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EXECUTIVE SUMMARY 
Jacques Whitford Limited (JWL) was retained by Vale Inco Limited (Inco) to conduct a 
Community Based Risk Assessment (CBRA) for the City of Port Colborne. The CBRA 
was undertaken in accordance with a Technical Scope of Work (JWL, 2000) prepared in 
consultation with a Public Liaison Committee. The Technical Scope of Work (TSOW) 
required that a number of scientific studies and investigations be undertaken to obtain the 
community specific information necessary to complete the CBRA.  One of these studies 
was to conduct various investigations for the identification and evaluation of potential 
chemicals of concern (CoC) based on CBRA Condition Numbers 1, 2 and 3 as outlined in 
the TSOW. 

This report presents the results and findings on the statistical evaluation of soil chemical 
concentration data for the Port Colborne area. The purpose of this report on statistical 
analyses and that of an accompanying report on air dispersion modeling, were address 
CBRA Condition Number 3 - ie. those chemicals whose presence in soil show a scientific 
linkage to the historical operations of Inco. Additional statistical analyses were conducted 
to investigate the scientific linkages to other nearby industrial sources of CoCs in the 
area, i.e. the former steel plant directly southwest of the Inco refinery, on the East side of 
the Welland Canal. 

As a result of the statistical analysis presented in this report and the air dispersion 
modeling results presented in another accompanying report, chemicals that are 
scientifically linked to the historical operations of the Inco nickel refinery in accordance 
with CBRA Condition Number 3 are nickel, copper, cobalt, arsenic and selenium.  

Those chemicals that can be scientifically attributed to the former steel plant’s iron ore 
smelting operation are iron, barium, beryllium, aluminum, chromium, manganese, 
molybdenum, zinc, selenium and lead. 
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1.0 INTRODUCTION  

Vale Inco Limited (Inco) operated a nickel refinery in the City of Port Colborne from 
1918 to 1984. Nearby, the former Algoma Steel and former Canada Blast Furnace had 
operated a steel plant that reportedly sintered and smelted iron ore to form pig iron from 
the early 1910’s to 1977, located approximately 500 m southwest and upwind of the Inco 
refinery.  Historical operations at the Inco refinery and the former steel plant released 
particulate emissions that subsequently resulted in atmospheric deposition of these 
particulates on Port Colborne soils surrounding the Inco refinery and the former steel 
plant. 

Jacques Whitford Limited (JWL) was retained by Inco to carry out a Community Based 
Risk Assessment (CBRA) for the City of Port Colborne. The CBRA was undertaken in 
accordance with a Technical Scope of Work (JWL, 2000) prepared in consultation with a 
Public Liaison Committee (PLC). The Technical Scope of Work (TSOW) required that a 
number of scientific studies and investigations be undertaken to obtain the community 
specific information necessary to complete the CBRA.  One of these studies was to 
conduct various investigations for the identification and evaluation of potential chemicals 
of concern (CoC) based on CBRA Condition Numbers 1, 2 and 3 as outlined in the 
TSOW and summarized below. 

The definition for a CoC within this CBRA is a chemical found in Port Colborne soils 
originating from an industrial source(s) where all of the following Conditions are met: 

Condition 1) Chemicals that were historically used or generated by the industrial 
source(s) or its processes, and 

Condition 2) Chemicals that are present at a community level at concentrations greater 
than MOE generic effects-based guidelines (Table ‘A’ Generic Guidelines 
(MOE, 1997)), and 

Condition 3) Chemicals whose presence in soil show a scientific linkage to the 
historical operations of that industrial source(s).  

INCO is the proponent of the CBRA. Only chemicals that meet all three of the above 
stated CBRA COC conditions and had originated from INCO's historical operations were 
considered COCs for the CBRA. 

This report presents the results and findings of a study involving various statistical 
analyses in finding scientific linkages between measured surface soil chemical 
concentrations in samples taken from Port Colborne between 1998 and 2001 and the two 
potential industrial sources, as either from Inco or its neighbouring former Algoma steel 
plant. This statistical analyses of this study was done to address CBRA Condition 
Number 3. 
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In 2001, a draft JWL report on the statistical analyses was released, entitled “Potential 
CoC Identification using Statistical Analyses” and dated November 16, 2001, as well as 
other supporting documents on potential CoC identification. The Ministry of the 
Environment (MOE) conducted a technical review of this report and the other COC-
related reports and produced a letter (letter of January 11, 2002 “Review of JWEL CBRA 
CoC Reports”) that concurred with the outcome of JWL's findings that nickel, copper, 
cobalt and arsenic were CoCs for the Port Colborne CBRA.  At a December 2001 
meeting of the Technical Sub-Committee to the Public Liaison Committee of the CBRA, 
it was decided to leave the CoC issue open ended, that if other additional information in 
the future becomes available, that it too be examined for CoC identification. 

