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1.0 INTRODUCTION

11 BACKGROUND

Jacques Whitford Environment Limited (JWEL) was retained by Inco Limited (Inco) to carry out a
Community Based Risk Assessment (CBRA) for the City of Port Colborne. As part of the CBRA
requirements, JWEL has undertaken various environmental studies and investigations to identify and
evauate the chemicals of concern (CoCs) originating from historical emissions from the Inco
Refinery in Port Colborne.

The definition for a CoC within the 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, and

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

MOE generic effects-based guidelines as defined in Condition 2 refer to the MOE Table ‘A’ Generic
Guidelines (MOE, 1998).

Inco is the proponent of the Port Colborne CBRA. As such, only chemicals that meet all of the three
above-described CoC conditions and originate from Inco's historical operations are considered CoCs
for the CBRA.

Documentation of the previous studies and investigations undertaken by JWEL in evaluating each of
these three Conditions are as follows:

= “Potential CoC ldentification using an Emissions Inventory and Dispersion Modelling”
dated November 23, 2001 (JWEL, 2001a);

= “Potential CoC Identification using Soil Chemical Concentration Data in Exceedance of
MOE Generic Guidelines’ dated November 23, 2001 (JWEL, 2001b); and

= “Potential CoC Identification using Statistical Analyses’ dated November 16, 2001 (JWEL,
2001c) and “CoC ldentification using an Emissions Inventory and Dispersion Modelling”
dated November 23, 2001 (JWEL, 2001b).

The Ministry of the Environment (MOE) conducted a review of the above-mentioned reports and
produced a letter (letter of January 11, 2002 “Review of JWEL CBRA CoC Reports’) that concurred
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with the outcome of JWEL's findings that the CoCs related to Inco are nickel, copper, cobalt and
arsenic.

The MOE January 11, 2002 letter stated that the MOE did not concur that Algoma Steel, situated
upwind of the East Side Community and Inco, was a significant source of the randomly-observed
localized soil lead levels on some residential properties in the East Side Community. Instead, the
MOE related these observed localized soil lead levels in the East Side Community to domestic and
genera urban sources of lead. The East Side Community is defined as a community within the City
of Port Colborne, situated between Inco and the former Algoma Steel site, and is bounded by Davis
Street or the Inco Refinery to the east, Welland Street or the vacant Seaway properties to the west,
the south side of Louis Street to the north and both sides of Rodney Street to the south.

After the release of JWEL’s November CoC reports (JWEL, 2001a,b,c), additional sources of soil
lead data became available for review. The first source of additional data on concentrations of soil
lead by others were samples taken and analysed by AMEC Earth & Environmental (AMEC) from
federally-owned, surplus Seaway properties bordered by the Rodney St. area to the east and the
Welland Canal to the west. AMEC presented their findings at a public meeting held in Port Colborne
on February 15, 2002 and distributed four reports, entitled:

= “Phase | Environmental Ste Assessment on Parcel #NP-021-B (Ste #1) Vacant Lands
Between Clarence & Rodney Streets, Port Colborne, Ontario” , dated November 2001,

= “Phase Il Environmental Ste Assessment on Parcel #NP-021-B (Ste #1) Vacant Lands
Between Clarence & Rodney Streets, Port Colborne, Ontario”, dated December 2001
(AMEC, 2001a),

= “Phase | Environmental Ste Assessment on Parcel #NP-022-B (Ste #2) Vacant Lands
Between Rodney Street & East Breakwater, Port Colborne, Ontario” , dated November 2001,

= “Phase Il Environmental Ste Assessment on Parcel #NP-022-B (Ste #2) Vacant Lands
Between Rodney Street & East Breakwater, Port Colborne, Ontario” , dated December 2001
(AMEC, 2001b).

Elevated concentrations of soil lead, with concentrations as high as 3100-ug/g were found by AMEC
on these former industrial lands. Further details are provided in Section 3.1.2.4 of this report.

A second source of additional data on soil lead became available on April 24, 2002 regarding
concentrations of soil lead north of the Rodney Street area, in particular north of Louis Street and
south of Durham Street. These data were provided by Inco, through their consultant DCS. Detailed
interpretation of these datais provided in Section 3.1.2.3 of this report.

