture treatment (Table 5). 
 
Table 5: Elemental distribution in Hruska soil treatments used for growth-chamber pilot study. 


Elemental 
concentration, 
mg/kg 


 Depth, cm 


 0-15  Mix 15-30 
Al 44258 42593 42410 


Ca 5272 4173 3310 


Cu 385.9 190.5 17.86 


Fe 21910 21382 22006 


Ni 4143 1967 112.2 


Zn 121.30 88.00 59.20 


Fertility, 
mg/kg 


K 98 102 109 
Extractable Mg 435 491 539 
Extractable P 19.95 13.35 3.21 


Carbon, 
% 


Total C 8.38 5.12 1.27 
Inorganic C 0.42 0.33 0.09 
Organic C 7.96 4.79 1.18 
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Homogenization reduced the [Ni] and [Cu] ten-fold relative to the 0-15 cm treatment in Port Colborne soils. 
Soybean growth was significantly improved in the homogenized Port Colborne soils relative to the 0-15 
cm treatment; however, growth was significantly reduced relative to controls (Figure 4).  
 


Figure 4. Appearance of soybean in potting soil and field contaminated soil from Hruska, separately 
by horizon or homogenized. 
 
The homogenization effectively reduced Ni and Cu soil concentrations, but also reduced TOC and 
extractable P, and increased clay proportion. Cracks in the heavy clay soil created a preferential flow paths 
for irrigation water and a refuge for roots to congregate.  The homogenization of the 0-30 cm layer of the 
soil profile effectively reduced the soil [Ni] and [Cu]. However, it also reduced TOC and extractable [P] 
and increased the proportion of clay. 
 


1. Field trial and initial soil assessment 
 
A split-plot design with two treatments (‘homogenized’ (tilled) or ‘background’ (untilled)) and two 
replicates was created in two fields. The plots were mowed to clear excess plant material, and then four 
quadrants 26 m long by 12.2 m wide were marked at each of the two locations. Three 30 cm-deep soil cores 
subdivided by depth into 5 cm intervals were sampled from each plot before tilling.  The two tilled plots in 
one field were tilled using a soil reclaimer and in the other field, were tilled using a chisel plow (Figure 5).  
The soil reclaimer uses a series of large toothed disks spinning to a depth of ~30cm to churn and homogenize 
the soil, with considerable risk of compaction; a chisel plow typically tills to a depth of 20-30 cm with little 
risk of compaction. 
 


Figure 5. The soil reclaimer used to 
homogenize the top 30 cm of the soil 
profile of the field-study at the Hruska 
site and chisel plow adjusted to deep 
tilling was used at the Augustine site.  
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Nickel concentrations in top 15 cm were reduced by more than 50%.  Most of the major elements (Ca, Fe 
and Mg) had unclear “spiked” re-distribution within 10 cm (data not shown). The 0-15 cm contained 10-
12% TOC, where 15-30 cm contained only ~2%. TOC was evenly distributed after tilling: 5% TOC through 
the profile (data not shown). 
 


 
 
Figure 6.  Soil [Ni] in 5 cm layer increments throughout the top 30 cm of the Hruska (A) and 
Augustine (B) soil profiles, without (pale bars) or with (dark bars) homogenization with either the 
soil reclaimer (A) or chisel plow (B). 
 
The depth distribution of Ni concentration in the Augustine field remained unchanged after the tilling with 
the chisel plow. Prior years of agronomic practice of conventional tillage on the Augustine farm when the 
yearly plowing of the field was likely carried out to an operational depth 15 cm to prevent unwanted mixing 
of subsoil into the seedbed, resulted in similar depth profiles for soil [Ni] in both tilled and untilled plots. 
The reclaimer was far more effective in re-distribution of the trace elements of concern in the Hruska soil, 
which had not been extensively used for agricultural production in the last thirty years.  The final 
concentrations were similar to the upper SSTL set for this region by MOECC (1200 mg Ni/kg soil). 
However, the reclaimer compacts the soil, and homogenizes the soil concentration profiles for nutrients and 
organic matter, something that the pot study would suggest doesn’t result in optimal yield although crop 
trials on the plots managed with the soil reclaimer were not carried out. Manually harvested and 
extrapolated yield in 2018 for deep tilling trial on Augustine site showed no differences between tilled and 
untilled plots as might be expected from their similar depth profiles for soil [Ni]. 
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How was this research project initiated?
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Collaboration with the Partners


The partners developed a working relationship with the PI through a prior NSERC CRD grant which studied agricultural 
production on Ni-contaminated fields, and the potential for remediation through aggressive liming.


Briefly describe the process.
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Collaboration with the Partners


1 2 3 4 5 6 7


Not at all Somewhat To a great extent


To what extent were the partners involved in the project? Rate your answer on a scale from 1 to 7.


In what way were the partners directly involved in the project? (Select all that apply.)


Partners were available for consultation


Partners provided facilities


Partners provided training


Partners co-supervised students' theses


Partners received training from university personnel


Personnel from the partner organization received training from the university


Partners discussed the project regularly with the university team


Other (specify)


Partners were involved in the research


Average number of meetings per year: 5
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Collaboration with the Partners
Describe the partners' involvement and comment on the collaboration.
Maria Bellantino-Perco (former Superintendent of the Environment and Occupational Health Department at Vale) - actively 
participated during the field season - soil collection, manual harvest, and more.


Michael Dutton (Industry Scientist now retired from Vale) - worked closely with the Guelph team and co-advised students, 
either by phone or in person. Dr. Dutton also participated very actively in the field-work that supports the project, as well as in
a review of communication materials from the project.


Loris Molino (Industry Scientist at Vale, former) - met with the PI annually to directly receive updates of results. 


The collaboration was very supportive and engaged and provided extremely useful scientific (toxicological and mineralogical)
as well as industry perspectives.  The industry collaborators were co-authors on a number of publications originating from 
this project because they were making important intellectual contributions to the science, in addition to the cash and in-kind 
support.
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Future Plans


What links are you maintaining with the partners? (Select all that apply.)


Collaborating with other partners on the same research


Continuing the research without partners


No contact with the partners currently and none planned


No contact with the partners currently but future collaboration planned


Collaborating with the partners on the same research


Collaborating with the partners on other research
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Knowledge and Technology Transfer
Briefly describe these outcomes
The goals of this current work were to establish the most efficacious remediation and restoration approaches for these soils,
that maintain their provision of ecological services and at the same time, can be used for agricultural production. The results
are being transferred to the user sector by direct communication to the industry partner as well as dissemination at 
conferences attended by the broader industry sector.
Industry meetings: 
1.Meeting with industrial partners on April 19, 2017
Attendees: B. Hale, M. Dutton, M. Bellantino-Perco, R. Thorn, L. Vasiluk.
Agenda:
1.Discuss the new CRD 
a.Field data Y1 and Y2 
b.Deep-tilling results 
c.Field trial for deep tilling - 2017
d.An agricultural trial at Port Colborne - Y3 Hruska and Augustine
e.Living Lab
2.CLRA -tour and more


2.Meeting with industrial partners Sept 11, 2018
Attendees: B. Hale, M. Bellantino-Perco, L. Vasiluk.
Agenda:
1.Liming and deep-tilling project
1.Augustine field data Y1, Y2, Y3 - soil, yields, soybean, extractable NI
2.Hruska field data Y2, Y3 - soil, soybean, no yields
3.Hruska west - comparison of 2006 to 2016 data
4.Augustine field trial for semi-deep-tilling - 2017 - soil data


3.Meeting with industrial partners on May 15, 2019
Attendees: B. Hale, M. Bellantino-Perco, S. Dehghani, L. Vasiluk.
Agenda:
1.Introduction and Context - Bev (old CRD, CRD 2011, CRD2017)
a.Liming project result
b.Deep-tilling result
c. In vivo 
d.Phytoextraction project - SD
e.Upcoming Field Season
Workshop for Stakeholders - Field trip to Port Colborne as a part of CLRA - ONTARIO LAND RECLAMATION AND 
REHABILITATION SYMPOSIUM - June 27-28, 2017, Guelph, ON
There were two parts to this workshop:  Vale Canada Ltd provided lunch in Port Colborne at a facility where posters of the 
work conducted under the project were displayed, for a Q&A session.  Then, a bus took the group to the experimental plots. 
The site of deep tilling by the soil reclaimer was visited, as well as Hruska and Augustine sites where 88 t/ha lime had been 
applied.  The field trip concluded at the Carolinian forest where soil [Ni] exceeds 23,000 mg/kg, which supports a very 
complex plant community. 
Workshop for Stakeholders - Information Exchange in Port Colborne, October 26, 2017 
The purpose of the meeting was to review all of the agronomic work taking place at the Vale site in Port Colborne, in a 
sit-down format that included lunch (provided by Vale Canada Ltd.).  As well, it was at no cost to attendees, so it attracted a 
different group of attendees than those whose organization supported their registration at CLRA, earlier that year.  There 
were posters of the various pieces of work, and attendees included staff from MOECC, OMAFRA, local agronomy service 
providers, and the Ontario Soil and Crop Improvement Association.
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Knowledge and Technology Transfer
Describe any environmental or social benefit that resulted or could result in the future from this research
This work advanced the understanding integrated technologies for in situ remediation of soils that are very 
metal-contaminated and potentially represent a legacy of environmental risk, yet because of low bioavailability of the 
contaminants, have great potential to provide ecosystem services. Because of the ecosystem services provided by these 
soils, remediation by removal as occurs at many urban brownfield sites is not the best choice.  The integration of the 
outcomes of these studies can enable a decision support system for soil remediation strategies for this site and eventually be 
applied to other metal-contaminated sites in Canada. The new knowledge supports the Canadian mining industry via practical
agronomic interventions suitable for large-scale use.
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Impact the project had on your research


Other (specify)


The project has had no impact on my research 


Opened up new opportunities for research beyond the original objectives


Influenced the direction to more industrially relevant topics
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Total In-KindTotal CashOther Sources
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00


