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1.0 INTRODUCTION 

As part of a Community Based Risk Assessment (CBRA) initiated by Inco Limited to address 
potential impacts resulting from historical emissions from a former nickel refinery in Port 
Colborne, Jacques Whitford Limited (Jacques Whitford) completed a risk assessment on 
agricultural crops for the Port Colborne area as part of the Ecological Risk Assessment (ERA) of  
the CBRA. Following completion of two years of fieldwork and analysis of data, Jacques 
Whitford prepared a draft Crops Report in April 2003 and then a subsequent revised draft Crops 
Report in July 2003.  Following the CBRA process, copies of both draft reports were presented 
to the City of Port Colborne Public Liaison Committee (PLC) and the public for review and 
comment. These comments were reviewed by Jacques Whitford and, where revisions were 
required, these were incorporated into the Final Report. 

In December 2004, Jacques Whitford tabled a final Crops Report for the CBRA. Following the 
CBRA process, a public review and comment period for the final report was identified, ending 
July 14, 2006. During this review period, Jacques Whitford received written comments from the 
Third Party Reviewer (Dr. M. McBride) and the PLC’s Consultant (Watters Environmental 
Group Inc.).  No written comment submissions were received from the public.  Jacques Whitford 
prepared responses to these comments and these are included within this document. A Technical 
Sub-Committee (TSC) meeting was held on September 14, 2006 to review the comments and 
Jacques Whitford’s response.  

This addendum report has been prepared to document the CBRA public review process 
following the tabling of the Final December 2004 ERA-Crops Report and to address residual 
issues that were raised during the final review period.  This addendum to the Final Report will be 
part of the formal submission of the ERA-Crops Report to the Ministry of the Environment 
(MOE).    
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This addendum report is presented as follows: 

Tab 1: Jacques Whitford Addendum Report: “Overview of Evidence for the Crops Risk 
Assessment (RA) – Addendum to December 2004 Crops Studies Report”, dated 
January 26, 2006.  Attached appendices in this report include Jacques Whitford’s 
Response Letters to Murray B. McBride’s Commentary Letters of February 12, 2005 
and September 26, 2005. 

Tab 2: Jacques Whitford’s Response Letter to Murray B. McBride’s May 4, 2006 Comments 
on the Protectiveness of the Proposed Ni - PNEC values for Soils of Port Colborne.  
Response letter is dated September 1, 2006 

Tab 3: Jacques Whitford’s Response Letter to Watters Environmental July 13, 2006 
Comments/Questions on the Jacques Whitford Crops Report.  Response letter is dated 
September 12, 2006 

Tab 4: Jacques Whitford’s Response to Public Comments of Jacques Whitford Final Crops 
Report by deadline of July 14, 2006    

Tab 5: Compilation of Public Notices, TCS and PLC meetings for documenting the public 
process for the CBRA 
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TAB 1 

Jacques Whitford Addendum Report: “Overview of Evidence for the Crops Risk Assessment 
(RA) – Addendum to December 2004 Crops Studies Report, January 26, 2006” 

Attached appendices in this report include Jacques Whitford’s Response Letters 
to Murray B. McBride’s Commentary Letters of February 12, 2005 and 

September 26, 2005. 
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EXECUTIVE SUMMARY 

 
The primary objective of the Crop Studies was to determine the concentrations of 
historically-deposited CoCs in soils that present an unacceptable risk (phytotoxicity) 
to crops grown in Port Colborne soils.  To that end, dose response experiments were 
conducted in a greenhouse setting in Years 2000 and 2001.  Year 2000 was 
preliminary in nature and a scoping study.  With lessons learned from the Year 2000 
greenhouse experiments, these were incorporated in the design of a more proper 
dose response experiment in Year 2001.  One of the differences in design of the 
experiments between the two years is that unblended soils were used in Year 2000 
and blended soils were used in Year 2001.   Definitions of blended and unblended 
soils are provided in the report. 

Toxicity thresholds of nickel EC25 (the effective concentration at which there is a 25% 
reduction in growth observed) and secondary thresholds consisting of the PNEC 
(predicted no-effects concentration or the maximum dose at which there is no 
significant decrease in response) were derived using the Year 2001 dose response 
relationships of oat grown on Port Colborne soil with varying levels of nickel and 
other chemicals of concern.  The Year 2001 dose response experiments investigated 
oat grown on four soil types, including Welland Clay, Till Clay, Organic Muck and 
Sand and reliable EC25 and PNEC values were obtained from each of these 
experiments.  The year 2000 dose response experiments did not provide sufficient 
information to derive reliable EC25 and PNEC values. 

External peer reviewer comments of the December 2004 Final Crops Studies Report 
made on September 26, 2005 (Appendix C) had summarized five concerns, as noted 
below: 

1) Usefulness of the Year 2000 data; 

2) Use of oat as a single indicator species; 

3) Use of plant biomass vs. economic yield; 

4) Blending versus unblending and generation of  EC25 values using unblended 
soils; and  

5) Confidence intervals. 

This report addresses each of the five concerns raised by the external peer reviewer 
and provides additional analyses, where possible, to the reader and members of the 
CBRA’s Technical Sub-Committee so as to clarify evidence from the crops 
information and to bring closure to the Crops Risk Assessment (RA).   

The common element in each of the reviewer’s five concerns was the derivation of 
EC25 values using the GH Year 2001 data because these data were based on 
‘blended’ soils.  An inference was made by the reviewer that perhaps more realistic 
EC25 values could be obtained using the GH Year 2000 data which were based on 
‘unblended’ soils.  Another inference was made that perhaps soybean would be a 
more sensitive crop to study rather than oat. 



 

 © 2006 PROJECT ONT34657    January 26, 2006 ii 

Notwithstanding the uncertainties in the Year 2000 greenhouse data to establish 
reliable EC25 values as mentioned in this report, an attempt was made to back 
calculate or predict EC25 values in soil using the actual Year 2000 greenhouse dose 
response data for both oat and soybean on representative samples of Welland Clay 
and Organic Muck ‘unblended’ soils, and also, by using a literature value of 62.7 mg 
Ni/kg in tissue corresponding to an observed decrease of 25% in yield for crops 
grown on Port Colborne ‘unblended’ soils (Kukier and Chaney et al. (2004)).  
Welland Clay and Organic Muck soils constitute the major agricultural soil types in 
the Port Colborne area.   

Predicted Ni EC25 values for the ‘unblended’ soils used in the GH 2000 oat dose 
response experiment showed no significant differences with those Ni EC25 values 
measured in ‘blended’ soils from the GH 2001 oat dose response experiment.  
Predicted values of soil Ni EC25 for soybean were similar, if not greater than those of 
oat. Clearly, the process of soil blending in Year 2001 did not bias the measured soil 
Ni EC25 values as reported in the Jacques Whitford December 2004 Final Crops 
Report.  Thus the reported soil Ni EC25 values in the Final Crops Report remain valid. 

In Jacques Whitford’s opinion, all five of the external peer reviewer’s concerns of 
September 26, 2005 have been satisfactory addressed. We believe that the 
perceived gap between Jacques Whitford’s findings and interpretation as found in 
the December 2004 Final Crops Report and those made by the peer review in his 
letter of September 26, 2005 has been considerably narrowed, if not completely 
eliminated.   
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OVERVIEW OF EVIDENCE FOR THE CROPS RA 
ADDENDUM TO DECEMBER 2004 FINAL CROP STUDIES REPORT 

1.0 INTRODUCTION 
As part of the Port Colborne Community Based Risk Assessment (CBRA), Jacques 
Whitford Limited (Jacques Whitford) carried out crop phytotoxicity testing (hereafter, 
“Crop Studies”) in 2000 and 2001. These Crop Studies included both Greenhouse 
Trials and parallel Field Trials near a metals refinery (hereafter “Refinery”) owned by 
Inco Ltd. (hereafter “Inco”) in Port Colborne, Ontario. The trials evaluated the 
performance of agricultural crops on soils representative of the main soil types found 
in the Port Colborne area (Kingston and Presant 1989, Jacques Whitford, 2003), 
which received particulate emissions from the Refinery with varying concentrations of 
the  chemicals of concern (hereinafter referred to as CoCs under the CBRA).  

The CoCs comprised arsenic, cobalt, copper and nickel.  Of these elements, nickel 
was targeted as the primary CoC because of its much higher soil concentrations 
relative to, and defined ratios of, the other three CoCs to nickel.  

External peer reviewer comments on previous drafts of the Crop Studies Report 
(June, 2003) have been incorporated in Binder 3, Volume V, Appendix A of the Final 
Crops Studies Report dated December 2004.  External peer reviewer comments of 
the December 2004 Final Crops Studies Report were received on February 14, 2005 
(Appendix A) and were addressed by Jacques Whitford in a letter dated July 26, 
2005 (Appendix B).  Follow-up comments by the external peer review comments in a 
letter dated September 26, 2005 (Appendix C) summarized five remaining concerns, 
as noted below: 

1) Usefulness of the Year 2000 data; 

2) Use of oat as a single indicator species; 

3) Use of plant biomass vs. economic yield; 

4) Blending versus unblending and generation of  EC25 values using unblended 
soils; and  

5) Confidence intervals. 

Jacques Whitford responded to the external peer reviewer over his concerns in a 
letter dated October 12, 2005 (Appendix D).  For the purpose of this report, each of 
the five concerns by the external peer reviewer are reviewed and discussed in 
Section 5.0 of this report and additional analyses, where possible, are provided to 
the reader and members of the CBRA’s Technical Sub-Committee in order to clarify 
evidence from the crops information and to bring closure to the Crops Risk 
Assessment (RA).   
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1.1 Uniqueness of Port Colborne Soil 

Port Colborne is the site where Inco’s electrolytic nickel refinery operated from 1918 
to 1995.  Historical atmospheric release from this refinery and deposition of nickel-
containing particles in the surrounding community resulted in elevated As, Co, Cu 
and Ni in soils.  Nickel concentrations in soil above MOE generic soil quality 
guideline (SQGs) levels originating from the refinery were found to impact an area of 
approximately 30 km2. The greatest deposition of CoC-particulates was within one 
km of the refinery. Deposition occurred on the surface of soils which in agricultural 
lands was mixed by tilling up to a depth of 15 cm. Four major soil groups were 
affected including a Heavy Clay (Welland soil series), a Shallow Till Clay (Alluvial 
soils series), an Organic Muck (Quarry soil series), and Sand (Beach – Scarp soil 
series). The Heavy Clay (hereinafter referred to as the Welland Clay), Shallow Till 
Clay (hereinafter referred to as the Till Clay)and Organic Muck soil groups are in 
current use for agricultural production; there are no agricultural areas with Sand soils 
in Port Colborne as they are only found in dunes along the shoreline of Lake Erie.   

The Port Colborne soils have specific characteristics, such as an average pH of 6.2 
in the clays and the Organic muck soils, and an average pH 6.9 in beach sands.  

Scanning electron microscopy (SEM) by SGS Lakefield (SGS Lakefield, 2002) 
identified nickel-bearing particulates in each of the submitted soil samples. The 
predominant (90% and greater) nickel species identified were oxidic forms of nickel 
(Table 1).  Less than 10% of the nickel was found in iron oxide/oxyhydroxide as trace 
nickel. The SEM did not identify any metallic nickel nor any sulphidic nickel species, 
but did identify nickel-particulates as being either liberated or as part of, or attached 
to, mineral aggregate grains and/or organic aggregate grains.   

X-Ray Absorption Spectroscopy (XAS) analysis conducted on samples identified 
similar findings to that of the SEM in that the soils were primarily oxidic nickel, 
identified predominantly as nickel oxide (89% to 93%) and to a lesser extent, some 
nickel hydroxide (7% to 11%) (Trvidei, et al. 2002). 

