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NORTH AMERICAN SOIL GEOCHEMICAL LANDSCAPES
PROJECT WORKSHOP II - A SUMMARY OF PROCEEDINGS
AND BACKGROUND INFORMATION ON THE PROJECT

INTRODUCTION

The North American Soil Geochemical Landscapes Project is a tri-national initiative
between the United States, Canada and Mexico and the first multi-national, multi-agency
collaboration of its kind for this continent. It was established to develop a useful set of
geochemical data for North America generated using a consistent set of protocols. The
Project is designed to show the following: 1) systematic regional variations in chemistry
and microbiology at a 40 km sample spacing (13 212 samples for North America,
including 6 183 for Canada); 2) regional natural-occurring differences, thereby defining
natural regional background levels and controls; and 3) regional variation from
anthropogenic sources, thereby identifying human impacts on the soil landscape. From
the start the Project goal has been to have a common understanding and focus and to have
outcomes related to government decision-making.

The Canadian part of the Project started in 2006 has had three successful years. Work has
been on-going on developing protocols for field sampling, laboratory analysis, and data
handling and interpretation. Through co-operative efforts with provincial and territorial
agencies samples were collected on a continent-wide transect aided by scientists from the
provincial surveys. In 2007, sampling was undertaken in New Brunswick, Nova Scotia
and Prince Edward Island, as well as at some sites in the northern Northwest Territories.
In 2008, sampling was undertaken at sites along a trans-continental swath that lies
roughly parallel to the Trans-Canada Highway and also in the Ottawa area of Ontario and
Quebec. Samples were also collected at some sites in Nova Scotia and New Brunswick
where follow-up work was needed, based on results from 2007. A large part of the core
and other data from the 2007 samples has been generated and the first-stage data analysis
is completed. A Geological Survey of Canada Open file based on these results is in
preparation for release later in 2009.

The Tri-national Project provides a framework upon which participants in the Tri-
national Project and researchers in other agencies can build and add new types of data.
The Tri-national framework provides pre-selected study sites and a rationale for selecting
them, systematic information on chemical and physical characteristics of soils and
underlying sediments, and other information pertaining to surficial and bedrock geology.
Value-added data such as soil gas radon and natural radioactivity have been collected at
Tri-national sites. An effort is being made to work with soil geochemical data users to
further existing applications and search for new ones.





Purpose of Tri-national Project Workshops

The holding of an annual workshop was part of the Tri-national Project plan from its
inception. Three Workshops have been organized since 2007. The workshops are set up
to achieve the following:

e Outline the accomplishments from the previous year's activities related to both
“core” sample collection and value-added research. Review a “best plan” for new
work.

e Hear from our present partners in value-added research and look for new partners.
Learn how partners will benefit from having a set of consistent geochemical data
for Canada. Ask how they can add more to the Tri-national Project in the current
year and beyond.

e Look for ways to work together with existing and potential data users more
effectively. Determine how to best use the resultant survey data to address their
specific problems. Establish priorities for identifying future survey areas.

e Plan for the field season for the current year and beyond. This includes surveys
for protocol development such as in permafrost and peatland terranes. Learn
where and for what reasons other groups are undertaking field surveys. Explore
possibilities for combining resources and expertise.

SUMMARY OF NASGLP WORKSHOP II

The second of three workshops, Tri-national Workshop II , was held at the Sala San
Marco in Ottawa, Ontario, Canada on February 27th and 28“‘, 2008. The year’s theme
was “Looking Forward to 2008”. Since the beginning of the Project there has been an
emphasis on working with other groups and these collaborations were highlighted. The
collaborations took a variety of forms including the collection of extra sample materials
by the sampling crews, the analysis of samples using the Tri-national protocols, use of
Tri-national data to supply information on natural background concentrations of elements
in soil and use of the Project framework to select reference sites.

The 14 day session hosted 36 attendees bringing together a broad cross-section of
(bio)geochemical data suppliers and users. The presentations, exchanges and feedback
that occurred were productive for the ongoing development of the Tri-national Project.
The building of relationships among government data users and suppliers is essential for
the success of this Project and for having the Project data and protocols used as a national
and international standard.

The Workshop opened with some remarks from Andy Rencz outlining the Workshop
purpose. Next the Geological Survey of Canada and United States Geological Survey
participants reported on the progress in 2007 related to field sampling, laboratory
analysis, and data handling and interpretation. These presentations were followed by
reports from Toon Pronk from the New Brunswick Department of Natural Resources and
Terry Goodwin from Nova Scotia Department of Natural Resources who carried out the
Tri-national sampling in New Brunswick and Nova Scotia and from participants involved





in establishing and testing field and laboratory protocols. At the last session of the
afternoon, Eric Grunsky discussed the Project framework and presented some new data
based on the 2007 sampling.

On the morning of Day 2, participants undertaking “value-added” research projects
associated with the Tri-national Project described their activities. Following these
presentations, the discussion focused on finding ways to work with data users and
providers more effectively. Next, participants from the provincial geological surveys
outlined ongoing and upcoming field activities and the possibilities for collecting soil
samples for the Tri-national Project.

The collected remarks on the experience gained from the 2007 sample collection and on
the needs of the data users provided important insights. Preliminary plans were made for
sampling new areas in Canada in 2008. It is apparent from the discussions that
information on background levels of chemical elements in soils is useful and will be used
immediately for a variety of activities ongoing in many government agencies.

PURPOSE OF GEOLOGICAL SURVEY OF CANADA OPEN FILE 6209

This Open File release contains explanatory materials and files (pdf format) of the
PowerPoint presentations made at Workshop II. It serves as a record of the workshop
proceedings and also of the progress on the Project between the years 2006 and early
2008.

FILE STRUCTURE OF GEOLOGICAL SURVEY OF CANADA OPEN FILE
6209

The contents of Geological Survey of Canada Open File 6209 are organized into eight
directories representing the eight areas of subject matter covered at Workshop II. In turn,
the directories contain files that consist of the presentations or other associated
documents. For a complete listing of the Workshop II presentations, authors, and related
documents, proceed to the directory entitled “01 Introduction” and the file entitled

"01 2 Introduction Files".

Directory EXPLANATION

01 Introduction Background information on Tri-National Project ,
Workshop agenda and Open File release

02 Workshop Purpose Description of the Workshop Purpose

03 Field Data Collection Accomplishments in the field in 2008

04 Laboratory Protocols Progress with protocol development and laboratory
analyses

05 Data Interpretation Working with the Tri-national soil geochemical data

06 Value Added Projects Building on the framework with other types of data--
demonstrations from value-added activities

07 Data Application Getting on the map in 2009 - fostering applications
of Tri-national data by groups concerned with health






protection and the environment

08 Provincial Activities Present and future activities in the Canadian
provinces and territories

RECOMMENDED CITATION
For open file release:

Rencz, A.N. and Kettles, I.M. (ed.)

2009: North American Soil Geochemical Landscapes Project (NASGLP): Proceedings of
Workshop II, Ottawa, Canada, 2008; Geological Survey of Canada Open File 6209, CD-
ROM.

For individual presentations or other documents (example):

Pronk, A.G.

2009: The Maritime Soil Survey: a New Brunswick perspective; in North American Soil
Geochemical Landscapes Project (NASGLP): Proceedings of Workshop II, Ottawa,
Canada, 2008, in (ed.) A.N. Rencz and [.M. Kettles; Geological Survey of Canada Open
File 6209, CD-ROM.
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Workshop Il
Statement of Purpose

The purpose of the North American Soil Geochemical Landscape Project is to build a soil
geochemical database that is useful to a wide range of users in the field of environment and health.
This workshop is a step towards achieving this goal by:

e Reviewing accomplishments and lessons learned from 2007 to make a “best plan” for new
work in 2008 and beyond

e Identifying opportunities to expand the sampling
e Developing partnerships to promote data application

e Developing ideas for new Canadian projects that will respond to users’ needs.

i+l
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Contents

¢ Introduction

e  Workshop agenda

e Participant list

e Add-on research activities

e Proposed sampling surveys for 2008

e Overview of field and laboratory procedures

Introduction

The North American Soil Geochemical Landscapes Project is a tri-national initiative between
the United States, Canada and Mexico and the first multi-national, multi-agency collaboration of
its kind for this continent. It was established to develop a useful set of geochemical data for
North America generated using a consistent set of protocols. The Project is designed to show
the following: 1) systematic regional variations in chemistry and microbiology at a 40 km
sample spacing (i.e. more than 10,000 samples for North America, including more than 6100 for
Canada); 2) regional natural-occurring differences, thereby defining natural regional background
levels and controls; and 3) regional variation from anthropogenic sources, thereby identifying
human impacts on the soil landscape. From the start the Project goal is to have a common
understanding and focus and to have outcomes related to government decision-marking.

The Project had a tremendously successful first year. Through co-operative efforts with
provincial and territorial agencies sampling was completed in the Maritimes and at some sites in
northern Yukon Territory and northern Northwest Territories. We are now evaluating the
activities from 2006 and 2007, analyzing the samples collected, and looking forward to the 2008
field season. We have organized Workshop II to achieve the following:

1) Outline the accomplishments and lessons learned from the first year’s activities related to
both “core” sample collection and add-on research. Review a “best plan” for new work.

2) Obtain feedback from present partners in add-on research. Learn how they will benefit from
having a set of consistent geochemical data for Canada. Ask how they can add more to the tri-
national project in 2008 and beyond.

Canada





3) Determine from present or potential data users what types of geochemical and related
information are needed. Look for ways to work together with users more effectively. Determine
how to best use the resultant survey data to address their specific problems. Establish priorities
for identifying future survey areas.

4) Plan for the 2008 field season and beyond. At present the activities proposed for 2008 are a
trans-Canada sampling swath and test surveys for protocol development in peatland and
permafrost terranes. Learn where and for what reasons other groups are undertaking major field
surveys. Explore possibilities for combining resources and expertise to help answer their
questions and meet their needs.

This booklet includes the following documents: a workshop schedule, a participant list, brief
descriptions of some add-on research activities, a flow chart showing procedures for sample
handling and analysis, and information on proposed surveys for 2008.
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NORTH AMERCAN SOIL GEOCHEMICAL
LANDSCAPE PROJECT

Canadian Initiative - Workshop Il
Looking Forward to 2008

DRAFT WORKSHOP AGENDA, FEB 27-28, 2008
FEBRUARY 27 AFTERNOON

WELCOME AND INTRODUCTION

12:30 Registration and coffee at Sala San

Marco, 215 Preston Street.
13:00 Welcoming remarks D. Boerner (NRCan)
13:10 Remarks on Workshop II purpose A. Rencz

and objectives

WHAT WE DID IN THE FIELD IN 2007

13:20 Canadian and Mexican field surveys A. Rencz
from 2007

13:30 United States field surveys from L. Woodruff (USGS)
2007

13:40 Insights from summer field A. Rencz
acquisitions: Comments from and a  Participants: P. Friske
question and answer session with (NRCan-GSC), T. Goodwin
participants from Canadian “core” (NSDNR), T. Pronk
sampling surveys (NBDNR), M. Parkhill

(NBDNR), K. Ford
(NRCan-GSC)

WHAT WE ARE DOING IN THE LABORATORY

14:10 Introduction to the session A. Rencz

14:15 Why are consistent protocols R. Klassen (NRCan-GSC)
important? What is in a number?
What are the standard reference
materials?

14:35 COFFEE

Canadi
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14:50
15:00

15:10

15:20

Ressources naturelles

Canada

Scheme for sample preparation
Protocols manual

Aqua regia tests

Group discussion

WHAT WE ARE DOING WITH THE DATA

16:00

16:20

16:45

END OF DAY 1
17:15

17:30

18:30

Data: framework, analysis and
presentation

Presentation of new data from
"core" analyses

Group discussion

Summary and plans for Day 2

POSTERS/ BAR and SNACKS
(Sala San Marco)

DINNER (self-funded at Allegro
Restaurant, 422 Preston Street)

FEBRUARY 28 MORNING

INTRODUCTION TO DAY 2

8:15
8:45

ADD-ON RESEARCH - HOW THESE EFFORTS ADD TO THE TRI-NATIONAL

9:00

9:10

9:20

9:30

COFFEE
Opening remarks

Soil gas radon studies

Studies of the organic layer (0-30
cm)

Biomethods for assessing soil
toxicity

Studies of bioaccessiblity and
selected organic components

M. McCurdy (NRCan-GSC)
I. Kettles/P. Friske (NRCan-
GSCO)

R. Garrett/E. Grunsky/ P.
Friske (NRCan-GSC)

E. Grunsky/R. Garrett
(NRCan-GSC)

E. Grunsky/R. Friske/R.
Garrett/ R. Klassen (NRCan-
GSC)

A. Rencz

A. Rencz

K. Ford (NRCan-GSC)/J.
Chen (HC-RPB)
R. Mroz (EC)

R. Scroggins (EC-BMD)

S. Hall (HC)/K. McKendry
(HC)

Canada
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9:40 Stream water and sediment sampling R. McNeil (NRCan-GSC)
survey

9:50 Group discussion

10:15 COFFEE

WORKING WITH DATA USERS AND PROVIDERS MORE EFFECTIVELY

10:30 Introduction to session A. Rencz
10:40 Remarks by participants followed by S. Hall (HC), G. Russo
a round table discussion (NRCan-CFS), D. Kroetsch/S.

Smith (AAFC), C. Allaway
(EC), and others to be

arranged.
12:00 Group discussion with questions
from the floor
12:30 LUNCH (served in-house)

FEBRUARY 28 AFTERNOON

MOVING FORWARD WITH THE CANADIAN INITIATIVE IN 2008 AND BEYOND

13:15 Introduction to the session: A. Rencz

13:20 Proposed sampling surveys for 2008 A. Rencz
and data products

13:30 What is happening in the provinces  R. Lett (British Columbia), J.
and territories? Are there other Campbell (Saskatchewan), H.
opportunities for collaboration? Groom (Manitoba), R. Kelly

(Ontario), S. Cairns
(Northwest Territories), and
others to be arranged

14:30 Group discussion
WALKING OUT WITH A ROAD MAP
15:00 Summary of sessions A. Rencz
15:15 Group discussion: Building an
action plan for 2008
16:15 END

[ L
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Last Name

Allaway

Béchard

Cairns

Campbell

Chen

Couillard
Ellert

Ford

Friske

Garrett

Geng

Goodwin
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Grunsky
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Jains

Johnson

Kelly
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Chris
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Scott

Janet

Jing

Yves
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Xiaoyuan
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Ross
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Health Canada
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Canada
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Natural Resources Canada -
Geological Survey of Canada

Agriculture and Agri-Foods
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Nova Scotia Department of
Natural Resources
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Saskatchewan Ministry of
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Monitoring Branch
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Ontario Geological Survey
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Add-On Research Activities from 2007
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STUDIES OF NATURAL RADIOACTIVITY RELATED TO THE SOIL GEOCHEMICAL
LANDSCAPES PROJECT

K. Ford
Natural Resources Canada-Geological Survey of Canada, Ottawa, Canada
J. Chen
Health Canada — Radiation Protection Bureau, Ottawa, Canada

Radon is a naturally-occurring hazard and the second leading cause of lung cancer. In 2007
Health Canada lowered the threshold limit of exposure in Canadian homes and buildings above
which there is a recommended need for remediation. This change is part of a new radon strategy
for Canada and includes new approaches for achieving compliance with the guideline. In 2007
Natural Resources Canada, through the Geological Survey of Canada, entered into a partnership
with Health Canada - Radiation Protection Bureau with the end goal of producing a map of radon
prone areas in Canada to guide risk management. The map will be used to delineate those areas
where there is increased health risk from radon and, hence, require follow-up testing.

