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List of Tri-national Workshop II presentations and documents


North American Soil Geochemical Landscapes Project Workshop II,  Ottawa, February 27th and 28th, 2008


Directory File Name Directory Description or 
Document Title or Description


Author(s)


01_INTRODUCTION BACKGROUND 
INFORMATION ON TRI-
NATIONAL PROJECT AND 
GSC OPEN FILE 6209


01_Introduction 01_1_Introduction_Summary North American Soil Geochemical 
Landscapes Project Workshop II - A 
summary of proceedings and 
background information 


Andrew N. Rencz and Inez M. 
Kettles, Natural Resources Canada - 
Geological Survey of Canada


01_Introduction 01_2_Introduction_Files List of Tri-national Workshop II 
presentations and documents


Inez M. Kettles and Andrew N. 
Rencz, Natural Resources Canada - 
Geological Survey of Canada


01_Introduction 01_3_Introduction_Agenda North American Soil Geochemical 
Landscapes Project - Canadian 
Initiative -  Workshop II  (booklet 
with agenda)


Inez M. Kettles and Andrew N. 
Rencz, Natural Resources Canada - 
Geological Survey of Canada







02_WORKSHOP 
PURPOSE


PURPOSE OF NORTH 
AMERICAN SOIL 
GEOCHEMICAL LANDSCAPES 
PROJECT WORKSHOP II


02_Workshop Purpose 02_1_Rencz_Project Purpose Geoscience in environment and 
health protection


Andrew N. Rencz, Natural Resources 
Canada-Geological Survey of Canada


02_Workshop Purpose 02_2_Rencz_Workshop Purpose Purpose of Tri-national Workshop II 
– moving forward with the Canadian 
side of the Project


Andrew N. Rencz, Natural Resources 
Canada - Geological Survey of 
Canada


03_FIELD DATA 
COLLECTION


ACCOMPLISHMENTS IN THE 
FIELD IN 2007 


03_Field Data Collection 03_1_Rencz_Field Canadian and Mexican field surveys 
from 2007


Andrew N. Rencz and Peter W.B. 
Friske, Natural Resources Canada


03_Field Data Collection 03_2_Woodruff_Field United States field surveys from 
2007


Laurel G. Woodruff and David B. 
Smith, United States Geological 
Survey


03_Field Data Collection 03_3_Goodwin_Field Application of provincial 
geochemical databases: A Nova 
Scotia perspective


Terry A. Goodwin, Nova Scotia 
Department of Natural Resources


03_Field Data Collection 03_4_Pronk_Field The Maritime Soil Project: a New 
Brunswick perspective


Antoniu.G. Pronk, New Brunswick 
Department of Natural Resources







04_LABORATORY 
PROTOCOLS


PROGRESS WITH PROTOCOL 
DEVELOPMENT AND 
LABORATORY ANALYSES


04_Laboratory_Protocols 04_1_Klassen_Lab What's in a number? Rodney A. Klassen


04_Laboratory_Protocols 04_2_Garrett_Lab To Aqua Regia or not… that is the 
question 


Robert G. Garrett, Eric C. Grunsky, 
Peter W.B. Friske, and Martin W. 
McCurdy, Natural Resources Canada 
Geological Survey of Canada


04_Laboratory_Protocols 04_3_Kettles_Lab Progress on the Tri-national 
protocols manual


Inez M. Kettles and Peter W.B. 
Friske, Natural Resources Canada-
Geological Survey of Canada


05_DATA 
INTERPRETATION


WORKING WITH THE SOIL 
GEOCHEMICAL DATA


05_Data Interpretation 05_1_Grunsky_Data Maritimes soil survey results – 
February 2008


Eric C. Grunsky and Peter W.B. 
Friske, Natural Resources Canada - 
Geological Survey of Canada


06_VALUE_ADDED 
PROJECTS


BUILDING ON THE 
FRAMEWORK WITH OTHER 
TYPES OF DATA-- 
DEMONSTRATIONS FROM  
VALUE-ADDED  ACTIVITIES  


06_Value-added Projects 06_1_Ford_Value Added Soil gas radon and natural 
radioactivity studies related to the 
North American Soil Geochemical 
Landscapes Project


Kenneth L. Ford, Natural Resources-
Geological Survey of Canada and 
Jing Chen, Health Canada - Radiation 
Protection Branch







06_Value-added Projects 06_2_Mroz_Value Added Development of a background soil 
chemistry/toxicology database for the
Atlantic Region


Rita Mroz, Environment Canada-
Environmental Protection Operations 
Directorate


06_Value-added Projects 06_3_McNeil_Value Added Drainage basin geochemistry in New 
Brunswick


Rick J. McNeil, Peter W.B. Friske 
and Martin W. McCurdy


06_Value-added Projects 06_4_Scroggins_Value Added Soil toxicity test method 
development and collaboration with 
the Tri-national initiative


Rick P. Scroggins and Juliska I. 
Princz, Environment Canada







07_DATA APPLICATION APPLICATIONS OF TRI-
NATIONAL DATA BY GROUPS 
CONCERNED WITH HEALTH 
PROTECTION AND THE 
ENVIRONMENT 


07_Data Application 07_1_Kroetsch_Data App Links between North American Soil 
Geochemical Landscapes Project and 
Agriculture and Agri-Food Canada


David Kroetsch, Agriculture and Agri
Food Canada


07_Data Application 07_2_Russo_Data App Collaboration between the North 
American Soil Geochemical 
Landscapes Project and the National 
Forest Inventory Soil Program 


Glenda Russo, Natural Resources 
Canada-National Forest Inventory


07_Data Application 07_3_McKendry_Data App Using North American Soil 
Geochemical Landscapes Project 
data in contaminated site risk 
assessment


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


07_Data Application 07_4_Hall_Data App Risk assessment realities Sarah Hall, Health Canada, 
Contaminated Sites Division







08_PROVINCIAL 
ACTIVITIES


PRESENT AND FUTURE 
ACTIVITIES IN THE 
CANADIAN PROVINCES AND 
TERRITORIES


08_Provincial Activities 08_1_Campbell_Prov North American Soil Geochemical 
Landscapes Project:  Saskatchewan 
component


Janet E. Campbell and Gary D. 
Delaney, Saskatchewan Geological 
Survey


08_Provincial Activities 08_2_Cairns_Terr Report on field activities for 2008 in 
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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







Earth Sciences SectorGeoscience in Environment 
and Health Protection


• 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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Environmental Geochemistry in 


Environment and Health Protection
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••Foundation  (Data)Foundation  (Data)
•• Stable, predictive environmental frameworkStable, predictive environmental framework
•• Sampling and analytical protocolsSampling and analytical protocols
•• Natural variability Natural variability -- mineralogy, processmineralogy, process


••Interpretive ToolsInterpretive Tools
•• Soil properties and transfer capacitiesSoil properties and transfer capacities


•• Environmental ModelsEnvironmental Models
•• Predictive risk modelsPredictive risk models


Geoscience in Environment 
and Health Protection


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


Why is there a role for geochemistry?


Arsenicosis


Geoscience in Environment 
and Health Protection
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• Geographic areas with health risk potential can be identified 
through application of geoscience knowledge.


Areas with high levels of 
naturally-occurring Hg   


(high risk potential)


Areas with low levels of 
naturally-occurring Hg 


(low risk potential).


HG IN SOILS AND SEDIMENTS


Geoscience in Environment 
and Health Protection


What is the role for geochemistry?


Plot based on Geological Survey of 
Canada geochemical data for 
lake sediments, stream sediments and soils from
National Geochemical Reconnaisance Program surveys.







Earth Sciences SectorGeoscience in Environment 
and Health Protection


xxContaminant
Concentration


Body
Weight


Exposure
Factors xx BioaccessibilityBioaccessibility


High risk of arsenic exposure led to the 
closure of a clam fishing site in Nova Scotia.


