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Executive Summary

Conclusions

The Ministry of the Environment’s soil investigation and human health risk assessment report for
the Rodney Street community has determined that elevated nickel and lead soil contamination on
some properties warrants action. The report provides a comprehensive soil investigation and
human health risk assessment that examined about 1,500 soil samples to determine the human
health risk posed by metal and arsenic levels in surface soil in the Rodney Street community. The
health risk assessment reviewed concentrations of seven metals and arsenic and has proposed:

. an intervention level of 8,000 parts per million' be set for soil-nickel. The
intervention level for nickel requires action through remediation of soil.

. an intervention level of 1,000 ppm for lead for play areas on residential properties
or in public areas covered by sod or grass to which children have access (the
bare soil intervention level for lead is 400 ppm for these areas). The intervention
levels for lead require action through follow-up by individual residents to reduce
personal exposure to lead.

The assessment also concluded that no action for the remaining five metals (antimony, beryllium,
cadmium, copper, cobalt) and arsenic in soil is required.

In carrying out the investigation and assessment, the Ministry of the Environment identified soil-
nickel levels in excess of 8,000 ppm, in at least one composite sample, in the first 30 cm of soil at
25 properties. The soil-nickel has resulted from historical emissions from Inco Limited (Inco).
The ministry also found lead levels in excess of 1,000 ppm at eleven properties, including two of
the 25 properties elevated soil-nickel levels. These soil-lead levels are typical in older, established
urban neighborhoods and result from the historical use of lead based paints, leaded gasoline and
discarded lead-acid batteries. The lead levels are not attributed to Inco emissions.

The report’s key findings for the Rodney Street community include:
1. A soil-nickel intervention level has been proposed to protect toddler-aged children;

2. Soil-nickel levels in the community should not pose any immediate or long-term risks to
other age groups;

3. Twenty-five properties have at least one comi)osite soil sample that is in excess of 8,000
ppm for nickel;

4. Intervention levels for lead have been proposed to protect children;

'Also referred to as ppm, pg/g, micrograms per gram, or, millionths of a gram.
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5. Eleven properties have at least one composite soil sample that is in excess of 1,000 ppm
for lead; including two of the 25 properties identified as having high soil-nickel
concentrations;

6. The soil levels of antimony, beryllium, cadmium, copper, cobalt and arsenic were below
the level of concern and therefore no action is needed.

Human Health Risk Assessment

The Ministry of the Environment has conducted a human health risk assessment of the elevated
concentrations of seven metals (antimony, beryllium, cadmium, cobalt, copper, lead, nickel} and
arsenic found in the surface soils of the Rodney Street community. The health risk assessment
was peer reviewed by an international panel of experts. The panel included recognized North
American and European experts from the fields of: human health, nickel toxicology, risk
assessment and metal bioaccessibility. The peer review experts were:

. Dr. Ambika Bathija (Washington, D.C.), affiliated with the United States Environmental
Protection Agency
. Dr. Lynne Haber (Cincinnati, Ohio), affiliated with the Toxicology Excellence for Risk

Assessment

. Dr. Robert Jin {(Toronto, Ontario), affiliated with the Ontario Ministry of Health and Long-
Term Care

. Dr. Tor Norseth (Oslo, Norway), affiliated with the Norwegian National Institute of
Occupational Health

. Dr. Rosalind Schoof (Seattle, Washington), affiliated with Gradient Corporation

. Dr. John Wheeler (Atlanta, Georgia), affiliated with the Agency for Toxic Substances and
Disease Registry

A human health risk assessment can be triggered when contaminants are found in a community at
levels above the ministry’s Guideline for Use at Contaminated Sites in Ontario (1997). The
multimedia approach to health risk assessment examines total exposure to contaminants through a
number of possible pathways, such as the air we breathe, the soil we may incidentally ingest, the
water we drink and the food we eat.

This human health risk assessment has assessed exposure to selected contaminants in the Rodney
Street community. It has proposed exposure (or soil concentration) levels that maintain human
exposure below health protection criteria. The assessment has also proposed levels to remediate
soil and to reduce exposure to contaminated soil. The results of the health risk assessment have
been provided to the Regional Niagara Public Health Department and will be considered in the
health study for the Eastside community.
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Nickel

The health risk reassessment proposes a soil-nickel intervention level of 8,000 ppm to protect
toddler-aged children. The report finds that soil-nickel levels should not pose immediate or longer-
term risks to other age groups. This intervention level has been developed to protect against
adverse health effects from exposure to nickel. The report reviewed the toxicological basis for
health protection criteria that have been developed by key agencies responsible for health and
environmental protection. These health-based criteria are developed to provide protection for the
most sensitive adverse effects found in human or animal studies. For nickel, the most sensitive
adverse effects which could be identified are reproductive effects and reduced organ weight in
animals.

In its hurnan health risk assessment, the ministry considered contaminant exposures from a variety
of sources including: indoor and outdoor air; soil and dust; food from the supermarket and home
gardens; and the municipal drinking water supply. To protect residents, and especially toddlers, the
soil-nickel intervention level was developed to ensure that all of the above nickel exposures did
not exceed a toxicological value that is well below any potential health risk.

The ministry’s Guideline for Use at Contaminated Sites in Ontario (1997) references a human
health value for nickel of 310 ppm. However, the 310 ppm value is only used for a generic cleanup
of soil or as a trigger value above which soil-nickel levels require a detailed, scientific, human
health risk assessment. Soil levels above 310 ppm do not necessarily constitute a health risk. The
figure of 310 ppm should also not be used for the Community Based Risk Assessment that is
being done for the broader community. This human health risk assessment has determined the
potential for adverse effects based on estimated exposure to measured levels of contamination in
the Rodney Street community.

It is noted in the report that there are inadequate scientific data to determine if the Rodney Street
community soil intervention level for nickel is protective of nickel dermatitis for sensitized
individuals, or for people who could become sensitized to nickel. Health studies underway in the
Port Colborne community will test people for nickel contact dermatitis.

In the case of inhaled nickel, lifetime cancer risks were determined to be in the one-in-one-
hundred-thousand (10°®) lifetime risk range. These estimates were based on health studies of
workers exposed to nickel refinery dusts which include nickel oxide. This risk range is considered
very low.

Lead

Lead in soil has long been recognized as posing potential risk, particularly to younger children up
to five years of age, who were considered the most sensitive to exposures for direct soil/dust
ingestion.

Average soil-lead levels in the Rodney Street community (average of 204 ppm in surface samples)
are similar to those expected for other urban residential sites in Ontario. As a result, estimated
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exposures (and hence blood lead levels) are predicted to be similar to those for other urban Ontario
populations’.

It is prudent, however, to conclude that in the 11 properties with reported soil-lead levels higher
than 1,000 ppm there may be some possibility for higher blood lead levels in children who
routinely play in these areas.

As a result, the report proposes an intervention level of 1,000 ppm for lead for play areas on
residential properties or in public areas covered by sod or grass to which children have access
(the bare soil intervention level for lead is 400 ppm for these areas). Residents at properties
exceeding 1,000 ppm lead in soil were advised in March 2001 to avoid contact with soil and to not
consume vegetables from backyard gardens. Additional ways to reduce exposure to the lead in soil
are presented in the ministry’s fact sheet, “Frequently Asked Questions About Lead
Contamination”.

Arsenic

People everywhere in North America are exposed to low levels of arsenic in the environment.
Exposures can occur by a number of different pathways including normal diet and drinking water.
The measured soil-arsenic levels in the Rodney Street community were compared to the levels
found in other Ontario communities with elevated levels of soil-arsenic. In the case of these
communities, no adverse health effects were predicted to be associated with the arsenic in the soil.

This report concludes that the measured levels of arsenic in the Rodney Street community soils are
unlikely to pose an undue health risk to residents of this community based on consideration of: the
measured availability of the arsenic in these soils; comparison to typical levels elsewhere; and

knowledge of health study outcomes involving arsenic soil exposure in other Ontario communities.

*The Regional Niagara Public Health Department (RNPHD) indicates that it undertook ten blood lead
screening test clinics between April and June 2001, for residents living or frequently spending time in the area,
Pregnant women, women of reproductive age and children under seven, were strongly encouraged to participate in the
blood lead level screening tests. Over 1,000 people participated in the blood lead level screening tests and the results
showed that blood lead levels are low and similar to those found elsewhere in the pravince. Further, there was no
correlation demonstrated between properties with clevated soil-lead levels and elevated bloed lead levels in residents.

The RNPHD blood lead screening report had two conclusions. Children under seven years and pregnant women in the
Eastside community are not at increased risk of lead exposure as compared to other communities in Ontario, even
considering the localized clevated soil-lead levels. Thercfore, no immediate intervention is required regarding lead
remediation in the Eastside community.

The RNPHD also concluded that although the results appear reassuring and can be applied in general to the whole
population in the Eastside Community, pregnant women or children under age seven who live in the Eastside
community and who were not tested during this study are encouraged to do so as part of Phase Three of the Eastside
Community Health Study.

Page 4 of 8



Antimony, Beryllium, Cadmium, Cobalt and Copper

Taking the same approach as used for nickel, estimates were modeled using the maximum
reported levels of each metal in the Rodney Street community surface soil and backyard produce,
Port Colborne municipal drinking water, ambient air and supermarket food.

For the metals antimony, beryllium, cadmium, cobalt and copper, estimated total daily intakes for
all age groups were well below stringent oral or breathing exposure limits from major recognized
jurisdictions, such as, the US Environmental Protection Agency, World Health Organization and
Health Canada. No adverse health effects are anticipated to result from exposure to antimony,
beryllium, cadmium, copper or cobalt, in soils in the Rodney Street community.

Therefore, soil intervention levels were not developed and no action is required for these metals for
the Rodney Street community.

Background

From 1918 to 1984 Inco operated a nickel refinery in the city of Port Colborne. Between the years
1972 and 1991, the Ontario Ministry of the Environment conducted numerous investigations to
document the impact of Inco’s emissions on soil and vegetation in and around Port Colborne.
These investigations concluded that emissions from 66 years of nickel refining had resulted in
heavy metal soil contamination in various locations throughout the Port Colborne area. Nickel,
copper and cobalt concentrations in surface soil (0 to 5 cm depth) were elevated in residential
communities adjacent to Inco and for a considerable distance downwind (east-northeasterly) of the
refinery to levels which could or did cause injury to vegetation (phytotoxicity). Generally, the
vegetation impacts noted were the crops of muck farms and to silver maple trees.

With the benefit of hindsight, it can be said that these levels for nickel, copper and cobalt
concentrations are consistently and substantially elevated above the ministry’s effects-based soil
guidelines for phytotoxicity published in the ministry’s Guideline for Use at Contaminiated Sites
in Ontario (1997) over a large area. By contrast, the soil arsenic, zinc and selenium levels found in
those investigations exceed the Guideline’s background ranges in a few areas, and even less
frequently exceed effects-based guidelines for phytotoxicity.

As noted above, the ministry’s effects-based guideline criteria for nickel, copper, cobalt, arsenic
and zinc are all based on phytotoxicity (injury to vegetation). The Guideline’s criterion for
selenium is based on the protection of grazing animals. Numerous ministry studies conducted on
Port Colborne farms in the 1970s and 1980s documented toxicity to agricultural crops as a result
of ambient air SO, fumigations and heavy metal soil contamination. Up to 1991 the highest soil-
nickel concentration that could be proven to exist through repeat sampling in the Port Colborne
area was 9,750 pg/g. A human health risk assessment using this maximum soil-nickel level was
published by the ministry and Regional Niagara Public Health Department in 1997, 1t was
concluded at the time that based on a multi-media assessment of potential risks, no adverse health
effects are anticipated to result from exposure to nickel, copper, or cobait, in soils in the Port
Colborne community.
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Additional extensive soil sampling was conducted by the ministry in the City of Port Colbome and
the surrounding area in 1998 and 1999 and demonstrated that soil-nickel concentrations exceed the
ministry’s soil background-based guideline up to 28 km downwind of the refinery, covering a 345
km? area of the Niagara peninsula. Furthermore, soil-nickel levels exceeded the ministry’s effects-
based guideline for phytotoxicity, for a distance of up to 3 km downwind of Inco over an area of
almost 29 km?. In addition, copper and cobalt also exceed their corresponding effects-based soil
guidelines in smaller areas of the community, mainly immediately east, north, and northeast of the
refinery.

In September 2000, soil-nickel levels from a single property on Rodney Street were found to
exceed the soil-nickel level used in the 1997 health risk assessment. This result caused the ministry
to sample and analyze soil from 17 additional properties, on or in the vicinity of Rodney Street.
Preliminary results of the additional sampling indicated that surface soil-nickel levels ranged up to
17,000 ppm, and that the soil-metal levels were extremely variable among properties. As a result,
in November 2000, the ministry sampled soil from residential properties south of Louis Street to
Rodney Street and east of the Welland Canal to Davis Street, to determine the extent of this
contamination. Between April 25 and May 5, 2001 the ministry sampled surface soil from
additional residential properties as per the requests from the City and residents. In all, more than
1,500 soil samples were collected from nearly 200 properties.

The findings from the extensive soil surveys triggered the ministry to undertake a human health
risk assessment of metals and arsenic found at elevated concentrations in the soil. The assessment
concluded that soil-nickel and lead levels warranted further action on some properties. The
assessment was conducted and released on March 30, 2001 and accompanied a Notice of Intent to
Order Inco to clean up 16 properties with soil concentrations over 10,000 ppm which was placed
on the Environmental Registry for a 30-day public comment period. During this consultation
period the ministry identified a calculation error in the report and received comments on the report
that ranged from the ministry being too stringent to not being stringent enough in some of the
values it used and the approach it took in developing the intervention level for nickel. In response
to these developments, and to enhance the quality and accuracy of its report, the ministry:

. initiated new laboratory tests to better define the form of nickel found in the soil and
better estimate the amount of nickel that could be absorbed through the stomach;
and

. commissioned an expert, international peer review. The panel of experts included

recognized experts from the fields of: human health, nickel toxicology, risk
assessment and metal bioaccessibility.

Soil Investigation Results
This section of the report was revised with expert advice from outside the ministry. Advice was

provided in areas of environmental sciences, soil sampling and terrestrial investigations and
statistical methods of data analysis.

Page 6 of 8



Extent and Severity

Ministry studies have shown elevated soil-metals levels around Port Colborne and in residential
communities adjacent to the Inco site. Because the community is in close proximity to the refinery,
soil would have received stack emissions as well as extensive fugitive emissions, both of which
would have been particularly significant early in Inco’s operating history.

The ministry employed a sampling strategy based upon well established scientific principles. The
front, back or side yard could have been sampled depending on the size and nature of each yard on
each property. The strategy also included intensive quality control with the taking of duplicate and
triplicate soil core samples from selected properties. The strategy was designed to allow the
ministry to describe the specific soil levels for each property and to also define with precision, the
soil-metal level variability that is present in the community. This information was used in
combination with the human health risk assessment to establish a soil intervention level for nickel.

The soil-nickel concentration averaged about 2,500 ppm while the single highest concentration was
17,000 ppm. Ninety per cent of the soil-nickel concentrations for all samples collected in the
Rodney Street community are below 5,600 ppm. Twenty-five of the properties sampled had at
least one soil result that exceeded the proposed soil-nickel intervention level developed to be
protective of toddler-aged children and warrant further action.

Soil-metal concentrations on average increased with depth to a maximum of between 10 cm to 20
cm, the limit of the majority of residential sampling performed. Based on trench digging, metal
concentrations above the proposed soil-nickel intervention level are less likely to be found deeper
than 30 cm on most residential properties within the community.

