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Preface 

On November 28th, 2007, the McLaughlin Centre for Population Health Risk Assessment at the 
Institute of Population Health from the University of Ottawa hosted a one-day workshop on the 
Use of Geoscience in Population Health Risk Assessment. Fifty-six people attended the 
workshop. Among the attendees were representatives from academic institutions, and 
government agencies, and the private sector. 
 
The purpose of this workshop was to investigate how geoscience can be used to improve the 
scientific basis for population health risk assessment. The workshop was divided into two 
sessions. The morning session was comprised of five presentations that discussed geoscience, 
population health risk assessment, the links between the two topics, the types of geoscientific 
data available, and applications of this data for health purposes.  The afternoon session included 
a panel discussion with seven experts that discussed the Development of a Canadian health 
geoscience initiative. The last part of the workshop was a summary of the workshop and an 
outline of the steps for the future.  
 
The workshop was held in collaboration with: Natural Resources Canada, the McLaughlin 
Centre for Population Health Risk Assessment, the University of Ottawa and the Canadian 
Shield Research Institute (University of Ottawa). The Steering Committee for the workshop was 
comprised of Andy Rencz (Natural Resources Canada), Daniel Bédard (McLaughlin Centre, 
University of Ottawa), Daniel Krewski (McLaughlin Centre, University of Ottawa), Rod Klassen 
(Natural Resources Canada), and Stephanie Douma (Canadian Shield Research Institute, 
University of Ottawa).  

Candace Sirjoosingh served as rapporteur for the Workshop, and prepared the initial draft of the 
Workshop Report. This report was then finalized in collaboration with McLaughlin Centre staff.  
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Morning Session 

Welcome 
André Lalonde, University of Ottawa 

 
As a geologist and a mineralogist, I’m very proud to see you all together to explore a 

rather uncommon intersection of these two fields. If you’ll allow, I’d like to use a very personal 
anecdote, one that demonstrates my own field very well.  
  Throughout my career, this is something that has illustrated a need for people; 
professionals, researchers. I told you that I was a graduate student in mineralogy. One morning, 
my supervisor, Professor Bob Martin, came to me, holding a small Petri dish. On the bottom of a 
Petri dish, there was a portion of a human lung from a deceased mining worker. Our challenge 
was to see if we could determine the presence of asbestos in this lung’s tissue sample. We 
conducted some tests and x-rays on the material, but we did not confirm the presence of asbestos.  
For that reason, I always kept a very vivid interest on this particular dossier. Later when I 
learned, in the early years when medical practitioners found a relation to asbestos dust with 
health, that fundamental mistakes had already been made which were so obvious to me. When I 
realized that this had not been understood at the beginning, I wondered why these health 
professionals did did not realize the mistakes? I feel that the early years of the asbestos files are 
ones that mineralogists should not be proud of. The mineralogists did not interact with the health 
professionals. 
I wish you a very constructive and informative session here today at the University of Ottawa.  
 

Workshop Objectives 
Andy Rencz, Natural Resources Canada 
  
There are a variety of interests here today, from the geoscience field to the population health 
field. There should be a mingling of disciplines, and through this, we hope that some 
collaborations and some work can stem from this workshop today. A question that we will 
attempt to address today is how can we make sure that the geosciences are going to be useful and 
be integrated into public health. For consideration of future programs, we must ask questions 
such as what are the impacts? What are the outcomes? Good science may be exercised, but how 
does the taxpayer get a good value? 
Figure 1 portrays more of less the bounds for what we want to cover. We can see methyl and 
minerals cycling throughout various ecosystems.  
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Figure 1: Methyl and mineral cycles through various ecosystems 

Figure 2 covers our need to look at dose response curves, where as you increase concentrations, 
there are deficiencies, and at the other end of the curve, the elements provide benefits.  
 

 
Figure 2 Example of a dose-response curve 

From the geosciences perspective, we can produce datasets, maps, and other mineral distribution 
data that portray the movement, the origin, the transport of minerals. If remediation in certain 
areas must be done, geoscientific data will be useful in identifying these areas. Ultimately, what 
we want to do is see that our work is implemented into policies and guidelines. 
 
Figure 3 shows the McLaughlin Centre’s population health risk assessment framework. A key 
aspect of the framework includes the incorporation of evidence-based science to produce 
scientifically accurate risk assessments. Three broad categories for the determinants of health are 
included as the base of the framework. Geoscience is able to have an impact in this framework, 
particularly in the ‘environment’ block in the foundation of the framework. 
 
Our main goal today is to develop a short and long-term action plan to incorporate geoscience 
with population health risk assessment, including the identification of risk issues that can be 
addressed with geoscience. 
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Figure 3: The McLaughlin Centre Framework for Population Health Risk Assessment 

 

What is Geosciences? 
Rod Klassen, Natural Resources Canada 

All of the natural sciences inform on risk. The subject of this particular talk is how geoscience 
informs on risk. The key message and the reason why geoscience is relevant, is that biodiversity 
and health originate in the properties and workings of the earth’s crust. Through myriad exposure 
pathways of ingestion, inhalation and absorption, a geological heritage is expressed in all living 
systems. The origin, nature, and expression of that geological heritage are constrained through 
geoscience knowledge. The challenge is to understand the heritage of these geological origins. 
These are the main linkages between population health and geoscience. I’d like to examine how 
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geoscience plays a role in population health risk assessment. In doing so, we must discuss what 
geoscience is, natural science and certainty, and how geoscience enhances certainty.  

What is geoscience? In its most simple form, geology is the study of planet Earth. It examines 
the earth’s bedrock, and its overlying mantle of unconsolidated earth materials. Geological 
variation is expressed in terms of mineralogy and geochemistry properties, geoscientific 
processes (related to the earth’s structure, shape and mineralogy), and the historical aspects of 
the earth’s development in the past. These are all dynamics forces that drive compositional 
change of the earth’s surfaces. These variations are associated with wind, water, and of course, 
gravity. All of these processes are predictable in their actions, and we can model the variability, 
the compositional variability of the earth’s surface. This is exemplified in Figure 4. 
 

 
Figure 4: Examples of Earth's surface composition variability 

The key to geological records is mineralogy. Minerals are naturally-formed, inorganic elements 
or compounds having definite structures and chemical compositions. They determine the 
chemical and physical properties of geological media, and reflect the geological processes and 
crustal environments of formation. It is through mineralogy that geosciences can contribute most 
directly to public health sciences. Mineralogy is really the key, and it is the root of geosciences. 

I’d like to examine risk. Risk is the likelihood, or the probability of a hazard’s occurrence. For 
geochemical hazards, risk is based on the combination of a stressor and an ecological receptor. 
Therefore, for our purposes, we will focus on stressors. Risk is summarized in these broad dose 
response curves, as exemplified in Figure 5. On a U-shaped dose-response curve, the likelihood 
of the toxicity increase when dosage is too low or too high.   
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Figure 5: Example dose-response curve 

We commonly assess risk more directly on empirical environmental measures of air, water and 
soil. In terms of chemical properties, we measure element concentrations, speciation, and 
combinations (synergistic effects) of substances. With regards to physical properties, we 
examine particulate size, shape, density, hardness, and environmental reactivity. I should say that 
all of those physical properties are linked together.  

Risk is based on knowledge of two elements: properties (such as air, water and soil), and 
processes that link properties with biological effects (for example, health). The net certainty is 
the combined product of the certainties in predicting properties variations and in predicting their 
health effects. With respect to probability, net certainty is the probability of being ‘right’. It is 
calculated through multiplying the certainty of property variation by the certainty of process 
effects. This can be put into a matrix model, as shown in Table 1, where the vertical axis is the 
certainty of process and the horizontal axis is the certainty of the properties. Essentially, you 
want to be in the upper right hand box, where there is a high level of certainty for the process and 
the properties.  
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Table 1: Certainty in Risk Assessment 

 There seems be a generalization that affects all environmental studies. In general, as an 
empirical measure becomes more closely linked to health effects, the uncertainty in predicting its 
spatial and temporal variation increases. Natural science may enhance certainty in knowledge of 
either a property or a process, but not both. What that means is that gases and air have a fairly 
direct exposure pattern. Essentially, as shown in Figure 7, they have high certainty in their 
processes and lower certainty in their properties. Water, depending on where it is coming from 
(stream, ground water, etc.) has a greater predictive capacity, and geoscientists can obtain a fairly 
good indicator of health effects. With respect to bedrock and soil, these are different. They are, in 
general, less directly affected and are more stable in space and time. There is a lower certainty in 
processes, but a higher certainty in properties.  

Figure 6 

  

  

  

 
 

Air

Water  

Bedrock ‐ Soil 

Figure 6: Certainty in Risk Assessment
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Figure 7: Certainty in Risk Assessment 

I would like to elaborate on that last point. If anyone goes to a site and picks up earth material, it 
would be divided into categories shown in Figure 8. There are different properties available to 
measure and to assess. Geological models more commonly deal with part C from Figure 8; it is 
the soil parent material. Figure 9 is an example of that same soil profile. If you use a 
geochemical measure as in indicator for risk, the depth at which you take a sample; going back to 
the uncertainly matrix, the characteristics of geological parent materials are stable; and they can 
be subject to predictive models. 
 

 
Figure 8: Variability in Soil Profiles 

Geoscience can enhance the certainty in risk assessment in three ways. The first is by providing a 
stable and predictive environmental framework that can be produced using natural variability; a 
stable, predictive framework that constrains environmental variability in terms of geological 
provenance, process, and past. This is expressed in bedrock ecological maps - exemplified in 
Figure 9, surficial geological maps that demonstrate the redistribution of geological properties- 
exemplified in Figure 10, and geochemical maps - exemplified in Figure 11.  
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Figure 9: Example of a bedrock map 

 

 

 
Figure 10: Example of a surficial map 
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Figure 11: Example of a geochemical map 

A second means in which geoscience can aid risk assessment is its provision of interpretive tools. 
Useful sampling and analytical protocols are provided. Process and provenance models are two 
forms of interpretive tools used. Independent geological factors (provenance, process, and past) 
combine with dependent analytical factors (grain size, decomposition strength, and 
instrumentation) to determine the magnitude of analytical results and their interpretive value for 
risk assessment. Without interpretive tools, risks cannot be estimated. 

The second thing that geosciences provide are process models – they represent a wide range of 
bedrock sources; the assessment of risk depends on the grain size effects. We can show how the 
composition in terms of glacial varies with glacial transport and use these models for predictive 
tools to put this back on the risk assessment model. Likewise, if you go to a glacial deposit that 
originates in carbonate bedrock terrain with greater predictive capacity. 
 
Figure 12 demonstrates grain size and mineral partitioning. In short, the bivariate relations, but 
the magnitude of the risk differs. Smaller grain sizes might provide a better indication of risk 
because you’re less likely to breathe in clay sized particles.  
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Figure 12: Grain size and mineral partitioning 

Figure 13 shows different protocol comparisons for acid decompositions. These graphs will 
differ dependent upon which element is studied. 

 
Figure 13: Protocol comparison for acid decomposition 

For Cr analysis, you can see that the green box analysis of the clay-sized fractions. In short, 
geological provenance affects how you interpret the amount of risk. 
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Figure 14: Threshold values in risk 

The third method provides predictive environmental models involving soil properties, functions, 
and capacities. All of these predictive models are based on knowledge of mineralogy. Examples 
of processes, functions and capacities are how the earth material acts as a host, supports, and 
nourish the biomass at the earth’s surface, the determination of natural distributions, abundance, 
and potential bioaccessibility of elements, etc. All of these properties, and more, function 
through knowledge of mineralogy.  

Using an example from Newfoundland, parts of the land are not barren because of climate; they 
are barren because of the geology. Plants simply don’t grow in some areas, particularly the areas 
that are very high in nickel and chromium concentrations. Figure 15 demonstrates background 
variation concentrations in Canada. Areas demarcated by the number 2 show very high 
concentrations of copper sedimentation.  
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Figure 15: Geochemical background variation linked to geological terrains 

Graphs in Figure 16 are from eastern townships, and where Dr. Lalonde was speaking of. These 
graphs demonstrate point sources and eolian dispersal patterns from smelter emission.  The 
profiles show the effects of the smelter stacks on the surrounding areas. Once you assess that a 
smelter footprint has a certain characteristic, you can extrapolate further health risk in the area. 
Examples of other models are found in California, where scientists used a model in a playground 
to determine naturally occurring asbestos in the soils.  
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Figure 16: Point sources and Eolian dispersal - smelter emissions 

Figure 17 is a radiometric map for Canada that shows the distribution of uranium in blue. In 
Nova Scotia, there are areas where uranium concentration is dominant. High concentrations of 
uranium are linked to the prevalence of radon gas in homes.  
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Figure 17: Geology and mineralogy of radon 

 

What is Population Health Risk Assessment? 
Daniel Krewski, McLaughlin Centre, University of Ottawa 

What I’d like to do is complement Rod’s excellent overview of geosciences with an overview of 
what we mean by population health risk assessment. I would also like to give you a couple of 
examples of how we might link geosciences and health. I’d like to begin by defining the term 
‘population health risk assessment.’ Risk assessment is simply a method that we use to 
characterize risks using scientific methods. In the area of health, population health risk 
assessment focuses on the assessment of risk in the general population, taking into account all of 
the determinants of health (genetic, biological, environmental, occupational, social-behavioural 
lifestyle risks). We then use this information for the development of cost-effective population 
health risk management policies and strategies. We’ve develop a framework, shown in Figure 3, 
here at the McLaughlin Centre. 

It begins by identifying the basic building blocks for risk; what factors affect population health. 
Here at this workshop, we’re particularly interested with the environment and the geosphere. All 
of these factors interact to determine the health status of populations. You’ve heard a lot about 
gene-environment interactions, individuals who may be genetically susceptible to certain 
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environmental exposures. This may not be of particular importance for the general population. 
However, there are interactions among all of the determinants that affect population health. Our 
task is to take this information and use the best techniques in health risk science to develop 
predictive models, estimate risks and their intended uncertainties, and then move on to consider 
options for risk management, and conduct policy analyses that take into account social and 
economic effects. We have a large number of principles for management decision-making, 
including principles such as the precautionary principle and risk-based decision making. Then 
we try to develop combinations of interventions that will ultimately, when put in place, enhance 
population health status.  

I’d like to distinguish between two kinds of existing risks that are familiar to us. Our goal here is 
to assess those risks as fully as possible, and do what we can to manage those risks. There is also 
an emerging class of risks that are not yet fully understood, or not yet fully characterised. Our 
objective here is to anticipate and to prevent, if possible, those risks. There is a slight difference 
in approach, depending on the maturity of the risk issues that we are confronting. The two 
examples that I was looking at, among a number of examples that I was looking at in preparation 
for this workshop, are radon and lung cancer. Radon is formed during the decay of radium 238 
which is present in rocks and soils throughout the Earth’s crust. I was really please to see the 
correlation that Rod Klassen drew between uranium that was shown in the map and radon 
concentrations in the atmosphere. If we’re looking for synergies in a workshop of this type, I 
immediately want to get that radon data, do a map of Canada, see if I can correlate that with my 
actual measurements – we’ve got 18,000 measurements across the country – and maybe predict 
what the population health impact might be for Canada. As radon emanates from the earth’s 
surface, it can seep into your home through tiny cracks and fissures in the basement. It’s 
impossible to seal all of the cracks and fissures, which results in some concentration of radon in 
the indoor air. Radon is an inert gas, but in turn, it decays into a number of radioactive decay 
products. These decay products emit alpha particles that, when inhaled into the lungs, can 
damage DNA. This can ultimately lead to a possibility of increased lung cancer risk.  

Early in the 1980s, the director of the Radiation Protection Bureau, when radon was not well 
understood, decided to a do a large scale case-control study of the potential for lung cancer risk 
in Canadian homes. We started in 1982 and it took us about a year to get the protocol written, a 
year to get the field work organized and we started in 1984. We had 8 years in the fields and read 
35,000 dosimeters in every home that every subject had lived in throughout their entire lifespan. 
It took a year to do the analysis, and we finally published the paper in the American Journal of 
Epidemiology (AJE) in 1994. We found an overall odds ratio of 0.97, so close to 1.0. Our results 
indicated no increase in relative risk whatsoever.  

After a decade of my life, I’m convinced that radon is not an important public health issue. That 
same year, I was asked to work on the US National Research Council (NRC) Biological Effects 
of Ionizing Radiation (BEIR VI) committee. We worked for five years, published a 500 page 
report of which the bottom line was that radon is responsible for 10-15% of all lung cancer 
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deaths in the US. What happened between 1994 and 1999 where our AJE paper said no risk, and 
now we’ve found the second most important lung carcinogen aside from tobacco smoke? 

There were a number of other studies that came out during the same time period, similar studies 
to the one that we had conducted in Winnipeg, the city with the highest radon concentrations in 
Canada. We conducted a combined analysis of all the data from all of those studies. Instead of 
1,500 subjects, as we had in Winnipeg, we now had over 10,000 subjects in these 7 studies 
combined. You can see the distribution of radon concentrations among the study subjects of 
those seven studies, in Table 2. The overall distribution of radon concentrations across the seven 
studies is shown at the bottom of the right hand panel. However, Winnipeg and Iowa are the 
studies with the two highest levels of radon concentrations amongst the seven studies. 

<25 25-49 50-74 75-99 100-149 150-199      ≥ 200
1 0.82 1.10 0.65 0.27 -0.11

(0.5,1.5) (0.3,3.5) (0.1,7.9) (0.1,1.8) (-0.41,1.34)
1.03 1.78 0.77 1.9 1.13 0.076

(0.3,3.3) (0.6,5.3) (03,2.1) (0.5,6.6) (0.4,3.2) (-0.04,0.69)
1 1.00 1 0.99 1.35 0.069

(0.6,17) (0.6,1.7) (0.5,1.9) (0.7,2.5) (- -,0.66)
1 0.44 1.02 0.71 0.57 0.069

(0.5,1.5) (0.5,1.8) (0.4,2.3) (0.4,2.2) (-0.34,1.56)
2.1 1.68 2.02 2.43 1.90 0.327

(1.1,4.1) (08,3.4) (1.0,3.9) (1.2,4.9) (1.0,3.7) (-0.01,1.37)
1 1.15 1.27 0.78 0.215

(0.7,1.8) (0.7,2.4) (0.3,1.9) (-0.21,0.51)
1 1 1.58 1.62 0.568

(0.5,1.8) (0.8,3.2) (0.7,3.7) (-0.08,2.68)
1 1.01 1.29 1.22 1.28 1.41 1.37 0.176

(0.8,1.3) (1.0,1.7) (0.9,1.7) (0.9,1.8) (0.9,2.1) (0.9,2.1) (0.02,0.43)

CT

UT-ID

Winn

Total

MO-I

MO-II

(0.7,3.1)
1.44

IA

--
 

1.37
(0.5,1.7)

1

Odds ratioa (OR) and 95% confidence intervals (CI) of lung cancer
Restricted data

ß×100Study

NJ

1

Radon Concentration (Bq/m3)

  

Table 2: Odds Ratio (95% CI) for lung cancers 

 
We published a paper in 2005, in Epidemiology, which produced the results of the combined 
analysis. If you look across the seven studies, at the bottom line of Table 2, you can see the odds 
ratios in low radon concentrations to increasing categories up to greater than 200 
Becquerel/cubic meter.  The odds ratios (OR) are all above 1 and they tend to increase, but the 
slope of the dose response curve is significantly greater than zero. By pooling these data in this 
combined analysis, we are able to identify a small risk, but an important risk, that is largely 
undetectable in the individual studies. This work is a graphical representation of the dose-
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response relationship that you see based on the combined analysis and the confidence limits 
around that dose-response relationship.  

This work actually resulted, and I think was a major contributor, to reducing the Canadian 
guideline from 800 Bq/m3 to 200 Bq/m3. We also were asked by Health Canada to develop a 
radon handbook which would describe the population health risk issue in detail. If you look at 
our handbook, you’ll see information on what radon is, how to measure radon in the home, ways 
to reduce radon in homes, and really everything you need to know in very simplified terms about 
how to manage this population health risk issue. It would be nice to have some radon maps built 
into this handbook.  We’re also working with WHO, on an international radon project. There are 
about 30 countries involved in the project, and we’re doing just about everything you can 
imagine to develop a global radon map for the entire world. We’re also developing a global 
burden of disease (the total number of lung cancer cases around the world associated with this 
natural hazard), we’re providing advice on measurement techniques, mitigation techniques and 
developing a risk communication program through the WHO. I wouldn’t be surprised if the 
WHO actually sets an international radon guideline on the basis of this work.  
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We’ve been into this project, we’re going into our 3rd year, and we’ve produced a status report 
and several of us who were working on the project last year, which is summarized in this paper. 
(Figure 18) 

 
Figure 18: WHO paper 

The second of my two examples is air pollution, particularly in urban centres. I’d like to tell a 
story from 1998, when I was asked to sit on a US National Research Council committee to 
develop research priorities for airborne particulate matter. It was January 1998, and Congress 
wanted a report by March, three months later. For those of you who know the US NRC, this is 
essentially impossible. You can’t do a 2-year report in 3 months. Well, we did it, and we actually 
submitted a report in 3 months, start-to-finish, with a cover on it. We recommended a 13-year 
program for research to characterize health impacts of particulate matter in urban air. Ten 
research priorities were identified, but the cost was 440 million dollars. I was thinking that 
congress was going to thank these self-serving scientists for their advice and send them on their 
way. What did they do? They funded it in full, and every year we produced updates on how the 
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research program was proceeding. We learned a tremendous amount from this endeavour. We’ve 
actually understand how particles in the air can actually increase cardiovascular and 
cardiopulmonary mortality; I’ll show you some data on that shortly.  