The third source of additional soil lead data was from the MOE in their final report entitled “ Soil
Investigation and Human Health Risk Assessment for the Rodney Street Community, Port Colborne”
released in March 2002. (Earlier versions of these data were available in previous MOE reports
(MOE, 2001a,b). Within the MOE (2002) report, the MOE mapped soil lead concentrations within
the Rodney Street area. The maps produced by the MOE indicated severa ‘areas or ‘pockets where
the soil lead values were above the MOE Table ‘A’ Generic Guidelines (MOE, 1998). The MOE
explained the source(s) of these ‘pockets to be domestic and urban sources, including but not
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limited to lead paint, lead acid batteries, leaded gasoline etc. Specific reference to these ‘areas’ or
‘pockets’ of elevated soil lead concentration is discussed in Section 3.1.4 of this report.

A fourth source of additional soil lead data were soil samples collected by JWEL from 2001 to 2003
to satisfy other requirements of the CBRA, such as the Human Health and Ecological Risk
Assessment. Soil samples included those collected in woodlots, open spaces, for the biomonitoring
and field crop studies, the food basket survey, and the indoor dust study. Soil samples collected by
Inco on afarm southeast of the plant have also been included in this report.

MOE-published studies examining soil lead concentrations in woodlots, schools, beaches and
additional residential properties have also been included in this report.

Finally, JWEL included the findings from the report titled “Lead Screening Report East Side
Community, Port Colborne April — June, 2001” and dated August 2001 by the Regional Niagara
Public Health Department (NPH). NPH initiated the study because of a community concern that
elevated soil lead levels may have resulted in unusual exposure, especially among children.

Understanding the potential sources of lead in contributing to the measured soil lead exceedances in
the East Side Community is a complicated issue with many confounding influences and effects. This
report details the history, background and analysis of potentially multiple sources of lead in the East
Side Community. The report is presented in nine sections, which detail the various aspects of the
lead in soil issue in the East Side Community:

Section 1.0 provides a description of Conditions 1, 2 and 3, al of which need to be met for lead
to be considered a CoC under the terms of reference for the Port Colborne CBRA. Section 1.0
also details the objectives of the current study.

Section 2.0 provides a general description of the site characteristics.

Section 3.0 provides a compilation of databases on lead concentrations in soils in the Port
Colborne area and delineation of horizontal and vertical distribution of soil lead.

Section 4.0 provides a literature review of Inco’'s historical processes and a lead emission
inventory.

An air modelling approach to determine if Inco emissions can be scientifically linked to soil lead
in the East Side Community is presented in Section 5.0.

An empirical and statistical approach to determine if Inco emissions can be scientifically linked
to soil lead in the East Side Community is presented in Section 6.0.

A review of potential other sources of lead contamination of soil in the East Side Community,
besides the Inco Refinery, such as from other local industries, nearby commercial operations and
domestic practices, is provided in Section 7.0.

Re-Evaluation of Lead as a Potential CoC Project No. ONT35313
June, 2004, Port Colborne CBRA, Port Colborne, Ontario Page 3



Section 8.0 provides a summary of findings of Conditions 1, 2 and 3 in the re-evaluation of lead
as a potential CoC related to the Inco Refinery, as well as attributing the relative contributions of
soil lead by source.

Overall conclusions are found in Section 9.0.

Supporting documentation for the re-evaluation of lead as a CoC are contained in Appendices A
through N.

12 OBJECTIVES

The objectives for the re-evaluation of lead as a potential Port Colborne CBRA CoC were two fold:

1 Re-evaluate lead as a potential CoC that may have been derived from the historical
operations of the Inco Refinery taking into consideration the existing soil lead data
provided in IWEL’s CoC reports (JWEL, 2001a,b, c) and the new information on soil
lead data taken from other independent studies including AMEC (2001ab), DCS
(2001/2002), IWEL (2001/2002/2003) and MOE (2002); and,

2) Provide plausible explanation(s) for the localized soil lead exceedances (MOE, 2002)
observed within the East Side Community neighbourhood.