The partnership supports new airborne gamma ray spectrometry where there are gaps in the
existing coverage and provides for soil gas radon and in-situ gamma ray spectrometry surveys
under the auspices of the North American Soil Geochemical Landscapes Project. Variations in
soil gas radon concentrations have been used to delineate radon prone areas as have airborne
gamma ray spectrometry data along with bedrock and surficial geology information. In 2007, as
part of the NASGLP, three projects involving in-situ measurements of soil gas radon and gamma
ray spectrometry (in particular K, U, Th) were undertaken in the following areas:

1) Maritime provinces. Through co-operative efforts with partners from the provincial
surveys, data were collected at the “core” NASGLP sites in the Maritimes. In addition,
laboratory gamma ray spectrometry measurements were made on A-, B-, and C-horizon
splits of core samples from the Maritimes in the Gamma-ray Spectrometry Standards
Laboratory at GSC.

2) Ottawa area. At two sites at the Ottawa Experimental Farm, field measurements of soil
gas radon and gamma ray spectrometry were made at regular intervals over summer 2007
to test for seasonal variation. Data and samples were also collected at additional sites in
the Ottawa area to provide a larger set of ground data for test purposes.

3) Southern Ontario. Measurements were made along a transect between Ottawa and
Sarnia.

The data obtained to date from the 2007 surveys is currently being compiled and interpreted. In
each case, data from the in-situ surveys will be compared to data from existing regional airborne
gamma ray spectrometry surveys and the NASGLP and other geochemical sampling surveys and
also the best available information on bedrock and surficial geology. The aim is to develop
methodology for identifying areas with high risk potential for radon through the use of these
proxy data.





BIOLOGICAL METHOD DIVISION — THE DERIVATION OF SOIL TOXICITY TEST METHODS

Rick Scroggins and Juliska Princz
Environment Canada

The Biological Methods Division (BMD) in the Environmental Science and Technology Centre
of Environment Canada has a mandate to conduct research and develop standardized soil,
sediment, and aquatic toxicity test methods. The BMD includes two soil testing laboratories, the
Soil Toxicology Laboratory and the Soil Biotechnology Laboratory, where the derivation and
standardization of soil toxicity test method research takes place on-site. The development of
scientifically-sound toxicity test methods requires the cooperation with many researchers (e.g.,
National Research Council (NRC), Natural Resources Canada (NRCan) and Agriculture and
Agri-food Canada (AAFC)) for the selection of ecologically-relevant test species, test systems,
and soil (reference and contaminated) with which to assess the applicability of the test methods
and species. Among the on-going research projects, the BMD has been evaluating the use of
boreal forest plant and soil invertebrate species, as well as microbial community effects for the
development of a series of standardized soil toxicity test methods for the assessment of soil
pollutants. The type of soil pollutants associated with these forested regions includes
hydrocarbon and brine-impacted sites from the oil and gas industry, and metal contamination
from smelting operations. As part of the method development process, it is crucial to examine
the applicability of the tests and species to a variety of undisturbed reference soils; this also helps
to establish performance data for the development of test validity criteria. The reference soils are
collected using bulk collection methods (separated by horizons) and soil cores, and involve
physical and chemical characterization of the soils, the soil horizons, and any ecological
information that can be derived from the area of collection. The collaboration with other
departmental colleagues and projects, such as the Tri-National Initiative, provide the opportunity
for the selection of reference sites across Canada to support diverse research objectives. For
example, past reference locations that have been characterized by the BMD can be provided for
inclusion in the Tri-National Initiative. Information derived from new sites can be collectively
shared (e.g., performance data, ecological information) and available to researchers beyond the
scope of the BMD’s and the Tri-National Initiative’s objectives.

Prepared: January 31, 2008





THE AQUA REGIA DIGESTION STUDY*
To Aqua Regia or not ..... that is the question

Robert G. Garrett, Eric C. Grunsky, Peter B.F. Friske and Martin McCurdy
Geological Survey of Canada, Ottawa, Ontario

Currently a variety of different analytical protocols are employed by environmental agencies
in North America. There are no consistent national or international protocols, though many
require use of an Aqua Regia, or a relatively similar, digestion procedure. In order to
determine whether an Aqua Regia, or some other hot acid, digestion would be used to
determine near-total metal and metalloid levels in soil materials from the Tri-National survey
an experiment was undertaken to compare five different digestion protocols, Aqua Regia,
Lefort (reverse Aqua Regia), 1:1 HCI-HNO3, 1:1:1 HCI-HNOs-H,0, and the HNO;-H,0,
variant of US-EPA 3050. Eight control reference materials, two each of soils, tills, stream
sediments and lake sediments, were analysed in triplicate. Both the digestion steps and final
ICP-OES and -MS determinations were undertaken following randomization so any
systematic temporal or other variability would be distributed as random ‘noise’. The data
from this experimental design was subjected to an Analysis of Variance to determine which
analytical protocols yielded similar data to each other. The ANOVA results indicate that the
HNOs-H,0; variant of US-EPA 3050 generally extracts significantly less metals and
metalloids than Aqua Regia and the Aqua Regia-like digestions. Notable exceptions are Hf,
Nb, Th and Zr. For the remaining four analytical protocols, Aqua Regia and three HCI-
HNOs; variants, the results are very similar, if not identical. Even when results are
statistically (p<0.05) different between some protocols, an inspection of the data indicates
that these differences are likely not significant in a geochemical/engineering context.
Considering the vast amounts of Aqua Regia and US-EPA Aqua Regia variant data that are
extant in North America and internationally, and the fact that the Aqua Regia-like variants
extract very similar results for most elements, it is recommended that the North American
Soil Geochemical Landscapes Project, the Tri-National, employs the US-EPA 3050B Aqua
Regia variant digestion. This procedure used a 4:1 HCI-HNO3 mix rather than the 3:1 of
“classical” Aqua Regia. The Geological Survey of Canada is preparing a protocol document
defining the procedures to be used for Tri-National analyses. These include the choices of 1
g (<63 um) or 10 g (<2 mm) aliquots and a 1:12.5 solid:reagent ratio.

*This write-up was revised on March 11, 2008 and differs from the version mailed out to
participants on February 22, 2008, and included in the booklet handed out at the Workshop II
meeting on February 27, 2008.





DEVELOPMENT OF A BACKGROUND SOIL CHEMISTRY/TOXICOLOGY
DATABASE FOR THE ATLANTIC REGION AND THE NORTH AMERICAN SOIL
GEOCHEMICAL LANDSCAPES PROJECT (NASGLP)

Rita Mrozl, Gerry McCormickl, Kok-Leng Tayl, Ken Doez, Paula J ackmanz,
Terry Goodwin3, Toon Pronk", Michael Parkhill®

1. Environment Canada, Atlantic Region, 45 Alderney Dr., Dartmouth NS, B2Y 2N6
2. Environment Canada, Atlantic Laboratory for Environmental Testing, Moncton, NB,
E1A 3E9
3. Nova Scotia Department of Natural Resources, P.O. Box 698, Halifax, NS B3J 2T9
4. New Brunswick Department of Natural Resources, Fredericton, NB E3B 5HI
5. New Brunswick Department of Natural Resources Bathurst, NB E2A 371

The need for baseline soil geochemical data to effectively assess and manage natural
resources and the risk of environmental hazards is well recognized. One particular
application of such data is to compliment the ecological and human health risk
assessment processes. While other jurisdictions have established background soil data,
at present, there is limited data on the background soil chemistry for the Atlantic Region.
Environment Canada-Atlantic (EC-Atlantic), in partnership with other stakeholders, has
undertaken the development of a background soil conditions for the region. In addition
to standard chemical analyses, the sampling protocols also include subjecting a portion of
the soils to several soil toxicity tests which provides a biological aspect to the chemical
data interpretation. Samples have been collected throughout the Atlantic Region over
the past 4 years and the resulting data is being collated in a GIS-based database. A key
purpose of this research is provide risk assessors with additional data in which to
incorporate into their risk calculations, further strengthening the scientific validity of the
risk assessment process.

The North American Soil Geochemical Landscapes Project (NASGLP) is a tri-national
initiative between US, Canada and Mexico designed to understand the amount and origin
of variation in soil geochemistry and to establish a consistent methodology for
determining these characteristics. For Canada, this project is being lead by Natural
Resources Canada with in-kind support being provided by EC-Atlantic, Health Canada,
Agriculture Canada and several provincial departments of natural resources. EC-Atlantic
has partnered with NASGLP in order to exchange protocols and data, allow comparisons
between the sampling protocols at each site (discrete sample vs. composite samples,
horizon-based sampling vs. integrated 0-30 cm sampling, etc.) and optimize sampling
efforts between the two projects. NASGLP sampling occurred in between June and
September 2007 resulting in the collection of approximately 175 samples from Nova
Scotia and New Brunswick. These samples are to be analyzed for metals, polycyclic
aromatic hydrocarbons (PAHs), total organic carbon, pH, and grain size. In addition,
bulk soil samples were collected at 30 sites for the purposes of toxicological testing.
Chemical and toxicological results are pending.





STUDIES OF BIOACCESSIBILITY AND SELECTED ORGANIC COMPOUNDS
RELATED TO THE NORTH AMERICAN SOIL GEOCHEMICAL LANDSCAPES
PROJECT

Karen McKendry and Sarah Hall
Health Canada
Contaminated Sites Division
Ottawa, ON

The Contaminated Sites Division (CSD) of Health Canada plays a key role in both the
development of soil quality guidelines and as an expert support department on issues
related to federal contaminated sites. As such, CSD, through a long standing relationship
with the Geological Survey of Canada, relies on the GSC for accurate data and
interpreted information on background soil concentrations for a variety of elements.
Through this agreement, and in particular through the efforts of the Tri-National project,
CSD is also able to foster collaborative research related to risk assessment. The Tri
National project, in using a robust sampling design and methodology, offers the
opportunity to further explore the country wide variability of a variety of known
contaminants. Using tri-national data, CSD is able to move forward on the delivering
more informed soil guidelines, improve its calculations of estimated daily intakes,
explore spatial variability of contaminants, complete risk assessments, and conduct
detailed research on bioavailability and some specific contaminants of concern. This
presentation will discuss those four uses and highlight recent research results using
perchlorates as an example.





DRAINAGE BASIN GEOCHEMISTRY PROJECT

R.J. McNeil, P.W B. Friske, M.W. McCurdy
Natural Resources Canada, Geological Survey of Canada
Ottawa, Canada K1A OE8

The geochemical analysis of stream sediment and water within the NASGLP was
initiated to fulfill two main objectives: 1) generate systematic baseline geochemical data
for drainage basins across Canada and 2) provide data to facilitate the study of the
relationship between the geochemistry of the soils and that of stream sediment and stream
water within the same drainage basin.

The developmental phase of the Drainage Basin Geochemistry Project was conducted
throughout New Brunswick during the fall of 2007. A GSC field crew visited 30 sites
where stream sediment and a stream water samples were collected for lab analysis and
also multiple field variables were measured in-situ. The stream site locations were
selected within the same drainage basin and downstream from the previously sampled
NASGLP soil sample sites. The drainage sites were selected within drainage basins with
an areal extent of <100 km?, generally first or small second order streams.

Water variables measured in-situ included the following: pH, conductivity, temperature,
dissolved oxygen, colour, turbidity and total discharge. Laboratory analyses undertaken
on water samples were as follows: ICP-MS for trace elements, ICP-ES for major
elements, ion chromatography for anions, alkalinity, dissolved organics and mercury.
Stream sediment samples are analyzed by ICP-MS and INAA for more than 50 variables.

This project will continue in the summer of 2008 as part of NASGLP with additional
funding from Environment Canada’s Clean Air Regulatory Agenda (CARA) program.
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PROPOSED TRANS-CANADA SAMPLING “SWATH”

The sampling “swath” is two 40 km grid cells wide and follows the Trans Canada
highway, excluding the part through the Maritimes where sampling is completed.
Samples would be collected at 255 primary tri-national sites as shown below. The count
for Ontario includes an offshoot from the main transect along Highway 401 and in
Alberta there is another offshoot between Calgary and Edmonton.

The proposed sampling is an important step towards generating a consistent set of soil
geochemical data for the most populated regions of Canada. Data from the new survey
combined with data from the Maritimes would provide a first set of national-scale data.
These data are needed to develop collaborative efforts with federal and provincial
agencies working on issues related to environment and human health protection.

kilometers






PEATLAND SURVEY FOR PROTOCOL DEVELOPMENT

Organic soils cover 1.23 x 106 km2, or 14 % of the soil area (excluding

water, bedrock and glaciers) of Canada. As a result there will be an estimated 840 tri-
national sites located in peatlands. The composition of organic soils reflects the
decomposition state and types of vegetation that characterize the accumulation layer.
Within the uppermost metre of organic soils sudden changes in each are common.
Further work is needed to determine what layers or intervals in organic soils should be
sampled and how.

There is a large peatland area that straddles the Canada-United States border covering
parts of southeastern Manitoba, northwestern Ontario and northern Minnesota. This area
would be ideal for developing organic protocols in a joint effort with our counterparts
from the United States Geological Survey.
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SURVEY IN PERMAFROST ATEAS FOR PROTOCOL DEVELOPMENT

An estimated 42% of the Canada landmass is underlain directly by permafrost
(Geological Survey of Canada, Current Research 1997-E, pl 109-115). Based on this
estimate, there will be more than 2500 tri-national sites in permafrost-bearing areas. In
addition, there are strong interrelationships between the distribution of peatlands and
permafrost because of the insulating properties of peat and the poor drainage conditions
in peatland. Sampling frozen soils and, in many cases, frozen organic soils is challenging.
Additional work is needed to develop tri-national protocols for sampling permafrost-
affected soils. An effort will be made to co-ordinate protocol development work in the
Yukon or northern Northwest Territories with similar work being undertaken in Alaska.