Although lead had not been identified as a CoC in JWL’s 2001 draft CBRA CoC reports, 
additional Port Colborne soil lead data that became available to JWL after 2001 to 2003, 
as well as existing soil lead data set up to and including 2001, were evaluated by means 
of soil mapping and establishing empirical relationships, emission inventories/dispersion 
modeling and statistical analyses to determine if lead was a CoC in accordance to CBRA 
CoC Conditions 1, 2 and 3.  Lead was not determined a CoC for the CBRA even with the 
additional post-2001 information and the details of this determination are found in the 
JWL report entitled “Re-Evaluation of Lead as a Chemical of Concern” dated June 2004 
(JWL, 2004). 
The report under this cover dated March 2008 represents the finalization of the draft 
November 16, 2001 report “Potential CoC Identification using Statistical Analyses”. 

Other supporting reports have been prepared on additional CoC studies that relate from 
soil mapping and establishing empirical relationships, to emission inventories/dispersion 
modeling to address CBRA Condition Numbers 1, 2 and 3; details of those studies are 
found in the following documents: 

 JWL,2008a. “Potential CoC Identification using Emission Inventories and Dispersion 
Modelling of INCO and ALGOMA Operations” dated March 28, 2008. 

 JWL, 2008b. Potential CoC Identification using Soil Chemical Concentration Data in 
Exceedance of MOE Generic Guidelines. Jacques Whitford Limited. March 28, 2008. 
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2.0 APPROACH 

2.1 Statistical Methodology 

MOE phytotoxicity studies of the Port Colborne area (MOE, 2000 a,b) demonstrated that 
elevated soil chemical concentrations occurred to the north-to-east quadrant of the Inco 
refinery and former steel plant.  This finding coincided with the fact that the predominant 
wind direction for the Port Colborne area is from the southwest to the northeast. 

The Inco refinery was not the sole source of chemicals found in the Port Colborne area. 
Historically other industrial sources of chemicals existed, such as the former Algoma 
steel plant. The former steel plant (demolished in 1977) was located approximately 500 m 
southwest and upwind of the Inco refinery.  

JWL’s March 28, 2008 report on Potential CoC Identification using Soil Chemical 
Concentration Data in Exceedance of MOE Generic Guidelines grouped the soil 
chemical database for Port Colborne into 3 major groups of identifiable chemicals. The 
first group was associated with Inco’s former nickel refinery, and included nickel, copper 
and cobalt. This first group was referred to as the Nickel group since nickel was most the 
predominant chemical in this group and nickel raw material had been used in the refinery 
process. 

The second group was referred to as the Iron group connected with the sintering and 
smelting of iron ore in the historical operations of the former Algoma Steel and Canada 
Blast. The former Algoma Steel and Canada Blast Furnace, hereinafter referred to as the 
former steel plant, operated on the lands directly south to southwest of Rodney Street 
from 1913 to 1977. This steel plant had reportedly sintered and smelted iron ore to form 
pig iron, which was then used to fabricate steel products. The former steel plant would 
have been the major source of iron to the local environment. Metals within the Iron group 
included iron, zinc, lead and beryllium.  

The third group were those metals such as arsenic, selenium and cadmium that appeared 
to have been aerially deposited by both stacks, with the stack from the former steel plant 
depositing much of their material downwind in the Rodney Street area and the stacks 
from the Inco refinery depositing their material principally out to the North and East of 
the refinery.  

JWL’s report entitled “CoC Identification using Emission Inventories and Dispersion 
Modelling of INCO and ALGOMA Operations” and dated March 28, 2008 presented 
results and findings of an emission inventory and dispersion modelling study in finding 
scientific linkages between measured surface soil nickel and iron concentrations in 
samples taken from Port Colborne and the two potential industrial sources of these 
chemicals, as originating either from Inco or its neighbouring former steel plant, Algoma. 

Depositions of soil chemical concentrations over Port Colborne from historical fallout of 
particulates from emissions were predicted during the operating life of each of the Inco 
and Algoma facilities.  Predictions was calculated over a 7-km by 7-km domain covering 
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the Port Colborne area for particulate matter, nickel (chemical indicator of Inco as the 
source) and iron (chemical indicator of Algoma as the source).  Findings and conclusions 
of the dispersion/deposition modelling analysis were as follows:  

 Algoma particulate matter (PM) emissions resulted in significantly higher PM 
depositions in the Rodney Street area than those from Inco.  In the Rodney Street 
area, PM depositions due to Algoma were predicted to be between 11-12 times 
greater than those from Inco. 