Sources and Mechanisms

Based upon the extensive surface soil sampling investigation and laboratory testing, elevated soil
levels for nickel, copper, and cobalt in the Rodney Street community are considered directly related
to Inco. The company has acknowledged this in an open letter to the public (December 2000).

Soil-arsenic levels observed are considered principally Inco related, however emissions from the
Algoma Steel/Canada Furnace blast furnace and steel mill that operated from 1913 to 1977 were
probably a secondary source and likely contributed to the elevated soil-arsenic levels on some
properties in the Rodney Street community.

Soil-lead levels observed are randomly scattered in the Rodney Street community. This is
considered typical of domestic residential lead sources and is not attributed to Inco emissions. The
erosion and flaking of old lead-based paint from exterior structures such as house and shed walls,
porches, fences, poles, and playground equipment is a common source of soil-lead contamination
in older urban communities. The soil-lead levels found in the Rodney Street community are not
unusual, either in extent or concentration, relative to other similar, older urban communities in
Ontario.
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Levels of cadmium, chromium, copper, barium, and zinc in soil were ofien associated with higher
lead levels. Along with lead, these elements were common pigment, anti-mildew, or anti-fungal
additives in old exterior paint and are frequent co-contaminants in residential soil. Lead and
antimony levels observed in the soil are an indication that batteries may have been stored or
disposed of on the property, whereas lead, barium and zinc soil contamination is a signature of
lead-based paint.

With the exception of one property where elevated beryllium levels were concurrent with high lead
and other heavy metals, the marginally elevated soil-beryllium concentrations across the Rodney
Street community are likely related to the presence of slag and local shale deposits. Emissions from
Algoma may have contributed to the marginally elevated soil-beryllium levels in the Rodney Street
community.

Considerable variability in soil-contaminant levels was evident between adjacent properties. This
“patchwork” pattern of high-and-low soil contamination on neighbouring lots is likely related to
property maintenance and landscaping. Adding topsoil or mulch, re-sodding, building, and
cultivating gardens are landscaping practices that, over time, tend to cover or dilute contaminants
that are predominantly present in the surface soil. It also indicates that the source of the soil
contamination is likely atmospheric and that with recent deposition substantially decreased, newly
landscaped properties have not become re-contaminated to the levels of undisturbed properties.

Visual and test findings from three trench samples indicated that fill materials may have
contributed to higher metal levels in soils in the south east corner of Rodney Street. However the
same information from six other trenches in the community indicated that the higher levels of
metals in soil were to be found in the upper layers, supporting the likelihood that metals in soil in
the wider community resulted from atmospheric deposition.

Chemical Composition of Nickel

The form of nickel in the soil can have an important impact on its availability and its toxicity for
both the natural ecosystem and human health.

The predominant form of nickel in the soil in the Rodney Street community is nickel oxide (80% of
the total nickel, on average). This is consistent with known emissions from the metallurgical
process employed by Inco, especially in its historic operations. This is also acknowledged by Inco.

Afier the shutdown of the refinery in 1984, nickel injury on sensitive species of vegetation has
rarely been observed in Port Colborne. This corroborates the low soil-nickel plant bioavailability
results (the ability of plants to absorb nickel from the soil) and suggests that most of the nickel
injury observed on vegetation up to 1984 was likely from deposition and absorption of nickel from
the ambient air and not from uptake of soluble nickel from nickel-contaminated soil by plants.
There were no symptoms of nickel related injury to plants observed in the community during the
most recent investigations.
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Study Participants

The Rodney Street community study involved many scientists and technicians from the Ministry
of the Environment. The following staff of the Standards Development Branch, Ecological
Standards and Toxicology Section participated in sample collection and sample processing:
Marius Marsh, Murray Dixon, Bill Gizyn, Bob Emerson, Ron Hall, Danuta Roszak, Deborah
Terry, Melanie Appleton, Richard Chong-Kit, Mike Mueller, and Al Kuja. Randall Jones co-
ordinated the geo-referencing of the soil samples, managed the soil data base, and prepared the
contaminant contour maps. Dave McLaughlin was the principal author of Part A of the report.

The Human Health Risk Assessment (Part B) was conducted by toxicologists of the Standards
Development Branch, Human Toxicology and Air Standards Section. Brendan Birmingham co-
ordinated this effort and is the principal author of Part B of the report. Contributing toxicologists
included Scott Fleming, Satish Deshpande, Marco Pagliarulo and Audrey Wagenaar. Elliot Sigal
and Glenn Ferguson of Cantox Environmental Inc., and Bryan Leece of Dillon Consulting Ltd.
provided technical assistance.

Laboratory Services Branch personnel provided critical laboratory support. Liz Pastorek
administered the contract for the private laboratory that conducted the soil analysis. Tender
evaluation was conducted by Peter Drouin. The initial quality control check was handled by Sathi
Seliah. Rusty Moody and Jim Howden provided data monitoring and data management duties.
The in-house laboratory analysis required to ensure data quality was conducted by Lian Liu and
Julie Uzonyt (ICO - metals) and Hung Sing Chiu and Regina Pearce (hydrides).

Jacques Whitford Environmental Limited provided recent residential vegetable garden produce
and garden soil data for both the Rodney Street community and Port Colborne in general, and air
monitoring data for selected schools.

Paul Nieweglowski and Bob Slattery of the Niagara District Office provided liaison between the
Ministry’s Operations Division and the Environmental Science and Standards Division. Rick

Day was the communications officer.

Neil Buonocore and Frank Dobroff of the Ministry’s West Central Region Technical Support
installed and operated the air quality monitor in the Rodney Street ball park.

Barry Zajdlik of Zajdlik & Associates provided statistical analysis of the soil data base and the
soil sampling procedure.

Ron Pearson of Barenco Inc. and Tom Hutchinson of Trent University provided a critical review
of the Part A Soil Investigation component of the report.
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The human health risk assessment was peer reviewed by an international panel of experts. The
panel included recognized North American and European experts from the fields of : human
health, nickel toxicology, risk assessment and metal bioaccessibility. The peer review experts
were:

. Dr. Ambika Bathija (Washington, D.C.), affiliated with the United States Environmental
Protection Agency
. Dr. Lynne Haber (Cincinnati, Ohio), affiliated with the Toxicology Excellence for Risk

Assessment

. Dr. Robert Jin (Toronto, Ontario), affiliated with the Ontario Ministry of Health and
Long-Term Care

. Dr. Tor Norseth (Oslo, Norway), affiliated with the Norwegian National Institute of
Occupational Health

. Dr. Rosalind Schoof (Seattle, Washington), affiliated with Gradient Corporation

. Dr. John Wheeler (Atlanta, Georgia), affiliated with the Agency for Toxic Substances and

Disease Registry

Dr. Robert Willes of Cantox Environmental Inc. was the facilitator of the expert panel consensus
meeting, and prepared the expert Panel consensus report.

Comments were also received from Health Canada and the Regional Niagara Public Health
Department which were considered in this report.

Samir Konar provided an external editorial review. Mel Plewes of the Ecological Standards and
Toxicology Section provided internal document review.

Overall project management and coordination was provided by Jim Smith, George Crawford,
Dale Henry, Dave McLaughlin, Murray Dixon, Marny Paget and Paul Nieweglowski.
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Soil Investigation and Human Health Risk Assessment for the Rodney Street Community, Port Colborne: October 2001

1.0 Introduction

The Minstry’s report entitled Soil Investigation and Human Health Risk Assessment for the
Rodney Street Community, Port Colborne: October 2001, has two parts. Part A describes the
results of an extensive soil sampling program in the Rodney Street community of Port Colborne.
Part B is a human health risk assessment. The soil chemical data described in Part A were the
environmental contaminants assessed by the health risk assessment described in Part B. For the
purpose of Part A and Part B of this report, the Rodney Street community in Port Colbome is
defined as the residential area east of the Welland Canal to the International Nickel Company Ltd.
(Inco) refinery and south of Louis Street to Rodrey Street. This area is also sometimes referred to
as the Eastside community.

1.1 Objectives of Part A

1) to determine the extent and sewerity of soil metal and arsenic contamination in the Rodney
Street community of Port Colborne;

2) to characterize soil metal and arsenic contamination in the Rodney Street community;

3) to determine to the extent possible the source(s) of the soil metal and arsenic
contamination in the Rodney Street community; and

4) to determine to the extent possible the mechanism(s) of soil metal and arsenic
contamination in the Rodney Street community.

2.0 Scope of the Study

The objective of the sampling program was to obtain data that was representative of the over-all
contaminant levels of the sampled yards and would therefore be indicative of the environmental
exposure that a resident would receive from long term use of the property. This representative
data was required for the human health risk assessment (Part B of this report). The risk
assessmert process integrates the soil chemical data to determine what the over-all exposure
would be for people using the entire property for a lifetime. The scope of the sampling program
was not to exhaustively characterize the contaminant status of all possible sample sites on every
yard of every residential property. The sampling program is described in more detail in Section
5.0 of Part A.

The soil sampling conducted in the Rodney Street community is not necessarily the only sampling
that would be conducted to characterize the contaminant status of a particular property. If the soil
contaminant levels on a property exceed the risk-based soil intervention level determined by the

Ministry’s health risk assessment in Part B of this report, the Ministry may order the source of the
contamination to conduct additional or more detailed sampling as a part of a remediation strategy
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Soil Investigation and Human Health Risk Assessmemt for the Rodney Street Community, Port Colborne: October 2001

for the property. This sampling would be conducted according to the Ministry’s Guideline for
Use at Contaminated Sites in Ontario (MOE,1997).

3.0 Background

From 1918 to 1984, the International Nickel Company Limited (Inco) operated a nickel refinery
in the city of Port Colborne. Between the years 1972 and 1991, the Ontario Ministry of the
Environment (MOE, or the Ministry) conducted numerous investigations to document the impact
of Inco’s emissions on soil and vegetation in and around Port Colbome. These investigations
concluded that emissions from 66 years of nickel refining had resulted in heavy metal soil
contamination in various locations throughout the Port Colborne area. Nickel, copper and cobalt
concentrations in surface soil (0-5 cm depth) were elevated in residential communities adjacent to
Inco and for a considerable distance downwind (east-northeasterly) of the refnery to levek which
could or did cause njury to vegetation (phytotoxicity). Generally, the vegetation impacts noted
were to farm crops east of Inco and to silver maple trees east of the canal and south of Highway
3. Silver maple is a species of tree that is particularly sensitive to many pollutants, including
nickel,

With the benefit of hindsight (MOE soil guidelines were not available previous to 1996), we can
say that the levels of nickel, copper, and cobalt identified in soil over a large area of Port
Colborne as a result of these early investigations are consistently and substantially elevated above
MOE effects-based soil guidelines for phytotoxicity published in Table A of the MOE’s Guideline
(1997). By contrast, the soil arsenic, zinc, and selenium levels found in those investigations
exceed normal Ontario Table F (MOE,1997) background ranges in a few areas, and even less
frequently exceed Tabke A effects-based guidelines for phytotoxicity (arsenic and zinc) and effects
on grazing animals (selenium).

As moted above, the MOE Table A effects-based guideline criteria for nickel copper, cobal,
arsenic and zinc are all based on phytotoxicity (injury to vegetation). The Table A criterion for
selenium i based on the protection of grazing animak. Numerous MOE studies conducted on
Port Colborne farms in the 1970s and 1980s documented toxicity to agricultural crops as a result
of ambient ar SO, fumigations and heavy metal soil contamination (MOE,1977; MOE, 1978,
MOE,1980; MOE,1983). Up to 1991 the highest soil nickel concentration that could be proven to
exist through repeat sampling in the Port Colborne area was 9,750 pg/g (McLaughlin and
Bisessar 1994). A human health risk assessment using this maximum soil nickel level was
published by the MOE and Regional Niagara Public Health Department in 1997. It was
concluded that based on a multi-media assessment of potential risks, no adverse health effects are
anticipated to result from exposure to nickel, copper, or cobalt, in soils n the Port Colbormne area
(Leece and Rifat 1997).

Additional extensive soil sampling was conducted by the MOE in the City of Port Colborne and
the surrounding area in 1998 and 1999 and demonstrated that soil nickel concentrations exceed
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the MOE Table F soil background-based guideline of 43 pg/g up to 28 km downwind of the
refinery, covering a 345 km?’ area of the Niagara peninsula (Kuja et al., 2000a; Kuja et al, 2000b).
Furthermore, soi nickel kvels exceeded the MOE Table A effects-based guideline of200 pg/g for
phytotoxicity for a distance of up to 3 km downwnd of Inco over an area of almost 29 k. In
addition, copper and cobalt also exceed their corresponding effects-based Table A soil guidelines
in smaller areas of the community, mainly immediately east, north, and northeast of the refinery.
The derivation and significance of the MOE soil guidelines are described in Section 4.0 and
Appendices 1 and 2.

MOE surface soil sampling conducted in 1991 i the vicinity of the Rodney Street comnunity
immediately west and northwest of Inco found that soil nickel concentrations in the general area
ranged from about 2,000 png/g to about 4,000 pg/g (McLaughlin and Bisessar, 1994). However,
this soit sampling was incidental to a study of general phytotoxicity impacts to agricultural areas
of Port Colbome focussing on areas where earlier work had indicated both high soil
concentrations and vegetation impacts. No properties on Rodney Street itself were sampled in
these early Ministry investigations. As a result, very few surface soil samples were collected and
little depth sampling (greater than 5 cm) was done in this part of Port Colbome (the highest soil
nickel concentration at 5 - 10 cm was 2,750 pg/g). Concentrations in this range were confirmed
by repeated sampling over several years, and so were believed by the Ministry to represent soil
metal kevels in urban areas of Port Colborne.

During a public information forum held in January 2000 at the Port Colborne city hall, a resident
of Rodney Street requested that the MOE sample soil on his property. MOE Phytotoxicology
scientists sampled the front and back yards of the property in June 2000. Analysis of the soil
samples revealed that soil nickel concentrations at depth (10 - 15 ¢cm) were much higher (~14,000
ng/g) than previously believed to be present in this part of Port Colbome. In addition, soil
copper, cobalt, arsenic, lead, and zinc concentrations at depth also exceeded their respective
MOE Table A effects-based guidelines. MOE human health toxicologists conducted a screening
level risk assessment on the new soil data and determined that the health-based nickel reference
dose was exceeded for the maxirmum nickel concentration found in the front yard of this Rodney
Street property. The human healkh reference dose calculations incorporate considerable safety
factors, and although an exceedence of the nickel reference dose does not mean that an adverse
health effect will occur, it does trigger or point to the need for further investigation.

As aresult of the findings for the single Rodney Street property, the Medical Officer of Health
requested additional sampling of residential properties on Rodney Street. This additional sampling
of front and back yards was completed October 3 and 4, 2000. A preliminary analysis of the
results showed a wide variance in soil nickel concentrations from one property to the next, and in
some cases between yards on the same property. The highest soil nickel concentration was 17,000
ng/g, but several samples were substantially above the 2,000 pg/g to 4,000 pg/g nickel range that
was anticipated for this area of Port Colborne, based on the Mistry’s 1998 and 1999 studies
(Kuja et al., 2000a; Kuja et al., 2000b). On some properties the nickel concentrations were
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highest in the surface soil and lower at depth, whike on other properties the reverse was observed.
Properties with higher soil metal levels were sometimes adjacent to properties with much lower
metal concentrations. Soil nickel concentrations tended to be higher in the front yards of Rodney
Street properties than the back yards. This may reflect re-entrainment of contaminated dust along
the roads or snow plowing and piling of dust-contaminated snow. In addition to unexpectedly
high nickel, copper, and cobalt levels, the soil zinc, arsenic, and in some cases kad concentrations,
were also elevated on some properties and were inconsistent with kevels previously observed
elsewhere in the Port Colbome area. While collecting soil from the Rodney Street properties it
was observed that some areas of some yards had considerable non-soil material, such as concrete
rubble and metal pieces, and what appeared to be cinders, slag, and possibly ash. This suggested
that some areas of what is now Rodney Street may have historically received fill, possibly
residential refuse or industrial process waste.