Down at the mechanistic level, through the induction of endothelium and cytokines leading to 
the accelerated formation of atherosclerotic plaque, this increases cardiovascular disease. That 
was not known at the start of this program. Some of the data that we can use here, shown in 
Figure 19, is from the US EPA National Air Monitoring Network. Data on sulphate particles is 
based on data from nearly 160 cities across the United States. This is work that Mike Jerrett, who 
is here from Berkeley, has been collaborating with several of us in Ottawa. You can see hot 
spots, or high levels of sulphate particles in the lower Great Lakes basin. There are a lot of coal-
fired power plants in the Ohio valley and the industrialized North East. You can also see a lot 
lower concentrations in the mid-west, and another peak out in Los Angeles. Even with 160 
measurements of large cities in the US, you can get a good idea of the spatial distribution of 
particles in urban air. For fine particles, less than 2.5 microns in diameter, we only had about 50 
cities on which to work. However, even with the small sample size, you get a similar picture of 
the distribution of particulate matter in the US.  

 
Figure 19: Modeled (Kriged) sulphate surface 

You can overlay on top of this data mortality rates, and this is all cause-mortality rates in relation 
to sulphate particles, as seen in Figure 20. You can see that there is a concordance between areas 
of slightly elevated mortality and slightly elevated pollution levels. This kind of concordance is 
insufficient to draw a causal association because of all of the other factors that can vary. 
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However, with the dataset that we’re using, in terms of epidemiological studies, we have a cohort 
of over 1 million people that have been followed by the American Cancer Society, since about 
1980. We have just about every piece of information that you would like to know about those 
individuals (health status, diet, occupation, residence histories, etc.), and we can adjust for all of 
these differences. We can do these kinds of analyses taking into account confounders that would 
be of concern and the kind of ecologic comparison that is exemplified with the radon and lung 
cancer example I provided.  
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Figure 20: Sulphate air pollution levels and mortality rates (all causes) 

Our first analysis showed clear associations between particulate matter with both small particles 
(PM 2.5) and sulphate particles. There was about a 15-17% increase in all cause mortality for an 
increase in 18 micrograms/m3 in particle loadings. We also saw approximately a 25-30% 
increase in cardiopulmonary mortality, the mechanism of which had just been worked out in the 
last decade. There was also a possible increase in lung cancer, but it was inconsistent between 
PM 2.5 and sulphate particles. This work was described in a detailed 1,000 page report that we 
did for the US Health Effects Institute (HEI). It’s really one of my favourite projects that I’ve 
done since working in this area a number of years ago. We’ve also done some work on 
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developing statistical models for describing spatial variation in data, ways for assessing 
mortality. Rick Burnett from Health Canada lead some work on how to adjust for individual risk 
factors in looking at spatial representations of both exposures and outcomes.  

Our most recent work at the national level in the US follows that same cohort through to 1998; 
the first analysis was only through to 1989. In Table 3, we can see significant increases in all 
causes in cardiopulmonary mortality, but we now see a significant increase in lung cancer with 
PM 2.5. The reason for this is that with an additional (almost) decade of follow-up, we have a 
much larger number of lung cancer deaths. The power in an epidemiological study comes from 
the number of deaths that you have, and the size of the cohort. When this paper came out, the 
media was quite attracted to the study. The main question was whether or not the air that we 
breathed in big cities increased cancer risk. The short answer is yes. In comparison to 
environmental tobacco smoke, the risk is about the same. It is about a 9% increase in lung cancer 
risk for every 10 micrograms per cubic meter of particle loading.  

Table 3: Mortality Risk Ratios (and 95% CIs) [for each 10 mg/m3 increase in fine particles] 

Cause of Death PM2.5 (ave) 
(10 mg/m3) 

All Cause 1.062 
(1.016-1.110) 

Cardiopulmonary 1.093 
(1.033-1.158) 

Lung Cancer 1.135 
(1.044-1.234) 

Other 1.005 
(0.952-1.061) 

 

Let me turn to Los Angeles, and the work that Mike Jerrett has led in a paper that came out just a 
couple of years ago that looked at variation in air pollution levels within a metropolitan area. The 
nice thing here is that there is a large number of air pollution monitors within a city. In the 
previous analyses that I showed, we would average the concentration for all of the pollution 
monitors used and simply use one result for a whole city. This was a pretty crude measure of 
exposure. In Mike Jerrett’s study, we are able get pollution measurements specific to the zip 
code levels and look at residents locations. We get a much finer gradation and a much finer 
indicator of exposure by working at the smaller geographical aerial units. We also have good 
information on the precision of our measurements, there is a little bit higher precision where the 
monitors are most clustered in the center of the city, and higher uncertainly as you get to the 
periphery of Los Angeles.  
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The bottom line was that by using these more accurate measures of exposure, we see not only 
significant increases in risk, but risk estimates that are in some cases at least three times larger 
than what we see using the more crude, average-one-number for the whole city. We may have 
appreciably underestimated risk by using too crude of an exposure measure in the studies that we 
worked on in the past. The lung cancer risk estimate, which we saw for the first time with our 
2002 paper, is actually estimated to be quite a bit larger in this intra-urban study in Los Angeles 
than in the international study that we published in 2002.  

I showed you, when talking about radon, how we go from science right through to policy. We 
had a hand in reducing the national radon guideline in Canada, and we’ve had a hand in 
developing a risk communication radon handbook for Canada. What have we done in the area of 
air pollution in terms of influencing risk management activities? We held a series of colloquia 
over 5 years designed to take scientific data on air pollution and help translate that into good risk 
management practice, taking into account a whole range of extra-scientific factors. We held our 
first meeting right here at the University of Ottawa in 2001, and we have since wandered all over 
the world to other locations. At each location, each session started with the basic science and 
moved increasingly towards the development of air quality management recommendations. At 
our meeting last year in Vancouver, we culminated with the production of a detailed guidance 
document which gives policy directions for air quality management. It’s a long document, as it 
basically represents the culmination of 5 years of work in this area. 

Each of these symposia was major international events and we have a proceeding for each one of 
them published in the Journal of Toxicology and Environmental Health (JTEH). It will be the 
encyclopaedia of air quality management: everything you wanted to know. The guidance 
document attempts to summarize all of this information into a small number of principles. There 
are 13 of them, I won’t walk you through them all, but some of them are scientific.  

The first principle essentially says that we have enough information (scientific information) to 
conclude that we have clear health impacts associated with urban air pollution. It may seem like 
a basic statement, but some people will want to argue the statement. However, having the weight 
of this colloquium series behind that statement should be of some value. Another area where we 
made suggestions in is regarding communications and the notion of a linkage between air quality 
and climate change, the co-benefits of reducing greenhouse gas emissions is clear. We wanted to 
make sure that this would get considered when developing air quality management strategies. In 
terms of the actual policy approaches, multiple points of information, looking at multiple sectors 
for air quality management, energy, climate, transport and other areas must be considered. This 
is the only way that we are going to be able to address air pollution, by looking at local, national 
and international levels. Science policy assessment needs the importance of actually evaluating 
the effects of our interventions can we show that we’ve made a difference.  

The US HEI has produced a nice accountability framework which provides a systematic 
approach for answering the questions of whether or not a particular intervention has had a 
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benefit. I gave a talk in Montreal last Friday, on this whole process, and that was the only thing 
that I covered in my presentation. I was surprised to learn that Montreal and Vancouver are the 
only two cities in Canada that have local responsibilities for air quality management. They 
handle the issue themselves, because of their history and because of how the governments of the 
two cities evolved. I was delighted to hear that the NERAM Colloquia has been used extensively 
by the Institut de Santé Publique in Montreal for developing their recommendations on air 
quality management. This demonstrates that our work has been able to have a bit of an impact on 
policy that I had not anticipated.  

Discussion Session - Daniel Krewski 

Question: Heather Gingerich, International Medical Geology Association 

In terms of temporal variability, is there anything in your reports that mentions how much 
exposure to radon gas in your basement you need before you develop lung cancer? Is it a lifetime 
exposure? One year?  

Answer: Daniel Krewski 

Radon is a substance that is present all of the time. One is exposed from birth until death. 
Concentrations are relatively stable unless an individual moves from house to house. From 
epidemiological studies, we have been able to determine which periods of exposure are most 
related to lung cancer. The period of 5-15 years prior to lung cancer diagnosis seems to be the 
most critical exposure time. The period of 15-25 years might be above 70% as important; 25 
years and greater into the past is only about 30% as important as the most recent exposure. 
Therefore, I am able to tell you, as you go back in time, how important those historical exposures 
are for current lung cancer risk. However, if you ask me how long one needs to be exposed 
before there is any risk at all, I cannot really answer that question. It would theoretically be 
possible with short exposure: it could initiate a cancerous lesion (a single alpha particle 
traversing the nucleus of a single cell in the lung has the possibility to induce a mutation that is 
fixed by cellular replication and ultimately developing into lung cancer). This is theoretically 
possible, however not very likely. I don’t think anyone has tackled the question of how risk 
increases with duration of exposure at this point. 

Question: André Lalonde, University of Ottawa  

Before you relate to geological maps that show radon concentrations over Canada, you should be 
aware that radon is able to enter homes by different mechanisms. The gas is obviously able to 
enter a home through fissures and fractures in the foundation, but another major mechanism by 
which radon enters homes (which is often overseen) is through wells. There are major 
differences between residences where there is a municipal aqueduct, and places where 
individuals have their own wells. Ground water will tend to partition radon and people will find 
that when taking a shower, they are essentially pumping radon through their ground water into 
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the house. This is simply a point to be aware of when you attempt to extrapolate your readings 
from basement air alone.  

Answer: Daniel Krewski 

Merci pour votre excellent commentaire, André. We’re aware, those of us who are radon 
aficionados, about radon and drinking water, and radon and showering. They are non-trivial 
sources of exposures as you pointed out. 

Question: Mike Parsons, Geological Survey of Canada in Halifax 

Could you comment on the mechanisms used by population health risk assessors in trying to get 
a handle on behavioural and societal influences on things such as arsenic and cadmium? I’m 
thinking specifically of smoking. If you look at the USGS system, they have done a lot of work 
looking at arsenic in ground water (in New England specifically), and how this may possibly 
influence things such as bladder cancer rates. Living in Nova Scotia, some of these correlations 
may be similar. How do you get a handle on how important that factor is versus other 
behavioural factors such as smoking, which obviously have large effects as well on people’s 
arsenic and other elemental burden? 

Answer: Daniel Krewski 

 This question allows me to not only answer the question, but to point out the power of our 
population health approach to health risk assessment, where we want to look at all of the risk 
factors that may affect a specific outcome simultaneously. I am not completely up to date on the 
arsenic/tobacco relationship, but I can say that if we look at radon and tobacco, there is a huge 
synergism. If you look at the relative risk of lung cancer in an underground miner exposed to 
high levels of radon in the past (mines have been ventilated quite a bit since we discovered the 
association), it could be at about a 10-fold increase in risk of lung cancer because of the radon 
exposure. A smoker would probably have about a 10-fold or higher risk of lung cancer. If you 
take these two risk factors together, the calculation is not simply a 10+10 =20-fold increase in 
risk, you will get an estimate in the ballpark of a 50-60 fold increase risk because of the large 
interaction between the two agents. The interaction is sufficiently great that it can also tell you 
that 90% of all residential radon-related lung cancers are occurring in smokers. We now have an 
interesting public health intervention question: should we focus on smoking cessation (which 
would have the side effect of eliminating 90% of the radon lung cancer burden) or radon 
mitigation. They are both valid approaches which would have huge benefit. They are however, 
both quite expensive and difficult to implement, but there is a policy interplay that flows from 
the question. 
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Question: Keiko Hattori, University of Ottawa 

You mentioned health risks related to particulates in Los Angeles. Do you have data on the type 
of particulates in the Los Angeles area, as compared to the particulates in another area; say the 
Michigan basin for example? The compositions may be quite different and the source of 
particulates may also be quite different.   

Answer: Mike Jerrett, University of California at Berkley 

I think the major difference is the mass of pm 2.5 is composed much more of secondary nitrate 
that is from a transportation source, so the major source of pollution in Los Angeles is 
transportation. There is a lot of trucking that comes through the core of Los Angeles; therefore 
the pollution is enriched with diesel. That is certainly one of the possibilities for why we see 
much larger effects in Los Angeles than other areas. We did a similar study in NYC, where there 
is largely a sulphate-based secondary reaction from the sulphur dioxide that comes out of power 
plants. We found similarly elevated effects for ischemic heart disease, but not for the other 
causes of death. There is some suggestion that there is a difference in toxicity for the 
transportation-based particles as compared to those that are coming from sources such as power 
plants or industrialized sources.  

 

Geoscientific databases: data types, availability and application 
Eric Grunsky, Natural Resources Canada 
 
This morning I will focus on more technical issues surrounding the access and use of geoscience 
information, in particular geochemical information from which most of our work in environment 
and health is being carried out. We have a generic title: ‘geosciences databases.’ What are they? 
They are composed of geology, geochemistry, geophysics, geochronology, remote sensing 
information (optical hyper-spectral and radar based information), there are eco-region districts 
which are a combination of climactic and geomorphologic effects, and we have ground water.  

Where is this data? It is managed and housed by municipal, provincial, territorial, and federal 
governmental agencies and is available at a great number of scales. We therefore have a wide 
range and a plethora of data which may seem to be easy to work with, but can in fact be quite a 
challenge due to its diversity. We can access federal data on our geoscience data repository 
portal, we can access geoscience map images, digital geoscience maps, aeromagnetic data, 
gravity data, radioactivity, seismic and deep earth magneto-tolero data, the National 
Geochemical Reconnaissance data, and also meta-data information about all of the geochemical 
survey data across the country ( this is carried out by the federal-provincial and territorial 
agencies.)  
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Figure 21 is a crude image that shows basic rock types across the country. This should provide 
an example of the diversity of the geology, and therefore influence on the geochemistry across 
the country. 

 
Figure 21: Basic rock types in Canada 

Rod Klassen showed a radioelement map of potassium, uranium and thorium, and this has an 
impact on where we would expect to find radon. It also is a mapping tool where we can detect 
certain rock types based on the presence and ratios of these elements.  
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Figure 22: Ecoregions in Canada 

An eco-region map of Canada, as shown in Figure 22, demonstrates part of a North American 
eco-region district assembly and the eco-regions have quite a significant effect on surficial 
geochemistry (the chemistry of soils). If we want to look at geochemical data across the country, 
Figure 23 is an outline of all the surveys that have been carried out throughout the country. The 
different colours represent the different types of surveys. The green indicates extreme sediment 
surveys that have been carried out in mostly mountainous terrain, the blue indicates lake 
sediment surveys that have been carried out by the National Geochemical Reconnaissance Group 
and the brown indicates till/soil surveys that have been carried out across the country. We’re 
looking at different size fractions, different materials, and thus very different geochemical 
responses from these media. 
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Figure 23: Geochemical surveys conducted in Canada 

Figure 24 is a map of arsenic assembled from all this data. High and low points on a map such as 
this are clear, however it may be misleading to infer very much from it, as the map is comprised 
of very different data types. When looking at the geochemical data, we must realize that not all 
elements can be analyzed with the same methods. Sample media type also plays a role in the 
analysis.  
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Figure 24: Arsenic levels across Canada 

Figure 25 is a periodic table put out by one of the laboratories that does the geochemical 
analysis. The different coloured bars under each of the elements represent the preferred analytic 
method that should be used. One can get an appreciation that one type of analysis or one type of 
method can be used to get a valid measurement. There is a range of analyses and preparation 
specific to each type of media that must be carried out in order to obtain a number that can 
actually be useful.  
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Figure 25: Periodic table of elements with geological information 

From the Geoscience Data Repository, one can actually go in and select any number of the 
surveys, obtain meta-data information, and can actually download the results. In this case, Figure 
26 demonstrates a number of till surveys that were carried out in the New Brunswick geologic 
survey. The survey information is available in meta-data form and can be downloaded – the data 
usually comes in some sort of tabular form, which can be imported into a geographical 
information system, or a statistical system for further analysis.  

 
Figure 26: Canadian geochemical survey 
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I’ll show some examples of how data is evaluated across Canada in the context of how it may be 
used in environmental and health aspects. To measure geochemical abundance, the data must be 
prepared through either sieve, dry, crush, dissolve, fuse of the media that you’re using, whether a 
rock, soil or till sample. The sample is then prepared and analyzed with the appropriate 
technology (for example, x-ray fluorescence, inductively-coupled plasma, atomic absorption) 
that is dependent on the type of material and objective that is to be obtained. The result can now 
be reported. One thing that is perhaps overlooked when looking at broad scale maps and 
assembly is the quality and control that is required to produce these tables of data. It is critically 
important to have duplicates, certified reference materials and randomized samples when 
submitting them to the lab. This ensures that you exercise proper quality assurance and proper 
quality control. When assembling data from diverse areas, having certified reference materials 
and looking at the standards or the duplicates can help assure that the data is properly levelled. 
This is probably one of the biggest challenges in assembling geochemical data.  

Other critical measures that one needs to look at when putting data together includes asking; 
What is the spatial variability? Is the sampling density sufficient enough to provide enough 
information on the process that you’re looking for? What is the analytical variability within a 
given survey and between surveys? Are there enough signals in the response that a pattern can be 
seen, and not simply background noise? A lot of this last point is related to precision of the 
instrumentation. At low levels of measuring any particular element, the precision drops and the 
signal is difficult to separate from the background noise.  

If we have a bivariate distribution, for example arsenic and gold, ideally, this is what we would 
see in Figure 27 – or at least this is a hypothetical curve. In reality this is what we would see in 
Figure 28. We see effects of quantization, which is related to the precision of detection at low 
levels. At low levels of detection, the reporting of the information is quantized, and we see 
censoring. In other words, at less than the detection limit, everything is reported at the detection 
limit. Therefore, we see anything but the nice distribution of the bimodal curve.  

 
Figure 27: Ideal bivariate distribution 
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Figure 28: Actual bivariate distribution 

Data can be examined graphically using histograms, box and whisker plots, density plots, 
quantile-quantile plots, as demonstrated in Figure 29. Each of these plots reveals something 
about the nature of the distribution and is useful. This is commonly called an exploratory data 
analysis plot and can be quite helpful in trying to get a sense of what the data is doing.  

 
Figure 29: Exploratory methods 

Figure 30 shows a more multivariate approach which would involve using scatter plots. Here we 
have lake sediments on the left and litho geochemistry from timber lights on the right. On the left 
is a general relationship between the dispersions between the data with respect to each other. The 
same is on the right where we have the points coded according to the phase of the kimberlites. 
This can help us get a better understanding of where the phases fit with respect to each other.  
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Figure 30: Using scatterplots 

Figure 31 shows another important area to study; the spatial analysis, having adequate spatial 
structure as aforementioned – is the sampling density sufficient? One way of doing this is using 
geostatistics, using a measure such as a semi-variagram where at any given point; points closest 
to the designated spot have less variance than points further away. As you move further away 
from a given source, the variance increases until you reach a regional value (what is known as 
the sill). The alternative way of looking at this is with a correlogram, or measuring an auto-
correlation coefficient. Close to the source, you have high correlations and as you move away, 
those correlations decrease. If you have a particular element where you have inadequate 
sampling density, you will not see such nice curves. A flat line will result, and one can infer that 
there is very little spatial continuity to that response.  

 
Figure 31: Spatial analysis 

Figure 32 shows till surveys carried out in New Brunswick, different colours represent different 
surveys carried out over a 15-year period. One of the big challenges in trying to look at many 
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different datasets is whether or not they are properly levelled (can the arsenic levels in one area 
be said to be equivalent to the arsenic in another area?). In other words, is the geology the result 
of some response, or are there some analytical effects? This is an important point to understand.  