Mo Permafrost
Bl Subses Permafrost
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Sporadic Discontinuous
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Continuous (20-100%)

Map shows permafrost distribution in Canada (from Atlas of Canada websile:
fttp.Aatlas. nrcan, ge. calsite/english/mapsfenvironmentdandspermafost]. A pos-
sible area for the proposed study is outlined .
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Overview of Sampling and Laboratory Protocols from 2007

Intervals or horizons for sampling at the “core” sites
0-5 cm “public health” layer and A-, B -, C-horizons

Size fractions of samples to be analyzed
<2.00 mm fraction for all analyses; <0.063 mm for selected analyses (carbon, 4-acid, and
aqua regia)

“Core” determinations on tri-national soil samples
o ICP-MS/ES analysis (42 elements) after aqua regia digestion (0-5 cm , A, B, C)
o ICP-MS/ES analysis (42 elements) after 4-acid near total digestion (0-5 cm , A, B,
C)
o ICP-MS/ES analysis after water leach (0-5 cm and C)
o Carbon — Organic and inorganic content (0-5 cm , A, B, C)
opH (0-5cm, A, B, C)
o Munsell colour (0-5 cm, A, B, C)
o Particle size analysis
o Loss-on-ignition (0-5 cm, A, B, C)
o Moisture content (0-5 cm, A, B, C)
o Bulk density (0-5 cm , A, B, C)
o Electrical conductivity (0-5 cm , A, B, C)
o Cation exchange capacity (CEC) (to be arranged)

“Add-on” determinations on splits from core tri-national samples
oN, P (0-5cm, A, B,C)
o Gastric leach procedures followed by ICP-MS/ES or AAS (A and C; <0.063 mm
only)
o Perchlorates (A and C)
o Biological methods for determining soil toxicity (A and C)
o X-ray diffraction (A, B, C)
o Radiometric test (laboratory testing)

“Add-on” determinations on additional samples collected at tri-national or other sites
o Radon analysis (tri-national site)
o Radiometric tests (tri-national site)
o Anthrax (to be arranged)
o Studies on the 0-30 cm interval (tri-national site)
o Stream waters and sediments analysis
o Collaborative sample and data collection for National Forest Inventory
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GEOSCIENCE IN ENVIRONMENT
AND HEALTH PROTECTION

Andrew N. Rencz
Natural Resources Canada
Geological Survey of Canada

Tri-national Workshop II
February 27-28, 2008
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* Four priority areas for the Earth Science Sector

 Earth sciences as they relate to:
1) Economic opportunities
2) Clean environment
3) Enhancing resilience in a changing climate
4) Public safety and security
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From Gold to Green:
Evolution of a National Geochemical Survey Program

1973: Acease-fire has baen signed Lowss Gl iy Ny Yiorke
e declared a federal emergency Canadian Environmental Toxic Substances Narth American Soil Geochemical
avalable for sample collection by Prastisnt Uenmy Carer Prolection Act (CEPA) Management Policy Landscapes Project (Tri-National)
in remole areas.
Program Review
Funding National Uranium Individual agrnemenls with Metals in the
Reconnaissance provinces baninms for Mlnerai Development Minaral Developmeant Metals in the Environment Environment &
(MD. Ml Agreemants (M Environment (MITE) (MITE-II} Health

Program (URP) minaral

1955-1974
GSC ressarch and field studies
lead to first benchmark survey with the i
follawing characteristics:
Federal ownership of data;
Faderal funding;
ibmdam methods of collection
analysis
Mnoral and En
Rosource Mﬂ:’w'_‘k
(MERA. Bathurs! Island
Analysis AAS INAA + AAS Heavy Mineral ICP-MS/ES + INAA
11 Elements 35 Elements Concentrates for 48 Elements
DanoadEplsaton ICP-MSIES (Watrs)
52 Elame
Data Management Data stored on lape Personal Compulers Geographic Global
Compating on mainframe Information Posiioning
Maps hand-drawn Systems (GIS)  Systems (GPS)
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Geoscience contributes the following:

eFoundation (Data)
« Stable, predictive environmental framework
« Sampling and analytical protocols
» Natural variability - mineralogy, process

Interpretive Tools
 Soil properties and transfer capacities

 Environmental Models
e Predictive risk models

Natural Resources Ressources naturelles i+l
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Why Is there a role for geochemistry?

Most elements are required to sustain life, but excessive doses
or insufficient amounts of the same element may be harmful.

Dose-Response Curves

Adverse Adverse
Effects Harmful and Essential Elernents Effects

|

Adverse Effects —

Essential
Min Dosage EES
Geochemical Concentration
Natural Resources Ressources naturelles i+l
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What is the role for geochemistry?

» Geographic areas with health risk potential can be identified
through application of geoscience knowledge.

% HG IN SOILS AND SEDIMENTS
o Areas with high levels of
EE naturally-occurring Hg

£
3
Z
3

B (high risk potential)

Areas with low levels of
naturally-occurring Hg
B (low risk potential).

Plot based on Geological Survey of

Canada geochemical data for

lake sediments, stream sediments and soils from
National Geochemical Reconnaisance Program surveys.
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» Geoscience information is crucial for making informed decisions about
potential risks to the environment and human health
*Geochemistry relates directly to contaminant concentration and supports

assessment of bioaccessibility. -
Contaminant Exposure
Concentration Factors

=5
g,“

High risk of arsenic exposure led to the
closure of a clam fishing site in Nova Scotia.
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Partnerships will be required to deliver on the objective
of ensuring a clean and healthy environment.

Good luck!
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PURPOSE OF TRI-NATIONAL
WORKSHORP Il - MOVING
FORWARD WITH THE CANADIAN
SIDE OF THE PROJECT

Andrew N. Rencz
Natural Resources Canada
Geological Survey of Canada

“A soll pit in every grid cell”

Ottawa
Feb 27-28, 2008
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PROJECT VISION

The Soil Geochemical Landscapes Project
represents an unigue opportunity to establish a
common environmental view of North America.
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TRI-NATIONAL GOAL

*The tri-national project was started in 2002 by geological surveys
In Canada — USA — Mexico to accomplish the following:

— A continental-scale framework for generating and
managing soil geochemical data now and in the future.
— A soll geochemical database for all of North America
generated using consistent and up-to-date protocols ; and
—Relevant data for a large number of users in a wide range of
disciplines, focusing on environment and health issues..

*\We have had a tremendously successful first year and are
now taking stock and making plans to move forward in 2008.
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WORKSHOP GOAL

— Reviewing accomplishments and lessons learned from
2007 to make a “best plan” for new work in 2008 and
beyond

— ldentifying opportunities to expand the sampling
— Developing partnerships to promote data application

— Developing ideas for new Canadian projects that will
respond to users’ needs.

Natural Resources Ressources naturelles i+l
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FEBRUARY 27 MORNING
12:30 Registration and coffee at Sala San Marco, 215 Preston St.
13:00 Welcoming remarks D. Boerner (NRCan)
13:10 Remarks on Workshop Il purpose and objectives A. Rencz

WHAT WE DID IN THE FIELD IN 2007
13:20 Canadian and Mexican field surveys from 2007 A. Rencz
13:30 United States field surveys from 2007 L. Woodruff (USGS)

13:40 Insights from summer field acquisitions: Comments from and a question and answer session with
participants from Canadian “core” sampling surveys P. Friske (NRCan-GSC), T. Goodwin (NSDNR), T. Pronk
(NBDNR), M. Parkhill (NBDNR), K. Ford (NRCan-GSC)

WHAT WE ARE DOING IN THE LABORATORY

14:10 Introduction to the session A. Rencz

14:15 Why are consistent protocols important? What is in a number? R. Klassen (NRCan-GSC)
14:35 COFFEE

14:50 Scheme for sample preparation M. McCurdy (NRCan-GSC)

15:00 Protocols manual. Kettles/P. Friske (NRCan-GSC)

15:10 Aqua regia tests R. Garrett/E. Grunsky/ P. Friske (NRCan-GSC)

15:20 Group discussion

WHAT WE ARE DOING WITH THE DATA

16:00 Data: framework, analysis and presentation E. Grunsky/R. Garrett (NRCan-GSC)

16:20 Presentation of new data from "core" analyses E. Grunsky/R. Friske/R. Garrett/ R. Klassen (NRCan-GSC)
16:45 Group discussion

17:15 Summary and plans for Day 2 A. Rencz

17:30 POSTERS/ BAR and SNACKS (Sala San Marco)

18:30 DINNER (self-funded at Allegro Restaurant, 422 Preston Street)

Natural Resources Ressources naturelles i+l
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FEBRUARY 28 MORNING

8:30 COFFEE
8:45  Opening remarks A. Rencz

ADD-ON RESEARCH — HOW THESE EFFORTS ADD TO THE TRI-NATIONAL
8:45
— Soil gas radon studies K. Ford (NRCan-GSC)/J. Chen (HC-RPB)
— Studies of the organic layer (0-30 cm) R. Mroz (EC)
— Biomethods for assessing soil toxicity R. Scroggins (EC-BMD)
— Studies of bioaccessiblity and selected organic components S. Hall (HC)/K. McKendry (HC)
9:40  Stream water and sediment sampling survey R. McNeil (NRCan-GSC)
9:50  Group discussion
10:15 COFFEE

WORKING WITH DATA USERS AND PROVIDERS MORE EFFECTIVELY
10:30 Introduction to session A. Rencz
10:40 Remarks by patrticipants followed by a round table discussion
S. Hall (HC),
G. Russo (NRCan-CFS),
D. Kroetsch/S. Smith (AAFC),
C. Allaway (EC), and others to be arranged.
12:00 Group discussion with questions from the floor
12:30 LUNCH (served in-house)
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FEBRUARY 28 AFTERNOON

MOVING FORWARD WITH THE CANADIAN INITIATIVE IN 2008 AND BEYOND

13:15 Introduction to the session: A. Rencz
13:20 Proposed sampling surveys for 2008 and data products A. Rencz
13:30 What is happening in the provinces and territories? Are there other opportunities for collaboration?
— R. Lett (British Columbia),
— J. Campbell (Saskatchewan),
— H. Groom (Manitoba),
— R. Kelly (Ontario),
— S. Cairns (Northwest Territories),
— and others to be arranged
14:30 Group discussion

WALKING OUT WITH A ROAD MAP

15:00 Summary of sessions A. Rencz

15:15 Group discussion: Building an action plan for 2008
16:15 END

Natural Resources Ressources naturelles i+l
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e Partnerships are essential for moving forward

Natural Resources
Canada

Ressources naturelles
Canada

Workshop for the
North American Soil Geochemical Landscap

Planning for Canadian Participation
in o Tri-Nationai initiaive

October 31 - November 1" 2006

A

Canada

Meeting of federal and
provincial Project
participants at a field
orientation meeting in
the Fredericton area,
June 14, 2007.
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Canadian and Mexican
Field Surveys from |
2007

Andrew N. Rencz
and
Peter W.B. Friske
Natural Resources Canada
Geological Survey of Canada
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e Background Information on the Tri-national
Project

I * Natural Resources Ressources naturelles
Canada Canada






- North Ameri
p Land

Sample Site Selection
o) 2ZUSGS

Yoy oy d; sciance for 8 changing workd

Low Density Sampling:

1 sample site per 1,600 km?2
40 km x 40 km grid

Sample Count:

Canada: 6238
United States: 6018
Mexico: 1231

Total: 13500

Natural Resources Ressources naturelles C d"’"
Bl Yo e ana





Earth Sciences Sector

Province/Territory Abbreviation | Primary Sites

Newfoundland and Labrador CA-NL 256 Canada
Nova Scotia CA-NS 35

New Brunswick CA-NB 48 1§ ,,,g
Prince Edward Island CA-PE 4 2 e ;
Quebec CA-QC 937 :
Ontario CA-ON 625

Manitoba CA-MB 408

Saskatchewan CA-SK 401

Alberta CA-AB 419

British Columbia CA-BC 595

Yukon Territory CA-YT 305

Northwest Territories CA-NT 836

Nunavut CA-NU 1314

Total 6183

[ Ld
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National soil geochemical database

- for a range of environmental and health applications.
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ldentifying Partnerships

.»..k
s

Workshop for the
North American Soil Geochemical Landscapes

B me R
BaNIsLAL

Planning for Canadian Participation
in a Tri-iNationai initiative

October 31" - November 1" 2006

A

Canada

I * Natural Resources Ressources naturelles
Canada Canada

Participants/Partners

International;

Geological Survey of Canada
United States Geological Survey
Servizio Geologico Mexicano

Federal government departments:
Agriculture and Agri-Food Canada
Environment Canada

Health Canada

Indian and Northern Affairs Canada
Natural Resources Canada

Provincial:
Geological surveys in all provinces
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ACCOMPLISHMENTS TO DATE

 Protocol Development — field and lab
— Core set: GSC-driven (inorganics)

— Add-On development projects: partner driven (core
sample splits, additional samples from core site, samples

away from Tri-national site)
e Sampling surveys
— Canada
— US
— Mexico
o Data Applications

I * Natural Resources Ressources naturelles
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¢ Soil Sites
New Brunswick 122 sites
Nova Scotia 57 sites

Prince-Edward Island 9 sites

e Stream Sites

New Brunswick 30 sites
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PROTOCOLS - Field Sampling

Introduction
General - Why sample? Why tri-national?

Common terminology 4

Explanation of documentation

Basic information on soil characteristics

Field Sampling Design
General

Site selection

Office

Field

Horizon -based
sampling

Fapt?

Field Sampling Protocols

Mineral soils

. Field equipment

Steps for on-site sample collection
Sampling for geochemical analysis, grain size, ph, water content, bulk density
Using the field card
Storing

Organic soils

Field equipment

Steps for on-site sample collection
Using the field card

Storing

Adjustments for permafrost-
affected terrain

. Collecting of mineral soils

. Collecting of organic soils

. Storing and transportation
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PROTOCOLS - Laboratory Analysis

Sarmple

Background Rationale

o 6

o — S8

sS4

-— 5

o] —/mm— St
5

Sample Preparation

i+l

+  Ajrdrying

Munsel colour coding
Preparing specific size fractions

+  Ball-milling procedures
+  Storing and archiving sample splits

Sample Analysis
*  Geochemical tests for selected trace, minor and major
elements

+  Dissolution techniques — aqua regia, 4-acid, water leach
. Analytical techniques — ICP-MS, radiometric, colourmetric,
INAA,XRF

Other Tests

. Particle size; LOI; Bulk density
+  Carbon — organic and inorganic
+ CEC

+  Radiometric

+«  X-ray mineralogy:

+  Bioaccessibility; Perchlorate
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Project

Directed by SGM, supported by
INEGI and USALP*

personnel
Involved

r% Chief Personnel: 2
e \._..-..“_ F ) j Field Personnel: 3
Servicio Geologico Mexicano

Assessment Personnel: 2

i INEGI

Assessment

- . . i .
University of San Luis Potosi e ——— A nt
GEOGRAFA € MFORMATICA ersonnel.
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Out of the pilot transect, 59 chemical elements have been analyzed in
A- and C-horizons. All data were processed and stored.

] 59 Sampling Cells (40x40 km)
complete the pilot transect

224 Sampling Points,
including 14 field
duplicates.

Phase 1

Phase 2

Pilot Transect
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Analytical methods applied:

1) Near-total Digestion

2) Elemental Chemical Analysis by ICP-MS and Atomic Absorption.

Analysis have been done 0
untii now in ALS Chemex v
Labs in order to achieve
quality and accuracy of
results.
[ v ]
. Elementos de interés ambiental y de salud En azul, elementos esenciales para la mayoria de los

organismos

En rojo, elementos considerados toxicos aun a bajas
I * Natural Resources Ressources naturelles concentraciones v
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Proposed chemical tests:

1) Bioaccesibility
2) Mobility

Bioaccesibility procedure is based on NOM-147-SEMARNAT-SSA1-2004
Mexican Official Standard.

The test is an in vitro method that uses glycine as gastric solution, 0.4M, buffered
at stomach pH in order to assess bioaccesibility of potentially toxic elements
(e.g., heavy metals) as an indicator of bioavailability.
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 Moving Forward in 2008
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 Plans for 2008 and beyond
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e Important Dates/Plans for 2008-2009.

— Workshop 2- Results and identify partnerships-
o GSC priorities- for field work
* Provincial initiatives- for field work
» Other government department (OGD) support
« Add on evaluation tests

— Circulate summer plans- middle of March?
— Undertake Field work — 400 samples ??