In an open letter to the residents of Port Colborne (December, 2000) concerning nickel copper
and cobalt n surface soil in and around Port Colborne, Inco stated that “Inco no longer refines
nickel in Port Colborne, but we do acknowledge these metal levels are the result of Inco’s historic
operations in Port Colborne.” (Inco, 2000).

The sources of the soil metal contamination found on some Rodney Street properties could be
both stack and fugitive emissions from the Inco refinery, or historic emissions and/or disposal of
process waste from Inco or other past local industries. Due to its close proximity to the refinery,
the Rodney Street community was almost certainly subjected to extensive fugitive emissions,
which would have been particularly significant early in Inco’s operating history. Fugitive
emissions are process emissions that “leak” out of windows, doors, vents, other openigs, or are
transported from on-site contaminated land to off-site areas by vehicle traffic. In the Ministry’s
experience, fugitive emissions are more likely to inpact areas closest to the manufacturing site
and may result in very high levels of deposition, although fugitive emissions tend to fall off
relatively quickly with increasing distance from the source. Fugitive emissions may also result in
localized or somewhat patchy areas of contamnination, as they may originate from very specific
areas of the source (singk doors or vents, or specific ingress/egress roads). In contrast, stack
emissions can have an impact over a much greater area, deposition tends to concentrate in the
predominant downwind direction, and contaminant levek tend to fall off gradually over
considerable distances.

Other than Inco, the only other known significant historic industry that had the potential to
substantially impact soil quality in the Rodney Street community was the Algoma Steel/Canada
Fumace (Algoma) blast furnace and steel mill that operated from 1913 to 1977. The iron ore blast
furnace operated by Algoma was about as far away from the Rodney Street community to the
west-southwest as Inco is to the east-southeast. Emissions ffom Algoma may have included
arsenic, iron, magnesium, possibly beryllium, boron, manganese, calcium, phosphorous, sulphur,
silicon, plus substantial particulates (dust).
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In addition to industrial waste, the soil contamination along Rodney Street could be related to
contaminated fill that may have been brought into the area during sewer or water line
construction, or from an oil pipeline that was constructed in about 1957 and runs from the
Welland Canal along the centre of Rodney Street, up Davis Street, and into the Inco refinery. The
long time use of leaded gasoline, improper dsposal of batteries, the weathering or removal of
lead-based paint from exterior walls of residential dwellings, and the use of lead-based pesticide
may have contributed to the elevated soil lead concentrations on some properties.

The extent of the unexpectedly high soil metal kevels encountered on Rodney Street in October
2000 was anticipated to be quite limited (isolated pockets) if the source was contaminated fill. If
contamination was more widespread (ie., properties beyond Rodney Street) as a result of fugitive
or stack emissions from local industry, soil concentrations would be expected to be very high over
the general area and decrease with increasing distance from the source. The preliminary Rodney
Street data introduced new environmental information, in that the nickel levels were higher and
additional contaminants (ie., lead and arsenic) were encountered. Although Inco was the known
source of nickel in the broader Port Colbome area, Inco may not be the source of these other
contaminants. In addition, the varability of the soil metal levels between properties made it
difficult to judge the extent of the contamination. Therefore, in order to determine with certainty
if the ekevated soil metal concentrations are due to contaminated fill and limited only to Rodney
Street, all residential properties in the Rodney Street community immediately west of the Inco
refmery (south side of Louis Street to Rodney Street, from Welland Street east to Inco) were
sampled by Ministry scientists from November 8 to 17, 2000. In addition to the residential
property sampling, soil trenches were dug at several locations in the vicinity of Rodney Street to
determine if soil was contaminated at depth. Also, the City of Port Colborne requested that the
MOE sample the playground located on the east side of Welland Street north of Nickel Street, as
fill had been used in the construction of the berms in this park.

After the April, 2001 open house meeting hosted by the Mmistry in Port Colborne, several
property owners notified the Ministry that their properties, or areas on their properties, had not
been sampled m the Rodney Street community-wide sampling program of November 2000.
Between Apriland July, 2001, Ministry scientists sampled surface soil from additional residential
properties. These additional properties were not sampled the previous November because access
was unobtainable after repeated attempts, or they were vacant lots with obvious signs of very
recent disturbance, or there was confusion about property boundaries. In at least one case, the
property had been sampled in November 2000 but the owner asked that a specific section of the
yard be sampled be sampled in 2001 that had not been previously sanmpled.

4.0 MOE Soii Guidelines
Interpretation of soil metal levels m this report is based on comparisons to the MOE Guidelines

Jor Use at Contaminated Sites in Ontario (MOE,1997). In 1996 the Ministry published the soil
guidelines (revised in 1997) to help owners of contaminated industrial property clean up the soil
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so that the property could be redeveloped for alternative uses. Although the soil guidelines were
developed specifically for remediating singk contaminated industrial properties, they have been
used by both the Mnistry and the envronmental consuking community to evaluate soil quality on
a broader scale.

The use of the Mmistry’s soil clkean-up guidelines are voluntary, although the Ministry can order
property owners to follow them m order to remediate contaminated soil if the contamination has
the potential to cause an off-property adverse effect or can order the polluter to remediate if the
contamination itself constitutes an off-property adverse effect. A discussion regarding the
approaches available can be found in Appendix 1.

The Minstry’s soil clean up guidelines, including the SSRA approach, have been used
successfilly on hundreds of properties across Ontario to restore the economic and social value of
previously contamimnated lands.

The Table F guidelmes represent background soil concentrations obtained from a MOE province-
wide parkland sampling program Soil concentrations that exceed Tabk F are usually indicative of
a pollution source. The Table A soil guidelines are effects-based and were derived to protect both
human health and the natural environment, whichever is potentially affected at the lowest
concentration. Table A guidelines are not available for all chemical parameters, since for some
elements there is insufficient scientific information available to establish effects-based values (ie.,
strontium), or the element is considered non-toxic even at high concentrations (ie., iron), or the
element is a plant nutrient (ie., magnesium).

An exceedence of a Table A guideline does not mean that an adverse effect will occur, it means
that an effect may occur ifthe specific sensitive environmental receptor the guidelmne is intended
to protect & present at the site and the soil conditions are such that the contammant is readily bio-
available (see Part A Section 5.3.3 for an explanation of bio-availability as it relates to ecological
toxicity;, Part B Appendix 5 explains bioaccessbility as it relates to human toxicelogy). For
examplke, the nickel Table A guideline of 200 pug/g is intended to protect sensitive agricultural
crops, specifically cereal grains such as oats, because these plants are injured at soil nickel levels
far below most other plant species. In addition, even sensitive cereal crops will not be injured at
200 pg/g nickel unless the nickel in the soilis readily bio-available. Usually bio-availability of
metals increases as: metal concentration increases; the concentration of soluble forms of the metal
increase; soil pH decreases; soil cation exchange capacity decreases; soil nutrient levels decrease;
soil organic matter decreases; and, soil clay content decreases/soil sand content increases.

The Mmistry’s generic soil nickel guideline of 200 pg/g is based on eco-toxicity (injury to plants),
because plants are the most sensitive environmental receptor. The Ministry does not have a
generic (Tabk A) soil nickel guideline based on human health. However, when a proponent uses
the SSRA approach to remediate a property, the Ministry has a value of 310 pg/g nickel in soil
that triggers the need to conduct a human health risk assessment (MOE, 1996). For example, if the
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soil nickel level is higher than 200 pg/g (the generic Table A guideline) but does not exceed 310
ng/g, the SSRA need only include an ecological risk assessment. If the soil nickel level is greater
than 310 pg/g, the SSRA must include both an ecological risk assessment and a human health risk
assessment. The 310 pg/g human health component value is neither a standard nor a guideline, it
is only used as a screening level that triggers the requirement to conduct a human health risk
assessment.

Regardless of the sensitivity of the soil and the presence of sensitive environmental parameters,
the MOE generic soil guidelines are not used at allifa site specific risk assessment s used to
evaluate the potential impact of the soil contamination and derive remedial options. The human
health risk assessment described in Part B of this report is part of a site specific risk assessment,
and therefore the MOE generic soil guidelines do not apply to the Rodney Street comnunity.
However, the soil guidelines are referenced to allow comparison to background levels and
evaluate the potential for adverse ecological and human health effects.

5.0 Methods
5.1 Soil Sampling

The details of sampling dates are presented in Section 3.

Initial sampling on 17 properties on Rodney Street was conducted to a depth of 15 cm. Since the
results of this sampling showed metal levels were still significantly elevated at 15 cm, the sampling
depth was increased to 20 cm for subsequent sampling. Efforts were made to sample all yards on
all properties in the Rodney Street community, but in some cases conditions made t impossible to
collect an appropriate soil sample. Sampling to the 20 cm depth was not possibk on every
property, as occasionally stony fill was encountered. Also, some yards were covered with gravel,
asphalt, or debris (ie., car parts, construction material), which physically prevented the
investigators from sampling soil. Soil samples were not collected within one metre of driveways,
walkways, building structures, fences and debris, to reduce the likelihood of encountering local
residential sources of contamination (ie., driveway spills, paint chips). This one metre ‘buffer”
area disqualified some small yards/areas on some properties during the November 2000 sampling.
At the property owner’s/occupant’s specific request, some of these small areas were sampled in
April and May 2001.

For each yard on a property, a manually operated soil corer was utilized to collect a minimum of
nine soil cores, while walking a grid, “W”or “X” pattern across the designated sampling area.
This meant that soil cores were collected from at least nine discrete areas of each yard sampled.
Each soil core was divided into three depth intervals (0-5 cm, 5-10 cm, and 10-20 cm) and the
core sections (ie., 0-5 cm) were placed in one labelled polyethylene bag for each of the three
sample depths. The nine core sections per bag are referred to as a composite soil sample.

Where only one yard was sampled using the composite single sample procedure, and soil could be
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obtained from all three depths, then soil would actually have been collected from a total of 27 soil
core sections per yard (1 yard X 9 cores X 3 depths = 27 soil cores sections). Duplicate sampling
mearns the soil sanpling procedure was repeated over the same sampling pattern per yard. A yard
sampled in duplicate for which soil could be obtained from all three depths would actually have
had soil collected from a total of 54 soil core sections (1 yard X 9 cores X 2 replicates X 3 depths
= 54 soil core sections). Triplicate sampling means the soil sampling procedure was repeated three
times over the same sampling pattem per yard. A yard sampled in triplicate for which soil could
be obtained from all three depths would actually have had soil collected from a total of 81 soil
core sections (1 yard X 9 cores X 3 replicates X 3 depths = 81 soil core sections). Tablk 5-1
indicates how many soil core sections were obtained on a property if soil was obtained from all
three depths and multiple yards on a property were sampled using single composite, duplicate, or
triplicate sampling procedures. Assuming soil could be obtained from all three depths, the
minimum number of soil core sections sampled per property ranged from 27, representing 3
composite samples if only one yard was sampled, to as many as 243, representing 27 composite
samples, if three yards were sampled i triplicate at all three depths.

The yards of all of the properties on Rodney Street sampled in October 2000 were sampled in
duplicate. Of the properties in the Rodney Street community sampled in November 2000, most
were sampled using single composites, while 10 percent of the properties were sampled using
triplicate composites (typically two properties in each block). Properties in the Rodney Street
community sampled in April and July, 2001 were composite sampled in duplicate. Duplicate and
triplicate sampling was done to provide a measure of the sampling vanability. This is described in
detail m Section 5.3.6.

5.2 Trench Sampling

Seven trenches, 2 metres long by 0.5 metre wide, were dug using a backhoe supplied by the City
of Port Colborne. The purpose of the trenches was to obtain soil samples at depth to estimate
how deep the contamination extended, and to observe the soil profile for signs of fill, refuse, or
industrial process waste. Trenches were excavated to a depth at which contact was made with
natural clay, which was about one metre in most trenches. Duplicate soil samples were removed
from the sides of each trench using a trowel at three depths: 30-35 cm, 60-65 cm (which were
within what appeared to be layers of coarse fill material), and 100-105 cm. Soil samples were
placed in labetled, polyethylene bags.

The seven trenches were excavated from four areas: 1) Two trenches were excavated in the
baseball diamond at the southwest corner of Davis Street and Rodney Street. One trench was
located on the outfield side of second base and the second trench was dug in the middle of the
outfield. 2) Two trenches were excavated in the vacant lot situated on the south side of Rodney
Street between Welland and Fares Streets. This lot was owned by Algoma from 1920 to 1992 and
1s currently owned by Inco. One trench was about ten metres in from the southeast corner of
Welland and Rodney Streets, and the second trench was about ten metres in from the southwest
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comer of Fares and Rodney Streets. 3) One trench was excavated directly in front of the
residence at 124 Rodney Street on the north shoulder of theroad. 4) Two trenches were
excavated on the west side of the playground located between Welland Street and Fares Street,
north of Nickel Street. In addition, 0-5 cm, 5-10 cm, and 10-15 ¢cm duplicate soil sanples were
collected from eight sites along a sod-covered berm rumning around the north and west perimeter
of the basketball court located m the same playground.

5.3 Soil Sample Preparation and Analyses
5.3.1 Metals and Hydrides

All soil samples were stored in locked vehicles whik not in view of the investigators until they
were delivered to the Ministry’s Ecological Standards and Toxicology Section for processing
using standard MOE chain of custody and laboratory procedures ( Mcllveen and McLaughlin,
1993). The samples were air dried and passed through a 2 mm sieve where vegetation and stony
debris were removed, and then ground to pass through a 355 micron sieve. The fine soil fraction
was transferred to the MOE Laboratory Services Branch (LS B). Because of the need to have the
analyses conducted as quickly as possible, LSB arranged to have the Rodney Street community
soil samples analysed by an accredited private environmental hboratory. LSB imposed a strict
quality management regime on the private lab to ensure data integrity (refer to Section 5.3.5).
The soil samples were analysed for the following metals: aluminum, barium, beryllium, cadmium,
calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mo lybdenum, nickel,
strontium, vanadium, and zinc. For these metals, samples analysed by LSB used the accredited
analytical method E3073L1. In addition, the hydrides arsenic, antimony, and selenium were also
included in the soil analysis. For the hydrides, samples analysed by LSB used the accredited
analytical method E3245L1. Unless otherwise specifically identified, all the soil data in this report
are reported as dry weight totals.

5.3.2 Determination of Seil pH

To assist in the interpretation of the bio-availability of the soil contaminant concentrations, soil pH
was determined for a subset of 36 soil samples collected from across the ten blocks of the Rodney
Street community. Soil pH was determmed in dstilled water using MOE standard procedures
(MOE, 1985).

5.3.3 Soil Bio-availability

Between 1969 and 1979, the Ministry conducted several investigations and prepared many reports
on soil and vegetation chemistry in the Port Colborne area. During this time, soil was collkcted
from urban and rural properties (typicalty mineral soil) and selected farm fields (typically organic
“muck” soil) to determine nickel bio-availability using a weak ammonium acetate extraction,
Ammonium acetate extraction was not done on samples collected in 2000 or 2001.
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The bio-availability data in Part A of this report relate to soil conditions that affect the natural
ecosystem, specifically vegetation. The ammonium acetate extraction used on soil s intended to
simulate the leaching of metals from the soil by natural rainfall soil water movement, and normal
soil microbial activities. The extraction process used to estimate the leaching of soil metals into
the human gastrointestinal tract to evaluate the potential impact on human health from the
ingestion of contaminated soil is an entirely different test and is covered in this report in Appendix
5 of Part B Human Heakh Rk Assessment.