00


00


00


00


00


Total (partners and other sources) $165,000 $165,000 $51,000 $51,000
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Financial Information
Consolidated balance remaining at the end of the project: 


Total
Budget


Budget Items Percent
Variation


Total Actual
Expenditure


1) Salaries and benefits
PhD students 00 0
Master's students -2498,000 74,597
Undergraduate students -128,000 27,736
Postdoctoral fellows 7106,000 113,755
Technical/professional assistants 36421,000 97,349


2) Equipment or facility
Purchase or rental 00 0
Operation and maintenance costs 00 0
User fees -4345,500 26,161
Deep-tilling -810,000 9,168


3) Materials and supplies
Chemicals and supplies -6934,000 10,506


00 0
00 0


4) Travel
Conferences -2015,000 12,039
Field work -3210,000 6,788
Project related travel -504,500 2,272


00 0
5) Dissemination


Publication costs -939,000 628
00 0


6) Technology transfer activities
Field trials 00 0
Prototypes 00 0


00 0
7) Others (specify)


00 0
00 0


Total -0381,000 380,999
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Financial Information


The most significant overexpenditure was for Technical/Professional Assistants, which was countered by the 
underexpenditure for Masters students (because we had difficulty recruiting) thus the work was carried out by the 
Technical/Professional Assistant. 
As well, the underexpenditure for User Fees counters the overexpenditure for Technical/Professional Assistants, as that 
individual did some of the work that was originally planned to be outsourced because it would be too difficult for an MSc 
student.
Materials and Supplies were underspent, largely because the estimated number of plant and soil samples for digestion and 
analysis was greater than what was realized, in part because of the difficulties from year-to-year with planting or harvesting.
Travel for Field Work and Collaboration/Consultation deviated more than 20% from estimated, but the $ value of that 
deviation is quite small.
The costs for Publication were overestimated because these expenditures have not yet been made as the publications are 
still in progress.  Their costs will be met from discretionary funds held by the PI.


Explanation for the variation of each budget item
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Towards an exposure narrative for metals and arsenic in historically
contaminated Ni refinery soils: Relationships between speciation,
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• Soil Ni, Cu, and Co are present in solid
solution within four Ni mineral species.


• ABA (absolute bioavailability) ofNi from
uncontaminated food or NiSO4 was
roughly 2%.


• Soil Ni, Co, and As bioaccessibility/bio-
availability relations were developed.


• For Ni, these relationships were: ABA=
0.012(BAc)-0.05 and RBA (relative bio-
accessibility) = 0.554(BAc)-2.28

⁎ Corresponding author.
E-mail address: mike.dutton@bpaltd.ca (M.D. Dutton)


https://doi.org/10.1016/j.scitotenv.2019.05.164
0048-9697/© 2019 The Authors. Published by Elsevier B.V

a b s t r a c t

a r t i c l e i n f o

Article history:
Received 2 March 2019
Received in revised form 11 May 2019
Accepted 12 May 2019
Available online 16 May 2019


Editor: Jay Gan

Archived soils contaminated with Ni, Cu, Co, and As from legacy operations of a nickel refinery at Port Colborne,
Ontario, Canada were speciated usingmineral liberation analysis. Four Ni minerals were identified as fingerprint
compounds of the historical refinery emissions. Cu and Cowere present in solid solution in theseminerals due to
their presence in the refinery's feed. The highest concentrations of Ni, Cu, Co, and As in these soils were 18,553,
1915, 196, and 79mg/kg, respectively, these elevated contaminant concentrations attesting to the importance of
incidental soil ingestion to the oral exposure pathway in Port Colborne. The in vitro gastric bioaccessibility (BAc)
was determined for these contaminants, as was in vivo oral bioavailability (BAv), using a mass balance approach
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inmale Sprague-Dawley rats. In spite of the elevated soil concentrations of Cu, the BAv of this physiologically im-
portant metal could not be distinguished from that in commercial rat chow, suggesting low potential for expo-
sure. Co and As also had low apparent BAv (b2%). For Ni, baseline oral BAv of naturally sourced dietary Ni was
found to be approximately 2%, as was the oral BAv of Ni from nickel sulfate hexahydrate. The mass balances of
NiSO4·6H2O were fully accounted-for in urine and feces after a single gavage dose, indicating little to no organ
incorporation from this highly soluble salt. Therefore, the urinary estimates of Ni BAv for these soils were as-
sumed to represent true BAv despite variable fecal recoveries. The high Ni concentrations enabled BAc-BAv rela-
tionships to be developed for these contaminated soils. For absolute bioavailability (ABA) and relative
bioavailability (RBA) the relationships were: ABA = 0.0116(BAc)-0.0479 and RBA = 0.5542(BAc)-2.2817.
These findings will advance the development of robust exposure narratives for soil metal contamination in
Port Colborne and elsewhere.


© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction


The story of nickel, copper, cobalt, and arsenic in soil from Port
Colborne, Ontario is an environmental legacy resulting from industrial
atmospheric deposition from nickel refinery operations between 1918
and 1984 (Stantec, 2014). The contaminated soils of Port Colborne
have been studied for decades, and Vale Canada Limited, the current
owner of the former Inco Port Colborne Refinery, has been engaged in
a community-based risk assessment (CBRA) process to assess the resid-
ual risks to agricultural, ecological, and human receptors resulting from
the elevated soil metals existing for several kmnortheast of the refinery
(JWEL, 2004a, 2004b, 2007; Stantec, 2014). The dispersed nature of the
contamination has necessitated the use of risk assessment in this com-
munity, and the exposure science concepts of bioavailability (BAv)
and bioaccessibility (BAc) have been employed to some extent in earlier
risk assessment efforts (MOE, 2002, JWEL, 2007, Birmingham and
McLaughlin, 2006).


Risk assessment has become the dominant public policy tool for
evaluating and protecting human health and the environment (NRC,
2009), and the components of risk assessment, particularly exposure
science, have continued to advance, with greater consideration of “up-
stream and natural factors” and the development of constructs such as
the “exposome”, which conceptualizes the totality of exposure (NRC,
2012). Within risk assessment, exposure assessments are expected to
identify and quantify the exposure of highly exposed and vulnerable
sub-populations via all relevant exposure pathways including back-
ground exposures from food and water, and should assess BAv, espe-
cially when exposures are predominantly via a single route (NRC,
2012). Ni BAv from contaminated soils and baseline exposure from un-
contaminated food have not been well characterized to date. Nickel is
essential to plants and thus it is normally present in the diet; most ani-
mal studies ignore this contribution because the administered doses are
much higher. TRVs (toxicity reference values) that are below dietary
baseline just because of large assessment factors (AF) should be criti-
cally examined and it should be recognized that they should be consid-
ered as being “in addition to diet”. Having robust oral bioavailability
data could allow a refinement of TRV derivation, leading perhaps to a
“bioavailable TRV” concept in the future.


At Port Colborne, oral exposure is expected to dominate due to the
elevated soil concentrations (Birmingham and McLaughlin, 2006), and
potential uptake by vegetation and trophic transfer (in ecological set-
tings). For metals (including the metalloid arsenic), oral BAv refers to
the release of metals from the ingested matrix (pure metal compound,
contaminated soil, food, fluids) in the gastrointestinal tract and the sub-
sequent absorption into systemic circulation. Bioaccessibility (BAc) re-
fers to the release of metals from matrices under surrogate
physiological conditions and, therefore, represents the amount that is
“potentially available” for absorption into systemic circulation.
Bioelution refers to the in vitro extraction methodologies used to esti-
mate the BAc of metals/metalloids frommatrices using artificial biolog-
ical fluids (Lombaert et al., 2018).

Establishing and validating mathematical relationships between
BAv and BAc provides support for the use of bioelution to approximate
the oral bioavailable fraction, reducing the overall need for animal test-
ing and enabling the widespread application of oral BAv/BAc correction
in exposure assessments and other applications (e.g., grouping and read
across). A number of animal models have been used to develop such re-
lationships for Pb (Casteel et al., 2006) and As (Diamond et al., 2016) for
a variety of matrices, but similar models do not exist for Ni.


This work comprises four research questions. First, could amass bal-
ance approach using a rat model be used to quantify the baseline bio-
availability of the relevant contaminants (Ni, Cu, Co, and As) from
food? Second, could this approach also distinguish the bioavailability
of these metals from the three contaminated Port Colborne soil types
(fill, clay, and organic)? It is now well established that metal bioavail-
ability is very much dependent on the chemical species of the subject
metals (Landner and Reuther, 2004), so to help answer this question,
MLA (mineral liberation analysis) was used to evaluate the speciation
of the metals in these soils to assist in interpreting the subsequent bio-
availability measurements for the contaminantmetals. Third, for Ni, the
major contaminant metal, could the dosing conditions from the key
studies used for Ni TRV derivation be replicated to infer the oral bio-
availability of Ni in those studies? If so, relative bioavailability (RBA) to-
gether with an absorbed dose approach would be available as tools to
evaluate oral exposure toNi at this and other sites. Lastly, was it possible
to establish relationships between in vitro BAc and in vivo BAv for
metals in these soils that might be broadly applicable for assessing ex-
posure from industrial metal releases, whether fresh (recent) or weath-
ered (older)?


2. Materials and methods


2.1. Soil sample collection


The soils used in this study were in storage since their collection in
2001–2002, when forty-four test pits were dug by backhoe or manually
by shovel. Soil sampling occurred from test pitwalls at intervals of 2.5 or
5 cm. Soil characteristics (soil classification, mineralogy, metal content,
general chemical parameters) are reported elsewhere (JWEL, 2004b).


Thirty-two soil samples from sixteen test pits, air-dried and stored in
glass jars, were selected from storage. The primary selection criteria
were to have a sufficient sample quantity to meet the requirements
for all three components of this research and to have a similar number
of each soil type so that the study would reasonably represent the con-
taminated soil mineralogy near the Port Colborne refinery. It was our
expectation that the speciation of the contaminant elements had not
been altered due to storage (Blake et al., 2000).