13 REVIEW AND INTERPRETATION OF CRITERIA FOR COC EVALUATION

The definition for a CoC within the 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, and

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

The three conditions specified above were developed based on discussions between Inco Limited,
the Ministry of Environment, Jacques Whitford Environment Limited and Stantec (formerly Beak
Environmental). The definition for each condition was developed through consultations between
professional environmental scientists and engineersin al of the above companies and organisations.
The development was conducted during the summer and fall of 2000 and the definitions were
finalised and accepted by all stakeholdersin the Technical Scope of Work (TSOW) dated November
2000. During the development, the basis for interpretation of these definitions was implicitly
understood to be the professional judgement and expertise of the environmental experts. The
following section details the interpretation of these conditions as understood by Jacques Whitford
and Inco.

Re-Evaluation of Lead as a Potential CoC Project No. ONT35313
June, 2004, Port Colborne CBRA, Port Colborne, Ontario Page 4



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

Condition 1 will be met if a contaminant of concern was manufactured, processed or otherwise used
by the Inco Limited Port Colborne Nickel Refinery (PCNR). Implied in this definition was that the
contaminant had to have been used in the PCNR in quantities large enough to have a significant
potential emission with respect to the MOE soil criteria for the particular contaminant. For instance,
a potential contaminant which might have been used only in very small amounts in the refinery (i.e.,
kilograms per year) would not meet Condition 1 if emissions required to produce concentrations in
the soil (in the contaminated area) above the MOE generic criteria would require much larger
emissions (i.e., tonnes per year of emissions).

Condition 2 - Chemicals that are present at a community level at concentrations greater than MOE
generic effects-based guidelines.

This condition specifies that the contaminant must be present in the soil in concentrations greater
then the MOE generic effects-based guidelines as defined in MOE Table ‘A’ Generic Guidelines
(MOE, 1998). In this condition, an exact definition of “community level” was not specified, but was
understood between the stakeholders during development, to refer to contamination spread over a
large percentage of the area of the community. The community area has typically been taken to be
about 29 square kilometres. This definition would preclude considering a chemical that occurs in
concentrations exceeding its MOE generic criteriain only a small area (such as a single residential
property) as being considered a community wide exceedance.

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

A further clarification of condition (3) is necessary. When the conditions were formulated in
consultation with the MOE, it was pointed out by the MOE that the interpretation of condition (3)
would have to be carried out not simply to show any amount of a chemical in soil originated from
Inco, but to show that a significant fraction of the chemical found in the soil came from Inco. The
guestion of what constitutes a significant fraction is one of judgement. According to the MOE, their
judgement on this matter would be based on issuing an order to Inco concerning lead in soil. Such an
order would rely on deciding what was a reasonable basis on which to hold Inco responsible for lead.
Although this basis is not quantitatively defined by the MOE, JWEL considers significant to be
greater than 25% contribution to the total for the purposes of evaluating condition (3) of this report.

If there is no information linking the PCNR to the chemical presence in the Port Colborne soils, or
the contribution of the PCNR to the chemical’s presence is unclear or not significant, then no
scientific linkage can be substantiated and Condition 3 would not be met.
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20 SITECHARACTERISTICS

21 IDENTIFICATION OF THE STUDY AREA

The Study Areaisidentified as those lands in and around Port Colborne where soil concentrations of
one or more of the CoCs exceed MOE (MOEE 1997) guidelines. The approximate soil nickel:soil
copper, soil nickel:soil cobalt and soil nickel:soil arsenic ratios within the Study Area are 10:1, 50:1
and 120:1. Since exceedances of the soil nickel guideline are much more significant and wide spread
than the other 3 CoCs, nickel has been used as the indicator element. Areas of soil nickel
concentrations in Port Colborne greater than 200 mg/kg (MOE Table A generic guideline for nickel)
are considered to be within the Study Area (approximately 29 km?). Figure 2.1 shows contours of
concentrations of nickel in surface soils (0-5 cm) in the Port Colborne area, with the highest
concentrations found on Inco property immediately northeast and east of the Refinery.

2.2 HISTORICAL OVERVIEW OF INCO REFINERY OPERATIONS

Inco began operations in the City of Port Colborne in 1918. Historical operations at the Inco
Refinery produced particulate emissions that subsequently resulted in atmospheric deposition of
these particulates on soils surrounding the Inco Refinery.