 
Figure 32: Till surveys in New Brunswick 

We can use box and whisker plots according to survey numbers where the different metals 
[Figure 33 shows partial extractions] so we’re looking at aqua-region digestion which is not a 
complete digestion. This would be a fine-sized clay fraction in the tills, and is something that 
may be bioaccessible. We can see clearly that the different surveys have different values. From 
simply looking at the data, we cannot differentiate whether or not the values are the result of 
different geology in the map sheets or if they are due to sampling errors. Using plots like these 
(box and whisker) in Figure 33 can help us investigate this. 
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Figure 33: Demonstrating variability in a survey 

We can also do this by lithology shown in Figure 34, where we have the numbers on the bottom 
representing different maps codes, and we can look at the response of each of the elements with 
respect to the rock types. Again, we can get a sense of whether or not the variability is related to 
rock type or if it is attributed to some analytical artefact.  
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Figure 34: Demonstrating variability in lithology 

An example of levelling is shown in Figure 35, from an area just east of Lake Superior. This is a 
Batch 1 area, where 5 lake sediment surveys were carried out in the 1980s. This is an example of 
where one can run into levelling problems, in this case, zinc.  
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Figure 35: Geochemical survey data 

Figure 36 shows zinc across the same area as reasonably continuous in terms of its background 
variation, background colour, except up by the Cow River sheet where you can see a slightly 
elevate zinc value. This is clearly related to an analytical effect, and not related to anything in the 
geology. One sure way of seeing this is when you see map boundaries and differences in map 
sheets, and not something that is related to geology.  

 
Figure 36: Zinc in Lake Sediments 
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Bob Garrett put out a report several years ago on a parametric levelling scenario, as shown in 
Figure 37. In the scenario, if you have between 2 map sheets looking at the quantiles (for 
example, 5, 10, 15, 20th percentiles), throughout two distributions and you obtain a straight line 
with the slope of one, there is no levelling required between the sets. If you get a shift (2nd graph 
from Figure 37), then the levelling requires a straight addition or subtraction. You can have a 
multiplier effect where you have an adjustment with the slope, or you can have a combination of 
shift and multiplier effects. The worst case scenario is having a completely random effect and 
you can’t adjust anything. The two sets, in the random case, cannot be levelled.  
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Figure 37: Parametric levelling scenarios 

In this case of the batch 1 area, in the zinc in Cow River sheet, there was a shift in the multiplier 
effect. The original distribution of the quartiles is found in Figure 38 and Figure 39 shows the 
correction. When you apply that correction to the data, you plot that up again using the same 
scale as used in the previous map, and you can see that the points then fall within the 
background, or within the variability of the rest of the map area. The high points that existed 
within the previous image are also maintained; Figure 39 portrays be a reasonable levelling.  
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Figure 38: Levelling zinc 

 
Figure 39: Zinc data after levelling 

A quick example, in Figure 40, of the importance of topography in aspects of looking at soils and 
soil geochemistry is from Indonesia, but it could be equally applied in Canada. There is a 
bimodal distribution here, two populations. Looking at the distribution of this population, it sits 
in the valley and on the slopes, and sort of represents a pawning effect of this particular type of 
soil.  
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Figure 40: Soil geochemistry, PC1 over topography 

Looking at the distribution of the other population in Figure 41, we see that it sits on all of the 
ridges and the hill tops. When this project was originally carried out, everyone was baffled by the 
response. It was only when it was draped onto a digital elevation model was anyone able to make 
sense of it. It turns out that this material here is all recent volcanic ash that has yet to be eroded. 
As soon as it starts to erode, and as soon as it starts going down the slopes, it rapidly becomes 
saprolytic material and blends in with the other weathered material. It’s a very nice example of 
how topography can play an important role and how you interpret geochemical data.   

 
Figure 41: Soil geochemistry, PC1 over topography 

In summary, we have a large amount of geochemical survey information available from various 
levels of government across the country. Geochemical variability is dependent on sample media, 
underlying bedrock, eco-regions, glacial and weathering histories. Levelling of regional 
geochemical data is often required. I’ve shown a very brief snapshot of what is done in a couple 
of areas. This is for any kind of serious integration of data across the country, and levelling is a 
serious problem that requires an awful lot of work. The measures of geochemical abundance at 
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the surface and near surface when evaluated in the context of regional background can be a 
significant measure for population health risk. 

Discussion Session - Eric Grunsky 

Question: Mike Jerrett, University of California at Berkeley 

You mention that there is a new geo-data portal for getting geologic data. I wanted to more 
generally ask, as an ex-pat Canadian who hasn’t been up on the Canadian scene for data 
provision over the last 3 years, have there been any improvements in data access, compared to 
the US geological survey and the US census and most of the Australian data? This data is now 
available for free, and it has always been a major challenge in Canada trying to generate a 
geoscience industry when the data is so expensive. I would often have my students leave from 
McMaster, go out with great enthusiasm, try to bring geoscience into various disciplines, and 
have their boss look at the price of the data and then have them say that they can’t afford this. I 
think this has been resolved in part for universities, but more generally, is it becoming more 
available without charge?  

Answer: Eric Grunsky 

 Yes. Just recently, GeoBase, which is the portal for Natural Resources Canada, has now released 
all topographic information at 50,000 scale for free. There is now a complete Landsat 7 coverage 
for all of Canada available for free from GeoBase. Geological maps and anything shown in this 
presentation is all essentially free.  There are still some open-file reports that one has to purchase. 
The philosophy that NRCan has taken in the last two years has been to start to release all 
information for free. It was recognized several years ago that the data for sale approach was 
impeding a lot of geoscience development and finally, they came around, started planning and 
are now releasing data. Most of the provinces have been releasing their data for free over the last 
5-6 years.   

Mike Jerrett: What about the population data and other surveys from Health and Statistics 
Canada? 

Answer: That I can’t answer. 

Rick Birkett: I can’t answer for Statistics Canada. 

Mike Jerrett:  

I commend their efforts to open up the data, and I think when Australia followed this path, their 
geoscience industry took off. The United States is ahead of Canada in many respects, because 
they’ve been providing these data for free for a long time – even though GIS was created in 
Canada, and we’ve done most of the original development. I encourage you, and other 
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government representatives here to open up and liberate the data so that people can use it for 
free, because there are so many other spin-offs.  

Eric Grunsky: That has been recognized, and Canada is certainly changing from that old 
perspective. 

Question: Heather Gingerich, International Medical Geology Association 

On behalf of Statistics Canada, the data is available for free; however there is a rather rigorous 
project proposal and evaluation process that one has to go though. The data for the National 
Public Health Survey and the Canadian Community Health Survey, which is geo-referenced by 
postal code (which can be handy in some cases, but not for rural areas. For rural areas, they 
usually get lumped into one postal code). It’s not that onerous, but you do have to be 
scientifically rigorous, which we would expect from scientists anyway.  

My questions stem from the fact that I’m looking at the map, and I’m fairly familiar with 
population density distributions in Ontario. I notice that where most of the people live, i.e. most 
of the epidemiology is going to be available; there are blank spaces in the geo-data set. What are 
you strategies to deal with that? 

Answer: Eric Grunsky 

 Historically the emphasis by the Geological Survey of Canada was to work towards mineral 
development. Therefore, naturally populated areas were not places to sample. With the 
Environment and Health Program and the Tri-National Soil Survey, I think the emphasis to a 
sample right across the country included urban areas. That is changing, but it’s not going to 
happen overnight – it will take some time to change.  

Question: Heather Gingerich, International Medical Geology Association 

In areas where the geology or the lithology is similar, in non-densely populated areas, and where 
we have better dataset available for the geoscience, could you then say/interpolate into a densely 
populated area that has similar lithologies? 

Answer: Eric Grunsky 

I would be very cautious about doing that.  

Harold Foster, University of Victoria 

I’ve been studying links between geoscience, geography and disease distribution patterns since 
the early 1980s. I’ve had a whole series of PhD and Master’s students who have been doing that 
at the University of Victoria. We could never get the Canadian data because we could never 
afford it. Pretty well all of our studies have been on the US. It was ridiculous. We would give 
grants to our students to do Master’s and PhD research to use the US data because it was the only 
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thing that was affordable. I stress the point that the first speaker made – it is a ridiculous situation 
where we are actually paying for our students to study data from the US because they can’t 
afford to get Canadian data.  

Answer: Eric Grunsky 

It is well know that has been a problem. I can only speak on behalf of NRCan here, and the 
philosophy at NRCan has changed. What happens in other departments, I just don’t know at this 
point. 

 

Linkages between geosciences and population health 
Dave Smith, United States Geological Survey 
 
Often times we see in the news media references made to linkages between our population and 
geologic materials. Some examples, are shown in Figure 42:  “Peru volcano spews deadly ash,” 
“Hurricane Katrina stirs up issues of lead levels in soil,” “Naturally occurring asbestos linked to 
cancer,” and one that is more anthropogenic – “tracing lung ailments that arose with 9/11 dust.”  

 
Figure 42: Geologic materials in the news 

Earth materials that we come into contact with come in various forms. Those generated by 
natural processes include ash and gases from volcanic eruptions; smoke, gas and particulates 
from wild fires; sediments from floods; dust, soils and sediments from natural weathering and 
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erosion of geologic materials; and from human disturbance we generate dust from construction, 
mining, and off-road driving. We also get anthropogenic materials, including geologic materials 
that have been modified by humans. This may include urban particulates, mine waste, concrete 
and construction materials, commercial asbestos, silica, vermiculite, coal dust, fly ash, 
automobile ash, etc. The issue, as we all know, is that these geologic materials can contain a 
variety of natural and anthropogenic toxicants, and even pathogenic microbes. Some are known 
to result in adverse health effects to individuals or populations. Others are speculated to have 
adverse effects. We frequently find that an understanding of the exact causal link to a disease, as 
well as the minimal exposure levels needed to trigger those diseases are lacking for most earth 
materials.  

I think this is where geoscience can come into play. Earth science can provide useful insights 
that can help biomedical science better understand potential risks associated with earth material. 
I’m sure that everyone present here is aware that the toxicity effects are a function of various 
parameters, the exposure pathway, the dose, the particle characteristics, particle mineralogy, the 
chemical composition of those particulates, the shape of the particulates, and the surface 
freshness of the particulates. The solubility of these particulates and the chemical reactivity may 
vary depending on what part of the body they enter, length of exposure pathways, and the 
chemical form of the toxicants as they are released from earth materials. The oxidation state, for 
example, has a strong influence on how toxic a substance may be. Other controls and important 
factors include how a material is absorbed, distributed, metabolized and eliminated by the body. 
Personal factors such as smoking, nutritional status of an individual or population, exposure to 
other environmental toxicants and contaminants are critical. The genetic susceptibility of an 
individual should be considered as it is a very important factor as well.  

There are various exposure pathways for geologic materials that may enter the human body such 
as inhalation, ingestion, and dermal absorption (entering through breaks in the skin). Depending 
on where in the body that particular geologic material ends up, it may react differently, as shown 
in Figure 43. For example, if that particulate is ingested and ends up in the stomach, it will 
encounter very acidic solutions (pH 1.5) that also contains a lot of electrolytes and enzymes. If it 
is inhaled, and gets into the alveolar ducts and the lungs, it will encounter a very different fluid 
of slightly basic pH (maybe 7.4), fluids that have a high partial pressure of oxygen, some that 
have high sodium, low potassium, and some have high potassium and low sodium. There is 
therefore a variety of environments into which these particulates can come into contact with. The 
same earth material can vary substantially in its chemical behaviour in the body depending on 
the fluid encountered.  
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Figure 43: Various exposure pathways in the human body 

We’ve had some discussion this morning about the various size fractions that enter the body. If 
you inhale a particulate, an inhalation fraction is commonly considered to be in the 10-20 micron 
range and it would end up in the upper part of the respiratory tract. The finer particles of 2-5 
microns will end up in the lower portions of the lungs. Particles ingested by mouth are probably 
a coarser fraction, and maybe less than 250 microns by hand-to-mouth activity. 

We get into how geoscience can be contribute and be complimentary to the biomedical sciences 
and the population health risk sciences. We’ve heard this before, but it bears repeating. I think 
that our strength in the earth sciences is to understand: (1) the sources of those geological 
materials, (2) to map the distribution of those sources in time and space, and (3) to characterize 
the mineralogy and the geochemistry of those sources.  

We’re increasingly seeing in vitro leach tests using simulated fluids such as the gastric fluids or 
the lung fluids. We also get into the interface with the biomedical sciences, where more in vivo 
tests are probably conducted on living organisms ranging from microbes to macro organisms. In 
vitro toxicity testing is also done. Epidemiological data is critical to look at disease distribution 
and its relation with these mapped sources of toxicants. We are also increasingly seeing 
biomonitoring data. The US Centre for Disease Control (CDC), for the last several years, has 
been conducting a large study, the National Health and Nutrition Examination Survey 
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(NHANES). Through NHANES, researchers are systematically trying to cover the whole 
country with blood and urine sampling. They are looking at a huge variety of organic and 
inorganic chemicals in those bodily fluids. I think they’ve only covered about 70 communities so 
far; so it’s a very long-term effort that is sort of the biological equivalent to our continental soil 
survey. The eventual goal would be to compare these two wonderful datasets. 

I want to talk about a few specific examples of the interaction of geologic materials in humans. 
One example is pyrite in coal. This is a risk factor in coal worker’s pneumoconiosis (CWP). 
Studies by Shi Wong at the NYU School of Medicine and Bob Finkleman at the USGS have 
shown a correlation between CWP rates and the levels of bioavailable iron and coals. In order to 
do this, they went back and used the USGS coal quality database. This is a historic database that 
that has been developed over many years and essentially consists of coal assays. By looking at 
this historical geochemical database, the researchers were able to show a correlation in the 
bioavailable iron with this particular disease, CWP and the bioavailable iron correlates with 
pyrite and coal, which is probably no big surprise. Figure 44 shows the graphic of the prevalence 
of CWP plotted against bioavailable iron; you can see data from Colorado, Utah, West Virginia, 
Alabama, Kentucky, Ohio, and Pennsylvania. There seems to be a distinct correlation between 
the prevalence of CWP and the bioavailable iron. This just shows the distribution of some of 
those particular data points in the second graphic of Figure 44. 

 
Figure 44: CWP Prevalence 
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Another example of the interaction between the geological materials and humans is the Kabwe 
mine in Zambia. The Kabwe mine is a lead mine and smelter operation that has been in operation 
for 90-year. It has left a legacy of one of the most highly polluted mine sites in the whole world. 
The blood-lead levels of children who are living within this site are truly impressive. 

Figure 45 is a plot of blood lead levels versus lead and surface soil for mining sites – it doesn’t 
include Kabwe. The solid lines represent mining sites, and the dashed line is a smelter site from 
the Montana and Idaho area. The dash-dot lines represent urban areas. You can see the urban 
areas appear to contribute more to blood-level concentrations in children than some of the 
mining and smelting areas. Something that our Environmental Protection Agency (EPA) has 
been working on for a while is in vivo testing to see how much lead, for example, is taken up in 
swine (as a model for the human body). Pigs are fed soils with varying amounts of lead and 
varying mineralogy. Lead uptake as a function of the mineralogy of the soil that was fed to those 
animals is then examined. Obviously studies like this are very expensive, are time consuming 
and are probably relatively unpleasant to the laboratory test animals.   

 
Figure 45: Blood lead biomonitoring 

Figure 46 shows some of the results from the in vivo tests. The estimated relative bio-
accessibility is on the vertical axis, and the different mineralogy of the soil is along the 
horizontal axis. It can be seen very quickly that soils with a high component of lead carbonate 
and lead oxides have much more bioavailable lead than materials such as lead sulphide. Lead 
sulphide is the mineral galena and a primary ore for lead and lead sulphate. As it turns out in 
Kabwe, Zambia most of the ore material in the dumps and the piles are lead carbonates and 
oxides.  
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Figure 46: Lead uptake tests  

Geoffrey Plumlee and colleagues, and others throughout the world have been, for some time, 
trying to develop a simulated leach that would produce similar data to what the biomedical 
researchers are seeing in pigs and other test animals. One particular recipe is a mixture of 
hydrochloric acid and the amino acid glycine. This is a simulated gastric leach that would be 
held at body temperature. Geoff and his colleagues take 1:100 ratio of solid:leach solution, shake 
it for an hour, filter it, and analyze it. This particular recipe has shown results that correlate with 
in vivo tests rather well.  
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Figure 47: Lead concentrations in various sources 

Figure 47 is a graphic that shows some of the waste in Kabwe, Zambia. The blue bar represents 
the total lead in the soil/solid, and the red bar represents the lead leached by the simulated gastric 
fluid. You can see that for the lead oxide and lead carbonate waste, a large portion of it is 
bioavailable. Another bar highlighted on the graphic is Kabwe edible soil. You can actually buy 
soil in Zambia; pregnant women eat the soil as a routine course of prenatal care. A couple of 
different samples were tested, one only had about 100 ppm of lead in it, and the other one has 
about 2,000 ppm of lead. You can see that a large portion of that lead is bioavailable and 
probably does the women no good. 
 
Originally, most of the concern about asbestos was to industrial workers dealing with it on a 
daily basis. There is more and more concern with naturally occurring asbestos and potential 
health effects from this exposure. Sacramento, California is expanding in size; they are now 
building developments in the Sierra Nevada foothills. East of Sacramento, there is naturally 
occurring serpentite in the foothills of the Sierras. The serpentite contains asbestos and it also 
contains highly elevated levels of elements such as chromium and nickel. There is increased 
concern about the population expanding into these particular geological terrains. Libby, Montana 
is a classic example of industrial exposure to asbestos. There are high incidences of 
mesothelioma and other cancers related to asbestos exposures from the vermiculite plant. Fibrous 
and asbestiform amphiboles were common impurities in the vermiculite mine in Libby.  
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Figure 48 shows another in vitro leach test done on a series of different asbestiform minerals. 
This is looking at aluminum that is released in a serum based fluid leachate, essentially a 
simulated lung fluid. The fluid is of fairly neutral pH. The material from Libby, Montana is 
shown in the orange bars of Figure 48. One can see that this material liberates a lot of aluminum 
compared to the other materials, indicating that it is more likely to be soluble in the lungs as 
compared to other types of material tested. Again, this is another area where geoscience can 
contribute to population health.  

 
Figure 48: In vitro biosolubility studies 

EPA went into the Eldorado hills, which is east of Sacramento and is known to have asbestos in 
the soil. They went to a baseball field and did some simulated games in which they slid into 
bases, and measured asbestos in the dust that was kicked up.  

I mentioned epidemiological data; Figure 49 is a map that shows asbestos-related mortality by 
county. Libby, Montana is in the far north-west corner of Montana. You see clusters that look 
like they are potentially related to port facilities and industrial areas. The areas of Northern 
California and Southern Oregon are areas exposed to pentinites, where there is naturally 
occurring asbestos as well. You can also see some things out here in the heart land that are 
elevated with no obvious explanation.  
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Figure 49: National age‐adjusted rates of asbestos‐related mortality by county for U.S. residents age 15 and over 

Figure 50 shows what the USGS has been doing over the past few years, to try to provide useful 
information for dealing with naturally occurring asbestos, is generate maps showing the 
distribution of asbestos occurrences. We were able to generate these maps on very short order 
because of our historic databases on mines and mineral prospects throughout the nation. I can’t 
emphasize the importance of these historic databases and the importance of continuing to 
develop such national scale data related to geochemistry, to mineralogy, to mineral occurrences, 
geochemistry and to basic geology. 
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Figure 50: Natural asbestos occurrences 

To summarize, Earth materials are commonly complex mixtures of biodurable, bioreactive, 
and/or biosoluble particles. Geochemistry can probably provide insights into the behaviour of 
earth materials in vivo. Earth science methods and technologies provide expertise for the 
fundamental characterization needed for public health studies and risk assessment studies of 
earth materials. There are significant and growing opportunities for collaboration between the 
earth and health science communities.  

 

Use of Geosciences Data in Population Health Risk Assessment 
Mark Richardson, Health Canada 
 
There was mention made earlier about the meta-dataset on all of the geochemistry data for 
Geological Survey of Canada (GSC) to open files, provincial datasets, etc. We worked with GSC 
to compile that information for us so that risk assessors could to use that information to try to 
help find natural background in terms of element concentrations and try to separate that from 
what might be anthropogenic. This separation is an important factor in risk assessment that 
consultants hate to consider. I used to do this separation as practice when I was working in the 
private sector. Virtually all other consultants didn’t consider background when they were 
assessing risks. For example, the Canadian soil guideline for arsenic is 12 ppm, so everything 
over 12 ppm was considered hazardous. In fact, that is not the case. When questioned as to why 
they did not include background, their response was always ‘send us the data, and we’ll consider 
it.’ Hence, the relationship we built with Andy Rencz to make sure that data was available.  
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I want to talk about three basic applications for geochemical data.  (1) Determining estimated 
background daily intake, (2) how CCME (Canadian Council of Ministers of the Environment) 
Soil Quality Guidelines use background in their derivation, and (3) how we screen federal sites 
as to which ones should get funded for remediation which is a big issue. I work in the Federal 
Contaminated Sites Action Plan where these are programs that are set up to try to assess and 
remediate federal sites across the country. 