The soils were sieved (250 μm mesh) as per MOE (2002). Clay soils
were rock hard and were crushed mechanically before sieving. In addi-
tion to the archived soil samples, to establish trophic transfer limits, one
organic soil sample was recently collected, as were earthworms from
the same location (in a mixed-species sample – as collected). Five
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earthworm species are common locally (JWEL, 2004a), but the presence
or absence or proportions of these species were not catalogued. The
sample represents a population that an insectivorous small mammal
might ingest at the sample location.


2.2. Metal speciation methodology


Thirteen samples from seven of the test pits near the Port Colborne
refinery site (Fig. S1) were prepared for the MLA (Sylvester, 2012) by
mounting rotary-split soil sub-samples in epoxy that was subsequently
polished to a mirror finish after hardening. The polished epoxy mounts
were prepared in a two-stage processwhere the samplewas firstmixed
in epoxy that hardened horizontally in 1-inch (2.54 cm) sample cups.
The hardened mounts were sectioned transversely in the vertical
plane using a diamond-blade rock saw. One of the cut pieces was then
mounted in epoxy in a second 1.25-inch (3.18 cm) sample cup with
the cut surface down. The resulting mount displays a cross section
through the first-stage mount, which was density segregated when it
was allowed to harden in the horizontal orientation. The soil mounts
were run in the MLA using the mineral grain X-ray mapping (GXMAP)
routine (Sylvester, 2012) with pixel by pixel X-ray mapping used to
identify all metallic, sulfide and Fe±Ni oxide and Ni± Fe oxide phases.


The mineral chemistry of the major Ni-bearing phases was deter-
mined by combined quantitative energy and wavelength dispersive
spectrometry (EDS/WDS) methods using a JEOL7000 SEM equipped
with an Oxford Instruments INCAX-ray analysis system. The SEM accel-
erating voltage was set to 20 kV with a beam current of 20
nanoamperes. WDS was used to determine the concentration of Fe,
Co, Ni and Cu. Count times were 40 s on X-ray peak and 15 s on back-
ground. The EDS system was set up for quantitative analysis and was
used to determine the concentration of all elements.


2.3. Bioelution methodology


Bioaccessibility estimates were made for 6 fill soils from 2 test pits,
14 clay/mineral soils from 7 test pits, and 12 organic soils from 8 test
pits. A number of these samples were duplicates (Table 2). Approxi-
mately 2 g of sieved soil samples were transferred to clean aluminum
boats and dried in the oven at 60 °C for 48 h, with 1 g assayed for BAc
and 0.5 g assayed for total elemental concentrations for the contami-
nants of interest.


BAc estimates of the contaminant metals used the US EPA (2008)
bioelution methodology except that extraction occurred on a shaker in-
cubator in the lab at 37 °C with 132 rpm rotation speed rather than on a
rotary extractor. Briefly, 1 g of soil was extracted in 100 mL of 0.4 M
(pH 1.5) glycine-HCl buffer for 1 h. Following extraction, approximately
15mLof the reacted solutionwasfiltered into a clean 15-ml polypropyl-
ene centrifuge tube for further analysis using a 0.45 μmcellulose acetate
syringe filter. Filtered samples were stored in a refrigerator at 4 °C until
analysis.


Soil samples used for BAc analysis were prepared for total metal and
As analysis using US EPAmethod 3051A. For total metals analysis, 9 mL
of Trace metal grade HNO3 and 3 mL of trace metal grade HCl were
added to each 0.5 g sample. The samples were digested overnight at
room temperature, followed by digestion in a gravity-convection oven
at 105 °C for 8 h. After cooling, the digestates were filtered (Whatman
Grade 42) and brought up to a total volume of 50 mL in a volumetric
flask. The analysis for Ni, Cu, Co, and As in soils and extracts was by
ICP–OES. In several cases, where Ni exceeded the calibration limits for
ICP_OES, FAAS was used to analyze Ni.


2.4. In vivo bioavailability study methodology


In three preliminary mini-studies (MS1–3) and a main study, oral
BAv in rats was estimated by mass-balancing orally dosed contaminant
metal substances with renal and fecal outputs. Each treatment group in

the three mini-studies and the main study consisted of eight rats. In the
mini-studies, urine and feces samples were collected for three 24 h pe-
riods, which allowed temporal analysis of metals and As in urine and
feces. In the main study, urine and feces were collected daily for 72 h,
but were analyzed as pooled cumulative 3-day samples for each rat.


The aimofMS1 andMS2was to understand the BAv thatwould have
occurred in two reproductive studies that have been most frequently
used by regulatory agencies to set oral toxicity benchmarks for assessing
nickel health risk (Dutton et al., 2016). In MS1, rats were dosed once by
gavagewithNiSO4·6H20 inwater-for-injection (WFI) at dose levels of 0
(control), 220, 550, 1100, and 2200 μg Ni/kg body weight. This dosing
regime and the exposure levels were the same as those of a reproduc-
tive study with NiSO4·6H2O (SLI, 2000). MS2 mimicked the exposure
conditions in another reproductive and whole life growth study
(Ambrose et al., 1976), in which rats were allowed to feed ad libitum
on finely ground rat chow that had been thoroughly mixed with
NiSO4·6H20 “fines”. Ni concentrations in the diets in the Ambrose
studywere 0 (control), 100, 1000, and 2500 μg/g chow. ForMS2, Harlan
Teklad 8728C rat chow was ground in an electrical coffee grinder and
sieved to b250 μm size (removing large pieces and the fibrous compo-
nent of the rat chow). The ground chow was then mixed with
NiSO4·6H20 crystals and reground in the coffee grinder to further size
reduce andmix the NiSO4·6H2O particles. The final nominal concentra-
tions were those used in the Ambrose study. For gavage dosing in this
study, the spiked, ground food was diluted in 1% methyl cellulose in
WFI at a ratio of 4:10 v/v. This was found to be the least amount of dilu-
tion that could be used because of swelling and high viscosity of this
mixture. The measured doses in the MS2 study were 0 (control – un-
spiked food in WFI), 16, 320, 3250, and 8480 μg Ni/kg body weight.
The dose preparation approach in MS2 simulated the dosingmethodol-
ogy used by Ambrose (nickel sulfate fines and food fines mixed to-
gether) but it was necessary to provide a defined dose by gavage to
enable BAv estimation by mass balance, although this meant that the
dosewas received all at one time rather than over hours of normal feed-
ing time.


In MS3, samples of each of the three Port Colborne soil types were
gavage dosed to rats as a range-finding exercise prior to the main
study. Controls (1% methyl cellulose in WFI), a fill soil (TP9 (5–7.5 cm)
13,052 mg Ni/kg), a clay soil (Hruska (5019 mg Ni/kg)), and an organic
soil (TP-S (0–2.5 cm) 1980 mg Ni/kg) were orally dosed with a 40:60
(w:w) ratio of soil to 1% methyl cellulose in WFI at a rate of 10 mL/kg.
A 250 g rat would receive approximately 1 g of soil by such dosing.


The main study consisted of dosing with sixteen archived soil sam-
ples, plus one newly collected organic soil, earthworms collected from
the same location as the newly collected soil sample, and controls
(WFI). Soil samples were prepared as described for MS3. Earthworms
were gut-cleared for 48 h, blended by polytron, and gavagedwithout di-
lution. The organic soil and earthworm treatments were included to es-
timate trophic transfer for the ecological context.


2.5. Animal care


The in vivo studies using male Sprague-Dawley rats (199–302 g)
(Charles River, Montreal QC) were conducted by Nucro-Technics, Scar-
borough, ON. All animals were submitted to an initial general physical
examination by a veterinarian or a qualified technician. Teklad Certified
Rodent Diet (8728C) andmunicipalwaterwere provided to the animals
ad libitum throughout the 6-day acclimatization and 3-day study pe-
riods. During the acclimatization period, rats were housed individually
in Nalgene® rat cages, and were moved to metabolic cages for the col-
lection of urine and feces following dosing. The animal room environ-
ment was controlled (targeted ranges: temperature 18–26 °C, relative
humidity 30–70%, N10 air changes/h) and monitored. The photo-cycle
was 12 h light and 12 h dark. Mortality checks were performed twice
per day and all animals were inspected twice daily for clinical signs dur-
ing the course of the studies. The body weight of each rat was recorded
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prior to dosing. Each rat was weighed again after the final collection of
urine and feces. Food consumption was only recorded for nine of the
treatment groups in the main study. These data were used in conjunc-
tion with the food consumption data from SLI (2000) to estimate
study-wide food consumption and enable bioavailability estimation
from the diet in unexposed (control) animals.


The test and control articles were administered orally using a blunt
tip gavage needle attached to a syringe. Prior to each individual dose be-
tween rats, the gavage needleswerewiped clean. Each group of animals
were dosed with a new syringe and gavage needle. The dose was ad-
justed based on the animal's body weight, at a rate of 10 mL/kg body
weight, or 4 g/kg on a soil basis.


Urine volumes were measured at the time of collection. Feces sam-
ple weights were determined after drying at 60 °C for 18 h. Following
the last urine and feces collection, all animals were euthanized by CO2


overdose and discarded without necropsy examination.


2.6. Metal and arsenic analyses in the in vivo bioavailability studies


Due to concern over potential lack of homogeneity of the food and
soil suspensions (which could bias dosing estimates and lead to inaccu-
rate bioavailability estimates), 1mL aliquots of the food and soil suspen-
sions were collected before and after each animal was dosed with food
or soil suspension (MS2, MS3, and main study). Therefore, for each
treatment group of 8 animals, 9 samples of dosing suspension were col-
lected, with the analytical values for pre- and post-dose samples being
averaged to estimate each of the eight doses per treatment group. The
one exception to this was the fill soil TP9 (5–7.5 cm), which only had
three aliquots available for analysis. The average value was used as the
estimated dose for that treatment.


