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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 chemicals analyzed in soil samples from 

the Port Colborne area that are present on a community-wide basis at concentrations 

above the MOE generic effects-based guidelines in accordance with TSOW CoC 

Condition Number 2. Soils investigations were conducted to evaluate all potential 

relevant CoCs that may have originated from the Inco refinery, as well as from other 

historical industrial sources within the affected area, such as the neighbouring former 

Algoma steel plant. 

Findings indicated that the potential CoCs attributed to Inco’s historical nickel refinery 

operations for the CBRA under TSOW CoC Condition No. 2 were nickel, copper, cobalt 

and arsenic.  

Findings also indicated that the potential chemicals that can be attributed to the former 

steel plant’s iron ore operation were iron, beryllium, zinc, arsenic, selenium, lead and 

cadmium.  Of these, only lead, zinc, arsenic and beryllium would constitute as CoCs 

possibly attributed to the former Algoma steel plant under TSOW Condition 2. 

The soil chemistry data suggests that the former steel plant may have been a significant 

source of lead. However there are other potential sources of lead in Port Colborne soil 

that can be attributed to non-industrialized sources such as leaded paint, leaded gasoline, 

and batteries. 
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1.0 INTRODUCTION 

1.1 STATEMENT OF OBJECTIVES

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 various JWL soils investigations in 2000 

and 2001, as well as a review of the earlier 1998/1999 soils investigations carried out by 

the Ontario Ministry of the Environment (MOE), so as to identify and evaluate potential 

CoCs attributed to Inco and the nearby former Algoma steel plant in accordance with 

CBRA Condition Number 2. 
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In 2001, a draft JWL report was released, entitled “Potential CoC Identification using 

Soil Chemical Concentration Data in Exceedance of MOE Generic Guidelines” and 

dated November 23, 2001.  Potential CoCs for the CBRA under Condition No. 2 

attributed to Inco’s historical Nickel Refinery operations were Nickel, Copper, Cobalt 

and Arsenic. The Ministry of the Environment (MOE) conducted a technical review of 

this report and 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.  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 2001, additional Port Colborne soil 

lead data that became available to JWL after 2001 to 2003 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 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 23, 2001 report “Potential CoC Identification using Soil Chemical 

Concentration Data in Exceedance of MOE Generic Guidelines”. 

Other supporting reports have been prepared on additional CoC studies that relate to 

emission inventories/dispersion modeling and statistical analyses to address CoC 

Condition Numbers 1 and 3.  These are as follows: 

JWL report entitled “Potential CoC Identification using Emission Inventories and 

Dispersion Modelling of INCO and ALGOMA Operations” dated March 28, 2008 

(JWL, 2008a) and 

JWL report entitled “Potential CoC Identification using Statistical Analyses” 

dated March 28, 2008 (JWL, 2008b). 
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1.2 REVIEW OF PREVIOUS MOE INVESTIGATIONS 

1.2.1 MOE 1998 AND 1999 Soil Investigations on Open Spaces

The MOE (MOE, 2000a) conducted studies of the Port Colborne area in 1998, in 

particular around the refinery plant.  Soil samples were analyzed for seventeen (17) 

metals: aluminum, barium, beryllium, calcium, cadmium, cobalt, copper, chromium, iron, 

magnesium, manganese, molybdenum, nickel, lead, strontium, vanadium, and zinc. 

Arsenic and selenium were not analyzed. The MOE concluded from their investigation 

that soil concentrations of nickel, copper and cobalt were elevated above the  MOE Table 

A Generic Guidelines for residential/parkland land use and for medium grained soils as 

listed in the MOE Guideline for Use at Contaminated Sites in Ontario, revised February 

1997 (MOE, 1997) and that these three metals should be considered as CoCs. 

The levels of nickel in soils reported in 1998 were measured at concentrations of up to 

5000 ppm, generally with the highest concentrations closest to the Inco stack, and lower 

concentrations away from the Inco stack. Soil concentrations of copper and cobalt were 

measured at up to 350 ppm and 150 ppm, respectively. As with nickel, the concentrations 

of copper and cobalt were found to be highest near the refinery, and declined further from 

it. The area with concentrations of nickel, copper and cobalt exceeding the MOE Table A 

Generic Guidelines (MOE, 1997) as identified from the 1998 data generally occurred in 

the eastern portion of the City, and agricultural and forested areas to the north and east of 

the refinery; an area of approximately 19 km
2
.

A more detailed phytotoxicology soils investigation of the Port Colborne area by the 

MOE in 1999 provided more soil chemical data, including arsenic analyses, to the 

existing data set. The new data increased the estimated areal extent of MOE Table A 

Generic Guidelines (MOE, 1997) exceedances for nickel, copper and cobalt from 19 km
2

to 29 km
2
 (MOE, 2000b). Spatial distributions of these metals in exceedance of these soil 

guidelines were plotted on maps by the MOE and these are reproduced on drawings 

found in Appendix A. 

As noted above, the analyses of arsenic and selenium by the MOE were not done for each 

soil sample collected in 1998 and selenium was not analyzed for the 1999 samples. 

Neither the 1998 nor the 1999 MOE investigations included a full suite of inorganic 

parameters or organic parameters (eg. PCBs). 
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1.2.2 MOE School Yards and Beaches Investigation 

In April 2000, MOE collected soil samples from a number of school yards and beaches in 

Port Colborne area. Documentation was provided in MOE report “Results of Soil 

Sampling in School Yards and Beaches in the Port Colborne Area, April 2000” - Report 

No. SDB-031-3511-2000 (MOE, 2000c). 

A review of this report revealed that soil concentrations of nickel, copper and cobalt 

exceeded the MOE Table A Generic Guidelines (MOE, 1997) for parkland/residential 

land uses. Soil concentrations of fourteen other analyzed metals including aluminum, 

barium, beryllium, cadmium, calcium, chromium, iron, lead, magnesium, manganese, 

molybdenum, strontium, vanadium and zinc were below the applicable MOE Table A 

Generic Guidelines (MOE, 1997) for parkland/residential land uses. 

1.2.3 MOE Wood Lots Investigation 

In October 2000, MOE collected soil samples from five rural woodlots in Port Colborne 

area. Documentation was provided in MOE report “Soil Contamination in Selected Port 

Colborne Woodlots: 2000” - Report No. SDB-012-3511-2001 (MOE, 2001a). 

The five rural woodlots in this report were identified as Woodlots 1 to 5. Three of the 

woodlots, Woodlots 1, 2 and 3 were located within 2.5 km of the Refinery in the 

direction of the prevailing winds (east to northeast of Inco). Woodlot 4 was located at 

Forks Road East and Green Road, about 11 km northeast of Inco. Woodlot 5 was located 

at Highway 3 and Bassie Road in Wainfleet, about 5 km west of Inco and thus considered 

as representative of background conditions. 

A review of this MOE woodlot report revealed that nickel, copper and cobalt 

concentrations in soils exceeded the MOE Table A Generic Guidelines (MOE, 1997) in 

woodlots downwind of the Inco refinery.  

Concentrations of arsenic and selenium in soils from only one localized woodlot 

(Woodlot 3) exceeded the MOE Table A Generic Guidelines (MOE, 1997) by marginal 

factors of 1.2 and 1.1 times respectively.  

Concentrations of beryllium exceeded the MOE Table A Generic Guideline (MOE, 1997) 

of 1.2 ppm at 5 (five) sampling locations in Woodlot 3 and at 7 (seven) locations in 

Woodlot 5 (ie. the background woodlot). The MOE explained the presence of beryllium 

in soil in all woodlots investigated as being related to natural background or non-

anthropogenic.
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1.2.4 MOE Rodney Street Neighbourhood Soils Investigation 

In November 2000, MOE collected and chemically analyzed soil samples from 179 

properties in the Rodney Street neighbourhood and documented their findings in a report 

entitled “Soil Investigation and Human Health Risk Assessment for the Rodney Street 

Community: Port Colborne (2001)” (MOE, 2001b) and a subsequent report dated 

October 2001 (MOE, 2001c).

A review and interpretation of the findings in these reports by JWL revealed two distinct 

sources of chemicals found in soils from the Rodney Street neighbourhood. Source 1 is 

from the Inco Refinery that would explain the observed distribution of nickel, copper and 

cobalt concentrations in soils. Source 2 is from south of Rodney Street, in the vicinity of 

a former steel blast furnace facility that would explain the arsenic and selenium 

concentrations in soil. It should be noted that arsenic is one of the more significant 

chemicals released to the air from the steel industry according to a Canadian 

Environmental Protection Act (1996) document, Strategic Options for the Management 

of Toxic Substances from the Steel Manufacturing Sector. The former steel furnace 

facility operated on lands directly south to southwest of Rodney Street from the 1913 to 

1977.  This steel plant had reportedly smelted iron ore to manufacture pig iron, which 

was then used to fabricate steel products. 

Chemicals other than nickel, copper, cobalt, arsenic and selenium found in exceedance of 

the MOE Table A Generic Guidelines (MOE, 1997) but not related to either Inco or the 

former steel plant were lead, cadmium, chromium, barium, zinc and beryllium.  (Note 

that the MOE linked zinc to the Inco refinery (MOE, 2001c), but this relationship is not 

evident as will be noticed towards the end of this report).  

MOE concluded that soil lead contamination in the Rodney Street neighbourhood is 

typical of older urban residential communities in Ontario (MOE, 2001c). The sources of 

lead in soil given by the MOE were numerous and were property specific such as paint, 

pesticide use, storage, maintenance, disposal of vehicles and vehicle parts (particularly 

lead acid batteries), and historic use of leaded gasoline.

Antimony was in close association with lead and linked to batteries.

Cadmium, chromium, and zinc were found in close association with lead and linked to 

paint.  

Beryllium also was found to be concurrent with high lead.  MOE (2001c) concluded that 

the soil contamination on some properties on the south side of Rodney Street were linked 

with industrial process waste/fill and the generally elevated soil beryllium concentrations 

were associated with natural shale deposits and dust/slag from the former steel plant. 
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1.3 INFORMATION GAPS FROM MOE INVESTIGATIONS 

Based on the findings of JWL’s review of MOE’s previous investigations, there were 

several information gaps that warranted further data collection and interpretation by JWL 

to properly identify potential CoCs in accordance with TSOW Condition No. 2.   