When I started this program in 2003, there were 4,000 sites listed on the federal contaminated 
site inventory. There are now an excess of 17,000 sites that come under the direct or indirect 
responsibility of federal departments. All of these sites need to be assessed, not all of them need 
to be remediated, but a large number of them do require remediation. We conduct risk 
assessments for all sorts of contaminants, for example, arsenic and most of the natural elements, 
because they are present in mining sites. Remediation of many of sites is the responsibility of 
Indian and Northern Affairs or other departments.  

We start out by trying to get a sense of what is current typical background exposure for the 
general population to a particular element. This is calculated in terms of the typical 
concentrations in air (usually urban air), multiplied by your inhalation rate; concentrations in 
drinking water multiplied by your intake rate for that medium; concentrations in various 
foodstuffs, combined with the intake rates and the concentration rates in soil multiplied by your 
intake rate for soil. This is exemplified by the following equation: 

 

We currently obtain this information from the Geological Survey. We used to derive the 
information ourselves from easily accessible literature, but recognizing that biologists were not 
necessarily the right experts for the job, we decided in 2003 that we would turn to the Geological 
Survey. As the federal government’s experts in all things dirt, we would ask them for this 
information. One of the first questions posed to Andy Rencz and Rod Klassen was “we want to 
know what the intake from soil is, can you tell us what the national average arsenic concentration 
in Canada is?” I’m still waiting for that answer, because it is not a simple question. In my 
naivety, we posed these questions, and we got an answer that we didn’t necessarily like, but had 
to work with. 

When CCME derives guidelines, and when my group does human-based guidelines in support of 
them, we use the following basic formula: 
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This represents some function of risk, which I’m not going to go into. The estimated daily intake 
is included here, and we subtract that from tolerable daily intake (the safe dose). We subtract all 
that out so the residual level remains so that the soil quality guideline will not represent or create 
an exceedance of the safe dose from all sources combined. This does not only concern soil, but is 
also relevant to intake of food consumed through a typical day. This is subtracted to attempt to 
ensure that total exposure does not exceed the guidelines, or does not exceed the safe level, if 
soils are contaminated at the guideline level. We take the incremental risk above background for 
threshold substances where there is a safe dose, we subtract out the dose associated with soil 
exposure, and so we’ve added it back to try to get the additional concentration above background 
that should still be safe. When it comes to carcinogenic substances, we look at the incremental 
risk above background that might be associated with a 1-in-1,000,000 cancer risk, or a 1-in-
100,000 cancer risk. Again, we turn to the Geological Survey for that information.   

At Health Canada, we have prepared a document (Screening of federal contaminated sites) that 
deals with how to do risk assessments for contaminated sites. The first step that is undertaken is a 
measurement of arsenic in the soil. This measurement is compared to the CCME soil quality 
guideline, which is 12 ppm. They would conclude that the site is contaminated and the site must 
be remediated. Arsenic levels vary widely across Canada, and there are places where 100 ppm is 
low, in the context of representing background levels. If we are going to give Health Canada’s 
stamp of approval for funding a project that might require $10,000 to millions of dollars in 
investments, we require that not only does the measurement have to exceed the soil quality 
guideline for that element, it must exceed natural background. We don’t view taxpayers to be 
responsible for cleaning up what God created. It’s unfair to industry, and it is probably a poor 
investment in taxpayer’s dollars. You can imagine an area of naturally high levels of 
contaminants, cleaning up to a value of 12 ppm only over time to have it re-contaminated from 
the geological material underlying that site.   

You could never get the site back to anything “pristine” in that context. We require that these 
sites be screened against natural background. Taking arsenic in Yellowknife as an example – I 
worked on this in the private sector – the national background concentration defined within the 
CCME is 10 ppm, that’s the 98 percentile concentration from data collected from Southern 
Ontario and Prairie soils. Therefore, 10 ppm is what is defined as being somewhat natural. Then, 
2 ppm was added as an incremental risk of arsenic as associated with one in a million cancer 
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risk. Thus, 12 ppm became the natural guideline. In Yellowknife, you have natural occurring 
levels exceeding 1500 ppm. These are measurements made beyond influence of the ore-roaster 
that existed in Yellowknife some years ago. In areas with very similar geology, arsenic 
measurements a good distance from a site are used as a confirmation for the results if levels are 
obtained up to about 8-9 ppm. However, levels naturally exceed that guideline. It has been 
pointed out by friends at GSC that you can’t really define a national guideline, or a national 
background number for many of these natural elements. The spatial variability across the country 
has to be recognized when trying to define clean-up levels for a lot of these sites. 

We are actually migrating to the idea of creating national guidelines that are not a single number, 
but would be defined according to some smaller relevant spatial unit. Whether the spatial unit 
would be divided into eco-zones or eco-regions, or whether it would reflect certain geologic 
formations, we are not sure yet. One problem with using geologic formations as a basis for 
ecozone is that nobody can agree on what the map of geological formations should be. I’ve seen 
three or four, but I put use this to point out the problem with using a single number to represent 
background. This also exemplifies why we have repeatedly turned to the Geological Survey to 
try and give us data that is relevant to helping in defining which sites should be approved for 
funding for remediation. We have also been able to find the levels of remediation required at 
these sites. Obviously, the giant mine in Yellowknife will not be cleaned up to 12 ppm. I believe 
they’re targeting about 360 ppm, which is more representative of the natural mineralization that 
is common in the soils.  

Discussion - Mark Richardson 

Question: Stephanie Douma, University of Ottawa 

Is there any way of going backwards to that? You were wondering what the background 
information, or the normality is, for arsenic in a bedrock area outside of Yellowknife. Is there 
any literature concerning at what point arsenic levels ingested, inhaled, etc., cause toxicity to 
humans, and therefore, go backwards?  

Answer: Mark Richardson  

The toxicity of arsenic exposure would be independent of background concentrations, for 
instance. In Yellowknife, the risks posed by exposure to 12 ppm would be the same as the risks 
posed on me in Ottawa being exposed to that level. The issue is more of trying to remediate sites 
to a similar level of incremental risk, recognizing that the existing natural sources or 
concentrations are independent of any industrial development, mining activity, or anything else. 
We tried to define, for Yellowknife, and came up with 360 ppm, as about 350 ppm being 
representative of average levels, and then an incremental amount on top of that to reflect the 
exposure that is likely to occur. We would have the same incremental risk, but we would just 
have a different starting point. 
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Question: Stephanie Douma, University of Ottawa 

 I understand that, and that’s a very valid way of doing that, but then would the population 
realize that at 350, they were still at a toxic level, if that’s so? 

Answer: Mark Richardson  

Yes, and in fact, discussions have occurred within the community, with the Medical Officer of 
Health that has participated in those discussions, so that those differences are explained. In this 
particular case, there was concern about skin cancer as it relates to arsenic exposure. The 
Medical Officer of Health was looking at the skin cancer risk posed by sun exposure and sun 
burn in community residents traveling to southern climates for a 2-4 week period to get away 
from the Yellowknife winters. That’s the example that he used to get a relative risk.  

Question: Harold Foster, University of Victoria 

 Cleaning up these sites might be very expensive. Have you ever considered the alternative of 
giving the local populations a mineral that’s antagonistic with the one that is threatening them? 
With the case of arsenic, selenium for example, is very protective.  

Answer: Mark Richardson  

In terms of a government policy, or science policy, no, not yet. However, in this community, you 
could probably do more to improve overall health by having a major smoking cessation 
campaign, or diet improvement programs. There are so many other factors that could influence 
health positively, say to offset the likely risk posed here. As a general policy, these contaminated 
sites are identified by the federal government as a legacy issue they need to deal with. In turn, 
they focus on the remediation as opposed to trying to manipulate people’s behaviour. 

Harold Foster: 

One last comment: selenium is very protective against smoking. The higher the levels of 
selenium in the tobacco smoker, the lower the levels of lung cancer.  

Question: Rod Klassen, Natural Resources Canada 

A lot of what you touched on gets to some of the interface between geosciences and health risk 
assessment. When we use standards for soils as a measure against which we determine risk, if 
one goes back and examines how the standards were generated in the first place, and there is a 
lot of room for geoscience to inform on whether or not it actually applies. For instance, if 
geochemical databases are used to link to epidemiological information, where the risk or the 
exposure is assessed against a standard, it may not in fact apply for many good 
geological/mineralogical reasons. I think there’s an area here where communication needs to be 
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ongoing and the work that you’re doing at Health Canada will undoubtedly evolve as these 
factors become recognized.  

Answer: Mark Richardson  

The link between geology, geography and health has been evident to me for a while in private 
practice and the work that I do for Health Canada. The comment was made in the opening 
comments about the avoidance of the ‘geo from the bio.’ That kind of persists – I think the 
geological survey recognized the contribution they are able to make to this question, or to this 
issue. I don’t necessarily think that the bio-types have recognized the value. I think there is a lot 
of communication that has to be involved.  

Question: Claire Franklin, McLaughlin Centre 

You eloquently raise the issue of the base levels or the background levels, and how you 
must/should clean up. That’s a really thorny issue, because the background level, as you pointed 
out, can still be toxicologically significant and pose significant risks. Having worked in 
regulation for many years, there is really no easy answer to that. My question may not be 
necessarily directed at you, but at the geological survey. I’m wondering, given your capacity and 
knowledge of levels of minerals and toxicants that may be present throughout the country, do 
you feel that you have a role in informing government on land use or simply, ‘you shouldn’t live 
there, or build there’ because there is a background level that is going to be toxic to your health? 

Answer: Mark Richardson  

I made a pitch to Andy Rencz in an e-mail maybe 3 weeks ago. On the federal Contaminated 
Sites program, there are three or four departments which are termed ‘expert support’ which 
provide guidance, training and advice, etc. Health Canada on risk assessment, Environment 
Canada on ecological risk assessment, Fisheries and Oceans on protection of fish habitat, and 
Public Works in terms of engineering oversight. I made a pitch to Andy Rencz that he should be 
there as an expert support department in the context of relationship between geochemistry and 
geology to remediation, risk assessment, etc. How far they will take that, or if they will be able to 
pursue that, and sort of join that team, I don’t know, and I have to let him answer that. 

Answer: Andy Rencz, Natural Resources Canada 

 That’s a tough question. What then is the role? I think that our role, as geoscientists, is to 
provide expert advice. Should there be an announcement coming from the GSC about a specific 
element content being too high in a certain area, I don’t know if we should say that, I think we 
need to interact with other people who may be able to put that interpretation or spin onto it. It is 
sort of not our domain. For example, when we provide information to Mark Richardson, we 
provide our information and our interpretation of that, but do we go that next step? I think it’s 



64 
 

dangerous. How far do we go in pushing that information into the interpretation? I don’t know if 
that’s quite the answer you’re looking for.  

Question: Claire Franklin, McLaughlin Centre 

I would like to suggest that you may want to consider whether you can play a much more 
significant role. I will use an ancient example; The fish packing plant that was built at Ranking 
Inlet. After they caught and then canned the fish, somebody then measured the lead levels in the 
fish and they were unacceptably high, rendering the product unfit for sale. The levels were not 
anthropogenic – they were naturally occurring. To me, if this information was known 
beforehand, it could have been very valuable – don’t build a fish packing plant there. I think that 
those may be some of the issues that might be useful to just crystal ball gaze on. 

Answer: Andy Rencz, Natural Resources Canada 

We’ve had this discussion many times. We have maps, and sometimes we present them, but 
sometimes they fall on deaf ears. It’s hard to interpret the maps. 

Answer: Rod Klassen, Natural Resources Canada 

I have to respond because I think one of the key things in geosciences is to define a basis for 
proactive decision-making, and I think that role is yet to really be flushed out at this point. That 
proactive challenge is critical. 

Question: Heather Jamieson, Queen’s University  

Going back to the arsenic in Yellowknife example – this relates not only to your discussion, but 
also to Dave and Rod’s comments earlier about mineralogy and speciation. I understand the 
elevated site’s specific background. However, when decisions have to be made about 
exceedances, it begs the question of not only the anthropogenic versus natural source, but the 
bioaccessibility and how do you handle that, because decisions have to be made? Examples are 
when you have old mine sites closer to the community, where the regularly measured levels are 
hundreds of ppm, or thousands above the 360 ppm. Some of the anthropogenic stuff, I might add, 
according to what we’ve seen, is probably not particularly bioaccessible, and some probably is. 

Answer: That’s true, the presentation before mine talked about bioaccessibility in vitro and in 
vivo. We’ve actually funded the establishment – what I’ll loosely call a ‘pig colony’ – a facility 
within Health Canada to do studies of bioavailability. We’ve done a lot of research with some 
publications related to bioaccessibility and in vitro measurement. We’ve done a lot of work 
looking at particle size, how it relates to bioaccessibility. We’re moving into issues of mineral 
speciation, and how that affects it. We’re working on that, and our guidance documents clearly 
identifies bioavailability as an issue to be addressed as a risk assessment, providing it can be 
done in a valid fashion. For arsenic, lead and maybe cadmium, the in vitro tests have 
demonstrated to be valid surrogates from in vivo analysis. We’ve defined some additional 
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requirements to make sure it’s not solubility limits and other statistical artefacts that are being 
reported incorrectly as bioaccessibility measurements, etc. Those tools are there, and they tend to 
get used in the big messy sites, because the investment of money in those analyses and those 
interpretations is economically viable. For smaller sites, they usually bring in the dump trucks 
and the back hoes, dig it up and haul it away. We do recognize the value of that and are working 
toward more refined policies. We’re funding a round robin across Canada right now, looking at 
all the labs – commercial, industrial, academic – that do those bioaccessibility analyses to get a 
measure of the variability of the labs across the country in terms of the reported concentrations 
that are soluble or bioavailable.  

Question: Dieter Riedel, Private consultant. 

 I’ve spent a large part of my life as a bureaucrat, and science advisor in Health Canada. There’s 
an aspect here concerning the division between scientific disciplines and the application of all 
that knowledge has been a bit neglected, but it’s fundamental. Governments at all levels are 
reactive to crises, and they create rules and regulations that determine whatever can or cannot be 
done. I’m not the only one in the past who has proposed collaborations, for instance between the 
USA and Canadian agencies. The Great Lakes Water Quality is one example; you don’t get 
anywhere because you run up against legislative bases that people don’t want to budge from. The 
budgets in particular departments are very closely monitored to see that they are spent the way 
the legislatures have intended. If you want to increase collaboration, I think you have to look a 
bit further than the traditional power structure. I don’t see any representation here, for instance, 
of the private industry, which have an interest. Another health agency with a very broad interest 
is the Canadian Public Health Agency, who is not represented here. Working out your action 
plans, I think you need to look at these aspects as well.  

Answer: Mark Richardson  

In the context of the issue of bioavailability and bioaccessibility, we’ve established BARC 
(Bioavailability Research Canada) - I actually wanted to call it the Bioavailability and 
Bioaccessibility Research Forum, but I got overruled. BARC has US labs, someone from the US 
EPA has joined, it’s sort of an informal group, but it’s to provide that liaison. We’re hooked to 
the British Geological Survey, and the group in Europe that does similar research called 
BARGE. We have links to Australia, so that’s an informal mechanism. Industry, private sector, 
consultants and labs are also present, and they all participate. They are all kept on the same page. 
All of the different groups are participating in this round robin. We have some informal links 
outside of this forum, but they’re dealing with the same issues. The geochemistry information 
that is relevant, industry has long been adamant that it should be addressed, and I wholly agree 
with that. We are therefore working to ensure that we cover those bases in the scientifically 
defensible way, but there are always issues around the precautionary principle, where there are 
quite a few uncertainties, and I always push to err on the side of caution. We conduct research to 
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try to resolve the uncertainties between, say a government position and an industry position and 
the interpretation of some information, etc.   

Panel Discussion “Development of a Canadian Health Geosciences 
Initiative” 
Panel Chair: Andre Lalonde 
Introduction 

I’d like to continue with the program of today’s workshop. I’ve been asked to lead today’s 
discussion panel. The focus of the panel will be working towards a development of a Canadian 
Health Geosciences Initiative. I’ve been told that we’ve got several panel members, many of 
them are all experts in their fields. They will be giving short presentations. Our first panel 
member is Dave Smith. He is from the United States Geological Survey in Denver. He is a 
geochemist, more specifically involved in soil geochemistry.  

Panel Discussion: Dave Smith, United States Geological Survey 

This is one of my favourite quotes. Mary-Lou Zoback was president of the GSA back in the year 
2001. In her presidential address, she said the following, “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?” We touched this aspect a lot today, and I think it’s very appropriate. We also talked 
about naturally occurring chemicals – the arsenics, the mercuries and the antimonies of the 
world.  

I always find it interesting to check this website periodically; the Chemical Abstracts Service 
Registry Number and Substance Count. I’m always impressed by these numbers. On March 3rd, 
2006, according to this website, there were over 27 million organic and inorganic substances. 
There were almost 8.5 million commercially available chemicals, and almost 240,000 
inventoried and regulated substances. The number increases by an average 4,000 substances per 
day. On November 9, 2007, there were 33 million organic and inorganic substances (that’s an 
increase of almost 5.5 million in a year and a half).  

This next figure really impressed me: there are now over 16 million commercially available 
chemicals – that’s almost doubled in a year and a half. There are now 246,000 inventoried and 
regulated substances. This number has only increased by a little over 6,000. As we deal with 
geoscience and population health risk, what we focussed on today was indeed primarily issues 
related to the chemicals and the environment. It is a huge issue. Most of these chemicals are 
available only in laboratory quantities, but there are 16 million commercially available. The 
Royal Commission on Environmental Pollution, back in 2003, made some similar comments for 
the UK. They recognized that they were on the order of 100,000 chemicals available for use in 
the UK; about 30,000 were in relatively common, everyday use. Of those 30,000 or so, 26 have 
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been risk assessed, there have only been 16 risk management proposals and 2 regulatory 
decisions. A comment that the Royal Commission made was that “ignorance outweighs 
knowledge at every point in the risk assessment process.” I don’t know if you agree with that or 
not, that’s from the RCEP. 

I have another example of potential interaction of geologic environment and human health. This 
is something totally unexpected that came up during the course of gathering basic geochemical 
data. As Andy Rencz mentioned this morning, we’re in the process of initiating a soil 
geochemical survey of the North American continent. We did some pilot studies, one of which 
involved collecting soils along the 38th parallel, right across the US. Figure 51 shows a map of 
the tungsten distribution in A-horizon soils (A-horizon is the upper most mineral soil). The 
height of those bars in Figure 51 is proportional to the amount of total tungsten in the soil. You 
see pretty quickly that in the state of Nevada, and a little bit in the state of Utah, tungsten is 
relatively elevated in comparison with the rest of the country. The maximum concentration of 
almost 3 ppm is in Central and Western Nevada. Tungsten levels are measured by a 4-assay 
extraction with IC-mass spectroscopy finish. It’s a measurement of near total tungsten in the soil.   

 
Figure 51: Tungsten in A‐horizon soils of the E‐W transect plotted on a backdrop of average annual precipitation 

Figure 52 shows the distribution of water soluble tungsten in the soil – still a very clear anomaly, 
for the Nevada area. Why is this of interest, tungsten in Nevada? Bioavailable tungsten, water 
soluble tungsten, it’s pretty easy to get into your system. Some of you, I’m sure, have heard of 
the Fallon Cancer Cluster. Between 1997 and 2002, 16 children in Churchill County, Nevada 
were diagnosed with acute leukemia. Considering the County population and the state-wide 
cancer rate, less than 2 cases would be expected. This is one of the most acute, cancer clusters 
that have ever been observed. The state of Nevada called in the Center for Disease Control 
(CDC) in Atlanta to work on this and to look if they could find an environmental cause for this 
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elevated leukemia rate. The CDC analyzed blood and urine from the affected children in the 
Churchill County, as well as unaffected children. In all cases, both the sick and the well children, 
they found elevated levels of tungsten in the urine. It was so interesting that they went out and 
did some more studies in three more Nevada counties with similar geologic settings: Lovelock, 
Pahrump and Yerington.  
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Figure 52: Tungsten in water extracts of A‐horizon soils in the E‐W transect 

Under the heading ‘children’, in Table 4, you will see the geometric mean tungsten level in µ/L 
in urine of children from these three communities, and then in Churchill County, and compare 
those means and ranges with national average, you'll see how elevated those tungsten levels are 
in comparison with the national average. The national average comes from the Second National 
Report on Human Exposure to Environmental Chemicals. This certainly does not mean that 
tungsten causes cancer. It has generated a lot of toxicological studies since this report came out 
to see if there’s a potential causative relationship between tungsten and leukemia.  
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Table 4:  Geometric mean tungsten levels for urine and water samples 

I show this because it’s an example of unexpected linkages between geosciences and human 
health that may come from the routine collection of geologic data. In this case, it happened to be 
geochemical data on soils. It could have also hypothetically been geophysical data, airborne 
gamma ray spectrometry, or basic geologic mapping. I think in any program relating geosciences 
to human health, we can’t neglect the importance of the pursuit of basic geologic information, 
collected and generated according to standardized protocols. In this case, standardized sampling 
protocols, and standardized analytical protocols so we can compare numbers, maps, etc., from 
Canada to the USA, to Mexico, across any political border that we might encounter. I show one 
final thing, which also came up during the discussion – setting soil standards. This information 
was actually compiled by a colleague in the Slovak Republic. I’ve just compared a few elements 
for five different countries shown in Table 5, for ‘so called’ soil clean-up levels. If you look at all 
of them, we heard that arsenic in Canada is 12 ppm. We can see that this value ranges, in 
Belgium it is 110 ppm. Lead levels range from 80 to 700 ppm. These soil-clean up levels are, on 
average, an order of magnitude of variation. I mentioned the need to standardize the sampling 
protocols, analytical protocols, mapping methodologies. It seems to me that there is a crying 
need to standardize how we set environmental regulatory limits on a global basis. It’s 
disconcerting to me to see an order of magnitude difference in soil cleanup levels.  
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Table 5: National soil clean‐up standards in mg/kg (residential land use) 

 
Panel Chair: Andre Lalonde 

Our next panel member is Genevieve Béchard, who has a background in microbiology. She is 
research program director at NRCan in Ottawa.  