Based on an assessment of historic emissions from the Inco Refinery, peak particulate air emissions
occurred during the period 1918-1930, during which total dust emissions were greater than 1,300
tonnes/year. During this period, nickel emissions were estimated to be about 700 tonnes/year.
Through the 1960s to mid 1980s, particulate emissions were significantly reduced, with about 60
tonnes airborne particulate matter produced annually.

Based on historical emissions data, the local natural environment predominately down wind or
northeast (refer to Section 2.4) of the Refinery was directly exposed to the heaviest atmospheric
deposition of particulates for a period of about forty years (1918-1960). It is during this period that
the particulate matter principally accumulated in the local soils.

23 HISTORICAL OVERVIEW OF OTHER LOCAL INDUSTRIES

JWEL conducted a detailed historical background review of adjacent areas north, west and south of
the Inco Refinery to determine if other local industrial/commercial operations within the East Side
Community may have resulted or contributed to the observed pattern of CoCs and other metals
analyzed in soil taken from the East Side Community during the CBRA. Historical findings are
detailed in Section 7.1. Figure 2.2 identifies locations of former and present industrial and
commercia operations within the East Side Community that may have had a collective impact on
the present day observed distribution of CoCs and metalsin soilsin this community.
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Of the other loca industries identified, Algoma Steel produced historical particulate emissions of
similar magnitude to that of the Inco Refinery. Algoma Steel had an iron smelting operation from
1913 to 1977 located southwest of the Inco Refinery and southwest of the East Side Community.
Algoma Steel used coke, iron ore, limestone and iron shot as raw materials. Coal stockpiles, iron ore
stockpiles and spent material including slag are all known to contain metals. In particular, the types
of metals from the Algoma Steel plant include iron, arsenic, cadmium, zinc, copper, nickel, lead,
chromium, manganese, molybdenum, magnesium and sulphur. Some of these metals were released
as particulates to the atmosphere and subsequently resulted in atmospheric deposition on soils on
Algoma Steel’s property and downwind, i.e., deposited within the East Side Community. Another
possible mode of transport of these metals to the environment of the East Side Community was the
use of the Algoma Steel slag by local residents in the past as imported backfill material on their
properties (e.g., backfilling of basements, driveways, low spots, etc).

24 LOCAL METEOROLOGY

The local meteorology of the region must be known to evaluate the atmospheric dispersion and
transport of historical emissions released by a plant, such as from the Inco Refinery or the Algoma
Steel facility. The dominant winds for the Port Colborne area are from the southwest to the
northeast direction. The least frequent direction is winds blowing from the east to the west. Details
on the frequency distribution of wind speed and direction for the Port Colborne area are found in
Section 5.2 of this text.

25 GENERAL SOIL TYPE

Detailed soil studies of the Port Colborne area, primarily undertaken for the purpose of the CBRA
Crops study component, have identified and mapped five primary soil groupings on the east side of
the Welland canal. The five soil groups identified are heavy clay (glaciolacustrine origin), shallow
clay (till clay), clay loam (till clay), organic muck and sand. A sixth soil type is a fill clay-like
material, which is found overlying the parent material within the East Side Community. Figure 2.3
illustrates parent soil groupings and approximate fill areas found in the Study Area.

Re-Evaluation of Lead as a Potential CoC Project No. ONT35313
June, 2004, Port Colborne CBRA, Port Colborne, Ontario Page 9



Lead Evaluation- Community Based Risk Assessment, Port Colborne ON

000vS.Y

0002S.¥

ONENE

0008Y.¥

642000 644000 646000 648000 650000
( /
~
]
S
8 0]
=] Q
2
* Vg
<
s
.| | Colborne
Q
S Iy —
|/
S — ,\_l—
8
2
<
—_—
L[ Y
_J ]
=a
Nickel Beach
g References:
3 — 1) OMAF. 1989.
S /‘_'/ The Soils of the Regional Municipality of Niagara,
Gravell y B a y Lorraine Bay Vol 1 & 2, Report # 60 of the Ontario Institute of Redology.
Ontario Ministry of Agriculture.
2) DBH Soil Services. 2002.
Port Colborne Soils Review and Mapping.
3) ENPAR Technologies Inc. 2001.
L a k e E r i e CBRA Soil Testpits.
642000 644000 646000 648000 650000