Table 1 Nickel speciation of metal elevated soils in Port Colborne by SEM 

 Organic Muck Sand Till Clay Welland Clay 

Total Ni (mg/kg) 10,045 3,920 2,545 8,655 

Percentage as 
Oxidic Ni1 

99.6% 91.7% 99.1% 89.9% 

Percentage as Iron 
oxide/oxy-hydroxide 
with trace Ni 

0.4% 8.3% 0.9% 10.1% 

1Oxidic Ni includes all forms of Ni oxide/hydroxide, Ni-Fe oxide/hydroxide and Ni-Fe-Cu oxide/hydroxide 
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The identified form of Ni in Port Colborne as nickel oxide and nickel hydroxide, both 
relatively insoluble in water, is an important context for the comparison of the results 
from this CBRA study to those of most other reported studies of Ni phytotoxicity 
(Davis and Beckett, 1978) that have used soluble nickel salts, such as nickel 
chloride.  It should be noted that the MOE generic phytotoxicity values were derived 
from experiments using soluble nickel salts, a form of nickel not representative in 
soils from the Port Colborne area. Solubility product constants are equilibrium 
constants that refer to the product of the concentration of ions that are present in a 
saturated solution of an ionic compound.  Most of the literature-reported solubility 
product constants are experimentally derived at 25 degrees Celsius; the lower the 
value, the lower is its solubility.   The literature (Baes and Mesmer, 1976) value for 
the solubility product of nickel hydroxide is   10-17.2 which  translates to an equilibrium 
concentration of nickel at saturation of  solubility of 0.01  mg/L.  A literature value 
could not be found for nickel oxide, likely because of its extremely low solubility.  A 
solubility product for nickel chloride was not available in the literature as solubility 
products are only given for those ionic compounds of relatively-low solubility.  In 
general, all metal chlorides are soluble. Mallinckrodt Baker, 2003 reports the 
solubility of its commercial product, nickel chloride at 2,540,000 mg/L, which if 
calculated, translates to a very high solubility product at 3 x 10+4.  Thus, there is a 
basis in solution chemistry to anticipate that the toxicity thresholds for plant growth in 
these Port Colborne soils containing nickel oxides and hydroxides would be higher 
than in nickel soluble-salt amended soils, in which the proportion of total Ni present 
as the free-ion (presumed to be the most bioavailable) is much greater.  

1.2 Study Objective 

The primary objective of the Crop Studies was to determine the concentrations of 
historically-deposited CoCs in soils that present an unacceptable risk (phytotoxicity) 
to crops grown in Port Colborne soils.  

1.3 Study Design Requirements 

In fulfilling the study objective, the study design requirements had to: 

 Identify test crops that could be considered sensitive representatives of crops 
grown in Port Colborne and would, as well as, be able to be compared  to 
previous scientific studies; 

 Use standard methods of measuring phytotoxicity stress levels on plant growth 
from metal accumulation as described by national and international standards; 
and 

 Design field and/or greenhouse experiments that measure the effects of CoCs on 
crops grown in real Port Colborne soils and are able to control other confounding 
factors such as changes in soil pH, over/under watering, over/under fertilization, 
etc. 

The study design requirements led to the evaluation of four possible design options.  
These design options were:  
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 Option 1: Greenhouse experiments with crops grown on non-impacted Port 
Colborne soils spiked with soluble Ni- and other CoC- salts at increasing 
concentrations (similar to Davis and Beckett, 1978). 

 Option 2: Field experiments with crops grown on sites in Port Colborne with 
impacted CoC soils at varying concentrations of CoCs and representative 
averages in values of soil chemistry and physical parameters.  The major soil 
chemistry and physical parameters include pH, cation exchange capacity (CEC), 
organic carbon, clay content and oxides of Fe, Al, and Mn.  

 Option 3: Greenhouse experiments with crops grown on representative soils 
collected from Port Colborne area for each of the four soil types, with a range of 
varying soil Ni concentrations and representative averages in values of soil 
chemistry and physical parameters. 

 Option 4: Greenhouse experiments with crops grown on representative soils 
collected from Port Colborne and blended to maintain consistency of 
representative averages in values of soil chemistry and physical parameters 
irrespective of differences in CoC soil concentrations.  The blending process 
involved mixing at various proportions a highly Ni-impacted soil type from Port 
Colborne with a background soil of the same soil type from Port Colborne, 
keeping representative averages in values of soil chemistry and physical 
parameters the same in both the impacted and background soil pairs. 

Evaluation of Design Option 1. 

Use of soluble Ni- and other CoC- salts (high bioavailability) in non-impacted Port 
Colborne soils would not properly represent the relatively-insoluble oxidic forms of 
nickel (low bioavailability) found in soils of the impacted area. Option 1 would lead to 
an over estimation of Ni uptake in plants and produce an incorrect assessment of 
Port Colborne soil CoCs’ phytotoxicity to crops. Scientific literature overwhelmingly 
illustrates this when comparison of salt-amended vs. field-contaminated soils are 
made (Chaney et al., 2003). Option 1 was discarded particularly as the Ni speciation 
of the Port Colborne soils suggest that contamination was not soluble. 

Evaluation of Design Option 2. 

While soil Ni concentrations decrease with distance downwind from the refinery in a 
northeast direction along which field crops could have been potentially grown for this 
study, the soil types along this traverse also vary from Organic Muck with very high 
soil Ni concentrations close to the refinery, to Welland Clay with high to medium soil 
Ni concentrations further away, and then to Till Clay with low soil Ni concentrations at 
a further distance. Therefore the interaction of CoCs with crops grown on each of 
these three different and heterogenous  soil types, with varying clay content and 
organic carbon content would not yield a proper dose-response relationship for each 
soil type.  Because of the large variation of soil chemistries among the different soil 
types, dose-response curves obtained by using a range of nickel concentrations in 
different soil types would not measure the effect of CoCs only.  Another impracticality 
of this option was that access to some key agricultural fields was restricted. 
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Design Option 2 would also require a control site which would have had to be at least 
15 km away from the area of impact.  Due to the way in which Port Colborne soils 
naturally occur across the agricultural areas and along the soil CoC concentration 
gradient, and also given that access was prohibited to key privately owned lands in 
the impact area, it was not possible to find and access field plots representing the 
necessary range of CoC concentrations required to develop scientifically defendable 
dose-response relationships from field data for each of the three agricultural soil 
types (ie. Welland Clay, Till Clay, Organic Muck) in the area. Thus, Option 2 was 
discarded. 

Evaluation of Design Option 3. 

Prior to implementing Option 3 during the Year 2000 Greenhouse Trials, concerns 
were raised internally within Jacques Whitford on the feasibility of collecting 
representative soil samples from the field with representative averages in values of 
soil chemistry and physical parameters and with varying soil Ni concentrations.   
Evaluation of findings of Option 3 confirmed the initial concerns, identifying 
deficiencies in the practical use of the experimental data.  This is further discussed in 
Section 2.  In particular, the findings of Option 3 in Year 2000 greenhouse work led 
the scientists at Jacques Whitford and their consulting scientists at the University of 
Guelph to conclude that there existed significant  experimental deficiencies  with 
Option 3 which prevented the results from being used to develop a reliable CoC 
dose-response relationship.  These experimental deficiencies are detailed in Section 
2. 

Although not suitable for generation of valid dose-response curves (and phytotoxicity 
thresholds), the results from the year 2000 greenhouse  study were used as bases 
for improving the experimental design in the follow-up 2001 greenhouse study.  

Evaluation of Design Option 4. 

Option 4 was considered and implemented during the Year 2001 Greenhouse Trials.   
Several aspects in the design of the trials and the interpretation of the generated 
dose-response curves for four soil types (Welland Clay, Till Clay, Organic Muck, 
Sand) are summarized below: 

 Each soil type was blended/homogenized in various ratios depending on the 
level of CoCs concentration in the High Ni impacted soil to provide a range of soil 
Ni concentrations for each soil type, from control to high. 

 A key factor affecting Ni phytoavailability, pH, was controlled by adjusting the soil 
pH of both the low nickel  and high nickel soils to the Port Colborne average of 
pH 6.2  prior to blending.  To increase or decrease soil pH, calcium carbonate or 
aluminum sulphate, respectively were added to the field soils. 

 Subsamples of blended soils of the same CoC concentration were placed in 
greenhouse pots in quintriplicate, planted with seeds of oat  in all four soil types 
and radish in Welland Clay only, and normal agricultural fertilizers were added to 
each pot. 
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 EC25 - 25 % decrease in Dry Weight (DW) was chosen as a point where the 
decrease in DW would be expected to be statistically significant relative to the 
variation that occurred in control soils; this level that would allow a scientifically 
valid conclusion about causality of DW reduction. This is a commonly used 
procedure for deriving environmental soil guidelines for soil contact for 
agricultural land uses by MOE (Ontario Ministry of the Environment), CCME 
(Canadian Council of Ministers of the Environment, 1999a), and OECD 
(Organization for Economic Co-operation and Development). 

 PNEC (predicted no-effects concentration) values were also derived from upper 
confidence intervals of Weibull fits.  

The results from the greenhouse 2001 study produced reliable dose-response 
curves to satisfy the study objective in the determination of the concentrations of 
historically-deposited CoCs in soils that present an unacceptable risk (phytotoxicity) 
to crops grown in Port Colborne soils.  Further details are provided in Sections 4 and 
5. 
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2.0 PHYTOTOXICITY EVALUATION - YEAR 2000 FINDINGS 

2.1 Dose Response based on Greenhouse Findings 

2.1.1 Design limiting factors:  

Jacques Whitford and the University of Guelph scientists involved in the crops 
studies believe that the major confounding factors for the Year 2000 tests were soil 
chemical and physical properties, which varied widely among samples of each single 
soil type examined.  Specifically: 

 Counfounding factors.  That is, there was no consistency in representative 
averages in values of soil chemistry and physical parameters with increasing soil 
Ni concentrations; 

▪ For example, pH varied in the Organic soil from pH 5.0 to 6.7 and in the Clay 
soil from pH 5.4 to 7.3.   

▪ For example, % organic carbon in the Clay soil varied from 3.8 to 9.0 and in 
the Organic soil from 23.4 to 33. 

 Inadequate range in soil Ni concentrations for dose response; 

 Human error and missing data in some of the tests;  

 High analytical detection limits; 

 Limited number of treatments and replicates resulted in large uncertainties. The 
results obtained in the testing of these soils led to a large variation within the 
population response; and 

 Inadequate length of exposure (on average, 48 days) and thus insufficient growth 
duration to reach plant maturity and allow comparison of study data to relevant 
scientific literature. In hindsight, the exposure should have been about 70 days 
which is the minimum requirement for maturity.  Hence, comparisons of the data 
obtained from this study with data from literature have to be made with caution, 
as different growth stages are involved.   

These were the major design limitations for the Year 2000 dose-response study and 
no accurate scientifically conclusions in arriving at EC25  could be reached by 
interpreting the Year 2000 findings. 

2.1.2  Additional stress factors: 

 In Year 2000, greenhouse testing was done in a closed pot environment where 
the inside of each pot was artificially lined with a plastic bag.  It was the opinion 
of Jacques Whitford at the time of the design of the Year 2000 experimental 
setup, that the lining inside the pots would prevent any soluble salts and CoCs 
from being washed out of the pots.  However, as the experiments progressed, it 
became evident to Jacques Whitford that the use of a liner produced a growth 
limiting factor to the crops sown, as the created closed environment lowered the 
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redox potential of the soils and created reducing conditions at the bottom of the 
pots. The lack of oxygen in the root zone created phytotoxic conditions and these 
reducing conditions are not normally found within active agricultural soils of Port 
Colborne.  As the design of the Year 2000 experiment did not simulate the real 
redox conditions for the Port Colborne study site, the Year 2000 findings must be 
interpreted with caution.  At the advice of the University of Guelph scientists, this 
design flaw was rectified by Jacques Whitford in the greenhouse experiments of 
2001. 

 Another important limitation of the Year 2000 Greenhouse experiments was the 
fertilizer requirement.  Although based on soil fertility analyses and OMAF 
recommendations, the rates used were inadequate for pot experiments.  It is 
general knowledge that higher rates of fertilizer must be applied in greenhouse 
pot studies (compared to field) in order to compensate for the limited amount of 
soil in each pot that is explored by roots to provide water and nutrients for the 
growing plants. This condition was not met in the Year 2000 Greenhouse 
experiments.  

 The application of phosphorus to the tested soils in the Year 2000 as a dilute 
solution. This was inappropriate and a banded application should have been 
used. 

 The volume of soil and size of the pots used in the Year 2000 were at best 
minimal. Roots were confined to a contaminated topsoil layer depth, a situation 
which does not occur in the field, and probably became root-bound in a very 
short time after seeding. It is well known that in pots the lengths of roots are 
decreased so that nutrients needed by plants are not absorbed as readily in 
small pots as in large pots or in the field. Nutrients such as phosphorus and 
potassium are depleted from the root-hair proximity. In pots, root length is 
substantially reduced compared to the field, and this effect is intensified the 
smaller the pot. If Ni phytotoxicity is affected by availability of a nutrient such as 
phosphate (toxicity increased by low or high phosphate supply), the use of small 
pots worsens the apparent phytotoxicity of Ni because cultures grown in pots 
reduce the phytoavailability of soil phosphorus (Chaney et al. 2003). 