Panel Discussion: Genevieve Béchard, Natural Resources Canada 

I’m not an expert; I’m a manager, so I probably have more questions than answers. I thought I 
would take a few minutes to talk about some of the programs for which I have oversight and 
which all connect in some way. These are enhancing resilience to climate change, ground water, 
reducing risk from natural hazards and environment and health. They have a couple of things in 
common – they all address complex issues, climate change adaptation, water hazards and health. 
Because these are complex issues, they can’t be addressed by one discipline or one organization. 
The issues need to be addressed by people working in different disciplines, working in the 
natural sciences as well as social sciences. They also need collaborations. All of these programs 
are heavily partnered in order to achieve the results that they are set out to achieve. There are 
also no simple answers to the questions we are trying to be address. There are a lot of different 
avenues that can be pursued; therefore we really need to prioritize where we put our efforts. This 
is exemplified through the examples where answers are sometimes obtained in 5-10-15 years. It 
is very important to discuss and agree on what priorities should be addressed. These priorities 
can be adjusted as we move along, but the prioritization discussion is important. The other thing 
that the four programs have in common is that they all deal with decisions that are important for 
Canadians. As we speak, decisions are being made in these areas, for which at times, we don’t 
have enough information. 

 I really enjoyed the discussions this morning on a number of topics. The issue of asbestos was 
raised, and a point was made by André Lalonde that it would have been important to have an 
early dialogue and discussion that would have brought key scientists and the decision-makers 
together. Perhaps this would have resulted in a different outcome regarding some of the 
decisions that were made. I think as we’re looking to set priorities, that’s part of the crystal 
gazing that has to happen as whereas the subjects in early discussion today can happen and can 
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make a difference. The other things that these four programs have in common are that they all 
seek to reduce risk. Each of them, in their own way, is trying to struggle with how we are going 
to get scientific information, that we know we and our partners have, to the decision makers, and 
how risk assessment frameworks get formulated to enable that. What I’m discovering is that in 
each field of expertise, there are different approaches. I’m not quite sure how these approaches 
will evolve over time. Within government, we are talking about how we can develop the all 
hazards front/framework for multi-hazard risk assessment. This needs to include health, 
agriculture, food risks, and all sorts of risks. However, we are very much at the beginning. 
Maybe there are ways we can collaborate in this area to influence how this moves forward.  

There are a couple of key things that are important as we move forward. One of them is to 
understand new types of users. We work very well with some of our traditional partners, and we 
are certainly used to providing and exchanging data with specialists and experts. However, we do 
sometimes require special skills in translating that into products that non traditional users use. 
That’s where I think there is a lot of value in bringing all of us together to think how we can 
bring issues forward through risk assessment. I see a real opportunity, as the plan gets 
formulated, to use both the geosciences and the population health risk assessment lens together 
to identify priorities that may not be quick wins, but areas where together, we can make a 
difference. 

This brings me to some of the questions that I had for the discussion or the folks that will be 
moving forward in developing a plan. 

(1) What are the key priority areas where we can jointly make significant progress, and building 
it perhaps on some of the activities that we have individually made progress, and some areas 
where we can jointly move quickly in?  

(2) What mechanism can we put in place to ensure that all of the organizations that need to be 
communicating with each other are involved? This also means bringing in at times that target 
end user or the decision maker whom we want to be responding to our work.  

(3) How can we also work together to prepare the next generation of scientists who are going to 
bridge across the disciplines?  We’ve tried to bridge some of the geosciences with the geomatics 
with some of the social sciences, and some of the mechanisms aren’t always in place, for 
example, to fund Post-Doctoral Fellows who can fund work in that area. This is again an area 
where we can work together. It takes very special skills to bridge across some of these 
disciplines. NRCan and a number of federal government agencies are making fundamental 
changes in how they will be reporting to parliament and to Canadians on the results and the 
success they are achieving. Starting next year, we will be reporting our results against very 
specific outcomes. In our report, there will be an outcome that is relevant to the discussion today. 
We will be formally reporting on an activity related to ecosystem risk management, which is 
defined as Canada Understands and Mitigates Risks to Natural Resources, Ecosystems and 
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Human Health. This is an area that we believe is important, and I look forward to seeing the 
results of today’s work and the follow-up in terms of getting concrete actions and a plan.   

Panel Chair: Andre Lalonde 

Our next panel member is Harold Foster from the University of Victoria.  

Panel Discussion: Harold Foster, University of Victoria 

There are at least 14, possibly 17 minerals that are essential for human health. There may 
actually be more. Chinese traditional doctors actually believe that every mineral that naturally 
occurs on the Earth plays some role in the human body. We know for sure that there are 14 
essential minerals and 3 more that are of cued up for significance (linoleum, silicon, and boron). 
I happen to think that all three of those minerals are useful in human health. These are not evenly 
distributed in the soils of our planet, but their levels vary enormously with the nature of the 
bedrock, and processes such as glacial aeolian, riverine erosion and deposition. What this means 
is that all over the planet, the risk of being deficient in something, or several minerals, is very 
much dependent upon where you live. An individual’s place of residence affects the levels of 
what is grown there, in the drinking water, and even the water that you shower with, etc.  

As you can see in Table 6, high levels of chromium are released from the weathering of 
ultramafic igneous rock, about 1,800 ppm on average. Low levels of chromium are released by 
the weathering of limestone, about 10 ppm. Obviously, if you live in a limestone area, it’s easier 
to become deficient in chromium than if you live in an area of ultramafic igneous rocks. It’s not 
just an academic interest, because chromium has a major impact on diseases such as diabetes, for 
example. There are many other diseases as well that belong to the chromium disease family tree. 
Phosphorites are rich in selenium, about 18 ppm, where as sandstone is not, about 0.05 ppm on 
average. Being deficient in selenium has major implications for cancer, heart disease and for 
viral infections. Unfortunately, we are mining our soils and processes such as soil erosion, 
aggressive agriculture that doesn’t put minerals back into the soil, acid rain and so on, have 
probably removed roughly 75% of minerals from Canadian topsoil.  
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Table 6: Concentrations of some elements in various natural minerals 

I’m particularly interested in selenium because of its impact on the enzyme glutathione 
peroxidise. This particular table in Table 7 is from Britain, measuring different types of 
vegetables, fruits, meats, and essentially shows a big drop, between 1940 and 1991, in the levels 
of minerals that you would get from eating certain vegetables, fruits, meats, etc. There’s no 
doubt that apart from phosphorous, which we are pouring into our soils through fertilizers, the 
levels of minerals one gets from eating the same diet are nowhere near the levels they were in 
1940. Soils in Britain have been losing their minerals long before 1940, so this is just a snapshot 
in the middle of the process. They have been losing their minerals even faster since 1991.  
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Years of 
Analysis 

Mineral Vegetables 

(27 Varieties) 

Fruit 

(17 Varieties)  

Meat 

(10 Cuts)  

1940/1991 Sodium Less 49% Less 29% Less 30% 

1940/1991 Potassium Less 16% Less 19% Less 16% 

1940/1991 Phosphorus Plus 9% Plus 2% Less 28% 

1940/1991 Magnesium Less 24% Less 16% Less 10% 

1940/1991 Calcium Less 46% Less 16% Less 41% 

1940/1991 Iron Less 27% Less 24% Less 54% 

1940/1991 Copper Less 76% Less 20% Less 24% 

Table 7: Mineral Content of Vegetables, Fruit and Meat, United Kingdom (1940 – 1991) 

I’m particularly interested in glutathione peroxidise and the mineral that acts as its cofactor, 
which is selenium. What is happening globally is that we’re seeing a massive decline in selenium 
passing through the food chain. The more there is sulphur in coal, the less the availability of 
selenium. Although coal is relatively high in selenium, it contains about 50,000 times more 
sulphur. As a result, when it is burned, coal selenium is largely reduced to its elemental form and 
deposited fairly close to the combustion source. The more sulphur in coal, the less uptake of 
selenium by vegetation. I know these are generalizations and you can probably pick holes in 
specific examples, but it is generally true.  

The second reason why selenium levels are falling, virtually globally, is that sulphate and nitrate 
ions released into the atmosphere by the burning of fossil fuels results in acid rain, which lowers 
soil pH. Selenium is less bioavailable in such acid soils, therefore the more acidic the soil, the 
less bioavailable the selenium. 

 The third reason is fossil fuel burning also results in the creation of mercury, cadmium, lead and 
arsenic selenides. These metal selenides are highly stable and appear to act as sinks for selenium. 
This may be why cancer is so common in regions where soils are elevated in mercury. 
Essentially what these heavy metals do is stop the selenium from entering into the food chain. 
An interesting side effect is observed in people who are poisoned with mercury. We have seen 
some incredibly rapid recoveries when they take very high doses of selenium. The green 
revolution has been driven by fertilizers consisting predominantly of sulphur, nitrogen, 
phosphorus, etc. All three of these substances seem to depress the plant uptake of selenium.  
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Finally, selenium excreted in animal urine (trimethlyselenonium ion) is unavailable to plants. 
Therefore, in large areas with cattle and sheep, etc. grazing, selenium doesn’t get back into the 
food chain very easily. The resultant birth of vegetation that contains little of this mineral is 
having major negative impacts throughout the biosphere, not just on humans, but insects and 
animals as well. Insects, animals and humans that are deficient in selenium are very easily killed 
by viruses.  

Diseases can be placed into family trees. The first order disease is caused by an excess or 
deficiency of one mineral. For example, iodine deficiency will result in goitre. As a result, first 
order diseases usually occur over a very large geographical area. A second order disease requires 
two mineral imbalances. For example, areas that are iodine and selenium deficient are very high 
in myksodematic cretinism. There are also areas where sudden infant death syndrome (SIDS) is 
particularly common.  

Figure 53 demonstrates that first order diseases occur widely over large areas, and are usually 
quite common, whereas second order diseases are nested inside the first order, third order nested 
within the second and so on. Additionally, the higher the order of disease, the rarer it becomes. 
When you get an illness that involves maybe four or five different imbalances, it may be found 
on the planet on only one river valley, or one island. 

 
Figure 53: Demonstrating the spatial relationships between orders of diseases 
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I have written several books on this topic, one each on cancer, AIDS, multiple sclerosis, 
schizophrenia and alzheimer’s disease. My book Health, Disease and the Environment discusses 
a different disease in each chapter. If you’re interested in a particular disease, most of these 
books are free from my website. 

 
Figure 54: Comparison of giotre in WWI troops and Sudden Infant Dealth Syndrome (1982‐1987) 
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Figure 54 shows maps comparing the iodine deficiency disorder goitre with two of the other 
members of the iodine family tree, which are higher order disorders (SIDS and multiple 
sclerosis). The maps display the iodine concentrations in drinking water and also compare skin 
cancer and melanoma. Essentially, with both SIDS and multiple sclerosis, those diseases are 
much more common in areas that are more iodine deficient. For example, if you look at multiple 
sclerosis in Canada, you’ll find a tendency to be concentrated in areas that are highly glaciated, 
which removes the soils, which tend to be high in iodine, and they are also a long distance from 
the ocean. Most of our iodine gets back into soil through precipitation. Essentially, the prairies 
are high in multiple sclerosis because they are iodine deficient. The iodine that has been removed 
by glaciations also takes a long time to be replaced.  

This was very crude work shown in Table 8 that was done in the early 1980s; we had no budget, 
so I had to use American data. What is being compared is the data collected by the US geological 
Survey on soil levels of elements such as selenium, mercury, calcium, etc, across the US, in 
surficial sediments and the death rates from cancer during the period from 1950-1967. That was 
about 4.8 million cancer deaths. What you find from that is that there are strong negative 
correlations with the amount of selenium in the soil and also very strong negative correlations 
with the amount of calcium in the soil. There are very strong positive correlations with the 
amount of mercury in the soil. I believe that in the early 1980s, selenium and calcium were very 
protective against cancer and that high level of mercury promotes cancer. 

 
Table 8: Relationships between cancer mortality (in white males) and soil levels of selenium, mercury and calcium in the USA 
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Table 9 shows examples of heart diseases and various minerals in the soil. We’re looking at 
largely calcium, barium, arsenic, sodium and selenium. There are some very interesting negative 
correlations as well. This did not take into consideration bioavailability, etc., this was the type of 
data I could get.  

Table 9: Pearson correlation coefficients illustrating associations, in the United States, at the state level, 
between diseases of the heart and certain soil elements for the years 1976‐1980 

 
In using other people’s free data, I will say that in the 1980s, this sort of research was considered 
ridiculous. However, there was a pioneer who came long before I started working on the data. 
Dr. Harry Warren from the Geology department of the University of British Columbia was really 
the first Canadian who took the geological sciences and health very seriously. He started in the 
1960s and was also doing consulting work for mining companies and sneaking in this type of 
research on top of it so it could be paid for. Although this is early data, done in the 1980s and it 
shows these links, we were simply trying to generate hypotheses. These tables show the links in 
the US between major illnesses and cancer and heart disease in white males and factors such as 
soil selenium, mercury and calcium levels.  

My major work at the moment is on HIV/AIDS. The global distribution has been enormously 
impacted by the amount of selenium in the soil. Countries that naturally have high amounts of 
selenium, such as Bolivia, have no HIV/AIDS. Countries such as Finland, who was smart 
enough to add selenium to their fertilizers in the early 1980s, have virtually no HIV/AIDS either. 
Why? Because you can protect and reverse HIV/AIDS with the enzyme glutathione peroxidise, 
but you cannot make that enzyme unless you have relatively high levels of selenium in your 
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body. Does this matter? It matters enormously. The viruses that incurred for and removed 
selenium from the human body when someone is infected have already infected more than 1/3 of 
the global population. They include HIV/AIDS, hepatitis B and C, and the Coxsackie B virus. 
These viruses bring with them AIDS, hepatitis, and myocardial infarction. There appear to be 
plenty of other viruses that include glutathione peroxidise. Therefore, the deficiency of selenium 
that we are building up through acid rain, the use of fertilizers, etc. is actually threatening the 
eventual survival of our species. If anybody wants to read some of this information on the trials 
that we have been doing in Africa, it is all freely available from the following website: 
www.hdfoster.com 

Panel Chair: Andre Lalonde 

Mark Hannington is a geologist here at the University of Ottawa. He is very much involved with 
founding the Canadian Shield Research Institute. He is also a geologist very much involved in 
the understanding of mineral deposits, and is also interested in the responsible and sustainable 
development of our mineral resources.  

Panel Discussion:  Mark Hannington, Canadian Shield Research Institute 

This workshop has a lot of parallels with an initiative that we put together last year to breathe life 
into the concept of the Canadian Shield Research Institute. The fundamental goal of this concept 
was linking sustainable development of natural resources, specifically in the Canadian Shield, 
with environmental research, health research, policy education, and communities. I will say a 
few things about the Canadian Shield. It was mentioned and showed several times today, 
particularly by geologists. There are certain things that can be observed at meetings of this type. 
The geologists are very much obsessed with place; where to drill, explore, and collect samples 
and where to worry about risks, environmental hazards, and geohazards. Population health risk 
scientists also appear to be interested in place. However population risk scientists are more so 
interested in the place where people live, which isn’t necessarily the same as the places that 
geologists are interested in. This was apparent from the datasets that were shown today, 
particularly from the Geological Survey of Canada. In many cases, these datasets were for places 
where populations do not necessarily inhabit. If anything results from this workshop, or from 
another initiative that follows from this workshop, one thing that must happen is to figure out the 
location of the datasets are that can be utilized together.  

Our initiative, which was to focus on the Canadian Shield, was to pick a part of the planet, in 
particular a part of Canada, where we could focus on a number of issues revolving around 
resource development. We chose the Canadian Shield which stretches across from the Great 
Lakes to the Canadian Arctic and from the Atlantic all the way to the western Canadian 
Sedimentary Basin. Most of you know that it contains half of Canada’s 30 ecozones, particularly 
the boreal forest and the tundra, which are Canada’s largest ecozones. I was particularly 
interested in seeing Mark Richardson dividing up his population health risk and datasets 
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according to ecozones. I thought this was well done because it has a spatial link that geologists 
can clearly understand. 

 The Canadian Shield also contains the bulk of Canada’s fresh water, which is clearly visible 
when you look at where all of Canada’s lakes and the rivers are located. All of the black dots 
shown in Figure 55 are essentially contained within the Canadian Shield. Therefore, any impact 
on humans via water will be measurably detected in large parts throughout the Canadian Shield, 
providing that the geoscience datasets are available.  

 
Figure 55: Layout of the wate contained in the Canadian Shield 

The third thing that I want to mention about the Canadian Shield is that is contains the bulk of 
Canada’s mineral wealth. These may seem like disconnected concepts, however in the context of 
human health, I think this is quite important because the Canadian Shield is presently on the 
verge of a massive development that will take place within the next couple of decades. This 
development is driven by the unprecedented demand for raw materials. China, India, and the so-
called ‘brick country’ explorers are coming back to Canada, particularly to the Canadian Shield 
to access these resources. This will result in a massive amount of new data, a massive amount of 
risk assessment, a massive amount of development and also mobilization of populations to 
access these resources. I believe that this is where the spatial relationship between what 
populations health scientists are trying to do and what geoscientists have done in the past, and 
are prepared to do in the future, really comes to the forefront. In other words, the places where 
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the populations overlap with geoscience datasets are where the resource development will take 
place, and this is what has taken place in the past. 

In the Canadian Shield, there are about 250 active mines. That also means that there are 250 
communities associated with those mines. The mining industry in Canada employs about a half a 
million peoples and is the largest employer of Aboriginals in Canada. Therefore, if scientists are 
looking for places to explore the link between geoscience and health, a very good place to go is 
where the exposed people are located. In these cases, these people are exposed to what would 
generally be considered massive concentrations of elements that are of concern in a health 
context.  

An important question to consider in the future when developing the link between geosciences 
and health is that of who your partners will be. The question was brought up very briefly that 
somebody who is missing from this audience is the mining sector; the industrial sector that is 
most likely to be impacted by development in the Canadian Shield. This industry is well ahead of 
most governments in terms of assessing risk. Many of you may be familiar with the MMSD 
report that was published in 2004. This was a massive worldwide investment on the part of the 
mining industry to respond to the issue of sustainable development with respect to resource 
development. Hundreds of millions of dollars were spent in the development of a framework, 
totally independent of governments, to ensure that the mining industry had a licence to continue 
to operate. The industry is doing this in Canada and all over the world. As a fall out from this 
work, the mining industry spent a lot of time and energy assessing environmental impacts. From 
my experience, they spent a lot of time looking at aquatic systems and the behaviour of fish.  

They are now beginning to consider community health, and that’s where this workshop can have 
a potential impact. Now that the largest user of geoscience and health information of the 
industrial sector in Canada is going to be the mining sector, we can be of use as they are 
beginning to think about community health. They are also considering the risk factors associated 
with the development of the Canadian Shield, with respect to community health. Costs are also 
examined and questions are asked: Will this be prohibitive for us to look into, take care of, 
monitor, assess and mitigate risks to community health? Is this going to prevent development 
because of its costs? The audience here has an ability to speak directly to those people. The next 
time you get together, I strongly recommend that the Mining Association of Canada is invited to 
a colloquium like this. They were, after all, involved in a very big way in the Metals in the 
Environment Research Network, to the tune of around 2-3 million dollars. At that time they 
were, and still are, very interested in the metals in the environment, but I guarantee that they will 
also be very interested in community health.  