5.3.4 Nickel Speciation

Nickel can occur in various forms in the environment and as a result of industrial processes.
Examples of forms of nickel are nickel oxide, nickel subsulphide and nickel chloride. These forms
are referred to as nickel species. The species of nickel in the soil can have an important impact on
its availability and its toxicity for both the natural ecosystem and human health. However metal
speciation in soil samples is non-routine, and few labs can provide quantitative results. Nickel
speciation was conducted on selected samples. The Mnistry shared processed soil composite
samples from properties on Rodney Street with Inco and both organizations had qualitative tests
conducted at different laboratories; Inco used their own research facility and the MOE used the
Ministry of Northern Development and Mines Geoscience Laboratory in Sudbury. In addition, the
Ministry submitted selected soil composite samples for quantitative analysis to Lakefield Research
in Ontario and to the Stanford Synchrotron Radiation Laboratory in California.

5.3.5 Data Management and Laboratory Quality Control

In order to expedite the analysis of the more than 1,500 soil samples collkcted from the Rodney
Street community, the MOE retained the services of Agat Laboratories, an accredited private
laboratory. Agat analysed the samples coliected from the Rodney Street community in November
2000. The MOE Laboratory Services Branch analysed the samples collected from the Rodney
Street properties in October 2000, and the additional properties in the Rodney Street community
colkcted from April to July, 2001. The management of the contract lab was carried out by senior
scientists and managers of the MOE Laboratory Services Branch (LSB). The contract with Agat
Laboratories was signed only after a thorough review of their proposal and laboratory procedures
and a successful analysis of preselected test samples. The MOE analysed the first 100 soil
composite samples from the November 2001 sampling of the Rodney Street community. These
same 100 samples were then amlysed by Agat Laboratories by ICP-MS and the resuks compared.
This initial comparison was done by staff of the MOE LSB Quality Management Unit. The
acceptance criterion was 20%, which i the criterion used for routme MOE in-house quality
control duplicate samples. In other words, all of the Agat Laboratory individual element results
had to be within 20% of the corresponding MOE results for the same sample. Only after this first
quality assurance target was met successfully were the remaining Rodney Street community
samples sent to Agat Laboratories. This potential difference in = 20% is the analytical component
of the combined sampling and analytical “error” described in Section 5.3.6 Soil Sampling
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Strategy.

All sample submssions sent to Agat Laboratories contained at least four “check” samples which
had been previously analysed as part of the original 100 samples. Each submission also contained
field replicate samples, which could be used to measure repeatability of the sampling and
analytical processes. The preliminary acceptance criteria were 20% for the check samples and
50% for the field replicates. The field replicates had a higher acceptance bracket because it was
known from previous work in Port Colborne that between-replicate variability increased as the
soil contaminant concentration increased. This is a common occurrence for non-homogeneous
samples. Data checking was performed by the manager and a senior scientist of the MOE LSB
Spectroscopy Section, as well as Phytotoxicology scientists.

Data was quality assured in several ways. Ifthe results for the “check™ samples and the replicate
data were acceptable, then the rest of the data were checked for outliers. Outliers were
determined by reviewing the ratios of elements between sampks in each hboratory submission.
Several sample submissions were repeated because the ratios of certain elements did not match
the observed general trend. In almost all cases, repeat analysis by Agat Laboratories, and in some
cases by MOE, confirmed the original result. Repeat analysis was continued until the data either
matched the original “check” samples or were confirmed by MOE analysis. Generally, outliers
were found to be due to the improper use of dilution factors. Outlier sample results were either
re-calculated or Agat Laboratories was required to repeat the analyses. The variability in field
replicates that was finally reported was much less than the 50% used as an acceptance criteria
(refer to Section 7.1). Once all these criteria were met, the data were released to the principal
authors for use in the preparation of this report.

5.3.6 Sample Variability, Data Confidence, and the Application of the Soil Nickel
Intervention Level

Section 5.1 discussed the strategy used to sample the properties in the Rodney Street community.
The sample strategy used in the Rodney Street community was appropriate for its ntended
purpose, which was to collect information on soil contaminant levels that reflect representative
environmertal exposures to peopk using the property. All sampling strategies, no matter how
thorough, have inherent variabiity because they can only estimate, not measure, the soil chemical
concentrations. The term used to identify this inherent variability is “sampling error”. it is a
statistical term used to identify uncertainty, it does not imply the data are wrong.

In consideration of the varibility inherent in sampling soil and laboratory testing, the Minstry
used the maximum nickel concentration found in any soil composite sample at any depth in the
front, back or side yard, to determine ifa property exceeded the soil intervention level derived
from the human healthrisk assessment. If the maximum concentration exceeded the mntervention
level, the property becomes a candidate for soil remediation. Even though the maximum
concentration is a worst case estimate of the overall property concentration, because of soil
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variability a property owner/occupant could still have concerns that the maximum nickel
concentration found on the property is an underestimate of the true (but unknown) nickel
concentration. By determining the variability around the maximum measured concentration a
confidence interval for any specific concentration can be calculated.

The soil data from the properties were statistically evaluated to determine the confidence interval
around the maximum value of all the samples collected from any single property. Given the large
data base and the log-normal distribution of the soil nickel levels across the Rodney Street
community, the asymptotic distribution (also known as the Gumbel distribution - see Johnson and
Kotz, 1995) of the maximum lkelihood estimates (normal) was used to construct confidence
intervals around the maximum concentration for any property. From the Human Health Risk
Assessment it was determined that at a soil nicket concentration of 9,061 pg/g (refer to Part B
Section 7.1) the nickel exposures from all sources, including the Rodney Street community soil-
specific exposure, is less than the RfD for all age groups including the toddler, Using the
confidence intervak from the Gumbel distribution of the combined 2000 and 2001 Rodney Street
residential soil data, it can be shown that, ifthe maximum soil nickel level of any single sample at
any depth froma property is 8,139 pg/g or less, it s 99% certain that no sample on the property
would exceed 9,061 pg/g. Based on these cakulations the soil intervention lewel is proposed at
8,000 pg/g nickel

6.0 Results
6.1 Nickel Speciation
6.1.1 Qualified Nickel Speciation Results and Mineralogy

In previous MOE reports pertaining to soil contammation in Port Colborne, the metal
concentrations have been reported as the “total” (refer to Section 5.3.1) amount of nickel in the
soil. Prior to 2000, the MOE soil studies in Port Colborne did not speciate the various metal
compounds in local soil. The main issue arising from the health related concerns expressed by the
community was the species of nickel present in Rodney Street community soils. Of particular
concern were the relative amounts of nickel oxide in the soil, as nickel oxide is a component of
nickel refinery dust. Nickel refinery dust is a mixture of nickel compounds that is a potential lung
carcinogen if inhaled.

Speciation of nickel in soil isboth a time consuming and non-routine process because it requires
specialized laboratory equipment and specially traned equipment operators/sciertists. For these
reasons metal speciation is not routinely conducted in environmental nvestigations, and was not
previously done on Port Colborne soil samples.

Nickel speciation was conducted on selected soil samples collected from properties on Rodney
Street (not the Rodney Street community, but just properties on Rodney Street) independently by
both the Ministry of Northern Development and Mines (MNDM) Geoscience Laboratory in
Sudbury (MNDM, 2001) and by Inco (Inco, 2001a). Jacques Whitford Environmental Ltd.
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(JWEL) also submitted selected soil samples from across Port Colborne for metal speciation as
part of their sampling program to determme the contaminants of concern for the Community
Based Risk Assessment currently underway in Port Colborne (Enpar, 2001).

The MNDM report concluded that nickel oxide was detected in the magnetic fraction of each
sample, and that no other nickel form or species was detected in either the magnetic or non-
magnetic fractions of any of the samples. The Inco report had similar conclusions: the only forms
of nickel identified in soil samples collkected from Rodney Street were elemental nickel, nickel
alloys (ie., nickel-copper alloy), and nickel oxide, but specifically neither sulphidic nor halide
forms of nickel were detected. The results from the more recent work conducted by JWEL
concurred with both the MNDM and Inco reports, in that nickel oxide was the only nickel
compound detected, with no evidence of either sulphate or sulphide nickel forms.

Some of the Rodney Street property soil samples examined for nickel speciation by MNDM and
Inco were very heterogeneous, containing up to 30 - 40% non-soil (artificial/man-made) material
The most abundant man-made phase was iron oxide, but included metallic iron, carbonaceous
partickes that could be coke or coal dust {probably coke because of the presence of gas-bubbles),
the occasional arsenic grain hosted in iron oxide and associated with copper, nickel, antimony,
and molybdenum. The iron oxide was often in the form of dendritic iron oxide crystals, suggesting
an artificial origin. Precious metal inclusions with platinum and palladium were identified in
several particles in one sample, which were alloyed with copper and hosted in nickel oxide (Inco,
2001a).

This material was obviously artificial in origin and the presence of nickel, copper, cobalt, and
precious metals suggests an Inco origin. However, the presence of quantities of manganese slag
with high silicate and iron concentrations in some samples is more typical of blast furnace slag,
and suggests some of the ron-based material found in soil from Rodney Street properties may
have originated from Algoma.

The following material 5 drawn from information Inco provided to MOE about past refinery
processes and wastes for the early years of the Port Colborne refinery’s operation. Orford slag is a
particular slag produced by the Orford process, which was used at the Inco Port Colborne
refinery from 1918 to the mid 1930s. If some of the soil contamination found on the Rodney
Street properties was associated with slag waste from Inco’s early operations then the soil
chemical and mineralogy characteristics may be similar to Orford slag. If the soil chemical
structure is considerably different from Orford slag then the source of the soil contamination may
be other Inco processes, or later emissions from Inco, or another local industrial source, such as
slag waste from Algoma. A single Orford shg sample was examined by Inco from ther on-site
Orford slag pile and the results made availabk to the Ministry (Inco, 2001b). This Orford shg
sample had soda, sulphur, cobalt, and copper levels that are about ten times higher than the
average of the Rodney Street soil samples exammned by Inco and the Ministry. The Rodney Street
soil iron levels are comparable to the slag sample and the soil nickel levels are about twice as high
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as in the shg sample. In addition, the nikel and copper bearing phases present in the Orford slg
are mostly sulfides, which is in contrast to the Rodney Street soil samples in which nickel oxide is
the most common nickel form. As process changed at Inco, slags with different metal
compositions, including nickel oxide, were likely produced.

A direct comparison of the chemical and mineralogy characteristics of a single slag sample and the
results from several soil samples is not decisive. Slag, or other waste, deposited in the vicinity of
properties on Rodney Street would be mixed with soil and influenced by natural microbial
processes and residentil activities that are not active m the slag pile. The dilution associated with
soil mixing could account for some of the differences m metal concentrations, and deposition of
nickel particulates associated with stack and fugitive emissions could enrich the soil nickel levels.

Over time, and in a dynamic soil environment, the sulphidic forms of nickel in Orford slag could
be leached away or altered to other nickel species and the most insoluble nickel forms (nickel
oxide) would remain in the soil The Orford slag s not the only shg, nor the only waste generated
by Inco. The presence of silica and iron enriched manganese slag, may suggest that slag from
Algoma has contributed to the soil contamination on some of the Rodney Street properties and
possibly the area south of Rodney Street. However, elevated nickel, copper and cobalt
concentrations are not known to be associated with iron foundry slag. In contrast, the presence of
very elevated concentrations of nickel, copper are associated with Inco.

6.1.2 Quantified Nickel Speciation Results

The original Rodney Street soil samples examined for nickel speciation for the Ministry by
MNDM and by Inco both confirmed the presence of nickel oxide but no other nickel species.
These analyses could not quantify the concentration of nickel oxide. Therefore, the Mmistry
contracted two additional laboratories to conduct further nickel speciation testing in an attempt to
quantify the various nickel forms in the soil. Quantification o f metal speciation in soil samples is
non-routine, leading edge science. The Minstry sent 20 soil samples from the broader Rodney
Street community to Lakefied Research in Ontario and six samples to the Stanford Synchrotron
Radiation Laboratory in California. The results of these analyses are summarized in Table 6-1.

Lake field Research methodology used a sequential leaching process to isolate and then quantify
the various metal species groups. The Stanford lab methodology used SEM-XAFS (scanning
electron microscope - X-ray absorption fine structure). The 20 samples sent to Lakefield
consisted of composite samples collected from ten sites. Ten samples were collected and split nto
two portions. One half(ten) was processed following the ssandard MOE sanple preparation
protocol (grinding and sieving), and the other half were submitted as unprocessed bulk samples.
This was done to evaluate the effect of sample processing on the results. Portions of the same ten
samples (also ten processed and ten unprocessed) were sent to another outside lab for simulated
stomach acid leach analysis (see Part B Human Health Risk Assessment, Appendix 5). Three
replicates each of two processed samples (six samples in total) were sent to the Stanford lab. The
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Ministry’s Laboratory Services Branch conducted analysis of total nickel on the ten processed
samples.

Both labs were abk to provide quantitative estimates of speciated nickel. Lakefield methodology
identified four fractions of nickel in the processed and unprocessed samples; soluble nickel, nickel
sulfide, nickel metal, and nickel oxide. The processing status made no appreciable difference in the
results. On average, nickel oxide comprised just over 80% (range from 54.6% to 87.7%) of the
total nickel in the Rodney Street soil samples analysed by Lakefield. Lakefield found nickel metal
present at 11.3%, nickel sulphide at 7.66%, and soluble nickel at 0.37% of the total nickel
detected in the processed soil By comparison, the six samples analysed by the Stanford lab
averaged 89.5% nickel oxide, but this lab did not observe any other nickel species. Inco’s ongoing
analytical work in Port Colbomne indicates that the majority of the nickel present in soil in the
Rodney Street community is in the form of nickel oxide with traces of nickel metal and
nickekcopper and nickelcobalt alloys. However, Inco has not identified nickel sulphide or other
nickel species n any of the Rodney Street soil samples it has examined.

The analytical procedures employed by the Lakefield and Stanford labs are very different, and at
this time there is not a weight of evidence to suggest that one process is more accurate than the
other. In this case there are three labs (Inco, Enpar, and Stanford), all using Scanning Electron
Microscopy technology, that detected only nickel oxide, and one lab (Lakefield) that detected
traces of other nickel species in addition to nickel oxide. All labs concur that nickel oxide is the
most abundant nickel species present in the soil. Therefore, the conclusions to be drawn from the
new nickel speciation tests reaffrm the position originally stated by the Ministry that the majority
of the nickelin the soil in the Rodney Street community is in the form of nickel oxide.
Considering the uncertainty associated, at this time, with this leading edge analytical technolo gy,
the presence of nickel species other than nickel oxide in trace concentrations i soil in Port
Colborne is speculative until it can be confirmed with repeat analysis of samples from multiple
locations using different laboratories.