2.1.3 Phytotoxicity Symptoms 

Typical phytotoxicity symptoms (perpendicular banding, chlorosis along the leaves) 
were NOT visually observed in any of the plants grown on soil with medium CoC 
concentration levels which for Clay and Sand soils were around 500 mg/kg Ni soil, 
and for Organic Muck soils, was about 1200 mg/kg Ni soil. 

2.2 Field Findings 
Field plots have been undertaken in the Port Colborne area since 2000 for this study. 
While field data were not sufficiently complete at varying soil Ni concentrations to 
have developed a direct dose-response relationship for test crops, the field 
observations and data did produce nonetheless very useful scientific information 
about CoC phytotoxicity to crops grown on Port Colborne soils as summarized in the 
following subsections. 
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2.2.1 Ni accumulation in plant tissue  

One of the most relevant findings of the Year 2000 field testing was that plants 
growing on the Clay 1 (C1) Test Site which is a site that has a level of 600 mg/kg Ni 
in the soil, accumulated very low levels of nickel in the plant tissue, sometimes below 
the analytical limit of detection. Specifically oats accumulated on average 11 mg/kg 
Ni in the tissue, while soybean and radishes accumulated undetected levels below 3 
mg/kg Ni. 

Visual evidence of Ni phytotoxicity was not observed in crops on this field plot. These 
data, and observations from this plot, clearly indicate that phytotoxicity, at a 
minimum, does not occur at 600 mg/kg in clay soil, and also suggests that in the 
field, oat is more sensitive to the presence of nickel in the soil when compared to 
soybean and radishes. 

When compared to crops grown on similar soil Ni concentration levels from the 2000 
Greenhouse phytotoxicity findings, it was found that the greenhouse testing 
overestimated the tissue Ni accumulation measured in the field. Soybean grown 
in Welland Clay with 500 mg/kg soil Ni in the greenhouse had tissue Ni 
concentrations of 11 mg/kg. In comparison, soybean plants grown in Welland Clay in 
the field in the Year 2000 at the C1 Test Site with an average soil Ni concentration of 
about 600 mg/kg Ni had tissue concentrations of Ni that were less than 3 mg/kg.  

The same difference was noted for oat, which in Year 2000, accumulated 
approximately 22 mg/kg tissue Ni on Welland clay with 500 mg/kg Ni in the 
greenhouse, whereas the same species grown in Welland Clay in the field at the C1 
Test Site with 600 mg/kg soil Ni, accumulated half that concentration of Ni in the 
tissue.  

This difference between field and greenhouse Year 2000 data is likely due to the 
rooting zone of field-grown plants which extends below the upper layer of soil where 
Ni concentrations are the highest. Thus, one would anticipate that the toxicity 
observed in the pot-grown soybean, and oat, in both Year 2000 and Year 2001 
greenhouse studies, would be greater than that expected in the field-grown crops, 
relative to soil Ni concentration. 

2.2.2 Phytotoxicity Symptoms 

Phytotoxicity symptoms such as banding, chlorosis or stunted growth were not 
observed on the C1 Test Site (600 mg Ni/kg) or on the Organic Muck Test Site (3500 
mg Ni/kg). The lack of phytotoxicity symptoms in any of the plant species tested at 
these specific sites indicated that farming can be conducted without risk to any crops 
given these conditions. 

On the Clay 2 (C2) Test Site (approximately 6000 mg/kg Ni), site phytotoxicity 
symptoms such as chlorosis were observed only in plants that accumulated over 60 
to 80 mg/kg Ni in the tissue.  In comparison, the literature documents that 
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phytotoxicity to crops should occur in the range of 40 to 80 mg/Kg Ni in plant tissue 
(Chaney et al. 2003). 

2.2.3 Comparison to Previous Field Studies. 

The Jacques Whitford Year 2000 Field Studies used the same experimental set-up 
(plots) as used by Dr. Chaney, a research agronomist with the U.S. Department of 
Agriculture.   Chaney et al. (2001) found the accumulation of nickel in plants grown at 
the C1 Test Site was the lowest with an average of 5.9 mg/kg for oat plants, 8.1 
mg/kg Ni for radish,13.3 mg/kg Ni for soybean and 2.5 mg/kg Ni for corn (all tissue 
concentration measured in diagnostic leafs).  At the C2 Test Site, Chaney et al. 
(2001) found the oat plants accumulated 62.7 mg/kg Ni, while soybean accumulated 
93.9 mg/kg Ni (Ni tissue measured in diagnostic leaves). Similar findings reported by 
Chaney et al. (2001) were found by Jacques Whitford (2004) as well. 

2.3 Integration of Greenhouse and Field Findings 

2.3.1 Dry Weight correlation with soil parameters 

Variation in the dry weight grown on Clay was well explained by tissue Ni 
concentration in the December 2004 Crops Report (Volume 1, Part 4, section 3.1.2). 
The addition of soil pH and organic content explained 10 % of the variation.  

2.3.2 Comparison between Field and Greenhouse Year 2000  

As mentioned before, when the same plants were exposed in the greenhouse and in 
the field to the same soil Ni concentrations (about 600 mg/kg Ni), nickel accumulated 
in plant tissue to more than double the amount under greenhouse conditions than 
occurred in plants growing under field conditions (Figure 1). This can only be 
attributed to the rooting zone of field-grown plants extending below the upper layer of 
soil where Ni concentrations are the highest in the Port Colborne area, whereas in 
the greenhouse setting, the roots of the plant were exposed to a uniform 
concentration of Ni in soil throughout the pot and plant root zone.  
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Figure 1 Crop Studies Year 2000 show that plant tissue Ni concentration was higher in 
greenhouse studies compared to field studies. 

2000 Greenhouse and Field Trials - Soil [Ni] vs. Tissue [Ni]
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In greenhouse tests, the addition of fertilizers needed to grow the test plants was 
done at the beginning of an experiment. These fertilizer salts can increase the ionic 
strength of the soil solution sufficiently to increase the solubility of soil Ni and 
increase the potential for phytotoxicity (Chaney et al., 2003). As a result, the toxicity 
observed in the pot-grown soybean, and oat, in greenhouse studies was more 
severe than observed in the field-grown crops, relative to soil Ni concentration. 

2.3.3 Comparison with other scientific studies 

There are numerous studies reported in the scientific literature showing that Ni 
phytotoxicity is not solely caused by the soil total nickel concentration; rather other 
specific soil properties play an equal if not more significant role. One of the most 
relevant examples of this, is the lack of phytotoxicity symptoms in plant growing in 
Ni-rich (serpentine) soils which contain nickel at levels varying from 500 to 10,000 
mg /kg Ni soil. The scientific literature of metal phytotoxicity has been showing for 
decades that it takes 25 to 50 or more mg Ni/kg DW in the youngest fully open leaf 
before Ni reduces yields of many crops (Chaney et al., 2003 and references within). 
Specifically Kukier and Chaney (2004) determined phytotoxicity for a range of crop 
species, including corn, soybean, radishes and oat using similar soils from Port 
Colborne. This study determined that tissue Ni for oat at 25% reduction of shoot 
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growth occurred at a Ni tissue level of 62.7 mg/kg. This toxicity threshold was 
derived from oats exposed to the same soil nickel concentrations (2930 mg/kg Ni), 
but at three different pH’s (control, limed and calcareous).   
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3.0 INCORPORATION OF LESSONS LEARNED INTO DESIGN 
OF 2001 EXPERIMENTS 

The results from the 2000 greenhouse and field study were discussed appropriately 
considering the limitations of the experimental design and data analysis. The 
learnings from the year 2000 work were reflected in the design of the Year 2001 
experiments as follows: 

Greenhouse: 

 The experimental design in the Year 2001 tests sought to make the soil Ni level  
the single major variable; all the other soil properties were kept relatively 
constant.  In doing this it was ensured that the observed response was a 
consequence of increasing the dose of soil Ni concentration and not of the 
changes in soil pH, organic matter or other soil chemical or physical parameter;  

 Oat is usually considered the most characteristic plant indicator of nickel 
phytotoxicity based on research of Vergnano and Hunter (1952) which has been 
corroborated repeatedly over 50 years of further research (e.g. Anderson et al. 
1973).  In oat, iron deficiency is observed as interveinal chlorosis and the visible 
toxicity symptom specific to nickel phytotoxicity in oat is an alternating pattern of 
more chlorotic and less chlorotic bands across young leaves. The choice on oat 
was based on the uniqueness of the perpendicular banding of chlorosis severity 
along the leaves which makes the diagnosis of Ni phytotoxicity much more 
definitive than with any other species reported to date (Chaney et al., 2003); 

 Sufficient replicates in that the number of replicates increased from three to five.  
This ensured that variability across the population would be small and that the 
level of confidence in the data would improve; 

 Human error was reduced;  

 Lower analytical detection limits (ex. from 1 to 0.01 mg/kg) were achieved; 

 The use of open, un-lined soil pots ensured optimum growing conditions (oxic 
conditions);  

 Large pots with  (6.5 L) were used to reduce “pot effects”;  and 

 Fertilizer application rates were optimized. 

Field: 
 As phytotoxicity symptoms were not evident at the Organic Muck Test Site (3500 

mg Ni/kg) and the C1 Test Site (600 mg Ni/kg) but only present at the C2 Test 
Site (6000 mg Ni/kg), the 2001 field design focused on the C2 Test Site and 
included the addition of a new clay site, Clay 3 (C3) Test Site with an average 
soil nickel concentration of approximately 3000 mg Ni/kg. 

 Findings from the field experiments were correlated and ground proofed with an 
assessment of naturally-occurring flora in Port Colborne. 

 An engineered field experiment on the Clay 3 site was also undertaken (see 
page 3-49 of the December 2004 Final Crops Report). 
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4.0 PHYTOTOXICITY EVALUATION - YEAR 2001 FINDINGS:  

4.1 Dose Response based on Greenhouse Findings 

4.1.1 EC25 and PNEC based on Plant Growth 

The 2001 Greenhouse Study was designed as a dose-response experiment for oat 
grown in blends of each key Port Colborne soil type with varying nickel 
concentration.  A Weibull function was fit to plant growth (measured by dry weight) 
and tissue nickel concentration data in order to identify toxicity thresholds. The 
Weibull function is a continuous mathematical function that provides estimates of key 
biological parameters, including toxicity thresholds and is well suited to dose-
response modelling of plant-metal interactions (Taylor et al. 1991). For this 
investigation, the EC25 (the effective concentration at which there is a 25% reduction 
in growth observed) was the toxicity threshold of interest. Uncertainty about the 
function was represented by 5% and 95% confidence intervals.  

For the purpose of comparison with the EC25, a secondary threshold, the PNEC 
(predicted no-effects concentration) based on total soil Ni was also determined. By 
definition, PNEC is the maximum dose at which there is no significant decrease in 
response  

Values of EC25 and PNEC generated from the Year 2001 dose-response data of oat 
grown on Welland Clay, Till Clay, Organic Muck and Sand are summarized in Table 
2.  

Table 2 Summary of Calculated EC25 and PNEC Nickel Values 

Soil Type EC25 
(mg Ni/kg) 

in Soil 

PNEC  
(mg Ni/kg) 

in Soil  

EC25 
(mg Ni/kg) 

in Oat Tissue 

Sand 1350 750 71 

Organic >2400, 3400* 2350 46 

Welland Clay 1880 1650 52 

Till Clay 1950 1400 21 

* derived from meta- analysis using both the 2001 and 2000 oat on Organic Muck soil data. 

 

Jacques Whitford believes that the reported  EC25s and PNECs in Table 2 are very 
conservative and overstate the toxicity of Ni to crops in Port Colborne soils. It would 
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have been ideal, if it had been possible, to have grown test crops on each key 
agricultural soil type having a range of CoC concentrations to produce scientifically 
defendable dose-response relationships from field data.  As this was not possible, 
greenhouse experiments in year 2001 were undertaken to derive EC25s and PNECs. 
Field observations in year 2000 (Section 2.2) clearly showed that greenhouse 
studies produce more conservative results (that is higher CoC bioavailability and 
phytotoxicity) than what actually occurs when crops are exposed to soil CoCs in the 
field and normal field cropping practice. Hence,  the EC25s and PNECs in Table 2 are 
overly conservative and thus considered safe for crops growing in Port Colborne 
soils. 

4.1.2  Phytotoxicity Symptoms 

In Sand soils: Plants grown in sand soils showed white banding perpendicular to 
leaf veins. This symptom was observed on the cotyledonary leaves in plants 
exposed to higher concentrations only. These leaves did not unfold completely and 
had a needle shape. These severe toxicity symptoms manifested at the high level of 
exposure required plant collection after 28 days. The phytotoxic level of nickel found 
in the tissue of these plants varied from 90 to 130 mg/kg DW and in soil from 1630 to 
2310 mg/Kg Ni. 