Gaps found with the MOE 1998 and 1999 surface soil investigations on open spaces were 

absence of analytical data on arsenic and selenium in the suite of inorganic parameters 

analyzed and the absence of any data on concentrations of organic parameters such as 

PCBs, polyaromatic hydrocarbons and volatile organic compounds in soils.   Without this 

information, a proper screening of chemicals could not be done nor could soil chemical 

patterns for the above mentioned chemicals be mapped to determine their source of 

origin. 

Gaps found with the MOE Rodney Street investigation was that there was no clear 

evidence of soil chemical data at locations upwind and downwind of the Rodney Street 

neighbourhood to properly attribute the source of chemicals to either Inco’s Refinery or 

the former steel plant, or both.  Further, as a historical review of this area was not done 

by the MOE, it was not clear whether the chemicals identified by the MOE could have 

originated from industrial sources other than the Inco Refinery and the former steel plant. 

1.4 SCOPE OF WORK 

JWL conducted a two part study supplementary to the MOE investigations to obtain 

sufficient scientific information to identify CoCs as part of Condition No. 2 of the 

TSOW. 

The first study was designed to address data gaps with the MOE 1998 and 1999 surface 

soil investigations of the entire Port Colborne Community.  This involved supplemental 

work as follows: 

chemical analyses of ten (10) additional surface soil samples (0 to 5 cm depth) in 

the Port Colborne area in the vicinity of and downwind of the Inco Refinery for 

an extensive list of inorganic and organic parameters.  Locations of surface soil 

samples to coincide with MOE-identified areas of high concentrations of nickel in 

soil from previous MOE phytotoxicity studies of the entire community; 

chemical analyses of 149 MOE-archived 1998 and 1999 soil samples (0 to 5 cm 

depth) for  arsenic and selenium; and 

mapping surface soils (0 to 5 cm depth) concentration data for each chemical 

analyzed that exceed the MOE generic effects-based guidelines (in this case, 

MOE Table A Generic Guidelines (MOE, 1997)) and determine if there exists any 

noticeable patterns that link these exceedances on a community wide basis 

originating back to the Inco Refinery or to some other industrial source.  

Localized exceedances of a chemical in soil were not considered community wide. 
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The second study was designed to address data gaps with the MOE Rodney Street 

investigation and to help determine and assess the source allocation of various CoCs 

originating from Inco and/or Algoma Steel in the Rodney Street neighbourhood of Port 

Colborne.  This study involved the following supplemental work: 

site background and historical land use review of other potential industrial sources 

of contamination in the former industrialized area west of Inco that may have 

contributed to the observed concentrations of chemicals in soil;  

air dispersion modelling to delineate the areal extent of historical particulate 

loading and fallout deposition that may have resulted from the Inco Refinery and 

the former steel plant;

collection of surface and subsurface soil samples of 17 test pits excavated down to 

one (1) meter at locations on the former steel plant (ie. upwind of the Rodney 

Street neighbourhood), on the Inco Refinery property (ie. downwind of the 

Rodney Street neighbourhood), as well as on several residential properties within 

the Rodney Street neighbourhood. The test pits were located considering the areas 

predicted by air modelling coinciding with the highest air borne particulate 

deposition from the Inco refinery and the former steel plant. Chemical analyses of 

these samples were for the determination of inorganic parameters, including 17 

metals and two nonmetallic chemicals, arsenic and selenium; 

collection and analyses of surface soil samples from four (4) additional test pits 

TPA, TPC, TPD and TPE located in the residential areas north and northwest of 

the Inco refinery and south of Killaly Street East.  Data on the chemical analyses 

of these samples were used in conjunction with data sets on the above mentioned 

samples in order to obtain a better understanding of the soil chemical 

concentration distribution patterns; and

mapping soils concentration data for each chemical analyzed that exceed the 

MOE generic effects-based guidelines and determine if there exist any noticeable 

patterns that link these exceedances back to either the Inco Refinery, the former 

steel plant or to some other industrial source(s) on a community wide basis.  

Localized exceedances of chemical in soil were not considered community wide. 

Based on the above scope of work, potential CoCs will be identified in accordance with 

the requirements of Condition 2 of the TSOW.  
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2.0 METHODOLOGY 

2.1 SITE HISTORY AND POTENTIAL SOURCES OF CONTAMINATION 

JWL conducted a detailed historical background review of an area as defined by Welland 

Canal to the west, Inco property to the east, Durham Street to the north and the shores of 

Lake Erie to the south. Details of the site background review findings are provided in 

Appendix B.  Based on the information gathered, the historical review has revealed 

evidence of industrial operations that may have resulted in potential environmental 

contamination in various areas as presented in Table 2.1.  

Table 2.1 Findings of Site Background Historical Review 

Potential Sources of 

Contamination 
Historical Activity Contaminants 

Former Steel Plant (Canada Blas

Furnace and Algoma Steel)  

Historical iron smelting operation activ

since 1913 to its closure in 1977. Th

plant used coke, iron ore, limestone an

iron shop ball as raw materials. Coa

stock piles, iron ore and associate

industrial activities such as generation

of slag containing spent metals. 

Iron, Arsenic, Beryllium, Selenium and

associated heavy metals and coal dust 

from metal smelting operations. Metal 

containing slags that were later used as 

road base and fill materials in the 

development of neighbouring eastside 

of the City of Port Colborne. 

CN Railway Yard 

Historical operation of  railway yard 

along the eastside of Welland Canal 

since 1860s to 1980s. The activities 

included, coal yard, grain storage and 

associated railway operations such as 

fuel oil storage, railway ties.  

Coal dust, petroleum hydrocarbons, 

arsenic (from railway ties) and other 

metal associated with railway yard. 

Scrap Yard, Trucking Facilities

and other industrial operations 

along eastside of Welland Canal

west of Welland Street. 

Historical industrial land use along the 

eastern part of the CN railway yard 

since 1930s. The activities include, 

scrap yard, junk metal stock piles, 

generation of heavy metal shavings, 

degreasing operation involved in metal 

scrapping and salvage, trucking 

facilities with fuel storage.  

Heavy metals, petroleum hydrocarbons

from scrap yard operations. 
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Table 2.1 Findings of Site Background Historical Review 

Potential Sources of 

Contamination 
Historical Activity Contaminants 

Gas Stations, Auto Repair 

Facilities, and Old Residential 

Dwellings 

Historical mixed commercial and 

residential land uses of area north of 

Rodney Street, south of Killaly Street, 

west of Davis Street and east of 

Welland Street. Majority of the urban 

areas were developed after 1910s and 

1920s, site development, road 

constructions involved use of fill (slag 

and spent materials) most likely 

obtained from the Former Steel Plant. 

Auto repair facilities and old houses 

used lead-based gasoline and paints.   

Lead, antimony, cadmium, petroleum 

hydrocarbons from gasoline, paint, 

batteries and fill materials. 

Inco Nickel Refinery 

Historical operation of nickel refinery 

by Inco from 1917 to 1984. Inco’s 

operation involved refining of nickel, 

copper and cobalt. 

Nickel, copper and  cobalt from the 

historical refinery operations.  

2.2 PROTOCOLS 

A total of five protocols were developed to undertake this work.  These protocols 

included:

JWL’s December 18, 2000 protocol (Draft) entitled ‘Surface Soil Sampling for 

Identification of Potential Chemicals of Concern’ as appended in Appendix C. 

JWL’s June 2001 protocol (Draft) entitled ‘Protocol for Nickel and Arsenic Deposition 

Modelling, Port Colborne Community Based Risk Assessment’ as appended in 

Appendix C.

JWL’s June 27, 2001 protocol entitled ‘Test Pitting Protocol, Additional CoC 

Investigation, Inco Boundary and Rodney Street Area’ as appended in Appendix C. 

JWL’s July 9, 2001 protocol (Revised) entitled ‘Surface Soil Sampling for Identification 

of Potential Chemicals of Concern’ as appended in Appendix C. 

JWL’s July 9, 2001 protocol entitled ‘Sampling and Analysis: Quality Assurance and 

Quality Control’ as appended in Appendix C. 
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Reference to the above protocols are made below in Sections 2.3, 2.4 and 2.5. 

2.3 SURFACE SOIL PROGRAM  

Site locations of surface soil samples taken by JWL are shown on Drawing 1.  Soil 

samples were collected from the front yards and/or back yards of residential dwellings. 

Soil sampling was carried out at eight (8) locations (sites 2, 4, 6 and sites 8 through 12 

on Drawing 1) in Port Colborne which coincide with areas of high concentrations of 

nickel in soil as reported by the MOE (MOE, 2000a and 2000b). In addition, JWL 

collected two (2) soil samples from background locations, west (site 5) and north (site 13) 

of the Welland Canal, in areas with known, low concentrations of measured nickel in 

soil.  

Soil samples at each of these 10 locations were collected from the 0 to 5 cm depth 

interval. The sampling program was conducted on dates of December 29, 2000, January 

04 and 16, 2001 in accordance with JWL’s December 18, 2000 protocol (Draft) entitled 

‘Surface Soil Sampling for Identification of Potential Chemicals of Concern’ as appended 

in Appendix C. Sampling was carried out by JWL staff with a representative from Beak 

International Inc. (Beak), the environmental consultant for the PLC witnessing the 

sample collection as well as gathering duplicate samples for chemical analyses as part of 

third party verification. 
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All ten (10) soil samples were submitted to Philip Analytical Services Corp. (Philip), a 

Canadian Association of Environmental Analytical Laboratories (CAEAL) accredited 

laboratory, for analysis of chemical parameters listed in Table 2.2.   