Table 6-2 summarizes data from a 1978 report of analyses of Port Colborne refinery dusts (MOE,
1978a). This report provides elemental analysis of a dust sample collected from the Cottrell
Precipitator, the Cobalt Multiclone Stack, the Tumblast Stack, and the Submerged Combustion
Evaporator Stack. The data from an onsite “Cottrell” Precipitator captured dust from the Anode
Reverb Fumaces during charging, smelting, and on-stream periods of operation, and so should
reflect the particulates present in stack and fugitive emissions in the 1970s. The precipitator dust
was 38.7% nickel, 10.5% lead, 7.6% copper, 7.1% sulphur, 0.66% cobalt, 0.61% iron, 0.38%
arsenic, and 0.14% zinc. T he main nickel component was reported as nickel oxide and the main
lead component was reported as lead sulphate. In addition, “minor phases” {(not quantified) of
hydrated nickel and copper sulphate were identified. Therefore, most of the nickel in precipitator
dust, and so likely in the stack and fugitive emssions m the 1970s, was nickel oxide.

It is important to note that the MOE Table A effects-based guideline for nickel was developed for
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the total nickel concentration in the soil and s not based on nickel oxide; ie., it is a nickel
guideline, not a nickel oxide guideline.

6.2 Soil Results
6.2.1 Data Tables

The test resuits for all soil samples taken from residential properties in the Rodney Street
community in 2000 and recent data from 2001 are summarized in Tables 6-3 (2000) and 6-4
(2001). Table 6-5 summarizes the test results of the trench samples collected in 2000. In addition,
the 2000 residential soil data are summarized in four tables that list the minimum, maximum,
mean, and median datum plus the 10" to the 90™ percentiles. Table 6-6 summarizes the 0-5 cm
sampling depth from all residential properties sampled in 2000, Table 6-7 summarizes the 5-10 cm
depth data, Table 6-8 summarizes the 10-20 cm depth data, and Table 6-9 summarizes the soil
data by all depths combmed. The 2001 residential data is not included in the statistical summary
tables or in the concentration contour maps. The 2001 results are consistent with the 2000
residential data, in that no new contammants were identified and the concentrations were
comparable. Because the 2001 data set is small (about 5% of the samples collected from the
Rodney Street community) and the levels are similar, their exclusion has no significant impact on
the owerall conclusions of this report.

The distribution of nickel in soil in the Rodney Street community is very skewed. The 90"
percentile of soil nickel concentrations (all depths combined) for all samples collected in 2000 is
5,588 ng/g, which means only 10% of all the samples exceed the value of 5,588 pg/g. The 50®
percentile was 1,800 pg/g, which means that half of all samples tested are less than 1,800 pg/g.
Also, 80% of the samples were less than 3,900 pg/g, which is consistent with the data in the 1998
and 1999 Port Colborne MOE scil investigations that predicted that soil nickel levels in this
community are in the range of 2,000 pg/g to 4,000 pg/g.

6.2.2 Soil pH

Soil pH results for the 36 soil samples containing high soil nicke] concentrations are listed in Table
6-10. The pH of soil in the Rodney Street community ranged from 6.85 to 7.76, which is
characteristic of neutral, fine-textured mineral soil and common i surface soil in southem
Ontario. The soil pH was determined on soil samples collected form the 0 to 5 cm sample depth.

6.2.3 Soil Plant Bio-availability

The soil plant bio-availability of nickel in pH-neutral mineral soil averaged 0.22%, whereas the
bio-availability in acidic organic (muck) soil averaged 8.49% (MOE,1975; MOE,1977;
MOE,1978). None of the samples analysed for plant bic-availability were collected from sites
where slag or other process waste was observed and all sites were believed to have been
contaminated through atmospheric deposition. The nickel bio-availability was much higher in the
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muck soil, because these farms were directly downwind of Inco where soil nickel levels tend to be
higher (greater than 5,000 pg/g), than the mineral soils that are more common elsewhere in Port
Colborne. Also the muck soils are naturally more acidic, which would place more nickel in soil
water solution, available to plants.

These results indicate that the potential for nickel to go into solution in the soil and be available
for uptake by vegetation (plnt bio-availability) is very small for the type of mineral soil that
predominates in the Port Colbome community. This would explain the paucity of characteristic
vegetation nickel imjury symptoms on plants throughout Port Colborne, even though soil nickel
lewvels far exceed the Ministry's effects-based Table A nickel soil guideline. After the shutdown of
the refinery in 1984, nickel injury on sensitive species of vegetation has rarely been observed in
Port Colborne. This corroborates the low soil nickel plant bio-availability results and suggests that
most of the nickel injury observed on vegetation up to 1984 was likely from deposition of nickel
from the ambient air onto plant surfaces and absorption, and not from translocation of soluble
nickel from nickel-contaminated soil. No plant injury believed to be caused by nickel toxicity was
observed in the Rodney Street community during the course of sampling in 2000 and 2001.

The low plant bio-availability of nickel in soil is associated with a neutral soil pH, and a very low
ammonium acetate soil leach is consistent with nickel being in the form of the very insoluble
nickel oxide or nickel metal. Very low plant bio-availability would also explain the rarity of nickel
injury symptoms on vegetation in the Rodney Street community specifically and the Port Colborne
area in general. In order for nickel in the soil to injure vegetation it must be dissolved in soil
water, taken up through the roots, and translocated throughout the plant. With such low bio-
availability there would be very little dissolved nickel in soil water resulting in a small potential for
vegetation uptake and injury.

The low soil plant bio-availability would also explain the generally poor relationship between soil
nickel levels and nickel levels in residential garden produce observed in Port Colborne (ie., the
nickel levels in garden produce were not consistently higher from properties that had high soil
nickel concentrations). In fact, a Imear relationship between plant nickel levels and soil nickel
levels would not be expected, as nickel is toxic to plants and plants would not grow as well in
highly nickel contaminated soil. Preliminary data from the eco-toxicity testing being conducted for
the CBRA has confirmed that plant growth is substantially reduced at high nickel kevels.

7.0 Discussion
7.1 Soil Results for Residential Properties

MOE Table A effects-based generic criteria (residential/parkland land uses - medium/fine textured
soils) were exceeded in soil on one or more of the residential properties in the Rodney Street
community for the following ten elements: antimony, arsenic, beryllium, cadmium, cobalt, copper,
lead, nickel, selenum and zinc. The Table A Guideline (refer to Section 4.0 and Appendix 1) for
lead, antimony, and beryllum are based on human health. These are mtended for generic clean-up
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or as a trigger for a detailed HHRA. The criterion for selenium s based on the protection of
grazing animak. The criteria for arsenic, cadmium, cobalt, copper, nickel, and zinc are based on
ecological protection, specifically plant growth. Soil nickel concentrations exceed the Table A
effects-based generic criterion of 200 pg/g on almost all of the properties m the Rodney Street
community. It was evident from the condition of the few properties that did not exceed the nickel
guideline that they had undergone extensive landscaping, so the contaminated soil had etther been
buried below the 20 cm sampling depth, or been removed and replaced with clean soil.

Elevated soil nickel levels were expected in the Rodney Street community, since the contaminant
contour maps prepared for the 1998 and 1999 MOE Port Colbome soil investigations indicated
that soil nickel concentrations in the area could range up to 5,000 pg/g. Similarly, soil cobalt and
copper concentrations were expected to be high, and about 61% and 54% of the properties,
respectively, n the Rodney Street community exceeded the Table A effects-based crieria for
these two elements. A high percentage (approximately 80%) of the properties sampled in this
investigation also had soil kad levels above the Table A effects-based criterion. Soil beryllium
levels on almost one half (49%) of the properties exceeded the Table A effects-based criterion.
The effects-based criteria for arsenic and zinc were exceeded on about one quarter of the
properties {29% and 17%, respectively). Table A guideline exceedences were rare for antimony,
cadmium, and selenium, occurring on only three properties (2%) for antimony, and one property
each (1%) for cadmium and selenium.

Statistical analysis was carried out on the replicated samples collected from the two properties on
each block that were sampled n triplicate (single sampks were collected from all other properties
in the Rodney Street community and the properties on Rodney Street were sampled in duplicate).
Within site sampling/analytical variability was acceptable for most elements (excluding antimony
and selenium), in that the standard deviation of the replicates was less than 20% of the mean value
for the property. The standard deviations of the replicate samples for antimony and selenium,
expressed as percentages of the mean concentration, were 24.2% and 24.6%, respectively. The
concentrations of both antimony and selemum are naturally very low in soil, usually less than 0.2
ng/g. The high variability between sample replicates for these two elements was related to the
difficulty that the contract laboratory had in consistently obtaining detection limits that were in the
0.2 pg/g range. A low detection limit for these elements was not a selection criteria for the
contract lab, since high metal levels were anticipated.

7.2 Contaminant Contour Maps
7.2.1 Map Preparations and Precautions

To illustrate the spatial distribution o f soil contamination in the Rodney Street community,
contaminant contour maps were created for selected elements using Surfer™ and ArcView™
computer mapping programmes. Because of the technical complexities associated with creating
contour maps from a very large data base, and because no spatial pattern was evident for some
elements, maps were created only for the elements of specific interest and those that exceeded the
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MOE Table A effects-based guidelines for which the guideline rationale was health-based. Zinc
was excluded, because with few exceptions, the exceedences of the Table A effects-based criteria
were marginal, and the rationale for the guideline is not health-based. Iron was included because it
is a potential emission from both Inco and Algoma, and even though environmentally it is a
(relatively) benign contaminant, a spatial pattern may assist in contaminant source allocation.
Therefore, maps were prepared for the following ten elements: antimony, arsenic, beryllium,
cadmium, cobalt, copper, lead, nickel, selenium, and iron. A separate contaminant contour map
was produced for each of the three sampling depths (0-5 cm, 5-10 cm, and 10-20 ¢m) for each
element.

Two software packages were used to generate the maps. The data analysis and creation of the
concentration contours were produced using Surfer™ (Version 7.0 for Windows 95/NT, by
Golden Software Inc.}. The output from Surfer™ was then inmported into ArcView™ GIS (Version
3.2, by Environmental Systems Research Institute Inc.) and combined with base maps to produce
the final maps. Details concerning the process used to generate the maps are provided in Part A
Soil Contaminant Contour Maps.

These maps are statistical approximations of the spatial distribution of the different contaminants.
Soil concentrations are only known with certainty at those sites for which soil was actually
sampled and chemically amalysed. The contours produced by the program are significantly affected
by the spatial distribution of the sampling sites, the accuracy of the position information of the
sampling sites, and the program options used to generate the contours. The accuracy of the
contours diminishes at the edges of the map and m large areas where there are no or very few
sample sites. In this case, the sampling density was uniform across the community inside Welland,
Rodney, Davis, and Louis Streets, so the contours should be reasonably predictive of the
residential soil conditions.

These maps are a very helpful tool for dentifying spatial trends, particularly for very lrge data
sets. Although useful and reasonably accurate, particularly with a high sampling density as used in
this study, the contour maps are still only estimates of soil concentrations based on a statistical
model. The actual soil concentration is known with certainty only at the sites where the samples
were collected.

7.2.2 Seil Contaminant Patterns

It is evident from the contaminant contour maps, and the data in Tables 6-3 to 6-9, that soil
contamination in the Rodney Street community, although extensive for some elements, tends to be
patchy. Properties with much lower soil contaminant levels were often encountered between
properties with much higher concentrations. Conversely, occasionally single properties with
significantly elevated concentrations of some elements were surrounded by properties with much
lower contaminant levels. The mechanism for the observed patchwork pattem of contamination is
related to the interaction between atmospheric deposition, placement of contaminated fill, and

Part A, Text Page 19 of 112



Soil Investigation and Human Health Risk Assessment for the Rodney Street Community, Port Colborne: October 2001

property specific landscaping and construction activities.

Atmospheric deposition, either from fugitive or stack emissions, would resulit in a decreasing soil
contamination gradient relative to distance from the source. Fugitive emissions can be considered
a series of small point sources from vents, windows, doors or other openings in the refinery or
other buildings. These are considered to be a significant potential source but are difficult to
quantify. The particulates from these sources would be carried by wind currents into the
surrounding community and would not necessarily be deposited evenly due to wind currents
eddying around structures like trees and buildings. Particulates associated with the stack plume
drop out of the plume as their weight overcomes the buoying effect of the rising gases.
Depending on the wind speed, the particles will move various distances before they reach the
ground. For both fugitive and stack emissions, the larger denser particles will tend to be deposited
closest to the source and finer particles will tend to be carried the greatest distance. Therefore,
the Rodney Street community would tend to get more deposition of larger denser particles and be
affected more by fugitive emissions than more distant areas.

Atmospheric deposition by both stack and fugitive emissions was not constant over the operating
life of Inco and Algoma. Releases to the local environment, particularly through fugitive
emissions, were nuch greater in the early years of operation at both Inco and Algoma.
Subsequent to the cessation of significant emissions (the Inco refinery ceased operations m 1984,
and the Algoma mill in 1977) and over time through property lindscaping or redevelopment, on
some properties the contaminated soil would be either diluted by coverage with clean soil or
removed and replaced by clean soil. Landscaping need not be elaborate to substantially alter the
surface soil (top few cm) contaminant Ievels. Simply filing low spots in a lawn with topsoil or re-
sodding can add enough clean soil to dilute the residual surficial contamination. The
contamination status of undisturbed/unlandscaped properties would remain relatively unchanged,
to create the soil contamination patchwork pattern that was observed across the Rodney Street
community, With time, even on undisturbed properties, soil contamination deposited on the
surface can work its way downwards into the lower soil horizons where it is subject to further
mixing and redistribution both up and down by normal soil processes (ants, earthworms, water
movenent, etc.).

Also, industrial process waste could have been used to fill low areas, and since the waste can be
aggregate m nature, some residents may have used it to improve drainage around homes or
structures, or as construction material. Atmospheric deposition over the decades would add to the
general contaminant levels on properties that did not receive fill material.

Regardless of the patchiness, some overall contaminant contour gradients and patterns are
obvious. The most consistent are nickel, copper, cobalt, arsenic, and selenium. The concentrations
of these five elements tended to be highest in the easterly and southeasterly areas of the Rodney
Street community, adjacent to the Inco refinery. The patterns of nickel (Maps A22-A24), copper
(Maps A16-A18), and cobal (Maps Al13-Al5) soil contamination were particularly similar, with
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the higher concentrations restricted to properties along Rodney, Davis, and Mitchell Streets. The
maximum soil nickel level was 17,000 pg/g detected in the 5-10 em depth of a property on
Rodney Street. The maximum soil copper concentration was 2,720 pg/g in a sampk from the 10-
20 cm depth of a Mitchell Street property. The highest soil cobalt concentration, also from a
Mitchell Street property, was 262 pg/g in the 5-10 cm soil profik. Although properties with high
nickel levek ako had elevated copper and cobalt concentrations, the maxima for these elements
did not occur on the same property.

The patterns of soil arsenic (Maps A4-A6) and soil selenium (Maps A25-A27) contamination
were similar, with the highest levels centred on Rodney Street, and scattered contaminated
properties along Mitchell Street, and a few on Davis Street. Unlke nickel, copper, and cobal,
which exceed their respective Table A effects-based guidelines on the majority of properties in the
Rodney Street community, the extent of arsenic and selenium contamination was much more
restricted, with concentrations that were proportionately much lower. The maximum soil arsenic
concentration was 350 pg/g n the 0-5 cm depth from a property on Rodney Street. However,
most soil arsenic levels were much less, with 71% of the properties in the Rodney Street
community being below the Table A effects-based guideline of 20 pg/g and about 60% of the
properties being within normal arsenic background concentrations. The property with the highest
soil arsenic level was not the property with the highest soil nickel level.

Although a soil selenium gradient toward Inco was evident, only one property had selenium levels
that exceeded the Table A effects-based guideline, with a maximum concentration of 19.4 pg/g in
soil colkected from the 5-10 cm depth of a property on Mitchell Street. Soil selenium levek are
naturally low and therefore any elevation above background is noticeable, a fact that allowed for a
contaminant gradient to become evident.