In Welland Clay soils: In the Welland Clay soils, chlorosis was observed in oat 
seedlings, over the entire leaf surface four days after emergence, and was noted to 
be  most severe in plants grown at the highest nickel concentration. At maturity (after 
28 days for radish and 70 days for oats), no phytotoxicity was observed in any of the 
plants and treatments. This corresponded to a level of about 55 mg Ni/kg in the 
plants and 1900 mg Ni/kg in soil (the highest dose). 

In Organic soils:  Chlorosis was noticed mainly in the older leaves and white 
banding was visible along the leaf blades. In addition to interveinal chlorosis, necrotic 
lesions were also noticed in older leaves. These symptoms, described as the “gray 
speck” by Mengel and Kirby (1982) have previously been attributed to manganese 
deficiencies. Plants growing in soils with the highest levels of total nickel were 
slender with few tillers as compared to oat growing in the lower soil nickel 
concentrations. This corresponded to a level of about 40 mg Ni/kg in the oat tissue 
and 2400 mg Ni/kg in soil (the highest dose). 

4.1.3 Comparison of GH 2001 Oat Tissue Ni Concentrations to Literature-Reported 
Oat Tissue Ni Toxicity Thresholds 

A comparison of Year 2001 derived-EC25 soil Ni phytotoxicity thresholds with oat 
toxicity thresholds for Ni from the literature (Figure 2) demonstrates quite clearly that 
the observed phytotoxicity occurs within the Ni tissue concentration range or even 
below that observed in other studies (Hunter and Vergnano, 1952; Anderson et al., 
1973, Chaney et al. 2003) perhaps indicating the contribution of the other three 
CoCs (Cu, Co and/or As) and/or chemical and physical soil properties to plant 
toxicity. Further, since these literature values were determined at the point where 
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deleterious effect was first or expected to be observed, the EC25 values for Port 
Colborne soils may be considered conservative. 

Figure 2 Crop Studies Year 2001 show that oat tissue Ni EC25 thresholds are within the 
range of literature-reported oat toxicological thresholds for Ni 
 

 
Left Column - Greenhouse Yr 2001 soil Ni EC 25 concentrations varying from 1350 to >2400 mg/kg Ni  

Thresholds reported in the scientific literature for soil Ni varying from 78 to 2900 mg/kg 

4.1.4 Integration of Year 2001 Greenhouse Crop and Naturally-Occurring Plant 
Findings. 

Data on oat tissue Ni concentrations obtained from the Greenhouse (GH) Trials were 
compared to data on tissue Ni concentrations of a naturally occurring plant, 
Goldenrod (Solidago spp.), in the Port Colborne area. Goldenrod (Solidago spp.) 
tissue data and oat tissue data were pooled and regressed against log-transformed 
soil total nickel concentration. The quadratic relationship was determined to be quite 
strong (r2=0.68; p<0.0001), a result replicated in a similar regression for greenhouse 
oat tissue data (r2=0.69; p<0.0001). The strength of both of these relationships, 
considering the range in soil parameters in both the field and in the greenhouse, 
provides solid support for the legitimacy of the EC25 thresholds generated from plants 
grown in the soil blends. 

4.2 Field Findings 

4.2.1 Phytotoxicity Symptoms 

Evidence of phytotoxicity was noted for oats and radishes. For oats, a difference was 
noted between the Clay 2 and Clay 3 Test Sites. At the Clay 2 Test Site (5,000 mg 
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Ni/kg at pH 6.4), many stems exhibited slight purple discolorations after about three 
weeks following germination, but these symptoms disappeared at later stages of 
growth in all of the treatments. By about five weeks, all of the plants were healthy 
and green. At harvest the level of Ni in the tissue was 58.1 mg/kg Ni in oats, 37.4 
mg/kg Ni in soybean, and 2.6 mg/kg Ni for corn (Volume I, Binder 2, AppendixF-1). 
These results indicate that the sensitivities of the tested plants is 
oats>soybean>corn, with the oats being more sensitive. 

In contrast, symptoms of phytotoxicity were clearly evident on the plots of the Clay 3 
Test Site (3,000 mg Ni/kg at pH 5.6). About four weeks after germination, plants 
showed visible symptoms of phytotoxicity such as chlorosis and longitudinal white 
banding, mainly on the older leaves. Eight weeks after germination, approximately 
50% of the leaves were necrotic and plants were stunted and slender with less 
foliage. The agronomical tissue samples collected from the Clay 3 Test Site showed 
a higher level of nickel in the tissue compared to the Clay 2 Test Site.  Reasons for 
the difference in tissue Ni concentration between the 2 clay test sites are discussed 
in subsection 4.2.2.  The difference in oat and soybean tissue concentrations of 
nickel for the Clay 3 Test Site was not statistically significant and thus the sensitivity 
of oats and soybean are similar, with corn still being the least sensitive. 

4.2.2 Tissue nickel 

When comparing the accumulation of nickel in the tissues of oats cultivated at the 
two field sites (one with a level of approximately 3000 mg/kg Ni and the other one 
with a level of 5000 mg/kg Ni in the soil), a negative correlation was found (R 
square= -0.959).  This was due to a much lower tissue nickel concentration in tissue 
of plants at harvest (about 58.1 mg/kg Ni) cultivated at the site with higher nickel 
level in the soil. When pH was added as a regression variable, the relationship 
changed significantly. That is, the bioavailability of nickel is much greater at lower 
soil pH (ie. pH 5.6 at the Clay 3 Test Site compared to pH 6.4 at the Clay 2 Test 
Site). This new evidence, generated by using the field data from the two field sites in 
a similar manner as the dose-response experiment conducted under greenhouse 
conditions, shows clearly that soil metal concentration is only one of the factors that 
is responsible for accumulation of metals in tissue.  Other factors such as pH play a 
significant role in the accumulation or the lack of accumulation of metals in plants.    

Weng et al. (2003) linked the separate effects of pH on sorption of Ni to soil and 
plant (i.e. increasing pH enhances shoot Ni accumulation from solution due to 
reduced competition for root uptake sites between H+ and Ni2+, balanced against the 
increased binding of Ni2+ to soil particles).  Their function (log [Ni-shoot] = 3.66 + 108 
log [Ni-soil] – 0.63pH, all concentrations in mmol/kg) describes the bioaccumulation 
of Ni as a function of total Ni content of the soil, and pH, derived from hydroponic and 
soil experiments on oat and soluble Ni, as Ni(NO3)2.  It predicts that for 900 mg/kg 
soil Ni, oat shoots would accumulate over 800 mg/kg Ni in tissue, which compared to 
the concentration calculated from the function generated by the data in the present 
CBRA study at this soil Ni concentration (900 mg/kg soil Ni), was approximately 50 
mg/kg Ni in tissue.  When compared to field data findings from the Port Colborne 
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soils it was found that at only plants growing at levels higher than 5000 mg/kg Ni 
could accumulate more than 50 mg/kg Ni in the tissue (pH near neutral range).   

There are several points to make on this comparison.  First, it proves that soluble Ni 
species cannot be used to set soil criteria for Ni in Port Colborne soils that contain 
insoluble forms of Ni (see Section 1.1).  Second, it seems clear from this comparison 
that speciation of the Ni in the soil, in addition to the master variable (pH) and binding 
capacity of the soil must be considered when predicting bioavailability.  More 
importantly the apparent differences can clearly be attributed to differences in 
exposures in Ni speciation and soil characteristics, proving that Port Colborne soils 
are unique. 

4.2.3 Integration of Year 2001 Greenhouse and Field Crop Findings. 

Both field and greenhouse tissue and soil nickel concentration data for the Year 2001 
are shown in Figure 3.  Compared to the greenhouse 2000 dose response data 
(Figure 1), the greenhouse 2001 dose response data in Figure 3 produce better 
fitting lines. The lines representing the greenhouse data in Figure 3 are 
representative of data points that reflect tissue Ni accumulation in oats that depend 
only on soil nickel concentration as all the other soil variables are kept constant.  The 
scattered field data points in Figure 3 reflect differences in soil chemistries (e.g. pH, 
organic matter, cation exchange capacity, etc) which influences plant uptake of 
CoCs.   

Figure 3 Crop Studies Year 2001 - Plant tissue Ni and Soil Ni concentrations in 
greenhouse studies and field studies. 
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5.0 BRIDGING THE GAP WITH THE PEER REVIEWER 
This section provides a weight of the evidence approach using existing data from the 
Year 2000 and 2001 Crops Studies to address each of the five concerns identified by 
the external peer reviewer.  As identified earlier in Section 1.0, these concerns 
included: 

1). Usefulness of the Year 2000 data; 

2). Use of oat as a single indicator species; 

3). Use of plant biomass vs. economic yield; 

4). Blending versus unblending and generation of  EC25 values using unblended 
soils; and  

5). Confidence intervals. 

5.1 Usefulness of the Year 2000 data 

The external peer reviewer had concerns of deriving soil Ni EC25 values using the 
GH Year 2001 data because these data were based on ‘blended’ soils.  An inference 
was made by the reviewer that perhaps more realistic EC25 values could be obtained 
using the GH Year 2000 data which were based on ‘unblended’ soils.   

Notwithstanding the uncertainties in the Year 2000 greenhouse data to establish 
reliable soil Ni EC25 values as mentioned in Section 2, an attempt was made to back 
calculate or predict soil Ni EC25 values in soil using the Year 2000 greenhouse dose 
response data and several assumptions as stated below.   

According to Kukier and Chaney et al. (2004), a decrease of 25% in yield was 
measured when oat grown on Welland Clay ‘unblended’ soil in Port Colborne 
accumulates more than 62.7 mg Ni/kg in tissue. This value is in near agreement with 
Jacques Whitford’s GH Year 2001 findings on tissue nickel accumulation at 52 mg 
Ni/kg in oat growing on Welland Clay ‘blended’ soil corresponding to a 25% decrease 
in yield.  This literature value is also in near agreement with Jacques Whitford’s GH 
Year 2001 findings that showed a tissue nickel accumulation of 46 mg Ni/kg in oat 
growing on Organic ‘blended’ soil corresponding to a 25% decrease in yield.   As 
Jacques Whitford’s EC25 values for Welland Clay and Organic soils were both based 
on the ‘blending’ experiment of Year 2001, the Kukier and Chaney et al. (2004) 
literature value of 62.7 mg Ni/kg based on ‘unblended’ soils will be used for this 
calculation to define the point where there is a decrease of 25% in tissue Ni 
concentration of crops grown on  ‘unblended’ soils of the GH Year 2000 experiment. 

Regression was done on GH Year 2000 data as a function of soil Ni concentrations 
versus tissue Ni concentrations representing the dose response data for oat grown 
on Welland Clay soil (Figure 4) and also on Organic soil (Figure 5).  As stated earlier, 
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Welland Clay and Organic soil are representative soil types of the agricultural areas 
in Port Colborne.  For both Figures 4 and 5, the y-axis is the soil Ni concentration 
and the x-axis is the tissue Ni concentration. 

Figure 4 Year 2000 Crop Studies Estimated EC25 in Clay soils using threshold tissue 
nickel concentration.  
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Figure 5 Year 2000 Crop Studies Estimated EC25 in Organic Soils using threshold 
tissue nickel concentration.  
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The intersection of the slope of each regression line in Figures 4 and 5 with the 
tissue Ni EC25 at 62.7 mg Ni/kg on the x-axis provide a corresponding soil Ni EC25 on 
the y-axis for oat and soybean studied in Year 2000. For soybean, it is assumed for 
this calculation that  soybean would have a similar symptom as oat to Ni toxicity at 
62.7 mg Ni/kg causing a 25% decrease in yield biomass.    Predicted Ni EC25 values 
for the GH 2000 oat dose response experiment are provided in Table 3. 

Table 3 Predicted Ni EC25 using Year 2000 Greenhouse Data 

Ni  EC25  in Welland Clay 
,mg Ni/Kg 

Ni  EC25  in Organic Soil 
,mg Ni/Kg Dose-Response 

Experiment Predicted for 
Yr 2000 

Measured in 
Yr 2001 

Predicted for 
Yr 2000 

Measured in 
Yr 2001 

Oat 2000 1880 4500 >2400; 
3400* 

Soybean 2000 nm 7000 nm 

*  - derived from meta- analysis using both the 2001 and 2000 oat on Organic Muck soil data. 
nm  - not measured 

The data in Table 3 show no significant differences in soil Ni EC25 values between 
the Year 2000 and Year 2001 dose response data for oat grown on Welland Clay 
and Organic soil, when they are predicted from tissue Ni concentrations.  Table 3 
also shows that the predicted values of soil Ni EC25 for soybean are similar, if not 
greater than those of oat.  