TABLE 2.2 

SUMMARY OF SAMPLE LOCATIONS AND ANALYTICAL PARAMETERS 

PORT COLBORNE, ONTARIO 

Sample Number  Sample Location: Sample Matrix: Analytical Parameters: 

Soil 2-1 Site # 2 Soil  Metals, Anions 

Soil 4-1 Site # 4 Soil  Metals, Anions 

Soil 5-1 Site # 5 Soil Metals, Anions, VOCs, PAHs, 

PCBs

Soil 6-1 Site # 6 Soil Metals, Anions 

Soil 8-1 Site # 8 Soil Metals, Anions 

Soil 9-1 Site # 9 Soil Metals, Anions 

Soil 10-1 Site # 10 Soil Metals, Anions, VOCs, PAHs, 

PCBs

Soil 11-1 Site # 11 Soil Metals, Anions, VOCs, PAHs, 

PCBs

Soil 12-1 Site # 12 Soil Metals, Anions 

Soil 13-1 Site # 13 Soil Metals, Anions 

Soil 5B Site # 5 (Resample Site # 5)  Soil VOCs 

Soil 7B Site # 7 (Resample Site # 7) Soil VOCs 

Soil 10B Site # 10 (Resample Site # 10) Soil VOCs 

Soil 11B Site # 11 (Resample Site # 11) Soil VOCs  

Notes: 
Metals - Selected metals and nonmetals including Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Bismuth, 

Cadmium, Chromium, Cobalt, Copper, Iron, Lead, Manganese, Mercury, Molybdenum, Nickel, Phosphorous, Selenium, 

Silver, Sulphur, Titanium, Thallium, Vanadium, Zinc.     

Anions- Selected anions including Bromide, Chloride, Fluoride, Nitrate, Nitrite, Orthophosphate, Sulphate. 

VOCs - Volatile Organic Compounds 

PAHs - Polynuclear Aromatic Hydrocarbons 

PCBs - Polychlorinated Biphenyls (total)
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2.4 TEST PIT PROGRAM 

2.4.1 Purpose and Scope of  Program 

JWL undertook a test pit excavation and sampling program to help determine and assess 

the source allocation of various CoCs from at least two industrial sources that operated 

adjacent to the Rodney Street community. These sources included (1) Canada Blast 

Furnace and Algoma Steel (hereinafter referred to as the former steel plant) that operated 

from 1913 to 1977 and (2) Inco Nickel Refinery which operated from 1918 to 1984. 

2.4.2 Program Design 

Selection of test pit locations was based on findings from the air dispersion modelling  

(JWL, 2001) and possible deposition fall out patterns due to emissions from the former 

steel plant and Inco refinery. The test pits were located to obtain a profile of soil 

chemicals across the predicted zones of highest atmospheric particulate deposition from 

historical emissions of the Inco refinery and the former steel plant. 

2.4.3 Test Pitting Work 

Prior to the test pit excavation, efforts to identify the locations of underground utilities 

and services were undertaken. Proper health and safety protocols were adhered to during 

the field investigation program.  Permission to excavate on all properties was obtained 

before work commenced. 

A total of seventeen (17) test pits, TP1 to TP17 were excavated from August 15 to 

August 21, 2001. Test pit locations are shown on Drawing No. 2.  Test pits TP1 to TP7 

and TP16 were located on Inco property.  Test pits TP8 to TP11, TP15 and TP17 were 

located on properties within the Rodney Street community. Test pits TP12 to TP14 were 

located on the former steel plant site. 

In addition to the above-mentioned 17 test pits, JWL excavated four (4) additional test 

pits, TPA, TPC, TPD and TPE at locations shown on Drawing No. 2 in the residential 

areas north and northwest of the Inco refinery and south of Killaly Street East.
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The test pits were excavated by Emburgh Backhoe Services of Port Colborne, Ontario 

using a backhoe. Test pits were excavated to a depth below grade ranging from 

approximately 0.5 m to 1.1 m with the exception of TP12 which was excavated to a depth 

of 10 cm only because of refusal due to occurrences of very hard slag. 

JWL’s June 27, 2001 protocol on soil sampling entitled ‘Test Pitting Protocol, Additional 

CoC Investigation, Inco Boundary and Rodney Street Area’ as appended in Appendix C 

was followed. 

Soil samples at each of these test pit locations were collected in the field at 2.5 cm depth 

intervals to a depth of 30 cm, then every 5 cm interval to a depth of 50 cm and then at 70-

75 cm and 95-100 cm depth. Altogether 18 soil samples were collected from each test pit 

with the exception of TP12. At TP12, soils were collected at 0-2.5 cm, 2.5-5 cm and 5-10 

cm depths, for a total of three samples. Sampling was carried out by JWL staff with a 

representative from Beak to witness the sample collection as well as to gather duplicate 

samples for chemical analyses as part of third party verification. 

All of the collected samples were not immediately submitted to the laboratory for 

chemical analyses.  Instead a phased approach was taken with the first phase involving 

the analyses of a large number of samples per test pit for a total of five test pits in critical 

areas downwind of the former steel plant and downwind of the Inco Refinery. These data 

provided a better understanding of the detailed patterns of the concentration-depth 

profiles of the chemicals in soils. The second phase involved chemical analyses of soil 

samples for the remaining test pits, concentrating on the selection and analyses of 

samples from similar depth intervals shown in the first five test pits to have the highest 

soil chemical concentrations. 

Phase 1 involved the collection of eighteen (18) soil samples per test pit from three (3) 

test pits along a northeast transect from the former steel plant property (TP13 (on the 

former steel plant property), TP9 (residential property within Rodney Street 

neighbourhood), and TP17 residential property within Rodney Street neighbourhood) and 

two (2) test pits on Inco property along a northeast transect from the former Inco refinery 

(TP3 and  TP5). The chemical analyses were used to determine the vertical concentration 

profiles of chemicals with depth and the depths as to where the highest concentrations of 

chemicals can be found.   

In Phase 2, a total of seventy four (74) soil samples were analyzed for the remaining test 

pits including, TP1, TP2, TP4, TP6, TP7, TP8, TP10, TP11, TP14 through TP16.  For 

TP12, soil samples were collected at 0-2.5 cm, 2.5-5 cm and 5-10 cm depth and all three 

samples were analyzed. 

In addition, samples of remnant iron pellets, iron shot balls, slag and iron ore waste rock 

collected from the southern part of the former steel plant were also submitted for 

chemical analyses. 
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All samples were submitted to Philip Analytical Services Corp. (Philip), a Canadian 

Association of Environmental Analytical Laboratories (CAEAL) accredited laboratory, 

for analysis of chemical parameters listed below: 

Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, Cobalt, 

Copper, Iron, Lead, Manganese, Molybdenum, Nickel, Phosphorous, Selenium, Silver, 

Titanium, Thallium, Vanadium, Zinc and pH. 

2.5 LABORATORY PROGRAM 

2.5.1 Laboratory Procedure for Inorganic Parameters

JWL Surface Soil Samples 

The ten soil samples collected between December 29, 2000 and January 16, 2001 were 

first analyzed for inorganic parameters following the original December 2000 protocol 

without spiked standard reference materials (SRM). Subsequently, archived subsamples 

of the same ten soil samples were analyzed on July 5, 2001 following the revised protocol 

of July 9, 2001, this time using SRM. The latter set of analyses was conducted at the 

request of Beak so that the routine procedure of using SRM for organic analyses could 

also used done for the inorganic analyses.  A discussion follows in Section 3.3 on the 

differences between data on inorganic parameters obtained using SRM and those without 

using SRM. 

Details of the sample preparation and digestion, instrumentation used, analytical method 

numbers and method detection limits are provided in JWL’s July 9, 2001 protocol 

entitled ‘Sampling and Analysis: Quality Assurance and Quality Control’ appended in 

Appendix C. 

MOE Archived (1998 and 1999) Surface Soil Samples

A total of 149 MOE archived surface soil samples collected at depths of 0 to 5 cm depth 

from the MOE 1998 and 1999 investigations were also sent to Philip for chemical 

analyses on February 5, 2001. The MOE-archived 149 soil samples included 10 samples 

from agricultural fields, 20 samples from woodlots and 119 samples from residential 

properties, boulevards and right of ways. Site locations are shown on Map 1 and 2 in 

Appendix F. In addition, the MOE provided JWL with ten (10) samples of their inhouse 

certified reference (not to be confused with authentic SRM).

Sample preparation was not necessary on the archived samples which were already 

preprocessed and sieved to a less than 355 um size fraction.  Samples were digested using 

aqua regia solution (HNO3/HCL) and the extracts were analyzed using Hydride 

Generation Atomic Absorption (HGAA) as per JWL’s July 9, 2001 protocol entitled 

‘Sampling and Analysis: Quality Assurance and Quality Control’ appended in 

Appendix C. 



2008 Jacques Whitford Limited ONT34645 
Vale Inco Limited, Port Colborne Community Based Risk Assessment March 28, 2008 

Potential CoC Identification Using Soil Chemical Data in Exceedance of MOE Generic 
Guidelines Page 17 

The analytical results were reported as mg/kg on dry weight basis.

It should be noted that these 149 MOE archive surface soil samples were not reanalyzed 

along with the ten JWL surface soil samples using SRM as there was not enough sample 

mass remaining for the required analyses. 

JWL Test Pit Soil Samples 

Details of the sample preparation and digestion, instrumentation used, analytical method 

numbers, method detection limits and QA/QC procedures are provided in JWL’s July 9, 

2001 protocol entitled ‘Sampling and Analysis: Quality Assurance and Quality Control’ 

appended in Appendix C. 

2.5.2 Laboratory Procedure for Organic Parameters 

For organic analyses, sample preparation on the ten JWL surface soil samples involved 

extraction of the organic components using different types of organic solvents.

Details of the sample preparation, instrumentation used, analytical method numbers and 

method detection limits are provided in the laboratory certificates of chemical analyses as 

appended in Appendix E.

2.5.3 Quality Assurance and Quality Control (QA/QC) 

Laboratory QA/QC 

Laboratory QA/QC involved laboratory replicate analyses of one (1) surface soil sample 

for VOCs, one (1) surface soil sample for PCBs, two (2) surface soil samples for metals 

and 17 testpit soil samples for metals.  

In addition to the above-mentioned laboratory replicate analyses, the laboratory analyses 

also included standard reference material (SRM). For metal analyses, the SRM used by 

Philip in the re-analyses of ten JWL collected samples was a commercial purchased 

reference material from Canmet called Lake Sediment (LKsd-3).  