• 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.
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Partnerships will be required to deliver on the objective 
of ensuring a clean and healthy environment.


Good luck!


Geoscience in Environment 
and Health Protection
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North American Soil Geochemical
Landscapes Project


PURPOSE OF TRI-NATIONAL 
WORKSHOP II – MOVING 


FORWARD WITH THE CANADIAN 
SIDE OF THE PROJECT


Andrew N. Rencz
Natural Resources Canada


Geological Survey of Canada


“A soil pit in every grid cell”


Ottawa
Feb 27-28, 2008







Earth Sciences Sector


North American Soil Geochemical
Landscapes Project


The Soil Geochemical Landscapes Project 
represents an unique opportunity to establish a 
common environmental view of North America.


PROJECT VISION
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North American Soil Geochemical
Landscapes Project


•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 soil 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.


TRI-NATIONAL GOAL
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NASGLP WORKSHOP II


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


– Identifying opportunities to expand the sampling
– Developing partnerships to promote data application
– Developing ideas for new Canadian projects that will 


respond to users’ needs.


WORKSHOP GOAL
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NORTH AMERCAN SOIL GEOCHEMICAL LANDSCAPE PROJECT
Canadian Initiative - Workshop II Looking Forward to 2008


FEB 27-28, 2008


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 II  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 manuaI.  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)
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NORTH AMERCAN SOIL GEOCHEMICAL LANDSCAPE PROJECT
Canadian Initiative - Workshop II Looking Forward to 2008


FEB 27-28, 2008


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 participants 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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NORTH AMERCAN SOIL GEOCHEMICAL LANDSCAPE PROJECT
Canadian Initiative - Workshop II Looking Forward to 2008


FEB 27-28, 2008


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
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North American Soil Geochemical
Landscapes Project


• Partnerships are essential for moving forward


Meeting of federal and 
provincial Project 
participants at a field 
orientation meeting in 
the Fredericton area, 
June 14, 2007. 
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North American Soil Geochemical
Landscapes Project


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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North American Soil Geochemical
Landscapes Project


• Background Information on the Tri-national 
Project
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Sample Count:


Canada:      6238


United States:      6018


Mexico:      1231


Total:     13500


North American Soil Geochemical 
Landscapes Project


Low Density Sampling: 


1 sample site per 1,600 km2


- 40 km x 40 km grid


Sample Site Selection
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Distribution of Primary Sites


6183Total
1314CA-NUNunavut


836CA-NTNorthwest Territories


305CA-YTYukon Territory


595CA-BCBritish Columbia


419CA-ABAlberta


401CA-SKSaskatchewan


408CA-MBManitoba


625CA-ONOntario


937CA-QCQuebec


4CA-PEPrince Edward Island


48CA-NBNew Brunswick


35CA-NSNova Scotia


256CA-NLNewfoundland and Labrador


Primary SitesAbbreviationProvince/Territory Canada
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Final Goal


National soil geochemical database 


- for a range of environmental and health applications.


Distribution of potassium based on airborne radiometric data (Duval, 2000) versus ground data 
(Shacklette and Boergen, 1984)
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Identifying Partnerships
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


Moving Forward
The Canadian Perspective
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North American Soil Geochemical 
Landscapes Project


• 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)


• Sampling surveys
– Canada
– US
– Mexico


• Data Applications


ACCOMPLISHMENTS TO DATE







Earth Sciences Sector


Tri-national Maritimes Sampling
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Tri-national Northern Sampling
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Protocols- Field Sampling


Horizon -based 
sampling
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Protocols- Field Sampling


Development of a field card for field sampling mineral soils 
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Protocols- Laboratory
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Directed by SGM, supported by 
INEGI and USALP*


Geochemical Soil Baselines Mexican Project


Chief Personnel: 2


Field Personnel: 3


Assessment Personnel: 2


personnel 
Involved 


Assessment 
Personnel: 2


Tri-national Project Sampling 
in Mexico


*University of San Luis Potosí







Earth Sciences Sector


Out of the pilot transect, 59 chemical elements have been analyzed in 
A- and C-horizons. All data were processed and stored.


Pilot Transect


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


224 Sampling Points, 
including 14 field 
duplicates.


Phase 1


Phase 2


Tri-national Project Sampling 
in Mexico
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1) Near-total Digestion


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


UTh


Ce


BiPbTlHgReWTaHfLaBaCs


TeSbSnInCdAgMoNbZrYSrRb


SeAsGeGaZnCuNiCoFeMnCrVTiScCaK


SPAlIIBIB
VIII
B


VII
B


VI
BVB


IV
B


III
BMgNa


BBeLi


VII
A


VI
AVA


IV
A


III
AIIA


OIA


UTh


Ce


BiPbTlHgReWTaHfLaBaCs


TeSbSnInCdAgMoNbZrYSrRb


SeAsGeGaZnCuNiCoFeMnCrVTiScCaK


SPAlIIBIB
VIII
B


VII
B


VI
BVB


IV
B


III
BMgNa


BBeLi


VII
A


VI
AVA


IV
A


III
AIIA


OIA


Elementos de interés ambiental y de saludElementos de interés ambiental y de salud


En rojo, elementos considerados tóxicos aún a bajas 
concentraciones


En azul, elementos esenciales para la mayoría de los 
organismos


Analytical methods applied:


Analysis have been done 
until now in ALS Chemex
Labs in order to achieve 
quality and accuracy of 
results.


Tri-national Project in Mexico
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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.


Proposed chemical tests:


1) Bioaccesibility
2) Mobility


Tri-national Project in Mexico
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North American Soil Geochemical 
Landscapes Project


• Moving Forward in 2008
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North American Soil Geochemical 
Landscapes Project


• Plans for 2008 and beyond
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North American Soil Geochemical
Landscapes Project


• Important Dates/Plans for 2008-2009.
– Workshop 2- Results and identify partnerships-


• 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
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TRI-NATIONAL PROJECT
A Learning Experience


Nova Scotia


New Brunswick


Northwest Territories


Southern Ontario
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TRI-NATIONAL PROJECT
A Learning Experience


Nova Scotia


New Brunswick


Mexico City


New Brunswick


Nova Scotia
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TRI-NATIONAL PROJECT


Thank
you


for your
Interest


Questions?
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13,215 
primary sites 
for North 
America


UNITED 
STATES FIELD 


SURVEYS 
FROM 2007


Laurel G. Woodruff
and


David B. Smith


United States 
Geological Survey







13,215 
primary sites 
for North 
America


A spatially 
balanced 
array of 


13,215 sample 
sites


Canada   6,183


USA         5,602


Mexico    1,216







US field 
surveys in 
2007


1. New England
2. Nebraska
3. Texas
4. Alaska Transect


1
2


3


4







USGS sampled 161 sites in 
New England


Maine, New Hampshire, Vermont, 
Massachusetts, Connecticut, 
Rhode Island, and New York







NRCS sampled ~ 40 of 130 
sites in Nebraska







USGS sampled 10 of 434 
sites in Texas







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































US field plans 
for 2008


1
2


3


4


5


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?







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
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Presenter: Terry A. Goodwin (Project Geochemist)
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Application of Provincial Geochemical Databases: 
A Nova Scotia Perspective







Organization and Mandate


• Structure:


Mapping and Geochemistry Division


Mineral Resources Branch


Nova Scotia Department of Natural Resources


• Mandate:


(i) Provide geochemical mapping services


(ii) Undertake specialized geochemical research projects


(iii) Provide geochemical data/expertise for a variety of applications:


(1) Mineral (and energy) exploration/development


(2) Environmental protection


(3) Land use planning







Data Requirements


• Organizational data needs:
(i) Quality datasets (all stages, consistency)
(ii) Ubiquitous coverage
(iii) Media (soil)
(iv) Metadata
(v) Archive


… quality data accessible/used by wide variety of clients!!!