5.2 Use of oat as a single indicator species 

Oat is usually considered the most characteristic plant indicator of nickel 
phytotoxicity based on research of Vergnano and Hunter (1952) which has been 
corroborated repeatedly over 50 years of further research (e.g. Anderson et al. 
1973).  In oat, the visible toxicity symptom specific to nickel phytotoxicity is an 
alternating pattern of more chlorotic and less chlorotic bands across young leaves 
and iron deficiency is observed as interveinal chlorosis. It is because of the 
uniqueness and sensitivity of oat to Ni phytotoxicity, that oat was selected as the 
crop for the GH 2001 work. 

In addition of oats, radishes, soybean, corn and golden rod were evaluated by 
Jacques Whitford.  Integration of phytotoxicity data from all plant species was done. 
Oats was shown to be more sensitive to the site-specific conditions under both field 
and greenhouse conditions.   This was corroborated by findings in the literature 
(Chaney et al 2004, Chaney et al., 2003 and references within). 

Predicted values of Ni  EC25 values for soybean on Welland Clay and Organic soils 
based on the GH 2000 soybean dose response data and the assumptions made in 
Section 5.1 were shown in Table 3 to be similar, if not greater than the predicted 
values of Ni  EC25 for oat. 
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5.3 Use of Plant Biomass vs. Economic Yield 

Chronic effects of metals on plants are usually assessed by long term growth assays 
and are mostly quantified by measuring plant biomass of the plants after the 
treatment (exposure) period. Most authors determine the final dry mass of the shoot 
(more details and references are found in Appendix B). This gives a good indication 
of a plant's ability to germinate and compete successfully for water, light and 
nutrients, and play a significant role in ecosystem processes when growing in the 
presence of elevated metals - these abilities, or endpoints, are identified at the 
beginning of the risk assessment process. 

Plant biomass is a standard measurement used in phytotoxicity studies.  The results 
obtained by using plant biomass data are reliable and comparable with other well 
documented scientific studies. Interpretation of plant biomass data as it relates to 
economic yield was validated by discussions with OMAF representatives, local 
farmers and crop insurance companies.  

The farming community in Port Colborne is reporting average yields for the traditional 
crops cultivated as part of the cash crop rotation. The yields in Port Colborne are 
comparable with the ones reported by the OMAF for other parts of Southern Ontario, 
and sometimes even higher. These reports have been confirmed by local farmers 
(undisclosed farmers) and crop insuring companies (Agricorp Insurance). In Year 
2005, the average farm in the Port Colborne area obtained the same average yield 
for soybean at about 30 bu./acre compared to other farms in Southern Ontario.  This 
reported yield in soybean for Year 2005 represents an increase of 10 bu./acres 
compared to previous years. 

5.4 Blending versus Unblending and Generation of EC25 Values using 
Unblended Soils 

Blending of soils to achieve specific Ni concentrations did not result in decreased Ni 
bioavailability (as measured from water and DTPA soil extractions) and therefore 
provides confidence that the toxicological thresholds determined in the GH 2001 
Trials are relevant for Port Colborne soils (Volume I, Part 3, Section 4.11.4 of the 
December 2004 Final Crops Report).   

The high Ni and background soils used in the 2001 Crop Study were matched for soil 
properties, including nutrient status.  There is no logical basis as supported by the 
2001 fertility analyses data (Final Crops Report, Vol. I, Binder 2, App. S 1-1.1, Table 
2) to indicate that high-Ni soils are any less fertile than corresponding background 
soils within each soil type (see Volume V of Appendix A containing the external peer 
reviewers comments ). Furthermore, there are no data that suggest a fertility impact 
could be generally upheld for high Ni (within the range of soil Ni concentrations 
tested in 2001) and low-Ni soils in the field. Clear evidence of good fertility  was 
shown when evaluating the EC25 values obtained with plants grown in the sand soil 
with the EC25 obtained from the other soils. The sand soil, representing beach sand 
collected west and east of the Welland Canal and subsequently blended, had limited 
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fertility, but that did not affect the EC25, which was derived at about 1350 mg/kg Ni. 
This indicates that blending did not change fertility and that the soil blends used in 
the greenhouse experiments were representative of the natural soils found in Port 
Colborne area. 

Oat grown in the field in Year 2001, in the Clay 2 Test Site, a natural field soil with 
approximately 5000 mg/kg soil Ni, accumulated tissue Ni approximating 58.2 mg/kg. 
This concentration of tissue Ni was also observed in the greenhouse blended soils 
but at soil Ni concentrations at 1900 mg Ni/Kg less than approximately one-half of 
this total soil Ni value (5000 mg Ni/kg), thus indicating that 1) phytotoxicity is more 
pronounced in the greenhouse compared to the field and 2) the plants grown in 
blended soils in the greenhouse were not able to avoid the soil Ni because of 
blending with background soil, in fact, absolutely the opposite occurred. 

Also as discussed in Section 5.1 and documented in Table 3,  when data from the 
Year 2000 GH experiment that used ‘unblended’ soils were used to predict a soil Ni 
EC25, the predicted soil Ni EC25 values were similar to those of the measured Ni EC25 
values of the Year 2001 GH experiment that used ‘blended’ soils.  Clearly, the 
process of soil blending did not bias the calculated soil Ni EC25 values and thus the 
reported soil Ni EC25 values in the Jacques Whitford December 2004 Final Crops 
Report remain valid. 

5.5 Confidence intervals  

As previously explained (see Appendix B for more details) there are two calculations 
for confidence intervals (CI) around a regression relationship – the population CI’s 
and the data CI’s. The former are used to estimate the precision with which the 
regression relationship will predict Y from the observed values of X, when the intent 
of the regression relationship is to predict the response of oat plant biomass (Y) to 
soil Ni (X) over the entire population of Welland Clay soils, which are assumed might 
vary considerably from those used to determine the relationship. Hence, these CI’s 
are wider than those calculated as the data CI’s, which are used to estimate the 
precision with which the regression relationship predicts Y from the observed Y and 
observed X (the intent of the CI's depicted with the Weibull functions in the crop 
report). While it might seem intuitive that the former is more appropriate for risk 
assessment than the latter, neither actually is correct for the purpose of predicting a 
value of X for a particular value of Y, as we wish to do by predicting the soil Ni value 
that is associated with a 75% reduction in plant growth. This is called inverse 
prediction and involves an additional error term to those (errors associated with the 
estimates of the regression parameters, as well as the unexplained error) used in 
prediction, namely the errors associated with the random, normally distributed 
variable Y. The confidence intervals for inverse prediction are not symmetrical 
around the predicted value of X, but like CI’s for prediction, get wider with distance 
from the mean value of Y.  

After evaluating the risk to oat growth from soil Ni in the greenhouse trials, a second 
tier in the crop risk assessment was implemented with higher environmental realism 
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by using field trials. Site-specific weather and biotic factors (microbes, insects, plants 
etc) contribute to a heterogeneous distribution of the metals in the area (as 
characterized by soil CoC maps) and affects the phytoavailability of CoCs.  It is the 
findings obtained here that show that greenhouse findings are conservative.  These 
are due to the nature of exposure such as (Chaney et al., 2003): 1) the continuous 
exposure to metals in the pot-greenhouse environment which is contrast with the 
natural environment conditions where roots continue to explore the soil environment 
for nutrients below the 30 cm layer were most of the contamination can be found; 2) 
the length of the roots is reduced in greenhouse studies compare to field studies due 
to the reduced phytoavailability of phosphorus, 3) variation in the soil daily 
temperature and humidity is different in greenhouse studies vs. field studies affecting 
the flow nutrients from shoots to roots. 

Therefore EC25 levels measured by using greenhouse pot experiments have already 
built in a level of protection.  Furthermore PNEC values which have been derived 
from these EC25 values are even more protective. In order to address any 
uncertainties that might not have been accounted for, PNEC values will be used in 
risk management. 

5.6 Summary 

The preceding discussion has, in our opinion, satisfactory addressed all five of the 
external peer reviewer’s concerns of September 26, 2005. We believe that the 
perceived gap between Jacques Whitford’s findings and interpretation as found in 
the December 2004 Final Crops Report and those by the peer review in his letter of 
September 26, 2005 has been considerably narrowed, if not completely eliminated.   
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Jacques Whitford’s Response to Murray B. McBride’s May 4, 2006 
Comments on the Protectiveness of the Proposed 

Ni - PNEC values for Soils of Port Colborne 
 

(September 1, 2006) 
 
The preamble to Jacques Whitford’s answers to Dr. McBride’s comments of May 4, 
2006 (below in italics) is to remind readers that in previous exchanges of information 
(Jacques Whitford, 2004a, 2006), we have provided evidence both from the field in 
Port Colborne, and from fundamental knowledge of plant physiology and culture, that 
estimates of plant growth response to soil metals, obtained from pot studies in the 
greenhouse and expressed as PNECs, are likely to overestimate sensitivity.  The 
primary reason for this is that metals in the field soil of Port Colborne are most 
concentrated in the upper 15 cm, a layer that many plant roots quickly grow through in 
their search for water.  The roots of greenhouse-grown plants are confined to soils 
with elevated metal concentration, thus their accumulated dose throughout their 
lifetime is greater than that in field-grown plants.  So, we would argue that Dr. 
McBride’s insistence that the Y2000 greenhouse study predicts what would happen in 
the field is wrong, in light of the supporting results of the field studies undertaken by 
Jacques Whitford on soybean, the Y2001 study of oat, and the fundamental 
mechanisms of plant growth in the field.  Having said this, each of the reviewer’s 
points is addressed, below: 
   
McBride: Are INCO’s proposed PNEC values for soil Ni ( 750 mg/kg for sand, 1400 
and 1650 mg/kg for Till Clay and Welland Clay, respectively, and 2350 for organic 
soil) protective of the most sensitive crops grown in Port Colborne?  That is, can soils 
at or below the proposed PNEC Ni levels be used in an unrestricted manner ? 
 
McBride: The answer in my opinion is no, based on evidence both within the JW 
crops report itself as well as from other observations and published information on Ni 
toxicity in soils. Specific evidence that much lower PNECs are needed to protect 
important sensitive crops includes : 
 
 
1. McBride: The year 2000 greenhouse study of JW shows statistically significant 

yield reductions in corn, soybeans and oats at soil Ni concentrations well below 
the PNEC’s  in the sand and clay soils. Thus, for sand, 300 mg/kg Ni was shown to 
produce significant yield reductions for all three crops. For clay, the yield data 
were lost for oats, but 500 mg/kg Ni appeared to be toxic for soybeans,whereas 
toxicity for corn was not evident at 500 mg/kg. For peat, yield results were more 
erratic, and it is difficult to establish a threshold for toxicity. For this organic soil, 
the study of Frank et al.(1982) is informative, as vegetable crops such as celery 
showed severe reduction in yield at 1200 mg/kg total Ni. This is obviously well 
below the proposed PNEC of 2350 for this soil, and suggests that an acceptable 
PNEC for vegetable crops would need to be below 1200 mg/kg.  
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Jacques Whitford:  The reductions in growth measured in the 2000 greenhouse study 
are not supported by the field experiments that were carried out during the CBRA, nor 
by the general successes of farming practice in the Port Colborne area.  If soil Ni 
concentrations between 300 and 500 mg/kg genuinely caused poor crop growth, it 
would be evident from the many farming operations that are carried out on soils with 
similar concentrations of Ni; clearly this is not the case. 
 
Dr. McBride’s referenced studies of the Frank et al. (1982) paper pertain to crops 
grown on organic soil some 25 years ago (1980-1981) at a time when the Port 
Colborne Ni refinery was in full operation (the refinery halted operations in 1984) and 
when aerial deposition of Ni and the effects of SO2 emissions to foliage likely would 
have increased the exposure of plants to Ni relative to the currently naturally 
weathered or aged soil Ni concentration.  Thus the data from the Frank et al. (1982) 
paper should not be applied to the Port Colborne CBRA, as the exposure to plants then 
and now are not comparable.  Considering the years that have transpired since the 
closing of the refinery and the cessation of atmospheric Ni input and emissions of SO2, 
the current pool of bioavailable fraction of soil Ni available to crops has been greatly 
reduced.  It is the exposure of plants to the current soil conditions with current soil Ni 
concentrations that is relevant in this CBRA.  
 