Samples of food or soil suspensions, urine, and feces were analyzed
for Ni, Cu, Co, and As by ICP-MS. Samples (0.25 g) of food/soil suspen-
sions and feces (ground by mortar and pestle after drying) were micro-
wave digested in 12mL of Aqua-Regia (Hydrochloric and Nitric acid in a
3:1 ratio). One sample per group was used for spike recovery determi-
nations (see supplementary materials for details). Digestates were di-
luted to 50 mL with water and filtered if necessary, to remove
siliceous particles. Subsequent dilutions were performed as necessary
depending upon the anticipated concentration of Ni in the digestate.
Urine samples were filtered to remove food and other particulates and
0.5 mL aliquots were then diluted to 50 mL with an aqua regia solution
prior to analysis. One sample per groupwas used for spike recovery de-
termination. Twelve sub-samples of Harlan Teklad diet were analyzed
to determine the levels of Ni, Cu, Co, and As in the basal diet.


2.7. Data analysis


As per Hurlbert (1984) inferential statistics were not used, as they
would not have enhanced the meaningful understanding of our find-
ings. Rather, we have used an estimation approach to identify relation-
ships via confidence interval estimates among treatment groups in the
several components of this research (Cumming, 2012). Confidence in-
tervals and regression equations were calculated using Microsoft
Excel. Data quality was assessed using a combination of duplicates, cer-
tified reference materials, and matrix spikes, as appropriate, for the
component studies. Quality assessment results are provided in the sup-
plementary materials.


3. Results and discussion


3.1. Speciation of Ni, Cu, and Co in Port Colborne soils


In Table 1, the metal content in the primary Ni minerals present in
the 13 soil samples from 6 test pits are summarized on a test-pit-wise
basis based on MLA analysis (Ni, Cu, and Co only, as arsenic levels
were too low to be speciated by MLA). Samples are ordered left to
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right in the table by approximate distance from the historical location of
the refinery smoke stack (Fig. S1).


Several characteristic Ni-bearing phases were identified in the soils;
bunsenite (NiO), metallic Ni alloy, Ni ferrite spinel (trevorite), Orford
slag (alkaline slag–mostly hydroxycancrinite but other phases present)
and Ni-bearing clay minerals, the first four being clear indicators of the
historical operations at the Port Colborne refinery.


Bunsenite, which is quite rare in nature and can generally be consid-
ered an industrial mineral, was identified in all 13 MLA samples, with 9
samples containing minor amounts and 4 samples containing trace
amounts. High temperature pyrometallurgical stack processes result in

Fig. 1. False color images of primary Ni minerals in Port Colborne soils. MLA images from four t
note theNi alloy core (orange) in spherical bunsenite particles fromTP9 and TPJ2. (B) Trevorite p
(turquoise). (D) Ni clay (nontronite) rims at edges of bunsenite grains (green). (For interpretatio
this article.)

spherical particles, so particle shape is strongly indicative of airborne
entrainment and aerial transport from a stack source. MLA images
(Fig. 1) show that bunsenite particles generally become smaller and de-
velop amore irregular shapewith increasing distance from the refinery,
a characteristic of distance-deposition patterns around industrial point
sources, with smaller particles being transported farther than larger
particles of the same density.


The average elemental and oxide assay values for thirty spot analy-
ses obtained from 10 bunsenite grains shows bunsenite to consist
mostly of Ni oxide (~95.5 wt%), with Fe oxide (~1.5 wt%), Cu oxide
(~1 wt%) and Co oxide (~1 wt%) in solid solution. Quantitative assay

est pits – increasing distance from refinery towards the right. (A) Blue bunsenite particles;
articles (purple) intergrownwith the iron spinelmineralmagnetite (grey). (C) Orford slag
n of the references to color in thisfigure legend, the reader is referred to theweb version of
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totals are 99.1 ± 1.6 wt%, indicating that there are nomissing elements
from the assay determination, such as hydrogen. This result indicates
that the Ni oxide phase in the Port Colborne soil is anhydrous, rather
than a Ni oxide/hydroxide phase.


Some bunsenite particles contain “cores” of metallic nickel, present
as Ni alloy (Fig. 1) consisting mostly of Ni (~92.5 wt%), with Cu, Fe,
and Co in solid solution. The highest proportion of such particles occurs
in the soil closest to theNi Refinery (TP9),where fill was used to reclaim
land adjacent to theWelland Canal. Ni-alloy concentrations were lower
in the remaining samples outside of the fill area (Table 1). The Ni alloy
cores within bunsenite particles would be expected to have low chem-
ical reactivity or biological availability due to the presence of the
bunsenite coatings.


Ni-Fe-ferrite is an oxide phase with the mineral name trevorite, and
an ideal mineral formula NiFe3 2O4. Trevorite was identified in all thir-
teen samples that were speciated by MLA, being a major constituent
of the two fill samples fromTP9 (4–5wt% - Table 1), aminor constituent
in four samples from 3 locations (0.5–1 wt% in TP206, Hruska, and TP-
J2), and a trace constituent in the remaining 7 samples from TP-S and
TPK2–1 (b0.1 wt%) (Table 1).


MLA particle images show that trevorite is generally intergrown
with magnetite (Fig. 1). This is not unusual, since they are both spinel-
group minerals with Ni substituting for Fe2 in magnetite to form
trevorite. As with Ni alloy and bunsenite, trevorite particles tend to be-
come smaller with increasing distance from the Port Colborne refinery.

Table 2
Totalmetals and bioaccessibility results for fill, clay/mineral, and organic soils from the Port Colb
indicate samples where bioaccessibility could not be determined due to analytes being below


Sample ID Soil type Soil [Ni] (mg/kg) Soil [Cu]
(mg/kg)


Soil [C
(mg/k


TP9 (5–7.5 cm) Fill 14,645 959 1
TP9 (5–7.5 cm) dupl. Fill 13,052 932 1
TP9 (7.5-10 cm) Fill 17,420 1227 1
TP9 (10–12.5 cm) Fill 12,005 732 1
TP9 (12.5–15 cm) Fill 16,135 998 1
TP17 (10–12.5 cm) Fill 4288 570 4


Average - Fill 12,924 [8453,
17,396]


903 [685,
1121]


149
20


TP3 (0–2.5 cm) Clay 8912 822 1
TP5 (0–5 cm) Clay 9527 884 1
TP5 (5 cm) Clay 8686 839 1
TP5 (10–12.5 cm) Clay 5112 453 5
TP6 (2.5–5 cm) Clay 18,553 1915 1
TP-J2 (5–10 cm) Clay 1065 132 2
TP-J2 (10–15 cm) Clay 4582 432 5
TPK2–1 (5–10 cm) a Clay 1015 128 2
TPK2–1 (5–10 cm) b Clay 1066 131 2
TPK2–1 (5–10 cm) b
(dupl.)


Clay 1080 131 2


Hruska Clay 5019 472 5
TP206 (30–35 cm) Mineral 12,495 635 1
TP206 (35 cm) Mineral 7226 324 5
TP206 (35–40 cm) Mineral 4436 212 3


Average - Clay 6341 [3530, 9152] 537 [268,
805]


71 [4


Groetlaar Organic 9754 865 9
Groetlaar (0–15 cm) Organic 17,088 1353 1
Groetlaar (0–15 cm)
dupl.


Organic 16,643 1397 1


SS20 Organic 259 75 1
SS25 V. High Organic Organic 8125 544 2
SS27 Med Organic Organic 1640 251 1
Ni 1000 (soil organic) Organic 2547 286 4
TP-R4 (10–15 cm) Organic 2369 398 3
TPS (0–2.5 cm) Organic 1980 265 3
TP-S (2.5–5 cm) Organic 1985 268 3
TP-S (10–15 cm) a Organic 1779 239 3
TP-S (10–15 cm) b Organic 1868 247 3


Average -
Organic


5503 [1853, 9154] 516 [243,
788]


89 [3

Average elemental and oxide assay values for 5 spot analyses ob-
tained from 3 trevorite grains show that trevorite consistsmostly of fer-
ric oxide (~45 wt%) and nickel oxide (~39 wt%), withminor amounts of
Al oxide (~6 wt%), Cu oxide (~4 wt%), Co oxide (~2 wt%) and chromic
oxide (~1 wt%), all in solid solution. Quantitative assay totals are 98.9
± 1.7 wt%, within analytical error of 100 wt%, indicating that there are
no missing elements from the assay determination, such as hydrogen.


The Port Colborne soil samples contain an unusual mineral phase
with chemistry similar to plagioclase feldspar. The presence of trace
amounts of Cu and Ni in solid solution, combined with the porous tex-
ture of the particles, identified this phase as hydroxycancrinite, the
major mineral phase in the alkaline slag from the Orford Process, a Ni-
Cu separation technology used at the Port Colborne refinery before
1931. As such, the Orford slag is an almost century old fingerprint of
the pyrometallurgical origin of this mineral in the soils to the north
east of the refinery along the primary axis of wind direction.