• Specific to the North American Soil Geochemical Landscapes Project:
(i) Guidelines (CCME)
(ii) Defensible (statistically valid)
(iii) Communicate (applicability of the data)







Data Use


• HISTORICAL:
(1) Mineral Exploration


• CURRENT:
(1) Mineral Exploration
(2) Environmental (government, consultants)


• FUTURE:
??????????


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


How are (bio)geochemical data 
presently used by your organization?







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)


Data Application







Do the Project data open the door to new 
opportunities? 


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


New Opportunities







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


New Opportunities







Any additional comments?
• Lacking
• Timely
• Relevant to the (human/ecological) health of Nova Scotia


Comments and Insights







Considerations


• Define “soil” (horizons)
• Consistency (within project – QA/QC, regulations)
• End users (government, consultants)


Comments and Insights







Other Considerations
• Mineralization
• Various (glacial) till units (or surficial units)
• Gas (radon, mercury etc.)
• Acid Base Accounting
• Texture
• Mineralogy
• Digestion
• Size Fractions
• Loss on Ignition


Comments and Insights







Other Considerations
• Depth sampling vs. medium sampling
• Why 0 - 5cm interval?   (Why not 0 - 7cm or 3 - 6cm?)
• Organics


Comments and Insights
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Comments and InsightsQuestions?
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Sample DistributionSample Distribution 
planned planned vsvs actualactual


Tri-national samples collected
at double density in 


New Brunswick







New Brunswick soilsNew Brunswick soils


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







New Brunswick soilsNew Brunswick soils


• Dominant soil 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







Methods and protocolsMethods and protocols
Field orientation trip in the Fredericton area







Field gearField gear







Sample typesSample types







Sample typesSample types
• 17 different samples collected at each site, 


including 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)


• Samples from 3 intervals for National Forest 
Inventory, composite sample for Environment 
Canada and pebble lithology sample.







Sample distribution, soil radon Sample distribution, soil radon 
measurements and U in tillsmeasurements and U in tills
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Soil radon and U in tillsSoil 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 kBq/m3. 







What is happening with the What is happening with the 
samples?samples?







What is happening with the What is happening with the 
samples?samples?


• Overall soil potential and soil 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.







The Health Canada sponsored The Health Canada sponsored 
radon survey/soil radon survey/soil radiometricsradiometrics







Additional ActivitiesAdditional Activities


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







Side trip #1 Side trip #1 –– Arctic Red River Arctic Red River 
(NWT) (NWT) 







Side trip #2 Side trip #2 –– Yukon TerritoryYukon Territory
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The North American 
Soil Geochemical Landscapes 


Project


The North American 
Soil Geochemical Landscapes 


Project


What’s in a Number?What’s in a Number?


February 2008
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“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


The Tri-National ProjectThe Tri-National Project
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To inform decision-making
for 


Environment and Health protection
by


enhancing certainty in risk assessment


The Tri-National ProjectThe Tri-National Project
Soil Geochemical Landscapes ProjectSoil Geochemical Landscapes Project
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The Tri-National ProjectThe Tri-National Project
How Natural Sciences InformHow Natural Sciences InformHow Natural Sciences Inform


Empirical Measurement
Risk Factors


Process Knowledge
Wind, Water, Ice, Gravity


Weathering
Soil Formation


Environmental Modeling
Properties, Functions, Capacities
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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


The Tri-National ProjectThe Tri-National Project
Enhancing Certainty in Risk AssessmentEnhancing Certainty in Risk AssessmentEnhancing Certainty in Risk Assessment
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The 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.
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Natural Variability at a Site
How well the PART represents the WHOLE


The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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The Tri-National ProjectThe Tri-National Project


How well the PART represents the WHOLE
What’s in a NumberWhat’s in a Number
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The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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Geochemical Mapping - the Empirical FrameworkGeochemical Mapping Geochemical Mapping -- the Empirical Frameworkthe Empirical Framework


The Tri-National ProjectThe Tri-National Project


Plot based on Geological Survey of Canada unpublished data
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Geological Constraints on Geochemical Variability
Provenance - Geological Maps - Scale Values


Physical Process Models - wind, water, ice, and gravity


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


The Tri-National ProjectThe Tri-National Project
Natural Variability - Soil Parent MaterialsNatural Variability Natural Variability -- Soil Parent MaterialsSoil Parent Materials
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Geochemical Properties of  Soil Parent Materials


Stable
unchanging within timeframes of societal decision-making


Predictive
variability may be constrained through physical geological 
process models


The Tri-National ProjectThe Tri-National Project
Core Value for Decision-makingCore Value for Decision-making
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Geochemical Properties and Risk Assessment


Independent Factors
Dependent Factors


The Tri-National ProjectThe Tri-National Project
Soil Geochemical Landscapes ProjectSoil Geochemical Landscapes Project
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Independent Factors - Geological
Provenance


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


Process
(e.g., mineral partitioning)


Past
(e.g., compositional organization)


The Tri-National ProjectThe Tri-National Project
Soil Geochemical Landscapes ProjectSoil Geochemical Landscapes Project
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Dependent Factors - Protocol
Sampling


(e.g., media, location, tools, etc.)


Sample Preparation
(e.g., temperature, grain size, etc.)


Sample Analysis
(e.g., analytical instrument, decomposition, etc.)


The Tri-National ProjectThe Tri-National Project
Soil Geochemical Landscapes ProjectSoil Geochemical Landscapes Project
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The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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How Independent and Dependent Factors 
combine determines:


Spatial variability in geochemical maps and models
AND


 Interpretive value of geochemical data for Risk Assessment
(exposure pathways, bioaccessibility)


The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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Enhancing Certainty in Risk Assessment
 Independent Factors
Dependent Factors
 Interpretive Modelling
Statistical Design - QA/QC - Published Protocol
Environmental Standards (CANMET)
BTEP


The Tri-National ProjectThe Tri-National Project
Resolving What’s in a NumberResolving What’s in a Number
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Constraining Variability
 Independent Factors


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


The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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Constraining Variability
Dependent Factors


Grain Size (<2mm; <0.063 mm)
Analytical Decomposition (total, strong acid, water)


The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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The Tri-National ProjectThe Tri-National Project


Interpretive Value for Risk Assessment


What’s in a NumberWhat’s in a Number


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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The Tri-National ProjectThe Tri-National Project


Interpretive Value for Risk Assessment


What’s in a NumberWhat’s in a Number


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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Background Variation
Nested Sampling Design - statistical characterization


Sample (vial)
Site (10m)
Area (40x40 km)
Inter-Area (>40x40 km)


 Documented Protocols
Sampling
Analysis
QA/QC


The Tri-National ProjectThe Tri-National Project


80 km


80 km


What’s in a NumberWhat’s in a Number
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Analytical Standards
New Suites of Environmental Standards (CANMET)


Defined by Mineralogy and Provenance
Underpin the wider interpretation and application of NASGLP data for 
risk assessment


Water and gastric leaches
Grain size
Mineralogy


The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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New Approaches
BTEP (Business Transformation Enablement Program)


Strategic planning, requirements analysis, implementation
Support for policy-making and regulation - legal requirements
Future value for decision-making


The Tri-National ProjectThe Tri-National Project
What’s in a NumberWhat’s in a Number
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Partnership Opportunities
Constraining variability in terms of Independent and 


Dependent Factors
Ongoing research


Grain size, decomposition
Determining the origins of geochemical domains
Enhancing risk assessment using multidisciplinary approaches in 
targeted terrains


Creation of New Environmental Standards (CANMET)
Letter of Support
Establishing geological reference materials