— Protocol Development: Field and Laboratory

« Radon testing
* Permafrost sampling protocol
» Peatland sampling protocol

— Data and applications release of 2007 data

— Special Session at Geological Society of America/Soil Science
Society of America in Houston October 5-8, 2009

[ Ld
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Southern Ontario
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New Brunswick

9y @ '-": =i 0 ol g m‘.‘

Mexico City
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Thank
you
for your
Interest

Questions?
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Duval, J.S.

2000: Aerial gamma-ray surveys of the conterminous
United States and Alaska: U.S. Geological Survey Open-
File Report 99-562, 13 CD-ROMSs.

Shacklette, H.T. and Boerngen, J.G.

1984: Element Concentrations in Soils and Other Surficial
Materials of the Conterminous United States. United
States Geological Survey Professional Paper 1270.
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Servicio Geolégico Mexicano \ l scionce for a Fﬁﬂﬂgﬁlﬂ world

UNITED
STATES FIELD
SURVEYS
FROM 2007

Laurel G. Woodruff
and
David B. Smith

United States
Geological Survey






SEES

Servicio Geolégico Mexicano

scionce for a changing world

A spatially
balanced
array of
13,215 sample
sites

Canada 6,183
USA
Mexico 1,216






US field
surveys in
2007

. New England
. Nebraska

. Texas
. Alaska Transect

a2 USGS
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NRCS sampled ~ 40 of 130
sites In Nebraska











2007 USGS Field Protocols

(driven by time and money constraints)

« Sample density at 1 per 40 km2- single
density

‘Core’ samples collected
1) A horizon

2) C horizon or closest equivalent
3) 0-5 cm depth interval

Split of 0-5 cm sample collected for anthrax

No field duplicates






2007 Alaska
Transect
Project

Help develop
permafrost -
cold regions

protocols

180 sites along
a 635 mile N-S
transect

ZUSGS
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US field plans
for 2008

1. USGS completes
northeastern region — PA
and VA by State Surveys

2. NRCS finishes NE; MN
by state survey

3. USGS cross-border
project with SGM

4. USGS starts in NV and
moves east through UT,
CO, KS

5. USGS sampling along
Gulf Coast?

ZUSGS






Additional items for 2008

Finalize peat protocols —issue for
Minnesota this year

Cooperate with GSC on developing
permafrost protocols

Co-sponsor special session on Tri-national
Geochemical Landscapes Project at 2008
Joint Annual Meeting of Geological Society
of America and Soil Science Society of
America in Houston, October 2008






Abbreviations Used

USGS — United States Geological Survey
SGM - Servizio Geologico Mexicano
NRCS — Natural Resources Conservation Service

PA — Pennsylvania
VA - Virginia

NE — Nebraska
MN — Minnesota
NV — Nevada

UT — Utah

CO — Colorado

KS — Kansas

ZUSGS







North American Soil Geochemical
_andscapes Project

Application of Provincial Geochemical Databases:
A Nova Scotia Perspective

Presenter: Terry A. Goodwin (Project Geochemist)
Organization: Nova Scotia Department of Natural Resources

v Canada





= Organizati
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~

. Structure:

Mapping and Geochemistry Division
Mineral Resources Branch

Nova Scotia Department of Natural Resources

. Mandate:

(i)  Provide geochemical mapping services

(i)  Undertake specialized geochemical research projects

(i)  Provide geochemical data/expertise for a variety of applications:
(1) Mineral (and energy) exploration/development
(2) Environmental protection
(3) Land use planning

e | L4 |
NowsoTiA Canada





T

. Organizational data needs: —

(i)  Quality datasets (all stages, consistency)

(i)  Ubiquitous coverage

(ilf) Media (soil)

(iv) Metadata

(v)  Archive =
... quality data accessible/used by wide variety of clients!!!

G e s =

. Specific to the North American Soil Geochemical Landscapes Project:
(i)  Guidelines (CCME)

(i)  Defensible (statistically valid)

(il)  Communicate (applicability of the data)

i+l
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How are (bio)geochemical data

presently used by your organization?

(1)

1)
(2)

Arsenic in Drinking Water Risk Map
Human Health Risk study (MITE)
(Prospecting for Fish Using Geology)

HISTORICAL:

Mineral Exploration

CURRENT:

Mineral Exploration
Environmental (government, consultants) s

FUTURE:

2992777999 .






How could the Project data be used to support
policy development or regulations?

* Wide range elements/compounds
« Background “regional” concentrations (natural, anthropogenic - loading)
* Risk Assessments (human, ecological)

« Must conform to (current) legislative requirements
(Council of Canadian Ministers of the
Environment guidelines)

S
NOVA 5(&)1'11\
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Do the Project data open the door to new
opportunities?

* Inter-government and intra-government
* Research partnerships (form, fate, mineralization)

15BN 1-88

111

v Canada





Could you use the Project data differently if supported
with additional earth science information?

NO\&;;S‘&)TIA

Natural Resources






Any additional comments?

» Lacking
« Timely
* Relevant to the (human/ecological) health of Nova Scotia

i+l
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Considerations

e Define “soil” (horizons)
« Consistency (within project — QA/QC, regulations)
« End users (government, consultants)

RFERENCE TILL SAMPLE TiLl4

Wl Codletng and Prepared iy Du
# e Geoogical Survey of ©

%
N()V%&TIA

Natural Resources






Other Considerations

e Mineralization
« Various (glacial) till units (or surficial units)
e Gas (radon, mercury etc.)
« Acid Base Accounting

e Texture

 Mineralogy

e Digestion

» Size Fractions

e Losson Ignition

Natural Resources






Other Considerations

e Depth sampling vs. medium sampling
e WhyO0-5cm interval? (WhynotO-7cm or 3 -6cm?)
 Organics

Natural Resour
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THE MARITIME SOIL PROJECT:
A NEW BRUNSWICK PERSPECTIVE

Antonius G. Pronk
New Brunswick Department of Natural Resources
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THE MARITIME SOIL PROJECT:
A NEW BRUNSWICK PERSPECTIVE

Participants: Michael A. Parkhill, Toon Pronk,
Rex Boldon, Marc Desrosiers, Parrish Arnott,
Heather Campbell, Louis-Philippe Cyr,
Sherry McCoy

r—wv‘



http://ess.nrcan.gc.ca/eh-esh/trinat/images/map.gif



Sample Distribution
planned vs actual

BT

Tri-national samples collected
at double density in
New Brunswick

——





Soil Landscapes of Canada Working Group, 2007.
Soil Landscapes of Canada v3.1.1 Agriculture and
Agri-Food Canada.

ovircial and Terntorial Bourdaries

-dominance
Dominart Valles of Soil Develbpment

I Eutric Brurise
I Femo-Humic Podzolic

yosolic

- Turkic






New Brunswick solls

 Dominant soll types humo-ferric and ferro-
humic podsols (coloured blue and bright
green, respectively) and podsolic grey
luvisols (dark green)

* Also gleysols (purple), brunisols (orange)
and regosols

P





ethods and protcols
















Sample types

17 different samples collected at each site,

Includi

ng splits for anthrax, soil toxicology, bulk

density, and different horizons for partner
agencies.

In- situ soil radiometrics and soil gas radon
measurements.

Public

Health (0-5 cm) layer (2 samples),

organic layer (2 samples), B-horizon, C-horizon
(3 samples)

Samp

es from 3 intervals for National Forest

Inventory, composite sample for Environment

Canac

a and pebble lithology sample.

S —





Sample distribution, soil radon
measurements and U In tills

Average Radon Values (kBg/m3)

BOkBg/m3
| TOKBg/m3
| GoKBeym3

50kBg/m3

40kBg/m3
30KkBg/m3
20kBgy/m3
10KBg/m3
OkBg/m3

-10kBg/m3

: k‘ Plots based on

2350000 2400000 2450000 2500000 2550000 2600000 2650000 2700000 data for Tri-national
samples (< 63 micron
Note: Exireme highs and lows were removed. FraCtlon) fl’0m 2007





Soil radon and U In tills

 Even with only 116 sample sites, there Is a
correlation between radon in soil and
geological terranes.

* Note that readings are in kBg/m3.

“





What Is happening with the
Lsamples’?






What Is happening with the
samples?

e Overall soll potential and soll toxicology
being measured in Environment Canada
Atlantic and Université de Moncton
laboratories.

 UdM lab is frequently used for analytical
work on contaminated sites; laboratory
procedures are controlled to meet strictest
environmental standards.
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The Health Canada sponsored
adiometrics

ety Th-Ene - ;“E =,
""'-r?‘,;i;:rél,’_.‘,'?’ £ o 1 (& _-’-

B e






Additional Activities

 New Brunswick provincial survey
geologists undertook some Tri-national
survey sampling in the Northwest
Territories and Yukon Territory.

“





Side trip #1 — Arctic Red River
(NWT)






Side trip #2 — Yukon Territory
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The North American
Soil Geochemical Landscapes
Project

What's In a Number?

February 2008
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IENNIENANeRAIFProject

“Documenting and understanding natural variability
IS a vexing topic in almost every environmental
problem: How do we recognize and understand
changes in natural systems if we don’t understand
the range of baseline levels?”

Zoback, GSA Today, December 2001

Natural Resources Ressources naturelles i+l
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IENNIENANeRA Project

Soil Geochemical Landscapes Project

To Inform decision-making
for
Environment and Health protection

by
enhancing certainty in risk assessment

Natural Resources Ressources naturelles i+l
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IENNIENANeRAIFProject

How Natural Sciences Inform

Empirical Measurement
Risk Factors

Process Knowledge

Wind, Water, Ice, Gravity
Weathering
Soil Formation

Environmental Modeling
Properties, Functions, Capacities

Natural Resources Ressources naturelles i+l
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IENNIENANeRAINPIoject

Enhancing Certainty in Risk Assessment

What's in a Number?

How well the PART represents the WHOLE

How well the number informs on exposure and risk potential

The geological origins of geochemical variability

Natural Resources Ressources naturelles i+l
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€ Tri-National Project /

» Graphs in the two slides that follow show a vertical geochemical profile for soil
developed in Ni-rich glacial deposits in the Eastern Townships, Quebec.

 Triangles depict analyses of the <63 micron fraction of samples and circles the <2
micron fraction.

» The gradation in symbol colour is notional, distinguishing solum (dark and
medium) from subsoil.

» The Ni is associated with ultramafic glacial debris originating at Thetford Mines.

» Graphs indicate an order-of-magnitude difference between surface and subsurface
samples in the profile. These differences show that the interpretation of hazard
potential also requires knowledge of sample depth and soil forming processes.
Surface layers may not reflect the potential for hazard related to plant uptake via
root systems, nor the potential for trace metal releases that may originate in land
disturbances.

Natural Resources Ressources naturelles i+l
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What's in a Number
Natural Variability at a Site

How well the PART represents the WHOLE

Ni (ppm) Mg (wt. %)
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What's in a Number
How well the PART represents the WHOLE

Site 63 Cu (ppm) Ni (ppm) Mg (wt. %)
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I Hl' O, .nq Sﬂ’f 0= Mohitihan B

Environmen

Models  horizons
y Solubl Complexes (organic,
inorganic ligands) -20

Organic (humic, fulvic acids)
Inorganic (Fe, Mn, Al oxides) _ao

Secondary minerals

Primary minerals -60

N\ Soil

Geological horizon
Models 20

[ Ld
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IENNIENANeRAIFProject

Geochemical Mapping - the Empirical Framework

0.1% (<DL=0.5)
Tnverse Distance Weighting (IDW)
Cell Radius: 50,000m, Size: 1000m

1.46 ; - i
= AT . [ Canaclian
P e - - i Shield

0052 J& * % B Fuleornic
. .

0.24
3.2

Plot based on Geological Survey of Canada unpublished data
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IENNIENANeRAINPIoject

Natural Variability - Soil Parent Materials

Geological Constraints on Geochemical Variability
v Provenance - Geological Maps - Scale Values
v Physical Process Models - wind, water, ice, and gravity

v/ Past - stratigraphic models
(e.g., compositional organization)

I*l Natural Resources Ressources naturelles Ca.rl d""
Canada Canada a a.
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IENNIENANeRAINPIoject

Core Value for Decision-making

Geochemical Properties of Soil Parent Materials
Stable

v"unchanging within timeframes of societal decision-making

Predictive

v'variability may be constrained through physical geological
process models

Natural Resources Ressources naturelles i+l
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IENNIENANeRAINPIoject

Soil Geochemical Landscapes Project

Geochemical Properties and Risk Assessment

Independent Factors
Dependent Factors

Natural Resources Ressources naturelles i+l
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IENNIENANeRAINPIoject

Soil Geochemical Landscapes Project

Independent Factors - Geological

v Provenance

v'(e.g. elements, mineral residence sites, speciation, weathering
transformations)

v Process

v(e.g., mineral partitioning)

v Past

v'(e.g., compositional organization)

[ Ld
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IENNIENANeRAINPIoject

Soil Geochemical Landscapes Project

Dependent Factors - Protocol
v Sampling

v'(e.g., media, location, tools, etc.)
v Sample Preparation

v (e.g., temperature, grain size, etc.)

v Sample Analysis

v'(e.g., analytical instrument, decomposition, etc.)

[ Ld
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IENNIENANeRAINPIoject

What's in a Number

' f
Ganuhﬂmlcaf Analysis Re Sz
Increase Decrease
Grain Size Analytical
Weighting Weighting Extraction
Factor Factor

Provenance (mineralogy) & Provenance (minerlogy)
and . E % and

Process (partitioning) Protocal (extraction)
Partitioning Weighting Factor Weighting Factor Mineral Host
High ..' : Resistate
{coarse fraction) .Dﬁﬂ
Mone . 1 —
| oo
Doog e
{fine fraction) — il Decomposed
Coarse Fine Weak Strong
Grain Size Fraction Extraction Efficiency

Natural Resources Ressources naturelles
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IMENNIENANeRAIFPoject

What's in a Number

How Independent and Dependent Factors
combine determines:

v' Spatial variability in geochemical maps and models
AND

v Interpretive value of geochemical data for Risk Assessment

v'(exposure pathways, bioaccessibility)

Natural Resources Ressources naturelles i+l
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IENNIENANeRAINPIoject

Resolving What's in a Number

Enhancing Certainty in Risk Assessment
v Independent Factors
v Dependent Factors
v Interpretive Modelling
v Statistical Design - QA/QC - Published Protocol
v Environmental Standards (CANMET)
v BTEP

Natural Resources Ressources naturelles i+l
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IENNIENANeRAINPIoject

What's in a Number

Constraining Variability

v Independent Factors

Analysis of common rock-forming minerals
v'what minerals are affected by what decompositions

I*l Natural Resources Ressources naturelles Ca.rl d""
Canada Canada a a.
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IENNIENANeRAINPIoject

What's in a Number

Constraining Variability

v Dependent Factors
v'Grain Size (<2mm; <0.063 mm)
v'Analytical Decomposition (total, strong acid, water)
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What's in a Number

Interpretive Value for Risk Assessment

R2 = 0.842 ol 8
‘é‘m 7 (<0.002 mm) - 300 4 O -
)
£ E e | 8
Xy SN - -
8
o s e |l :
<L $ - - : -
0 0 1 —
0 100 200 300 <0.002 <2 mm
As ppm <0.063
(<0.063 mm)

Source: Klassen, R.A., 1994. Till geochemistry and ice flow data, central Newfoundland (NTS 12A/10, 15, 16; 12H/1);
Geological Survey of Canada, Open File 2823, 350 pp.
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What's in a Number