 Emissions of nickel by Inco resulted in significantly higher nickel depositions to the 
north-east of the refinery than in the Rodney Street area. 

 Algoma was responsible for the majority of the iron deposition in the Port Colborne 
area. Algoma emissions resulted in significantly greater iron depositions in the 
Rodney Street area than those from Inco. 

Scientific linkage of other potential CoCs, other than nickel and iron, was addressed 
through a study involving statistical analyses.  A burden of proof was required to resolve 
which soil chemical is scientifically related to the historical emissions from which of the 
two industrial sources, ie. Inco or Algoma.  The methodology of the statistical analyses 
for this study had to be designed in such a manner such that the outcome of this study 
would answer the following questions: 

1. Is there a relationship between soil chemical concentrations and distance from each 
industrial source? 

2. Are there relationships between soil nickel (indicator chemical from Inco’s historic 
nickel operation) concentrations and other soil chemical concentrations, and between 
soil iron (indicator chemical from the former steel plant’s iron ore smelting operation) 
concentrations and any other soil chemical concentrations? 

To address these questions, the following statistical methods were applied: 

Method 1 Regression analysis of a chemical concentration in soil versus distance 
from an industrial source using Analysis of Variance (ANOVA) and 

Method 2 Regression analysis of soil chemical concentrations with industrial 
source indicator chemical concentrations in soil using Analysis of 
Variance (ANOVA). Soil Nickel was the indicator chemical for Inco’s 
historic nickel operation and soil Iron was the indicator chemical 
related to the former Algoma steel plant’s iron ore sintering and 
smelting operation. 

For this study, linear regressions were assumed. Although the relationship between 
concentrations and distance from the source is generally lognormal in nature, for 
concentrations close to a large source of fugitive emissions, a linear model can be 
expected to provide a reasonable approximation of the actual distribution. This would not 
be true at larger distances from the source; however, concentrations proximate to the 
source have been selected for this analysis and the linear model is therefore reasonable. 
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Statistical Methods 1 and 2 were carried out under two separate scenarios. Scenario 1 
involved consideration only of soils chemical data within a 90-degree arc North to East 
along the theoretical plume lines downwind of each of the two industrial sources (i.e., 
Inco and the former steel plant).  Consideration of other soils chemical data to the 
southeast, northwest or southwest of either Inco or the former steel plant would only 
weaken any derived relationship as these statistical methods cannot determine the effects 
of ‘co-mingling’ of metals from both industrial sources. 

Since a typical plume is not a 90-degree arc, Scenario 2 involved a smaller data set, 
comprised of only those soil data points at locations in the arc corresponding to the 
central 45 degrees in that 90-degree arc, (i.e., 22 to 67 degrees). 

In summary, the quadrants considered within the Port Colborne community, with the Inco 
refinery at the center, were Quadrant I in the statistical analyses of the atmospheric 
deposition from the Inco refinery and Quadrants III and IV in the statistical analyses of 
the atmospheric deposition from the former steel plant.  A conceptual drawing showing 
these quadrants is shown below in Figure 1.  

 
 

Figure 1: Quadrants Considered  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2 Data set Selection 
In selecting datasets for the evaluation, samples proximate to the two former facility 
locations (i.e., 1 km from the former steel facility and up to 3 km from the Inco Refinery) 
were selected as being the most significant and expected to show the greatest trends in 
concentration versus distance. Much of the natural variability in wind patterns and 
dispersion was eliminated by the omission of more distant points from the data set. 
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2.2.1 Inco Refinery as the Assumed Industrial Source 
The data set considered for the statistical analysis assuming Inco is the only source 
included analytical results of aluminum, arsenic, barium, beryllium, calcium, cadmium, 
chromium, cobalt, copper, iron, lead, magnesium, manganese, molybdenum, nickel, 
selenium, strontium, vanadium, and zinc in 161 MOE-collected surface soil samples (0-
5cm) as provided from the MOE (2000 a,b) reports. The locations of these data points are 
shown on Drawing 1.  The MOE 0-5cm soil data set was used because it was the only 
complete data set that spanned the whole plume area and the MOE data set for soils at 
depths below 5 cm were incomplete. The data set used for these statistical analyses did 
not include the data set from MOE investigations on woodlots, school yards or the 
Rodney Street community as UTM coordinates were not provided for the MOE soil 
sampling locations.  