The Tri-National ProjectThe Tri-National Project
Soil Geochemical Landscapes ProjectSoil Geochemical Landscapes Project
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Partnership Opportunities


Communicating Need
BTEP planning (application in policy-making and regulation)


Regulatory Approaches
 Defining Threshold Values in terms of dependent and independent
factors  


 Improved Environmental Modelling
E.g., Critical Load modelling, acid rain neutralization, soil fertility


The Tri-National ProjectThe Tri-National Project
Soil Geochemical Landscapes ProjectSoil Geochemical Landscapes Project
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North American Soil GeochemicalNorth American Soil Geochemical 
Landscapes ProjectLandscapes Project


To Aqua 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 27th, 2008
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BackgroundBackground


•
 


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?
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ObjectivesObjectives


•
 


To identify 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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MethodologyMethodology


•
 


Eight Control Reference Materials (CRMs) were 
analysed in 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.
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MaterialsMaterials


•
 


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 HCl-HNO3


 


-H2


 


O, AR1111


–
 


3:1 HCl-HNO3


 


, AR311


 


-
 


classical Aqua Regia
–


 
1:3 HCl-HNO3


 


, AR131


 


-
 


Lefort, reverse Aqua Regia
–


 
1:1 HCl-HNO3


 


, AR112


–
 


US-EPA 3050, HNO3


 


-H2


 


O2


 


variant, E3050
–


 


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


–
 


2


 


0.5 g sample aliquot, 3 ml of reagent, digestion at 95 °C 
for 1 hour, and dilution to 10 ml with 5% HCl
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The ANOVA ModelThe ANOVA Model


Two-Way with Interaction and Replication within CRMs
Yijk


 


= µ
 


+ αi


 


+ βj


 


+ (αβ)ij


 


+ γjk


 


+ εijk
Where:
Yijk


 


= the k-th
 


replicate analysis by the i-th
 


Method of the j-th
 CRM


µ
 


= the grand mean
αi


 


= the main effect due to the i-th
 


Method
βj


 


= the effect due to the j-th
 


CRM (Sample)
(αβ)ij


 


= the interaction effect between the i-th
 


Method and j-th
 CRM


γjk


 


= the effect due to the k-th
 


analysis of the j-th
 


CRM
εijk


 


= the pooled residual variability
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Graphical Results Graphical Results -- CuCu


Analytical Method
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Graphical Results Graphical Results -- CrCr


Analytical Method
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Interaction Plot Interaction Plot -- CuCu
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Interaction Plot Interaction Plot -- CrCr
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ANOVA ResultsANOVA Results
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ConclusionsConclusions


•
 


The ANOVA results indicate that US-EPA 3050, the 
HNO3


 


-H2


 


O2


 


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 HCl-HNO3


 


variants, the results are 
very similar, if not identical; and


•
 


Even when results are significantly (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.
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RecommendationRecommendation


•
 


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 is recommended that the North American 
Soil Geochemical Landscapes Project, the Tri-


 National, employs the US-EPA 3050B Aqua Regia
 variant digestion.
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USUS--EPA 3050BEPA 3050B


•
 


The Aqua Regia
 


variant is outlined in 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 HCl-HNO3


 


mix rather than 
the 3:1 of “classical”


 
Aqua Regia; and


•
 


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 µm) 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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Landscapes Project


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 wide range of applications and disciplines. 
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North American Soil Geochemical 


Landscapes Project


• All field, laboratory, and 
data handling procedures 
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. 


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


Protocols Manual -
field, laboratory, and 
data handling
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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


• 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 )


Challenges


A
B


C
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The Plan
• Series of modules or appendices for flexibility and ease 


when adding and changing.
• One module for each unique type of field acquisition, 


laboratory procedure, or aspect of data management
• Introductory document based on an overview of protocols; 


user is directed to the appropriate modules related to the 
desired protocol. 


• Descriptions of  core and add-on procedures
• Background information
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• 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
o Organic Soils (same scheme as shown above for mineral soils)


• Laboratory protocols
o 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
o Database structure
o QA/QC – quality control from collection to database 
o Summary statistics 
o Data reporting for all the above


Overview
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• 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 (0-5 cm , A, B, C) [after 
GSC OF 4823 Sec 6-3]


• ICP-MS/ES analysis after water leach (0-5 cm and C)  [See Module - Water Leach]
• Carbon – organic and inorganic content (0-5 cm , A, B, C) [GSC OF 4823 Sec 4-25]
• Loss-on-ignition (0-5 cm , 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]
• Bulk density (0-5 cm , 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)]
• Munsell colour (0-5 cm , A, B, C) [GSC OF 4823 Sec 5-3]
• Particle size analysis [modified from GSC OF 4823 Sec 5-18; new treatment of coarse 


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


•<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) 
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“Add-on” determinations on splits from core tri-national samples
o Selected minor elements (N, P) (0-5 cm, A, B,C)  [to be documented]
o Biomethods for assessing soil toxicity (A and C) [See Module – Soil Toxicity] 
o X-ray diffraction (A, B, C) [See Module - XRD]
o Radiometric tests in laboratory (0-5 cm, A, B,C)  [to be documented]
o Gastric leach (A and C)  [to be documented]


“Add-on” determinations on additional samples or other data collected at the tri-national sites
o Soil gas radon measurements [See Module – Soil Gas Radon]
o Radiometric tests (including measurements of U, Th, K) [to be documented]
o Anthrax (whole sample size fraction)  [See Module - Anthrax]
o Ecotoxicological studies and analysis for selected organic compounds on 0-30 cm sampling interval [See 


Module – Studies on 0-30 cm]
o Collaborative sample and data collection for NFI [See Module – NFI]
o Perchlorates (A and C) [to be documented]
o 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
o Stream waters and sediments analysis [to be documented]







Earth Sciences SectorCore Determinations


Girard, I., Klassen, R.A., and Laframboise, R.R. (2004)
Sedimentology Laboratory Manual; Terrain Sciences Division
GEOLOGICAL SURVEY OF CANADA OPEN FILE 4823


National Uranium Reconnaissance Program
Mineral Development Agreements (1 and II)
Metals in the Environment
Targeted Geoscience Initiatives


•Methodologies are built on those developed in earlier 
programs. 


•Some “core” analytical procedures are documented.
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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 


The North American 
Soil Geochemical Landscapes 


Project
Maritimes Soil Survey Results – 


February 2008 
Maritimes Soil Survey Results – 


February 2008
Eric C. Grunsky and Peter W.B. Friske


Natural Resources Canada


Geological Survey of Canada


Eric C. Grunsky and Peter W.B. Friske


Natural Resources Canada


Geological Survey of Canada
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Soil Geochemical   Landscapes ProjectSoil Geochemical   Landscapes Project


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 km2


North American 
Ecozones


The Plan – The Design


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/BIODIVER 
SITY/eco-eng_EN.pdf
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Maritime Sampling 2007







Earth Sciences SectorEcological Provinces 
of the Maritimes


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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Soils Map


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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Lithologic Map


Sources:
Keppie, J.D. 2000.   Geological Map of the 
Province of Nova Scotia. Nova Scotia Department 
of Natural Resources Map ME 2000-1, 1:500 000.


New Brunswick Department of Natural Resources 
2000.  Bedrock geology of New Brunswick. New 
Brunswick Department of Natural Resources Map 
NR 1-2000 edition.