Interpretive Value for Risk Assessment

' ' EE 120 131 180 ' x g °
E J 'y E ra 4 H 2
- 40 c U Re=09s7 & < c I R=o0s1 £ TI R?=0.307
E‘ E“ E - g
©

@ @ 8 g
S g 7 8o £ 25
7 20 v £ H
2. 2. a T o«
€ g w o
g g 2 =
g g 1

0 . . . n 0 T T 0 5 = == 0 v = T

12 :
Total, <0.063 mm, ppm ) Total, <0.063 mm, ppm g Cr ppm, <0.063 mm, INAA TiO, wt. %, <0.063 mm XRF
20 L L L L i L
1; 14 12—
£ 2 57 E , | 2 | A Undetermined (ND
z Mg R0 9‘:'3 P K= 0T8 <l Zn R?=0.952 s:acioﬂmiul -
E 1 vt £ o E m] uv
E e E -~ E " Glaciolacustrine
§ § § - < North
¢ 104 g 9 s0 x L + North (Leaf Rapids)
o o E * North (Red R. Fm)
g g 5 « South
3 3 = Till
T T - N
« : 4 L] B ' e Cretaceous shale
0 Total, <0.063 mm, ppm 20 0 Total, <0.063 mm, ppm 3 0-0 IZ S s'o o 160
N ppm, <0.063 mm, INAA

Source: Klassen, R.A., 1994. Till geochemistry and ice flow data, central Newfoundland (NTS 12A/10, 15, 16; 12H/1);
Geological Survey of Canada, Open File 2823, 350 pp.
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IENNIENANeRAINPIoject

What's in a Number

Background Variation

v Nested Sampling Design - statistical characterization
v'Sample (vial) o ) 80 km .
v'Site (10m) *
v Area (40x40 km) o

v'Inter-Area (>40x40 km)

A

v Documented Protocols 80 km

v'Sampling
v Analysis
v QAIQC
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IENNIENANeRAINPIoject

What's in a Number

Analytical Standards
v New Suites of Environmental Standards (CANMET)

v'Defined by Mineralogy and Provenance

v’Underpin the wider interpretation and application of NASGLP data for
risk assessment

v'Water and gastric leaches
v Grain size
v'Mineralogy
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IENNIENANeRAINPIoject

What's in a Number

New Approaches

v BTEP (Business Transformation Enablement Program)
v/Strategic planning, requirements analysis, implementation
v'Support for policy-making and regulation - legal requirements
v'Future value for decision-making
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IENNIENANeRAINPIoject

Soil Geochemical Landscapes Project

Partnership Opportunities

v/ Constraining variability in terms of Independent and
Dependent Factors

v'Ongoing research
v'Grain size, decomposition
v'Determining the origins of geochemical domains

v'Enhancing risk assessment using multidisciplinary approaches in
targeted terrains

v Creation of New Environmental Standards (CANMET)

v'Letter of Support
v Establishing geological reference materials
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IENNIENANeRAINPIoject

Soil Geochemical Landscapes Project

Partnership Opportunities

v/ Communicating Need
v'BTEP planning (application in policy-making and regulation)

v Regulatory Approaches

v" Defining Threshold Values in terms of dependent and independent
factors

v Improved Environmental Modelling

v'E.g., Critical Load modelling, acid rain neutralization, soil fertility

[ Ld
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North American Soil Geochemical

Landscapes Project

To Agua Regia or not
... that Is the question

Robert G. Garrett
Eric C. Grunsky
Peter W.B. Friske
Martin W. McCurdy

Natural Resources Canada
Geological Survey of Canada

Tri-National Workshop
Ottawa
February 27t, 2008
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» Different regulatory agencies across Canada
and North America use different analytical
protocols, frequently Aqua Regia or variants,
for the determination of metals and metalloids
in environmental samples;

* What protocol should the North American Soil
Geochemical Landscapes Project employ to
meet the needs of various client groups?

I * . Natural Resources Ressources naturelles
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Jbjectives

* To 1dentify a protocol that will generate data
the same as, or equivalent to, that used by
different regulatory agencies across Canada
and North America; and furthermore,

» The data should be compatible with the
extensive data holdings, held nationally,
continentally and internationally, accumulated
over the last three, or so, decades during
studies of the surface environment.
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Bl s Rossou Canada






* Eight Control Reference Materials (CRMs) were
analysed 1n triplicate by each of five different
analytical protocols. For each protocol the 24
aliquots were digested in random order. Following
completion of the 120 digestions the solutions were
randomized again prior to elemental determinations

by ICP-OES and -MS;

* The results were analysed using Analysis of Variance
procedures. If required, data were log transformed to
ensure homogeneity of variance, an ANOVA
requirement.

[ Ld
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Materials

 CRMs: LKSD-1, LKSD-4, STSD-1, STSD-4, TILL-1
& TILL-4 (all GSC-CCRMP materials), and SoNE-1
& 2711 (USGS Nebraska & Montana soil CRMs)

 Dissolution protocols:
— 1:1:1 HCI-HNO;-H,O, AR111!
— 3:1 HCI-HNO,, AR31! - classical Aqua Regia
— 1:3 HCI-HNO,, AR13! - Lefort, reverse Aqua Regia
— 1:1 HCI-HNO,;, AR11?
— US-EPA 3050, HNO;-H,0O, variant, E3050

— 11 g sample aliquot, 3 ml of reagent, digestion at 95 °C for
1 hour, and dilution to 10 ml with 5% HCI

— 20.5 g sample aliquot, 3 ml of reagent, digestion at 95 °C
for 1 hour, and dilution to 10 ml with 5% HCI

Natural Resources Ressources naturelles i+l
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The ANOVA Model

Two-Way with Interaction and Replication within CRMs
Y =pt o+ B+ (af) vt &
Where:

Y = the k-th replicate analysis by the i-th Method of the j-th
CRM

u = the grand mean
o, = the main effect due to the 1-th Method
B; = the effect due to the j-th CRM (Sample)

(ap); = the interaction effect between the 1-th Method and j-th
CRM

Vi = the eftect due to the k-th analysis of the j-th CRM

&;x — the pooled residual variability
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Graphical Results - Cu
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Interaction Plot - Cu
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Interaction Plot - Cr
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ANOVA Results

Element Equivalence of Analytical Methods! Element Equivalence of Analytical Methods!
AQ Rev-AQ 1:1 1:1:1 3os0® AQ Rev-AQ 11 [ 110 3os0®
Ag a a a a b Mo a b [ b a d
Al b b b a c MNa a d [+ b e
Az a a a a b Mb a b = o b a
Au a a. b a kb a3 b b Mi a a a a b
Ba a a a a a P b a b b a
B= a a a a a Pa a a a a a
Bi a.b a. b a,b a a b Rb a a.b b a c
Ca a a a a a Re a a a a a
Cd a. b a b a. b b a 5 b a ab a b a
Ce a o b a d Sh b d < a e
Co a a a a b Sc a a a a a
Cr a [ b a b d Sa a a a a b
Cs =4 a b, o a b d Sn a 3 a. b a c
Cu a a a.b a3 b b Sr a a b ab a b
Fe a [ b a b d Te a a a a a
Ga a b =} a c Th d b c [ a
Hf d b [ c,.d a Ti a d [+ b e
Hg a a a a a T a a a a b
In a a a kb a3 b b u a a a a b
K a a a a b W a =3 b b d
La a b o a d w a c b.e a b be
Li a a.b b ab c b ab a b.c ab c
Mg a a a a b Zn a a b a. b a c
Mn a. b a [ a b, e b.e Zr 2 =] [ d a
Footnotes:

! For methads with the same letter there is no significant difference {p <0.05) between the analytizal results. The letter 'a" indicates
the greatest amount of an element extracted, and thence in decreasing order, 'B', 'e', sfc.
? This is the HNOs-Ha0; variant of US-EPA 2050 with an all 'cizidising reagent’ digestion

I*l Natural Resources Ressources naturelles Ca.Il d""
Canada Canada a a.





« The ANOVA results indicate that US-EPA 3050, the
HNO;-H,0O, variant, generally extracts significantly
less metals and metalloids than Aqua Regia and the
Aqua Regia-like digestions. Notable exceptions are

Hf, Nb, Th and Zr;

* For the remaining four analytical protocols, Aqua
Regia and three HCI-HNO; variants, the results are
very similar, if not identical; and

* Even when results are significantly (p<0.05) different
between some protocols, an mspection of the data
indicates that these differences are likely not
significant in a geochemical/engineering context.

[ Ld
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* Considering the vast amounts of Aqua Regia and US-
EPA Aqua Regia variant data that are extant in North
America and internationally, and the fact that the
Aqua Regia-like variants extract very similar amounts
of elements as “classical” Aqua Regia for most
elements, it 1s recommended that the North American
Soi1l Geochemical Landscapes Project, the Tri-
National, employs the US-EPA 3050B Aqua Regia
variant digestion.

[ Ld
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-EPA 3050B

* The Aqua Regia variant is outlined 1n the “flow
chart” on Page 12 of the December 1996 Revision 2
of the US-EPA 3050B protocol under 7.5 et seq.

* This procedure uses a 4:1 HCI-HNO; mix rather than
the 3:1 of “classical” Aqua Regia; and

e Bl

* The Geological Survey of Canada is preparing a
protocol document better defining the procedures to
be used for Tri-National analyses. These include the
choices of 1 g (<63 um) or 10 g (<2 mm) aliquots and
a 1:12.5 solid:reagent ratio.
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PROGRESS ON THE TRI-NATIONAL PROTOCOLS MANUAL

Documenting field, laboratory, and data handling procedures

Inez M. Kettles and Peter W.B. Friske
Natural Resources Canada — Geological Survey of Canada
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Project Aims

» To develop a continental-scale framework, including set of
protocols, for generating soil geochemistry and related data

* To provide soil geochemical data that are available and useful
for a W|de range of applications and disciplines. RS
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Protocols Manual -
« All field, laboratory, and

field, laboratory, and data handling procedures
data handllng are being documented in
minute detail
 Methodology can be
duplicated

» Ensures that data collected
by numerous groups In
many geographic areas over
a long time period will be
consistent.

e Manual will be in digital
form, web accessible, and
updated as needed

Natural Resources Ressources naturelles i+l
I * Canada Canada Ca.na.d





" Earth Sciences Sector

Challenges for documenting protocols

 Diverse soil types and field situations requiring diverse
types of equipment and procedures
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Complex field and lab operation - many
different analyses (core and add-on),
sample types, and sampling horizons

 Plenty of repetition in the protocol
requirements (e.g. many analyses require
preparation of the <2.00 mm fraction)

* Need to think ahead to requirements in
future

e Manual is a work in progress — for the
next few years it will be constantly
expanding - numerous protocols still to
be developed (e.g. sampling in peatlands
and permafrost areas )

Natural Resources Ressources naturelles C dlﬂ
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Developi

The Plan

 Series of modules or appendices for flexibility and ease
when adding and changing.

e One module for each unique type of field acquisition,
laboratory procedure, or aspect of data management

e Introductory document based on an overview of protocols;
user iIs directed to the appropriate modules related to the
desired protocol.

 Descriptions of core and add-on procedures

« Background information

Natural Resources Ressources naturelles
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Overview

Field sampling design — site selection in office and field, field controls

Field sampling protocols

o Mineral soils

= Permafrost free (Equipment, steps for on-site measurements and sample collection; field
data recording);

= Adjustments for permafrost-affected (cryosols) or disturbed terranes, including agriculture,
urban, mining or other contaminated areas

0 Organic Soils (same scheme as shown above for mineral soils)

Laboratory protocols
0 Sample preparation, storage, archiving

o Sample analysis and data recording

= Core analysis, add-on analysis to core splits, add-on analyses on additional samples from
core site; add-on analyses on samples collected away from core site

Data management

Database structure

QA/QC — quality control from collection to database
Summary statistics

Data reporting for all the above

0
0
0
0
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+<2.00 mm fraction for all analyses (Note: <2.00 mm splits ball-milled for 4-acid and carbon analysis.)
*<0.063 mm for selected analyses (carbon, 4-acid, and aqua regia)

» |ICP-MS/ES analysis (42 elements) after aqua regia digestion (0-5 cm , A, B, C) [after GSC
OF 4823 Sec 6-3]

 |ICP-MS/ES analysis (42 elements) after 4-acid near total digestion (0-5cm , A, B, C) [after
GSC OF 4823 Sec 6-3]

o ICP-MS/ES analysis after water leach (0-5 cm and C) [See Module - Water Leach]
e Carbon - organic and inorganic content (0-5 cm , A, B, C) [GSC OF 4823 Sec 4-25]

. Lo]ss-on-ignition (0-5cm, A, B, C) [Part of the carbon determination; GSC OF 4823 Sec 4-
25

*  Moisture content (0-5 cm, A, B, C) [GSC OF 4823 Sec 5-5]

e Bulk density (0-5cm, A, B, C) [Determination based on field collection of sample with
known volume and results of moisture content analysis (GSC OF 4823 Sec 5-5)]

e Munsell colour (0-5cm, A, B, C) [GSC OF 4823 Sec 5-3]

o Particle size analysis [modified from GSC OF 4823 Sec 5-18; new treatment of coarse
fraction to be documented]

e Electrical conductivity (0-5cm, A, B, C) [GSC OF 4823 Sec 5-27]
» (Cation exchange capacity [to be confirmed and documented]

[ Ld
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“Add-on” determinations on splits from core tri-national samples
0 Selected minor elements (N, P) (0-5cm, A, B,C) [to be documented]
0 Biomethods for assessing soil toxicity (A and C) [See Module — Soil Toxicity]
0 X-ray diffraction (A, B, C) [See Module - XRD]
0 Radiometric tests in laboratory (0-5 cm, A, B,C) [to be documented]
0 Gastric leach (A and C) [to be documented]
“Add-on” determinations on additional samples or other data collected at the tri-national sites
0 Soil gas radon measurements [See Module — Soil Gas Radon]
0 Radiometric tests (including measurements of U, Th, K) [to be documented]
0 Anthrax (whole sample size fraction) [See Module - Anthrax]
0

Ecotoxicological studies and analysis for selected organic compounds on 0-30 cm sampling interval [See
Module — Studies on 0-30 cm]

Collaborative sample and data collection for NFI [See Module — NFI]

o

0 Perchlorates (A and C) [to be documented]

0 Note: above determinations require no extra work in the field except for collection of extra materials from
selected horizons.

“Add-on” determinations on additional samples or other data collected outside the tri-national sites
0 Stream waters and sediments analysis [to be documented]
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*Methodologies are built on those developed in earlier
programs.

=National Uranium Reconnaissance Program
=Mineral Development Agreements (1 and Il)
=Metals in the Environment

=Targeted Geoscience Initiatives

*Some “core” analytical procedures are documented.

Girard, 1., Klassen, R.A., and Laframboise, R.R. (2004)
Sedimentology Laboratory Manual; Terrain Sciences Division
GEOLOGICAL SURVEY OF CANADA OPEN FILE 4823
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* Please have a look at our very preliminary first draft
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The North American

Soil Geochemical Landscapes
Project

Maritimes Soil Survey Results —
February 2008

Eric C. Grunsky and Peter W.B. Friske
Natural Resources Canada
Geological Survey of Canada
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Soil Geochemical Landscapes Project

North American
Ecozones

Soil Sample Locations

°For North America, the sampling
design is based on >10,000 samples
collected at a mean density of 1 site
per 1,600 km?