2.2.2 Former Steel Plant as the Assumed Industrial Source 
The data set northeast of the former steel plant in Quadrants III and IV (refer to Figure 1) 
consisted of 23 data points of concentrations of aluminum, arsenic, barium, beryllium, 
calcium, cadmium, chromium, cobalt, copper, iron, lead, magnesium, manganese, 
molybdenum, nickel, selenium, strontium, vanadium, and zinc in 10 MOE- and 13 JWL-
collected surface soil samples (0-5cm) as documented in the MOE (2000a,b) and JWL 
(2001) reports.  The locations of these data points can be found on Drawing 2. 

2.3 Decision Sequence 

Statistical analyses for both Methods 1 and 2 were done using Excel Spreadsheets. 
Relationships between soil chemical concentration and distance, as well as relationships 
between soil chemical concentration and soil industrial source indicator chemical 
concentration were considered significant at the p= 0.05 level (95% confidence interval) 
This means that one can be 95% confident that two parameters are directly related. For 
Method 1, this implies a 95% confidence that concentration changes with increasing 
distance from the source. For Method 2, this implies a 95% confidence that the subject 
soil chemical concentrations changes with increasing concentrations of the indicator 
metal.  

Significant coefficient of correlation ‘r’ values2 are determined by the ANOVA test. The 
coefficient of correlation “r” values estimate the percentage of variation in the data that is 
explained by the model. A larger absolute value of this coefficient indicates a better fit of 
the model to the data. There is no single critical r-value that can be used as a reference 
guide. A negative r-value (or negative slope factor) indicates that one parameter increases 
as the other decreases. A positive r-value indicates that both parameters are increasing at 
the same time. All data presented in the appendices are from the Excel worksheets. 

Statistical Method 1 involving an ANOVA test of the soil chemical relationship to 
distance, was constrained to within the affected plume and to where the soil chemical 
contamination was above the MOE Table A generic effects based guidelines (MOE, 

                                                 
2 `r’ values denote the linear correlation coefficient also called Pearson product moment correlation 
coefficient 
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1997).  Once the ANOVA test was completed for each soil chemical concentration versus 
distance from the industrial source, the p-values and r-values were examined.  A p- value 
is defined as a function of the value of the coefficient of correlation, and the number of 
degrees of freedom. If the resulting p-value was less than 0.05 AND the coefficient of 
correlation -‘r’ value was negative, then there was a high probability that the soil 
chemical had a relationship with distance from the industrial source and thus placed in a 
‘Pass’ category. If the resulting p-value was more than 0.05 and/or the  coefficient of 
correlation ‘r’ value was positive, then there was a high probability that the soil chemical 
had no relationship with distance from the industrial source and thus placed in a ‘Fail’ 
category. 

The same logical approach as described above was used to evaluate the results from 
Statistical Method 2 in determining the relationships between soil industrial source 
indicator chemical concentrations and other soil chemical concentrations.  Once the 
regression analysis was completed, the p-values and r-values were examined. If the 
resulting p-value was less than 0.05 AND there was a significant coefficient of 
correlation ‘r’ value, then the soil chemical had a positive relationship with the soil 
industrial source indicator chemical.  

It should be noted for both Methods 1 and 2, a p- value is NOT an indication of the 
‘perfection’ of the relationship.  Instead, the coefficient of correlation or the r- value does 
this, by estimating the percentage of the variation in the data which is explained by the 
model. The p-value indicates the validity of the observed r-value. 

ANOVA tests were conducted using Scenario 1 (ie. soils chemical data within a 90 
degree northeast arc) for both statistical methodologies. From these results if the p-values 
or r-values were borderline/ marginal, then the ANOVA test was repeated using a refined 
dataset for Scenario 2 (ie. soils chemical data within a 45 degree northeast arc). 

The findings of the statistical analyses for Methods 1 and 2 would fall into either the 
‘Pass’ or ‘Fail’ categories and the decision sequence of whether or not it became a 
possible CoC is given below in Table 1. 
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Table 1: Decision Sequence 

 
Method 

1 
Method 

2 
Possible 

CoC 
Notes 

Pass Pass Yes If a soil chemical has a relationship with distance 
from an industrial source and a relationship to the 
soil source indicator chemical concentration, it is a 
potential CoC. 

Pass Fail No If soil chemical concentration shows a distance 
relationship to an industrial source but has no 
relationship to the soil source indicator chemical 
concentration, then that metal was likely derived 
from another source and thus is not a potential 
CoC. 