Earth Sciences Sector


Surficial Geology Map


Source:
Surficial Materials of Canada 
Geological Survey of Canada,
Map 1880A (1:500,000 scale). 
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Ice Movement and Gradient


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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As - C-horizon Map
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Abbreviations


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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Cu - C-horizon Map
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Earth Sciences SectorCu – Lithologic and 
Surficial Units


A
cM


E fM G
p


G
x


M
v R sM Tb Tv


w
at


er


10


20


50


100


200


C
u 


m
g/


kg


G
ra


ni
tic


 R
oc


ks


In
tru


si
ve


 U
ltr


am
af


ic
 +


/- 
M


af
ic


N
on


m
ar


in
e 


Se
di


m
en


ta
ry


 R
oc


ks


Se
di


m
en


ta
ry


 a
nd


 M
af


ic
 V


ol
ca


ni
c 


R
oc


ks


Se
di


m
en


ta
ry


 R
oc


ks
 U


nd
iv


id
ed


U
nd


iv
id


ed
 G


ne
is


s


Vo
lc


an
ic


 R
oc


ks
10


20


50


100


200


C
u 


m
g/


kg







Earth Sciences Sector


Cr - C-horizon Map
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Zr - C-horizon Map







Earth Sciences SectorZr – Ecozones  
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Ni – Ecozones and Soil Types
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Kenneth L. Ford
Natural Resources Canada - Geological Survey of Canada – Ottawa


and
Jing Chen


Health Canada – Radiation Protection Bureau - Ottawa


February 28, 2008


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


Soil Geochemical Landscapes Project
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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


• Soil gas radon is contributing to 
the indoor environment


• Main source of exposure to 
natural radiation by the population


• 2nd leading 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 Bq/m3


• In 2007 HC implemented a “New Radon Strategy”
- remedial measures should be undertaken whenever average Rn
concentration exceeds 200 Bq/m3


- 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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Assessment of Radon Potential
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


Indoor Radon data
Map source:  United States 
Geological Survey
http://energy.cr.usgs.gov/ra 
don/rnus.html
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Clay ??


Uranium


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 - 99999


Greater than 100000


Population
1 - 499


500 - 4999


5000 - 24999


25000 - 49999


50000 - 99999


Greater than 100000


Sources:  Population information from Atlas of Canada
Ternary Radioactivity Map of Canada from 
GSC OF 4763.


Source:  Darnley et al., 2003;
Duval et al., 2003
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As part of As part of NRCanNRCan’’ss -- North American Soil Geochemical North American Soil Geochemical 
Landscapes Project (NASGLP), Health Canada is supporting Landscapes Project (NASGLP), Health Canada is supporting 
activities to acquire, in Canada, the following types of data: activities to acquire, in Canada, the following types of data: 
•• Soil gas radonSoil gas radon


•• InIn--situ radioactivity (K, eU, eTh)situ radioactivity (K, eU, eTh)


•• Soil permeability andSoil permeability and


•• Laboratory gamma ray spectrometryLaboratory gamma ray spectrometry


(A(A--, B, B-- and Cand C--Horizon samples)Horizon samples)


In Addition …. Ground studies
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In 2007 studies of soil gas radon and ground and laboratory gammIn 2007 studies of soil gas radon and ground and laboratory gamma a 
ray spectrometry (GGRS and LGRS)ray spectrometry (GGRS and LGRS) were undertaken as valuewere undertaken as value--added added 
activities  to the NASGLP.activities  to the NASGLP.


Project areas were as follows:Project areas were as follows:


•• Maritime provincesMaritime provinces


•• Southern Ontario transectSouthern Ontario transect


•• Ottawa area to evaluate Ottawa area to evaluate 
-- correlations of soil radon andcorrelations of soil radon and
permeability with indoor radon permeability with indoor radon 
potential.potential.
--seasonal variations of soil gas seasonal variations of soil gas 
radon and permeabilityradon and permeability
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2007 Field Activities 2007 Field Activities –– Soil Gas Radon and PermeabilitySoil Gas Radon and Permeability
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2007 Activities 2007 Activities –– Ground and Laboratory Gamma Ray SpectrometryGround and Laboratory Gamma Ray Spectrometry
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Preliminary Results Preliminary Results ……
Background map shows eU grid from AGRS survey 
with flight lines spaced 1km apart (GSC OF 4496).
Proportional black dots show eU from in-situ GGRS 
measurements at NASGLP sites (Range: 0.0 – 3.0 
ppm, Mean 0.88 ppm)


Background map shows eU grid from airborne gamma 
ray spectrometry survey (AGRS) with flight lines 
spaced 5 km apart (GSC OF 4461 and 4462). 
Proportional black dots show average soil gas radon 
at NASGLP sites (Range: 0.0 – 128.7 kBq/m3, Mean: 
32.3 kBq/m3)
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Preliminary Results Preliminary Results ……


Background maps shows eU grid from AGRS survey 
with flight lines spaced 1km apart  (GSC 4466).
Proportional black dots show eU from in-situ GGRS 
measurements at NASGLP sites (Range: 0.4 – 2.5 
ppm, Mean 0.97 ppm)


Background map shows eU grid from AGRS survey 
with flight lines spaced 1km apart (GSC OF 4466).
Proportional black dots show  average soil gas radon
Content at NASGLP sites (Range: 0.0 – 109.1 
kBq/m3, Mean: 27.59 kBq/m3)
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Preliminary Results For Southern Ontario and Ottawa AreaPreliminary 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 Bq/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,
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Preliminary Results from Southern Ontario and the Ottawa AreaPreliminary 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 Bq/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.







Earth Sciences Sector


Thank YouThank You
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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
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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
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�


LABRADOR


NOVA SCOTIA


NEW BRUNSWICK


PEI


SOIL ZONES:
NEWFOUNDLAND


Mealy Mountains
Makkovik


Lake Melville
Mecatina Plateau


Smallwood Reservoir South


Caniapiscau Plateau
Labrador Trough


Torngat Mountains


Hamilton Upland
Kingurutik-Fraser River


Hamilton Plateau


Cape Breton
Central Uplands


Southwest Uplands
Highlands


Northumberland Lowlands


Fundy Lowlands
Atlantic Uplands


Saint John River Valley


New Brunswick Highlands
Northern Uplands


Southern Uplands
Northumberland Lowlands


Northumberland Lowlands


Central Zone
Maritime Zone


Avalon Zone


Gander Zone
Mountain Zone


Southwestern Newfoundland


Northern Peninsula
St. Lawrence Lowlands


Belle Isle Zone


0 200 400


Kilometers


Soil Zones of the Atlantic Region


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).
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Soil Sampling Protocol


•
 


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


•
 


0-30cm soil horizon  
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Analyses


•
 


Chemical:
–


 


Metals
–


 


Polycyclic aromatic hydrocarbons (PAHs)
–


 


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???
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Invertebrate species 


•
 


Common in Canadian Soils
–


 


Widely distributed
–


 


Found in association with 
human habitation


•
 


Relatively short life cycle


•
 


Toxicity data are reliable and 
sensitive 


•
 


Each represent a different 
ecological niche within 
terrestrial environment


http://cache.eb.com/eb/image?id=24294&rendTypeId=4


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 a range in 
sensitivities


•
 


Reliable seed sources 
•


 
Include a forage crop, a 
vegetable crop, and a native 
species


http://www.umassvegetable.org/images/soils_crops_pest_mgt/crop/let


 


tuce3.jpg
http://www.agr.gc.ca/pfra/pub/fspg16b.jpg
http://www.noble.org/Press_Release/Collaborations/ForageGenetics/Alfalfa.jpg
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Earthworm Assay


•
 


28 day chronic 
(survival and 
reproduction)
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Collembola Assay


•
 


35 day chronic 
(survival and 
mean progeny)
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Plant Assays – 3 types


•
 


Lettuce (14 d)
•


 
Northern 
wheatgrass (21 d)


•
 


Alfalfa (21 d)
•


 
Seedling 
emergence, mean 
shoot and root 
lengths and mass
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Progress to date


•
 


# of sites sampled
–


 
2004 -


 
2 sites (NB)


–
 


2005 -
 


33 sites (NB, NF/LAB)
–


 
2006 -


 
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
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Sampling equipment
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Status of Database


•
 


PWGSC contracted to develop database
•


 
“Work in progress”


•
 


Not yet publicly available
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Drainage Basin GeochemistryDrainage Basin Geochemistry
In New BrunswickIn New Brunswick
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Project Overview
•• WHAT WHAT 


•• Collect stream sediment and stream water data from Collect stream sediment and stream water data from 
sites within the same <100kmsites within the same <100km22 drainage basin as the drainage basin as the 
North American Soil Geochemical Landscapes Project North American Soil Geochemical Landscapes Project 
(NASGLP) soil sample site.(NASGLP) soil sample site.