The hydroxycancrinite (Orford slag) particles are typically larger
than other Ni-bearing particles (Ni alloy, bunsenite, and trevorite).
The hydroxycancrinite typically occurs in porous particles with abun-
dant trapped gas bubbles (termed vesicles), consistent with formation
as a slag. The ideal mineral formula of hydroxycancrinite is Na4
(AlSiO4)3 (OH)·(H2O) – consisting of 19% sodium and 5.5 wt% water.
WDS X-ray analysis confirms that the hydroxycancrinite contains
trace levels of Cu, Ni, and Co in solid solution, averaging 0.24, 0.2 and
0.04 wt% respectively.

orne area. Values in square brackets are the lower and upper 95% confidence limits. Dashes
detection limits in extracts.


o]
g)


Soil [As]
(mg/kg)


Ni BAc (%) Cu BAc (%) Co BAc (%) As BAc (%)


92 56 7.2 25.5 22.6 30.0
90 57 6.1 21.0 16.7 19.0
94 79 7.7 27.3 19.9 24.4
26 52 7.8 33.0 17.7 37.2
52 64 5.8 37.4 13.9 37.6
0 24 17.4 58.4 28.6 48.8
[92,
6]


55 [38,
73]


8.7 [4.5, 12.8] 33.8 [21.0,
46.6]


19.9 [14.9,
24.8]


32.8 [22.6,
43.1]


03 23 9.4 31.8 22.5 –
08 42 10.2 33.7 22.0 35.42
01 33 10.1 32.6 21.8 30.52
9 25 9.1 33.2 18.2 39.39
96 67 12.0 43.3 17.6 36.74
7 14 14.5 42.1 – –
7 26 18.8 46.4 24.6 –
9 13 12.2 47.8 – –
6 11 14.4 43.2 – –
9 13 13.3 38.0 – –


9 21 16.4 38.1 21.9 –
02 42 7.9 25.6 16.7 22.36
3 25 9.1 24.1 23.6 –
4 19 13.2 26.7 29.7 –
4, 97] 27 [18,


35]
12.2 [10.4,


13.9]
36.2 [31.9,


40.5]
21.9 [19.8,


23.9]
32.9 [29.4,


36.4]
7 48 20.6 30.6 22.0 28.5
56 67 21.8 35.5 25.4 34.56
63 73 20.7 27.7 23.8 27.64


4 28 31.9 33.0 64.2 57.06
87 60 34.4 25.9 20.3 24.01
31 19 23.5 26.2 14.0 40.81
0 21 15.3 22.8 36.8 –
8 30 33.1 36.8 43.8 62.04
5 22 26.0 38.5 44.6 61.54
7 23 27.0 38.6 39.8 59.7
2 22 27.8 37.5 45.4 61.31
3 25 25.9 36.0 38.0 50.21
9, 138] 37 [24,


49]
25.7 [22.2,


29.1]
32.4 [26.2,


43.5]
34.8 [26.2,


43.5]
46.1 [36.8,


55.4]







Table 3
Summary mass balance information for Ni mass balance in control animals from three
mini-studies and the main study. The sample size of n= 72 for MS1–3 in the upper table
refers to the fact that samples collected daily for 72 h were analyzed separately. The sam-
ple size of n=32 in the lower table refers to the pooled 72-h data, which reduces the sam-
ple size by a factor of three. “Food eaten” is estimated from the equation Food eaten (g)=
34,326(weight (g))−1.038. Values in square brackets are the lower and upper 95% confi-
dence limits.


Study Variable (units) n Mean


MS1,MS2,MS3 24 h Urine Vol. (mL) 72 19.0 [17.7, 20.3]
MS1,MS2,MS3 24 h Urine [Ni] (μg/L) 72 65.9 [59.2, 72.6]
MS1,MS2,MS3 24 h Urinary Ni mass (μg) 72 1.2 [1.1, 1.3]
MS1,MS2,MS3 24 h fecal mass (g) 72 6.2 [6.0, 6.3]
MS1,MS2,MS3 24 h fecal [Ni] (μg/g) 72 10.0 [9.4, 10.6]
MS1,MS2,MS3 24 h Mass Ni eaten (μg) 72 54.0 [53.9, 54.1]
MS1,MS2,MS3 24 h fecal Ni mass (μg) 72 62.0 [57, 67]
MS1,MS2,MS3,Main 72 h Urine Vol. (mL) 32 55.8 [50.7, 60.9]
MS1,MS2,MS3,Main 72 h Urine [Ni] (μg/L) 32 70.3 [61.6, 79.0]
MS1,MS2,MS3,Main 72 h Urinary Ni mass (μg) 32 3.7 [3.3, 4.1]
MS1,MS2,MS3,Main 72 h fecal mass (g) 32 18.5 [17.7, 19.3]
MS1,MS2,MS3,Main 72 h fecal [Ni] (μg/g) 32 10.3 [9.7, 10.9]
MS1,MS2,MS3,Main 72 h fecal Ni mass (μg) 32 184.2 [169.4, 199.0]
MS1,MS2,MS3,Main 72 h food eaten (g) 32 83.5 [83.4, 83.6]
MS1,MS2,MS3,Main 72 h Mass Ni eaten (μg) 32 162.1 [161.9, 162.3]
MS1,MS2,MS3,Main Urinary Ni recovery (%) 32 2.3 [2.1, 2.5]
MS1,MS2,MS3,Main Fecal Ni recovery (%) 32 114 [105, 123]
MS1,MS2,MS3,Main Urinary Cu recovery (%) 32 2.3 [2.1, 2.5]
MS1,MS2,MS3,Main Fecal Cu recovery (%) 32 66.4 [62.9, 69.9]
MS1,MS2,MS3,Main Urinary Co recovery (%) 32 2.5 [2.4, 2.6]
MS1,MS2,MS3,Main Fecal Co recovery (%) 32 78.9 [75.2, 82.6]
MS1,MS2,MS3,Main Urinary As recovery (%) 32 26.0 [24.6, 27.4]
MS1,MS2,MS3,Main Fecal As recovery (%) 32 37.9 [33.3, 42.5]
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Among the remaining Ni-rich phases, sulfidic Ni was also found in
several of these samples. In addition to being a minor component, the
sulfides are found at the cores of spherical particles with coatings of
bunsenite, indicating that the sulfides, like the nickel alloy, are trapped
within the spheres and unable to interact chemically or biologically un-
less they are broken open to expose reactive internal surfaces.


A final Ni-bearing phase of interest was a hydrous mica-like phase
identified as a Ni clay mineral, most likely belonging to the nontronite
group. The Ni clay is present in elongated grains closely associated
with bunsenite, typically occurring as rims surrounding the bunsenite
grains. It is proposed that these grains have formed in-situ in the soil,
as the result of cation exchange between Ni from the bunsenite and
other cations present in an unidentified precursor clay mineral. This is
not unexpected, given that clay soils are locally common.


The speciation of 13 of the metal-contaminated soils that were also
orally dosed to rats helps to provide context to understand the biologi-
cal uptake of the contaminant metals in a common mammalian model.
It is significant that the metals occur in solid solution, confirming that
the Ni-bearing phases present in the soil were created at high tempera-
ture in the historical pyrometallurgical processes at the refinery. As
particle-rich process gases were transported through the flues, exited
the stack and carried in the ambient air, the molten particles would
have solidified (frozen) with the once-molten metals remaining in
place, effectively in “solid solution” (the term common to mineralogy
and metallurgy). The chemical reactivity and biological availability of
these metals in soil up to a century after their deposition is primarily
that of nickel oxide, trevorite, and Orford slag, with Cu and Co being
present in solid solution in these phases. All three of these mineral
phases are clearly associated with the historical operations at the
refinery.


3.2. Oral bioaccessibility of Ni, Cu, Co, and As in Port Colborne soils


In vitro bioelution tests were conducted on 6 fill soil samples, 14
clay/mineral soil samples, and 12 organic soil samples (Table 2). These
sampleswere from17 test pits (Fig. S1), so for each soil type, some sam-
ples were from different depths in the same test pit. Differences in BAc
by soil type are seen for Ni, the major contaminant metal at Port
Colborne, with BAc being highest in the organic soil (25.7%) and lowest
in the fill soil (8.7%). The BAc of Co and As is also highest in organic soil
(34.8% Co, 46.1% As), but there were no obvious difference between the
fill and clay/mineral soils (~20% Co, 33% As). No difference was seen be-
tween soil types for Cu BAc (32–36%). There are few comparable data
sets, but using the same bioelution methodology, the Ontario Ministry
of the Environment found the BAc of Ni, Cu, Co, and As in fill soils
from Port Colborne to be 19, 35, 29, and 35%, respectively (MOE,
2002). These values are comparable to our current results.


3.3. Bioavailability of Ni, Cu, Co, and As from rat chow – baseline urinary
and fecal levels in control animals


Among the in vivo studies reported here, we have attempted to esti-
mate the Ni, Cu, Co, and As BAv by mass balancing intake from a single
oral gavage dosewith urinary and fecal output. Fecal and urinarymetals
have specificity, with Ni, Co, and As in feces thought to reflectmetal that
has not been taken up by the test animals, as these metals are not pri-
marily regulated via biliary/fecal excretion. Rather, these elements are
primarily regulated via urinary excretion. In contrast, Cu is excreted in
bile, so fecal Cu is a relevant measure of both excreted and unabsorbed
Cu, with excreted biliary Cu being not just from soil ingestion but from
the diet as well. Clearly, this would complicate BAv estimation by fecal
mass balance. Cu is not excreted primarily via the kidney and therefore
bioavailability cannot be inferred from urinary Cu alone (Fairweather-
Tait, 1997).


The background or baseline dietary exposure to the study metals is
an important and overlooked area in risk assessment (NRC, 2012). The

BAv of dietary metals in risk assessment is often assumed to be 100%.
In the absence of isotopic tracers, our approachwas to establish baseline
urinary and fecal Ni, Cu, Co, and As output in control (unexposed) ani-
mals and to distinguish that baseline from the output associated with
the gavage doses of thesemetals (e.g., in soils). Given that the Ni in Har-
lan Teklad 8728C rat chow is present not as a mineral supplement, but
as biologically incorporated components of naturally sourced ingredi-
ents (dehulled soybean meal, wheat middlings, flaked corn, ground
corn, fish meal, cane molasses, ground wheat, dried whey, soybean oil,
brewers dried yeast), these baseline urinary and fecal Ni values allow
the BAv of Ni to be inferred from a natural diet in the absence of Ni con-
tamination (Table 3). The same logic also applies to As. In contrast,
CuSO4 and CoCO3 were present as mineral supplements to the Teklad
diet, with a Cu product specification of 25 mg/kg. Co, Ni, and As specifi-
cations were not provided by the manufacturer, but the average values
for Cu, Ni, Co, and As from twelve subsamples of the diet in this study
were 24.25 mg/kg [95% CI] [16.99, 31.51], 1.94 [1.53, 2.35], 0.78 [0.73,
0.83], and 0.23 [0.21, 0.24], respectively.