Even though soil beryllium lewels exceeded the Table A effects-based guideline of 1.2 pg/g on
about 49% of'the properties in the Rodney Street comnminity, unlike the other nine elements for
which maps were constructed, the beryllnm contaminant contour maps (Maps A7-A9) did not
indicate a consistent spatial pattern, although there was a weak trend of generally slightly higher
levels toward the west side of the community, but the highest individual levels occurred toward
the east and northeast. The highest soil beryllium level was 4.6 pg/g, which was detected in the
10-20 cm depth at a property on Mitchell Street. Like the other metals, soil beryllium levels
tended to be slightly higher at depth.

The contaminant contour maps for lead (Maps A19-A21), and to a lesser degree for cadmium
(Maps A10-A12) and antimony (Maps A1-A3), did not illustrate a consistent spatial pattern or
orient to specific streets, but rather identified numerous apparently random ‘hot spots”. Soil lead
levels exceeded the MOE Table A effects-based guideline of 200 pg/g on about 80% of the
properties, whereas cadmium and antimony exceeded the MOE guidelines only on 1% and 2% of
the properties, respectively. Even though the three elements were spatially related to each other
(same general patterns on the contour maps) the soil lead concentrations were far higher than
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either the cadmium or antimony levels and the maximum concentrations did not occur on the
same properties. For example, the maximum soil lead level was 1,800 pg/g, which occurred on
Mitchell Street. The maximum soil antimony kevel was 35 pug/g, encountered on a Louis Street
property. The maximum soil cadmium concentration was also 35 pg/g, which occurred on Davis
Street. Like the other metals, these elements tended to be slightly higher at depth.

The soil ron concentrations in the Rodney Street community are quite variabl and in some areas
are substantially elevated. The mean ron concentration was 27,550 pg/g, which is within a normal
range for Ontario, but the maximum iron level was 130,000 ng/g, or 13%. The pattern of iron
distribution in soil (Maps A28 to A30) most closely resembles the nickel pattern, with the highest
concentrations occurring toward the south and east, obviously centred on the homes on Rodney
Street east of Fares Street. Although, both Algoma and Inco were potential iron sources, Algoma
was a pig iron blast furnace, which are characteristically “dusty” operations, Iron is likely a
component of the nickel feedstock from Sudbury that was processed in the Port Colbome
refinery, since the Sudbury based ores, such as Pyrrhotite, an iron sulfide mineral, Pentlandite, an
iron nickel sulfide mineral, Chalcopyrite, a copper iron sulfide mineral, Pyrite, an iron sulfide
mineral, Magnetite, an iron oxide mineral, and Bornite, a co pper iron sulfide mineral, contain iron.

7.3 Statistical Analysis of Chemical Relationships

Most soil concentrations tended to be slightly higher in the lower sample depths. Table 7-1
summarizes the soil concentration by sample depth and the results of two-tailed t-tests, which
illustrates that the difference between depths is statistically significant for many elements. Higher
concentrations at depth, particularly for elements such as nickel, copper, and cobak which are
known to be associated with Inco emissions, if they are related to atmospheric stack or fugitive
emissions, suggest that the bulk of the local deposition occurred in the early operating years
because the contaminants have moved down out of'the upper most soil horizons. Recent or
ongoing atmospheric deposition results in soil contaminants accumulating in the upper soil layers
and decreasing with depth. If the origin of the soil contamination is buried waste or fill the
concentrations would be substantially higher in the subsurface layers than in the surface soil.

Results of Pearson Product Correlation tests on the soil data from all depths for all chemicals are
summarized in Table 7-2. Due to the very large number of degrees of freedom (1,300 plus) all “»”
values greater than 0.08 are significantly correlated at the 95% level. The higher the » value the
stronger the correlation between the elements. Negative » values indicate an inverse relationship
(ie., one soil concentration increases as the other decreases).

Nickel copper, and cobalt contamination in surface soil in the broader Port Colborne community
is associated with Inco emissions. Of these three elements, nickelis a “signature™ contaminant,
meaning that it is present in the highest concentration over the most extensive area, and has the
most consistent concentration gradient relative to distance and direction from Inco. Therefore,
elements that are highly correlated with nickel are also likely related to Inco emssions.
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Soil nickel concentrations in soil in the Rodney Street community are very highly correlated with
soil cobalt (r=0.93), copper (=0.87), iron (r=0.82), selenium (r=0.77), zinc (r=0.71) levels, and
highly correlated with soil arsenic (r=0.60) levels, suggesting that Inco emissions are likely the
principal source of these elements. The high statistical correlation is corroborated by the
contaminant contour maps which strongly imply a spatial relationship between nickel, copper,
cobalt, and to a lesser extent arsenic, selenium, and iron (zinc was not mapped). Previous MOE
soil sampling in the Port Colborne area, identified elevated soil copper and cobalt levels as having
originated from Inco (Kuja et al., 200 1a; Kuja et al., 200 1b). However, zinc, arsenic, selenium,
and iron levels in soil in areas other than the Rodney Street community have not been shown to be
consistently elevated above MOE guidelines. Arsenic levels in soil in the Inco regional plume zone
are spatially and statistically related to nickel levels in soil, even though the soil arsenxc levels are
generally not elevated above the MOE generic Table A guidelire. In the MOE report on re-
sampling of soil at Humberstone School, the relationship between soil arsenic and soil nickel
levek was so consistent that soil arsenic kvels could be predicted by soil nickel levek within a few
parts per million (MOE, 2001). The relationship between soil arsenic and soil nickel levels in the
Rodney Street community, although statistically highly significant, is not quite as predictive (less
consistent) as n the wider Port Colborne area downwind of the Inco stack. This suggests there
may be a secondary arsenic source in the Rodney Street community.

Soil lead kevels are highly correlated with zinc (=0.75) and barium (r=0.74). These three elements
are common components of older lead-based paint. Also, the historic use of leaded gasoline has
substantially added to the soil lead kevels in all urban areas. Even though lkad was likely emitted
from Inco (lead made up about 10% of a single precipitator dust sample collected and analysed in
the 1970s, MOE, 1978) the lack of a lead soil spatial pattem in the Rodney Street community,
and elsewhere in Port Colbome consistent with the soil nickel spatial patterns, suggests that most
of the lead in the soil in the Rodney Street community is likely associated with general urban and
residential sources (lead based exterior paint, disposal of battery and automotive parts, pesticide
use, and leaded gasoline). Inco likely emitted lead, but it was not in the same proportion as nickel,
copper, and cobalt. Any lead deposited in the Rodney Street community by Inco cannot be
distinguished from general urban and residential sources.

7.3.1 Contaminant Groups

Scatter plots (not reproduced in this report) of the soil data were created and used with the
Pearson products, principal component analysis, and the contaminant contour maps to explore the
chemical inter-relations. This process suggests three distinct soil contaminant groupings in the

Rodney Street community, with overlap of a few chemicals.

1) The Nickel Group: consisting of nickel, cobalt, copper, iron, selenium, zinc, and arsenic, are
statistically related to nickel with a correlation coefficient of at least 0.50.

2) The Lead Group: consisting of lead, zinc, barium, and copper, are statistically related to lead
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with a correlation coefficient of at least 0.50.

3) The Aluminum Group: consisting ofaluminum, vanadium, and beryllium, are related to
aluminum with a correlation coefficient of at least 0.50.

In their review of the earlier March 2001 report, Inco suggests there is a fourth chemical group,
referred to as an Iron Group (Senes, 2001), which appears to be a sub-group of the MOE Nickel
Group. Inco describes this iron group as consisting of iron, selenium, and arsenic, which may have
originated from a mixing of different types of buried process fill from either Inco or Algoma Inco
considers this to be indicative of buried fill/process waste.

Of the various soil contammants, arsenic is one of the most difficult to confidently attribute to a
specific source in the Rodney Street community, as it has the weakest comrelation coefficient with
nickel of the elements in the nickel group. The property with the highest soil arsenic kvel is not
the property with the maximum nickel concentration, and there are several properties with
elevated soil arsenic and disproportionately elevated soil nickel levels (ie., five properties with soil
arsenic concentrations between 75 and 150 pg/g and a soil nicke! kevel less than 2,000 ug/g).

Table 7-3 is a summary of selected soil metal levels observed by the Ministry around specific
types of heavy industry in Ontario. It clearly illustrates that in Ontario the only industries

asso ciated with substantially elevated soil nickel levels e ven remotely similar to levels found in
Port Colbome are nickel refineries, and the only other nickel refineries in the province are the
Inco and Falconbridge operations in Sudbury. Specifically, elevated soil nickel levels have not
been detected around foundries similar to the Algoma foundry that operated in Port Colborne to
the west of the Rodney Street community. The only other industry where measurably elevated soil
nickel levels have been detected is stainless steel manufacturing, as nickel is used in the
production of stainless steel. This table also illustrates that soil iron levels are significantly
elevated around nickel refineries and that iron ore sintering is a source of arsenic soil
contamination. Therefore, Inco is likely a significant contributing source of elevated iron levels
and Algoma likely contributed to the soil arsenic levels in the Rodney Street community.

7.4 Results of Trench Samples

The results of chemical analysis of soil samples removed from the walls of the various trenches are
summarized in Table 6-5. Based on visual identification i the field, all seven of the trenches
contained some fill material, including rocks, brick pieces, metal debris, and in some cases
possibly coal, coal ash, cinders, and slag. Natural undisturbed natural cky was encountered at
about one metre in all trenches. The main contaminants in the trench soil are nickel, copper,
cobak, zinc, iron, and to a lesser degree lead, arsenic, and beryllium. The iron concentrations are
quite elevated in some trench samples, ranging up to about 17% (168,000 pg/g at 60 cm depth
from the trench on the shoulder of Rodney Street). These high iron levels possibly reflect the
association with oxidized metal debris observed in some trench layers.
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The two trenches from the baseball park at the south end of Rodney Street are contaminated with
nickel to the bottom ofthe trench, a depth of about one metre, with concentrations ranging from
304 pg/g to 6,680 ug/g. The maximum arsenic level is 33.1 pg/g, the maximum copper level is
524 pg/g, and the maximurn cobalt concentration is 88.8 pg/g. The nickel, copper, cobalt, and
arsenic levels all tended to be higher at depth. Most other elements, notably lead, were quite low,
at least relative to elsewhere in the Rodney Street community.

The trench excavated on the shoulder of Rodney Street, and the two trenches excavated in the
vacant lot south of Rodney Street between Fares and Welland Streets, were similar to each other
and different from the baseball park trenches in that the maximum contaminant levels tended to be
closer to the surface. For example, in the trench near 124 Rodney Street the soil nickel levels
ranged from 8,900 ug/g to 9,730 pg/g to a depth of approximately 35 cm and then decreased to
204 ppg/g at a depth of approximately 60 cm Similarly, the arsenic concentrations ranged from
30.7 pg/g to 43.1 pg/g in the top 65 cm, then fell to background below this depth. The
contaminant levels in the trenches from the vacant field tended to be lower than in the Rodney
Street and baseball park trenches. Unlike the baseball park trenches, which had high nickel levels
at all depths, the trench on the shoulder of Rodney Street and both trenches in the vacant field had
the highest metal levels near the surface, with the hyer of contamiation abruptly ending between
30 and 60 cms.

The two trenches excavated in the parkette on the east side of Welland Street tended to have
lower soil contaminant levels than the other trenches. Although nickel levels were elevated to the
bottom in the west trench, all other contaminants were confined to the top 65 cm. Similarly, in the
east trench all the contamination was confined to the top 65 cm, falling to virtually background
levels below this depth. By comparison, the soil from the trenches from the two sodded berms
located on the perimeter of the parkette’s basketball court was much cleaner than the other
trenches. Only a few samples exceeded the MOE Table F back ground-based guidelines, and only
a single sample exceeded the Table A effects-based guideline for beryllium.

Soil contamination was deepest in the baseball park, suggesting this area had received at least one
metre o f metal contaminated fill. Based on anecdotal accounts obtained from residents during the
MOE'’s April open house, it is generally believed that the baseball park contains substantial fill.
Judging by the presence of debrs in the other trenches, it was evident those areas had also
received some fill material, although metal contamination was mostly confined to the upper 30to
60 cm. This suggests that outside of the baseball park, metal contaminated material may have
been used more as top dressing rather than as fill, perhaps to level the ground in preparation for or
subsequent to building. It is ako possible that, outside of the obvious deep fill m the basebal park,
the soil metal contamination in the area of the trenches south of Rodney Street s from
atmospheric deposition because the contamination is largely confined to the near surface layer and
this area is veryclose to and directly between both the Inco refinery and the historic Algoma iron
foundry. Ifthis is the case, and the soil metal levels in the broader Rodney Street community are
also related to atmospheric deposition, then the soil contamination in the Rodney Street
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community can be expected to extend to at least 30 cmin depth. However, the only way to
confidently characterize the extent of soil contamination at depth is to conduct bore hole or trench
samp ling at multiple locations throughout the community.

8.0 Soil Contamination: Source Allocation
8.1 Sources of Contamination

There are three potential sources of soil contammation of concern in the Rodney Street
communty, which include: 1) Inco; 2) Algoma; and 3) general urban/domestic sources. The Inco
refinery principally emitted nickel, copper, cobalt whereas seknium, zinc and particulates were
secondary. Algoma operated a blast furnace producing pig iron from 1913 to 1977. The blast
furnace bordered the southwestern side of the Rodney Street community as Inco bordered the
eastern side. Typical ore concentrations and oxidation/reduction operations at a blast furnace
foundry would produce the following potential metal and metalloid emissions: iron, magnesium,
arsenic, possbly beryllium, boron, manganese, cakium, phosphorous, sulphur, silica, plus
substantial particulates (dust). In addition, there are numerous sources of contammation
associated with residential communities, including lead-based paints, vehicle emissions, and
pesticides.

8.2 Nickel, Copper, Cobalt, Arsenic, Selenium, and Zinc

The soil nickel, copper, and cobalt contamination documented in Port Colborne and the
surrounding area in the 1998 and 1999 MOE nvestigations (Kuja et al, 2000a; Kuja et al.,
2000b} is related to long term atmospheric deposition of Inco’s emissions. Stack dynamics and
prevailing wind patterns make the area to the northeast of Inco the zone of maximum deposition
from stack emissions. The nickel:copper and nickel:cobalt soil ratios from the broad northeast
areaare 9.9:1 (nickel:copper) and 56:1 (nickel:cobalt), and are remarkably consistent to soil ratios
from the average of all samplks collected in the Rodney Street community n 2000, 10.1:1
(nickel:copper) and 51:1 (nickel:cobalt), and the trench samples, 9.5:1 (nickelcopper) and 44:1
(nickel:cobalt) (see Table 8-1). By comparison, using the natural background levels for Ontario
soil (Table F in the MOE Guideline for Use at Contaminated sites in Ontario (MOE, 1997)) the
natural ratios for these three elements in uncontaminated soil are 0.5:1 (nickel:copper) and 2.0:1
(nickel:co balt), which illustrates the unique soil contaminant signature of Inco’s Port Colborne
refinery. This is very strong evidence that the nickel, copper, and cobalt contamination detected in
the Rodney Street community is consistent with the soil contamination in the broader Port
Colborne area downwind (to the northeast) of Inco, which are related to atmospheric emissions
from Inco.