•• WHYWHY
•• Generate systematic baseline coverage of geochemical Generate systematic baseline coverage of geochemical 


data for drainage basins across Canada.data for drainage basins across Canada.
•• Provide data to study the relationship between the Provide data to study the relationship between the 


chemistry of the soils  and that of stream sediment and chemistry of the soils  and that of stream sediment and 
stream water within the same drainage basin.stream water within the same drainage basin.


•• WHERE and WHENWHERE and WHEN
•• The developmental phase of this addThe developmental phase of this add--on project took on project took 


place throughout New Brunswick in the Fall of 2007.place throughout New Brunswick in the Fall of 2007.
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Site SelectionSite Selection


•• Criteria for selecting a stream site locationCriteria for selecting a stream site location
•• Must be within the same drainage basin as a NASGLP soil Must be within the same drainage basin as a NASGLP soil 


sitesite


•• Must be downstream of a NASGLP soil siteMust be downstream of a NASGLP soil site


•• The drainage basin areal extent of theThe drainage basin areal extent of the
stream site location must be <100kmstream site location must be <100km22,,
which are generally first or small secondwhich are generally first or small second
order streamsorder streams


Typical First Order Stream
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New BrunswickNew Brunswick
Sample sitesSample sites


116 Soil Sites116 Soil Sites
30 Drainage Basin Sites30 Drainage Basin Sites
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On-site
•• Collect water samplesCollect water samples


•• Three water samples are filtered and stored at 4Three water samples are filtered and stored at 4ooCC


•• Collect stream sediment samplesCollect stream sediment samples
•• Two Kraft paper bags are filled with siltTwo Kraft paper bags are filled with silt--sizedsized


stream sediment.stream sediment.


•• Collect and record inCollect and record in--situ measurementssitu measurements
••Multiple physical and chemical parameters areMultiple physical and chemical parameters are
measured and recorded at each sitemeasured and recorded at each site
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Geochemical DataGeochemical Data


Stream WaterStream Water
Filtered and acidified (HNOFiltered and acidified (HNO33))
ICPICP--MSMS Trace elementsTrace elements
ICPICP--ESES Major elementsMajor elements


Filtered and unpreservedFiltered and unpreserved
Ion chromatographyIon chromatography AnionsAnions
TitrationTitration AlkalinityAlkalinity
CombustionCombustion Total dissolved Total dissolved 


OrganicOrganic


Filtered and preserved (Filtered and preserved (BrClBrCl))
CVCV--AFSAFS MercuryMercury


Stream WaterStream Water
InIn--situ measurementssitu measurements
•• pHpH
•• ConductivityConductivity
•• TemperatureTemperature
•• Dissolved OxygenDissolved Oxygen


• Colour
• Turbidity
• Discharge


•• ICPICP--MSMS
•• INAAINAA
•• FusionFusion Tin & FluorineTin & Fluorine
•• Loss on ignitionLoss on ignition
•• Total carbonTotal carbon


Stream Sediment Stream Sediment (<177(<177µµm)m)
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• N=30
• Min = <0.5 ppt
• Max = 7.6 ppt
• Median = 2.4 ppt


Mercury
in Stream Water
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• N=30
• Min = <0.01 ppb
• Max = 1.27 ppb
• Median = 0.06 ppb


Lead
in Stream Water
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• N=30
• Min = <0.005 ppb
• Max = 0.327 ppb
• Median = 0.037 ppb


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


•• Begin interpretation of the stream sediment and stream Begin interpretation of the stream sediment and stream 
water data with the soil geochemical data.water data with the soil geochemical data.


What Next ?What Next ?
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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








Soil Toxicity Test Method 
Development and Collaboration 
with the Tri-national Initiative
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Biological Methods Division
Environmental Science & Technology Centre
Environment Canada
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Mandate


• Biological Methods Division
– Develop and apply biological test methods for the assessment 


of individual chemicals and contaminant mixtures on soil 
invertebrates, terrestrial plants, soil function and microbial 
communities in soil
▪ 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 2nd


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)







Ecozones adapted from
http://www.ccea.org/ecozones/terr.html


Application of existing methods to 
terrestrial eco-zones, and the necessity
for having new methods applicable to 


additional eco-zones.
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Partners in Boreal/Taiga Method Research


• Literature reviews and species recommendations for method development
– ECT Oekotoxikologie GmbH (J. Römbke, 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 Identification 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
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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., 1 to 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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Gleysol


Chernozem


Luvisol &
Brunisol


Podsol


Podsol


Stars indicate forest reference sites.
Some provided by the NASGLP.
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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)
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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)]
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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







Presentation Outline


• Background/Rationale
• Comparison of Soil Related Programs
• Opportunities for Collaboration
• Working Together







Background/Rationale


Canada’s National Forest Inventory Program







Background/Rationale


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. 







Background/Rationale
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 soil 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







Illustration of the NFI 
sampling framework







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. 







Background/Rationale


North American Soil Geochemical Landscapes Project







Background/Rationale


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. 







Background/Rationale


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







Background/Rationale


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. 







Program Comparison
 NFI Soil Program NASGLP 
Sample design Stratified random sampling design. Generalized random tesselation 


stratified survey design. 
Soil description Methodology is similar. Some 


additional attributes are described. 
Methodology is similar. Some 
additional attributes are described. 


Main objective for 
collecting samples 


To determine carbon/unit area To determine soil geochemistry  


Collection method By depth By horizon 
Samples collected - Forest floor organic samples (4) 


- 0-15 cm samples (4) 
- 15-35 cm samples (2) 
- 35-55 cm sample (1) 


- Anthrax sample (1)  
- Public health sample (1)  
- A horizon (1) 
- B horizon (1) 
- C horizon (1) 


Bulk density Measured for every sample 
collected.  


Determined from a sub-sample of each 
master horizon.  


Surface substrate Tallied at 30 different points along 
two line transects. Used to correct 
plot level estimates of soil carbon.  


Overall stoniness of the site is 
assessed as part of the soil description. 


 


Random sampling design







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-
qualitative information of value. 







Working Together


• NFI to collect 
additional samples for 
geochemical analysis


• Add to the data 
available for mapping 
soil geochemistry


• Potential to utilize 
archived NFI soil 
samples







http://nfi.nfis.org


Questions?








Karen McKendry and Sarah Hall
Health Canada


Contaminated Sites Division
Safe Environments Program


Using North American Soil 
Geochemical Landscapes 


Project  Data in 
Contaminated Site Risk Assessment







Estimates of Daily Intake


Guidelines Development


Risk Assessment


Research


Using NASGLP Soil Data in 
Contaminated Site Risk Assessment







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


Estimated Daily Intake (EDI)


EDI = {([Cair] X IRair) + ([CH2O] X IRH2O) + ( Σ[Cfoodi] X IRfoodi) + ([Csoil] X IRsoil)} / BW







Soil Quality Guidelines


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


Threshold elements
• SQGHH = (TDI-EDI) X SAF X BW                                 + BSC


[(AFG X SIR)+(AFS X SR)+(AFL X IRS) X ET2] X ET1


Non-threshold elements
• SQGHH = RSD X BW                       + BSC


[(AFG X SIR)+(AFS X SR)+(AFL X IRS) X ET







Explanation of Terms 


Source:  Canadian Environmental Quality Guidelines
Canadian Council of Ministers of the Environment, 1999
Canadian Soil Quality Guidelines for the Protection of Environmental and Human 


Health
Summary of a Protocol for the Derivation of Environmental and Human Health 


Soil Quality Guidelines (CCME 1996a)







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. 