2. McBride: Observations in the field in the Port Colborne area show evidence of 

phytotoxicity at Ni concentrations well below the proposed PNEC values. These 
observations are illustrated by photographs in the JW Crops report. For example, 
the pictures of young soybean plants on a field labeled “Rae Farm” showed clear 
evidence of the type of severe chlorosis in emerging leaves that is consistent with 
Ni toxicity (Figure F4-11, Crops Report, Vol. 1, page F4-A7).  Toxicity symptoms 
remained evident even with liming (Figure F4-12).  I understand that this soil 
contained approximately 500-600 mg/kg total Ni , much lower than the proposed 
PNEC for clay soils.  

 
Jacques Whitford:  It is well known that chlorosis of leaves is consistent with both 
deficiencies and toxicities of many plant nutrients, and that to diagnose as Dr. 
McBride has on the cause of observed chlorosis in soybeans based on a single 
photograph at a single point in time without supporting data for tissue Ni 
concentrations, is speculative at best.  The chlorosis that the reviewer is describing 
could be caused by a deficiency or excess of a nutrient that is independent of elevated 
Ni in the soil.  It is possible that chlorosis in soybean grown in Ni-elevated soils could 
be caused by deficiency of an essential element as a secondary effect of Ni toxicity, 
but that is speculative.   
 
The soils of the Rae Farm are a Till Clay with a soil Ni concentration of 636 mg/kg.  
Table 4-6 on page 4-24 of Volume 1 of the Crops report indicates that the tissue Ni 
concentration in soybean, i.e. the same soybeans shown in the photo referred to by Dr. 
McBride, is only 3 mg/kg in dry weight, or less than 0.46% uptake of Ni from soil.  
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This level of uptake is very low but not unusual, as soybean plants require nickel for 
normal growth (Shimada and Ando, 1980; Krogmeier et al., 1991).  It should be noted 
that the measured uptake of 3 mg/kg is 10 (x) times lower than and well below the 
reported Kukier and Chaney (2004) value of 32.6 mg/kg of tissue Ni that would result 
in a 25% reduction in shoot growth in soybean.  It can be concluded from this that the 
observations made by Dr. McBride on the chlorosis of soybean leaves from this one 
picture was not related to soil Ni toxicity. 
 
3. McBride: Existing data in the literature show that soil Ni concentrations much 

lower than the PNEC values can be phytotoxic.  
3.i) The study of Frank et al., (1982) was conducted on the contaminated 
organic soils of Port Colborne, and therefore should have been considered 
highly relevant in deriving PNEC values for that soil type.  

 
Jacques Whitford:  The limited relevance of the Frank et al. paper to the derivation 
of PNEC values has been addressed earlier in this document under item 1), and so 
those points won’t be repeated here.  Generation of PNEC values at the time when 
Inco’s nickel refinery prior to 1985 was in full operation was not the objective of the 
CBRA work.   
 

3.ii) McBride: In my initial 2003 review of the Crops Report I cited other 
studies with oats, such as that of Sauerbeck and Hein (1991). That study 
showed that oat straw concentrations of 20 to 30 mg/kg Ni produced yield 
losses in greenhouse pot experiments, those yield losses occurring when soil 
total Ni was in the 100-200 mg/kg Ni range (for non-acid soils), much less 
than the PNEC Ni values for any of the soils of Port Colborne. It could be 
argued that the Ni was more soluble and available in the Sauerbeck and Hein 
study (they used Ni-contaminated sewage sludge as well as Ni salts to add Ni 
to their soils). However, even at the highest level of soil Ni tested in their 
greenhouse trial (200 mg/kg Ni), the 0.005 M DTPA-extractable Ni never 
exceeded 50 mg/kg. If we compare this result to data for soils of the Pt. 
Colborne area, total soil Ni has to be below about 200-300 mg/kg in order for 
DTPA-extractable Ni to be less than 50 mg/kg (see JW Crops report,Table 11, 
page 230-231). In other words, the Ni of the Port Colborne soils is only 
somewhat less extractable by DTPA than Ni of the Sauerbeck and Hein study. 
Since DTPA is considered by many soil scientists to estimate the size of the 
plant-available pool (and is conducted by the soil testing lab at the University 
of Guelph for that purpose), this comparison of studies suggests that some 
soils of Pt. Colborne should be phytotoxic at 200-300 mg/kg total Ni – a 
suggestion to some degree supported by the year 2000 greenhouse study (see 
comments above).   

 
Jacques Whitford:  We agree that DTPA is one of many soil extractions that gives an 
estimate of the soluble and readily labile metal that a plant could access; however, an 
inspection of the Sauerbeck and Hein (1991) paper amply demonstrates why soil 
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scientists shouldn’t (and plant physiologists don’t) consider DTPA extractable soil 
metals as a predictor of actual plant accumulation of metals, and their subsequent 
toxicity.  Table II of this paper reports an r-value (not an R2) of 0.5.  While it is 
anticipated that this is a significant correlation (no value for n is reported), as the 
authors state “…DTPA and DTPA/TEA did not indicate the Ni availability 
sufficiently well, as they dissolved a large portion of the Ni irrespective of the origin 
or soil type”.  What this means is that DTPA-extractable soil Ni is a poor predictor of 
plant accumulation of Ni, which is the principal cause of toxicity.  Thus, concluding 
that a soil in Port Colborne with a particular DTPA-extractable soil Ni concentration 
should be phytotoxic because another study demonstrated phytotoxicity at the same 
DTPA-extractable soil Ni concentration but in a different soil with a different source 
of Ni, has no credibility.   
 
Further, the yield data to which the reviewer refers are not presented in the Sauerbeck 
and Hein (1991) paper, so who knows what degree of yield loss they attribute to soil 
Ni, and what relation that might have to the losses shown in the year 2001 greenhouse 
study of the CBRA?    
 
Most of the scientific basis of the arguments made in the comments by Dr. McBride in 
his review of the Crops report are in respect to the findings and conclusions of the 
scientific study carried out by Sauerbeck and Hein (1991).  Sauerbeck and Hein 
(1991) examined Ni uptake in plants grown on sewage sludge and compared that data 
to Europe’s maximum permissible level of nickel in soils from sewage sludge 
application.  A similar comparison to the Port Colborne situation as inferred by Dr. 
McBride cannot be made in our opinion, but as the reviewer believes that the paper by 
Sauerbeck and Hein (1991) is relevant, a copy of their paper is provided in Appendix 
A and a brief summary of their work is provided below for the edification of the 
reader.  The Sauerbeck and Hein (1991) paper documents experiments conducted in 
the greenhouse on two types of soils, one a pH 7.25 Luvisol soil and the other a pH 
5.45 Cambisol soil.  The pH 7.25 Luvisol soil was adjusted to pH 6.5 by the addition 
of aluminum sulphate.  The pH 5.45 Cambisol soil was increased to pH 6.3 by the 
addition of calcium carbonate.  A sewage sludge originally low in metals was enriched 
with soluble nickel chloride and incubated for 30 days at 30 degrees Celsius.  Mixing ( 
or ‘blending’ using a CBRA term) the two types of soils with this 30 day aged 
artificially spiked nickel chloride sewage sludge produced nickel contents of 0, 17, 34, 
50, 75, 100, 150 and 200 mg/kg in the resulting soil/sludge mixture.  Experiments 
were also conducted on: 1) two nickel-enriched sewage samples from industrial waste, 
2) a nickel-enriched industrial filter dust sample and 3) a geogenic naturally-high 
nickel containing soil basalt mixed with the Cambisol soil to the same range of soil 
nickel concentrations obtained through mixing clean soil with soluble nickel 
containing sewage sludge. 

The reader will come to the realization that there are some parts of the methodology 
described in the Sauerbeck and Hein (1991) paper that mirror some of the methods 
carried out in the CBRA greenhouse experiments.  Those parts include soil pH 
adjustment and soil mixing (or ‘blending’) for purposes of dose-response experiments.  
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Like the Jacques Whitford greenhouse experiment of Y2001, Sauerbeck and Hein 
(1991) used the same method of pH adjustment with aluminum sulphate and calcium 
carbonate.  Also like the Jacques Whitford greenhouse experiment of Y2001, 
Sauerbeck and Hein (1991) used the same method of mixing a highly-contaminated 
nickel material with control soil with background levels of nickel to various 
proportions such that a range of soil nickel concentrations could be achieved for the 
dose-response experiments. 

Where the reader will notice a large difference between the methodologies is that 
Jacques Whitford used naturally weathered or aged (greater than 15 years since date of 
last atmospheric CoC deposition) and representative soil types from Port Colborne 
prior to mixing with each type of control soils from uncontaminated areas of Port 
Colborne; whereas, Sauerbeck and Hein (1991) used an unaged (1 month only) 
soluble nickel chloride spiked sewage sludge (not soil) prior to mixing with their two 
types of control soils.  The authors of the Sauerbeck and Hein (1991) paper even 
themselves express some doubt on page 863 of their paper (see Appendix A) as to 
whether the soils were aged sufficiently after amendment of soluble nickel chloride to 
simulate field bioavailability of Ni.  The ageing of soils after amendment by a soluble 
metal salt to simulate bioavailability is a topic of considerable current research and 
discussion.  At the International Workshop on Metals-in-Soils held in Ottawa in 
February 2005, a presentation by Dr. Erik Smolders entitled: “Differences in Metal 
Toxicity between Spiked- and Field- Contaminated Soils” revealed that there are many 
cases in the literature of greenhouse trials using unaged contaminated soils created by 
spiking with soluble metal salts where the metal bioavailability measured is much 
greater than those derived from experiments using field contaminated soils that are 
naturally weathered or aged.  Dr. Smolders gave an example where the time 
dependence of fixation of zinc spiked as a salt in soils in one experiment took more 
than 200 days before equilibrium conditions could exist.  The conclusion from the 
Smolders presentation is that proper ageing of a spiked soluble metal soil is important 
for any meaningful dose-response experiment.  It has also been reported that studies 
carried out on Ni for the European Risk Assessment have demonstrated that soil pore 
water Ni only stabilized after 3 months of ageing of a nickel chloride spiked soil; a 
considerably longer period than the 1 month period used in Sauerbeck and Hein.  The 
inference here is that had Sauebeck and Hein aged their nickel chloride spiked sewage 
sludge soils for a total of 3 months instead of 1 month as they did in 1991, the true 
measured bioavailability of Ni in their soils would have been much less than the 
apparent bioavailability that they had observed.   
 
Findings and conclusions of the Sauerbeck and Hein (1991) did reveal that in 
comparison to the spiked sewage sludge samples, the filter dust samples and basaltic 
soil samples showed very low Ni uptake in plants (i.e. low Ni bioavailability).  The 
authors concluded that in the case of the basaltic soil sample, Ni is bound in the soil 
minerals from where it can be only released very slowly by gradual weathering.  It is 
Jacques Whitford’s opinion that bioavailability of the relatively insoluble Ni identified 
in Port Colborne soils would be somewhere between their experimented filter dust 
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samples and their basaltic soil samples.  A further discussion on this topic of Ni 
solubility in Port Colborne soils is presented in response to Dr. McBride’s comment 
3.iii). 
 
Lastly, we would like to point out to the reader yet another reason as to why the 
Sauerbeck and Hein (1991) paper that studied Ni uptake in plants grown on sewage 
sludge and comparison of that data to Europe’s maximum permissible level of nickel 
in soils from sewage sludge application at 50 mg/kg is not a relevant comparator to 
our Crops study.  As the reader knows, one of the main objectives of Crops study was 
to derive soil nickel PNEC values that would be applicable to the Port Colborne 
agricultural soils; soils which to our knowledge do not contain any biosolids.  
Maximum concentration limits in biosolids set by the MOE are not directly 
comparable to, or related to, MOE soil standards for the simple reason that they are 
two very different things.  Biosolids are organic material that are derived from a 
stabilized waste product of sewage treatment and digestion of sewage sludge.  These 
materials can be land applied in a number of forms ranging from liquid slurry to dried 
pellets. Most land applied forms have a very high water content and all have a very 
high organic content.  The organic material serves as a plant nutrient which is the 
reason for land application.  Over time, the biosolids become integrated with the soil 
matrix, the organic matter decays and is used by plants which are harvested, 
necessitating the continuous replacement of soil nutrients.  The extra moisture content 
is also lost.  This removal of moisture and decay/uptake of organic matter and 
nutrients substantially reduces the mass of the initially applied biosolids and thereby 
leads to the potential build up of heavy metals in soils.  Even dried biosolids pellets 
applied to a lawn have been observed to rapidly integrate into the soil matrix (Jacques 
Whitford, 2004). Numerous publications are available on the potentially toxic build up 
of heavy metals in soils as the result of biosolids land application (e.g. Jacques 
Whitford 2004; WERF 2002).  Biosolids regulations are designed to address this 
potential for build up of metals through the repeated application of these materials to 
the same land, year after year.  Limits are based on a low initial metal content in the 
soil and a limit on the metal concentrations in the sludge so that long term 
concentrations in soil do not become elevated.  The same concerns and hence limits 
are not directly applicable to soil concentrations where biosolids are not being applied, 
which is the reason that the maximum permissible Ni concentration in soils for 
biosolids application (32 mg/kg – MOE, 1996) is much less than the generic standard 
for nickel in soil (200 mg/kg – MOE, 2004). 