Because of the spatial distribution and the very high correlation coe fficients between nickel and
arsenic (r=0.60), nickel and selenium (r=0.77), and nickel and zinc (r=0.71), the elevated
concentrations of arsenic, selenium, and zinc in soil in the Rodney Street community are strongly
believed to have origimated from Inco emissions. This is corroborated by the 1978 report (MOE
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1978) that identified arsenic as 0.38% (3,800 pg/g) and zinc as 0.14% (1,400 pg/g) of Inco’s
refinery dust. However, soil zinc contamination can also be associated with residential sources,
and so not all of the soil zinc contamination in the Rodney Street community is related to Inco.
Similarly, arsenic is frequently associated with iron ore bodies and iron mineralization, and the
properties with the highest soil arsenic levels are not the properties with the highest soil nickel
levels. Arsenic is associated with Algoma iron ore sintering operations elsewhere in Ontario and
therefore Algoma was likely a contributing source of some of the arsenic burden in the Rodney
Street soil.

The spatial distribution of the nickel, copper, cobalt, selenium, and zinc, and to a lesser degree
arsenic, soil contamimation is consistent with a source to the south and east of the Rodney Street
community, as the soil concentrations are higher on Rodney Street, Davis Street, and Mitchell
Street. The zinc pattern tends to be a little more scattered but a southeasterly gradient is still
apparent. In addition, the observation that the highest soil contaminant levels tended to be just
below the surface (the baseball park being the exception) inthe 5-10 ecm oreven 10-20 cm depth
is consistent with an atmospheric deposition source that was much greater in the past. With the
cessation of atmospheric deposition, heavy metals move down through the surface soil, although
this can take decades and the downward movement is usually only a few tens of centimetres.

If the amount of metal contaminant falling onto the soil were constant and ongoing, the upper
most soil layer would have the highest metal concentration because the rate of accumulation at the
surface exceeds the rate of downward percolation. Fugitive and stack emissions from Inco in the
early years of operation, particularly before the 152 m (500 foot) stack was constructed in 1935
(there were two 91 m {350 foot) stacks m place from 1918), would have caused high levels of
atmos pheric metal loading and deposition in the Rodney Street community and resulted in the
rapid accumulation of heavy metals in surface soil. The main vehicle access to the Inco refinery is
through the Rodney Street community, which would create substantial dust as vehicles re-entrain
contaminated material from highly contaminated sites on property, The pattern of slightly higher
soil metal levels on front yards may reflect the influence of re-entrainment by vehicles, surface
runoff and/or contaminated snow from the roads plowed onto the shoulders or narrow front
yards. When the tall stack was constructed, the impact of stack emissions on this community
should have been abated and also conceivably, fugitive emissions may have been reduced, which
would result in a reduced rate of metal deposition on the soil in the Rodney Street community.
Eventually, the rate of accumulation in the surface soil fell below the rate of downward
percolation resulting in a siow but consistent downward migration of the heavy metal
contamination out of the top five cm of the surface soil and into the near-surface and sub-surface
soil layers at a depth of 10 to 20 cm.

A downward percolation from the surface to subsurface soil layers after the cessation of
deposition is consistent with the pattern observed in soil lead leveks in Toronto. In the 1970s, lead
from leaded gasoline combustion was ubiquitous in the Toronto airshed, resulting in high ambient
air lead levels and subsequent deposition and accumulation of lead in surface soil. In 1971 the
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MOE established a baseline soil sampling network throughout Toronto and determined that the
soil lead levels were highest at the surface and decreased quickly with depth (ratio of lead in the
0-5 cm surface soil compared to the 10-15 cm soil depth was 1.6:1). Leaded gasoline was phased
out in the early 1980s resulting in substantial reductions in ambient air lead lewvels and a virtual
cessation of lead deposition to soil. A repeat sampling ofthe same sites in 1991 showed that with
the elimination of lead deposition from the air the lead had moved down into the soil so that it
was consistently higher at depth than near the surface. (ratio of lead in the surface 0-5 cm
compared to the 10-15 cm soil depth having changed from 1.6:1 (1971) to 0.6:1 (1991)).

With the cessation of atmospheric deposition, contaminants should no longer accumulate at the
soil surface and the fact that soil contaminant levels in the Rodney Street community tend to be
higher in subsurface soil layers is a further indication that the main deposition ceased many years
ago and sources of contamination are historic. However, this does not imply that over time the
contaminants will continue to move downwards in the soil profik and eventually be deep enough
so that they no longer pose a potential ecological or human health concern. Soil is a dynamic
chemical, mechanical, and biological system, and at the microcosm scale, soil is constantly in flux.
Limited MOE studies in other communities where soil has been contaminated by historic
industrial air emissions have indicated that soil contaminants can move downwards through the
soil by gravity and soil water percolating through soil pores, root, and insect channels. In addition,
soil contaminants can be brought back to the surface from considerable depth as a result plant
uptake and the tunnelling by ants, earthworms, and other soil macro and microorganisms.
Earthworms alone can completely turnover the top 10 cm of soil in 100 years. The resul is that
over time, likely decades, soil contaminants that originated on the surface tend to move deeper in
the soil and eventually get mixed into the top 30 or so centimetres of soil.

8.3 Lead

The elevated lead levels in soil in the Rodney Street community are not primarily related to Inco
emissions. The pattern of lead contamination is not spatially similar to nickel, copper, or cobalt,
and there is no southeasterly concentration gradient toward Inco. Instead, high lead levels are
randomly scattered throughout the community. Lead kevels in soil are highly correlated with
barium, copper, cadmium, cobalt, chromium, and zinc, and comparatively poorly correlated with
nickel. These elements (nickel excepted) were common anti-mildew and anti- fungal additives in
paint manufactured up to the mid 1970s. Previous Phytotoxicology investigations have clearly
linked residential soil contaminated by these elements to the erosion, weathering, and/or removal
of exterior leaded paint. Paint chips from flaking paint are often visible on the soil. Analysis of
these chips collected from residential yards o f older urban homes in Toronto showed that the
paint contained up to 31% lead (310,000 pg/g), 12.4% zinc (124,000 pg/g), and 0.85%
chromium (8,500 pg/g) (Bisessar and McLaughlin 1995). The soil lead and zinc concentrations of
these Toronto yards ranged up to 890 pg/g and 445 ng/g, respectively. Almost every year
Phytotoxicology scientists assist MOE District Environmental Officers and local health unit
inspectors in the investigation of blood lead poisoning of very young children. In most cases the
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lead source is found to be lead contaminated soil from flaking or eroded exterior lead-based paint.

Soil lead data collected from elsewhere around Port Colbome in earlier MOE soil investigations
camnot be used to gauge normal residential soil lead burdens for the Rodney Street community
because most of the samples were collected from boulevards and large suburban or rural lawns
and therefore these data would reflect vehicle lead but not household lead. In addition, soil lead
contamination is particularly characteristic of older urban residential communities, and the Rodney
Street community is among the oldest in Port Colborne. Soil lead levels from newer
urban/suburban communities and from outlying residential areas in Port Colbome would not have
similar soil lead kvels as the Rodney Street.

Lead is a ubiquitous soil contaminant that is generally higher in urban communities because o f the
historic use of leaded gasoline and numerous other residential lkead sources. The combination of
historic deposition of lead from leaded gaso line, the chronic deposition of flaking and peeling
exterior leaded paint, and the use of lead-based pesticides has resulted in consistently elevated soil
lead levels in urban communities across Ontario. Older urban communities have the highest soil
lead levels because the soil has been exposed to greater numbers of vehicles for a longer period of
time. In addition, older urban communities have higher residential density and older homes that
may have been painted many times over the years, and therefore have had a longer time to
accumulate weathered paint in the soil. In the Rodney Street community of Port Colborne about
80% of the properties exceed the MOE Table A generic effects-based soil lead guideline, and the
average soil lead level was 222 pg/g. In Toronto, the MOE has been monitoring environmental
lead levels for 25 years ina community that has no known industrial source of lead pollution. In
this community, which is similar to the Rodney Street community in age and style of home
construction, 78% of the residential properties exceed the MOE Table A effects-based criterion
and the average soil lead level is 486 pg/g. Spuriously elevated soil lead levels are an artifact of
older “residential city-core” communities and can be found in every Ontario municipality. Soil
lead concentrations in the 1,000 pg/g range, such as detected at a few scattered properties in the
Rodney Street community, are entirely consistent with residential lead sources and are typical of
older urban communities in Ontario.

Lead was likely emitted from Inco since lead comprised 10.5% of a single Cottrell Precipitator
dust sample, collected at the Inco refinery in 1978. However, based on data from soil samples
collected in the Port Colbome area (Kuja et al., 2000a; and Kuja et al., 2000b), of those soil
samples with soil nickel levels greater than 1,000 ug/g, the average soii nickel level was 2,120
ug/g and the average soil lead concentration was 98 ug/g, which gives a nickel:lead ratio of
approximately 22:1. Similarly, using the soil data from the Rodney Street community that was
collected in 2000 (excluding the trench data) the average soil nickel level was 2,545 pg/g, and the
average soil lead level was 222 ug/g, which gives a nickel:lead ratio of 11.5:1. Since the nickel:
lead ratio of 22:1 for the Port Colborne area in general is not the same as the nickellead ratio of
11.5:1 for the Rodney Street community, the lead is unlkely from the same source as the nickel
contamination.
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Current levels of kead m soilin Port Colborne in general, and the Rodney Street community
specifically, have no consistent spatial relationship relative to Inco. Although Inco emissions may
have contributed to the overall soil lead burden in the Rodney Street community, historic vehicle
emissions from the combustion of leaded gasclne and residential sources, such as weathered
exterior lead-based paint, are both far more significant and known lead sources that could account
entirely for the soil lead levels encountered i this study, and so any Inco kead contribution cannot
be measured above the normal urban lead loading.

8.4 Antimony

On a few properties in the Rodney Street community high soil lead levels are spatially correlated
with high soil antimony concentrations. Antimony is commonly alloyed with lead as a hardening
agent, and was used extensively in battery manu facture, particularly automotive lead acid
batteries. Phytotoxicology investigations around secondary lead smelters that used lead acid
batteries in their feed stock and around battery manufacturers, routinely identified soil lead and
antimony contamination. The soil lead and soil antimony Rodney Street community contaminant
contour maps illustrate a very consistent spatial relationship between these two elements. There
are only two properties where antimony is substantially elevated, and both are also lead
contaminated. The contamination on these two properties is almost certainly associated with kead
batteries.

8.5 Beryllium

Although the average soil beryllium concentration in the Rodney Street community was 0.98
ng/g, which is consistent with typical Ontario background levels, a significant number of
properties (49%}) had soil beryllium concentrations that exceeded the Table A effects-based
guidelne. The source of the beryllium contamination is not known, but it could be related to slag
deposited in the Rodney Street community, natural sources, and on one property, from leaded
paint.

Beryllium concentrations in slag routinely range from 1 to 3 pg/g. Beryllium is also associated
with coal ash Anecdotal information suggests that slag was a common material for roadbed
construction in the Rodney Street community, which may have originated at Algoma. A historic
photograph of the Rodney Street community shows most of the roads in place by 1917. This
photograph also illustrates that at that time the area that is now the Rodney Street community was
flat, and so wide scale filling is unlikely, although “top-dressing” as discussed earlier remains a
possibility on selected properties. In the recent MOE mvestigations, slag was observed on road
shoulders, in some of the trench samples, and was occasionally encountered while sampling the
residential properties. Slag like particles were identified in the scanning electron microscope
photographs of soil samples collected from several Rodney Street properties. It is evident that
slag is present at the surface in the Rodney Street community, and this presence couid also
account for the generally higher than expected soil beryllium levels.
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However, the MOE has recently become aware of circumstances where elevated concentrations
of naturally occurring beryllium were found to be associated with shale deposits. In view of the
suspected toxicity of the metal, the presence of numerous deposits of shale in Ontario, and a
practice of using shale as fill material, in 1997 MOE Phytotoxicology scientists undertook a
province wide sampling program of representative shale deposits in Ontario. Seven of the twelve
shale formations sampled, or 58%, had beryllium concentrations in the shale rock and the adjacent
soil overburden that exceeded the MOE Table A effects-based guideline of 1.2 pg/g (Mcllveen,
1997).

The highest beryllium concentration found in the province wide shale study was 3.4 pg/g,

detected in sampks collected from the Animikie-Gunflint shale formation in the Thunder Bay
area. The Queenston and Rockcliffe shale formations, closer to Port Colborne, had beryllium
concentrations ranging up to 2.3 pg/g. Only two soil samples of the 1,300 plus samples collkected
from the Rodney Street community had beryllium levels greater than 2.3 pg/g. The mar ginally
elevated soil beryllium leveks in this community are consistent with naturally occurring berylium
in soil derived from shak, although the number of properties with beryllium concentrations higher
than the provincial background was unexpected. In addition, the soil beryllium concentrations in
the Rodney Street community are very highly correlated with soil aluminum levels (r=0.79), which
implies the beryllium may be primarily natural in origin.

The highest soil beryllum concentration detected in the Rodney Street community was 4.6 pg/g,
which occurred on a property that had significantly elevated soil lead levels (877 pg/g). This
property also had high arsenic, barium, nickel, cobalt, copper, and zinc concentrations. Although
soil lead levels and soil beryllium levels across the Rodney Street community are not highly
correlated (1=0.29), the spatial relationship between beryHium and lead at this single property is
not likely coincidental {compare beryllium Maps A7, A8, and A9 with lead Maps A19, A20, and
A2]). It is certain that the beryllium levels on this property are not related to Inco emissions
because the statistical relationships between soil beryllium and soil nickel (r=0.08), soil beryllium
and copper (r=0.16}, as well as, soil beryllium and cobalt (r=0.11) are less significant than the soil
beryllium and lead relationship (r=0.29). In addition, beryllium and arsenic soil ievels are actually
inversely related (negative correlation coefficient, r=-0.03, as arsenic levels increase beryllium
levels decrease, and vice versa). Soil beryllium lkevels are more highly correlated with barium
(r=0.60) than with antimony (r=0.10), which suggests that the elevated lead and beryllium levels
on this property are related to paint rather than batteries. Although the high beryllium levels in soil
on this property appear to be related to leaded paint, which is not the case elsewhere in the
Rodney Street community because other than this single property there is no consistent spatial
relationship between soil beryllium and soil lead concentrations. With the exception of this one
property, the marginally elevated beryllium levek in soil in the Rodney Street community are
believed to be a combination of natural levek of some local shale inclusions, surficially scattered
slag and coal ash.
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9.0 Conclusions

The soil nickel concentration in the Rodney Street community averages about 2,500 pg/g and the
predo minant form of nickel in the soil in the Rodney Street community is nickel oxide (80% of the
total nickel, on average).

Property by property sampling revealed substantial variation in both the numbers of contammants
and the soil contaminant concentrations. Ofthe more than 1,300 sampks collected from

appro ximately 200 properties, about 99% of the properties had soil nickel levels that exceed the
MOE generic Tabk A effects-based criterion of 200 pg/g. The maximum soil nickel level was
17,000 pg/g In addition to nickel, the MOE Table A effects-based guidelmes were exceeded for
lead on approximately 80% of the properties, cobalt on 62% of the properties, copper on 54% of
the properties, beryllium on 49% of the properties, arsenic on 29% of the properties, zinc on 17%
of the properties, antimony on 2% of the properties, selenium on 1% of the properties and
cadmium on 1% of the properties. For most elements on most properties, the soil contaminant
concentrations tended to increase with depth. If the trenches excavated in the vacant lot south of
Rodney Street and the park east of Welland Street are representative of the soil profiles across the
communiy then soil contamination on residential properties in the Rodney Street comnunity may
extend to 30 cm, but should decrease rapidly below that depth.