Field QA/QC 

Seventeen (17) test pit soil field duplicates, one from each test pit were collected during 

the August 2000 test pitting work. No field surface soil duplicates were collected during 

the January 2000 soil investigation.
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3.0 RESULTS OF COMMUNITY-WIDE SOILS INVESTIGATION 

3.1 JWL SURFACE SOILS INVESTIGATION 

All analytical data were compared to the MOE Table A Generic Guidelines (MOE, 1997) 

for residential/parkland land use and for medium grained soils as was used by the MOE 

in their 1998 and 1999 soils investigations (MOE, 2000a,b). 

To verify that the medium grained soil texture classification is appropriate for the study 

area, JWL conducted grain size analyses on randomly selected soil samples representing 

about 20% of all samples collected during the January 2001 investigation. Grain size 

distribution curves are provided in Appendix D. Based on the grain size distribution 

curves, the collected samples contain clay size fractions. According to the MOE 

Guideline (MOE, 1997), the subject area soil should be considered as medium/fine 

grained.  This confirms with the description for the majority of the soils in the Port 

Colborne area as clay/silt till deposits as given by the Ministry of Agriculture and Food 

(OMAF, 1989). 

The laboratory analytical results for the submitted soil samples and the comparative MOE 

Table A Generic Guidelines (MOE, 1997) are summarized in Tables 3.1 to 3.5 and the 

laboratory certificates are provided in Appendix E. Table 3.1 provides analytical results 

and comparative MOE Table A Generic Guidelines (MOE, 1997) for VOCs. Tables 3.2 

and 3.3 show chemical test results and comparative MOE Table A Generic Guidelines 

(MOE, 1997) for PAHs and PCBs, respectively. Table 3.4 provides soil analytical results 

and comparative guidelines for selected metal parameters. Table 3.5 shows the test results 

for inorganic parameters, chloride and sulphate.     

A summary of soil chemical results in Tables 3.1 to 3.5 in comparison to the applicable 

MOE Table A Generic Guidelines (MOE, 1997) is presented below:

3.1.1 Organic Parameters 

Concentrations of all 40 VOC species, where measured, complied with the applicable 

MOE Table A Generic Guidelines (MOE, 1997) for residential/parkland land uses. 

Concentrations of all 18 PAH species, where measured, complied with the applicable 

MOE Table A Generic Guidelines (MOE, 1997) for residential/parkland land uses. 

Concentrations of total PCB, where measured, complied with the applicable MOE Table 

A Generic Guideline (MOE, 1997) for residential/parkland land uses. 
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TABLE 3.1 

SOIL ANALYTICAL RESULTS AND COMPARATIVE CRITERIA 

(Samples Collected in January 2001 at 0 to 5 cm Depth) 

VOLATILE ORGANIC COMPOUNDS – VOCs 

(ug/g or ppm except as noted) 

Port Colborne, Ontario 

PARAMETER SOIL 5B SOIL 7B SOIL 10B SOIL 11B 

MOE

TABLE A 

CRITERIAa

1,1,1-Trichloroethane < 0.002 < 0.002 < 0.002 < 0.002 34

1,1,2-Trichloroethane < 0.002 < 0.002 < 0.002 < 0.002 0.28 

1,1,1,2-Tetrachloroethane < 0.002 < 0.002 < 0.002 < 0.002 0.12 

1,1,2,2-Tetrachloroethane < 0.002 < 0.002 < 0.002 < 0.002 0.01 

1,1-Dichloroethane < 0.002 < 0.002 < 0.002 < 0.002 3.0 

1,1-Dichloroethene < 0.002 < 0.002 < 0.002 < 0.002 0.015 

1,2-Dibromoethane (Ethylene 

dibromide) 
< 0.002 < 0.002 < 0.002 < 0.002 0.01 

1,2-Dichlorobenzene < 0.002 < 0.002 < 0.002 < 0.002 0.88 

1,2-Dichloroethane < 0.002 < 0.002 < 0.002 < 0.002 0.05 

1,2-Dichloropropane < 0.002 < 0.002 < 0.002 < 0.002 0.12 

1,3-Dichlorobenzene < 0.002 < 0.002 < 0.002 < 0.002 30 

1,4-Dichlorobenzene < 0.002 < 0.002 < 0.002 < 0.002 0.32 

Acetone < 1.0 < 1.0 < 1.0  < 1.0 3.5 

Benzene 0.001 < 0.002  0.003 0.003 0.24 

Bromodichloromethane < 0.002 < 0.002 < 0.002 < 0.002 0.12 

Bromoform < 0.002 < 0.002 < 0.002 < 0.002 0.11 

Bromomethane < 0.005 < 0.005 < 0.005 < 0.005 0.38 

Carbon Tetrachloride < 0.002 < 0.002 < 0.002 < 0.002 0.64 

Chlorobenzene < 0.002 < 0.002 < 0.002 < 0.002 2.4 

Chloroethane < 0.005 < 0.005 < 0.005 < 0.005 NV 

Chloroform < 0.002 < 0.002 < 0.002 < 0.002 0.13 

Chloromethane < 0.005 < 0.005 < 0.005 < 0.005 NV 

Cis-1,2-Dichloroethene < 0.002 < 0.002 < 0.002 < 0.002 2.3 

Cis-1,3-Dichloropropene < 0.002 < 0.002 < 0.002 < 0.002 0.04 



2008 Jacques Whitford Limited ONT34645 
Vale Inco Limited, Port Colborne Community Based Risk Assessment March 28, 2008 

Potential CoC Identification Using Soil Chemical Data in Exceedance of MOE Generic 
Guidelines Page 20 

PARAMETER SOIL 5B SOIL 7B SOIL 10B SOIL 11B 

MOE

TABLE A 

CRITERIAa

Dibromochloromethane < 0.002 < 0.002 < 0.002 < 0.002 0.09 

Dichloromethane (Methylene Chloride) < 0.01 < 0.01 < 0.01 < 0.01 1.1 

Ethyl Benzene < 0.002 < 0.002 < 0.002 < 0.002 0.28 

2-Hexanone < 0.025 < 0.025 < 0.025 < 0.025 NV 

Methyl-t-Butyl Ether < 0.002 < 0.002 < 0.002 < 0.002 5.7 

Methyl Ethyl Ketone (MEK) < 0.025 < 0.025 < 0.025 < 0.025 0.27 

Methyl Isobutyl Ketone (MIBK) < 0.025 < 0.025 < 0.025 < 0.025 0.48 

Xylenes 0.001 <0.002 0.004  0.002 25 

Styrene < 0.002 < 0.002 < 0.002 < 0.002 1.7 

Tetrachloroethene (Perchloroethylene) < 0.002 < 0.002 < 0.002 < 0.002 0.45 

Toluene 0.002 < 0.002  0.007  0.004  2.1 

Trans-1,2-Dichloroethene < 0.002 < 0.002 < 0.002 < 0.002 4.1 

Trans-1,3-Dichloropropene < 0.002 < 0.002 < 0.002 < 0.002 0.04 

Trichloroethene < 0.1 < 0.1 < 0.1 < 0.1 3.9 

Trichlorofluoromethane < 0.005 < 0.005 < 0.005 < 0.005 NV 

Vinyl Chloride < 0.002 < 0.002 < 0.002 < 0.002 0.0075

Notes:

a Ontario Ministry of the Environment’s Guideline for Use At Contaminated Sites in Ontario, February 1997, 

(Table A) Potable groundwater use at residential/parkland land use with medium and fine textured soils. 

NV  No criteria value specified.
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TABLE 3.2 

SOIL ANALYTICAL RESULTS AND COMPARATIVE CRITERIA 

(Samples Collected in January 2001 at 0 to 5 cm Depth) 

POLYNUCLEAR AROMATIC HYDROCARBONS - PAHs 

(ug/g or ppm except as noted)  

Port Colborne, Ontario 

PARAMETER 
SOIL 5-1 SOIL 7-1 SOIL 10-1 SOIL 11-1 

  MOE TABLE A 

CRITERIAa

  1-Methylnaphthalene <0.05 <0.05 <0.05 <0.05 1.2 

  2-Methylnaphthalene <0.05 <0.05 <0.05 <0.05 1.2 

  Acenaphthene <0.05 <0.05 <0.05 <0.05 15 

  Acenaphthylene <0.05 <0.05 <0.05 <0.05 100 

  Anthracene <0.05 <0.05 0.06 0.05 28 

  Benzo(a)anthracene 0.12 0.09 0.05 0.20 6.6 

  Benzo(a)pyrene 0.12 <0.05 <0.05 0.18 1.2 

  Benzo(b)fluoranthene 0.14 0.14 <0.05 0.21 12 

  Benzo(g,h,i)perylene 0.11 0.08 <0.05 0.14 40 

  Benzo(k)fluoranthene 0.13 0.10 <0.05 0.17 12 

  Chrysene 0.17 0.16 <0.05 0.25 12 

  Dibenzo(a,h)anthracene <0.05 <0.05 <0.05 <0.05 1.2 

  Fluoranthene 0.31 0.25 <0.05 0.34 40 

  Fluorene <0.05 <0.05 <0.05 <0.05 340 

  Indeno(1,2,3-cd)pyrene 0.12 0.10 <0.05 0.14 12 

  Naphthalene <0.05 <0.05 <0.05 <0.05 4.6 

  Phenanthrene 0.11 0.09 0.07 0.18 40 

  Pyrene 0.24 0.18 0.06 0.28 250 

Notes:

a Ontario Ministry of the Environment s (MOE) Guideline for use at Contaminated Sites in 

Ontario(revised February,1997) Table A criteria for residential/parkland land use in a potable 

groundwater condition with medium and fine textured soils.
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TABLE 3.3 

SOIL ANALYTICAL RESULTS AND COMPARATIVE CRITERIA

(Samples Collected in January 2001 at 0 to 5 cm Depth)

POLYCHLORINATED BIPHENYLS - PCBs 

(ug/g or ppm except as noted) 

Port Colborne, Ontario

PARAMETER
SOIL 5-1 SOIL 7-1 SOIL 10-1 SOIL 11-1 

  MOE TABLE A

 Total PCBs < 0.05 < 0.05 < 0.05  0.13  5.0 

Notes:

a Ontario Ministry of the Environment s (MOE) Guideline for use at Contaminated Sites in Ontario

(revised February, 1997) Table A criteria for residential/parkland land use in a potable 

groundwater condition with medium and fine textured soils. 