 
3.iii McBride: Other tests of extractable metals in Port Colborne also suggest 
that a large fraction of the total soil Ni is potentially susceptible to dissolution, 
and therefore not in an inert Ni oxide form. For example, the Crops Report 
shows from 30-40% of the total soil Ni to be soluble in acid oxalate. In 
addition, water-soluble Ni in these soils is not negligible, ranging from 3 to 13 
mg/kg in the organic soil, 3-5 mg/kg in the high-Ni clay 2 test site, and about 
0.8-1.3 mg/kg in the low-Ni (500-700 mg/kg total Ni) Clay1 test site (Appendix 
F-2, Crops Report). This immediately available form of Ni is expected to 
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damage roots, based on published reports of Ni effects on roots (e.g., 
Gabbrielli et al., 1999).    
 

Jacques Whitford:  The comment that a “large fraction of the total soil Ni is 
potentially susceptible to dissolution” is disingenuous, as that is a conclusion from the 
oxalic acid extraction.  Unless it starts to rain oxalic acid in Port Colborne, it is 
difficult to understand under what field condition this large degree of dissolution 
would occur.  And, of course the water soluble Ni in the soils is the fraction that is 
immediately available, and that which is expected to cause phytotoxicity, but this will 
largely depend on soil pH, organic matter, and dissolved Ca and Mg, among other 
cations that have the potential to compete with Ni for sites of root toxicity.  For these 
latter reasons, it is misleading by Dr. McBride to link soil Ni concentrations in one 
study to effects at that concentration in another study – unless all else is held constant, 
the studies are not comparable. 
 
It is not known to Jacques Whitford as to whether Dr. McBride is cognizant of other 
Jacques Whitford studies carried out in this CBRA such as the Human Health Risk 
Assessment that has identified the relative insoluble forms of Ni in Port Colborne 
soils.  If not, Jacques Whitford would refer Dr. McBride to review the May 2005 
Human Health Risk Assessment report (Jacques Whitford, 2005), in particular the 
following volumes: 

 
Volume III, Appendix 8 – Oral Bioavailability and Bioaccessability of CoCs in 
Port Colborne Soils 
Volume IV , Appendix 12 – Nickel Speciation in Soil and Air Filter Samples 

 
Within Volume IV , Appendix 12, Scanning Electron Microscopy (SEM) examination 
of Port Colborne soils showed the following distribution of Ni forms as summarized in 
Table 1 below.  Most of the nickel in soil is found as insoluble oxidic nickel. 
 

Table 1 Nickel speciation of Port Colborne Soils by SEM 

 Organic Muck Sand Till Clay Welland Clay 

Total Ni (mg/kg) 10,045 3,920 2,545 8,655 

Percentage as Oxidic 
Ni1 

99.6% 91.7% 99.1% 89.9% 

Percentage as Iron 
oxide/oxy-hydroxide 
with trace Ni 

0.4% 8.3% 0.9% 10.1% 

1Oxidic Ni includes all forms of Ni oxide/hydroxide, Ni-Fe oxide/hydroxide and Ni-Fe-Cu 
oxide/hydroxide 
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3.iv) McBride: In contrast to the above evidence supporting lower PNECs, JW’s 
Blended Soil Greenhouse Trail (2001) provides data (based on oats only) that support 
the proposed higher PNEC’s. These results are not consistent with other data in the 
JW Crops Report (see point 1 above), where unblended soils from the Port Colborne 
area were tested for toxic effects on crops.  There are a number of reasons why the 
blended soils could have provided misleading evidence favoring higher PNECs.  
Weaknesses in the blended soil approach to establishing PNEC values include : 

 
Jacques Whitford:  The arguments and deduction by Dr. McBride on lower PNECs is 
simply not correct and not supported by evidence provided within the Crops report 
(Jacques Whitford, 2004a) for the reasons stated in our Overview of Evidence Paper 
(Jacques Whitford, 2006) and our rebuttal within this text.  Our responses to Dr. 
McBride’s points a, b and c under this item 3.iv) are provided below. 
 

a. McBride:The blending process added lime to bring the pH measured in 
0.01 M CaCl2 to about 6.0- 6.2, which in my experience means that the 
soil pH in water is probably close to 7.0.  

 
Jacques Whitford:  Dr. McBride’s personal experience that a soil pH in water 
measurement is actually one whole pH unit greater than that measured in 0.01 M 
CaCl2 was not experienced in work done by Jacques Whitford or others conducting 
similar recent studies (Canadian Land Reclamation Conference, 2006).  Values of soil 
pH were presented in the Crops report as both water and calcium chloride 
measurements.  The actual difference in soil pH between these two independent 
methods was only 0.3, i.e., definitely not an entire 1.0 pH unit.  

 
McBride: Therefore, the derived PNECs must be considered to be pH-
conditional, and could only apply to soils with near-neutral pH. PNEC’s for 
Ni are expected to be highly sensitive to soil pH because of the well-known 
strong effect of soil pH on Ni solubility and plant toxicity.  pH in the 
contaminated area varies considerably, as shown by data in the JW report. 
As pH decreases in the soil, PNEC values are likely to be drastically 
lowered. Figure 1, taken from data in the JW crops report, shows the 
dramatic effect of soil pH on Ni toxicity to oats. This toxicity is diminished, 
but not eliminated, by raising soil pH.   
 

Reproduced Copy of McBride’s Figure 1 
 
 
 
 
 
 
 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

4.5 5 5.5 6 6.5 7 7.5

 Effect of Welland Clay Soil pH on Ni Toxicity to Oat -Yr 2001

Low Ni Soil
High Ni Soil

O
at

 T
op

 W
ei

gh
t (

g)

Soil pH 

Control Soil 

1900 mg/kg Ni Soil 

Table GH-40 and Appendix  GH-5  (Vol.1)



 9

Jacques Whitford:  We agree with Dr. McBride’s observation on Figure 1 that there 
is a definite pH effect on soil Ni bioavailability and thus, logically, toxicity of soil Ni 
– no doubt.  At no time has Jacques Whitford taken the position that the PNEC values 
are not pH dependent.  PNECs were developed at specific narrow pH ranges 
representative of the averages of soil pH measured in the four soil types of Port 
Colborne.  Table 2 shows the specific soil pH range per soil type for the crop dose-
response greenhouse experiments of year 2001 and corresponding soil Ni EC25 and 
PNEC values. 
 
Table 2    PNEC and  EC25  values of Soil Ni Derived at Specific Soil pH Ranges 
 

Soil Type Greenhouse 
2001 Soil pH 

Range 

Reference for 
given Soil pH 

Range 

Soil Ni 
EC25, 
mg/kg 

Soil Ni 
PNEC, 
mg/kg 

Welland Clay 5.86 - 6.38 Table GH 27 1880 1650 
Till Clay 5.49 – 6.48 Table GH 36 1950 1400 
Organic Muck 5.81 – 5.91 Table GH 22 3490 2350 
Sand (Dune) 7.14 – 7.39 Table GH 17 1350 750 
 
For areas of Port Colborne with soils above the upper limit of the experimental soil pH 
ranges of pH 5.9 -6.4 for Welland Clay, pH 5.5 to 6.5 for Till Clay and pH 5.8 to 5.9 
for Organic Muck (Table 2) ie. above pH 6.5, higher PNECs than those presented 
above in Table 2 would result.  This is based on the observed lower bioavailability of 
nickel at pH values above 6.5 in the upper end of the curve in the reproduced Figure 1 
(ie. the pH experiment results). 
 
There are no agricultural areas within the Ni-impacted area of Port Colborne for a 
particular soil type that may be found below the lower limit of the experimental soil 
pH ranges of pH 5.9 -6.4 for Welland Clay, pH 5.5 to 6.5 for Till Clay and pH 5.8 to 
5.9 for Organic Muck (Table 1), ie. there are no measured or recorded soil pH values 
below pH 5.5.  Examination of the soil pH map for the area of Port Colborne on 
Drawing No. 2.2 in Part 2 of Volume 1 of the Crops Report (Jacques Whitford, 2004) 
show no pH values below pH 5.5 in Port Colborne.  The lowest pH value shown on 
Drawing No. 2.2 is pH 5.64 in Till Clay at test pit location J.  
 
If hypothetically there are agricultural areas in Port Colborne for a particular soil type 
that may be found below pH 5.5 (the lower limit of the experimental soil pH ranges), 
then theoretically, based on the lower end of the curve in the reproduced Figure 1, 
more conservative or lower PNECs may result.  (This is a theoretical assumption only 
as there were no greenhouse studies conducted below pH 5.5 and thus we have no 
measured PNECs at lower pH values for comparison).  But in practice, farming at soil 
pH values below pH 5.5, or below the lower limit of the above-mentioned 
experimental soil pH ranges, would not be desirable and thus not applicable to this 
CBRA.   The Agronomy Guide for Field Crops (Ontario Ministry of Food and Rural 
Affairs, 2002, publication 811) recommends to farmers interested in optimizing their 
growing conditions and obtaining maximum crop yield that their soil pH of 
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agricultural lands be maintained above pH 6.5 (for coarse and medium-textured 
mineral soils) and pH 6.0 (for fine-textured mineral soils). Port Colborne agricultural 
soils within the top 15 cm of the tilling zone are coarse and medium-textured mineral 
soils  (Section 4.2 of Vol IV of the Crops Report).  Thus derivation of a PNEC for a 
Port Colborne soil pH below the lower limits of the experimental pH ranges of pH 5.9 
-6.4 for Welland Clay, pH 5.5 to 6.5 for Till Clay and pH 5.8 to 5.9 for Organic Muck 
(see Table 2) and thus below the OMAFA-recommended soil pH of 6.5 would be only 
of pure academic interest and not of particular assistance to the prudent Port Colborne 
farmer interested in obtaining maximum crop yield. 
 

 
McBride: Figure 2, from the same JW experiment, confirms the very high Ni 
uptake by oats from this clay soil containing 1900 mg/kg total Ni, so the 
bioavailability of Ni in the Port Colborne clay soil is clearly quite high.  

 
Reproduced Copy of McBride’s Figure 2 

 
 
 
 
Jacques Whitford:  Dr. McBride’s comment on Figure 2 is his description of oat 
grown on Welland Clay at a soil Ni concentration of 1900 mg/g, i.e. at a soil Ni 
concentration greater than the reported PNEC of 1650 µg/g (see above Table 2) for 
this soil type. Jacques Whitford has issues with the reviewer’s use of relative terms 
describing Figure 2, such as “very high Ni uptake” and bioavailability that is “clearly 
quite high” which in our view are not particularly appropriate, unless of course a 
frame of reference is given.  If the data in the Crops report were to be compared to 
those gathered from a hypothetical study where 1900 mg/kg of Ni as NiCl2 was added 
to sand, the data in the Crops report would demonstrate “very low Ni uptake” and 
bioavailaibility that was “clearly quite low”.  In short, of course there is toxicity 
resulting from Ni uptake (i.e. some of the soil Ni was bioavailable), at soil Ni 
concentrations greater than the PNEC. 
 
 
 
 



 11

 
b. McBride: The blending process replenishes certain essential nutrients , 

such as Mn, that may have been severely depleted by long-term 
exposure to aerial deposition of various toxic metals and sulfur from the 
refinery stack. Figure 3, based on data from a greenhouse experiment in 
the JW crops report, shows the critical effect of Ni contamination in the 
clay soil of Port Colborne in depressing Mn uptake by oats and inducing 
severe Mn deficiency in the crop. Clearly, Ni toxic effects cannot be 
understood without at the same time considering the secondary effects 
that Ni has on uptake of essential micronutrients by the crop.   

 
 

Reproduced Copy of McBride’s Figure 3 

 
 
 
 

Jacques Whitford:  The blending process that Dr. McBride mentions in this comment 
had followed the same mixing process described by Sauerbeck and Hein (1991), an 
investigation which by the very nature of Dr. McBride’s previous comments above 
appears to be his gold standard.  