PERCHLOR
ATE


Rocket fuel, controversy, Rocket fuel, controversy, 
and wideand wide--spread spread 


contaminant?contaminant?
By Karen McKendry,


Contaminated Sites Division







Rocket fuel


• Perchlorate = ClO4
-


• 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?
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North American Soil North American Soil 
Geochemical Landscapes Geochemical Landscapes 


Project: Project: 
Saskatchewan ComponentSaskatchewan Component


Janet E. Campbell and Gary Janet E. Campbell and Gary D. DelaneyD. Delaney


Saskatchewan Geological SurveySaskatchewan Geological Survey
Ministry of Energy and ResourcesMinistry of Energy and Resources
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SurficialSurficial Geology of SaskatchewanGeology of Saskatchewan


Contrasting Contrasting 
Geological TerrainsGeological Terrains


Interior PlainsInterior Plains


Precambrian ShieldPrecambrian Shield
acidicacidic


basic (carbonates)basic (carbonates)


SRTM DEM
?


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







SurficialSurficial Geology Geology 
of Saskatchewanof Saskatchewan


ContrastingContrasting
•• Landscapes/landformsLandscapes/landforms
•• Soils and sediments:         Soils and sediments:         
textural, textural, lithologicallithological
and geochemical             and geochemical             
propertiesproperties


Map source:  Simmon, 2008







Quaternary Quaternary StratigraphyStratigraphy
of of 


Southern SaskatchewanSouthern Saskatchewan


Source:  Saskatchewan Geological Survey, 2003







NASGLP: Proposed Saskatchewan ComponentNASGLP: Proposed Saskatchewan Component


NorthNorth-- South TransectSouth Transect
(SGS)(SGS)


--33 to35 sites 33 to35 sites –– soil geochemistry soil geochemistry 
and soil radon studiesand soil radon studies


-- Begin 2008 Begin 2008 –– multimulti--year year 
project?  project?  


TransTrans--Canada SwathCanada Swath
( ( NRCanNRCan --GSC/SGS)GSC/SGS)
-- Hwy 1 Hwy 1 ––east/westeast/west
-- 30 sites 30 sites –– soil geochemistry soil geochemistry 
and soil radon studiesand soil radon studies


Regina


Saskatoon


La Ronge


Stony Rapids







 Piggyback our regional till Piggyback our regional till 
sampling surveys and mapping sampling surveys and mapping 
programsprograms


 Analyses of archived samples Analyses of archived samples 
from remote areas ( Cfrom remote areas ( C--
horizon only)horizon only)


NASGLP: Proposed Saskatchewan Component







 What are the expectations of What are the expectations of NRCanNRCan with respect with respect 
to the participating provincial surveys?to the participating provincial surveys?


 Data ownership Data ownership –– joint? Other uses by provincesjoint? Other uses by provinces


 Data accessibility in timely mannerData accessibility in timely manner


 Archived samples Archived samples –– access  to future analyses access  to future analyses 


NASGLP: Proposed Saskatchewan Component


Questions:


We are interested in participating as an equal partnerWe are interested in participating as an equal partner
Bottom line⋯⋯







Drift Thickness
SRTM DEM


Maps source:  
Simmon, 2008
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Report on Field Activities for 2008 in the 
Northwest Territories


>>> Northwest Territories Geoscience Office


Scott Cairns
Northwest Territories Geoscience Office


Yellowknife, Northwest Territories







2008 NTGO Geoscience Field Activity Locations


>>> Northwest Territories Geoscience Office







2008 NTGO Geoscience Field Activity Locations


>>> Northwest Territories Geoscience Office


•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






North American Soil Geochemical 
Landscapes Project –


British Columbia Geological 
Survey Resources


Ray E. Lett
Geological Survey


BC Ministry of Energy, Mines & 
Petroleum Resources


BR
ITISH  COLUMBIA


G
EOLOGICAL SURVEY







Benefits for NASGLP Site Identification 
and Data Interpretation


 British Columbia Geological Survey British Columbia Geological Survey MapPlaceMapPlace
portal portal –– gives access to BC gives access to BC geosciencegeoscience and and 
geographic themes  geographic themes  


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


 Drainage geochemistry for over ~ 70% of BC   Drainage geochemistry for over ~ 70% of BC   
 Digital terrain maps for ~ 50% of BCDigital terrain maps for ~ 50% of BC
 Bedrock geology, Bedrock geology, surficialsurficial geology and geology and 


geochemistry expertise geochemistry expertise –– inin--house expertise to house expertise to 
assist with data interpretation assist with data interpretation 







Example of BCGS MapPlace theme– Roads, Cities, Parks, Topography







Example of BCGS MapPlace theme – Geological Framework







BCGS MapPlace theme – Mineral (MINFILE) Occurrences. 
Reports for each occurence are accessed  by highlighting  its location







Roads and Communities


BCGS Terrain Mapping Coverage
Includes maps of surficial deposits and soils







BC Regional Geochemical Survey


 Part of the National Geochemical  Part of the National Geochemical  
Reconnaissance (NGR) programReconnaissance (NGR) program


 Surveys since 1976:  Stream sediments  
and waters; lake sediments and waters; 
sites typically spaced at 1 sample/13km2


 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.







Sediment sample coverage


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. 







Stream sediment and water 
sampling in northwestern
British Columbia 







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


For large regional surveys, there are compromises between the neFor large regional surveys, there are compromises between the need for speed and ed for speed and 
ease of sample collection and the effectiveness of the methodoloease of sample collection and the effectiveness of the methodology used for detecting gy used for detecting 
anomalous element levels in the  source anomalous element levels in the  source catchmentcatchment area.  Use of fluvial sediment  is area.  Use of fluvial sediment  is 
most  suitable for detecting the more most  suitable for detecting the more geochemicallygeochemically mobile elements such as Mo, Cu, mobile elements such as Mo, Cu, 
As, Ni and Zn. It is  less appropriate for detecting elements suAs, Ni and Zn. It is  less appropriate for detecting elements such as ch as BaBa, Au, , Au, SnSn, W and , W and 
PbPb that are  physically transported in that are  physically transported in detritaldetrital minerals and, as a result, have larger minerals and, as a result, have larger 
variability in results due to the  variability in results due to the  ““nuggetnugget”” effect. effect. 


The The sruveysruvey site shown is in the Bowser basin area in site shown is in the Bowser basin area in northwesternnorthwestern British Columbia.  British Columbia.  
Both sediment and stream water samples were taken at an average Both sediment and stream water samples were taken at an average density of 1 density of 1 
sample/ per 13kmsample/ per 13km22. About  0.5 to 1 kg of sediment  was collected in a Kraft  bag.. About  0.5 to 1 kg of sediment  was collected in a Kraft  bag. The The 
water was collected in a 250 ml water was collected in a 250 ml NalgeneNalgene bottle. bottle. 


Photo credit to  Wayne Photo credit to  Wayne JackamanJackaman..


Stream sediment and water 
sampling







Lake 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.


Lake sediment-water 
survey







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
First Nation for assistance with sampling.







Heavy Mineral Sampling 







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 aqua regia digestion-ICPMS


 Loss on ignition, fluorine, tin
Water sampled are analysed for pH, F, U 


and other trace elements







Plot of As in stream sediments based on the 
Regional Geochemical Survey (RGS) 
database.  Also shown are MINIFILE Au 
occurrences.







Penticton Map Sheet – Pb in Stream Sediments







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.  