Fail Pass Yes If a soil chemical shows a relationship to the soil 
source indicator chemical but a poor distance 
relationship from the source possibly due to 
variability in the plume exhaust over time, then it 
is a potential CoC because there is evidence of a 
possible connection. 

Fail Fail No If a soil chemical fails for both statistical methods, 
then it is not a possible CoC. 
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3.0 RESULTS AND FINDINGS 

The results and findings of the two Statistical Methods are presented below. The data sets 
and full statistical interpretation are found in Appendices 1, 2 and 3 respectively. 

3.1 Statistical Method 1 - Regression of Soil Chemical Concentrations versus 
Distance from an Industrial Source 

Ideally, the relationship between soil chemical concentration and distance from an 
industrial source would be mathematically relatable, with the maximum soil 
concentrations being found near the source and decreasing to some background 
concentration at some distance away from the source.  If this were the case then the soil 
chemical concentrations would have a very strong mathematical relationship with 
distance from the source. 

3.1.1 Inco Refinery as the Assumed Industrial Source 

The actual ANOVA results for scenario 1 (ie. soils chemical data within a 90 degree 
northeast arc) and for scenario 2 (ie. soils chemical data within a 45 degree northeast arc) 
between soil chemical concentrations and distance from the Inco Refinery as the assumed 
industrial source is found in Appendices 1 and 2. 

Under scenario 1, metals in the ‘Pass’ category were nickel, copper and cobalt (Table 2) 
which followed a general trend with distance away from the refinery with both strong 
negative coefficients of correlation (r) reflecting a negative slope as well as significant p-
values. Arsenic and magnesium, although both in the ‘Fail’ category (Table 2), showed 
marginally significant r- and p- values with distance.  

Under scenario 2, nickel, copper, cobalt, arsenic and magnesium showed relationships 
which were significantly related to distance from the refinery and thus placed in the 
‘Pass’ category. Results for scenario 2 are considered the most appropriate for this 
statistical analyses as they represent further refinement (i.e., a second iteration) in the 
treatment of the data set that more closely represents the actual atmospheric depositional 
conditions from the source. 

Table 2: Summary of the Regression Analyses with Distance 
 

Soil 
chemical 

P value 
90o Arc 
(0o -90o ) 

P value 
45o Arc 

(22o -67o) 

Maximum 
Acceptable 

P-value 
 

Negative 
Slope 

(Yes/No) 
for the 90o 

Arc** 

(r-value)  
coefficient of 

correlation for 
the 90o Arc 

 
Possible 

CoC 
(Yes/No) 

Barium 0.6533344 0.5392758 0.05 Yes  -0.0870736 No 
Beryllium 0.9716036 0.2792056 0.05 No 0.0069143 No 

Nickel 0.0002378 0.0000801 0.05 Yes -0.6316654 Yes 
Cobalt 0.0010018 0.0003157 0.05 Yes -0.5788809 Yes 
Copper 0.0001996 0.0001821 0.05 Yes -0.637495 Yes 

Aluminum 0.9685005 0.287515 0.05 No 0.0076702 No 
Cadmium 0.5650980 0.0551549 0.05 No 0.1113944 No 
Calcium 0.9611447 0.1300882 0.05 Yes -0.338138 No 
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Soil 

chemical 

P value 
90o Arc 
(0o -90o ) 

P value 
45o Arc 

(22o -67o) 

Maximum 
Acceptable 

P-value 
 

Negative 
Slope 

(Yes/No) 
for the 90o 

Arc** 

(r-value)  
coefficient of 

correlation for 
the 90o Arc 

 
Possible 

CoC 
(Yes/No) 

Chromium 0.9611446 0.25570017 0.05 Yes -0.0094626 No 
Iron 0.4085479 0.05123836 0.05 Yes -0.159498 No 

Magnesium 0.1039351 0.01818062 0.05 Yes -0.3081085 Yes* 
Manganese 0.9642651 0.53588847 0.05 No 0.0087022 No 

Molybdenum 0.9673010 0.67170601 0.05 Yes -0.0079625 No 
Strontium 0.2411229 0.24533371 0.05 No 0.2247569 No 
Vanadium 0.5626487 0.0744952 0.05 Yes -0.1120921 No 

Zinc 0.6415078 0.2533101 0.05 No 0.0902513 No 
Arsenic 0.0655543 0.00940641 0.05 Yes -0.3739434 Yes* 

Selenium 0.1259008 0.1351792 0.05 Yes -0.3143676 N 
Lead 0.3005242 0.86455044 0.05 Yes -0.1990762 N 

*denotes the chemicals that failed the test in the 90 degree arc along the plume line yet passed the test in 
the 45 degree arc along the plume line 

**the negative r-value indicates concentration decreasing with distance. The r-value gives the goodness of 
fit of the regression line and the p-value indicates the significance. 