3.1.2 Inorganic Parameters - Metals 

Concentrations of selected metal parameters, where measured, did not exceed the 

applicable MOE Table A Generic Guidelines (MOE, 1997) with the following 

exceptions:

Concentrations of lead exceeded the MOE Table A Generic Guideline (MOE, 1997) (200 

ppm) in localized areas at sampling location Sites 6 and 11 by factors of 1.1 and 1.3 times 

respectively. It should be noted that Site 6 is located about 4.2 km northeast of the Inco 

Refinery and Site 11 is located about 1.1 km north of the Inco Refinery.  

Concentrations of nickel exceeded the MOE Table A Generic Guideline (MOE, 1997) of 

200 ppm at sampling location Sites 2, 4, 6, 11 and 12 by factors of 1.4, 3.9, 1.6, 3.4 and 

2.5 times respectively. 
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TABLE 3.4 

SOIL ANALYTICAL RESULTS AND COMPARATIVE GUIDELINES 

(Samples Collected in January 2001 at 0 to 5 cm Depth)  

(Selected Metal Parameters) 

(mg/kg or ppm except as noted) 

Port Colborne, Ontario 

Parameter 
SOIL 2-1 SOIL 4-1 SOIL 5-1 SOIL 6-1 SOIL 8-1 MOE 

TABLE A 

CRITERIA a

Mercury 0.05 (0.07) 0.09 (0.07) 0.06 (0.05) 0.09 (0.09) 0.04 (0.04) 10 

Antimony <0.2 (0.2) 0.2 (<0.2) <0.2 (<0.2) <0.2 (<0.2) 0.3 (<0.2) 13

Arsenic 4.4 (6.5) 7.1 (6.6) 7.5 (2.8) 0.5 (4.3) 8.6 (8.3) 25

Bismuth <0.2 (<0.2) 0.4 (<0.2) <0.2 (<0.2) <0.2 (<0.2) <0.2 (<0.2) NV

Selenium 0.5 (0.9) 1.5 (1.2) 0.3 (0.3) 0.8 (1.1) 0.4 (0.5) 10

Aluminum 5190 (7480) 16900 10600 4760 (6540) 12900 NV

Barium 46 (59.1) 133 (117) 75 (71.5) 57 (72.8) 69 (64.4) 1000

Beryllium 0.2 (0.4) 0.8 (0.8) 0.5 (0.7) <0.2 (0.3) 0.5 (0.6) 1.2

Boron <0.2 (0.6) 0.8 (1.9) 0.2 (0.5) 0.3 (1.0) <0.2 (0.2) 1.5

Cadmium <0.5 (0.5) 0.9 (0.6) 0.6 (0.4) <0.5 (0.4) <0.5 (0.4) 12

Chromium 10 (12) 23 (19.6) 16 (15.7) 8.0 (10.1) 19 (18.8) 1000

Cobalt 8.0 (11.2) 23 (17.8) 7.0 (5.9) 8.0 (11.1) 9.0 (9.1) 50

Copper 44 (57.8) 105 (86.7) 25 (21.2) 44 (57.9) 37 (35.2) 300

Iron 11900 19400 12500 8170 (11800) 16900 NV

Lead 26 (37.3) 32 (32.5) 19 (17.2) 222 (304) 29 (31.9) 200

Manganese 286 (378) 221 (194) 235 (227) 145 (182) 422 (374) NV

Molybdenum <3.0 (<3.0) <3.0 (<3.0) <3.0 (<3.0) <3.0 (<3.0) <3.0 (<3.0) 40

Nickel 289 (428) 778 (693) 27 (20.2) 321 (470) 185 (189) 200

Phosphorous 1060 (1230) 917 (805) 913 (841) 777 (1030) 1200 (964) NV

Silver <1.0 (<0.8) <1.0 (<0.8) <1.0 (<0.8) <1.0 (<0.8) <1.0 (<0.8) 25

Titanium 140 (154) 35 (5.9) 77 (27.9) 90 (93.1) 90 (23.4) NV

Vanadium 20 (30.3) 30 (25.4) 23 (22.1) 13 (20.1) 26 (24.2) 250

Zinc 71 (90.2) 125 (111) 63 (57.7) 98 (125) 64 (63.6) 800

Sulphur 600 (640) 880 (600) 760 (640) 420 (600) 760 (480) NV

PH (Unitless) 6.65 (NA) 6.00 (NA) 6.94 (NA) 7.14 (NA) 6.63 (NA) 5-9 (Unitless)

Notes:
a Ministry of Environment’s Guideline For Use At Contaminated Sites in Ontario, revised February, 1997, (Table A) potable 

groundwater use at residential/parkland sites with medium and fine textured soils. 

NV No Value 

Bold Exceeds Table A Guideline Value 

 The result in the parenthesis indicates analytical resulted conducted in January 2001 without matrix spike.  



2008 Jacques Whitford Limited ONT34645 
Vale Inco Limited, Port Colborne Community Based Risk Assessment March 28, 2008 

Potential CoC Identification Using Soil Chemical Data in Exceedance of MOE Generic 
Guidelines Page 24 

TABLE 3.4 (Continued) 

SOIL ANALYTICAL RESULTS AND COMPARATIVE GUIDELINES 

(Samples Collected in January 2001 at 0 to 5 cm Depth)  

(Selected Metal Parameters) 

(mg/kg or ppm except as noted) 

 Port Colborne, Ontario

Parameter SOIL 9-1 SOIL 10-1 SOIL 11-1 SOIL 12-1 SOIL 13-1 
MOE 

TABLE A 

CRITERIA a

Mercury 0.04 (0.03) 0.06 (0.04) 0.11 (0.11) 0.06 (0.05) 0.04 (0.04) 10 

Antimony <0.2 (<0.2) 0.2 (<0.2) 3.6 (2.1) 0.2 (0.2) <0.2 (2.1) 13

Arsenic 3.2 (2.9) 2.8 (3.1) 8.7 (9.3) 5.1 (4.8) 2.4 (2.1) 25

Bismuth <0.2 (<0.2) <0.2 (<0.2) 0.3 (<0.2) 0.2 (<0.2) <0.2 (<0.2) NV

Selenium 0.3 (<0.2) 0.2 (0.3) 1.1 (1.3) 0.8 (0.7) 0.2 (<0.2) 10

Aluminum 12800 (12500) 8700 (10300) 7420 (10600) 14500 (14100) 9700 (8920) NV

Barium 69 (60.3) 82 (89.2) 127 (184) 107 (98.2) 41 (37.6) 1000

Beryllium 0.5 (0.5) 0.3 (0.5) 0.3 (0.6) 0.6 (0.7) 0.6 (0.3) 1.2

Boron <0.2 ( 0.2) <0.2 (0.3) 0.3 (0.4) 0.3 (0.5) 0.2 (0.3) 1.5

Cadmium <0.5 (<0.3) <0.5 (0.3) 0.7 (1.0) <0.5 (0.3) <0.5 (<0.3) 12

Chromium 16 (15) 16 (14.9) 36 (119) 21 (16.6) 13 (11.5) 1000

Cobalt 8.0 (7.7) 8.0 (9.4) 19 (26.1) 19 (20.5) 4.0 (3.1) 50

Copper 27 (24.4) 43 (44.5) 106 (124) 70 (72) 11 (10.7) 300

Iron 18300 (15600) 13300 (15100) 14000 (19000) 25100 (23100) 11100 (10700) NV

Lead 21 (20.3) 16 (22.2) 256 (810) 34 (34) 13 (13.4) 200

Manganese 287 (268) 388 (438) 310 (407) 440 (437) 166 (169) NV

Molybdenum <3.0 (<3.0) <3.0 (<3.0) <3.0 (6.7) <3.0 (<3.0) <3.0 (<3.0) 40

Nickel 120 (119) 102 (122) 674 (850) 493 (470) 15 (11.9) 200

Phosphorous 909 (856) 1660 (1530) 1080 (1160) 1260 (1170) 736 (753) NV

Silver <1.0 (<0.8) <1.0 (<0.8) <1.0 (<0.8) <1.0 (<0.8) <1.0 (<0.8) 25

Titanium 106 (66.5) 81 (45.5) 103 (111) 99 (25) 42 (14.4) NV

Vanadium 26 (23.1) 19 (20.1) 19 (25.2) 30 (26.2) 20 (16) 250

Zinc 59 (66.4) 75 (81.7) 307 (536) 99 (94.6) 45 (37.3) 800

Sulphur 480 (400) 800 (400) 760 (680) 800 (680) 600 (530) NV

PH (Units) 7.18 (NA) 7.04 (NA) 7.52 (NA) 6.84 (NA) 7.04 (NA) 5-9 (Units)

Notes:

a Ministry of Environment’s Guideline For Use At Contaminated Sites in Ontario, revised February, 1997, (Table A) 

potable groundwater use at residential/parkland sites with medium and fine textured soils. 

NV No Value 

Bold Exceeds Table A Guideline Value 

 The result in the parenthesis indicates analytical resulted conducted in January 2001 without matrix spike.  



2008 Jacques Whitford Limited ONT34645 
Vale Inco Limited, Port Colborne Community Based Risk Assessment March 28, 2008 

Potential CoC Identification Using Soil Chemical Data in Exceedance of MOE Generic 
Guidelines Page 25 

3.1.3 Inorganic Parameters - Anions 

Concentrations of inorganic parameters such as chloride and sulphate ranged from 8.7 

ppm to 216 ppm and from 20 ppm to 423 ppm respectively. A review of these 

concentrations plotted on a sample location map indicates that the higher concentrations 

of chlorides and sulphates are associated with the urban areas suggesting input from 

winter road salting activities.  There are no MOE Table A Generic Guidelines (MOE, 

1997) for either chloride or sulphate in soils. 