Dr. McBride’s logic on the blending process replenishing deficient nutrients is flawed.  
If the experimental blending, or mixing, replenishes certain essential elements that 
have been “depleted [from soil] by aerial deposition of various toxic metals” (note that 
all metals are toxic, depending on the dose), then it follows that the depletion of the 
field soils must be proportional to the dose via aerial deposition, resulting in a range of 
depletion in the field.  So why would experimental blending of high- and low- Ni soils 
not reasonably simulate the range of depletions (if in fact such depletions are 
happening at all) that would occur in the field, and which would be correlated with 
total soil Ni?   
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c. McBride: In creating the blended soils, a single high-Ni soil taken from 
one specific location was blended with fertile soil and lime to generate 
soils with a range of Ni concentrations. This results in reliance of the 
entire PNEC determination for the region on a single soil sample from 
one location to represent all Ni-contaminated Port Colborne soils, a 
questionable approach given variability in soils of the region.  

 
Jacques Whitford:  Greenhouse experiments in the year 2001 derived PNEC values 
for the 4 major soil types to be applied to the impacted agricultural areas in Port 
Colborne.  Regarding the methodology used in generating these PNEC values, this 
protocol of blending a highly contaminated Port Colborne soil with a control Port 
Colborne soil has been recently endorsed by Environment Canada (2005) after 
considerable consultation and experimentation.  And as mentioned earlier in our 
responses, the blending process is essentially the same protocol as used by Sauerbeck 
and Hein (1991), the methodology and results in which the reviewer has considerable 
confidence.   

4. McBride: The proposed PNEC values have an additional degree of 
uncertainty because the only crop used by JW to establish the PNECs , oats, 
are not a particularly Ni- sensitive crop, as Kukier and Chaney (2004) have 
shown for the Port Colborne soils. They state unequivocally that “grass 
species were more resistant to Ni toxicity than dicots”. As oats is a grass 
species and soybeans are dicots, this observation argues against using oats to 
establish PNEC’s for sensitive crops, even if oats were a significant crop in the 
region. At a minimum, soybeans should have been added to the greenhouse 
tests as a potentially sensitive and economically important crop of the region. 
Ideally, a number of crops with different rooting depths and lengths of growing 
season should have been tested.  

 
Jacques Whitford:  The key data from the cited paper of Kukier and Chaney (2004) 
are in Table 3, which lists the concentration of 0.01 Sr(NO3)2-extractable soil Ni 
corresponding to the EC25 for shoot mass for each species examined in this study.  For 
soybean, the value is 4.6 mg/kg and for oat, the value is 5.7 mg/kg; so, based on these 
absolute values, soybean is slightly more sensitive than oat.  However, the authors of 
the paper present no variability for their measurements of Sr(NO3)2-extractable soil 
Ni, and it is very likely that these two values are not statistically different from each 
other.  Further, Table 3 of the Kukier and Chaney (2004) study does support the use of 
oat as an indicator for Ni toxicity in soils, as, despite being a monocot, its Sr(NO3)2-
extractable soil Ni concentration for EC25 is quite similar to that of corn, both of which 
are far lower than those for barley, wheat or ryegrass.  So, indeed, monocots are 
generally more tolerant to Ni than dicots, but oat is an exception to this generalization.  
It should also be noted that the original data for these values are presented in Figure 5 
of the Kukier and Chaney (2004) study, and while these regressions represent a 
tremendous amount of work, many of them would be considered statistically weak.  
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Specifically, a number of the relationships are two clusters of data joined by a straight 
line, or extrapolations from very steep parts of a curve. 

The reviewer although suggesting the use of soybean, has not considered how the 
results obtained would have been evaluated in comparison to other studies in the 
scientific literature and accepted by the scientific and regulatory community as 
soybean plants have not been used as a plant system for characterizing metal toxicity.  
As described previously, for oat the nickel induced toxicity is unique and allows 
scientists to be able to clearly establish a cause-effect relationship.  This is not the case 
with soybean where specific phototoxic symptoms that can be attributed to nickel have 
not been identified.  There is a very extensive literature scientific data base for Ni 
phytotoxicity research using oats.  

Integration of phytotoxicity data from all plant species including oat, radish, soybean, 
corn and goldenrod was done within Jacques Whitford’s Crops report.  Oat was shown 
to be most sensitive to the site-specific conditions under both field and greenhouse 
conditions.  This was corroborated by findings in the literature (Kukier and Chaney, 
2004, Chaney et al., 2003 and references within).  Oat is usually considered the most 
characteristic plant indicator of nickel phytotoxicity based on research of Vergnano 
and Hunter (1952) which has been corroborated repeatedly over 50 years of further 
research (e.g. Anderson et al. 1973).  In oat, the visible toxicity symptom specific to 
nickel phytotoxicity is an alternating pattern of more chlorotic and less chlorotic bands 
across young leaves and iron deficiency is observed as interveinal chlorosis. It is 
because of the uniqueness and sensitivity of oat to Ni phytotoxicity, that oat was 
selected as the crop for the GH 2001 work. 
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Summary Response to Dr. McBride’s May 4, 2006 Comments 

Jacques Whitford is of the opinion that the solution chemistry of the nickel in Port 
Colborne soils is unique and cannot be compared to any literature studies using more 
soluble forms of Ni amended to soils as the reviewer has made in his foregoing 
comments. 
 
At the January 31st 2006 CBRA Technical Subcommittee (TSC) Meeting in Port 
Colborne where Jacques Whitford presented their evidence supporting the Crops-
derived PNEC values,  a  TSC member did a quick “logic check” on the validity of 
these PNEC values.  The logic check involved adjusting the Ontario Generic Soil 
Cleanup Criterion of 200 mg/kg for soluble nickel divided by the measured 
bioaccessibililty fraction for insoluble forms of nickel in Port Colborne soils to derive 
adjusted (predicted) MOE Soil Ni cleanup values for comparison to CBRA 
greenhouse-derived soil Ni PNEC values.  The reader should keep in mind that the 
MOE Soil Ni cleanup 200 mg/kg value was based on greenhouse experiments by 
Davis et al. (1978) of barley grown on a quartz sand culture and exposed to varying 
concentrations of soluble nickel chloride.  Thus the MOE Soil Ni cleanup 200 mg/kg 
value is representative of phytotoxicty of crops to only soluble nickel in soil, but not 
representative of crop exposure to the identified insoluble forms of Ni (Jacques 
Whitford, 2005) in Port Colborne soil. 
 
Input values on nickel bioaccessibility in soils for this logic check calculation was 
taken from data in the MOE (2002) Rodney Street Report and the Jacques Whitford 
(2005) Human Health Risk Assessment Report.  Using the above-described equation 
of dividing the Ontario Generic Soil Cleanup Criterion of 200 mg/kg for soluble 
nickel by the measured bioaccessibility for soil types including Welland Clay, Fill 
Material from the Rodney Street area and Organic Muck, led to the calculation of 
PNEC values as shown in Table 3. Good agreement between the derivated and 
measured PNEC values was found for Welland Clay.   
 
Although a PNEC was not measured for the Rodney Street Fill soil samples, it can be 
assumed that the fill material was comprised of a mixture of Welland Clay and 
Organic Muck, ie. the two major soil types in the immediate area of the East Side 
Community.   Thus, it can be assumed that had a soil Ni PNEC been measured on the 
fill, it would have had been between 1650 mg/kg  (Welland Clay) and 2350 mg/kg 
(Organic Muck). Under this assumption, good agreement between derivated and 
measured PNEC values was found for the Rodney Street Fill material. 
 
The measured soil Ni PNEC value of 2350 mg/kg for Organic Muck soil is twice as 
high than that derivated (952 and 769 mg/kg).  Explanation for the difference is that  
PNEC derivations using the above method is only valid for mineral soils, which was 
the host medium used by the Davies et al.(1978) experiment, not Organic Muck soils 
containing 40% of organic carbon that would have scavenged more of the soluble Ni 
than a quartz sand would.  The sand culture used by Davies et al. (1978) cannot model 
the buffering influence of organic matter, so it over-predicts the potential for toxicity 
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in Organic Muck soils, hence the poorer fit with the Crops-derived PNECs for this soil 
type. 
 
Overall the findings from this logic check calculation illustrates that the Crops-derived 
PNEC values for the mineral soil types are comparable to the MOE generic standard 
when the measured bioaccessibility of the soil is accounted for.  
 
Lastly, Jacques Whitford would like to point out that the PNECs derived for the 
CBRA Crops Study are based on observation and measurement of Ni phytotoxicity in 
oat using CoCs occurring in naturally aged Port Colborne soil types and thus are 
conservative of what would be observed in the field, and will be equally protective of 
other economic crops grown in Port Colborne soils.  In our opinion, the characteristics 
of the natural Port Colborne soil types used to develop the PNECs are representative 
of the majority of agriculture producing soils in Port Colborne.   
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Table 3 -  Derivation of PNECs by Adjustment of the Ontario 
Generic Soil Clean-up Criterion for Nickel Employing 

Bioaccessibility Values Determined Under Acidic Conditions 
 

 
 
 

Source 

 
 
 

Soil 
Type 

 

 
 

Nickel 
Bioaccessibility 

Test Type 

 
Nickel 

Bioaccessibility 
(%) mean (range) 

(mg/kg) 

Derivated PNEC  
[Adjusted Generic 

Soil Clean-up 
Criterion 

200f/bioaccessi-
bility fraction] 

(mg/kg) 

 
 

Measured 
PNECe, 
JW 2004 
(mg/kg) 

MOE 
2002 

Fill Simulated 
stomach leach 

16.5 (11.8-23.3) 1212 (1694-858) nmg 

{1650-2350} 

MOE 
2002 

Fill SBRC Acid 
Extract 

14 (8-21)a 
 

19 (11-28)b 

1429 (2500-952) 
1052 (1818-714) 

nmg 

{1650-2350} 

JW, 2002 
 

Fill SBRC Acid 
Extract 

5.4c 
6.8d 

3703 
2941 

nmg 

{1650-2350} 

JW, 2002 
 

Welland 
Clay 

SBRC Acid 
Extract 

 14c 
 14d 

1429 
1429 

1650 

JW, 2002 
 

Organic 
Muck 

SBRC Acid 
Extract 

 21c 
 26d 

952 
769 

2350h 

a. Ground Port Colborne soil 
b. Sieved fine Port Colborne soil 
c. Without glycine: Welland clay (14%); organic soil (21%); fill soil (5.4%) 
d. With glycine: Welland clay (14%); organic soil (26%); fill soil (6.8%) 
e. Predicted No Effect Concentration (PNEC) based on experimental data, in mg/kg: 1650 (heavy 

clay); 1400 (fill clay); 2350 (organic); 750 (sand)  
f. 200 mg/kg is representative of phytotoxicty of crops to soluble Ni in soil, but not 

representative of crop exposure to insoluble forms of  Ni in Port Colborne soil.  The 200 
mg/kg value for soluble Ni was based on greenhouse experiments by Davis et al. (1978) of 
barley grown on a quartz sand culture and exposed to varying concentrations of soluble nickel 
chloride.   The number 200 mg/kg for soluble Ni is divided by the measured bioaccessibililty 
fraction for insoluble forms of Ni in Port Colborne soils to provide adjusted (predicted) MOE 
soil Ni cleanup values for comparison to CBRA measured greenhouse-derived soil Ni PNEC 
values.  Good agreement between derivated and measured PNEC values is found for Welland 
Clay. 

g. nm -  A PNEC was not measured for the non-agricultural fill type soils collected from the East 
Side Community for bioaccessibility testing.  Although a PNEC was not measured for the fill 
soil samples, it can be assumed that the fill material was comprised of a mixture of Welland 
Clay and Organic Muck, ie. the two major soil types in the immediate area of the East Side 
Community.   Thus, it can be assumed that had a soil Ni PNEC been measured on the fill, it 
would have had been between 1650 mg/kg  (Welland Clay) and 2350 mg/kg (Organic Muck).  
Under this assumption, good agreement between derivated and measured PNEC values is 
found for the fill material. 

h. The measured soil Ni PNEC value of 2350 mg/kg for Organic Muck soil is twice as high than 
that derivated (952 and 769 mg/kg).  Explanation is that  derivations using the above 
mentioned calculation is only valid for mineral soils, which was the host medium used by the 
Davies et al. experiment, not Organic Muck soils containing 40% of organic carbon that would 
scavenge more of the soluble Ni than a quartz sand would. 
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