3.1.2 Former Steel Plant as the Assumed Industrial Source 

No soil chemical concentration–distance relationships were developed from the former 
steel plant because there were not enough data points to do this type of analysis.  Since 
the data points northeast of the former steel plant and west of Davis street fell within 500 
meters coupled with a relatively small data set, any derived soil chemical concentration–
distance relationship would have been greatly subject to the variations in the data and 
thus would not have been representative. 

3.2 Statistical Method 2 - Regression of Soil Chemical Concentrations versus Soil 
Industrial Source Indicator Chemical Concentrations 

If there was a relationship between a soil chemical and the soil industrial source indicator 
chemical, then the concentrations of each would idealy be found in the same ratio at any 
given distance away from the industrial source and ideally should therefore have a 
positive relationship (Figure 2).  

 
 
 
 
 
 
 
 
 

Soil indicator chemical concentration (ppm)

Soil chemical 
concentration (ppm) 

Figure 2- Ideal Relationship between Soil Chemical Concentrations and Soil Indicator Chemical Concentrations 
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3.2.1 Inco Refinery as the Assumed Industrial Source 

Soil nickel is assumed in this example as the industrial source indicator chemical in Port 
Colborne soils derived from the former Inco nickel refinery.  To remove the clutter of 
background concentration data points of the industrial source indicator chemical- nickel, 
and to restrict the analysis to the effective plume, a datum of 200 ppm nickel 
concentration level (MOE’s Generic Effects Based Level for nickel) was selected for this 
method which involved screening out those concentration data points of nickel below this 
datum.  

The results for the ANOVA analysis can be found in Appendix 2 along with the data set 
used. The results are summarized in Table 3. 

Chemicals with significant relationships found with soil nickel and thus in the “Pass’ 
category in Table 3 were copper, cobalt, arsenic, selenium, barium, zinc and lead. 

As there were no chemicals that marginally failed the ANOVA test in Scenario 1 using 
the 90 degree arc data set, statistical analyses for a Scenario 2 using a 45 degree arc data 
set was not performed.  

Table 3: Relationship between Soil Nickel and other Soil Chemical Concentrations 
Soil  

Metal 
P value 
90o Arc 
(0o -90o ) 

Acceptable P-
value 

 

Positive Slope 
(Yes/No) 

r- coefficient 
of correlation 

Possible 
Association 
with Nickel 

(Yes/No) 
Barium 0.044055 0.05 Yes 0.3765825 Yes 

Beryllium 0.652666 0.05 No 0.0872526 No 
Nickel ---- 0.05 -- -- -- 
Cobalt 1.15E-16 0.05 Yes 0.9897543 Yes 
Copper 2.3E-24 0.05 Yes 0.9614415 Yes 

Aluminum 0.824086 0.05 No 0.0431578 No 
Cadmium 0.223861 0.05 No -0.2329901 No 
Calcium 0.452606 0.05 Yes 0.1451141 No 

Chromium 0.905909 0.05 No 0.0229561 No 
Iron 0.448443 0.05 No 0.1464397 No 

Magnesium 0.844245 0.05 Yes -0.0381477 No 
Manganese 0.768929 0.05 No 0.0570165 No 

Molybdenum 0.539551 0.05 No 0.1187415 No 
Strontium 0.328705 0.05 Yes -0.1880195 No 
Vanadium 0.327758 0.05 No 0.1883812 No 

Zinc 0.039534 0.05 Yes 0.384352 Yes 
Arsenic 1.01E-08 0.05 Yes 0.8754954 Yes 

Selenium 1.94E-07 0.05 Yes 0.8361535 Yes 
Lead 0.001017 0.05 Yes 0.5782991 Yes 
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3.2.2 Former Steel Plant as the Assumed Industrial Source 

Soil iron is assumed in this example as the industrial source indicator chemical in soil 
from Port Colborne derived from the iron ore smelting operation of the former steel plant. 

The results for the ANOVA analysis can be found in Appendix 3 along with the data set 
used. The results are summarized in Table 4. 

Chemicals with significant relationships found with soil iron and thus in the “Pass’ 
category in Table 4 were barium, beryllium, aluminum, chromium, manganese, 
molybdenum, zinc, selenium and lead.  

As there were no chemicals that marginally failed the ANOVA test in Scenario 1 using 
the 90 degree arc data set, statistical analyses for a Scenario 2 using a 45 degree arc data 
set was not performed.  