Kelowna


Penticton


RGS Sites - Surfical Materials Polygons 
Penticton







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. 
Available on-line at 
http://www.em.gov.bc.ca/Mining/Geolsurv/MapPlace/Mor
eDetails/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 
Victoria Surface
Soil (Bowman, 
2003)







y = 0.7501x + 18.896
R2 = 0.477
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Ontario
Geological 


Survey


Ontario Geological SurveyOntario Geological Survey
 Sedimentary Sedimentary GeoscienceGeoscience 


SectionSection 
Activities 2008Activities 2008


Ross KellyRoss Kelly


Ontario Geological Survey Ontario Geological Survey 







Ontario
Geological 


Survey


Presentation OutlinePresentation Outline


•• Overview of Program AreasOverview of Program Areas
•• Selected Surveys and Field Activities of Selected Surveys and Field Activities of 


the Sedimentary the Sedimentary GeoscienceGeoscience Section Section 







Ontario
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Survey Types and Field Survey Types and Field 
ActivitiesActivities


•• Surficial Surficial 
GeochemistryGeochemistry


•• Surficial Mapping Surficial Mapping 
and Samplingand Sampling


•• Aggregates and Aggregates and 
Industrial MineralsIndustrial Minerals


•• GroundwaterGroundwater
•• EnergyEnergy







Ontario
Geological 


Survey


Surficial GeochemistrySurficial GeochemistrySurficial Geochemistry
• Lake Sediment Surveys – 


Ongoing Project 
– Bruce Mines – Elliot Lake
Approx 2500 samples 


(sediments and waters) 


• Thematic Projects - Ongoing
Response of surficial media - 
Platinum Group Elements (PGE ) 
Case studies: East Bull Lake 
area 


• Geochemistry & Indicator 
Mineral Database (SGO) 
– Surficial geochemical data
– 7 new datasets being added
– 80,000 sites, 7 million 


analytical results 
– Web enabled


•• Lake Sediment Surveys Lake Sediment Surveys –– 
Ongoing ProjectOngoing Project
–– Bruce Mines Bruce Mines –– Elliot LakeElliot Lake
Approx 2500 samples Approx 2500 samples 


(sediments and waters)(sediments and waters)


•• Thematic Projects Thematic Projects -- OngoingOngoing
Response of surficial media Response of surficial media -- 
Platinum Group Elements (PGE ) Platinum Group Elements (PGE ) 
Case studies: East Bull Lake Case studies: East Bull Lake 
areaarea


•• Geochemistry & Indicator Geochemistry & Indicator 
Mineral Database (SGO)Mineral Database (SGO)
–– Surficial geochemical dataSurficial geochemical data
–– 7 new datasets being added7 new datasets being added
–– 80,000 sites, 7 million 80,000 sites, 7 million 


analytical resultsanalytical results
–– Web enabledWeb enabled


Richard DyerRichard Dyer
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Surficial GeochemistrySurficial Geochemistry
Lake Sediment and Water Lake Sediment and Water 


SurveysSurveys
•• Helicopter and boat Helicopter and boat 


workwork
•• Collect lake water and Collect lake water and 


lake sediment samples lake sediment samples 
(lake bottom) with (lake bottom) with 
specialized samplersspecialized samplers


Collected SamplesCollected Samples SamplingSampling







Ontario
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Survey


Surficial GeochemistrySurficial Geochemistry


Surficial Media SamplingSurficial Media Sampling


•• Geochemical explorationGeochemical exploration 
in areas of thickin areas of thick 
overburdenoverburden


•• Collection of variousCollection of various 
surficial media samplessurficial media samples 
(soil, peat, water, etc.)(soil, peat, water, etc.)


Soil Sampling with 
Hand Auger 


Soil Sampling with Soil Sampling with 
Hand AugerHand Auger
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Lake Sediment Survey: Bruce Mines Lake Sediment Survey: Bruce Mines –– Elliot Lake AreaElliot Lake Area


Sault Ste. Marie
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Response of Surficial Media PGE  Case Studies: East Bull Response of Surficial Media PGE  Case Studies: East Bull 
Lake AreaLake Area


Elliot Lake







Ontario
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Surficial Mapping and SamplingSurficial Mapping and Sampling
Indicator Mineral SurveysIndicator Mineral Surveys


•• Collect sand and gravel samples from streams, rivers and Collect sand and gravel samples from streams, rivers and 
other surficial depositsother surficial deposits


•• Boats, ATVs, HelicopterBoats, ATVs, Helicopter--supportedsupported


River BarRiver Bar


River Bar Sample SiteRiver Bar Sample SiteRiver Bar Sample Site Screening and Bagging 
Sample 
Screening and Bagging 
Sample







Ontario
Geological 


Survey


Surficial Mapping and SamplingSurficial Mapping and Sampling


Till Section for SamplingTill Section for Sampling


Indicator Mineral Till Indicator Mineral Till 
SurveysSurveys


Screening Till to Collect Screening Till to Collect 
10 10 –– 15 kg Sample15 kg Sample
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Surficial Mapping & SamplingSurficial Mapping & SamplingSurficial Mapping & Sampling


• Indicator mineral 
studies – in progress 
– Webequie (Far North)
– Approx 200 till and 


sediment samples 
Mapping & sampling – 


New 
- Detour-Burntbush - 


Geological Surveys 
Branch 


- Mowe Lake


•• Indicator mineral Indicator mineral 
studies studies –– in progressin progress
–– WebequieWebequie (Far North)(Far North)
–– Approx 200 till and Approx 200 till and 


sediment samplessediment samples
Mapping & sampling Mapping & sampling –– 


NewNew
-- DetourDetour--BurntbushBurntbush -- 


Geological Surveys Geological Surveys 
BranchBranch


-- MoweMowe LakeLake


Peter BarnettPeter BarnettPeter Barnett


George GaoGeorge Gao
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Detour-Burntbush Surficial 
Mapping/Sampling 
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Mowe Lake Surficial Sampling
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Aggregate/Industrial MineralsAggregate/Industrial MineralsAggregate/Industrial Minerals


Aggregate Resources Inventory Papers 
(ARIPs): Several counties municipalities 
in Southern Ontario underway 
Renfrew County - update 


– Bedrock Mapping:
Niagara – Cambridge and subsurface 


Southwestern Ontario (Armstrong) 


Aggregate Resources Inventory Papers Aggregate Resources Inventory Papers 
((ARIPsARIPs): Several counties municipalities ): Several counties municipalities 
in Southern Ontario underwayin Southern Ontario underway
Renfrew County Renfrew County -- update update 


–– Bedrock Mapping:Bedrock Mapping:
Niagara Niagara –– Cambridge and subsurface Cambridge and subsurface 


Southwestern Ontario (Armstrong)Southwestern Ontario (Armstrong)
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Aggregate Resource Inventory – 
Update: Renfrew County
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Groundwater Mapping Program
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Groundwater Mapping 
Program 


Groundwater Mapping Groundwater Mapping 
ProgramProgram


• 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


•• 33--Dimensional (aquifer) mappingDimensional (aquifer) mapping
•• Development of GISDevelopment of GIS--based maps / based maps / 


databasesdatabases
•• Watershed based inventories / studiesWatershed based inventories / studies
•• Vulnerability assessment thin Vulnerability assessment thin 


drift/drift/karstkarst areasareas
•• Data management Data management -- product product 


developmentdevelopment
•• Groundwater geochemistryGroundwater geochemistry
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33--D Geologic MappingD Geologic Mapping


Orangeville Area (Abigail Burt)
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33--D Geologic MappingD Geologic Mapping


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


Geochemistry of Groundwater from 
Bedrock and Deep Overburden 
Aquifers (Stew Hamilton)







Ontario
Geological 


Survey


Groundwater GeochemistryGroundwater Geochemistry
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