TABLE 3.5 

SOIL ANALYTICAL RESULTS AND COMPARATIVE GUIDELINES 

(Samples Collected in January 2001 at 0 to 5 cm Depth)  

 (Selected Anions) 

(mg/kg or ppm except as noted) 

Port Colborne, Ontario 

Parameter 

SOIL 2-1 SOIL 4-1 SOIL 5-1 SOIL 6-1 SOIL 8-1 

MOE 

TABLE A 

CRITERIA a

Chloride 9.5 14.8 20.8 11.5 24 NV 

Sulphate 20.2 23 14.1 11.5 29.2 NV 

Parameter 

SOIL 9-1 SOIL 10-1 SOIL 11-1 SOIL 12-1 SOIL 13-1 

MOE 

TABLE A 

CRITERIA a

Chloride 4.0 42.9 56.2 116 80.5 NV 

Sulphate 7.6 16.7 46.8 69.3 10.5 NV 

Notes:

a              -               Ministry of Environment’s Guideline For Use At Contaminated Sites in Ontario, revised February, 1997, 

(Table A) potable groundwater use at residential/parkland sites with medium and fine textured soils. 

NV No Value 
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3.2 ANALYSES OF MOE-ARCHIVED SURFACE SOILS 

The laboratory analytical results for the submitted 149 MOE archived soil samples 

together with respective land use and the comparative MOE Table A Generic Guidelines 

(MOE, 1997) are summarized in Table 1 provided in Appendix F. The laboratory 

certificates are provided in Appendix F.  MOE Table A Generic Guidelines (MOE, 1997) 

for soils of residential land use is 25 ppm for arsenic and 10 ppm for selenium.  MOE 

Table A Generic Guideline (MOE, 1997) for soils of agricultural land use is 2 ppm for 

selenium. 

Based on the chemical test results, concentrations of arsenic and selenium, where 

measured, did not exceed the comparative MOE Table A Generic Guidelines (MOE, 

1997)  for properties sampled on either residential/parkland or agricultural lands. 

3.3 QUALITY ASSURANCE AND QUALITY CONTROL 

Laboratory QA/QC 

To assure the QA/QC, Philip also analyzed matrix spiked samples and a process blank for 

each batch of samples. The QA/QC page of the Laboratory Certificate of Analyses 

(Appendix E) contains matrix spiked samples ID, process blank, process % recovery, 

matrix spike recovery information and statement regarding overall acceptability of the 

QC program. The certificate of analysis also includes statement regarding analysis 

performed, methodology, method number and instrument used in the analysis. In 

addition, the laboratory certificates also include information regarding any re-digestion 

required because of sample concentrations and respective, matrix spike and recovery 

data.

For metal analyses, the acceptable laboratory variation is 30% of the matrix spike (SRM). 

Based on the chemical test results as shown in Table 3.4, no apparent significant 

differences were observed in data with samples without SRM and those with SRM. 

No significant variations were noted amongst the analytes between one original sample 

and its replicate sample (SS2-1). The replicate sample was within the typical laboratory 

variance of 30 percent.

3.4 AREAS OF IDENTIFIED SOIL CONTAMINATION IN COMMUNITY 

On a community wide basis in Port Colborne, nickel, copper and cobalt were found to be 

the most prevalent chemicals in soil with concentrations greater than the MOE Table A 

Guideline criteria in areas east of the Welland Canal, based on evidence provided from 

the compilation of the JWL surface soils data and the MOE surface soils data (including 

both the original 1998 and the 1999 data sets (MOE, 2000a,b) and the additional data set 

from analyses of the archived samples). Soil concentration distribution maps for nickel, 

copper and cobalt are shown in Appendix A.
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Lead was found to be present in soils in several localized areas at concentrations 

marginally above the MOE Table A Generic Guidelines (MOE, 1997).  Localized 

exceedances of lead concentrations in soil were found at two JWL locations and also at 

one MOE location, representing only 3 exceedances out of 233 sample points analyzed in 

Port Colborne.  Drawing 3 shows these three localized areas of lead concentration in soil 

exceeding the respective MOE Table A Generic Guidelines (MOE, 1997). 

No exceedances of organic parameters, such as PCBs, volatile organic compounds or 

polyaromatic hydrocarbons were found above the MOE Table A Generic Guidelines 

(MOE, 1997). 
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4.0 RESULTS OF SURFACE AND SUBSURFACE SOILS 

INVESTIGATION AT INCO, ALGOMA AND RESIDENTIAL 

NEIGHBOURHOOD OF RODNEY STREET 

4.1 FIELD OBSERVATIONS OF TEST PITS 

Subsurface conditions were logged at the time of excavation. The test pit logs are 

appended in Appendix G. The following observations were made during test pit 

excavation:

4.1.1 Subsurface Conditions at former Steel Plant 

As shown in Appendix G, TP12 showed occurrences of very hard slag.

At TP13 and TP14, fill was encountered to a depth of 1.0 m below grade. The fill 

comprised of waste rock fragments, slag, coal pieces and even deposits of iron pellets and 

iron shot balls abandoned from the former steel plant operation. 

4.1.2 Subsurface Conditions in Rodney Street Community 

At TP8, TP9, TP10 and TP17, about 0.06 m (TP8) to 0.10 m (TP10 and TP17) of topsoil 

was encountered overlying fill materials. The fill thickness in this area ranged from 

0.12 m (TP17) to 0.37 m (TP9).  

Pieces of slag and brick fragments were encountered in the fill. 

At TP8 and TP17, about 0.69 m and 0.18 m of peat deposit was encountered underlying 

the fill.  

In TP9, TP10 and TP17, native beach sand deposit was encountered underlying fill and 

organic deposits indicating near shore deposits with low-lying peat bogs. 

4.1.3 Subsurface Conditions at Inco Property 

Test pits located along the northeastern part of the Inco refinery (TP2 and TP7) and those 

along TP5 and TP6 encountered 0.12 to 0.18 m of topsoil overlying native clay deposit.

At TP3, about 0.09 m of reworked clay with organics and rootlets from previous 

ploughing was encountered beneath the topsoil overlying native clay deposit. The 

presence of reworked native clay at TP3 is indicative of past agricultural/tilling activities 

in the northeast corner of Inco property.  

At TP1, about 0.47 m of fill was encountered overlying buried topsoil (about 0.05 m) and 

native clay deposit (0.45 m thick) over limestone bedrock at a depth of 0.95 m below 

grade.  
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At TP4, excavated along the right of way of Davis Street and Louis Street intersection, 

0.51 m of fill was encountered. 

At TP16, one (1.0) meter of industrial fill material was encountered suggesting the area to 

be part of the former Inco landfill area. 

It is apparent from the above soil descriptions that fill material containing pieces of slag 

was found only in the Rodney Street neighbourhood and the former steel plant property. 

No fill material was placed northeast of the Inco Refinery beyond their landfill area (ie., 

northeast of testpit TP16).

4.2 CHEMICAL RESULTS 

The following sub-sections describe the chemical results on the collected samples of 

remnant slag, iron ore waste rock, iron pellets and iron shot balls from the test pits on the 

former steel plant property, and of soil samples from all of the 17 test pits. 

4.2.1 Former Steel Plant Remnant Slag  

Table 4.1 show chemical data on slag collected from test pit TP12 excavated in the 

southern part of the former steel plant. 

As shown in Table 4.1, the slag contains relatively high concentration of beryllium 

exceeding the MOE Table A generic guideline by 5 to 6 times respectively.  This 

confirms part of the MOE data interpretation of their Rodney Street investigation (MOE, 

2001c) in that the measured exceedances of beryllium in soil were related to imported fill 

material containing slag from the former steel plant. 

It should also be noted in Table 4.1 that selenium concentrations ranged from 7.5 to 9.1 

ppm (MOE Table A guideline for selenium is 10 ppm) and that the pH levels are high 

varying from 9.0 to 10.5 exceeding the MOE upper limit for soils at pH 9.0. 

4.2.2 Former Steel Plant Remnant Waste Rock and Other Materials 

Table 4.2 show chemical test data for material samples such as the abandoned iron ore 

waste rock, iron pellets and iron shot balls collected from test pit TP14. As shown in 

Table 4.2, the iron pellets and waste rock contain high concentrations of iron (25% and 

41%). In addition, the waste rock contains 24 and 29.9 ppm of arsenic and 0.9 and 1.6 

ppm of beryllium. The MOE Table A Generic Guidelines for arsenic in soil is 25 ppm 

and beryllium in soil is 1.2 ppm. 

It is apparent from the chemical test results that the waste rock generated from the iron 

ore used by former steel plant had concentrations of arsenic and beryllium that exceed the 

present day MOE Table A Generic Guidelines.  
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4.2.3 Soil  

The surface and subsurface soil chemical results for test pits TP1 through TP17 were 

tabulated and provided in Appendix H together with laboratory certificates of chemical 

analyses. The chemical results for surficial soil samples taken from test pits TPA, TPC, 

TPD and TPE were tabulated and provided in Table 18 of Appendix H together with the 

laboratory certificates of chemical analyses. The results have been mapped and the 

findings are discussed in Sections 4.4 to 4.6.
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TABLE 4.1 

DATA ON SLAG FROM FORMER STEEL PLANT 

Samples Collected in August 2001 

(Selected Metal Parameters) 

(mg/kg or ppm except as noted) 

Parameter 

TP12 (0 to 2.5 cm depth) TP12 (2.5 to 5 cm depth) TP12 (5 to 10 cm depth) 

MOE 

TABLE A 

CRITERIA a

Antimony 0.9 0.3 0.2 13 

Arsenic 15.2 5.9 4.9 25 

Selenium 7.5 9.1 9.1 10 

Aluminum 42100 41200 36600 NV 

Barium 691 201 160 1000 

Beryllium 6.1 7.5 7.4 1.2 

Cadmium 1.6 1.0 1.0 12 

Chromium 39 23 21 1000 

Cobalt 7.0 3.0 <2.0 50 

Copper 73 27 20 300 

Iron 73100 30300 18300 NV 

Lead 11 <5.0 <5.0 200 

Manganese 3980 3480 2960 NV 

Molybdenum 6.0 <3.0 <3.0 40 

Nickel 77 33 22 200 

Phosphorous 804 271 226 NV 

Silver <1.0 1.0 2.0 25 

Titanium 885 864 841 NV 

Vanadium 13 7.0 6.0 250 

Zinc 153 42 21 800 

PH (Unitless) 9.0 10.3 10.5 5-9 (Unitless) 

Notes:

a             -Ministry of Environment’s Guideline For Use At Contaminated Sites in Ontario, revised February, 1997, (Table A) 

potable groundwater use at residential/parkland sites with medium and fine textured soils. 