Table 4: Relationship between Soil Iron and other Soil Chemical Concentrations 
Soil chemical P value 

90o Arc 
(0o -90o ) 

Acceptable 
P-value 

 

Positive 
Slope 

(Yes/No)* 

r- 
coefficient 

of 
correlation 

Possible 
Association 
with Iron 
(Yes/No) 

Barium 4.63E-07 5.0E-02 YES 8.42E-01 YES 
Beryllium 5.15E-07 5.0E-02 YES 8.41E-01 YES 

Nickel 8.74E-01 5.0E-02 YES 3.51E-02 NO 
Cobalt 8.74E-01 5.0E-02 YES 3.49E-02 NO 
Copper 4.36E-01 5.0E-02 YES 1.71E-01 NO 

Aluminum 4.46E-03 5.0E-02 YES 5.71E-01 YES 
Cadmium 6.42E-02 5.0E-02 YES 3.92E-01 NO 
Calcium NA 5.0E-02 NA NA NA 

Chromium 1.69E-08 5.0E-02 YES 8.87E-01 YES 
Iron -- 5.0E-02 -- -- -- 

Magnesium NA  NA NA NA 
Manganese 2.88E-16 5.0E-02 YES 9.80E-01 YES 

Molybdenum 2.40E-13 5.0E-02 YES 9.62E-01 YES 
Strontium NA 5.0E-02 NA NA NA 
Vanadium 5.81E-01 5.0E-02 YES 1.22E-01 NO 

Zinc 2.08E-02 5.0E-02 YES 4.79E-01 YES 
Arsenic 7.02E-02 5.0E-02 YES 3.84E-01 NO 

Selenium 9.37E-03 5.0E-02 YES 5.29E-01 YES 
Lead 2.45E-08 5.0E-02 YES 8.83E-01 YES 

na- not enough data point to do the statistical analysis  
*-see the sign on the Adjusted R Square for slope differentiation 
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4.0 DISCUSSION 

4.1 Potential CoCs Attributable to Former Inco Nickel Refinery 

Based on the findings of the soil chemical concentration-distance relationship and the 
relationship of soil chemicals to soil nickel (ie. the industrial source indicator chemical), 
those chemicals associated with the former Inco nickel refinery are nickel, copper, cobalt, 
arsenic, barium, zinc, lead and selenium. A summary of the findings is found below in 
Table 5.  

 
Table 5: Relationship between Soil Chemical Concentrations and the Inco Refinery 

Soil chemical Method 1 Method 2 
 

Possible CoC to Inco 
(Yes/No) 

Barium Fail Pass Yes 
Beryllium Fail Fail No 

Nickel Pass -- Yes 
Cobalt Pass Pass Yes 
Copper Pass Pass Yes 

Aluminum Fail Fail No 
Cadmium Fail Fail No 
Calcium Fail Fail No 

Chromium Fail Fail No 
Iron Fail  Fail  No 

Magnesium Pass* Fail No 
Manganese Fail Fail No 

Molybdenum Fail Fail No 
Strontium Fail Fail No 
Vanadium Fail Fail  No 

Zinc Fail Pass Yes 
Arsenic Pass* Pass Yes 

Selenium Fail Pass Yes 
Lead Fail Pass Yes 

*denotes the chemicals that failed the test in the 90 degree arc along the plume line yet passed the test in 
the 45 degree arc along the plume line 
 

4.2 Potential CoCs Attributable to Former Steel Plant Iron Ore Smelting 
Operation 

Based on the findings of the statistical relationship of soil chemicals to soil iron (ie. the 
industrial source indicator chemical), those chemicals associated with the former steel 
plant’s iron ore smelting operation were iron, barium, beryllium, aluminum, chromium, 
manganese, molybdenum, zinc, selenium and lead. A summary of the findings is found 
below in Table 6.  
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Table 6: Relationship between Soil Chemical Concentrations and Former Steel 
Plant 

Soil chemical Method 1 Method 2 Possible CoC to Former  
Steel Plant 
(Yes/No) 

Barium na Pass Yes 
Beryllium na Pass Yes 

Nickel na Fail N 
Cobalt na Fail N 
Copper na Fail  N 

Aluminum na Pass Yes 
Cadmium na Fail N 
Calcium na Fail  N 

Chromium na Pass Yes 
Iron na Pass Yes 

Magnesium na Fail  N 
Manganese na Pass Yes 

Molybdenum na Pass Yes 
Strontium na Fail N 
Vanadium na Fail  N 

Zinc na Pass Yes 
Arsenic na Fail  N 

Selenium na Pass Yes 
Lead na Pass Yes 

na- not enough data point to do the statistical analysis 
 

4.3 Lead, Barium and Zinc 

For lead, barium and zinc, where there are significant correlations to both the industrial 
sources, one has to look closely at the relationships indicated by the results of the 
analyses. 