0000G.¥

Figure 2-3

Soil Groupings
East Side
Port Colborne, ON

0 500 1000 1500

Metres
N

A

Legend

Parent Soil Groupings
Heavy Clay
Shallow Clay
Clay Loam
Organic

Sand

Built Land

Approximate Fill Areas

Fill Topsoil

Topographic Features

Commercial/
Industrial Sources

/\/ Roads

Job Number: ONT34644
Date: July 15, 2003
Dwn by: C. Amirault

Approved by: K. Wong

Map Parameters
Projection: UTM
Datum: NAD 83
Scale 1 : 30,000

NIAGARA

©REGIONAL MUNICIPALITY OF NIAGARA, APRIL 2000. REGIONAL
MUNICIPALITY OF NIAGARA OWNS THE COPYRIGHT IN THE DATA
CCONTAINED HEREIN. THE DATA IS BEING USED UNDER LICENSE
BY JACQUES WHITFORD ENVIRONMENT LIMITED.

WM | Jacques
V] Whitford

Consulting Engineers
Environmental Scientists
Risk Consultants

.../AV_Projects/Contouring_Oct7.APR




3.0 DISTRIBUTION OF SOIL LEAD IN THE PORT COLBORNE AREA

31 SOURCES OF INFORMATION

Information pertaining to the soil lead distribution in Port Colborne and vicinity were obtained from
anumber of sources. The majority of thisinformation was derived from three sources. These were:

The MOE investigations conducted from 1998 to 2002;

The investigations conducted by JWEL, as part of the CBRA requirements, to identify and
evaluate the CoCs originating from historical emissions from the Inco Refinery; and,

The investigations conducted by other consultantsin Port Colborne.

JWEL reviewed all of this information in an exercise to re-evaluate the potentia of lead as a CoC.
The following subsections summarise the sources of the soil lead data sets that were reviewed and
considered in this re-evaluation.

3.1.1 MOE 1998/1999: Soil Lead Data Set - M OE Regional SoilsInvestigation

Between 1998 and 1999, the MOE (MOE, 2000a,b) conducted a soil-sampling program in the Port
Colborne area, through which 153 soil samples (MOE samples #1 to #233) were collected and
analysed for a suite of inorganic elements, including lead. This sampling program was restricted to
open spaces and did not include soils from woodlots.

3.1.2 Consultants Data Setson Soil Lead

Several additional studies in the Port Colborne area conducted by the MOE, JWEL and other
consulting firms have complemented the original soil lead database from the MOE 1998 and 1999
soil investigations. These are summarized in the following subsections.

3121 JWEL 2000/2001: Soil Lead Data for Residential Yards

In December 2000 and January 2001, JWEL collected and analysed 13 soil samples (JWEL samples
SS1-1 to SS13-1) from the front yards and/or back yards of residentia dwellings across the Port
Colborne area. Soil samples at each of these 13 locations were collected from the O to 5-cm depth
interval. Soil sampling and analyses for metals, including lead, were conducted in accordance with
the CBRA protocol (JWEL, 2001d) as found in Appendix B-2.

3122 JWEL 2001/2002: Soil Lead Data for Residential Yards and Industrial Lands

In August of 2001, JWEL collected soils from 17 test pits excavated on the eastern side of Port
Colborne, covering the East Side Community, the former Algoma Steel property and areas east of
the Inco Refinery (JWEL TP-1to TP17). These test pits were excavated to a depth of 1.0 m below
grade and the findings were documented in JWEL’s draft report “Potential CoC Identification Using
Soil Chemical Concentration Data in Exceedance of MOE Generic Guidelines Port Colborne,
Ontario” (JWEL 2001b).
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In October 2001, JWEL conducted another soil sampling program in the Port Colborne area
involving 24 test pits, TP-A to TP-X, inclusive. The purpose of this sampling wasto fill in data gaps
to the west of the Welland Canal, and on an arc from north to southeast of the Inco Refinery. These
test pits were excavated to a depth of 30 cm below grade and the findings are documented in
JWEL’ s dr