Panel Chair: André  Lalonde 

Michael Jerrett is professor of geographic information science at the University of California, 
Berkley. Michael is an expert in geographical information systems. 
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Panel Discussion: Michael Jerrett, University of California at Berkley 

Dan asked me to speak more generally about medical geography perspectives in population 
health sciences, in particular, what it means when we find an association between disease and 
place. Back in 1983, Jonathan Mayer wrote a classic statement of this field, where he outlined 
three possibilities. We’ve talked a lot places, and I was glad to see that Mark Hannington was 
emphasizing that interest in places. If we do see an elevated disease in a place, it means one of 
three things: that the population faces some elevated exposure to a pathogen or contaminant, the 
population may be more susceptible (they could be elderly, socioeconomically disadvantaged, 
genetically susceptible), or the population may be mal-adapting to its environment. Having lived 
in Los Angeles and seeing everyone jog along the roadsides during pollution events, I can say 
that this is happening all over the world.  

To illustrate this, I’d like to use the example of the city of Hamilton. Hamilton is a caricature of 
itself; it’s almost cartoon-like in the way that spatial patterns, disease and place pan out because 
of the long-term presence of steel mills very close to residential areas. There are very high levels 
of pollution that are emitted from these steel mills. These areas also tend to be socioeconomically 
disadvantaged. If we look at the first idea, the concept of disease and place, the simplified red 
isopleths shows areas that are out of compliance for government standards for particulate matter 
in the air shown in Figure 56. The darker purple that’s hatched with yellow shows significant 
clusters of asthma based on a survey of over 3,000 children, as conducted by Malcolm Sears. 
You can see that there is a spatial correspondence here between those areas of significantly 
elevated asthma and air pollution. Perhaps, it is due to the exposure.  

 
Figure 56: Pollution exposure and asthma symptoms in Hamilton 
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We also know that the population in areas of Hamilton, such as Copes Street, are dealing with 
not only pollution, but also low socioeconomic status, the stigma of living in a toxic 
neighbourhood, many of the problems associated with being of lower social class. These clusters 
are also very close to the same areas where we see the asthma. It is therefore possible that this is 
an area of susceptibility as well as an area of exposure. Adaptation is how people adapt to being 
low on the socioeconomic ladder.  

One of the things that this subset of the population is doing, and a lot more as compared to the 
rest of the population, is smoking. Figure 57n shows the rates of smoking, and in some cases, 
those rates are over 45% of the population. We’re seeing this spatial correspondence between 
disease and place, and in Hamilton we’re seeing three possible major explanations playing out. 
This, I think points out to one of the fundamental limitations that we always have to be aware of 
when dealing with spatial analysis of disease and place. We cannot necessarily infer a causal 
association here. It’s very dangerous to put maps up to really get a true causal relationship. 
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Figure 57: Smoking rates in Hamilton 

Some friends and I were discussing spatial modelling. When I did my thesis at McGill, it 
involved spatial modelling, so what’s new? Why are we making such a big deal of this? Our 
discussion was over dinner, with a couple of glasses of wine; therefore we had a long discussion. 
Through this, I came up with a few ideas that I have subsequently refined. Certainly, one of the 
important aspects of this is that we’ve see tremendous growth in the information science 
technology and geosciences. This has allowed us to do many things that in the past, working with 
paper maps, slide rules, etc., would not have been possible. Spatial modelling has allowed us to 



84 
 

see the data, and seeing the data is very important to medically trained people. These people are 
used to mapping the body, or the genome. Seeing a map, to them, speaks volumes in a way that 
we could never convey in numbers and tables. It allows us to integrate numerous sources of data 
together on one single geographic plane. We can have interactive, ongoing analysis which is 
great for generating hypotheses, and this is a very important role for the medical geography field. 
It gives us the ability to use very large datasets and bring them together. This was impossible, 
even 10 or 15 years ago when computing strength was much lower. Now, we are able to bring 
these large, one million people datasets together, combined with a lot of other exposures, and 
assess very small effects. In order to find small effects with certainty, large populations are 
usually needed. 

 The speed of delivery has also improved immensely. I’ll provide you with a few examples. 
Figures 58 and 59 both show maps of the human and American circulatory systems, respectively. 
They are both very similar and I’m always amazed when I talk to physicians, nurses and other 
medically trained individuals, how quickly they pick up on geographic phenomena in ways that 
epidemiologists and biostatisticians do not. Biostatisticians are usually accustomed to working in 
a ‘number’ world, not a visual world.  

 
Figure 58: Visual map of the human circulatory system 
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CirculatoryAmerica

 
Figure 59: Circulatory system of the USA 

If we look at data integration and visualization, I have an example that I use in first year health 
studies shown in Figure 58: hospital clinics with general physician/physician practices and 
emergency room visits. What’s the association that immediately pops up? Wherever physicians 
are absent, you have higher number of emergency room visits. This is a terrible way of allocating 
health resources. That type of integration can begin to suggest associations very soon and early 
in the process if we’re trying to make decisions that we’ve talked and heard about.  

 
Figure 60: Noncritical emergency visits 

Figure 61 demonstrates another trend that is happening, it’s called integrated/distributed web 
based GIS. There is another group at Health Canada that has worked for many years in National 
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Health Data Infrastructure, trying to develop national level infrastructure to project maps that are 
on the fly. This area is rapidly evolving and has tremendous potential. There are limits to this 
potential, and I will address them in a minute. We are also able to rapidly react to disease 
outbreaks. This is based on a Health Canada web-lining tool that allows for any mention, in any 
type of media, about an infectious disease on the World Wide Web to be brought forth and 
rapidly mapped. The World Health Organization developed this geographic information system 
because often times, countries don’t want infectious diseases to be reported. This is an example 
of another important innovation. This is all leading to new journals, new questions, and I think 
tremendous growth at least in the scholarly research of GIS and health. A simple example going 
up to 2004 shows the number of hits when I put search “GIS and health” in Pub Med. From 
Figure 62, you can see that these numbers are steadily increasing. I haven’t updated this, but we 
are probably currently at over 100 per year.  

 
Figure 61: Interactive web distributed health GIS 
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Figure 62: PubMed Citations on GIS and Health by Year (Search term: 'GIS AND Health') 

Despite all of this promise, GIS and spatial analysis remain a very small part of the population 
health field. A main question: why is it still so small? Why have we not seen more penetration? 
One of the reasons is that health remains a very small part of the GIS field. We have a GIS field 
that is driven by National Resource, Transportation and Utilities Planning. People developing the 
software at ESRI are not trying to cater to the people in the health field; they are trying to make 
sure that Otis Elevators can get the best route to do their repairs. Therefore, the major driving 
force is not coming from health, and it is limited in the ability of the applications that are 
available.  

It is important to note that GIS is largely temporarily static. What we are seeing are snapshots in 
time; we are not seeing a dynamic health process. I know that I’ve spoken to Daniel Spitzer who 
has a company that has some very interesting mapping capacities, and they can show dynamic 
pollution exposure. Getting that dynamic aspect is important. Going back to the health sector, 
public health is already chronically underfunded; they are belaboured and not eager to take on 
new mandates without additional funding. I did a survey for David Mowitz, of 30 public health 
surveillance groups across Canada about 7 years ago, and funding and resources were pervasive 
themes. We don’t have the people or the resources to invest in anything new because we can’t 
keep up with our current mandate. There is going to be a need for societal investment if you do 
really want to see this take off. The data costs, as I’ve already mentioned in my comments and 
the integration of the data into unified, systematic, metadata is not happening fast enough. We 
can have data but we need to be able to integrate them. For example, the US has a federal 
geospatial library.  

An important aspect that I haven’t heard today is privacy concerns. We live in a society where 
people in marketing are constantly tearing out information on our purchases, our personal lives 
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and where there are huge data links. People are justifiably concerned about their health data and 
personal data. This is acting as a tremendous barrier to integrating health research and GIS that 
we need to overcome with institutional improvements. If we look to the future, I still remain 
optimistic that there will be greater use of this because we’re getting promising new remotely 
sensed imagery available online, and readily available at a low cost.  

I would say that Google Earth is awakening a global geographical imagination. People who 
would have never thought of themselves as geographers are now putting locations into Google 
Earth, and thinking spatially. I believe that the societal implications of this are quite large. We 
have real-time environmental sensors for pollution, physical activity and many other things that 
can be integrated with GIS, geolocation, and GPS technologies with many health applications. I 
believe the benefits are beginning to be seen in some health fields, and this is driving the demand 
for new developments, and partly showing itself in this workshop. In terms of data providers, 
they seem to be more willing to provide access to data in Canada. I think one of the things to 
emphasize is not simply the geospatial data, but Canada has very unique opportunity, with the 
universal health system, to conduct health research that you can’t do virtually anywhere else in 
the world. To have a no-exclusion, population-based, fully computerized system of health data is 
something that will never happen in the US in our lifetime, and may not happen in many other 
countries either. This is something to think about as we go to integrate the data – how to bring 
this tremendous resource of the universal health care system in to track and survey diseases.  

Panel Chair: André Lalonde 

Nancy Doubleday is from Carleton University, and has a varied background. She has training in 
biology, geology, law, geography and is very much concerned with Northern environments and 
environmental studies. 

Panel Discussion: Nancy Doubleday, Carleton University 

I am really excited by the many possibilities for expanding the discussions that have taken place. 
I say this because we have 2 legs - we may not have a stool - but it needs a third leg. This third 
leg is the public. We need to put the public in public policy, and in public health. The public that 
is out there is eagerly awaiting news from all of us because the issues that we are considering 
here today are extremely relevant, and important on a daily basis. There is an enormous demand 
for information and for the capacity to play a role in decision making. When we start thinking 
about expert systems and complex systems (which is really what we’re trying to do in integrating 
the domains of geosciences and population health), we have to think about different orders of 
engagement. In terms of the process of decision-making, the citizenry certainly have opinions 
about their health and are quite prepared to take action. The difficulty is the communication gap, 
partly due to difficulties in translation, but also due to lack of access in an appropriate fashion.  

There are a couple of things that I wanted to flag for our collective consideration as we move 
into discussion. The recent decision by the Canadian Institute for Health Research (CIHR) to call 
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on researchers to post their raw data in real-time is an innovation in communication of research 
results with a lot of impacts and potentially a lot of research benefits for all of us working in 
fields related to health. It’s been adopted as a model by the Canadian International Polar Year 
Office. All of us who are engaged in research under that banner are being asked to post any 
information researchers have collected within six months but preferably two months and to make 
that publicly available.  

This is a bit of a revolution in terms of the way that information is going to be disseminated. This 
is not to say that it is holus bolus and available to anyone who may wish to access this. The 
Office recognizes the need to preserve the right of the author to publish and secure rights for 
graduate students engaged in academic enterprises. There is a recognition that we’re not talking 
about a radical shift, rather a shift dealing with increased transparency and increased 
accountability. This is turning up in a number of spheres and a number of connections that will 
impact the work that we are trying to do today. The issue of costs of research is something that is 
critical to all of us, a number of speakers have talked about resourcing, research difficulties in 
doing that in earlier times. There is another crunch coming. To quote Brian Day, the president of 
the Canadian Medical Association (CMA), he said that “by the end of this year, 2007, we will 
have choked up 160 billion dollars worth of medical expenses on behalf of Canadian citizens.” 
He said that it is now time to start talking about what we can afford to fund. One of the ways of 
dealing with this level of expenditure is to think about prevention and reallocation of the 
assumption of risk. We can educate citizens, inform them and allow them to share in sharing the 
risk inherent in decision making and allow them to share a greater proportion of the risk with 
respect to outcomes. This is one way to reduce the level expenditure in terms of repair, 
remediation and restitution after harm is done. There should be a shift in onus and opening up 
discussion around risk sharing, the sharing of management information and management of 
research.  

Then we move into another domain, which is really the commercial domain and it has to do with 
the interface between the regulatory framework, which is in large measure governmental, and the 
industrial, commercial and consumer domains, which are critical drivers in our economy. It is a 
mistake to think solely about particular sectors. I support the idea of including the Canadian 
Mining Association. They are a wonderful group of people and have contributed enormously to 
discussions around sustainability in this country for many years. I would also support bringing in 
First Nations and a number of other groups who have also been very engaged in terms of 
broadening that discussion. In this diversity, we are going to get the strength we need to shift this 
paradigm. This is a beginning of a new way of thinking about health, and thinking about health 
research. What we’ve heard from our keynote speakers this morning sets the stage for a fairly 
dramatic envisioning of how health works at the population level.  

The costs are building up at the level of the individual. This shifts back to the population when 
dealing with the economy. How we are going to turn that around and make it manageable will 
have a lot to do with preventative approaches. After this, we must move into the proactive and 
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anticipatory mode of operating. How do we get there? We have to build a better informed 
citizenry. This means more communication in effective ways. I totally support the comments 
made about using visual, GIS, and making information accessible in a way that people can grasp 
it quickly. Making information accessible applies to everyone. We must also be able to provide 
support that enables people to make choices by opening up, and increasing the transparency of 
the knowledge we have. 

One example that I’m particularly interested in, from a legal perspective, is the movement in 
Ontario (I realize that jurisdictions differ considerably with respect to the way that property is 
managed), to a system of land titles. We aren’t 100% converted over to land titles, but we’re 
almost shifted over. Land title is an electronic database system for registering ownership of 
property and tracing title. However, there are a few registry offices left in various municipalities 
around the province. When we are completely switched over to land titles, it will be possible to 
have geo-coordinates for ownership and for chains of ownership. This will provide another layer 
of socioeconomic understanding with respect to transactions around land, which then connect to 
landscape, and connect, with much broader scales of health and wellbeing.  

I think there are two faces to this land title system. One face is the research dimension of using 
that sort of data which has not really been tried yet, at least not in the land titles process. The 
second dimension feeds into the participatory and proactive domain that we’re trying to get to. 
This idea is that if we have knowledge, if we have these wonderful maps, then we can link that 
information to this database, and consumers could begin to make more informed choices about 
where they are planning to buy property for various kinds of purposes. This feeds right into 
Claire Franklin’s question about the landscape and the planning dimensions, as well as the 
regulatory aspects of what’s permitted where. Should you build housing with basements if you’re 
on shale and clay? Probably not. However, do people buying plots of land know this? Not 
necessarily so.  

I hope there will be some excited discussion, because I think this is a wonderful initiative, and 
hats off to all of the organizers.  

 

Panel Chair: André Lalonde 

Pat Rasmussen works at Health Canada in Ottawa. Her training is in geology and interestingly, 
she very much embodies this section of the two fields, working at Health Canada and having 
formal training in the earth sciences. She has been working on many issues, many programs 
including contamination, by heavy metals for example, in some of Canada’s large mining 
centres. At the moment, she is very much interested in metals in the environment.  
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Panel Discussion: Pat Rasmussen, Health Canada 

At Health Canada, I work in an Environmental Health Science Research Bureau, and I wanted to 
start off by providing four steps to environmental health science from Dade Meoller. It’s a 1992 
reference, but it meant something to me in terms of defining what the role of geosciences could 
be in the future program. The 4 steps are:  

1. Determine the source and nature of each environmental contaminant or stress. 
2. Assess exposure – meaning how and in what form it comes into contact with people. 
3. Measuring the effects. 
4. Applying controls when and where they are appropriate.  
 

This is a simple way of describing the elements that we are talking about today. From my point 
of view, as an earth scientist working in the health field, I feel that the role of geoscience in 
environmental health is mainly in the first two points – determining the source in nature and 
assessing exposure. Specifically, we’ve heard today about what is involved in characterizing the 
source, and what has been done in the past. Anthropogenic inventories often divide sources up in 
terms of area, point and linear sources, and geological sources can be divided up in this manner 
as well.  However, it has a lot to do with defining the shape and the configuration, what’s 
background, and what’s natural versus anthropogenic. In thinking of what would be most useful 
for the future, I thought of quantifying the rate of transfer, or flux, from those sources into the air 
and into the biological regime. This is one of the challenges for people moving into this field, 
and it is a very difficult thing to do technologically. The term dynamic came up earlier, which is 
how we can figure out what is geological and what is anthropogenic. What is the rate of transfer? 
We know that the airborne particulate matter consists of wind-blown dust, but how much? How 
much per day? How much per year? What’s the seasonal variability? Stephanie Douma 
mentioned that the group may be interested in work that I’ve done in that area in gaseous 
elemental mercury, I’ll get to that a little bit further. 

In the second step, assessing exposure, the spatial/idea of place comes in once again. How close 
are we to the sources, and what’s the pathway to exposure? In defining a future project plan, all 
three pathways have to be considered. This being said, where do we need the technology and 
where do we need the development of methods? The difficulty increases where there are multiple 
exposures in distinguishing sources. Geologists have toolboxes for working these things out, lead 
isotopes are an example.  A tremendous difficulty is to distinguish natural from anthropogenic 
sources. These areas are really open for more people to be involved. An example of refining 
exposure assessments is in the case of inhalation exposures to airborne particles. The ideas of 
proximity, the pollution source are important in the next level of sophistication, and the 
dispersion models of one kind or another identify areas of risk. Ideally, you should be able to 
monitor the air quality at set locations, and there are a lot of networks that have this capability. 
However, in an ideal world, we would be monitoring the indoor, outdoor and personal exposures 
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of individuals. The technologies that are needed to get those personal exposures are really where 
exposure assessment is headed now.  

The focus now - and I know it’s a place where geophysicists, geologists, geochemists can 
contribute - is focusing of improving our exposure assessment. The focus on measurement errors 
arises because of the general recognition that can be seen in the literature, and that crude 
exposure assessments are a major weakness. These weaknesses have a profound effect on 
predicted risks in public policy. This is a critical area both to risk assessment and to 
epidemiological studies. An example of improving exposure assessment was dealt with earlier, 
and I’m referring to the same study here. Ruby et al. in 1999 produced this diagram shown in 
Figure 63, which makes mineralogists stand up and cheer because they can immediately see 
where their field is relevant to human health. The mineral form, the grain (I prefer the term 
particle) size, and the rinding/encapsulation that influences how bioavailable metals are going to 
be. 

 
Figure 63: Factors that affect oral bioavailability of metals 

It’s a nice diagram, it is 9 years old, but I must say that a group of us, while in the US EPA last 
month, and it took the US EPA until the summer of 2007 to say that this was good work, and that 
the US EPA would accept this in vitro method for lead. They are, however, not accepting it for 
any other metal. They will probably take another 8 years to move onto arsenic next. Validating in 
vitro with in vivo models is a long term goal, and geologists will certainly have a role to play. 

 This Figure 64 is another diagram that means a lot to me. I pulled this out of the Journal 
Environmental Science & Technology. It shows gold particles (demarcated with a white arrow) 
moving into red blood cells. The grey area is the red blood cell. This demonstrates that particles 
less than 200 nm, 0.2 microns, can move right into the cell. You have 100% bioavailability. 
Particles demarcated by a black arrow, gold agglomerate, are slightly larger than 200 nm, and do 
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not cross the cell membrane. This demonstrates that it’s the particles size that matters – not the 
particle composition. The technology that is needed is aerodynamic particle size. We need 
samples that will tell us the relevant information for inhalation studies. This field, now called 
nanotechnology (people in airborne pollution had actually claimed it with ultrafine a long time 
before nanotechnology took hold), is an area for students to be involved.  

 
Figure 64: Particle translocation in red blood cells 

Back to the point about the difficulty in quantifying rates of transfer and making geological maps 
come alive. They are able to make maps that compare locations and how much metal, for 
example, is moving into the air. Temporal and spatial variability are huge factors. Our group, 
from 1996-2005, worked on monitoring the flux of gaseous elemental mercury from surfaces to 
the atmosphere. We included a lot of different surfaces, and black shale was one of them. I won’t 
go into details, but it’s a labour of love to get into this work. It is really a major effort. This must 
be written into any proposal. You have to get the expertise, and it’s multidisciplinary. All kinds 
of factors – environmental, meteorological and micro – have to be included. That was the 
micrometeorological-gradient method shown in Figure 65 and this is the flux chamber method in 
Figure 66. It looks like the average geological field camp, but you need to have real specialists 
conducting the experiments – you have to get people that are in the engineer/computer 
engineering/physics fields. Essentially, it’s people who aren’t used to going up to the Yukon, 
facing bears.  
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Figure 65: Micrometeorological‐gradient method 

 
Figure 66: Dynamic flux chamber method 

The first site that we went to was Thunder Bay. Shale in the Thunder Bay area, and a lot of 
people had shown us figures of how metal-rich the shale is, is quarried to the west of Thunder 
Bay. The shale is used in building materials, roads, etc., and it is used in fill in the city.  