NV No Value 

Bold Exceeds Table A Guideline Value 
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TABLE 4.2 

DATA ON REMNANT MATERIALS FROM FORMER STEEL PLANT 

Samples Collected in August 2001 

(Selected Metal Parameters) 

(mg/kg or ppm except as noted) 

Parameter 

Iron Shot Balls  Iron Pellets Waste Rock 

Waste Rock MOE 

TABLE A 

Antimony 1.5 N/A N/A 0.9 13 

Arsenic 2.7 12.9 29.9 24 25 

Selenium <0.2 <0.2 1.0 1.1 10 

Aluminum 786 1200 10800 8000 NV 

Barium 7.0 8.0 84 71 1000 

Beryllium <0.2 <0.2 1.6 0.9 1.2 

Cadmium 0.7 <0.5 <0.5 3.4 12 

Chromium 24 87 48 15 1000 

Cobalt <2.0 <2.0 <2.0 <2.0 50 

Copper 14 10 22 24 300 

Iron 108000 254000 412000 313000 NV 

Lead <5.0 <5.0 <5.0 <5.0 200 

Manganese 188 1090 1820 1920 NV 

Molybdenum <3.0 8.0 9.0 5.0 40 

Nickel 32 32 31 34 200 

Phosphorous 147 226 338 457 NV 

Silver <1.0 <1.0 <1.0 <1.0 25 

Titanium 82 223 241 385 NV 

Vanadium 9.0 15 26 22 250 

Zinc 29 14 <5.0 9.0 800 

PH (Unitless) 8.63 8.84 9.65 7.83 5-9 (Unitless)

Notes:

a              -Ministry of Environment’s Guideline For Use At Contaminated Sites in Ontario, revised February, 1997, (Table 

A) potable groundwater use at residential/parkland sites with medium and fine textured soils. 

NV No Value 

Bold Exceeds Table A Guideline Value 
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4.3 QUALITY CONTROL/QUALITY ASSURANCE 

4.3.1 Laboratory QA/QC 

The QA/QC page of the Laboratory Certificate of Analyses (Appendix H) contains 

matrix spiked samples ID, process blank, process % recovery, matrix spike recovery 

information and statement regarding overall acceptability of the QC program. For metal 

analyses, the acceptable laboratory variation is 30% of the matrix spike (SRM). 

4.3.2  Field QA/QC 

Percentage differences were calculated on chemical data of the seventeen (17) soil 

samples between original samples and duplicate samples according to the equation given 

in JWL’s July 9, 2001 protocol entitled ‘Sampling and Analysis: Quality Assurance and 

Quality Control’ as appended in Appendix C. 

Table 1 in Appendix I show chemical test results and calculated percentage differences 

for original samples and duplicate samples. A difference of 30 percent is the normal 

control limit.  Based on the chemical test results as shown in Table 1 in Appendix I, no 

significant variations were noted amongst the analytes between original samples and their 

duplicates. Two hundred eighty one (281) out of 357 duplicate chemical tests were within 

a variance of 30 percent.

4.4 SOIL CHEMICAL CONCENTRATION CONTOURS AROUND FORMER 

STEEL PLANT AND INCO REFINERY 

Soil chemical test results for TP1 through TP17 together with MOE Table A comparative 

guideline values are provided in tables in Appendix H.

Chemical test results in surface soil (upper 5 cm) of nickel, copper, cobalt, arsenic, 

selenium, cadmium, iron, lead and zinc, which were metals identified to be of concern in 

the Rodney Street neighbourhood by the MOE (2001b,c) were plotted on Drawings 4 to 

12.  These plots show the spatial distribution patterns of soil chemical concentrations 

around the former steel plant and the former Inco refinery. 
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It is apparent from the soil chemical concentration contour plots of Drawings 4 to 12 that

there exists chemical-chemical associations in surface soils and that these associations 

appear to belong into one of three distinct groups: 

Group1: Nickel Group: those soil chemicals which show similarities in contour patterns 

with the soil nickel concentration contour pattern. Nickel was the primary component of 

atmospheric fallout from the former Inco nickel refinery.  Thus nickel is the primary CoC 

indicator for Inco as the industrial source. Chemicals that fall in this group are nickel, 

copper and cobalt.  The chemical distribution patterns for nickel, copper and cobalt are 

similar to those in prior MOE investigations (MOE 2000a,b) 

Group 2: Iron Group: those soil chemicals which show similarities in contour patterns 

with the soil iron concentration contour pattern. Iron was the primary component of 

atmospheric fallout from the former steel plant which used iron ore as the principal raw 

material.  Thus iron is the primary CoC indicator for the former steel plant as the 

industrial source. Chemicals that fall in this group are iron, lead and zinc.

The soil concentration contour patterns for the Group 2 chemicals show an abrupt 

decrease in concentrations east of the Inco refinery.  It is apparent that the industrial 

buildings located along the west face of the Inco refinery acted as a vertical barrier for 

any northeast airborne emission originating from the former steel plant.  As the stacks of 

the former steel plant were 9 m to 12 m high (30 to 40 feet), most of its fallout would 

have been in the neighbouring Rodney Street area which is located directly in the path of 

prevailing northeasterly wind direction.

Group 3: Combined Nickel and Iron Group: those soil chemicals which show similarities 

in contour patterns with both the soil nickel and the soil iron concentration contour 

patterns and thus whose origins are probably from both the Inco refinery and the former 

steel plant. Chemicals that fall in this group are arsenic, selenium and cadmium. 

4.5 SOIL CHEMICAL CONCENTRATION DEPTH PROFILES DOWNWIND 

OF FORMER STEEL PLANT AND INCO REFINERY 

To identify the patterns in soil chemical concentrations in test pits with depth and with 

distance from both the Inco refinery and the former steel plant (ie. 2 industrial sources), 

selected soil depth profiles were plotted along northeast traverses from Inco (ie. traverse 

A-A’ on Drawing 2) and also from the former steel plant (ie. traverse B-B’ on Drawing 

2). Soil concentration depth profiles of nickel, copper, cobalt, arsenic, selenium, 

cadmium, iron, lead, and zinc were plotted as cross sections on Drawings 13 to15. Only 

soils data from five (5) test pits (TP3, TP5 for traverse A-A’ and TP9, TP17 and TP13 for 

traverse B-B’) were shown on these cross sections for ease of data visualization and 

interpretation.   
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Test pit TP5 northeast of the Inco refinery is of particular importance in the interpretation 

of these cross sections because there was no evidence of infilling or soil disturbance 

within this test pit and thus a true evaluation can be made of the vertical migration of any 

atmospheric deposited chemical.  In contrast, the test pits of TP9, TP17 and TP13 

northeast of the former steel plant showed significant man-made disturbance.  At TP13 

on the former Algoma property, there was evidence of demolition and burial of 

demolition remains.   

Presence of slag, similar in appearance to that found in the test pits on the former steel 

property, was found in fill material in test pits TP17 and TP9 located within the Rodney 

Street neighbourhood, indicating a source of metals other than particulate deposition from 

atmospheric fallout from an industrial source. Contrary to this, no slag was found in test 

pits TP3 and TP5 located northeast of the Inco refinery.

Similar to the findings of the soil chemical concentration contours as discussed in Section 

4.4, the soil chemical concentration depth profiles of Drawings 13 to 15 show chemical-

chemical association to fall into one of three distinct groups: 

Group1: Nickel Group: those soil chemicals which show similarities in concentration 

distribution patterns with depth with the soil nickel concentration distribution pattern 

with depth. Nickel is the primary indicator of atmospheric fallout from the former Inco 

nickel refinery. Chemicals that fall in this group are nickel, copper and cobalt. 

Group 2: Iron Group: those soil chemicals which show similarities in concentration 

distribution patterns with depth with the soil iron concentration distribution pattern with 

depth.  Iron is the primary CoC indicator of atmospheric fallout from the former steel 

plant. Chemicals that fall in this group are iron, lead and zinc. 

Group 3: Combined Nickel and Iron Group: those soil chemicals which show similarities 

in concentration distribution patterns with depth with both the soil nickel and the soil iron 

concentration distribution patterns with depth. Chemicals that fall in this group are 

arsenic, selenium and cadmium. The concentration distribution patterns with depth for 

soil chemicals in this group southwest of the Inco refinery follow more closely the iron 

concentration distribution pattern with depth (thus indicating the former steel plant as the 

origin of the source) whereas northeast of the Inco refinery, these patterns follow the 

nickel concentration distribution pattern with depth (thus indicating the Inco refinery as 

the origin of the source). 
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4.6 ORIGIN OF SOIL CHEMICALS FROM ATMOSPHERIC DEPOSITION 

VERSUS FROM INFILLING

To differentiate the CoCs in soils as those that resulted from infilling and those from 

atmospheric deposition, soil chemical concentration depth profiles were examined based 

on:

(1) soil descriptions in test pit logs as appended in Appendix G 

(2) chemical concentration data for soils collected from test pits in Appendices H, 

and

(3) soil chemical concentration depth profiles from selected test pits as mapped on 

Drawings 13 to 15. 

It is apparent from test pit logs appended in Appendix G that the test pits TP5, TP6 and 

TP7 northeast of the Inco refinery revealed no evidence of infilling or soil disturbance 

within these test pits and thus any collected information from soil chemical data for these 

test pits would be a true representation of the vertical migration of any atmospheric 

deposited chemical. In contrast, the test pits of TP8, TP9 and TP10 northeast of the 

former steel plant within the Rodney Street community showed significant man-made 

disturbance with depth. Presence of slag material was found in fill material in test pits 

TP9, TP10 and TP17 located within the Rodney Street community. Thus any collected 

information from soil chemical data for these test pits would be representation of not only 

as a result of particulate deposition from atmospheric fallout from an industrial source, 

but also from man-influenced infilling. 