Ecozones: Commission for
Environmental Co-operaton,

1997: Ecological regions of North
America - toward a common perspective.
Legend available at
http://www.cec.org/filess/PDF/BIODIVER
SITY/eco-eng_EN.pdf
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Maritime-Sampling-2007

* 176 Sites
NFI Design

e 371 Sites
GRTS Design

@ 87 Sites
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Ecozones: Commission for

Environmental Co-operaton,

1997: Ecological regions of North
America - toward a common
perspective.

Legend available at
http://www.cec.org/files/PDF/BIODIV
ERSITY/eco-eng_EN.pdf
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Sample Site
Points
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Soil Landscapes of Canada Working Group. 2005.
Soil Landscapes of Canada v3.0. Agriculture and

Agri-Food Canada. (1:1 million scale).
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Sources:
Keppie, J.D. 2000. Geological Map of the

Province of Nova Scotia. Nova Scotia Department . St et Irwe
of Natural Resources Map ME 2000-1, 1:500 000. Goctogy - Uthtopy

- e
New Brunswick Department of Natural Resources E Jm;m:
2000. Bedrock geology of New Brunswick. New — I
Brunswick Department of Natural Resources Map :’l—"i: Syt o
NR 1-2000 edition. = ek ks
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NS Surficial Geology

Alluvial Deposits

Bedrock

Colluvial Deposits

Glaciofiuvial Deposits (Kames and Eskers)
Gladefluvial Deposits (Outwash Fans)
Gladiolacustrine Deposits
Glaciomarine Deposits

Hummocky Ground Morraine

Lakes

Marine Deposits

Organic Deposits

Residuum

Silty Drumlin (Drumlin Facies)

Sitty Till Plain (Ground Moraine)
Stony Drumlin (Drumlin Facies)
Stony Till Plain {Ground Moraine)

DRAAROAARROAAARD

Source:

Surficial Materials of Canada

Geological Survey of Canada,
Map 1880A (1:500,000 scale).
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SPECULATIVE ICE MARGINAL POSITIONS DURING RETREAT OF WISCONSINAN ICE
POSITIONS THEORIQUES DE LA MARGE GLACIAIRE AU COURS
DE LA PHASE REGRESSIVE WISCONSINIENNE

ICE MARGINAL ISOCHRONES IN THOUSANDS OF YEARS BP
ISOCHRONES DE LA MARGE GLACIAIRE
(EN MILLIERS D-ANNEES BP)

132

ICE FLOW OR SLOPE
ECOULEMENT GLACIAIRE QU PENTE

Natural Resources Ressources naturelles
Canada Canada
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Source: Rampton, V.N., Gauthier, R.C.,
Thibault, J. and Seaman, A.A., 1984.
Quaternary geology of New Brunswick;
Geological Survey of Canada, Memoir
416, 77p.
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ilometers

orth American Soil Geochemical Landscape
oject (NASGLP)

RO
17.15] &

As in C-horizon (ppm)
<63 um fraction

N=177

Minimum = 2.2
Maximum = 345.7
Median= 10.7

L4
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Surficial deposit types:

E — eolian

A — alluvial

cM, sM, fM — coarse, silty, fine marine
Gp, Gx — glaciofluvial plain, complex
Mv — marine veneer

Tb,Tv —till blanket, veneer

R - rock
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Earth Sciences Sector

-

Cr in C-horizon (ppm)
<63 um fraction

N=177
Minimum= 16

Maximum = 369
Median = 61
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Zr in C-horizon (ppm)
<63 um fraction

N=177
Minimum = 42

Maximum = 436
Median = 154
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C-Horizin Soil 4 acid digestion
Ni [ug/ka]
<10

>

L]
L]
L
L]
o
o
-]
o
o
o]
‘
Eco Province
@ Appalachian - Acadian Highlands
= Fundy Uplands
=] Morthumberland Lowlands
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C-horizon 4 acid digestion
Ni [ uafkal
<10
10...16
16...27
27..31
31..35
35..40
40...46
46...52
52..59
59...62
62...75
>75

Soil Coverage
Brunisolic Gray Luvisolic
Dystric Brunisalic
Eutric Brunisolic
Ferro-Humic Podzolic
Fibrisol

Gleysolic

Gray Luvisolic

Humic Podzolic
Humisal

Huma-Ferric Podzolic
Mesisal
Non-applicable
Podzolic Gray Luvisolic
Regosolic

Sombric Brunisolic

RAARCACRRARKRRAL |@cc:ccco----
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C-Harizon 4 acid digestion
Ni [ug/kg]

<10

10...16

16..27

27..31

31.35

35..40

40...46

Reus
R

=

GSC Map 1880 Surficial Geology
Alluvial

Eolian

Sand Plain

Sand & Gravel Complex

Lag - Sand & Gravel

Organic depasits

Bedrock

Till Blanket

Till Veneer

Marine - C/g Sand & Gravel
Glaciolacustrine - Fine Grained
Fine Grained Marine Silt/Clay
Marine Mud

Marine Sand

Water

AARRRARERANY [@weescerenet
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C-horizon 4 acid digestion
Ni [ug/kg]
<10
10...16
16..27
27..31
31..35
35..40
40...46
46...52
52..59
59..62
62..75

=75

Generalized Geology
Alkaline Intrusive Complexes
Granitic Rocks

Intrusive Gabbro-Anorthosite Assodation
Irtrusive Ultramafic +/- Mafic Assodation
Melange

Monmarine Sedimentary Rocks
Orthogneiss

Sedimentary Rocks Undivided
Sedimentary and Mafic Volcanic Rocks
Undivided Gneiss
Volcanic Rocks
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Earth Sciences Sector

Soil Gas Radon and Natural Radioactivity Studies
related to the North American
Soil Geochemical Landscapes Project

Kenneth L. Ford
Natural Resources Canada - Geological Survey of Canada — Ottawa
and
Jing Chen
Health Canada — Radiation Protection Bureau - Ottawa

February 28, 2008
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What is radon and why Is it important?

 Naturally occurring radioactive gas
- colourless, odourless, tasteless
- can only be detected by testing

e Soil gas radon is contributing to
the indoor environment

e Main source of exposure to
natural radiation by the population

« 2" |eading cause of lung cancer
(WHO, 2005)
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Health Canada’s New Radon Strategy

* Prior to 2007 HC guideline for maximum allowable Rn in
homes was 800 Bg/m?3

e In 2007 HC implemented a “New Radon Strategy”
- remedial measures should be undertaken whenever average Rn

concentration exceeds 200 Bg/m?

- new strategy harmonized with international guidelines, practices
and action levels

- recognized the need to develop and use radon potential maps to
focus attention for testing in high risk areas and to guide risk
management; supplementary data from airborne gamma ray
spectrometry, bedrock and surficial geology maps and soils maps
will be used to develop radon potential maps.
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t of Radon Poten

Types of geoscience data considered to be of primary
Importance for estimating variations in radon risk potential

Bedrock geology — for example: rock types naturally high in uranium
(granites, black shales)

Surficial geology - for example: certain glacial deposits derived from
U-rich rocks and certain types of glacial lake deposits

Airborne gamma ray spectrometry

Geochemical data for surficial media,
Including lake and stream sediments
and till

Soil survey data — including soil gas radon
and permeability measurements

GENERALIZED GEOLOGIC RADON POTENTIAL OF THE UNITED STATES

Map source: United States

Indoor Radon data Geological Survey
http://lenergy.cr.usgs.gov/ra

don/rnus.html
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In 2007, Health Canada and Natural Resources Canada entered into a partnership
to acquire new geoscience data relevant for identifying radon prone areas in
selected parts of Canada

. New airborne gamma ray spectrometry
surveys where there are gaps.

: Population
% ° 1-499

©  500-4999
@ 5000 - 24999

@ 25000 - 49999
@ 50000 - 90000

i)
. Greater than 100000 | |

Sources: Population information from Atlas of Canada . . ) y 5
. o - Source: Darnley et al., 2003;
Ternary Radioactivity Map of Canada from : Uranium : y

GSC OF 4763. Duval et al., 2003
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As part of NRCan's - North American Soil Geochemical
Landscapes Project (NASGLP), Health Canada is supporting
activities to acquire, in Canada, the following types of data:

yﬂ"m" T =L i e = S e e i =
i S 1 s, £ O #? . Maritimes Tri-National Soil Survey | —
; il

 Soil gas radon R TR - T T
I B /R e 'QQ %!Q%%

—
4 -L & I..' I-I' E
2 i ) & £ : . r 2 e
RN S S
, : A TS
-y =i o
Fiin g g 4 L) ‘h £ q e
f 2 S~ 3 g/ -
) / X ] e

e In-situ radioactivity (K, eU, eTh)
 Soil permeability and
 Laboratory gamma ray spectrometry

(A-, B- and C-Horizon samples)
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In 2007 studies of soil gas radon and ground and laboratory gamma
ray spectrometry (GGRS and LGRS) were undertaken as value-added
activities to the NASGLP.

Project areas were as follows:

1
y $ o* N * Soil Sites

* Maritime provinces

e Southern Ontario transect

» Ottawa area to evaluate
- correlations of soil radon and
permeability with indoor radon
potential.
-seasonal variations of soil gas
radon and permeability
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Preliminary Results ...

Background map shows eU grid from airborne gamma  Background map shows eU grid from AGRS survey

ray spectrometry survey (AGRS) with flight lines with flight lines spaced 1km apart (GSC OF 4496).
spaced 5 km apart (GSC OF 4461 and 4462). Proportional black dots show eU from in-situ GGRS
Proportional black dots show average soil gas radon measurements at NASGLP sites (Range: 0.0 — 3.0

at NASGLP sites (Range: 0.0 — 128.7 kBg/m?, Mean: ppm, Mean 0.88 ppm)
32.3 kBg/m3)
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Preliminary Results ...

Background map shows eU grid from AGRS survey  Background maps shows eU grid from AGRS survey
with flight lines spaced 1km apart (GSC OF 4466). with flight lines spaced 1km apart (GSC 4466).
Proportional black dots show average soil gas radon Proportional black dots show eU from in-situ GGRS
Content at NASGLP sites (Range: 0.0 — 109.1 measurements at NASGLP sites (Range: 0.4 — 2.5
kBa/m3. Mean: 27.59 kBa/m3) ppm, Mean 0.97 ppm)
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Preliminary Results For Southern Ontario and Ottawa Area

Long term (seasonal) variations at 2 Ottawa sites (May 17 to Nov. 18)

- results showed that multiple measurements at each site can characterize soil gas
Rn levels within a deviation of 30%.

- in contrast, permeability values exhibited large variations at each site. Given the
size and weight of the permeability apparatus, a qualitative proxy measurement is
required for reconnaissance surveys. Permeability apparatus should be used only for
detailed follow-up studies.

Correlation of soil gas Rn and permeability with indoor Rn potential

- results of a study of 32 sites and 167 homes across Ottawa showed that the
average “Soil Rn Potential (SRP) Index” for a community area correlated well with
indoor Rn potential (% of homes above 200 Bg/m3) but not with individual sites with
individual homes. The SRP Index is based on a combination of factirs related to soil
gas Rn and permeability factors,

Natural Resources Ressources naturelles ( j E dl*l
Canada Canada a a.
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Preliminary Results from Southern Ontario and the Ottawa Area
Variation in soil radon across Southern Ontario (Ottawa to Sarnia)

Preliminary estimates, based on comparisons of SRP Index values for Southern
Ontario and the Ottawa area, suggest that areally-significant portions of
Southern Ontario may have a higher percentage of homes with indoor radon
levels above 200 Bg/m3- At present there are no indoor Rn measurements to
verify the estimates.

Highest average levels of soil gas Rn are generally associated with geologic
formations dominated by black shale.
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Thank You
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Development of a Background Soill
Chemistry/Toxicology Database
for the Atlantic Region

Rita Mroz
Environmental Protection Operations Directorate

Ottawa
February 27/28, 2008






Federal Contaminated Sites Action Plan
(FCSAP)

* $3.5 billion over 10 years
* Assess and remediate federal contaminated sites

* Goal: reduce human health and ecological risks,
federal financial liability

* Treasury Board initiative
* 4 "Expert Support” departments

— Environment Canada

— Department of Fisheries and Oceans

— Health Canada

— Public Works and Government Services Canada

DRAFT — Page 2 — June 4, 2009
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Background

* Ecological and human health risk assessment processes are
key to FCSAP

* Screening level: compare soil data to established
benchmarks (eg. Canadian Council of Environmental
Ministers (CCME) Canadian Environmental Quality
Guidelines) or background soil quality data

* While other Canadian provincial jurisdictions have initiated
databases for background soil chemistry, only sporadic
background data exists in the Atlantic region.

Environment Canada - Atlantic is developing a database of
background chemical and toxicological soils data.
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Project initiation - 2004

° Need to break the region into soil zones

° Need to develop sampling protocol

* Hired Jacques Whitford Environmental Ltd.
* Part 1 — Regional map

* Part 2 — Sampling protocol and pilot study

— Based on British Columbia method/P. Loro (from New
Brunswick)

— Sampled 2 sites for pilot testing

DRAFT — Page 4 — June 4, 2009
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SOIL ZONES:
NEWFOUNDLAND

|:| Central Zone
[ ] Maritime Zone

Avalon Zone
I:l Gander Zone

Mountain Zone
|:| Southwestern Newfoundland
l:l Northern Peninsula
|:| St. Lawrence Lowlands
[ ] Bellelsle Zone

LABRADOR

|:| Mealy Mountains
[ ] Makkovik

[ ] Lake Melille

[ ] Mecatina Plateau
[ ] smallwood Reservoir South
|:| Caniapiscau Plateau
[ ] Labrador Trough
[ ] Tomgat Mountains
|:| Hamilton Upland
[ Kingurutik-Fraser River
[ ] Hamilton Plateau

PEI
[ ] Northumberland Lowlands

Source: Soil Landscapes of
Canada Working Group. 2005.
Soil Landscapes of Canada v3.0.
Agriculture and Agri-Food Canada.
(digital map and database at

1:1 million scale).

NEW BRUNSWICK

[ ] saintJohn River Valley
|:| New Brunswick Highlands
I Northern Uplands
[ ] southern Uplands

|:| Northumberland Lowlands
NOVA SCOTIA

|:| Cape Breton

|:| Central Uplands

[ ] Southwest Uplands
|:| Highlands

[ ] Northumberland Lowlands
[ Fundy Lowlands

|:| Atlantic Uplands

0 200 400,

Kilometers

Bell ™ & Soil Zones of the Atlantic Region Canadi





Soil Sampling Protocol

° At each site, 10 sub-samples randomly collected within one
hectare, combined to form one composite sample

* 0-30cm soil horizon g SEh

DRAFT — Page 6 — June 4, 2009
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Analyses

* Chemical:
— Metals
— Polycyclic aromatic hydrocarbons (PAHSs)
— Total organic carbon (TOC)
_ pH
— grain size

* Toxicological assays (25% of samples):
— Earthworm, Eisenia andrei
— Collembola, Folsolmia candida (springtail)

— 3 plant assays
= Lettuce
= Northern Wheatgrass
= Alfalfa

* Why were these species selected for assessment???