Baseline daily urinary Ni mass excretion from control rats in MS1–3
was 1.16 μg Ni, while the estimated daily mass of Ni eaten was 54 μg
(Table 3), implying an oral bioavailability of approximately 2.2% from
the basal diet. This baseline (background) urinary Ni reflects the excre-
tion of Ni taken up from the normal diet and must be principally due to
Ni present in the Harlan Teklad 8728C rodent diet, with City of Toronto
drinking water expected to provide nomore than 0.05 μg per day (data
not shown). The estimated average amount ofNi received by the control
animals from food over 72 h was 162.1 μg in this study. The baseline
(72-h) mass of Ni recovered in feces was 184.2 μg, with an average
daily fecal Ni concentration of 10.3 μg/g. The mass of fecal Ni (185.2
μg) over this period represents 114% (95% CI) [105, 123] of the esti-
matedNi intake. The amount of nickel present in the diet can be approx-
imately mass-balanced between urine and feces. From these data, the
urinary excretion is approximately 2% of the dose received from the
diet over the course of the study and this value is the estimated oral
BAv of Ni from uncontaminated food containing Ni from natural plant
and animal sources. It can be assumed that the baseline urinary Ni ex-
cretion in control animals represents an equilibrium physiological







Table 4
Meanurinary and fecal Ni concentrations inMS1,MS2, andMS3 following single gavage dose of Ni inwater, food, or soil. Values in square brackets are the lower and upper 95% confidence
limits.


Urinary [Ni] (μg/L) Fecal [Ni] (mg/kg)


Study Treatment 24 h 48 h 72 h 24 h 48 h 72 h


MS1 Control 68.7 [54.1, 83.3] 84.7 [66.3, 103.1] 61.3 [43.6, 79.0] 10.4 [9.6, 11.2] 9.6 [9.2, 10.0] 9.1 [8.2, 10.0]
MS1 0.22 mg Ni/kg 111.7 [82.6, 140.8] 75.5 [39.9, 111.1] 91.0 [60.4, 121.6] 16.6 [16.2, 17.0] 11.4 [8.2, 14.6] 10.7 [9.2, 12.2]
MS1 0.55 mg Ni/kg 299.2 [46.0, 552.4] 97.9 [79.5, 116.3] 61.2 [45.5, 76.9] 34.0 [31.0, 37.0] 12.3 [11.1, 13.5] 11.7 [11.3, 12.1]
MS1 1.1 mg Ni/kg 302.0 [229.4, 374.6] 90.8 [70.3, 111.3] 100.2 [65.4, 135.0] 48.2 [42.2, 54.2] 13.7 [12.3, 15.1] 12.0 [11.2, 12.8]
MS1 2.2 mg Ni/kg 574.7 [457.3, 692.1] 89.8 [56.4, 123.2] 94.7 [71.0, 118.4] 90.7 [82.1, 99.3] 13.1 [11.3, 14.9] 11.3 [10.6, 12.0]
MS2 Control 69.8 [45.9, 93.7] 88.1 [58.0, 118.2] 90.4 [70.1, 110.7] 9.6 [7.6, 11.6] 10.8 [8.0, 13.6] 8.6 [7.2, 10.0]
MS2 100 μg Ni/g food 173.6 [135.4, 211.8] 76.0 [69.4, 82.6] 103.9 [76.9, 130.9] 27.3 [25.7, 28.9] 11.8 [11.2, 12.4] 10.2 [9.5, 10.9]
MS2 1000 μg Ni/g food 1085.9 [718.4, 1453.4] 141.2 [69.6, 212.8] 94.9 [84.4, 105.4] 154.9 [141.1, 168.7] 14.3 [12.0, 16.6] 9.0 [8.4, 9.6]
MS2 2500 μg Ni/g food 2182.3 [1845.8, 2518.8] 142.0 [97.1, 186.9] 60.7 [53.9, 67.5] 370.8 [326.0, 415.6] 20.5 [11.9, 29.1] 12.1 [11.1, 13.1]
MS3 Control 48.6 [34.8, 62.4] 39.7 [26.5, 52.9] 41.5 [28.6, 54.4] 9.9 [8.7, 11.1] 12.0 [7.9, 16.1] 9.9 [9.2, 10.6]
MS3 Soil - TPS 0–0.5 cm 165.4 [130.9, 199.9] 72.2 [52.4, 92.0] 89.0 [69.7, 108.3] 228.2 [191.8, 264.6] 12.8 [10.9, 14.7] 10.9 [8.7, 13.1]
MS3 Soil - TP9 5–7.5 cm 260.5 [196.2, 324.8] 81.0 [54.2, 107.8] 82.2 [52.2, 112.2] 1393 [1149.1, 1636.9] 25.1 [11.3, 38.9] 13.9 [1.4, 26.4]
MS3 Soil - Hruska 433.4 [333.1, 533.7] 99.6 [81.4, 117.8] 99.3 [63.7, 134.9] 412.4 [376.1, 448.7] 17.2 [11.2, 23.2] 10.0 [9.2, 10.8]
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state, with essentially constant dietary intake and associated urinary ex-
cretion providing ameasure of dietary Ni BAv. Risk assessments that as-
sume BAv from a normal uncontaminated diet is 100%will significantly
overestimate exposure.


Themass balances for Co from the dietwere incomplete. The slightly
lowCo fecalmass balance indicates a possible systemic cycling (“metab-
olism”) with roughly 19% of the estimated daily Co intake from food
(fortified with CoCO3) being unaccounted-for in the urine and feces
(Table 3). The As mass balances among the controls were also incom-
plete, with 36% of the estimated dietary As intake being unaccounted-
for in urine and feces. The elevated urinary As mass balance among
the controls likely reflects excretion of bioavailable As from
arsenobetaine in the fishmeal component of the diet. Since our study
only measured urinary and fecal As, it is likely that the unaccounted-
for mass of As was present in liver and kidney in the process of being
metabolized prior to excretion (Hughes, 2006). Copper homeostasis is
known to be regulated primarily in the liver (Ellingson et al., 2015), so
in Table 3, urinary Cu is referenced in terms of mass balance rather

Fig. 2. Thebaseline-correctedmass ofNi excreted inurine over the 72-h post-dosingperiod follo
y-axis). Squares: Dosing with NiSO4·6H20 in food slurry following from Ambrose et al. (1976)

than inferring BAv from urinary Cu, although they are the same, numer-
ically. The cumulative urinary and fecal recovery of only 68% of the Cu
ingested from a CuSO4-supplemented commercial rat chow containing
25mgCu/kg likely reflecting Cu incorporation in the increasing biomass
of the rats. The unaccounted-for 32% of ingested Cu indicates that a
meaningful estimate of copper BAv is not possible from the control data.


3.4. Bioavailability of Ni from nickel sulfate (MS1 and MS2)


Urinary and fecal Ni concentrations in MS1 and MS2 were tran-
siently elevated in treated animals following the gavage dosing and
returned to control levels by 72h (Table 4). The 72-hpost-dosing collec-
tion period was sufficient to ensure that all dose-related urinary and
fecal Ni was measured. In spite of the two different NiSO4 dosing
media in MS1 and MS2 (water or spiked food), there was a strong rela-
tionship between dose andurinaryNi excretion (Fig. 2). However,when
expressed as a percentage of dose, the line has a slope of roughly zero,
with the y-intercept of 2.35 essentially reflecting constant urinary

wing single gavagedosing. Circles: DosingwithNiSO4·6H20 inwater as per SLI (2000) (left
(left y-axis). Filled Triangles: Combined data expressed as a % of the dose (right y-axis).







Fig. 3. The baseline-corrected mass of Ni recovered in feces over the 72-h post-dosing period following single gavage dosing. Circles: Dosing with NiSO4·6H20 in water as per SLI (2000)
(left y-axis). Squares: Dosingwith NiSO4·6H20 in food slurry following from Ambrose et al. (1976) (left y-axis). Filled Triangles: Combined data expressed as a % of the dose (right y-axis).
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excretion of approximately 2% over a dose range from background to
8500 μg Ni/kg, regardless of whether the Ni was dosed in water (MS1)
or food (MS2).

Fig. 4. 24-h urinary and fecal mass balances of Ni (% of gavage dose) for MS1 and MS2 (circles a
fromCRL (2005). Error bars are 95%C.I. Urinarymass excretion (% of gavaged dose) is plotted on
axis (filled symbols). Some x-values are slightly offset for visual clarity. Solid trend lines repre
0.0017x 75.7 (r = 0.520). Dashed trendlines represent combined data from 90-d and 103 w
180.8 (r = 0.654).

As with urine, when expressed as a percentage of dose, the recovery
of the Ni doses in feces for MS1 and MS2 was essentially constant (zero
slope) (Fig. 3) with the exception that the bulk of the dose was

nd squares) and the 90-day satellite study (diamonds) and 103 week samples (triangles)
the right y-axis (open symbols). Fecal recovery (% of gavaged dose) is plotted on the left y-
sent combined data from MS1 and MS2; urine y = −0.000037x 1.81 (r = 0.384); feces
eek data from CRL (2005); urine y = −0.0013x 5.92 (r = 0.246); feces y = −0.0031x







Table 5
Soil Ni, Cu, Co, andAs concentrations (reconstructed fromdosing solutions) and urinary and fecalmass balances for Port Colborne soils orally dosedby gavage tomale SpragueDawley rats.
Values within square brackets are lower and upper 95% confidence limits.