Look at the variability within this data – the data represents about 10 days of monitoring. The 
average daytime flux was 40 nm/m2/h and the average night time flux was 11 nm/m2/h. The 
daytime peak range is 781 nm/m2/h. There’s more variability – night time at another site was 1 
nm/m2/h, with a daytime peak at 500 nm/m2/h. These numbers are all over the place.  
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Figure 67: The Selwyn Basin 

The Selwyn Basin shown in Figure 67, a geological term that really refers to mountains, is a 
black shale basin. That pink area is the shape of the black shale unit that is releasing mercury to 
the air. It is also releasing it to stream sediments. That shale, similar to Thunder Bay, is quarried 
and is used to build roads. Figure 68 shows an example of a road that is made from the shale. 

 
Figure 68: An example of a road made with shale 
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One site with the micro methods measured 7 nm/m2/h over an average of about 2 weeks. A 
demonstration of the variability is shown in Figure 69. I think there’s a parallel here with radon – 
radon has a seasonal cycle that is a compounding factor. I should also mention the fact that most 
of the year; this is covered in snow, so we are unsure of what happens then. The flux chamber 
gave us pretty good inter-method comparison, and the variability is shown in Figure 70. Julian 
days are along the bottom. There is s a very strong seasonal cycle.  

 
Figure 69: Micromet Hg flux with temperature for Yukon site 
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Figure 70: Chamber Hg flux with temperature for Yukon site 
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When we get this information, when a geologist produces this kind of data, they have to stay 
with it. When a modeller comes along and plugs the data into their atmospheric model, we have 
to make sure that we’ve communicated all of the environmental factors, the confounding factors 
that affect temporal variability, spatial variability, and the fact that overburden covers a lot of 
these geological units. This cross-hatch area shown in Figure 71, is the spatial extent of that 
shale; it’s called the Rogue Formation (it’s early produce of shale in Thunder Bay). If you treated 
this bedrock polygon as the source of the mercury and you accounted for seasonality, you would 
calculate 11 kg of mercury per year coming from the area, and that would be incorporated into 
your atmospheric model. However, most of it is covered with an impermeable mantle. We know 
it is impermeable because we went on top of the area and tried to measure a flux. What is 
essentially there are a bunch of small quarries. We were really getting about 1 kg of mercury per 
year, and not 11 kg. This exemplifies a huge error, so geologist must go along with the map and 
explain what it means. The same thing goes for the Yukon study.   

 
Figure 71: Depicting the study area 

Black shale is shown in Figure 72, the shale is pointed out by yellow hatches. We had an expert 
in satellite image interpretation look at the area, and all of the pinky-purple is the exposed flat 
shale in Figure 73. Figure 74 shows that shape, the mercury anomaly in the rocks, the total area 
is 15,000 km2, but only 10% of it is exposed. This is just one of the complexities – if you’re not 
going to take into account what’s exposed, you could calculate 214 kg of mercury per year when 
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in fact the number should really be 22 kg. It’s one of those points to say, “that’s easy, of course,” 
but correction involves writing it into the program, and having people that can interpret it. There 
is a lot of space here for students to get into it and bridge these two worlds.  

 
Figure 72: Black shale is demarcated by the yellow dashed line 

 
Figure 73: Satellite image of the black shale area 
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Figure 74: Total, and exposed areas of shale 

 

Panel Chair: André Lalonde 

Two of our panellists, Dave Smith and Harold Foster, explored how specific elements are 
necessary for human health, but also how some of these elements can be related to specific 
diseases, be it tungsten or chromium or selenium. Geneviève Béchard insisted on the need for 
scientists to cross disciplines. I was very sympathetic to one of her indications that there is a need 
to involve the social science and the humanities in our research. She was also telling us about the 
upcoming projects at NRCan to involve risk assessment of specific ecosystems. Mark 
Hannington talked to us about the Canadian Shield which covers roughly a little bit more than 
half of Canada, and the tremendous wealth that this part of Canada has, and how the exploitation 
of these resources will create all kinds of opportunities, and that we will have to address these 
opportunities. Michael Jerrett insisted on GIS as a very important tool, and some of our other 
panellists also brought this up. GIS is a new technology, a very important tool that we have in 
evaluating risk and looking at environmental factors. He was also very cautious in telling us to 
be careful about causal relationships. I believe that the map that he showed us around the 
Hamilton steel mill showed the relationship with smoking and other particulate matter and 
contaminates, and this demonstrated his point very well. Nancy Doubleday insisted on the 
involvement of the public. She also raised a very interesting aspect, that of cost. What are we 
willing to pay for? How are we going to address this issue of cost? She also talked a lot about 
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transparency, making data accessible. Pat Rasmussen, our last panellist, talked about the role of 
geosciences in health issues and in exposure assessment. Pat is an expert on mercury in the 
environment in Canada, and I think she illustrated that very well on measuring rates of mercury 
flux, in this case from black shale into the atmosphere. We have a panel of experts in their 
respective fields.  

 

Discussion Session 

Question: Heather Jamieson, Queen’s University  

I had a comment stemming from Mark Hannington’s presentation. I really appreciated the points 
you raised about a number of things, in particular the potential and probably real increased 
development in the Canadian Shield (particularly the North in my view), resource development 
and also some of the leadership shown by the larger mining companies and mining associations 
and sustainability efforts. What are the other dimensions of this? I think there are some 
interesting parallels in both the geosciences and the health that have been occurring to me in the 
last few minutes, and they have to do with legacy issues of the mining industry and mining 
exposure. Geoscientists in the room would know, but I’m not sure if anyone else would know, 
Canada has more than 10,000 abandoned mining sites of various scales and various problems, 
only some of which have been placed in inventories. Our mining history was particularly active 
in the WW2 and post WW2 years, and that includes smelting operations as well. In my view, the 
biggest problems that we have relatively little to do with new mining operations, but have to do 
with this legacy. This is demonstrated in the number of abandoned sites, and some of the 
problems associated with them. 

 The parallel issue has to do with a legacy of exposure. Canadians who may have been exposed 
in the years when mining was very active, before regulations, awareness and scientific expertise 
kicked in – this is mostly during the 1950s, 1060s - some of those Canadians are still around. 
There is a legacy of exposure, and I can think of this in terms of two communities that I’m 
familiar with. In Yellowknife, I’m quite sure that the greatest exposure was probably in the 
1950s. This was when production was increasing in the two large gold mines, the roaster was 
emitting 7 kg of arsenic trioxide per day (with no emission controls) and the water intake for the 
community was at the lake that was draining the one of the large mine sites. Now, in subsequent 
years, things were made much safer for the residents and I would say that the current situation is 
a fraction of the risk assessed by any means that it was back then.  

Another community would be Rouyn-Noranda where, as well documented by the GSC, the 
copper sink smelter operation was emitting the largest amount of SO2 particles during the late 
60s and early 70s when production was very high, and before emission controls were put in. This 
is true of any smelter community in Canada. Therefore, people who were there are the time, 
including myself because I grew up in that community, would have been exposed. My question 
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is: how do you deal with that legacy of exposure and the legacy of industrial activity in a 
transient population? How do you overlay those complexities? 

Answer: Mark Hannington, Canadian Shield Research Institute 

 I can comment with respect to the legacy issue, because I think you’re absolutely right. Canada 
is to some extent unique in that regard, because many of the mining communities, you mentioned 
three and there are hundreds of them, are not particularly mobile. These resource developments 
in the case of Rouyn-Noranda, started in 1918, and people have been living there since 1918. 
People have been living in the shadow of the smelter since then, and they will continue to live 
there long after the mine is exhausted and the smelter is shut down, because they tend not to 
move. Communities become self-sustaining in terms of other economic sectors as well. For 
example, you could stop mining in Sudbury and the community would not go away. The same 
can be said for Timmins, etc. The legacy of mining and all of the environmental impacts on the 
generations of people who live in the mining communities are still present. This represents, from 
my totally ignorant approach to health sciences, a real opportunity in terms of research. I hesitate 
to use to word test tube or experiment, but in reality, that’s what they are. This is more poignant 
in other parts of the world where mining communities have become world heritage sites. In some 
cases, mining has been going on for, not 100 years, but for thousands of years. In Peru, Chile, 
Germany, Czechoslovakia, southern Europe, there are communities all over the world where 
exposure to very high concentrations of metals from the earth’s crust as a result of human mining 
activities has affected communities for centuries. To me, this represents a real opportunity from a 
research point of view, and to better understand the impacts of these multiple orders of 
magnitude, higher concentrations of different elements at any given time. I think you’re right, I 
particularly like, coming from the resource industry, that mining development has traditionally 
been considered to be blight on the planet, and after a sufficient bout of time becomes as world 
heritage site. This has real opportunities for us.  

Comment: Stephanie Douma, University of Ottawa 

I was going to agree with Mark, another example would be Cobalt, Ontario. You have different 
generations in which you could be following the diseases. I’ve got relatives with various diseases 
that I’m sure are related to elements in the Cobalt drinking monitor. This would be an interesting 
study. 

Comment: Harold Foster, University of Victoria 

 I have a comment. If you want to really find out the links between natural toxins and minerals 
that are protective, one of the best places to go is China. They take very good records and at the 
same time, the population is very mobile. It’s changing in China, but there has been an enormous 
opportunity over the last 15-20 years to look at populations that grow everything in the local 
area, drink the local water, and either end up with the world’s highest levels of diseases like 
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cancer of the esophagus, etc, or 50 miles down the road, there will never be a case of cancer of 
the esophagus. Why? It is because you’ve moved into a different geological region where a 
particular element is protective of esophageal cancer, whereas in other areas, people are not 
protected. This results in high peaks and valleys of diseases that are related to environmental 
factors in places where the population is really mobile and eats and drinks nothing but local food 
and water. I’m not saying that we can’t do Canadian studies, but the ideal thing to do in my 
experience has been to study what I call ‘hot spots’ which are places that have the highest levels 
of a particular disease. An example would be Alzheimer’s studies can be done in Sweden and 
Norway where they have the world’s highest levels of Alzheimer’s. At the same time, studies 
can also be done in Mariachi, Venezuela, where they have had less than 2 cases of Alzheimer’s 
in the last 15 years, in a population of 1.6 million. In other words, go to the hot spots, the cold 
spots, and if you can find the difference between those two, you will find the major cause of that 
particular illness. 

Comment: Stephanie Douma, University of Ottawa 

You should be very careful, because it could be diet-based as well. 

Comment: Harold Foster, University of Victoria 

It doesn’t have to be a mineral core, it can be a vitamin core, it might be some other toxin, but 
by-and-large, in lots of other cases, it actually is the mineral.  

Comment: Pat Rasmussen, Health Canada 

You have to have a statistician on your team. That’s going to be the limiting factor. We heard 
from Dan Krewski that he didn’t see the radon effect until he had many, many studies. In Cobalt, 
and the other small towns, you will be limited with what you can do by the statistical power.   

Comment: Mike Jerrett, University of California at Berkeley 

This sort of links to an orphan of population health, rural health. Rural health looks at the health 
of populations in rural areas. It doesn’t tend to be the one that gets the most attention or 
resources, because in absolute numbers, it doesn’t affect large populations that you see in cities. 
In this light, Canada is a place of great mineral wealth and rural development, but 80% of the 
population lives in cities. In looking at the geoscience maps that were presented this morning, I 
was struck by how little information we have about variability within the cities where most of the 
population lives. I’m not trying to discount the importance of abandoned mines or rural 
populations, but I think that if you’re going down the path of developing a strategy, you also 
want to make sure that you’re going to cover these urban areas where a lot of the population 
lives, because that’s going to weigh on the population health, and the health care system and the 
societal resources relatively more than these isolated places.  
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Question: Claire Franklin, McLaughlin Centre 

I find it quite fascinating and quite thrilling to see the interest in combining the geological 
expertise and know-how with the biological expertise and know-how. The challenge, as you are 
all well aware, is how do we start to move forward? What sort of projects, and how will we get 
this thing moving along? I would just like to make a suggestion, and it’s almost like a case study 
approach, and to try to pick something where you’re going to pull in a lot of the expertise that’s 
already there. You can sort out the steps that you have to take and the things that you need to do. 
I’ll just put on the table an area that I’m currently working in, that has pointed out to me the need 
for getting these kinds of teams. I’ve been doing work in Alaska with Native populations, and 
one of the areas that I’m working in is near Red Dog mine. There is enormous concern by Native 
groups, I’m not suggesting it’s founded in fact, but the communication, issue and concern in the 
group is very significant. The issue is with Red Dog, perhaps the largest lead-zinc mine in the 
world, that the mine has managed to pollute the environment. The caribou (a major food source 
to the tribes in the area) eat the plants in the area, and the plants are contaminated. I know that 
there has been work done, but I’m not sure if they have sorted out the area that Pat is very 
knowledgeable on – is the exposure of caribou meat from anthropogenic sources in the 
vegetation that the caribou are eating or is it something that is actually in the plants and has 
nothing to do with what the mine is polluting out? These are the kinds of case studies that I think 
if one chose wisely, you can really pull in a whole large number of people. I know the USGS has 
done an enormous amount of work in that area so that there would be a wealth of information 
from there. The Alaska government has been very interested in nutrition, because if you’re going 
to tell a population not to eat something because there is a contaminant in it, what are they going 
to eat instead? There is a great deal of information on the nutrition and activity aspects. My 
suggestion is to find a case study such as the one I mentioned that would be able to be well 
defined, you may have some existing information, or you may have to generate you own, but this 
might be a great way to start  off in getting alliances in a group such as this. 

Answer: Mark Hannington, Canadian Shield Research Institute 

I think we talked a moment ago about the legacy issue and looking at communities that have 
lived around the point sources for a long time. The example of Red Dog is perfect because it is a 
relatively recent development and therefore there is a huge concentration of geoscience 
information that predated the development or the exploration phase. You can track, in a 
relatively reasonable period of time, the impacts of that development relative to what was there 
prior to the development. You can even take this one step further, and the USGS is doing this 
quite a bit, by developing geo-environmental models for things like point sources, whether mines 
or naturally occurring black shale, and looking into the future. The impacts of development 
before development can even take place can be extrapolated. I would also stress that the link to 
the industry is critical in this regard because the highest concentration of geoscience data is 
always going to be at the locations where development is thought to be potentially economic, or 
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is going to take place. The idea of picking a spot on the map of where to undertake this research 
is very much dictated by where the geoscience data sets or the human population health data sets 
are likely to exist. 

Answer: Nancy Doubleday, Carleton University 

This is a very interesting example. In a case study where there are multiple parties with various 
interests and histories in the area, this brings to mind the experience we had with the northern 
contaminants program, and the bitter process that led up to the creation of that program. I guess 
my advice, as an active participant in those events, would be to say that we’ve come a long way 
with a field that is designated as co-management. I would use co-management principles to 
frame a multidisciplinary research team which would include people from the affected 
communities. I think that would be a very interesting process. 

Answer: Harold Foster, University of Victoria 

 If you are going to move forward with any of these projects, you have to identify who your 
allies are likely to be. We talked about a paradigm shift, but on the other side of that door – 
preventing that door to be opened – are people with vast amounts of money. Companies with 
tremendous power who want this paradigm to stay just the way it is. If you’re going to push that 
door open, you’re going to need support from as many different groups as you can get. One 
interesting group that you may think about is the International Society for Orphan Molecular 
Medicine. This is a group of doctors that is now in at least 17 different countries that essentially 
treats their patients with substances that are already in the body, of course including all of the 
minerals. The International Schizophrenia Foundation would be another group that believes in 
treating schizophrenics with vitamins, minerals and so on. These are just two examples. You 
should really try to get a list of potential allies because you’re certainly going to need them. 

Andy Rencz, Natural Resource Canada 

I don’t know if people are going to resist the paradigm, maybe they have in the past, but I’m not 
sure if that’s true in the future.  

Answer: Harold Foster, University of Victoria 

Let me answer that; I’m not talking about the people. The people who benefit most from this 
paradigm shift are the sick. The sick usually have no money and very little power. The people 
who will benefit the least from it are the ones who are making billions of dollars regularly from 
selling drugs and other ways of treating illness. 

Andy: Nancy was saying that changes in land titles will maybe provide us with more 
information. However, there is the issue of privacy to that data. A point that I would like to make 
is that with the USGS, when we were releasing this data from the tri-national, there was an issue 
with releasing data right down to the nearest metre. It was to be much generalized. I see this as 
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an important issue, and I was wondering if you want to expand on that, and the medical geology 
looking at trends, the tungsten in the terrain versus health issues, etc. Is that going to be a major 
restriction in the future, more so in terms of looking at causal relationships? 

Answer: Mike Jerrett, University of California at Berkeley 

It’s definitely a major restriction now. I think, in many ways, it should be. We don’t think those 
university researchers and other people using the data, with the exception of those that are lodged 
in statistical agencies, or few exceptions like the manager of the American Cancer society, where 
it’s very strictly regulated. There are a lot of problems, there was an example where a doctor had 
all his patients’ data in the trunk of his car and his computer was stolen. These types of things 
should never happen. The issue that is arising is that having a geographical coordinate on an 
individual basically gives you their identity. That identity can mean a lot of things to different 
people, whether they are estranged parents, someone who is trying to defame or harm a person, 
or a drug company who is trying to prey on somebody who might be susceptible. This is a big 
issue and there are ways to handle it. The data can be released through secure enclaves where 
there is restricted access and it never leaves the site, etc. I think what you’re mentioning to is an 
important issue, and that’s the issue of stigmatizing neighbourhoods or communities or property 
values with very specific geologic information. I think that if this information is known with a 
very high degree of confidence, the advice that I’ve received from university ethics boards is that 
there will be more harm caused in not releasing it, than in releasing it. If it is information that has 
a wide confidence interval which we may or may not be certain of, we may want to cloud that 
data, geographically move it or make it less specific, so that it doesn’t alarm people. I think the 
issue of warnings on title is an interesting one. I used to work as an approvals land-use planner in 
the Ministry of the Environment in 1989, trying to work with the titles office. I can say that the 
lawyers who control titles are not very interested in environmental contamination. They are 
interested in ownership, which has ownership and what the boundaries of the properties are. 
They are very resistant to having anything else lodged in that title and anything that is not as 
certain as a property line. We went through this, and you can see it as something that could be 
used protect people against future development, but I think that there is a lot of work to be done 
in educating that community before you see any willingness for them to modify the title 
information. In summary, I say the privacy issue is an important one. It is one that can be dealt 
with institutionally, and one that is important for health data and for the release of environmental 
information that could affect property values and other types of liabilities. Only when we have 
specific and precise information should we be releasing that to small areas. The title issue is a 
good one, but I have not seen further research on that since I dealt with it 20 years ago. 

Comment: Mark Richardson, Health Canada 

This is a comment: I recognize the nature of this meeting today was about the use of geoscience 
in identifying and assessing problems, but I don’t want you to lose sight of the value of 
geoscience in helping define solutions as well. Pat, I’m going to suggest you change your slide of 
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the 4 steps of environmental health, and you only highlighted the first two to geoscience. The last 
two, in terms of finding solutions when and where appropriate, you should highlight the ‘where 
appropriate,’ because there can be a major geographical or geological component of where 
certain measures are appropriate. I talked about the appropriate cleaning up of old mine sites, 
etc., recognizing background noise. As another example, the lakes that are impacted by black 
shale have fish that contain very high levels of naturally occurring mercury. Can you imagine an 
uninformed agency coming in to find a chemical or biological solution to a problem which is 
probably geological? It would be money wasted, etc., where there is much value you have to add 
from the geosciences in regards to where solutions can be implemented appropriately, not just 
what the problems are and how they should be measured.  

Answer: Pat Rasmussen, Health Canada 

You’re right. Mark is funding me. I wanted to respond the previous question from Andy as well, 
on ethics and privacy. Mark and I are working on a national project called the Canadian House 
Dust Study, and you would think that would be a fairly simple thing to get past an ethics board; 
you’re going into people’s houses, so you do need ethics approval. However, it was not simple. 
If geologists and geological organizations get into collecting people’s well water, for example, it 
might affect people’s property values. What if you find elevated levels of toxins, metals or PAHs 
in the well water? I don’t know if NRCan has its own ethics board, but those kinds of questions 
are going to come up, and privacy is a whole other committee.  

Answer: Nancy Doubleday, Carleton University 

I think we have to re-examine our relationship with the client in this case. We’re actually acting 
in local parentis, meaning we’re assuming some kind of mother/father relationship to the people 
whose lives are being affected by whatever it is we find. Perhaps we should re-examine that. In 
fact, the people who were formally viewed as subjects become partners in research. We’ve been 
through this in the North, and we’ve had this beaten into our brains firmly, and we’ve gotten the 
message. Therefore, in the North, if you’re working with people on an issue connected to health 
or the environment, you’re working with partners, not subjects. In this light, maybe this gets us 
around a lot of the ethical approval issues, because consent is the solution to ethical concerns. 
People can consent, and if they trust you and believe that your work is in their interest, they will 
consent. We move into the obtaining consent that is meaningful to the participants, and that can 
be done as well. I’m therefore optimistic that there are ways to resolve these hurdles, but I think 
there are ways to resolve them.  