Inco is the source of soil nickel, copper, and cobalt, contamination in the Rodney Street
community. The elevated soil arsenic kvels are principally Inco related. However, emissions fiom
Algoma were probably a secondary source and likely contributed to the elevated soil arsenic levels
on some properties in the Rodney Street community. Because of the high degree of spatial and
statistical relationship of selenium and zinc with these four elements (nickel, copper, cobalt and
arsenic), then the elevated soil selenium and possibly zinc kvels are also believed to be related to
Inco.

The baseball park at the southwest comer of Rodney and Davis Streets was, at least partially,
created from metal contaminated fill. Similarly, because of the long history of industry ownership
of the land and the location relative to the two sources, some of the properties on the south side
of Rodney Street may also have been affected by fill. In contrast, the source of the soil nickel,
copper, cobalt, and likely arsenic, selenium and zinc contamination across the broader Rodney
Street community is believed to be fugitive Inco emissions that occurred early in the refinery’s
operating history, and not fill. Regardless of the mechanism of contamination (fill or atmospheric
deposition) the nickel, copper and cobalt originated from Inco. The height of the tall stack,
constructed in 1935, in conjunction with the strong southwesterly prevailing winds in non-snow
season, dispersed most of the stack emissions to the northeast after the stack was built, resulting
in the soil contaminant pattern across the Port Colborne area documented in the 1998 and 1999
MOE soil investigations (Kuja et al., 2000a; Kuja et al., 2000b). However, fugitive emissions
from the refinery would have had a local influence. At the MOE open house in April 2001, many
anecdotal observations were offered by long time Rodney Street community residents and refmery
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employees about the chronically dusty conditions in the Rodney Street community and at the Inco
refinery during the earlier years of Inco operation. Since the community was ltterally sandwiched
between two large industries (Inco and Algoma) that were dusty by nature, particularly in the past
before the technology was implemented to control fugitive emissions or the concern was realized
about environmental or occupational health exposure, there is no reason to doubt the anecdotal
comments about the Rodney Street community being a dusty neighbourhood in the refinery’s
early years.

The highest soil nickel, copper, cobalt, arsenic, selenium, and zinc soil concentrations occurred on
properties in the south and eastem areas of the Rodney Street community along Rodney, Mitchell,
and Davis Streets. Based on the contaminant contour maps it is likely that elevated soil metal
levels may extend slightly further along Davis Street north of Louis Street. Further soil sampling
isalso warranted in the residential communities immediately adjacent to the north-northwest,
north, and north-northeast of Inco.

In Ontario, the only industries associated with substantially elevated soil nickel levek even
remotely similar to levels found in Port Colborne are nickel refineries, and the only other nickel
refineries in the province are the Inco and Falconbridge operations in Sudbury. Elevated soil
nickel levels have not been detected around foundries similar to the Algoma foundry that operated
in Port Colborne to the west of the Rodney Street community.

The randomly scattered soil lead contamination observed in the Rodney Street community is
primarily related to domestic residential lead sources and not to Inco emissions. The erosion and
flaking of old lead-based paint from exterior structures such as house and shed walls, porches,
fences, poles, and playground equipment is a common source of soil kad contamination in older
urban communities. The soil lead levels found in the Rodney Street community are not unusual,
either in extent or concentration, relative to other similarly aged older urban communities in
Ontario. On properties where the soil lead levels were elevated the concentrations of cadmium
(elevated above background, only a single result above Table A), chromium, copper, barium, and
zinc often were proportionately elevated. Along with lead, these elements were common pigment,
anti-mildew, or anti-fungal additives in old exterior paint and are frequent co-contaminants in
residential soil. Antimony was another element that was highly correlated with lead, although it
exceeded MOE guidelines on only three properties. Antimony is commonly alloyed with lead,
particularly in lead acid batteries. Lead and antimony soil contamination & an indication that
batteries may have been stored or disposed of on the property, whereas lead and barium, and lead
and zinc soil contamination is a signature of iead-based pamt.

Although the average soil beryllium level in the Rodney Street community was comparable to the
provincial soil background concentration, almost one half of the properties exceeded the MOE
Tabk A effects-based guideline. Soil beryllium levels marginally above the guideline are not
unusual, because the guideline and the upper end of the background range are the same (1.2
pg/g). Also, MOE investigations have documented that shale, and soil derived from shale,
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regularly exceed the guideline. In addition, slag and coal ash can have a beryllium concentration
that is above the guideline, and slag is present at the surface across the Rodney Street community.
Slag was believed to have been used as roadbed materil. With the exception of one property
where elevated beryllium levels were concurrent with high lead and other heavy metals, the
marginally elevated soil beryllium concentrations across the Rodney Street community are related
to the presence of slag and local shale deposits. Emissions from Algoma may have contributed to
the generally marginally elevated soil beryllium levels in the Rodney Street community.

Other than the properties on the south side of Rodney Street, the “patchwork” pattern of high and
low soil contamination on neighbouring lots is likely related to fugitive emissions and property
maintenance and landscaping. Adding topsoil or mulch, re-sodding, building, and cultivating
gardens are landscaping practices that, over time, tend to cover or dilute contaminants that are
predominantly present in the surface soil It also indicates that the source of the soil contamination
is likely atmospheric and that with recent deposition substantially decreased, newly landscaped
properties have not become re-contaminated to the levels of undisturbed properties.

The bio-availability of nickel to plants growing in nickel-contaminated soil in Port Colbome is
very low, in the range of less than 1% (this refers to the plant bio-availability discussed in Part A
Section 5.3.3, not the human stomach leach bioaccessibility discussed in Part B Appendix 5).

This means the nickel has a low mobility i the soil, which means it would not be readily taken up
by plants. This low bio-availability accounts for the remarkably minor amount of nickel injury
observed on species of vegetation known to be sensitive to nickel n areas of Port Colborne where
the soil nickel levek are substantially above the MOE ecotox-based soil guideline.

9.1 Conclusions Related to the Stated Objectives
There were four specific objectives of Part A of the report stated in Section 1.0.

1) To determine the extent and severity of soil metal and arsenic contamination in the Rodney
Street community of Port Colborne. Although an overall spatial pattemn was evident for some
contaminants, particularly nickel, copper, cobalt, and arsenic (see the soil contaminant contour
maps) there was considerabk property by property variability. The surficial soil contammation
above the intervention level of nickel in the Rodney Street community is at least 20 cm deep but is
less likely to extend beyond 30 cm in depth.

2) To characterize metal soil contamination in the Rodney Street community. The metal
contaminants can be statistically divided into the following three groups: 1) the Nickel Group
(nickel, cobalt, copper, iron, selenium, zinc, and arsenic); 2} the Lead Group (lead, zinc, barium,
and copper); and 3) the Aluminum Group (aluminum, vanadium, and beryllium). The metals
within each of these groups could be from a common source type.

The soil nickel, copper, and cobalt soil contamination in the Rodney Street community is very
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similar in metal:metal ratios (but higher in absolute concentrations) to the soil contammation
downwind of the Inco refinery. This is very strong evidence that the nickel, copper, and cobalt
contammation detected in the Rodney Street community is consistent with the soil contammation
in the broader Port Colborne area downwind (to the northeast) of Inco. Although the
concentration of nickel, copper and cobalt has a patchy distribution in the Rodney Street
community, there is a gradient of decreasing concentration of these metals in surface soil with
distance from Inco. The soil arseni and lead concentrations in the Rodney Street community are
higher than elsewhere m Port Colborne implymng an additional/alternative source.

3) To determine to the extent possible the source(s) of the soil contamination in the Rodney
Street community. With respect to the Nickel Group of metals, Inco is the source of the soil
nickel, copper, and cobalt contamination above Ontario back ground levels. Inco is the likely
source of the elevated soil zinc and selenium levels. Also, Inco is likely the main source of the
arsenic contamination; Algoma & a contributing source. Inco and Algoma are both likely sources
of the elevated iron levek. Regarding the Lead Group of metals, although Inco likely emitted lead
it cannot be differentiated from the many residential sources of urban lead. The soil lead
contamination in the Rodney Street community is typical of older urban residential communities in
Ontario; the sources are numerous and property specific (ie., paint, pesticide use, storage,
mamtenance, and disposal of vehicks and vehicle parts (particularly batteries), historic use of
leaded gasoline). Slightly elevated soil beryllium levels are related to natural shale deposits with a
contribution from Algoma slag/particulates. The Aluminium Group metals are most likely related
to a natural soil origin.

4) To determine to the extent possible the mechanisms(s) of soil contamination in the Rodney
Street community. The predominant mechanism of soil nickel, cobalt, copper and to a lesser
degree iron, selenium, arsenic and znc contamination inthe Rodney Street community is believed
to be atmospheric deposition of Inco emissions, with contributions from fugitive and stack
emissions. Atmospheric deposition of Algoma emissions {both stack and fugitive emissions)
contributed to the soil arsenic and iron contamination in the Rodney Street community. The
contamination in the Rodney Street baseball park is fill, likely from Inco waste. Some of the
properties on the south side of Rodney Street, particularly the back yards, may have been
influenced by shallow filling or spreading of Inco or Algoma waste. Regardless of the
mechanism(s) of contamination, Inco is the only source of substantially elevated nickel
concentrations in the Rodney Street community.
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Conclusions Summary

® Inco is the source of nickel, copper, and cobalt soil contamination in the Rodney Street
community

L the mechanism of the soil contamination at depth in the baseball park at the southwest
comer of Rodney and Davis Streets is industrial process waste/fill

® Inco is the predominant source of arsenic, selenium, zinc and iron soil contamination in
the Rodney Street community, Algoma is a contributing source of arsenic and iron
contamination

® the predominant mechanism of the soil nickel, copper, cobalt, arsenic, selenium, and
zinc contamination in the Rodney Street community i atmospheric deposition of Inco
emissions

L most of the surficial soil contamination in the Rodney Street community, excluding the

properties on Rodney Street, i associated with fugitive emissions, contributions from
stack emissions were likely secondary

. the soil lead contamination in the Rodney Street community is typical of older urban
residential communities in Ontario; the sources are numerous and property specific (eg.,
pamnt, pesticide use, storage, maintenance, and disposal of vehicles and vehicle parts
(particularly batteries), historic use of leaded gasoline)

o the surficil soil contamination in the Rodney Street community is between 20 and 30
cm deep {(may be deeper on the south side of Rodney Street).

® the soil contamination on some properties (particularly the back yards) on the south side
of Rodney Street is likely associated with or been affected by industrial process
waste/fill

® Inco emitted lead, and some lkead n soil n the Rodney Street community i likely from

Inco emissions, but the contribution can not be measured above the typical urban
residential soil lead burden

® the generally elevated soil beryllium concentrations are associated with natural shale
deposits and dust/slag (likely) predominantly from Alogoma
® most of the surficial soil contamination n the Rodney Street community occurred

earlier in Inco’s and Algoma’s operating history
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Table 5-1: Minimum Number of Soil Core Sections per Yard

Number of Yards per Single Composite . -
Property Sam_ple Duplicate Sample Triplicate Sample
27 54 ' 81
1 Yard (1yard X 9 cores X 3 (1 yard X9 cores X 2 (1yard X @ cores X 3
depths) replicates X 3 depths) replicates X 3 depths)
54 108 162
2 Yards (2yards X9 cores X3 (2yards X9coresX2 | (2yards X9cores X3
depths) replicates X 3 depths) replicates X 3 depths)
81 _ 162 243
3 Yards (3yards X9 cores X3 | (3yards X9cores X2 = (3yards X9cores X3
depths) . replicates X 3 depths) | replicates X 3 depths)

Assuming 9 cores per yard (this was minimum number), and all three depths could be sampled.
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Table 6-1: Nickel Speciation Results for Selected Rodney Street Community Soil Samples

Nickel Concentration
Lakefield Research Limited SSRL?
Sample MOE!' - : ‘ Nic.kel
N oo Total Soluble Nickel Nickel Nickel Oxide
Nickel Total Nickel Sulfide Metal Oxide (% of
{ng/g) Nickel (% of (% of (% of (% of Total
(ng/g) Total Total Total Total Nickel)
Nickel) Nickel) Nickel) Nickel)
Processed Samples®
772 6,630 6,000 0.32 7.02 7.98 84.6 NS
799 6,590 5,300 0.35 8.88 7.03 83.8 NS
1332 10,400 10,300 0.57 6.65 5.11 87.6 NS
1348 9,760 7,900 033 9.46 14.10 76.1 NS
1408 10,800 10,600 0.26 6.35 38.70 54.6 943
1415 6,450 6,200 0.28 6.30 6.16 87.3 NS
3740 9,300 7,900 0.65 5.96 5.96 87.4 854
3768 6,930 6,000 0.29 10.50 10.60 78.6 NS
3770 8,680 7,400 0.36 6.02 5.93 87.7 NS
3821 6,670 6,600 0.29 9.50 11.60 78.6 NS
Mean 8,221 7,420 0.37 7.66 11.30 80.6
Bulk Samples (not processed)®
772 NS 7,900 0.44 8.40 5.75 854 NS
799 NS 3,500 0.77 16.50 5.77 76.9 NS
1332 NS 8,300 0.27 15.10 3.70 81.0 NS
1348 NS 7,900 0.27 18.90 16.20 64.7 NS
1408 NS 12,200 0.32 7.62 4.01 88.0 NS
1415 NS 9,300 0.27 10.80 5.97 83.0 NS
3740 NS 7,700 0.68 11.80 5.64 81.9 NS
3768 NS 6,700 0.34 12.10 7.34 80.2 NS
3770 NS 5,000 0.49 14.50 3.93 81.1 NS
3821 NS 6,300 0.39 12.60 4,52 82.5 NS
Mean NS 7,800 0.42 12.80 6.28 80.5 NS
1. MOE Laboratary Services Branch total nickel by ICP-MS.
2. Stanford Synchrotron Radiation Laboratory nickel oxide by XAFS (X-Ray Absorption Fine Structure).
3. Mean of 3 replicate analysis of the same sample (R1= 100%, R2=87%, R3=95%).
4. Mean of 3 replicate analysis of the same sample (R1=91%, R2=87%, R3=76%).
5. Dried, ground, and sieved, following MOE standard protocol for processing soil.
6. Dricd, but not processed.
NS=No Sample.
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Table 6-2: Metal and Arsenic Concentration of Inco Port Colborne 1978 Refinery Dust

Dust Composition (%)

Dust Origin
Arsenic | Cobalt | Copper Iron Lead | Nickel | Sulfur Zinc

Tumblast Stack Dust

- two major phases identified, a
magnesium-silicon alloy (50%
nickel)and a nickel- NL 0.24 0.14 2.62 NL 42.9 <0.20 ML
magnesium alloy {80% nickel}.
- minor nickel-silicon-
magnesium iron phase.

Cobalt Multiclone Stack Dust
- major phase is cobait sufate
hydrate.

- minor phases are cobaltous
oxide and iron hydrogen sulfate
hydrate.

NL 28.7 <0.02 4.7 NL 0.53 17.7 NL

Cottrell Precipitator Dust

- most prevalent compound is
nickel oxide.

- lead sulfate is also a major 0.38 0.66 7.6 0.61 10.48 | 38.7 7.06 0.14
phase.

- nickel sulfate and copper
sulfate are minor phases.

Submerged Combustion
Evaporator Stack

- an aqueous slurry, when dried NL NL 0.04 0.23 NL 72.2 0.76 NL
the only compound detected
was nickel oxide.

Based on dust samples provided to MOE by Inco from the Port Colbome refinery (MOE 1978).
NL=Not listed.
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