Sample ID Soil
type


[Ni]
(mg/kg)


[Cu]
(mg/kg)


[Co]
(mg/kg)


[As]
(mg/kg)


Urinary Ni
mass
balance (%)


Fecal Ni
mass
balance
(%)


Urinary Cu
mass
balance
(%)


Fecal Cu
mass
balance
(%)


Urinary Co
mass
balance (%)


Fecal Co
mass
balance
(%)


Urinary
As
mass
balance
(%)


Fecal As
mass
balance
(%)


TP9 (5–7.5 cm) Fill 11,515 810 196 53 0.045
[0.041,0.04]


93.7
[87.1,
100.3]


−1.7
[−2.0, −1.4]


108
[87, 129]


0.88
[0.47, 1.28]


52.2
[27.0, 77.3]


0.2
[−1.1,
1.5]


100.2
[94.6,
105.8]


TP9 (7.5-10 cm) Fill 16,739 818 246 88 0.04
[0.03, 0.05]


68.0
[2.1, 133.9]


−0.3
[−1.1, 0.6]


109
[24, 193]


0.96
[0.42, 1.49]


57.2
[6.4108.1]


0.2
[−0.2,
0.5]


42.4
[−1.9, 86.7]


TP9 (10–12.5
cm)


Fill 8575 239 115 55 0.05
[0.03, 0.07]


142.3
[106.8,
177.8]


4.9
[−11.3,
20.9]


562
[−140,
1265]


1.06
[0.58, 1.54]


149.7
[116.6,
182.8]


−0.7
[−1.6,
0.3]


53.9
[38.2, 69.6]


TP9 (12.5–15
cm)


Fill 8289 828 110 57 0.08
[0.05, 0.10]


233.4
[177.2,
289.6]


−0.4
[−1.1, 0.2]


146
[110, 183]


1.10
[0.77, 1.42]


200.0
[151.3,
248.7]


0.8
[0.3, 1.3]


131.2
[97.2,
165.2]


TP17 (10–12.5
cm)


Fill 3462 384 37 23 0.23
[0.16,0.29]


110.7
[13.9,
207.4]


−1.3
[−2.5, −0.1]


108
[37, 179]


2.04
[1.24, 2.84]


83.0
[24.6,
141.5]


0.7
[−1.3,
2.7]


32.0
[−19.1,
83.1]


Average - Fill 9716 616 141 55 0.09 129.6 0.23 207 1.2 108.4 0.3 72
TP6 (2.5–5 cm) Clay 13,756 1535 186 61 0.13


[0.11, 0.14]
107.7
[60.1,
155.3]


−0.4
[−0.7, −0.1]


98
[51, 144]


2.19
[1.56, 2.82]


93.2
[54.8,
131.6]


1.0
[0.2, 1.9]


76.0
[41.6,
110.3]


TP-J2 (5–10 cm) Clay 5861 779 103 29 0.06
[0.04,0.08]


71.9
[47.5, 96.3]


−0.4
[−0.5, −0.2]


70
[45, 95]


0.65
[0.43, 0.87]


65.3
[43.9, 86.7]


−0.3
[−0.7,
0.1]


55.7
[32.2, 79.2]


TP-J2 (10–15
cm)


Clay 3356 420 48 21 0.07
[0.06, 0.08]


88.7
[61.5,
115.9]


−0.7
[−1.1, −0.3]


87
[59, 114]


0.89
[0.72, 1.06]


84.3
[60.3,
108.3]


−0.1
[−0.5,
0.3]


65.8
[43.3, 88.2]


TPK2–1 (5–10
cm) a


Clay 972 113 22 10 0.05
[0.02, 0.07]


90.8
[62.1,
119.4]


−3.2
[−4.9, −1.5]


32
[−102,
166]


0.73
[0.19, 1.27]


78.3
[48.1,
108.5]


−3.4
[−5.4,
−1.4]


49.1
[7.9, 90.3]


TPK2–1 (5–10
cm) b


Clay 914 118 20 10 0.01
[−0.01,
0.03]


112.5
[81.0,
143.9]


−4.1
[−5.1, −3.2]


287
[43, 530]


0.04
[−0.23,
0.32]


128.6
[91.6,
165.6]


−3.7
[−4.8,
−2.6]


104.3
[50.5,
158.2]


Hruska Clay 4942 455 69 15 0.14
[0.13, 0.15]


72.0
[68.5, 75.5]


−4.3
[−5.2, −3.3]


107
[89, 126]


1.48
[0.52, 2.45]


77.0
[72.8, 81.1]


−3.7
[−8.8,
1.4]


125.0
[112.5,
137.4]


TP206 (35 cm) Mineral 5558 333 48 28 0.08
[0.07, 0.10]


55.1
[23.7, 86.6]


−3.7
[−5.7, −1.7]


−196
[−311,
−81]


1.27
[0.77, 1.77]


4.4
[−44.7,
53.5]


−2.1
[−3.3,
−0.9]


15.6
[−7.5, 38.6]


TP206 (35–40
cm)


Mineral 7136 518 97 33 0.05
[0.04, 0.06]


15.2
[−2.2, 32.6]


−5.0
[−5.9, −4.1]


−63
[−146, 20]


0.38
[0.13, 0.63]


3.7
[−19.3,
26.8]


−4.8
[−6.0,
−3.5]


−1.2
[−12.9,
10.5]


Average - Clay 5312 534 74 26 0.07 76.7 −2.7 53 0.95 66.9 −2.1 61.3
Groetlaar (0–15
cm)


Organic 8136 822 101 42 0.45
[0.24, 0.67]


83.6
[57.5,
109.6]


−2.8
[−3.4, −2.2]


67
[33, 101]


1.67
[1.10, 2.24]


74.1
[50.0, 98.2]


−2.0
[−3.9,
−0.2]


55.1
[32.9, 77.4]


SS20 Organic 240 61 10 24 0.38
[0.20,0.57]


56.1
[32.2, 79.9]


−23.2
[−33.9,
−12.5]


−245
[−463,
−26]


−1.00
[−2.55,
0.55]


25.4
[−34.8,
85.6]


−3.7
[−5.6,
−1.7]


52.9
[38.6, 67.3]


TPS (0–2.5 cm) Organic 2022 226 33 19 0.19
[0.17, 0.21]


81.3
[72.6, 90.1]


−5.1
[−6.0, −4.2]


170
[128, 211]


1.40
[0.42, 2.38]


94.0
[79.6,
108.4]


4.0
[1.9, 6.1]


85.9
[69.0,
102.8]


TP-S (2.5–5 cm) Organic 1527 196 26 17 0.33
[0.17, 0.50]


57.8
[28.7, 86.9]


−6.8
[−11.3,
−2.2]


25
[−14, 64]


3.98
[0.18, 7.79]


59.8
[35.7, 83.9]


−1.4
[−11.2,
8.4]


30.6
[3.7, 57.6]


TP-S (10–15 cm)
a


Organic 1609 210 27 19 0.09
[0.03, 0.13]


37.0
[19.7, 54.2]


−6.3
[−9.4, −3.1]


−44
[−87, −2]


1.21
[0.20, 2.21]


22.3
[0.7, 43.8]


−5.3
[−8.1,
−2.6]


18.8
[2.8, 34.8]


TP-S (10–15 cm)
b


Organic 1563 70 27 20 0.29
[0.21, 0.37]


55.8
[32.9, 78.6]


−30.1
[52.8, −7.4]


−106
[−313,
102]


3.39
[2.10, 4.68]


31.1
[7.7, 54.6]


−4.2
[−7.7,
−0.7]


25.8
[6.8, 44.7]


Earthworm Soil Organic 2971 122 46 27 0.37
[0.22, 0.52]


31.7
[14.3, 49.0]


−17.5
[−24.2,
−10.7]


−555
[−852,
−258]


1.59
[0.89, 2.29]


−18.3
[−49.9,
13.3]


−3.9
[−6.3,
−1.6]


2.1
[−11.9,
16.2]


Average -
Organic


2581 244 38 24 0.30 57.6 −13.9 −98.4 1.75 41.2 −2.4 38.8


Earthworms Tissue 6.9 3.7 1 1 6.87
[2.27,
11.48]


– – – −3.99
[−16.82,
8.85]


– – –
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recovered in the feces. The considerable variability in fecal recovery
seen around the low doses likely reflects variation in food consumption,
which can be a significant fraction of the exposure at low applied doses.
The recovery of the Ni applied dose from the pooled MS1 andMS2 data
was 99.6% (95% CI) [96.6; 102.6] in the feces and 2.1% [2.0; 2.2] in the
urine, indicating an essentially complete closed Ni mass balance in
these twomini-studies, with the 2.1% urinary Ni excretion representing
absolute Ni BAv (Ni ABA). These results suggest that 2.1% BAvwas likely
to have been present in the two reproductive studies which form the
basis for many jurisdictional oral Ni TRVs, namely SLI (2000) and
Ambrose et al. (1976).


The twomini-studies justify the mass balance approach for evaluat-
ing the BAv of Ni and the other contaminant elements present in Port
Colborne soils and enable the adjustment of the applied doses of Ni in
Ambrose et al. (1976) and SLI (2000) to an absorbed-dose basis for as-
sessment of risk. For comparison, our 24-h urinary and fecal Ni data
were superimposed on measurements after 90 days and 103 weeks of
continuous daily gavage doses of 10, 30, and 50 mg/kg body weight
(as NiSO4·6H2O) from a two-year oral carcinogenicity study (Heim
et al., 2007) (Fig. 4). Even after receiving high doses of Ni for the previ-
ous 90 days or 103 weeks, the urinary Ni intercept (5.92% of dose) im-
plies BAv of approximately 6%. Part of the apparent urinary Ni
excretion would certainly have included carry-over from previous
daily doses. Thus, the apparent BAv of Ni after either a single or repeated
dose was likely closer to the 2% observed inMS1 andMS2. The CRL fecal
recoveries were well over 100% (y-axis intercept of 181% of dose),
which also very likely reflects that the animals had been dosed contin-
ually, with the fecal mass of Ni reflecting multiple prior daily doses.
These data support our current findings for the BAv of nickel sulfate
and, because there is no carry-over from previous doses, confirms that
single oral doses are most suitable for estimating BAv using a mass bal-
ance approach. The data demonstrate a close to first-order kinetics for
Ni absorption over a broad range of concentrations and indicate that
systemic Ni BAv estimated with single exposures can be extrapolated
to systemic BAv after repeated exposures.