Comment: Mark Richardson, Health Canada 

Pat can talk more about the dust study. Consent by the participants was not the major issue, it 
was getting approval by the research ethics board and lawyers with regards to what could we 
possible find that could affect people’s investment in their property values. There are issues such 
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as this that people may not recognize. This is one of the difficulties that Pat had to overcome. My 
job was easy, I just had to come up with the money, and Pat had to wade through the research 
ethics board.  

Comment: Nancy Doubleday, Carleton University 

I think if it’s a choice between health and economic well-being, people are not necessarily going 
to put their heads in the sand and say ‘don’t tell me because it’s going to hurt my pocket book;’ if 
it means that they will not see their grandchildren, they will choose their health. 

Question: Geneviève Béchard 

I think we can move from using geoscience to identifying problems to being there as experts and 
interpreters, feeding into risk assessments. Where geoscience is one component of the 
information that is needed to make decisions, you can have risk assessments taking place at 
various levels. However, some of the very powerful risk assessment is happening at the 
community level. When decisions are made about land use and about future planning, there is 
still some kind of risk assessment that is being done at the community level. How do we feed 
into that? When we’re looking at legacy, maybe it’s a shift in how we approach some of the 
legacy issues. In other words, when we assess the risk that is caused by legacy versus some of 
the newer activities, how do you weigh these two activities against each other in a more 
comprehensive, global way, as opposed to just looking at them in silos? Once we have 
everything on the table, we can make the best decisions, and perhaps the geosciences can be part 
of that one piece.  

Answer: Harold Foster, University of Victoria 

I think the world is getting very sick of people who bring them new problems. I think we would 
sell ourselves much better if we came as bearers of solutions. I have three very quick examples. 
First is that selenium is very protective against prostate cancer. Researchers have been doing 
many studies for a long time, and the evidence is becoming very clear. Second is aging. A large 
study that we did on the cancers in China, more than 4,000 cancers in China, looked at how long 
people lived in all of those cancers. The solution was found that people who live in counties 
where selenium is deficient die a lot younger. You virtually find nobody lives to the age of 80 in 
a selenium deficient country in China, and the statistics are overwhelmingly supportive of this 
generalization. Thirdly, selenium and the right amino acids will provide protection – in humans, 
animals and insects – against a wide range of viral infection. We even know that it will protect 
you against things such as influenza. Of course, with avian flu, influenza is threatening to 
decimate society. It protects against and reverses HIV/AIDS. There are many way in which we 
could bring forth the idea of minerals being of great benefit, rather than pointing out a series of 
examples where it is a real pain. I think that we would be much better received as bearers of 
good news than bad. 
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Comment: Heather Gingerich, International Medical Geology Association: 

I am the North American co-director for the association, which deals with exactly what we are 
talking about now. As an international organization, we are fairly new, and we are just getting 
out feet under us in these last couple of years. I have counterparts in Africa, Asia and hopefully 
we are having similar sorts of discussions. I’d like to invite you do a few things, the first, to join 
my region – the North American region. It involves Canada, the USA and Mexico. We have a 
very good relationship with our US neighbours. There have been a lot of interaction between 
Canada and the US in this domain, and I would really like to hear from our colleagues in 
Mexico. I would like to know what’s going on down there, principally because they have a larger 
population density, and they may not have the same migration patterns. By and large, there may 
be excellent data sets to be had, because people simply are not leaving their villages.  

The other thing that I’m not sure you are necessarily aware of is that 2008 is the International 
Year of Planet Earth. It is a United Nations designation, and there are matching funds for earth 
and health. The deadline for expressions of interest is December 31st, which is not a big deal. 
Instead of putting forth a single large proposal, I suggest putting forth a variety of little 
proposals. Find someone in this group who you have an affinity for, your research interests align, 
etc. While it is a matching fund, so you do have to come up with some real money, but there are 
other things such as in-kind contributions. I would suggest that you get a proposal in and get the 
research rolling on these subjects. I believe a lot of the time, we wait for somebody higher up, 
with more connections, etc., to take the reins and run with something that we are personally very 
interested in. 

 I have a couple of other comments. I work for a mining exploration company. We were talking 
about the smelter for one of the companies that I work for, so the mining industry is informally 
represented here. I think that Mark suggested that the best datasets are in the hands of the 
exploration companies. To give you an idea, I have a cautionary tale. I got a hold of a private 
well water database of 797 samples in a very small area. We were looking for metal sulphide 
deposit in a densely populated area, southern Ontario. In the data set, I saw some fairly 
significant background and anomaly contrasts that suggest that there is a mineral deposit down in 
the water wells. The problem arose when I came across a couple of measurements that were 45 
times the lead standard. You can attribute this to the lead solder in the pipes or natural 
impairment, but it doesn’t matter because there are people drinking this water. I went back to my 
boss, told him that I realized the work was done in the 1970s, but I asked if anyone went back to 
the private well owner who provided the sample, and informed them of the high lead 
concentrations. The answer was no. I then told my boss that I would really like to inform the 
public, as I believed in an informed consumer. (I also believe that we do get parental about the 
consumer, but we live in a society that is not very well educated in the sciences, and all of these 
things can get very confusing very quickly. This certainly affects the consumer – one in three 
Ontarians will get cancer. Do we know why? I used to work in Africa, lots of HIV/AIDS 
happening. Is any of this related to geological material? I think so. Do we know how? Not 
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exactly.) My boss said that I was right, we are responsible for what we know, and we want to 
develop good community relations (a new thing – corporate social responsibility).  

I also invite you to trod across the street, to the Mining Association of Canada, knock on their 
Elizabeth Gardner’s door and say ‘I understand that you are putting together an advisory panel 
for health and safety related to the mining industry or community relations,’ and volunteer to be 
on it. This is the best way to get the information that is in the hands of the mining companies, 
which are owned by shareholders (as are pharmaceutical companies) who are more or less going 
to decide how their company is going to behave with respect to this issue. I agree – 
pharmaceutical companies are probably not to keen in saying that the ‘wonder pill’ is not going 
to work, but having selenium (which is cheap) in your diet is going to protect you from cancer. 
Pharmaceutical companies probably do not want to hear this, unless their ‘wonder pills’ are no 
longer working, patent rights/laws/information is changing rapidly not longer protecting their 
interests and investments, and they want to look good. If pharmaceutical companies want to look 
good saying that they will get into orthomolecular medicine, then all of a sudden you have a 
partner instead of an enemy. I think that partnership is the way to go. Back to the mining 
company, I said that I wanted to release the data to the public. My bosses tell me to let the 
lawyers chew on the subject. A year goes by and the lawyers tell me that I can release the 
information to the Ministry of the Environment.  

We’re there as a resource, to say ‘reverse osmosis – supplement your diet with selenium, eat a 
bunch of Brazil nuts. Whatever it is you must do, make sure you present the information 
alongside the problem so as not to create mass hysteria. This hysteria would probably be more of 
an adverse health effect than what you were telling the public about in the first place.  

Comment: Mike Parsons, Natural Resources Canada 

I support the focus on abandoned mines; it has sort of been my bread and butter for the last few 
years. For example, in Nova Scotia, we have been looking at historical gold mine sites. To pick 
up on Harold’s point, we started out a study where we were doing government research. We 
raised awareness amongst the public and other government departments, of an issue. We 
essentially created a problem for a lot of people and said that the issue needed to be managed. I 
would say in the last two years we’ve done a very good job of taking the next step and informing 
this risk assessment process directly through bioaccessibility work through people like Heather 
and a lot of other collaborators, establishing background concentrations of levels in the soils. 
People like Mark Richardson have helped to fund this. There is precedent in a variety of places, 
not just our own studies, for geologists to play this kind of role. I think there is one thing that will 
be a stumbling block for federal government geoscientists and perhaps university researchers as 
well. Traditionally if we went back 15 or so years ago, when we were soil sampling, it was 
usually for exploration purposes, government research projects or individual pet projects. We 
generally didn’t concern ourselves with sampling on private lands. If we got into areas such as 
abandoned mines, or any other areas where we thought concentrations of certain elements in the 
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soils or waters could have posed a public health issue, we had enough awareness that it could 
have been a public risk; we started to get into trouble in a hurry. We have actually defaulted to 
people like Mark, who have had expertise in dealing with this, and the advice at this point has 
been ‘don’t sample on private lands.’ This has been something that has started to stretch our 
mandate a bit. We need to revisit this as a group – how much should NRCan be doing, should 
other people be doing the sampling, how do we address this? I would like to throw this out to the 
panel. I don’t know how best to deal with this, the only thing that we have had done was that 
NRCan lawyers would evaluate our sampling plan after this private land issue erupted. They 
would try to see what our liability was from their standpoint, and determine if we should 
continue sampling in some of these areas. Effectively, for research purposes, it seemed like 
everything was all right, but it’s an issue that I think we all run into. 

 The last point that I wanted to emphasize was the absolute importance of communication. 
Communication with the public, as Nancy has brought up is an absolutely central issue that we 
have hit dead on. One of the big things that I find very advantageous is going into some of the 
old mining communities and simply talking to the residents. This teaches you an enormous 
amount of things that you would otherwise not have any means to figure out. For example, where 
the people get the water, how they might be exposed, where the children play, things that they 
may have done with certain elements (dumping the in places), etc.  

The second thing is that there are two classes of people: people who assume the worst, and 
people who act as though nothing will harm them. With the case of the first type of people, if 
they don’t get the right information, they will assume that everyone is at risk, there’s a giant 
public health risk and that area should be completed rubbed off. In the second type of people, an 
example would be someone who says that they have lived in the community for their whole life, 
smoked a pack of cigarettes a day, say that they are 85 and they are doing just great. Somewhere 
in between there, it is very important to communicate with people what you are researching. I 
find in my own experience, if people have at least some sense of what you are doing, they are 
more receptive, and you learn a lot more from them. The last group that I think we really need to 
communicate with are people who are involved at the upper level in management that are 
charged with making decisions on how we act on these sorts of results. A case in point is arsenic 
and well water in Nova Scotia. After Health Canada dropped its drinking water guideline down 
to 10 ppb, there was a huge push to collect all of this information for arsenic in Nova Scotia well 
water. We have certain geologic terrains where we know we have more than 10 ppb, and in some 
cases, more than 50 ppb. There was a beautiful map that I saw a hard copy of at one point, it 
showed with great detail and GIS systems exactly what this proportional dot-size map with 
arsenic concentrations all over the place and eventually there was huge efforts that they put into 
it, the end product being the old map they had reverted to had been available for over a decade, 
which basically was just a map of the geology, because someone eventually said that we can’t 
release that to the public - there were concerns about privacy issues, property assessments, etc. 
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This issue is definitely a key consideration that is emerging that geoscientists and health 
scientists will have to overcome for sure. 

Summary and Next Steps 
Daniel Krewski, McLaughlin Centre 
 
I think you’ll agree with me that this was a rather unique event, focussing on the intersection of 
geosciences and population health. The stage was set when we began to talk a bit about asbestos, 
and how we might have handled asbestos a bit differently, had there been more interaction 
between mineralogists and health scientists early on in the evolution of asbestos.  

Andy Rencz stated the workshop objectives. Geosciences are really good at characterizing 
surficial geochemical environments, observed a lot of elements, including copper and others, that 
are required to sustain health, making a linkage between geosciences and health. He also noted 
that the workshop objective is to explore linkages between geosciences and health and perhaps 
come up with some concrete actions that could help move us forward when we finish today. The 
key question that Andy posed to us was how geosciences could be integrated into population 
health, or vice versa. 

Rod Klassen gave us a very impressive overview of a lot of information that the department of 
NRCan has observed, in that both biodiversity and human health are related to properties of the 
geosphere. Many minerals are particularly important. I really liked the U-shaped dose-response 
curve for essential elements which can also be toxic at high doses - this is something that we 
have been wrestling with at the McLaughlin centre, how to model these kind of dose-response 
curves and how to find that homeostatic region which is enough for essentiality but not too great 
so as to produce toxicity. Our challenge then was to link the properties of the geosphere to 
population health. There was a lot of discussion of protocols for getting good geochemical 
measurements which would be important in reducing uncertainty and ways to enhance certainty 
or reduce uncertainty would be to have a good predictive framework. An example would be 
some of the geochemical maps that Rod showed. Good interpretive tools, in terms for 
measurement tools and predictive models. One example is the glacial transport of arsenic.  

In my presentation, I showed an integrated framework for risk management in population health 
that we developed at the McLaughlin centre. It builds on the broad determinants of health and it 
provides a natural way of linking the geosphere with population health outcomes. I had two 
examples. One example was radon as a significant contributor to the lung cancer burden. I 
suggest an opportunity using the NRCan radium maps to predict radon release from the Earth’s 
crust and possibly subsequently link that to radon in Canada. The second example, air pollution, 
showed the consistent spatial analyses done by our group and other investigators that have 
clearly linked air pollution to mortality. During a day, an idea was mentioned to use satellite 



112 
 

imaging data to predict ground level air pollution levels and use that data to get a more complete 
picture of exposure and enhance population health impacts.  

Eric Grunsky talked about the large amount of geochemical survey data that’s available from all 
levels of government. He showed us a bit of information on the geology of Canada, radio-
elements distributed across Canada, the eco-regions within the country, and some specific 
geochemical data. I was interested to see the geosciences data depository; you can actually get 
metadata directly from the department. The discussion of costs, there seems to be a trend towards 
minimal or no cost access to a lot of information from NRCan. 

Dave smith talked about materials that could either be generated by natural processes or by 
human disturbance of geological materials, or anthropogenic activities. He also looked at ways to 
link earth science and biomedical science, some of the characteristics of toxicity, the emphasis 
on interdisciplinary methods and collaboration between the earth and health sciences 
communities is a key to success in this area.  

Mark Richardson talked about some applications of geochemical data in determining intakes 
from different media, air, water, food and soil. He described how the CCME soil quality 
guidelines are established for threshold and non-threshold elements, making use of information 
from geosciences. He also talked about how federal contaminated sites are screened with respect 
to whether they are of concern or not. He made the important point that we need to consider 
natural background levels, which could be high and hence not a motivation for designating a site 
as contaminated.   

Moving on to the panel discussions, we had an excellent panel with some very interesting 
opening presentations. There are a large number of chemicals that are present in the human 
environment to which we are exposed. A large number of those have not been fully assessed, and 
one of the examples that I picked up from Dave Smith’s opening remarks, are the cancer clusters 
which occur in geospatial regions which could be investigated. The use of exposure biomarkers 
and biological indicators of exposure - urine samples, blood samples with specific markers, etc. 
all of this says that we need to learn a bit more of some aspects of the risk assessment process.  

Geneviève Béchard described a number of NRCan programs which have, as part of their 
mission, a risk reduction component. There is a framework for multi-hazard risk assessment 
(starting to pay attention to health concerns). Some of the key questions in linking geosciences 
and human health were how can we establish priorities that take considerations from both 
disciplines, what are the mechanisms that we can use to put productive programs into action to 
put the field forward, and how would we train the next generation of scientists to work in this 
area.  

Harold Foster pointed out that there are a large number of minerals that are essential to human 
health. Selenium was one that was discussed in detail. This goes back to the U-shaped dose-
response curves that I was mentioning earlier. Selenium is present in soils and those 
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concentrations can be affected by a number of human activities, including the burning of fossil 
fuels, and this could, in turn, affect population health as a consequence. I was interested in the 
first, second, and higher order diseases. First order diseases were fairly associated with one 
element, second order diseases involved the interaction between two, and so forth. There is a 
notion that there are spatial patterns, larger spatial areas affected by first order diseases, 
dwindling as you go to more complicated mechanisms.   

Mark Hannington discussed the Canadian Shield. I learned a lot listening to Mark’s presentation. 
I did not know the extent of the mineral wealth associated with the Canadian Shield, and the 
likelihood that this will be a major area of economic development because of global demand. I 
did not know that there were still so many active mines and the communities around those mines 
could be of interest with respect to environmental health in the Canadian Shield. I did know that 
the mining industry is quite advanced in environmental risk assessment and would be interested 
in perhaps pursing some risk assessment work in this area. I flagged that as an opportunity which 
came out of Mark’s presentation. 

Mike Jerrett talked about how we analyze associations between disease, and I’ll use the phrase 
‘space and place’. He gave the example of high air pollution levels in Hamilton being correlated 
with asthma occurrence. My questions involve whether we can disentangle that due to the 
exposure, the susceptibility of the individuals who happen to be living in certain parts of the city, 
adaptation to the environment, and the need to have additional data to separate out those three 
hypotheses. The more general use of geographical information systems in health studies with a 
spatial dimension provides a number of advantages, not the least of which is an opportunity to 
visualize the complex data sets quite clearly.  

Nancy Doubleday talked about involving the public. An interesting concept is risk reallocation, 
trying to think a bit more substantively about how we should manage risk issues for which we 
may not have the resources to totally eliminate quickly and easily. She provided suggestion 
about an interesting opportunity if we have geo-coordinates for property ownership. If it 
becomes routine that land titles have latitude and longitude, this could be a nice source of data 
for doing health and geoscience studies. However, there would be concerns about privacy, which 
were addressed during the panel discussion. 

Pat Rasmussen walked us through a number of projects that she’s involved in. She noted more 
generally the four steps involved in environmental health: the source characterization, assessing 
the environmental stresses and exposure were probably the main areas in which geoscience could 
make major contributions. During the discussions, even at the risk management stage, applying 
controls geoscience also could contribute there as well. Rather than focus on the details of the 
specific studies that Pat walked us through, some of the challenges that cut across all of those 
studies were disentangling multiple exposures, distinguishing between natural and anthropogenic 
exposures and critical issue of exposure measurement error. We saw this in the data from Mike 
Jerrett’s Los Angeles study was that, as we got more accurate levels of exposure, our risk 
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estimates became much more accurate. In this case, were about three fold higher than previous 
studies with poor exposure-metrics.  

During the panel discussion, there was a question of how to handle the large number of orphan 
mine sites across Canada. I wrote down the figure of 10,000, which seems rather impressive and 
I would not have guessed that it would be that high. Some discussion about looking at variables 
that vary in space, and looking within the urban environment, as per Los Angeles, because there 
is a lot of information that can be gained by looking at inter-urban variation and geospatial 
variables and this is where the majority of the population lives. More studies like Mike Jerrett’s 
studies in Los Angeles and New York City would be of great value here in Canada. There was a 
suggestion, in terms of moving forward, I think Claire Franklin was pointing out a very rich data 
resource, the Red Dog mine which focuses on lead and zinc in Alaska. There is a lot of 
information from which we can potentially do a detailed case study and see how we could try 
and jointly exploit health and geoscience data to do something innovative that perhaps hasn’t 
been examined in that area.  

There was a lot of discussion on confidentiality, and recognition that privacy provisions, even 
though they may limit access to data to a certain extent, really need to be respected because of 
personal privacy concerns. The same concerns may also be relevant to environmental data, and 
the sampling of well water was offered as an example of that. The general question of sampling 
on private land is an example of a more generic issue. What can we learn internationally? We 
can do a case study in Alaska, there might be some other experiences from other parts of the 
world, particularly Mexico and other parts of the world that we can take a look at. The notion of 
having the mining industry more involved would have been nice if we got a bit more 
representation from the Mining Association of Canada. It’s probably an oversight on my part, 
because I do know those folks well and I know what they do. The next time we have an event 
like this, they will certainly be invited to be at the table.  

Nancy I think you had a solution, in addition to problems, informed consent is the solution to 
ethical concerns.  

Next steps:  

With the permission of all the presenters, we will post the PowerPoint presentation slides on our 
website immediately. The limiting factor is getting an OK from presenters. We will prepare a 
formal workshop report summarizing the highlights, suggesting some direction for additional 
work. I highlighted a number of research opportunities here in my initial summary. I think we 
should explore some of those specific opportunities, the radon mapping (linked to the radium 
data that NRCan has), some possible community health work in mining areas in the Canadian 
Shield, exploitation of satellite imaging data for purposes of predicting ground level air quality 
levels. We do have at least one other event - we are having a major workshop on risk assessment 
of metals focusing on zinc, copper and manganese as three metals where you have a U-shaped 
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dose response relationship. We will be looking at that from a risk assessment point of view and a 
methodological point of view. This will be here in Ottawa, in the spring of 2008.  

At this point, it is my pleasure to offer some thank-yous to the organizing committee which was 
joint between the University of Ottawa and Natural Resources Canada,  to all of the speakers 
who took the time to prepare presentations, our panellists for their insightful comments, all of the 
participants - we had an excellent discussion following the panel presentations, and to the 
workshop support - Natural Resources Canada (sponsor), the McLaughlin Centre and the 
Canadian Shield Research Institute here at the University of Ottawa.  