For all three, the r-values show a stronger relationship to iron than to nickel. The p- value 
is NOT an indication of the ‘perfection’ of the relationship.  Instead, the coefficient of 
correlation or the r- value does this, by estimating the percentage of the variation in the 
data which is explained by the model. The p-value indicates the validity of the observed 
r-value. 

Additionally, in the cases of these three metals the stronger r-values also correlate to 
more indicative p-values, where the relationship to iron appears more significant. This 
can be found below in Table 7. The results for barium, zinc and lead show very definite, 
strong correlations with iron, leaving no reasonable doubt in the relationship between 
barium, zinc, lead, and iron, and Algoma as their source. 
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Table 7: Comparitive Statistics between the relationships to the Two Indicator 
Metals 

Soil chemical Relationship 
to Nickel 
P value 

 

Relationship 
to Iron 
P value 

 

Nickel  
r- value 

coefficient 
of 

correlation 

Iron  
r- value 

coefficient of 
correlation 

Is the Iron 
Relationship 

Stronger 
than the 
Nickel 

Relationship?
Barium 4.41 E-02 4.63E-07 0.377 0.842 Yes 

Zinc 3.95E-02 2.08E-02 0.384 0.479 Yes 
Lead 1.02E-03 2.45E-08 0.578 0.883 Yes 

 

Under the constraints of the TSOW Condition 3, the potential CoC must show a scientific 
linkage with the industrial source. The intention of this study was to scientifically and 
spatially link soil chemical concentration in the surface soils to an industrial source, 
namely Inco. This report has investigated two possible sources of contamination on the 
east side of Port Colborne. Lead, barium and zinc show significant relationships with 
both indicator metals, but a stronger relationship to iron associated with the former 
Algoma steel facility. Given the additional fact that the former Algoma steel plant 
predates Inco and is upwind of Inco, these metals lead, barium and zinc should be 
grouped with those metals linked to the iron group representative of the former Algoma 
steel plant. The evidence is not sufficient to show a definite scientific linkage of lead, 
barium and zinc with Inco’s operations. 
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5.0 CONCLUSIONS 

This report presented the results and findings on the statistical evaluation of soil chemical 
concentration data for the Port Colborne area in accordance with TSOW Condition No. 3. 
The potential CoCs that can be scientifically attributed to Inco’s historical nickel refinery 
operations are nickel, copper, cobalt, arsenic and selenium.  

The potential CoCs that can be scientifically attributed to the former steel plant’s iron ore 
smelting operation are iron, barium, beryllium, aluminum, chromium, manganese, 
molybdenum, zinc, selenium and lead. 
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6.0 CLOSURE 

This document represents results and findings of a single component of the Community 
Based Risk Assessment (CBRA) that is being conducted in the City of Port Colborne. 
This report should not be taken out of the overall context, goals and scope of the CBRA 
being conducted by Jacques Whitford Limited. 

Yours very truly, 

JACQUES WHITFORD LIMITED 

 
Original Signed By:     Original Signed By: 
 
Cecile Willert, P.Eng.  Eric Veska, Ph.D., P.Geo., C.Chem. 
Principal Principal and Project Manager 
 
 
Encl. 
 
P:\345xx\34647\CoC Stats III Final Dec 18 version last report (2).doc 
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APPENDIX 1 

 
Regression of Soil Chemical Concentrations versus Distance from an Industrial 

Source 
 
 

INCO Refinery as the Assumed Industrial Source
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APPENDIX 1A 
Data Set
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APPENDIX 1B 
Results 

Scenario 1 
0-90˚ Arc Plume
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APPENDIX IC 
Results 

Scenario 2 
22.5-66.5˚ Arc Plume
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APPENDIX 2 
Regression Soil Chemical Concentrations versus Soil Industrial Source Indicator 

Chemical Concentrations 
Inco Refinery as the Assumed Industrial Source
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APPENDIX 2A 
Data Set
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APPENDIX 2B 
Results
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APPENDIX 3 
Regression of Soil Chemical Concentrations versus Soil Industrial Source Indicator 

Chemical Concentrations 
The Former Steel Plant as the Assumed Industrial Source
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APPENDIX 3A 
Data Set
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APPENDIX 3B 
Results 
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