The literature on the oral BAv of Ni from the sulfate salt in rats gen-
erally agreeswith ourfindings although there are discrepancies in study
methodologies that complicate comparison. Ishimatsu et al. (1995)
found the BAv of nickel sulfate (estimated from Ni in blood, urine, and
selected organs) to be 11% after 24 h. Ishimatsu did not evaluate fecal
Ni, so total mass balance was not possible. In contrast, Vasiluk et al.
(2011) reported BAv of nickel sulfate 24 h after dosing to be 39% by
fecal mass balance. For comparison, if BAv were estimated as the differ-
ence between applied dose and Ni recovered in feces, the equivalent
pooled 24-h BAv estimate across the four aqueous nickel sulfate doses
in MS1 was 26% (95% C.I. [12.4%, 40.1%]), which is not dissimilar to the
Vasiluk et al. value. Fecal or urinary mass balance in isolation from
each other provide an incomplete estimate of Ni BAv. Total urinary
and fecal mass balance over 72 h is preferred.


3.5. Oral bioavailability of Ni, Cu, Co, and As from Port Colborne soils


The daily urinary and fecal Ni, Cu, Co, and As mass balance data in
MS3 were summed over 72-h and reported with the 72-h totals from
the main study (Table 5). The soil metal concentrations reconstructed
from the dosing solutions are generally similar to the values from the
subsamples used for BAc testing (Table 2), but sufficiently different to
remind us of the particulate nature of the metal contamination in
these soils, with differences existing in particle density and particle
size among the metal-bearing particles in the soils, the proportions of
which can vary considerably even within sub-samples from the same
sampling location.


For Ni, the urinary mass balance (ABA) values ranged from 0.01 to
0.45%, somewhat less than the 2.1% seen for the highly soluble nickel
sulfate salt in MS1 and MS2. The low apparent oral BAv of the Ni in
these soils reflects the presence of poorly soluble species such as

bunsenite, Ni ferrite, and Orford slag, the primary Ni species in the con-
taminated soil. Given the low percentage of theNi dose being present in
the urine, it would be expected that the majority of the dose be present
in the fecal mass balance. However, although the confidence intervals
for fecal Ni mass balance did encompass 100% for the fill and clay/min-
eral soils (i.e. closed mass balance), there was considerable variability
seen between the soils, and the fecal recoveries tended towards not
being complete, particularly in the organic soils (Table 5). The reasons
for this variability are unclear. Tracers of gastrointestinal transport
could potentially be used to identify the reasons for these discrepancies.


The mass balances in Table 5 were calculated after subtracting the
baseline urinary and fecal Ni, Cu, Co, and As levels observed in the
pooled controls (Table 3). For Ni and Co, the confidence intervals for
the small urinarymass recoveries were non-zero, indicating BAv. Nega-
tive values for baseline-corrected urinary Cu, with confidence intervals
that bracket zero, should be thought of as “zeroes”, reflecting that Cu
is not regulated in the kidney and that urinary excretion is not a good
measure of bioavailable Cu. Estimating Cu BAv from the soils was con-
founded by the Cu supplementation of the rat chow. The approximate
dose of Cu from the soil containing the highest Cu concentration (TP6
(2.5–5 cm) – 1535 mg/kg) would be 613 μg, a mere 60 μg less than
from the CuSO4-supplemented rat chow. The highly variable fecal
mass balances demonstrate that the study could not distinguish be-
tween Cu from highly-contaminated Port Colborne soils and that in
the diet (Table 5), suggesting the likely absence of oral risk for Cu
from these soils.


Co, which is primarily excreted via the kidney, showed small incre-
mental increases in urinary excretion following dosing, but the fecal
mass balances were variable, in some cases being relatively low
(Table 5). Arsenic, which is also excreted from the kidney, could not
be distinguished from baseline urinary As in the main study. Fecal
mass balances for As were also quite variable. After gavage dosing of
As-contaminated Port Colborne soils, there was no conclusive observa-
tion of increased urinary As output that would indicate bioavailable As
had been ingested in excess of the baseline dietary exposure. For the
fill and clay soils as groups, the confidence intervals for the fecal mass
balances of As bracketed 100%, but the fecalmass balance of As in the or-
ganic soils could not be closed. This could reflect a pool of As undergoing
detoxification in the liver prior transport to the kidney before urinary
excretion.


3.6. BAv/BAc relationships for Ni, Co, and As in Port Colborne soils


Oral BAc testing provides a bridge in the understanding between
total metal concentrations in soil and the proportion of which is truly
bioavailable. Here, 19 of the soils that underwent BAc testing were
also gavage-dosed to rats for BAv estimation. Fig. 5 presents in vivo
oral ABA estimates as a function of the Ni, Co, and As BAc estimates for
these 19 samples. The linear regressions for Co and As have small corre-
lation coefficients because the slope of the BAv/BAc lines for these con-
taminants are flat, with BAc being large multiples of the corresponding
BAv for the same soils. In contrast, the BAv/BAc relationship for Ni has a
relatively large (0.716) correlation coefficient (Fig. 5).


Having generated BAv data for the soluble nickel sulfate in MS1 and
MS2, the ABA data for Ni in Port Colborne soils can also be expressed as
RBA, in which ABA values of the soils are divided by the ABA (roughly
2.1%) of NiSO4·6H2O (Fig. 6). From this comparison, it can be seen
that nickel BAc represents a very conservative estimate of Ni ABA and
is a good predictor of Ni RBA.


3.7. Trophic transfer of metals in Port Colborne soils


An organic soil havingNi, Cu, Co, and As concentrations of 2971, 122,
46, and 27mg/kg, respectively, and a sample of co-locatedmixed popu-
lation of gut-cleared earthworms containing 6.9, 3.7, 0.5, and 0.6 mg/kg
(fresh weight), respectively, were orally dosed to rats to simulate







Fig. 5.Absolute bioavailability (urinarymass balance (%)) of Ni, Co, andAs in relation to in vitro bioaccessibility (%) for Port Colborne soil samples. Triangles –Ni; Circles – Co; Squares –As.
(A). Perspective showing the 1:1 line. (B). Close-up view of the same data.


816 M.D. Dutton et al. / Science of the Total Environment 686 (2019) 805–818

trophic transfer from soil to soil invertebrate to rodent (Table 5). The
biota-soil accumulation factors (BSAF) were 0.002 (Ni), 0.028 (Cu),
0.011 (Co), and 0.022 (As). Due to the low levels of the study metals
in the earthworms, it was not possible to close the mass balances from
the in vivo dosing of rats, and urinary mass balances were only seen
for Ni and Co. For Ni, 6.9% of the dose was excreted in the urine (95%
C.I. [2.27, 11.48]). The confidence band for BAv of Ni from earthworms
overlaps with that of nickel sulfate, but the upper limit suggests slightly
higher BAv for the Ni in earthworm than for nickel sulfate. This could be
due to the presence of Ni metallothionein in the earthworms as seen in
smelter-impacted soils elsewhere (Mustonen et al., 2014), which could
account for somewhat altered BAv from that of the Ni salt. The 95% con-
fidence interval for Co urinary mass balance was 12.8%, which when
considered with the negative mass balance (−4%) identifies that Co ex-
cretion after dosing with earthworms was not distinguishable from
baseline urinary Co output. Cu and Asmass balances were also notmea-
surable from earthworm oral dosing. Together, the BSAFs and BAv

findings suggest little potential for trophic transfer of the metals from
the contaminated soils of Port Colborne.


3.8. Conclusions


A mass balance approach was used to successfully quantify the BAv
of Ni in the key studies upon which most regulatory Ni TRVs are based.
The essentially complete mass balance shows orally dosed Ni from a
highly soluble salt can be completely mass balanced, with roughly 2%
of the applied dose in urine indicating 2% ABA. By extension, urinary ex-
cretion of Ni after oral exposure to othermedia (uncontaminated diet or
contaminated soil) represents the oral BAv. Unaccounted-for Ni due to
poor fecal recovery should not be assumed to indicate greater bioavail-
ability than for a soluble Ni salt. Instead, other explanations should be
sought; mass balancing conservative tracer elements could help under-
stand the poor fecal recoveries after soil ingestion. For Ni, the baseline
ABA from uncontaminated diet was also roughly 2%, while for the







Fig. 6. Absolute and relative bioavailability (urinary mass balance – %) of Ni in relation to in vitro bioaccessibility (%) for 19 Port Colborne soil samples. Open triangles – Ni absolute
bioavailability; Filled triangles – Ni relative bioavailability.
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contaminated soils the ABA ranged from 0.07% in clay soil to 0.3% in or-
ganic soil.


For Co and As, which, like Ni, are excreted in urine, the same logic
should apply – that the urinary mass excretion reflects oral BAv. How-
ever, our findings are difficult to interpret due to dietary Co supplemen-
tation in feed. It is likely that our urinary As BAv estimates reflect true
ABA, in spite of the complicated As metabolism (hepatic methylation
followed by urinary excretion). Further study is required for these two
elements.


For Cu, which is primarily excreted via bile, dietary Cu supplementa-
tion confounded fecal mass balances, with very large confidence inter-
vals for all soil samples. What can be said is that it was not possible to
demonstrate enhanced uptake due to ingestion of the Cu-
contaminated Port Colborne soils or earthworms living in Cu-
contaminated soil. It is likely that risk due to Cu in these soils is quite
small.


BAc measurements provide upper limit estimates of oral BAv that
can be incorporated in risk assessment, and reflect the potential for con-
taminants to be solubilized in the gastrointestinal tract. However,
bioelution methods currently cannot mimic all key components of
BAv (competitive inhibition of uptake, absorption), which explains in
part why, for these soils, BAc was roughly 100 times higher than the
BAv measured in vivo. The relationship between RBA and BAc derived
for these soils is a useful advance for developing exposure narratives
for these and other contaminated soils. The Ni RBA-BAc relationship en-
ables BAv extrapolation to be used in evaluating oral exposure and risk
in other situations where BAc estimates are available but BAv estimates
are not.
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