DRAFT — Page 7 — June 4, 2009
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Invertebrate species

* Common in Canadian Soils
— Widely distributed

— Found in association with
human habitation

° Relatively short life cycle

htto://cache../eb/imaoe?id=24294&rendTvoeId=4
i ‘ * Toxicity data are reliable and
sensitive
it

°* Each represent a different
ecological niche within
terrestrial environment

http://www.biosci.missouri.edu/carrel/photos/Arthropods/collembola/collembola.jpg
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Plant species — Lettuce, Northern Wheatgrass,
Alfalfa

° Lettuce
— Annual dicotyledonous species
° Northern Wheatgrass

— Perennial monocotyledonous
non-crop species

* Alfalfa

— Perennial dicotyledonous legume
species

° Represent arange in

] e i sensitivities
http://www.umassvegetable.org/images/soils_crops_pest_mgt/crop/let ° 1
tuce3.jpg Reliable seed sources
http://www.agr.gc.ca/pfra/pub/fspg16b.jpg PY
http://www.noble.org/Press_Release/Collaborations/ForageGenetics/Alfalfa.jpg I n C | u d e a fo rag e C ro p ’ a

vegetable crop, and a native
species

DRAFT — Page 9 — June 4, 2009

Bel Gh™™ el Canadi






Earthworm Assay

e 28 day chronic
(survival and
reproduction)

DRAFT — Page 10 — June 4, 2009
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Collembola Assay

e 35 day chronic
(survival and
mean progeny)






Plant Assays — 3 types

Lettuce (14 d)

Northern
wheatgrass (21 d)

Alfalfa (21 d)

Seedling
emergence, mean
shoot and root
lengths and mass

DRAFT — Page 12 — June 4, 2009
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Progress to date

* # of sites sampled
— 2004 - 2 sites (NB)
— 2005 - 33 sites (NB, NF/LAB)
— 20006 - 66 sites (NB, NF/LAB, PEI)
— 2007 - 188 sites (NB, NF/LAB, PEI, NS)
— Total: 264 sites
* GIS-based database initiated
° Collaborative efforts with Tri-National project
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Sample sites

-y
I

. -
2 4
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Sampling equipment

A 'T‘.m\_‘
200
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Status of Database

* PWGSC contracted to develop database
* “Work in progress”
° Not yet publicly available
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EC Background Soils Database - Microsoft Internet Explorer

File  Edit  Wiew

Favorites  Tools  Help
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Project Overview

« WHAT

e Collect stream sediment and stream water data from
sites within the same <100km drainage basin as the
North American Soil Geochemical Landscapes Project
(NASGLP) soil sample site.

s WELL
« Generate systematic-baseline coverage of geochemical
data for drainage basins across Canada.

» Provide data to study-the-relationship between the
chemistry of the soils and that of stream sediment and
stream water within the same drainage basin.

« WHERE and WHEN

* The developmental phase of this add-on project took
place throughout New Brunswick in the Fall of 2007.
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Site Selection

Criteria for selecting a stream site location

e Must be within the same drainage basin as a NASGLP soll
site

« Must be downstream of a NASGLP soll site

« The drainage basin.a

stream site location must be <100km

which are generally first or small second
order streams
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. i New Brunswick
¢«  Sample sites

. I5in Sites
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On-site

* Collect water samples
* Three water samples are filtered and stored at 4 Cf§

e Collect stream sediment samples

* Two Kraft paper bags are-filled with silt-sized
stream sediment.

,,,,,,,,,,

e Collect and record In-situ measurements
*Multiple physical and chemical parameters are
measured and recorded at each site
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Geochemical Data

Stream Water
Filtered and acidified (HNO )

ICP-MS —  Trace elements
ICP-ES . = & Nalal elements

Filtered and unpreserved

lon chromatography=» Anions

Stream Water
In-situ measurements

* pH * Colour
» Conductivity e Turbidity
* Temperature * Discharge

* Dissolved Oxygen

Titration » Alkalinity
Combustion = Total dissolved
Organic

Filtered and preserved (BrCl)
CN-AFS "l Mercuny

Stream Sediment (<177um)

« ICP-MS

 INAA

e Fusion =————p Tin & Fluorine
« Loss onignition

e Total carbon

| b |
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Drainage Basin Geochemistry

Analysed Parameters in
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What Next ?

e With continued funding from the GSC Environment &
Health Program and with additional funding from
Environment Canada’s Clean Air Regulatory Agenda
(CARA) the project will continue this Summer.

« Begin interpretation of the stream sediment and stream

water data with the solil geochemlcal data.
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Abbreviations Used

CV-AFS - Cold vapour atomic fluorescence
spectrophotometry

ICP-AES - Inductively coupled plasma atomic emission
spectroscopy ——‘“"

ICP-MS - Inductively coupled plasma mass spectrometry

INAA — Instrumental neutron activation analysis
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Mandate

* Biological Methods Division

— Develop and apply biological test methods for the assessment
of individual chemicals and contaminant mixtures on soll
invertebrates, terrestrial plants, soil function and microbial
communities in soill

= In-house research jointly shared between the Soil Toxicology

Laboratory (Juliska Princz) and the Soil Biotechnology Laboratory
(Lee Beaudette)

— To validate and standardize biological test methods using
aquatic, sediment, and soil organisms; and develop supporting
guidance documents for use in Environmental Protection
programs

= Delivered through the Method Development and Applications
Section (Lisa Taylor)
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Background

* Environment Canada (EC) has published three soil toxicity test
methods

— 2004 — Earthworms (survival and reproduction)
— 2005 - Plants (seedling emergence and growth)
— 2007 — Collembola (survival and reproduction)

* Level of effort

— Average of 10 years for initial method development,
validation and standardization

* Applicability
— current methods were designed for use in assessment of
agronomic systems using suitable and relevant test species

* Program Priorities

— Federal and provincial contaminated sites; Chemical
Management Plan, Canadian Environmental Protection
Agency (CEPA) New Substance Assessments
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Background

Environment Canada 2003 Soils Workshop

— Workshop held to identify research priorities for development of
standardized biological methods for the assessment of
contaminants in natural soils across Canada

= Major Workshop Outcome — Development of a 2
generation of standardized soil toxicity test methods using
test species reflective of boreal and taiga eco-zones

— Use ecological relevant species and effective microbial
assessment tests (e.g., woody & herbaceous plants, soil
invertebrates, microbial functional and community assays)

— Development of tools applicable to contaminated land risk
assessment and management (e.g., assessment of
contaminated industrial lands and performance of remediation
technologies; derivation of clean-up standards)
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Partners in Boreal/Taiga Method Research

* Literature reviews and species recommendations for method development
— ECT Oekotoxikologie GmbH (J. Rombke, S. Jansch)
— Saskatchewan Research Council (B. Godwin & M. Moody)

* Ecological and Taxonomic Expertise

— Royal Roads University (J. Addison)

— Paragon Consulting (J. Battigelli)

— Agriculture and Agri-food Canada (V. Behan-Pelletier & J. Clapperton)
* Site ldentification and Soil Collection (Reference & Contaminated)

— Komex Worley-Parsons (M. Brewster, S. Exnor)

— SHARP Environmental (2000) Ltd. (J. Biegel & M. Maurice)

— Equilibrium Environmental Inc. (A. Knafla)

— Husky Energy (C. Meloche)

— EcoDynamics Consulting Ltd. (J. Nelson & team)

— Natural Resources Canada (Tri-National Initiative, A. Rencz & R. McNeil)
* Method Development

— Environment Canada (BMD) — (J. Princz, L. Beaudette & technical staff)

— Saskatchewan Research Council (M. Moody) — boreal plant tests
DRAFT — Page 6 — May 25, 2009

Environment Environnement 11
I*I Canada Canada Canada






Steps for Development of Boreal/Taiga
Test Methods

* Establishment of test species from native plant seed sources or
invertebrate collection through heat extraction for reference soils

* Sort, identify and culture candidate species
* Establishment of test design, parameter limits and test endpoints
* Performance of tests in a variety of reference soils from across the
boreal and taiga eco-zones
— Development of performance data to help establish validity criteria, and
assess applicability of tests to a variety of soils
* Assess the performance of tests using a variety of test system
designs
— Re-layering of soil horizons vs intact soil cores
- (e.g., 1to 25 cm depth depending on horizon)
* Performance and applicability of tests in the assessment of
contaminated soils (e.g., hydrocarbon, metal and brine
contamination)
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Collaborative Efforts

* How are (bio)geochemical data presently used by your
organization?
— Helps establish of reference soil locations across

Canada, ‘typical’ of various eco-zones

= Existing knowledge and experience of staff, and preliminary
characterization data can help find sites suited to soils and eco-
zones to which the methods are applicable

— Using well-characterized reference soils helps
broaden the application of new test methods and
assists with the method standardization process
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Collaborative Efforts

What can you add to the core tri-national activities?

1. Recommend existing EC reference locations that have been
biologically characterized (i.e., surface soil fauna, plant
community, terrestrial ecology) for inclusion in the Tri-national
Initiative

2. Provide any chemistry derived from testing of the reference
locations (i.e., surface and immediate sub-surface soils)

e.g., soil horizons collected include: LFH, Ah, Ae, Bt, Bm, Ck

3. Provide any biological test performance data derived from
testing of the reference soil locations
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Collaborative Efforts

What is the value of the Tri-national soil sampling survey to
your research effort?

— Supports our initiative to develop new ecologically-
relevant biological test methods

= Allows for the identification, access, and characterization of a
reference site; the collection of new organisms; and generation of
test species performance data

= Helps ensure that the methodologies are applicability to a variety of
soils from different eco-zones

= Streamlines sampling efforts and encourages exchange of
information between programs (e.g., NRCan / EC joint sampling
effort for podsol soils north of Pembroke, Ontario)

DRAFT — Page 11 — May 25, 2009

Environment Environnement 11
I*I Canada Canada Canada






Collaborative Efforts

Does the Tri-national Project provide you with
opportunities for continued or new joint activities?

—Absolutely !

= Contributes to efforts to establish new test methods and species
applicable to other Canadian eco-zones

- Establishes permanent reference soil locations for future method
development efforts

= Possibility of inclusion of existing EC reference soil locations as
part of the Tri-national Initiative [e.g., Saskatchewan (2 sites) and
Alberta (2 sites)]

DRAFT — Page 12 — May 25, 2009
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Links Between North American Soill
Geochemical Landscaps Project and
Agriculture and Agri-Food Canada
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NAGSLP Workshop 11
February 2008

¥l

Canada





North American Soil Geochemical
Landscapes Project

Presenter: David Kroetsch
Organization: Agriculture and Agri-Food Canada

February 2008
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Benefits of the NASGLP to AAFC

Enhances AAFC ability to provide elemental concentration issues on
major soil types — within AAFC national mandate to provide data on
the soils of Canada

Provides background values and levels to assist with our Agri-
environmental indicator development on water contamination and
soil quality

Opportunity to link NASGLP sites (or combined AAFC sites) to AAFC
named soil series or other taxonomic units to enhance the National
Soils Database and link to this national geospatial and attribute
database

Potential linkages to on-going AAFC source and ground water research
i.e. the Watershed Evaluation of Beneficial Management Practices
(BMP) — WEBS

[

Canada





What can AAFC contribute to the NASGLP?

Provide soil classification, standards and protocol development to
NASGLP and other “value added” projects

Spatial extrapolation and validation of results using Soil
Landscapes of Canada (SLC) and Ecological Framework for
Canada geospatial analysis, delivery and mapping. Allows
AAFC access to areas of Canada that may have limited or no
data

Assist with interpretation and communication of results and project
findings through geospatial (WEB) tools and interfaces.

[

Canada
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Collaboration between the North American
Soil Geochemical Landscapes Project and

the National Forest Inventory Soil Program

Glenda Russo

Natural Resources Canada -National Forest
Inventory

grusso@nrcan.gc.ca





» Background/Rationale

 Comparison of Soil Related Programs
* Opportunities for Collaboration

* Working Together





NFI Canada's National Forest Inventory

Background/RatioaI

Canada’s National Forest Inventory Program
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Canada’s National Forest Inventory is an interagency
collaboration between the federal government and the
provinces and territories

The objective of the program is to assess, monitor and
report on the extent, state and sustainable development of
Canada’s forests in a timely and accurate manner

The federal government’s role is to develop the standards
and procedures for data collection, create the infrastructure
to manage the data, undertake the analysis of the data, and
generate reports.

The role of the provincial and territorial partners is to
develop their sampling programs and collect and provide
data to a national standard.
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National Forest Inventory plots are established on a national
monitoring framework

Approximately 25,000 photo plots and 1000 ground plots have been
established across Canada

As part of the ground sampling program, soils are described and
sampled using a consistent series of field and analytical protocols in

order to:
- Describe soll characteristics
- Determine soil carbon content (kg/ha)
- And collect data that can contribute to the assessment of:

* Nutrient and water availability to plants (soil structure and
texture)

* Carbon sequestration





sampling framework

lllustration of the NFI
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National Forest Inventory “ &/«
Sampling Framework

A network of sampling points is systematically located across the
population to ensure complete coverage — photo plots are located at
each sampling point.

Ground plots are established at a sub-sample of randomly selected
photo plots.

National Forest Inventory Data is reported by terrestrial ecozone.

Change is estimated from repeated measurements of plots at regular
intervals.





Conseil canadien
des ministres
de forets

Canadian Council

Background/Rationale = s

North American Soil Geochemical Landscapes Project
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The North American Soil Geochemical Landscapes Project is a tri-
national initiative, including Canada, the United States and Mexico,

Soils are described and sampled using a consistent series of field and
analytical protocols in order to understand and map soil geochemical
variability across North America

Project provides consistent soil geochemical data

Soil geochemical data is to be used to assess and manage the risks
of environmental hazards and support a variety of geoscience
initiatives.
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Background/Rationale &=

With two programs sampling solls
across Canada it just makes sense
to explore opportunities to work
together....






N Fl Canada's National Forest Inventory

Background/Ratlonale

When the North American Soil Geochemical Landscape
Project was announced, representatives from both

programs met to discuss the potential for collaboration
between the two programs in an effort to:

» achieve increased efficiency in federal monitoring
programs; and
» enrich the data of each program.
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NFI Soil Program NASGLP
Sample design Random sampling design Generalized random tesselation
stratified survey design.
Soil description Methodology is similar. Some Methodology is similar. Some
additional attributes are described. additional attributes are described.
Main objective for To determine carbon/unit area To determine soil geochemistry
collecting samples
Collection method By depth By horizon
Samples collected - Forest floor organic samples (4) - Anthrax sample (1)
- 0-15 cm samples (4) - Public health sample (1)
- 15-35 cm samples (2) - A horizon (1)
- 35-55 cm sample (1) - B horizon (1)
- C horizon (1)
Bulk density Measured for every sample Determined from a sub-sample of each
collected. master horizon.

Surface substrate Tallied at 30 different points along  Overall stoniness of the site is
two line transects. Used to correct  assessed as part of the soil description.
plot level estimates of soil carbon.
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Opportunities for Collaboration

Although the programs use different sampling
frameworks and collect different samples to
meet their program objectives, efficiencies can
still be achieved by working together to
provide each other with supplementary-
gualitative information of value.
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 NFI to collect
additional samples for
geochemical analysis

e Add to the data
avalilable for mapping
soll geochemistry

e Potential to utilize
archived NFI soll
samples
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Using NASGLP Soil Data in
Contaminated Site Risk Assessment

Estimates of Dalily Intake

Guidelines Development

Risk Assessment

Research






Estimated Daily Intake (EDI)

Measurements of background concentrations are
incorporated in estimates of daily intake. EDI’s are in
turn incorporated into the development of guidelines.