As shown on Drawings 13 to 15, the soil chemical concentration depth profiles of test pit 

TP9 located in Rodney Street area showed two distinctive peaks of chemical occurrence 

with depth, the first one within the upper 10 cm within the topsoil unit and the second one 

at around the 20 cm depth within the slag containing fill unit. Further evidence of this 

two peak signature of soil chemical occurrence with depth can also be found in test pits 

TP8 and TP10 (located in Rodney Street community) as shown in the soil chemical data 

Tables 8 and 10 in Appendix H.

Contrary to the observed two peak signature of soil chemical occurrence with depth 

within the Rodney Street community, test pit TP5 located within an undisturbed area on 

Inco property northeast of the refinery showed only a one peak signature of soil chemical 

occurrence with depth with the peak found in the upper 10 cm of the topsoil unit.  Further 

evidence of this one peak signature of chemical occurrence with depth in undisturbed 

areas located northeast of the Inco refinery can be found for soils in test pits TP6 and TP7 

as shown by the soil chemical data Tables 6 and 7 of Appendix H. 

In general, soil pH measurements were found to be higher in soils northeast of the steel 

plant than in soils northeast of Inco. This is particularly common to fill material 

containing slag, most probably originating from the former steel plant. 
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It is known in the literature that nickel oxide can dissolve over time and the geochemical 

processes that control its solubility are generally pH dependent. Nickel can be transported 

downwards with infiltrating water to depths below the zone of initial nickel oxide 

deposition if pore water pH values are near neutral or mildly acidic. Considering the fact 

that pH was found to be higher in soils of test pits northeast of the steel plant than in soils 

northeast of Inco, it is unlikely that the lower peak of the soil nickel concentration 

distribution pattern at around the 20 cm depth within the slag containing fill in test pits 

excavated in the Rodney Street area had resulted from solubilization of nickel oxide and 

downward migration of nickel to the 20 cm depth.  
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5.0 DISCUSSION 

5.1 NICKEL, COPPER, COBALT 

Nickel matte containing mainly nickel, copper and cobalt was used in Inco’s refinery 

operation from 1917 to 1984. The observed soil chemical concentration contours and the 

soil chemical concentration depth profiles for nickel, copper and cobalt (Nickel Group of 

chemicals as discussed in this report) showed  community wide exceedances above MOE 

Table A Generic Guidelines (MOE, 1997).  Thus nickel, copper and cobalt satisfy 

Condition No.2 of the TSOW and are CoCs attributed to the Inco refinery.

5.2 IRON 

During the historical sintering and smelting operations at the former steel plant from 

1913 to 1977, iron ore and other raw materials were burned in the blast furnace, part of 

which became product, and the other parts became atmospheric particulate emissions, 

slag, waste rock and other waste materials.  Although samples of iron ore were not found 

on the former steel plant property, samples of slag, waste rock, iron pellets and iron shot 

balls were found.  Chemical analyses of these materials were found to contain iron and a 

large number of associated metals such as arsenic, beryllium, selenium, and zinc.  

Iron and the associated Iron Group chemicals as defined earlier in this report such as lead 

and zinc showed soil concentration contour patterns that were high in the area of the 

former steel plant and then decreased abruptly east of the Inco refinery. 

Based on the surficial soil concentration distribution map of iron, it was apparent that the 

industrial buildings located along the west face of the Inco refinery acted as a vertical 

barrier for air borne emissions from the former steel plant, significantly reducing travel 

further northeastward. Hence, most of the particulate fallout containing iron and 

associated chemicals was in the neighbouring Rodney Street area which is located 

directly in the path of the prevailing northeasterly wind direction. Travel of the 

atmospheric particulate emissions from the former steel plant stack further northeastward 

was limited due to the height of the Inco buildings.  

Considering the site background history on the former steel plant and the observed soil 

iron concentration contours and the soil iron concentration depth profiles,  it is conclusive 

that the occurrence of iron as well as the associated  Iron Group chemicals in soils in Port 

Colborne east of the Welland Canal originated from the historical emissions of the former 

steel plant. 

Therefore, iron is a CoC attributed to the former steel plant. 
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5.3 LEAD 

Based on the soil chemical test results, regionally and not including the Rodney Street 

neighbourhood, lead was found to be present in soils at only two localized residences at 

concentrations marginally exceeding the MOE Table A Generic Guidelines (MOE, 1997).  

Lead was found to exceed the MOE Table A Generic Guideline (MOE, 1997) at 143 out of 

179 residences in the Rodney Street neighbourhood. A significant source of lead is believed 

to have originated primarily from the former steel plant based on the observed patterns of 

soil lead concentration contours and the soil lead concentration depth profiles which mirror 

those of the soil iron concentration patterns.  Soil iron was considered as the indicator 

chemical or fingerprint of soil contamination arising from the former steel plant.  Other 

sources of this lead are from other historical industrial sources in the area (eg. former 

railway operations and other activity along the Welland Canal) and from lead acid batteries, 

lead paint, and leaded gasoline. 

Review of MOE data (MOE 2001d) collected in past thirty years in the urban area of the 

City of Toronto, Ontario (as shown in Tables 1 to 4, Appendix J) show significant amounts 

of lead in urban soils as attributed to atmospheric deposition of leaded gasoline as well as 

the use of leaded paints and the storage of lead acid batteries. 

Therefore, lead is a CoC derived mainly from the former steel plant and other non-INCO 

activities.  Lead is not a CBRA CoC. 

5.4 ZINC

Based on the soil chemical test results, regionally and not including the Rodney Street 

neighbourhood, concentrations of zinc in soil samples were found to be in compliance with 

the MOE Table A Generic Guideline (MOE, 1997).

Zinc was found to exceed the MOE Table A Generic Guidelines (MOE, 1997) at 30 out of 

179 residences in the Rodney Street community.  The source of this zinc is believed to have 

originated from atmospheric deposition from the former steel plant based on the observed 

patterns of soil zinc concentration contours and the soil zinc concentration depth profiles 

which mirror those of the soil iron concentration patterns.  Soil iron was considered as the 

indicator chemical or fingerprint of soil contamination arising from the former steel plant. 

Therefore, zinc is a CoC derived mainly from the former steel plant. 

5.5 ARSENIC 

Arsenic was found to exceed the MOE Table A Generic Guideline (MOE, 1997) in soils 

both northeast of the former steel plant and northeast of the Inco refinery. It was apparent 

from the observed soil arsenic concentration contour map that the arsenic exceedances were 

centered around both the former steel plant and the Inco refinery.  
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Arsenic was evident in notable concentrations in the waste rock and slag materials found 

abandoned on the former steel plant. 

Arsenic is a CoC for both the Inco refinery and the former steel plant. 

5.6 SELENIUM

The observed soil selenium concentration contour pattern did not show any exceedances 

on a community wide basis above the MOE Table A Generic Guideline (MOE, 1997).  

Instead, selenium was found to exceed the MOE Table A Generic Guideline (MOE, 

1997) at only several localized areas including one (1) residence on Rodney Street and 

from one (1) sample in one woodlot northeast of the Inco refinery.  Localized 

exceedances of a chemical in soil in one part of the Port Colborne community do not 

warrant identification of that chemical as a CoC according to the definition of TSOW 

Condition 2.

Thus, selenium is not a CoC. 

5.7 CADMIUM

Cadmium was found to exceed the MOE Table A Generic Guideline (MOE, 1997) but 

only localized in soils from two (2) residences on Rodney Street. These localized 

exceedances cannot be considered as community wide exceedances.  

Thus, cadmium is not a CoC. 

5.8 BERYLLIUM

Beryllium was found by the MOE to exceed the MOE Table A Generic Guideline (MOE, 

1997) at 87 out of 179 residences in the Rodney Street community (MOE, 2001b). 

Assays of the slag material excavated in a test pit at the southern part of the former steel 

plant showed relatively high concentrations of beryllium exceeding the MOE Table A 

Generic Guideline (MOE, 1997) by 5 to 6 times respectively.  This confirmed part of the 

MOE data interpretation of their Rodney Street investigation (MOE, 2001b) in that the 

measured exceedances of beryllium in soil were related to imported fill material 

containing slag from the former steel plant. 
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The other part of the MOE data interpretation (MOE, 2001c) regarding the origin of the 

beryllium in soil was related to shale in the local area. A review of the MOE document 

entitled Investigation Into The Chemical Composition of Shales in Ontario 1997 (MOE 

1998) indicated that shale and sometimes the soil associated with the shale formations 

frequently exceed the Ontario Background soil concentrations for beryllium. Although it 

is limestone bedrock (Middle Devonian limestone/dolostone of the Detroit River Group, 

Onondaga Formation) and not shale bedrock that underlies soils in Port Colborne, 

nonetheless, the parent soil and glacial till material transported from other areas to this 

area of Port Colborne may contain weathered shale fragments elevated in beryllium. 

JWL conducted a review of the natural occurrences of beryllium in bedrock and natural 

soil and the findings are appended in Appendix K. 

Literature review of historical and current refining at Inco’s refinery operation indicated 

that raw materials containing beryllium were not used by Inco in its processes. 

Based on the above, there is strong evidence linking the occurrences of beryllium in soils 

with past emissions from the former steel plant and slag generated by this plant. 

In summary, beryllium is a CoC derived from the former steel plant. 
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6.0 CONCLUSIONS 

The potential CoCs for the CBRA under TSOW Condition No. 2 attributed to Inco’s 

historical nickel refinery operations are nickel, copper, cobalt and arsenic.

The potential chemicals that can be attributed to the former steel plant’s iron ore  

operation are iron, beryllium, zinc, arsenic, selenium, lead and cadmium.  Of these, only 

lead, zinc, arsenic and beryllium which exceed the MOE generic effects-based guidelines 

would constitute as CoCs attributed to the former steel plant under TSOW Condition 2. 

A significant source of lead in soil as indicated by soil data may be from the former steel 

plant.  However there are other potential sources of lead in soil that can be attributed to 

non-industrialized sources such as leaded paint, leaded gasoline, and batteries. 
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7.0 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. 

We trust that the information presented herein meets your present requirements.  Should 

you have any questions or require additional information, please do not hesitate to contact 

us.

Yours very truly, 

JACQUES WHITFORD LIMITED

Eric Veska, Ph.D., P.Geo., C.Chem. William H. Stiebel, M.Sc., P.Geo. 

Principal and Project Manager Principal 

Original Signed By: Original Signed By:
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