EDI = {([Ci] X IR,;;) + ([Ci.0l X IRtz0) + ( Z[Crooqil X IRgp0qi) * ([Csoill X IRgei)} / BW






Soil Quality Guidelines

Background soil concentrations are used in establishing
Canada-Wide CCME Soil Quality Guidelines

Threshold elements

SQG,,, = (TDI-EDI) X SAF X BW
[(AF 5 X SIR)+(AF¢ X SR)+(AF, X IRS) X ET,] X ET,

Non-threshold elements
SQG,, = RSD X BW
[(AF5 X SIR)+(AFg X SR)+(AF X IRS) XET






Explanation of Terms
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Risk Assessment

Understanding spatial patterns in background
concentrations may help to better evaluate risks and

reduce remediation costs.

Remediation efforts below natural background levels at
the site are not cost effective.






Research

Soil samples can be used for further research on specific
contaminants or on biochemical processes related to
exposure.

— Bioaccessibility - process
— Perchlorate - potential contaminant of concern






Bioaccessibility

Using GSC soil samples, in Vitro tests which measure

the amount of contaminants absorbed into the body are
being conducted at Royal Roads University.

Bioaccessibility studies use simulations of stomach fluids
to break down the soil and estimate absorption results.

Resulting absorption factors can then be built into risk
assessment calculations.











ﬂ { Rocket fuel

—

Perchlorate = CIO,

Used in rocket fuel, munitions, air bags,
flares, etc.

Does not break down readily in
environment

In U.S. extensive dumping of perchlorate
associated with Cold War

Widespread contamination established,
but natural sources now found






The Controversy

Perchlorate is an iodide inhibitor that acts on
the thyroid

RfD = 0.0007 mg/kg bw-day
Safe level in water: 23 ppb? 1 ppb?

Billions of $$$ in clean up costs, lawsuits
underway

Other sources: food (lettuces, citrus, melons,
soybeans), consumer products (tobacco)






Perchlorate work with GSC

Perchlorate levels in the
Canadian environment are
likely extremely low.

EC has tested for perchlorate
In water = less than 1 ppb in

drinking water

HC is testing for perchlorate in
foods

No tests in Canadian soils
until now...

Results: no perchlorate!

Achieved goal, continue
sampling?







Risk Assessment Realities

Sarah Hall
Health Canada
Contaminated Sites Division
Safe Environments Program






Risk Assessment Realities

Not an exact science!

Assumptions
Generalizations
Old dataand studies






Risk Assessment Realities

For contaminated site assessment...

Multi-media approach which involves

looking at Air, Water, SOIL, Food, and
Consumer Products

We can't be geochemical specialists !






Day to Day Use

Validation of contractor/proponent results

Reduce workload in conducting preliminary
guantitative risk assessments

Guideline modification, development
|dentification of hot spots






What we need...

Interpretation

Easy to use information

Experts to explain limitations and uses
Quantitative information

Expert support !

Lots of Patience






What we give back....

Decision-making application of the data
Multi-media approach

Promote the use of the data, reliance
Widespread exposure

$d

Research applications

Guidance documentation....
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Surficiall Geology of Saskatchewan

Contrasting
Geologicall Tierrains

Map sources: Simmons, 2008.
Red arrows indicate patterns of
late glacial ice flow.
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TIME UNITS Stratigraphy Lithology

surficial stratified  Sand, silt
Holocene deposits

Quaternary Stratigraphy & e
of
Southern Saskatchewan

18,000 450 BP
Weathered

38,000 = 500 BP Zone

Till

Saskatoon Group

Riddell Stratified
Member deposits

Till
Stratified
deposits

Till

Stratified
deposits

Till(s)
Stratified
deposits

Till(s)

| Stratified
deposits

Silts

and

_ . clay
Source: Saskatchewan Geological Survey, 2003

Stratigraphy, lithology and hydrostratigraphy, Saskatoon area,
Saskatchewan (after Barendregt et al., 1998; Christiansen, 1992)






NASGLP: Proposed Saskatchewan Component

North- South Transect
(S6S)

-33 1035 sities - soil geochemistry
and soil radon studies

- Begin 2008! - mulii-year
project?

((NRCan -GSC/SES)
= Hiwy 1 =east/wesi

- 30Isiities = soillgeochemistry.
and'soilfradon studies
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NASGLP: Proposed Saskatchewan Component

¢ Piggyback our regional Till
sampling surveys and mapping
programs

¢ Analyses of archived samples
from remofie areas (( C-
horizon only)

630000

630000

« 2-4
e 5.6

@ 7-8

Q@ 911

. 12-17 (>25D)

Mineral Occurrences

# PGE.Au
*  Cu, minor Zn, Ni

" |Copper






NASGLP: Proposed Saskatchewan Component

Questions:

¢ What are the expectations of NRCan with respect
to the participating provincial surveys?

¢ Data ownership — joint? Other Uses by Provinces
9 Data accessipility, inrtimely manner

» Archived samples — acceess, o) future analy/ses

Bottom line
WWe zice jriidregidel Jr) gzlrifefoz e 215 2l Eeflz] Qi Er
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Maps source:
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>>> Northwest Territories Geoscience Office






2008 NTGO Geoscience Field Activity Locations

*Previous slide shows the Northwest Territories Geoscience Office (NTGO) for the
2008 season. These include the Ramparts, Sekwi mapping and National
Geochemical Reconnaissance Program in the Cordillera and the Foothills. These
activities will be ongoing in July

*Val Jackson will be mapping in the central Wopmay region for about 2 months
beginning July.

In conjunction with the Protected Areas Strategy, NTGO scientists will be in the
Sambe’Ke area in the southern Northwest Territories.

*Other possibilities include the following:
»Short programs of helicopter-supported sampling in the Nonacho and
Thelon Basin areas beginning late August.
» A field school in the Winter Lake Belt of the central Slave Province
» Collaborations with Geological Survey of Canada in the East Arm project
of the Mineral and Energy Resource Assessments (MERA) program.





		Report on Field Activities for 2008 in the Northwest Territories

		2008 NTGO Geoscience Field Activity Locations

		2008 NTGO Geoscience Field Activity Locations
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Benefits for NASGLP Site Identification
and Data Interpretation

British Columbia Geological Survey MapPlace
portal — gives access to BC geoscience and
geographic themes

Digital geology, drainage geochemistry,
MINFILE, topography, maps — a resource for
GIS display and interpretation

Drainage geochemistry for over — 70% of BC
Digital terrain maps for — 50% of BC

Bedrock geology, surficial geology and
geochemistry expertise — in-house expertise to
assist with data interpretation
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BC Regional Geochemical Survey

Part of the National Geochemical
Reconnaissance (NGR) program

Surveys since 1976: Stream sediments
and waters; lake sediments and waters;
sites typically spaced at 1 sample/13km?

Data have applications to mineral
exploration, assessment of mineral potential
and environmental research.

More detailed stream, till and heavy mineral
sampling In selected areas.






Map shows the coverage of
geochemical surveys undertaken
by government and
non-government (e.g. Geoscience
BC) agencies in British Columbia.
Red stars denote areas where
detailed sampling was undertaken
to study specific problems or
evaluate specific areas.

Regional Stream
Sediment/Water Surveys

Lake Sediment-
Water Surveys

Lake & Stream Sediment-
Water Surveys

. Till Surveys

* Detailed Geochemical
Surveys






Sediment sample coverage

Data not contoured

e Stream Sediments

L Lake Sediments =

Moss Sediments

Sample sites of stream
sediments are identified
by a blue symbol, lake
sediments by a red symbol
and moss mat sediments
by a green symbol.
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Stream sediment and water

sampling In northwestern
British
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Stream sediment and water
sampling

Previous slide shows sampling in progress as part of a typical reconnaissance-scale
stream sediment-water survey. The sediment is being collected from finer textured
material on the point bar.

For large regional surveys, there are compromises between the need for speed and
ease of sample collection and the effectiveness of the methodology used for detecting
anomalous element levels in the source catchment area. Use of fluvial sediment is
most suitable for detecting the more geochemically mobile elements such as Mo, Cu,
As, Ni and Zn. It is less appropriate for detecting elements such as Ba, Au, Sn, W and
Pb that are physically transported in detrital minerals and, as a result, have larger
variability in results due to the “nugget” effect.

The sruvey site shown is in the Bowser basin area in northwestern British Columbia.
Both sediment and stream water samples were taken at an average density of 1
sample/ per 13km?. About 0.5 to 1 kg of sediment was collected in a Kraft bag. The
water was collected in a 250 ml Nalgene bottle.

Photo credit to Wayne Jackaman.
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L ake sediment-water
survey

Previous slide depicts the emptying of a “Hornbrook” type lake
sediment sampler and transfer of the sediment into a sample bag
during a routine survey operation.

The Hornbrook sampler is about 40 cm long and 3 cm in diameter.

It is weighted close to its lower end to increase penetration into lake
bottom materials. It has a one-way flap valve in the tube to retain
sediment.

To operate, the sampler is attached to a nylon rope (marked at the
meter and 0.5 metre points) and simply dropped from the deck
when the helicopter is stationary on the lake. Generally there is
sufficient momentum for the sampler to penetrate 20 to 30 cm into
the sediment. After being dropped, the sampler is pulled up by hand
and the sediments are transferred to a sample bag using a scoop.

Photo credit to Wayne Jackaman.






Moss Mat Sampling — An alternative
sediment for sampling in fast-flowing
mountain streams

Moss sediment sampling in the Lillooet area. =
Thanks to Garret Larcroux of the Ts’kw'aylaxw g8
First Nation for assistance with sampling. By
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Heavy Mineral
Sampling

Previous slide shows Ray Lett, British Columbia Geological Survey
and Peter Friske, Geological Survey of Canada, carrying out
heavy mineral sampling in a high energy stream in northwestern
British Columbia.

About 10 to 12 kg of —12 mesh gravel are recovered by wet
screening sediment into a 12 litre pail. The pail is lined with 2
heavy duty PVC bags that are sealed after the sediment has
been screened. Moss and conventional stream sediment
samples are also taken at each site.

Photo credit to Brian Grant, British Columbia Geological Survey.






Drainage Sample Analysis

The <0.177 mm (- 80 mesh) sediment
fraction is analysed for:

~ 33 elements (including Au) by
Instrumental neutron activation (INAA)

~ 32 elements (including Cu, Pb, Zn, S)
by agua regia digestion-1CPMS
~ Loss on ignition, fluorine, tin

Water sampled are analysed for pH, F, U
and other trace elements
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Lead in Stream Sediments In the
Penticton Area

Previous slide shows bedrock geology of the
Penticton map sheet (NTS 82E).

Source: The MapPlace - BCGS Geoscience
Map. Available on-line at
http://www.em.gov.bc.ca/Mining/Geolsurv/Map
Place/MoreDetails/geology.htm

Superimposed is a proportional symbol plot of
Pb in stream sediments based on the RGS
database. Levels of up to 700 ppm were
detected in some samples.
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Surficial Geology of the
Penticton Area

Previous slide shows the surficial geology of the Penticton
map sheet (NTS 82E).

Source: The MapPlace - BCGS Geoscience Map.
Avalilable on-line at
http://www.em.gov.bc.ca/Mining/Geolsurv/MapPlace/Mor
eDetalls/geology.htm






Urban Geochemistry

- Study undertaken in 2003 in Victoria, BC.
Charlotte Ann Bowman, 2003: Urban geochemistry
and potential health implications: Municipality of
Victoria, British Columbia, Canada.. Master Thesis,
University of Victoria

245 surface soil samples collected across
Victoria

-2 mm & - 0.18 mm fraction analysed for
trace elements by aqua regia digestion —
Inductively coupled plasma mass spectrometry






Vanadium in Surface Soil - Victoria
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 Overview of Program Areas

e Selected Surveys and Field Activities of
the Sedimentary Geoscience Section

Geological Ontario

Survey





Survey Types and Field
Activities

Surficial
Geochemistry

Surficial Mapping
and Sampling

Aggregates and
Industrial Minerals

Groundwater
Energy

Ontario
Geological
Survey






Lake Sediment Surveys —
Ongoing Project

Approx 2500 samples
(sediments and waters)

Thematic Projects - Ongoing

Geochemistry & Indicator
Mineral Database (SGO)

Ontario
Geological
Survey

Ontario





 Helicopter and boat
work

e Collect lake water and
lake sediment samples
(lake bottom) with
specialized samplers
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Surficial Geochemistry

ég [g # .‘m, mj,m Surficial Media Sampling
e \%ﬁ

_;v t-'-'

-_ﬁ"

f % & « Geochemical exploration

| | in areas of thick
overburden

e Collection of various
surficial media samples
(soll, peat, water, etc.)

Geological Ontario

Survey





Lake Sediment Survey: Bruce Mines — Elliot Lake Area

Geological Ontario

Survey





L |
Elliot Lake
|

RIS

Response of Surficial Media PGE Case Studies: East Bull
Lake Area

Geological Ontario
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 Collect sand and gravel samples from streams, rivers and
other surficial deposits

« Boats, ATVs, Helicopter-supported






Surficial Mapping and Sampling

Indicator Mineral Till
Surveys

Till Section for Sampling 10 — 15 kg Sample

Geological Ontario

Survey





e Indicator mineral
studies — In progress

Mapping & sampling —
New

Ontario
Geological
Survey






Quebec

Detour-Burntbush Surficial

Ontario Mapping/Sampling Ontario

Geological
Survey





Thunder Bay

Lake Superior

Minnesota

- Mowe Lake Surficial Sampling

Ontario
Geological
Survey






Aggregate Resources Inventory Papers
(ARIPs): Several counties municipalities
IN Southern Ontario underway

— Bedrock Mapping:

Geological Ontario

Survey





Lake Ortario

Aggregate Resource Inventory —
Update: Renfrew County
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Groundwater Mapping
Program

3-Dimensional (aquifer) mapping

Development of GIS-based maps /
databases

Watershed based inventories / studies

Vulnerability assessment thin
drift/karst areas

Data management - product
development

Groundwater geochemistry

Ontario
Geological
Survey






Orangeville Area (Abigail Burt)

3 15 0 30
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U.S.A

Brantford - Woodstock
Area (Andy Bajc)
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Geochemistry of Groundwater from
Bedrock and Deep Overburden
Aquifers (Stew Hamilton)

&y e

Geological Ontario

Survey





2007 (220 wells: 10 x 10 km grid)






Summary: Location of Selected
Survey Areas

Geological Ontario

Survey
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Groundwater Geochemistry

Location of Selected
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Ontario Geological Survey

1991: Bedrock geology of Ontario, northern sheet,
Ontario Geological Survey Map M2541

1991: Bedrock geology of Ontario, west-central sheet,
Ontario Geological Survey Map M2542

1991: Bedrock geology of Ontario, east-central sheet,
Ontario Geological Survey Map M2543

1991: Bedrock geology of Ontario, southern sheet,
Ontario Geological Survey MP M2544

Geological Ontario

Survey





Ross Kelly
Manager, Mapping and Geochemistry
Sedimentary Geoscience Section
Ontario Geological Survey
705-670-5908
Ross.kelly@ontario.ca

Ontario
Geological
Survey
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The North American Soil Geochemical Landscapes Project is a tri-national
initiative between the United States, Canada and Mexico. It was established to
develop a useful set of soil geochemical data for North America generated using
a consistent set of protocols. It involves collecting samples at a 40 km
spacing and will result in more than 10,000 samples for North America, including
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